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1.0 INTRODUCTION 

The City of Kelowna and City of Vernon started operation of the first phase (Phase 1) of the Kelowna 

Vernon Composting Facility in 2006.  At the time, it was expected that this facility would have adequate 

capacity until 2011. 

In 2008, it seemed that the facility was operating at capacity.  Consequently, staff issued a Request for 

Proposal for engineering services for the design and construction of Phase 2 of the facility.  In addition, the 

facility was experiencing ongoing odour issues.  A key component of the Phase 2 assignment was to 

identify improvements that will mitigate odour generation. 

At the time, composting was not about creating an end product that could be marketed and meet 

regulatory requirements.  That was being achieved without difficulty.  However, it became apparent that 

the facility needed to achieve a composting process that: 

► Minimizes the potential to create odour. 

► Achieves a duration for throughput that is as short as possible. 

The scope of work for Phase 2 of the composting facility included: 

► Project biosolids quantities to 2014 and 2024 

► Establish primary and secondary aeration requirements 

► Complete an odour characterization study 

► Recommend proposed improvements 

MMM Group Limited prepared Technical Memorandum #2 in November, 2008.  This document detailed 

the composting equipment expansion plan for Phase 2.  In a letter dated October 15, 2009, MMM 

prepared a summary of a biofilter analysis and provided recommendations regarding the addition of ozone 

to the biofilter air treatment process. 

1.1 Phase 1 / Phase 2 of the Commonage Biosolids Facility 

Phase 1 of the composting facility provided this infrastructure: 

► The biosolids tipping area 

► The mix building 

► Aeration equipment on the west side of the mix building that provides: 

► A primary aeration area (positive and negative aeration equipment) blower and trench floor system 

for 12 zones.  This area uses a system supplied by Engineered Compost Systems (ECS). 
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► A secondary aeration area.  This area was a positive aeration system that was transferred from 

the former City of Kelowna composting site in Lake Country, BC. 

For Phase 2, a list of improvements made at the Kelowna Vernon composting facility is as follows: 

► Improve the initial mix by using batch mixers (installed in the mix building). 

► Add a scale near the entrance. 

► Improve the primary and secondary composting areas so “best practices” (i.e. 55 days of composting) 

can be achieved.  This meant that for the east 18 zones and west side 6 zones of the concrete floor 

trench system with associated positive / negative aeration blowers were added (i.e. the ECS system). 

► Improve the biofilter operation and design; which included the addition of ozone treatment for the 

primary aeration areas. 

► Develop and implement a hydrogen sulphide gas monitoring program (i.e. the hydrogen sulphide 

sensor). 

► Develop and implement a permanent odour monitoring system (i.e. the Odotech odour monitors). 

► Improve the composting area sprinkler system. 

Following is a list of future longer term improvements recommended for the Kelowna Vernon composting 

facility. 

► Over time, provide additional secondary composting areas at the south end of the facility. 

► If necessary, capture and treat mixing building / fresh tipped biosolids area air. 

► Start grading for expansion of the facility to store finished compost in the area on the east side of the 

facility property. 

1.2 Biosolids Quantity Projections 

Between 2006 and 2008 the composting facility received biosolids from these sources. 

► City of Kelowna 

► City of Vernon 

► District of Lake Country 

► North Okanagan Regional District 

Kelowna and Vernon share the facility costs on a pro rata basis and the District of Lake Country and North 

Okanagan Regional District are charged tipping fees. 

In 2008, at the time of the preliminary design for the Phase 2 expansion, the inclusion of Central 

Okanagan Regional District’s biosolids was considered.  In the end CORD did not participate in the Phase 

2 expansion, but the projections indicate the impact that CORD will have. 
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CORD advised they generate 13 m3 of dewatered sludge per day, or 4732 m3/year.  We used a conversion 

factor of 1.0 tonne/m3 to estimate the wet tonnes per year for CORD. 

Projections of the future annual quantities of biosolids are based on the following annual growth rates: 

► Kelowna – 5.9% - this matches the growth rate for sewered population used by the City of Kelowna in 

the Functional Preliminary Design Report for their Wastewater treatment facility. 

► Vernon – 4% - based on a conversation with Vernon’s Treatment Plant Operations Manager. 

► Lake Country and NORD – 5% - this is a reasonable, slightly conservative growth rate to use for these 

municipalities. 

► CORD – 6% - this factor is similar to Kelowna’s.  The Westside’s population growth and expansion of 

sewered areas is expected to be similar to the City of Kelowna. 

The following tables summarize the current and projected quantities of biosolids: 

Table 1 – Current and Project Quantities Without CORD 

 
2008 without 

CORD 
2014 2024 

Kelowna 19,477 tonnes 27,009 tonnes 46,574 tonnes 

Vernon 8,704 tonnes 11,013 tonnes 16,302 tonnes 

Lake Country 826 tonnes 1,107 tonnes 1,803 tonnes 

NORD 124 tonnes 157 tonnes 232 tonnes 

TOTAL 29,131 tonnes 39,286 tonnes 64,911 tonnes 

Table 2 – Current and Project Quantities With CORD 

 
2008 without 

CORD 
2014 2024 

Kelowna 19,477 tonnes 27,009 tonnes 46,574 tonnes 

Vernon 8,704 tonnes 11,013 tonnes 16,302 tonnes 

Lake Country 826 tonnes 1,107 tonnes 1,803 tonnes 

NORD 124 tonnes 157 tonnes 232 tonnes 

CORD  6,712 tonnes 12, 021 tonnes 

TOTAL 29,131 tonnes 45,998 tonnes 76,932 tonnes 

 

The graphs on the following pages also show the biosolids quantity projections. 
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Figure 1: Kelowna Vernon Composting Facility Biosolids Quantity Projection to 2014 
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Figure 1: Kelowna Vernon Composting Facility Biosolids Quantity Projection to 2024 
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2.0 GENERAL BIOSOLIDS COMPOSTING INFORMATION 

2.1 Composting Process – General Information 

2.1.1 Introduction to Composting 

Composting is a process for the stabilization, disinfection, and drying of biosolids by making use of the 

heat generated by the processes’ own biological activity.  The end product has a light granular texture and 

an earthy smell.  Stable compost can be stockpiled for long periods without reheating or producing 

offensive odours, even if wet, and can be handled with little danger of infection.  Compost is widely 

accepted as an organic soil amendment for turf farming, landscaping, construction sites and other 

horticultural and agricultural uses. 

The composting operations at the Kelowna Biosolids Recycling Facility uses the extended aerated static 

pile method.  For the ASP composting (i.e., which includes an insulative cover of finished compost) 

temperatures equal to or greater than 55°C must be maintained for at least three consecutive days in 

order to meet the criteria for a process to further reduce pathogens (PFRP). 

Composting, like other biological treatment processes used in the wastewater industry creates a controlled 

environment that aids efficient biological degradation.  Composting is designed to create an environment 

for naturally occurring bacteria and microorganisms that degrade dead plant and material in the litter layer 

and soil.  The compost pile is structured to maintain the moist, warm and aerobic environment that 

encourages activity by these organisms. 

Composting is normally accomplished in two phases.  The first phase is the active composting period in 

which rapid degradation of organic matter occurs.  The phase is normally actively controlled and requires 

mechanical equipment and labour during processing.  The second phase is known as curing.  In this 

phase the material is allowed to age or stabilize by stacking and allowing degradation of the more resistant 

organic fractions. 

2.1.2 Composting Control Methods 

The composting process is controlled by either: 1) adjusting the character of the initial mix of materials 

used to form the pile; or 2) by modifying the environment of the pile after it is initially formed. 

Creating the proper initial mix of materials is critical to successful composting.  The acquisition of suitable 

bulking materials and mixing with biosolids in the correct ratio will create the desired moisture levels and 

permeability for air movement.  Characterization of the materials that will be composted is desirable for 

process control. 
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Characteristics that should be known include: 

► moisture content, 

► size gradation 

► degradability, and 

► carbon and nitrogen content. 

Based on this knowledge an appropriate mix can be developed and adjusted based on the variability of the 

material quality.  Moisture content is the primary parameter used to determine mix ratios. 

Co-composting is the mixing and composting of more than one waste material.  The term has normally 

been applied to composting of sewage sludge (biosolids) with another waste material, such as yard debris.  

In this situation building materials are preprocessed specifically for use as a bulking material.  Yard debris 

must be shredded prior to use as a bulking material to create the desired size gradation to facilitate air 

passage through the pile. 

Once the materials are mixed and the pile has formed, a range of other control methods are available.  In 

general, the methods of control vary with the composting method and the pile configuration.  With the ASP 

process, aeration is the primary method of controlling the process.  The aeration rate can be used to 

control the pile temperature and to some extent the moisture content. 

2.1.3 Initial Mix Characteristics Control 

As discussed above, the initial method of compost process control is the proper design and control of the 

material mixture characteristics. 

2.1.3.1 Moisture Content 

The biosolids/bulking agent mixture must contain sufficient voids or air spaces to allow air to flow through 

the entire mass of composting materials.  The voids in the mixture will be filled with water or air.  When 

voids are filled with water, air flow is restricted and anaerobic (lack of oxygen) zones develop in the 

mixture.  It has been established through operational experience at composting facilities that the moisture 

content of the mix, where wood chips are used as a bulking agent, should be in the range of 55 to 60 

percent to assure sufficient air flow.  At moisture contents above 60 percent, aeration will be slowed and 

this will lead to the development of offensive odours.  In addition, low temperatures could develop in the 

compost pile.  Moisture contents below 40 percent will inhibit microbial action due to lack of moisture.  The 

quantity of bulking agent required to achieve a moisture content below 55 percent is excessive considering 

what little gain in process performance occurs. 
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2.1.3.2 Bulking Agents and Mix Ratios 

Bulking agents or amendments are added to the biosolids prior to composting for four main reasons. 

► To increase the solids content of the biosolids 

► To increase the porosity of the biosolids 

► To add structural stability for stacking biosolids 

► To increase the carbon to nitrogen ratio (C/N) 

Typically, dewatered biosolids is a sticky, pasty, gelatinous material with virtually no pore spaces.  In order 

to prepare the biosolids for aerobic composting, a bulking agent of some type is added to the biosolids to 

create a mixture which will compost effectively.  Many different materials, such as wood chips, pine bark, 

leaves, shredded yard debris, shredded paper, and shredded rubber tires, can be used as bulking agents.  

However, the effects of different bulking agents on the four items listed above, on product quality, and on 

their relative costs must be taken into account when selecting a bulking agent. 

The bulking agent to biosolids ratio is the primary control parameter available to the operator in the mixing 

operation.  In order to control the percent solids in the biosolids/bulking agent mixture, an adequate 

amount of bulking agent should be added to each volume of biosolids (assuming that the solids content of 

the biosolids and the bulking agents are relatively constant).  Normally this is done by determining the 

solids content of the biosolids and bulking agent and using measured bulk densities converting the weights 

to volumes which are easily measured by a front-end loader or truck.  The volume of bulking agent mixed 

with a given volume of dewatered biosolids is expressed as a ratio.  For example: if 20 cubic yards of yard 

wastes are mixed with ten cubic yards of biosolids, the mix ratio is 2:1. 

Two important issues should be remembered: 

► If the biosolids arrives wet or appears to be wetter than usual, the amount of bulking agent in the mix 

needs to be increased. 

► The supervisor will determine the need for adding additional bulking agent to achieve a satisfactory 

mix, using the materials balance. 

2.1.3.3 Carbon to Nitrogen Ratios (C/N) 

In practice, the carbon/nitrogen (C/N) ratio is not measured because effective and timely composting can 

occur over a wide range of C/N ratios.  Also, the use of yard wastes, sawdust, or paper as bulking agents 

will generally result in a satisfactory C/N ratio when mixed with biosolids so as to meet the moisture 

content required for the process. 

A C/N ratio in the range of 25 to 35 is optimal for rapid microbial activity.  Higher C/N ratios tend to result 

in slower microbial activity and can cause lower temperatures in the compost pile.  Lower C/N ratios can 

result in the accumulation of free nitrogenous compounds (ammonia) that may volatilize and be lost from 
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the compost, thereby reducing the nitrogen content of the compost.  While this is not detrimental to the 

process, the nutrient value of the compost is reduced by loss of nitrogen.  In addition, ammonia odours 

may develop during the composting process if the C/N ratio is too low. 

2.1.3.4 Degradability of Pile Mixes 

The degradability of the materials that are included in the compost pile mix has a major impact on the 

composting project.  Degradability is the ease with which the microorganisms present in the pile can break 

down or decompose the organic matter.  Degradability varies considerably, from simple easily degraded 

compounds such as sugar and carbohydrate to complex and slowly degraded compounds such as lignin.  

The best degradability profile for a compost mix is a range of degradability.  If the mix contains too much 

easily degraded material then the biological activity may occur too rapidly.  This can create a variety of 

problems such as excessive heat, anaerobic conditions and offensive odour.  If the mix is deficient in 

degradable material, the composting process may never be active enough to reach pathogen inactivating 

temperatures. 

2.1.3.5 Bulk Density and Porosity 

The porosity of the mix is important because it is a measure of the available inter-particle space that is 

available for the movement of air.  Porosity is important for all composting technologies.  Bulk density can 

be an indicator of porosity based on a correlation developed for specific mixes of material. 

2.1.3.6 Materials Balance 

The materials balance is a useful tool for developing pile mix ratios.  The operations staff should use the 

balance to set the actual initial mix ratios based on laboratory analysis of available feedstock.  A 

spreadsheet program should be developed for this purpose.  The materials balance also provides an 

estimate of the quantities of product that will be available for utilization. 

2.1.3.6.1 Feedstock Characterization 

The first step in creating a materials balance is to measure the characteristics of the compost feedstocks.  

The parameters that need to be measured will vary depending on the objectives of the balance calculation 

but may include: 

► Moisture content 

► Density 

► Volatile solids content 

► Nitrogen content (TN, NH3, organic) 
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2.1.3.6.2 Development of Input Mix Ratios 

Using the feedstock characterization information, a balance should be developed at the beginning of each 

composting season.  Historical data should also be used to adjust the new data to reflect anticipated 

conditions throughout pile formation.  The mix ratios should be adjusted as required to provide a mixture 

that has the appropriate moisture content, degradable fraction and C/N ratio. 

2.1.3.6.3 Estimating Product Input 

Data should be collected on quantity of product from the compost operation per input material quantity.  

Both weight and volume should be tracked.  Information from other composting facilities can initially be 

used to estimate the quantity of product.  After experience is developed at this facility, that data should be 

used to project product quantities. 

2.1.4 Pile Environment Controls 

Once the composting piles have been formed, several process control methods are available to the 

operator.  The objective is to maintain the warm, moist, aerobic and nutrient rich environment that will 

assure effective composting.  All of these conditions can be controlled in the pile.  However, control of 

moisture and nutrient content are more difficult and not normally adjusted in the pile.  For the ASP process 

blower control is the primary method of controlling temperature, and aerobic conditions.  Moisture can be 

reduced in the ASP process by breaking open and turning the pile to release heat and moisture.  Moisture 

addition is normally not needed during biosolids composting.  Moisture removal is the common objective. 

The available methods of process control are discussed in the following sections. 

2.1.4.1 Aeration and Temperature Control 

2.1.4.1.1 Temperature 

The high temperatures generated during composting are the result of biological activity.  As the micro-

organisms break down the organic matter in the compost pile, energy in the form of heat is given off.  This 

heat plays an important part in the composting process.  The temperature of the composting mass is a 

very important parameter and it affects several aspects of the operation. 

► Temperature is important in killing disease causing organisms (pathogens) 

► Temperature affects the rate of decomposition of the biosolids 

► Temperature affects odour production 

► Temperature is important in killing weed seeds so that the composted products have a high use value 

Biosolids contain human pathogens, such as bacteria, parasites, worms, and viruses.  However, these 

pathogens are killed when exposed to high temperatures over a given period of time.  Studies have shown 

that if the temperature in the composting pile reaches 55°C for a period of three consecutive days or more, 
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pathogens are destroyed.  This is easily achievable during the composting process.  OMRR regulations 

require that temperatures be maintained at 55°C for at least three days during the compost period for 

static pile composting. 

Biosolids also contain organic materials.  These materials are broken-down and stabilized by various 

micro-organisms.  Temperatures also play an important part in the rate at which the organic matter is 

broken-down or stabilized.  Stabilization is important since unstabilized biosolids produce odours. The 

ideal temperature range for growth of these organisms is between 45°C and 60°C.  Temperatures higher 

than 65°C can slow the composting process by limiting the number of organisms available to decompose 

the organic matter. 

Some of the organics in the biosolids will produce odours.  Composting is aimed at destroying these 

putrescent (odour causing) compounds.  Therefore, the rate of breakdown is important and this rate is 

controlled by temperatures.  Furthermore, at high temperatures, new compounds which produce odours 

are generated.  It has been shown that in some cases high temperatures have been a cause of odour 

problems.  Therefore, the operator should attempt to maintain the pile temperature as near to 55°C as 

possible by adjusting the air flow to each pile. 

Finally, high temperatures (i.e. greater than 55°C) have been shown to successfully kill off weed seeds 

which might be present in either the biosolids or bulking agent.  This is an important factor in determining 

the marketability of the compost product. 

2.1.4.1.2 Oxygen Content 

There are two terms that apply to composting with regards to oxygen content: aerobic (presence of 

oxygen) and anaerobic (absence of oxygen).  Although composting can take place under either aerobic or 

anaerobic conditions, the composting of biosolids should always be done under aerobic conditions.  This is 

extremely important since aerobic composting results in less odours.  The amount of aeration provided to 

the mix controls the amount of oxygen available to the microbes and, thus, their activity.  An insufficient 

supply of oxygen will result in reduced microbial activity which will result in a reduction in heat generation 

of the mass. 

The aerated static pile system should be operated to provide oxygen in the range of from 10 to 20 percent.  

If the oxygen level drops below five percent, anaerobic conditions (lack of oxygen) in the compost pile can 

be expected.  This condition will slow the composting process, lower pile temperatures, and could produce 

malodors if it is maintained for any length of time.  High oxygen levels do not negatively affect the activity 

of the organisms.  However, high oxygen conditions can indicate that too much air is being provided to the 

piles.  This excess air flow could remove some of the heat needed for pathogen destruction and 

decomposition of the biosolids.  Therefore, if oxygen levels exceed 15 percent, the operator should make 

sure that the temperatures still stay in the desired range.  Monitoring the oxygen content may be 

undertaken in the event of problems with temperature and odours. 
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2.1.4.1.3 Aeration Rates 

Compost is by definition a controlled aerobic process that results in the decomposition and stabilization of 

organic materials by the action of microbes.  For composting to occur properly, the mass must be 

effectively aerated.  Otherwise, the process will be slowed and operational problems, such as odours, will 

develop.  The aeration rate depends on the size of the blower and the frequency of its operation.  Aeration 

rates control several important aspects of the composting process: 

► Temperature levels in the pile 

► Oxygen levels in the pile 

► Moisture content in the pile 

Aeration also helps in driving off excessive moisture from the pile so that the compost can more easily be 

handled. 

Aeration rates need to be kept in balance.  For the static piles, the aeration rate should initially be 

maintained to provide oxygen for maximum biological activity and pile temperatures in the range of 55°C to 

60°C in order to kill pathogens.  After 21 to 28 days of composting and a minimum of three consecutive 

days above 55°C, the aeration rate may be increased to accelerate drying of the mass.  This increase in 

aeration will result in a dry compost which could be effectively screened and the coarse fraction of the 

bulking agent removed for reuse.  Aeration rate is controlled by increasing or decreasing the amount of 

time that a blower is operating during a given cycle.  The temperature of the composting mass can be 

used as a key to determine whether the aeration rate should be increased or decreased. 

2.1.4.2 Moisture Control 

Providing a moist environment for the active composting biota is an essential part of the composting 

process.  Throughout the composting period the moisture content should be maintained in a range 

between 40 and 65 percent moisture.  When composting biosolids that is between 15 and 20 percent 

solids, as expected for this project, the most common problem is moisture removal.  Material that is 

screened must be less than 45 percent moisture to prevent blinding of the screen. 

The moisture content of the piles will be monitored throughout the composting and curing periods.  Based 

on projected final moisture content, the piles may be turned extra times to achieve the desired moisture 

content before screening.  Turning is very effective at moisture removal because the hot moist air in the 

pile interior is released at pile breakdown. 
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2.1.4.3 Mixing Intensity and Frequency 

Mixing and turning during the composting period is generally beneficial. 

Windrow pile moisture control, physical breakdown of the material and aeration is provided by turning / 

mixing the pile contents.  The importance of turning for moisture control is discussed above.  Aeration of 

the pile is obtained by exposing the material in the pile interior to fresh air.  This process releases and 

replaces oxygen depleted air and decomposition products. 

Mixing and turning the material also provides an energy source that physically breaks down the larger 

particles.  This action provides better access for the microorganisms to attack the organic matter by 

creating more surface area.  Some materials, such as the woody fraction of yard debris and paper, 

become more rapidly degraded if a high energy mixing step is included in the composting process. 

The frequency of pile mixing and turning depends on the conditions in the pile and the materials being 

composted.  The following basic turning / mixing schedule will be used. 

► Aerated Static Piles Once during active composting 

► Windrow – Yard Debris Piles Weekly 

► Windrow – Paper Piles Once every 5 days 

2.1.4.4 Detention Time and Stability 

The stability of the compost product reflects the completeness of the composting process.  Only when the 

rapidly degraded materials are consumed and only the very slowly degraded components remain will the 

compost be stable and appropriate for beneficial use.  Assuming that a proper environment is maintained 

in the compost pile, the stability of the product will be related to the detention time of the material in the 

pile.  The detention time is controllable by the operator.  The operator’s task is to assure that the standard 

active pile detention time and the curing time is providing a stable product.  Initially, the operator should 

depend on laboratory stability tests to determine when an active composting pile can be broken down and 

moved to curing.  With experience, the operator will be able to determine stability by appearance, feel and 

smell.  Removal of material from the curing pile can be determined the same way, together with field tests 

such as reheating. 

2.2 Provincial Composting Regulations 

In British Columbia, any composting operation must meet the current version of the Organic Matter 

Recycling Regulation (OMRR).  Part 3 of this regulation prescribes all of the requirements for the finished 

compost product.  Part 5 of the regulation prescribes all of the requirements for the composting facility. 

The OMRR can be found online at www.env.gov.bc/epd/codes/omr/index.htm. 

http://www.env.gov.bc/epd/codes/omr/index.htm
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2.3 Provincial Composting Guidelines 

The Ministry of Environment also publishes a guideline regarding the OMRR.  It is titled, “Compost Facility 

Requirements Guideline: How to Comply with Part 5 of the Organic Matter Recycling Regulation”.  This 

guideline provides a very thorough discussion regarding the composting process, operating a composting 

facility and constructing a composting facility.  This guideline can also be found online at 

www.env.gov.bc/epd/codes/omr/index.htm. 

http://www.env.gov.bc/epd/codes/omr/index.htm


 

Commonage Biosolids Facility | Composting Process Plan | Draft 3 

MMM Group Limited | June 2010 | 5184789 

 

15

3.0 COMMONAGE BIOSOLIDS FACILITY COMPOSTING 

3.1 Facility Capacity 

The following table identifies the capacity of the Commonage Biosolids Facility upon completion of  

Phase 2. 

 Mix Ratio 3.35 Mix Ratio 3.56 Mix Ratio 4.0 

Process Phase Pile Height 

(metres) 

Retention 

(Days) 

Annual Cap 

(Tonnes) 

Retention 

(Days) 

Annual Cap 

(Tonnes) 

Retention 

(Days) 

Annual Cap 

(Tonnes) 

Primary 2.4 24 24 24 

Secondary 3.3 31 

39,628 

31 

37,772 

31 

34,476 

        

Primary 2.7 24 24 24 

Secondary 3.3 32 

44,581 

32 

42,494 

32 

38,786 

        

Primary 3.0 24 24 24 

Secondary 3.3 30 

47,553 

30 

45,327 

30 

41,371 

 

Operating Modes 

Conservative 

Mix Sensitive 

Not Recommended 

Assumptions: 

► Total primary retention days set at 24 days 

► Minimum total secondary retention days set at 30 days 

► 32 out of 36 zones are active (inactive zones: two in primary, two in secondary) 

► Pile height indicated is the depth of the active mix 

► 18 zones in fan Groups 4 & 5 – only primary composting zones 
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3.2 Compost Mix 

The initial compost mix and pile heights are the key fundamentals for successfully composting and 

managing odour. 

These operational practices will provide a proper mix for composting and help mitigate instances of higher 

odour levels: 

► Ensuring that hog fuel is used for the wood amendment, rather than ground up dimensional lumber or 

yard debris 

► Weekly C/N ratio, moisture content measurement and recording of the mix 

► Using mix ratios and pile heights consistent with the capacity table (mix ratios are wood waste by 

weight divided by biosolids weight) 

Mixes that are too rich have too many biosolids for the amount of wood chips.  This produces 

unacceptably low Carbon/Nitrogen ratios.  The recommended unit parameters are: 

► Weigh each ingredient (using the mixer scales) then thoroughly mix each batch (i.e. there are no 

visible sludge balls). 

► Use the following mix ratios (volumes are for reference only): 

Initial Mix Ratios 
% of total 

(by wt) 
% of total 

(by volume) 

Dewatered BS 43% 20% 

Clean Wood (Hog Fuel) 25% 39% 

Recycled Amendment 31% 41% 

 

► The target water content should be 58-62% moisture by weight.  If the initial mix is drier, water should 

be added during mixing.  If the mix is wetter, additional amendment should be added. 

► Sample, analyze and record the initial mixes for C/N ratio, moisture, density and other compost 

feedstock characteristics to ensure a proper mix is being produced. 

3.3 Aeration 

The composting process includes both primary and secondary aerations stages.  The aeration system, on 

both the west and east side, provides both positive and negative aeration systems.  The positive aeration 

system pushes air through the composting piles.  The negative aeration system pulls air through the 

composting piles.  Part of the negative aeration system is a biofilter to treat the air that is pulled through 

the composting piles. 

In summer months, when foul odour conditions are at their most extreme, the odourous air created by 

negative primary aeration can be difficult for the biofilter to effectively treat.  An ozone treatment system is 

provided on the east side (and a portion of the west side) aeration systems to supplement the biofilter 
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treatment system.  Consequently, for the next few years, all primary stage composting should be 

completed on the east side aeration floors. 

The anticipated duration for aeration is about 55 days (24 days of primary and 30 to 32 days of secondary 

aeration (refer to the capacity table in Section 3.1).  The composting pile is physically relocated (using 

front end loaders) when changing from primary to secondary aeration. 

3.3.1 Pile Management 

There are at least four key requirements for pile management.  They are: 

► Managing the pile heights.  The table in Section 3.1 provides the suggested heights for the active mix 

for both primary and secondary composting (Note: The active mix height does not include the cover 

layer). 

► Managing the cover layer.  This is meant to be 0.3 metres thick and is typically a mix of oversize 

material and finished compost. 

► Managing the style of aeration (positive and negative).  Typically this is automatically achieved through 

pile temperature information.  The ECS manual describes this in great detail. 

► Managing the pile moisture content. 

For the cover layer, suitable moisture content is critical.  Suitable moisture content will allow the cover 

layer to act as an effective odour buffer for the compost pile.  The primary purpose of the sprinkler 

system in the composting area is to manage the moisture content of the cover layer. 

Monitoring the moisture content of composting pile is also important.  As it is not practical to modify the 

moisture content of a large pile while it is sitting there, this information is used to help determine if you 

need to: 

► Have a higher moisture content in the initial mix 

► Add water when transferring the compost material from primary to secondary aeration 

► Add water when screening the final product 

Most aerated compost systems lose water through evaporation; the low relative humidity air of the 

Okanagan speeds this up.  Once moisture levels approach 40% (by weight) the biodegradation rates slow 

unacceptably.  Moisture levels must be monitored and managed during active composting to avoid 

unstable and odiferous piles.  We recommend that regular samples be taken and then analyzed for 

moisture content using the small drying oven and gram balance. 
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3.3.2 Positive Aeration 

Positive aeration is when the blower and trench floor systems are simply forcing air up through the 

compost piles. 

On the west side, automated dampers control the direction of air flow from the blowers and create positive 

aeration for each zone. 

One the east side, there is a single blower dedicated to creating the positive air flow.  In addition, there are 

automated dampers at each zone that control the rate of air flow during positive aeration.  This is a higher 

level of air flow control and is one of the reasons we recommend that the east side aeration system be 

used for primary stage composting. 

3.3.3 Negative Aeration 

Negative aeration is when the blower and trench floor system is pulling air down through the composting 

piles. 

On the west side, automated dampers control the direction of air flow from the blowers and create positive 

aeration for each zone. 

On the east side, there is a single blower dedicated to creating the positive airflow.  In addition, there are 

automated dampers at each zone that control the rate of air flow during negative aeration. 

3.3.4 Biofilters / Ozone Treatment During Negative Aeration 

The airflow created by negative aeration needs to be treated for odours.  A biofilter is provided at each Fan 

Pad for this.  In the summer months, when foul odour conditions associated with primary aeration are at 

their most extreme, the oderous air can be difficult for the biofilter to treat.  An ozone treatment system is 

provided for Fan Pad 3 (on the west side) and Fan Pad 4 and 5 (on the east side). 

The ozone treatment process will result in at least one more log of sulphur based compound and odour 

treatment.  Ozone is simply injected into the process air. 

The ozone treatment process can be turned on or off at any time.  During the cooler months it will not be 

required. 

To be effective, the ozone has to be in contact with the air for a minimum time period.  A contact chamber 

is provided that provides at least 30 seconds of contact time for the Fan Pad 3 air flow rate to the biofilter 

of 7,500 cfm and for Fan Pad 4/5 air flow rate to the biofilter of 5,625 cfm.  For the more typical 

combinations of a mix of positive and negative aeration the contact times will be about 60 seconds or 

more. 
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Two 5 foot diameter pipes or ducts the full length of the present and designed biofilters will provide 

adequate contact time.  The pipe/duct is placed above ground to provide easy access for the air 

supply/distribution ducts and for maintenance such as cleaning and draining. 

An ozone generation system is provided for both the west and east side aeration systems.  Each system 

will be designed to provide ozone ultimately to the biofilter for Fan Pad 1, 2 and 3 on the west side and 

Fan Pad 4 and 5 on the east side. 

In the short term, ozone treatment has been restricted to Fan Pad 3, 4, and 5.  Secondary aeration can be 

restricted to Fan Pad 1 and 2.  The air flow rates and treatment requirements will be lower for secondary 

aeration.  Consequently, in the short term ozone treatment may not be necessary for Fan Pad 1 and 2, but 

may become necessary as the quantity of biosolids delivered to the facility increases and these pads need 

to be used for primary aeration. 

3.4 Screening 

Following aeration, the composting process should be such that Class A compost is created.  (Note, prior 

to Phase 2 this was not the case.  A “curing” period was required to achieve Class A compost). 

The compost is then screened; over size material is either used in the cover layer or trucked off-site.  The 

screened product is stockpiled. 

3.5 Final Product 

The final (or screened) product is stockpiled until quality assurance testing confirms it meets the provincial 

standard for Class A compost and it is hauled off-site to a customer. 
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Introduction 

This manual provides the operational and maintenance instructions for ECS’ RF TeleProbes™.  These devices are 
heavy duty temperature measuring devices designed specifically for composting applications and are intended to 
be used in conjunction with a separate control and monitoring software that is provided by others.  The software 
should monitor, display, and record compost process temperature data which is measured and then transmitted by 
radio frequency (RF) link from the RF TeleProbes.  The TeleProbe devices are also supplied with an RF modem 
and antenna that is to be connected via RS-232 to the control system (computer or PLC). 
 
The following manual includes brief sections on the basic operation of the TeleProbes, modem setup, 
troubleshooting tips, details for programming a controls systems to communicate with the TeleProbes, and OEM 
data from the modem manufacturer. 
 

Basic Operation – RF TeleProbes 

The RF TeleProbes are designed to be “always on” type devices.  Once every 3 to 4 minutes a TeleProbe will 
wake up, take a temperature reading, make sure other probes are not currently transmitting data, transmit the 
temperature data along with battery voltage information and the probe ID number, and then go back to sleep.  
There is no on/off switch and the sleep function between transmissions is designed to reduce power consumption 
and prolong battery life. 
 
The RF TeleProbe temperature probes are robust monitoring devices specifically designed to withstand the 
harsh environment and abuse typical in a composting environment.  Each probe transmits compost temperature to 
an associated RF modem via a low power RF signal.  The probes are battery powered and can be assigned to 
different RF channels to allow for communication with different modems.  Each probe has a 60” long, large 
diameter stainless steel shaft with a stainless steel tip, a robust stainless steel handle, and a heavy duty fiberglass 
enclosure box.  The temperature sensor is potted into the stainless steel tip and the battery and electronics are 
housed in the enclosure box. 
 
Inside each enclosure there are two magnet switches attached to the front and side walls (see picture below).  The 
front wall has a sticker with the ECS logo on it as well as a single LED light.  The front wall magnet switch is 
labeled “RST”, located next to the LED and is used to “reset” the probe.  The switch on the side wall (left side if 
looking at the front) is labeled “INP”, located in the middle of the wall and is used to change the RF channel that 
the probe uses to transmit its data.  To trip either of the switches, pass a magnet in front of the switch on the 
outside of the enclosure box (there is no need to take the cover off). 
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Figure 1: Enclosure & Electronics 

 
 

 
Figure 2:  Internal Magnet Switches 
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The reset switch is used primarily for troubleshooting.  It will reset the internal electronics and force a temperature 
reading and data transmission.  It can be used to verify the RF functionality of a TeleProbe, to check the ID 
number of a certain probe or just to force a temperature reading to be sent back to the controls system.  When the 
reset switch is tripped, the LED light on the front of the probe will turn on for 10 seconds and then give one quick 
flash as it transmits the current data.  The TeleProbe will then go to sleep for approximately 3-4 minutes until it is 
time to once again transmit a temperature reading. 
 
The second switch, labeled “INP”, is used verifying and changing the RF channel that a TeleProbe uses for its data 
transmission.  The following sequence is used for channel changing. 
 

1. Trip the channel switch with a magnet. 
2. The LED light turns on for 1 second. 
3. The LED light turns off for 1 second. 
4. The LED light flashes the current channel number (1 flash for Channel 1 up to 12 flashes for Channel 

12). 
5. The LED light turns off for 1 second. 
6. The LED light turns on solid for 3 seconds.  During this time the user can increment the RF channel one 

number by re-tripping the channel switch.  If the current channel is 12, incrementing will cause the 
channel to rollover back to 1.  If the switch is not tripped during this period, the channel will remain at the 
current channel. 

7. The LED light turns off for 1 second. 
8. If the channel was incremented, the light will flash the new channel number and then turn off for 1 

second. 
9. The LED light will flash quickly twice to signal the end of channel changing mode. 
10. To increment the channel again, repeat the steps. 

 
Note that Channel 1 on the RF TeleProbe corresponds to Channel “C” on the RF modem (and so on up to Channel 
“N” for Channel 12). 
 
The RF transmitter in each probe is mapped into the control system at two levels.  First, each transmitter has a 
unique serial number assigned at the factory, which can be found on a wire label around the two power wires (red 
and black) on the controller.  The number is typically labeled as IDxxx and is also usually found written 
underneath the enclosure cover.  The ID number is the number broadcast in the RF transmission by each individual 
probe, while the probe numbers correspond to the numbers attached to the handle of each probe.  The TeleProbes 
were originally shipped with the following ID number assignment: 



 
 
 

Printed: 6/26/2010 ECS RF TeleProbe™ Manual p.  5 of 7 
 v176.0 

 

Probe Number ID Number
3-1 396 
3-2 397 
3-3 398 
3-4 400 
3-5 401 
3-6 402 
3-7 403 
3-8 404 
3-9 405 
3-10 406 
3-11 407 
3-12 408 
Spare 409 
Spare 410 

 
Initial TeleProbe ID Mapping 

 
 
Modem Setup 
The RF modem connects to the contols system (typically a computer or PLC) via RS-232 and can be configured 
using a computer, RS-232 cable and a copy of the X-CTU software included with the modem.  Detailed 
information on the X-CTU software and how to configure the modem can be found below in the “Modem OEM 
Data” section. 
 
As mentioned above, Channel 1 on the RF TeleProbe corresponds to Channel “C” on the RF modem (and so on up 
to Channel “N” for Channel 12). 
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Troubleshooting 
Below are a number of things to check if a TeleProbe’s data is not showing up in the control system. 

1. Check the probe location.  The TeleProbe requires “line of sight” communication, which means there can 
not be large obstacles between the TeleProbe and the modem antenna.  TeleProbes should be located on 
the tops of compost piles (not in valleys or on the back sides of piles).  If a probe is having intermittent 
communication, try moving it to a different spot on the pile.  If there is no communication, locate the 
probe very near the antenna and verify that it communicates with a close, line of sight location. 

2. Check the battery.  The LED will flash once every time a probe sends out an RF transmission (every 3-4 
minutes).  If a flash is not seen in that time or if no flashes are seen when a probe is reset (see above), 
check the batter voltage.  The battery voltage needs to be above 3.3 volts for the probe to function 
properly. 

3. Check the Probe ID.  Make sure that the probe ID mapping in the controls software is correct.  The probe 
ID is found on a wire label around the black and red power wires inside the enclosure and should be 
mapped to the probe number, which is the number on the handle. 

4. Check modem reception.  Check the modem and make sure that it is plugged in and the power LED is on.  
Make sure the antenna is connected properly.  If the modem is receiving transmissions, the signal strength 
LED’s will be lighting up.  If the signal strength is low for most of the transmissions, you should consider 
moving the antenna to a better location. 

5. Check for sources of RF interference.  If there are other RF devices in the vicinity of the TeleProbes 
using the same frequency there could be interference which would cause dropped communications.  
Consider changing the RF channel on the other device (if possible) or change the RF channel of the 
TeleProbes.  If you want to change the RF channel of the TeleProbes, you will also need to change the 
channel on the RF modem that communicates with those probes. 

 
 
Programming Details 
The following information is required for converting the RF transmission data from the modem into user-
understandable data.  Once the modem is connected to the controls system and powered it should begin receiving 
data from any Teleprobes within range.  Data will be a string in the following format: 
 

*IDM,IDL,CTM,CTL,T1M,T1L,T2M,T2L,BTM,BTL: 
 
The “*” and the “:” characters are a header and end of string character, respectively.  The other values are used to 
calculate the data with the equations below. 
 
Probe ID: 

256*IDM+IDL 
Transmission Counter: 

256*CTM+CTL 
Top Temperature (ignore for single sensor probes): 

(256*T1M+T1L)/100 -100 
Bottom (tip) Temperature: 

(256*T2M+T2L)/100 -100 
Battery Voltage: 

(256*BTM+BTL)/100 
 
Example: 
String received from TeleProbe:   *1,65,6,183,246,85,47,166,1,67: 
 
ID = 321 
Counter = 1719 
Temp1 = 530.61 (single sensor probe - ignore) 
Temp2 = 21.98 (degrees C) 
Battery = 3.23 (volts) 
 



 
 
 

Printed: 6/26/2010 ECS RF TeleProbe™ Manual p.  7 of 7 
 v176.0 

 
Modem OEM Information 
The following pages are the manual from the modem manufacturer. 



MaxStream
355 South 520 West, Suite 180 
Lindon, UT  84042 
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Fax: (801) 765-9895

rf-xperts@maxstream.net 
www.MaxStream.net (live chat support)

XBee-PRO PKG-R™ RS-232 RF Modem

XBee-PRO RS-232 RF Modem

Interfacing Protocol

RF Modem Operation

RF Modem Configuration

Appendices

Product Manual v1.xAx
For XBee-PRO RF Modem Part Numbers:   XBP24-PKI-...-R...
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1. XBee‐PRO RS‐232 RF Modem
The XBee-PRO RS-232 RF Modem is an IEEE 802.15.4 compliant solution 
that features an RS-232 interface. Out-of-box, the modem is equipped to 
sustain outstanding range (2-3x the range of typical 802.15.4 solutions) and 
requires no additional configuration for immediate RF communications. Sim-
ply feed data into one modem, then the data is sent out the other end of the 
wireless link.

The modem transfers a standard asynchronous serial data stream between 
two or more devices. Its built-in RS-232 interface allows for rapid integration 
into existing data systems.

1.1. Features Overview

Long Range Data Integrity

Range

• Indoor/Urban: up to 300’ (100m)

• Outdoor line-of-sight: up to 1 mile (1.6km)

Transmit Power: 60 mW (18 dBm),  
100 mW (20 dBm) EIRP

Receiver Sensitivity: -100 dBm

RF Data Rate: 250,000 bps

Advanced Networking & Security

Retries and Acknowledgements

DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over 
65,000 unique network addresses available

Source/Destination Addressing

Unicast & Broadcast Communications

Point-to-point, point-to-multipoint  
and peer-to-peer topologies supported

Coordinator/End Device operations

Transparent and API Operations

128-bit Encryption

Low Power

Power Currents

• Receive Current: 80 mA (@9V)

• Transmit Current: 300 mA

• Power-down Current: < 6 mA

 Easy-to-Use

No configuration necessary for out-of box 
RF communications

Free X-CTU Software 
(Testing and configuration software)

Built-in RS-232 interfacing

Small form factor

Network compatible with other 
802.15.4 devices

AT and API Command Modes for  
configuring modem parameters

Free & Unlimited Technical Support

1.1.1. Worldwide Acceptance

FCC Approved (USA) Refer to Appendix A [p55] for FCC Requirements. 
Systems that include XBee-PRO RF Modems inherit MaxStream Certifications.

Operates within the ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band

Manufactured under ISO 9001:2000 registered standards

XBee-PRO RF Modems are optimized for use in US, Canada, Australia, Israel and 
Europe (contact MaxStream for complete list of approvals).
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1.2. Specifications

* When operating in Europe: XBee‐PRO RF Modems must be configured to operate at a maximum transmit 
power output level of 10 dBm. Set the PL parameter to “0” (10 dBm) in order to adhere to European regulations.

Table 1‐01. Specifications of the XBee‐PRO PKG‐R RS‐232 RF Modem

Specification XBee-PRO RS-232 RF Modem

Performance

Indoor/Urban Range (w/ 2.1 dB dipole antenna) up to 300’ (100 m)

Outdoor/Urban Range (w/ 2.1 dB dipole antenna) up to 4000’ (1200 m)

Transmit Power Output 60 mW, 100 mw (20 dBm) EIRP*

Receiver Sensitivity -100 dBm (1% packet error rate)

Interface Data Rate 1200 - 115200 bps (non-standard baud rates also supported)

RF Data Rate 250,000 bps

Networking & Security

Frequency ISM 2.4 GHz

Modulation
DSSS (Direct Sequence Spread Spectrum),
OQPSK (Offset Quadrature Phase Shift Keying)

Supported Network Topologies Point-to-point, Point-to-Multipoint, Peer-to-Peer & Mesh (coming soon)

Number of Channels (software selectable) 12 Direct Sequence Channels

Addressing Layers PAN ID, Channel & Source/Destination Addresses

Antenna

Connector RPSMA (reverse polarity SMA)

Impedance 50 ohms unbalanced

Power Requirements

Power Supply 5 - 14 V

Receive Current 80 mA (@ 9 Volts)

Transmit Current
300 mA 
(Average current when streaming data (@9600bps) = 86 mA)

Power-down Current <6 mA

Physical Properties

Size 4.500” x 2.750” x 1.125” (11.4cm x 7.0cm x 2.9cm)

Weight 5.25 oz. (150 g)

Data Connection Female DB-9

Operating Temperature -40 - 85º C (Industrial)

Certifications (partial list)

United States (FCC Part 15.247) OUR-XBEEPRO

Industry Canada (IC) 4214A-XBEEPRO

Europe (CE) ETSI (Max. 10 mW transmit power output)*
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1.3. External Interface

 1-01a. Reset Switch

Figure 1‐01.  Front View The Reset Switch is used to reset (re-boot) the XBee-PRO RS-232 RF 
Modem. This switch only applies when using the configuration tabs of 
MaxStream’s X-CTU Software.

 1-01b. I/O & Power LEDs

LEDs indicate RF modem activity as follows:

Yellow (top LED) = Serial Data Out (to host)
Green (middle) = Serial Data In (from host)
Red (bottom) = Power/Association Indicator (Refer to the D5 
(DIO5 Configuration) parameter)

 1-01c. Serial Port

Standard female DB-9 (RS-232) connector.

 1-01d. RSSI LEDs

RSSI LEDs indicate the amount of fade margin present in an active 
wireless link. Fade margin is defined as the difference between the 
incoming signal strength and the modem's receiver sensitivity.

3 LEDs ON = Very Strong Signal (> 30 dB fade margin)
2 LEDs ON = Strong Signal (> 20 dB fade margin)
1 LED ON = Moderate Signal (> 10 dB fade margin)
0 LED ON = Weak Signal (< 10 dB fade margin)

 1-01e. Power Connector

5-14 VDC power connector

 1-02a. DIP Switch

Figure 1‐02. Back View DIP Switch functions are not supported in this release. Future down-
loadable firmware versions will support DIP Switch configurations.

 1-02b. Antenna Port

Port is a 50Ω RF signal connector for connecting to an external 
antenna. The connector type is RPSMA (Reverse Polarity SMA) 
female. The connector has threads on the outside of a barrel and a 
male center conductor.

1-01a. Reset Switch

1-01b. I/O & Power LEDs

1-01c. Serial Port

1-01e. Power Connector

1-01d. RSSI LEDs

1-02b. Antenna Port
1-02a. DIP Switch
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2. Interfacing Protocol

2.1. RS-232 Operation

2.1.1. Pin Signals

Figure 2‐01. Pins used on the female RS‐232 (DB‐9) Serial Connector  

* Functions listed in the implementation column may not be available at the time of release.

Table 2‐01. Pin Assignments and Implementations

DB-9 Pin RS-232 Name Description Implementation*

1 DCD Data-Carrier-Detect Connected to DSR (pin6)

2 RXD Received Data Serial data exiting the RF modem
(to host)

3 TXD Transmitted Data Serial data entering into the RF modem
(from host)

4 DTR Data-Terminal-Ready Can enable Power-down on the RF modem

5 GND Ground Signal Ground

6 DSR Data-Set-Ready Connected to DCD (pin1)

7 RTS / CMD
Request-to-Send / 
Command Mode

Provides RTS  flow control or
enables "Command Mode" on the RF modem

(Refer to the Flow Control section [p11] and the D6 
(DIO6 Configuration) command description [p36])

8 CTS Clear-to-Send
Provides CTS  flow control

(Refer to the Flow Control section [p11] and the D7 
(DIO7 Configuration) command description [p37])

9 RI Ring Indicator Optional power input that is connected internally to 
the positive lead of the front power connector
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2.1.2. Wiring Diagrams

 DTE RS-232 Device to a DCE RF Modem

Figure 2‐02. RS‐232 Device (DTE ‐ male connector) wired to an XBee‐PRO RF Modem (DCE ‐ female)  

 DCE RF Modem to an DCE RS-232 Device

Figure 2‐03. XBee‐PRO RF Modem (DCE ‐ female connector) wired to an RS‐232 device (DCE)  

 Sample Wireless Connection: DTE <--> DCE  DCE <--> DCE

Figure 2‐04. Typical wireless link between DTE and DCE devices
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3. RF Modem Operation

3.1. Serial Communications

3.1.1. RS-232 Data Flow

The XBee-PRO RS-232 RF Modem interfaces to a host device through a standard RS-232 (DB-9) 
connector. Devices that have a standard RS-232 serial port can connect directly through the pins 
of the RF modem as shown in the figure below.

Figure 3‐01. System data flow in an RS‐232 environment

3.1.2. Host and RF Modem Settings

Serial communications between a host and an XBee-PRO RF Modem are dependent upon having 
matching baud rate, parity, stop bit & number of data bits settings. Refer to the table below to 
ensure host serial port settings match those of the XBee-PRO RF Modem.

Both the XBee-PRO RF Modem and host (PC) settings can be viewed and adjusted using Max-
Stream's proprietary X-CTU Software. Use the "PC Settings" tab to configure host settings. Use the 
"Terminal" or "RF Modem Configuration" tabs to configure the RF modem settings.

NOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. Ensure 
the ‘Baud’ setting on the “PC Settings” tab matches the BD (Interface Data Rate) setting of the RF 
modem (by default, BD parameter = 3, which is associated to 9600 baud).

Table 3‐01. Parameter values critical to serial communications between the RF modem and host

Parameter Setting Default Parameter Value

Baud (Serial Data Rate) 9600 bps (BD parameter = 3)

Number of Data Bits 8

Parity None

Number of Stop Bits 1
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3.1.3. Transparent Operation

By default, XBee-PRO RF Modems operate in Transparent Mode. When operating in this mode, the 

modems act as a serial line replacement - all UART data received through the DI pin is queued up 
for RF transmission. When RF data is received, the data is sent out the DO pin.

Serial-to-RF Packetization

Data is buffered in the DI buffer until one of the following causes the data to be packetized and 
transmitted:

If the modem cannot immediately transmit (for instance, if it is already receiving RF data), the 
serial data is stored in the DI Buffer. The data is packetized and sent at any RO timeout or when 
100 bytes (maximum packet size) are received.

If the DI buffer becomes full, hardware or software flow control must be implemented in order to 
prevent overflow (loss of data between the host and modem).

3.1.4. API Operation

API (Application Programming Interface) Operation is an alternative to the default Transparent 
Operation. The frame-based API extends the level to which a host application can interact with the 
networking capabilities of the modem.

When in API mode, all data entering and leaving the modem is contained in frames that define 
operations or events within the modem.

Transmit Data Frames (received through the DI (Data In) pin) include:

• RF Transmit Data Frame

• Command Frame (equivalent to AT commands)

Receive Data Frames (sent out the Data Out) include:

• RF-received data frame

• Command response

• Event notifications such as reset, associate, disassociate, etc.

The API provides alternative means of configuring modems and routing data at the host applica-
tion layer. A host application can send data frames to the modem that contain address and payload 
information instead of using command mode to modify addresses. The modem will send data 
frames to the application containing status packets; as well as source, RSSI and payload informa-
tion from received data packets.

The API operation option facilitates many operations such as the examples cited below:

1. No serial characters are received for the amount of time determined by the RO (Packetiza-
tion Timeout) parameter. If RO = 0, packetization begins when a character is received.

2. The maximum number of characters that will fit in an RF packet (100) is received.

3. The Command Mode Sequence (GT + CC + GT) is received. Any character buffered in the 
DI buffer before the sequence is transmitted.

-> Transmitting data to multiple destinations without entering Command Mode

-> Receive success/failure status of each transmitted RF packet

-> Identify the source address of each received packet
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3.1.5. Flow Control

Figure 3‐02. Internal Data Flow Diagram

DI (Data In) Buffer

When serial data enters the RF modem through the DI (Data In) pin, the data is stored in the DI 
Buffer until it can be processed.

Hardware Flow Control (CTS). When the DI buffer is 17 bytes away from being full; by default, 
the modem de-asserts CTS (high) to signal to the host device to stop sending data [refer to D7 
(DIO7 Configuration) parameter]. CTS is re-asserted after the DI Buffer has 34 bytes of memory 
available.

How to eliminate the need for flow control:

Case in which the DI Buffer may become full and possibly overflow:

Refer to the RO (Packetization Timeout), BD (Interface Data Rate) and D7 (DIO7 Configuration) com-
mand descriptions for more information.

Refer to the BD (Interface Data Rate) [p34] and RO (Packetization Timeout) [p46] command descrip-
tions for more information.

DO (Data Out) Buffer

When RF data is received, the data enters the DO buffer and is sent out the serial port to a host 
device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

Hardware Flow Control (RTS). If RTS is enabled for flow control (D6 (DIO6 Configuration) 
Parameter = 1), data will not be sent out the DO Buffer as long as RTS (DIO6) is de-asserted.

Two cases in which the DO Buffer may become full and possibly overflow:

To implement API operations, refer to API sections [p50].

1. Send messages that are smaller than the DI buffer size.

2. Interface at a lower baud rate [BD (Interface Data Rate) parameter] than the throughput 
data rate.

If the modem is receiving a continuous stream of RF data, any serial data that arrives on the DI 
pin is placed in the DI Buffer. The data in the DI buffer will be transmitted over-the-air when the 
modem is no longer receiving RF data in the network.

1.    If the RF data rate is set higher than the interface data rate of the modem, the modem will 
receive data from the transmitting modem faster than it can send the data to the host.

2.    If the host does not allow the modem to transmit data out from the DO buffer because of 
being held off by hardware or software flow control.
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3.2. IEEE 802.15.4 Networks

The following IEEE 802.15.4 network types are available to the RF modem:

• NonBeacon

• NonBeacon (w/ Coordinator)

The following terms will be used to explicate the network system types:

3.2.1. NonBeacon

By default, XBee-PRO RF Modems are configured to support NonBeacon communications (no Coor-
dinator). NonBeacon systems operate within a Peer-to-Peer network topology and are not depen-
dent upon Master/Slave relationships. This means that modems remain synchronized without use 
of master/server configurations and each modem in the network shares both roles of master and 
slave. MaxStream's peer-to-peer architecture features fast synchronization times and fast cold 
start times. This default configuration accommodates a wide range of RF data applications.

Figure 3‐03. NonBeacon Peer‐to‐Peer Architecture

A peer-to-peer network can be established by 
configuring each modem to operate as an End Device (CE = 0), disabling End Device Association 
on all modems (A1 = 0) and setting ID and CH parameters to be identical across the network.

3.2.2. NonBeacon (w/ Coordinator)

A device is configured as a Coordinator by setting the CE (Coordinator Enable) parameter to “1”. 
Coordinator power-up is governed by the A2 (Coordinator Association) command.

In a NonBeacon (w/ Coordinator) system, the Coordinator can be configured to use direct or indi-
rect transmissions. If the SP (Cyclic Sleep Period) parameter is set to “0”, the Coordinator will send 
data immediately. Otherwise, the SP parameter determines the length of time the Coordinator will 
retain the data before discarding it. Generally, SP (Cyclic Sleep Period) and ST (Time before Sleep) 
parameters should be set to match the SP and ST settings of the End Devices.

Association plays a critical role in the implementation of a NonBeacon (w/ Coordinator) system. Refer 
to the Association section [next page] for more information.

Table 3‐02. Terms and definitions (Applicable networking network types are designated within <brackets>.)

Term Definition

Association <NonBeacon (w/ Coordinator) systems only>  
The establishment of membership between End Devices and a Coordinator.

Coordinator
<NonBeacon (w/ Coordinator) systems only>  
A central RF modem that is configured to provide synchronization services through the 
transmission of beacons.

End Device When in the same network as a Coordinator - RF modems that rely on a Coordinator for 
synchronization and can be put into states of sleep for low-power applications.

PAN Personal Area Network - A data communication network that includes one or more End 
Devices and optionally a Coordinator.
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3.2.3. Association

Association is the establishment of membership between End Devices and a Coordinator and is 

only applicable in NonBeacon (w/ Coordinator) networks. The establishment of membership is 
useful in scenarios that require a central unit (Coordinator) to relay messages to or gather data 
from several remote units (End Devices), assign channels or assign PAN IDs.

An RF data network that consists of one Coordinator and one or more End Devices forms a PAN 
(Personal Area Network). Each device in a PAN has a PAN Identifier [ID (PAN ID) parameter]. PAN 
IDs must be unique to prevent miscommunication between PANs. The Coordinator PAN ID is set 
using the ID (PAN ID) and A2 (Coordinator Association) commands.

An End Device can associate to a Coordinator without knowing the address, PAN ID or channel of 
the Coordinator. The A1 (End Device Association) parameter bit fields determine the flexibility of 
an End Device during association. The A1 parameter can be used for an End Device to dynamically 
set its destination address, PAN ID and/or channel.

Coordinator / End Device Setup and Operation

To configure a modem to operate as a Coordinator, set the CE (Coordinator Enable) parameter to 
‘1’. Set the CE parameter of End Devices to ‘0’ (default). Coordinator and End Devices should con-
tain matching firmware versions.

NonBeacon (w/ Coordinator) Systems

In a NonBeacon (w/ Coordinator) system, the Coordinator can be configured to use direct or indi-
rect transmissions. If the SP (Cyclic Sleep Period) parameter is set to ‘0’, the Coordinator will send 
data immediately. Otherwise, the SP parameter determines the length of time the Coordinator will 
retain the data before discarding it. Generally, SP (Cyclic Sleep Period) and ST (Time before Sleep) 
parameters should be set to match the SP and ST settings of the End Devices.

Coordinator Power-up

Coordinator power-up is governed by the A2 (Coordinator Association) command. On power-up, 
the Coordinator undergoes the following sequence of events:

1. Check A2 parameter- Reassign_PANID Flag

Set (bit 0 = 1) - The Coordinator issues an Active Scan. The Active Scan selects one channel 
and transmits a BeaconRequest command to the broadcast address (0xFFFF) and broadcast 
PAN ID (0xFFFF). It then listens on that channel for beacons from any Coordinator operating on 
that channel. The listen time on each channel is determined by the SD (Scan Duration) param-
eter value.

Once the time expires on that channel, the Active Scan selects another channel and again 
transmits the BeaconRequest as before. This process continues until all channels have been 
scanned, or until 5 PANs have been discovered. When the Active Scan is complete, the results 
include a list of PAN IDs and Channels that are being used by other PANs. This list is used to 
assign an unique PAN ID to the new Coordinator. The ID parameter will be retained if it is not 
found in the Active Scan results. Otherwise, the ID (PAN ID) parameter setting will be updated 
to a PAN ID that was not detected.

Not Set (bit 0 = 0) - The Coordinator retains its ID setting. No Active Scan is performed.

For example: If the PAN ID of a Coordinator is known, but the operating channel is not; the A1 
command on the End Device should be set to enable the ‘Auto_Associate’ and 
‘Reassign_Channel’ bits. Additionally, the ID parameter should be set to match the PAN ID of 
the associated Coordinator.
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2. Check A2 parameter - Reassign_Channel Flag (bit 1)

Set (bit 1 = 1) - The Coordinator issues an Energy Scan. The Energy Scan selects one channel 
and scans for energy on that channel. The duration of the scan is specified by the SD (Scan 
Duration) parameter. Once the scan is completed on a channel, the Energy Scan selects the 
next channel and begins a new scan on that channel. This process continues until all channels 
have been scanned. 

When the Energy Scan is complete, the results include the maximal energy values detected on 
each channel. This list is used to determine a channel where the least energy was detected. If 
an Active Scan was performed (Reassign_PANID Flag set), the channels used by the detected 
PANs are eliminated as possible channels. Thus, the results of the Energy Scan and the Active 
Scan (if performed) are used to find the best channel (channel with the least energy that is not 
used by any detected PAN). Once the best channel has been selected, the CH (Channel) param-
eter value is updated to that channel.

Not Set (bit 1 = 0)  - The Coordinator retains its CH setting. An Energy Scan is not performed.

3. Start Coordinator

The Coordinator starts on the specified channel (CH parameter) and PAN ID (ID parameter). 
Note, these may be selected in steps 1 and/or 2 above. The Coordinator will only allow End 
Devices to associate to it if the A2 parameter “AllowAssociation” flag is set. Once the Coordina-
tor has successfully started, the Associate LED will blink 1 time per second. (The LED is solid if 
the Coordinator has not started.)

4. Coordinator Modifications

Once a Coordinator has started:  
Modifying the A2 (Reassign_Channel or Reassign_PANID bits), ID, CH or MY parameters will 
cause the Coordinator’s MAC to reset (The Coordinator RF modem (including volatile RAM) is 
not reset). Changing the A2 AllowAssociation bit will not reset the Coordinator’s MAC. In a non-
beaconing system, End Devices that associated to the Coordinator prior to a MAC reset will have 
knowledge of the new settings on the Coordinator. Thus, if the Coordinator were to change its 
ID, CH or MY settings, the End Devices would no longer be able to communicate with the non-
beacon Coordinator. Once a Coordinator has started, the ID, CH, MY or A2 (Reassign_Channel 
or Reassign_PANID bits) should not be changed.

End Device Power-up

End Device power-up is governed by the A1 (End Device Association) command. On power-up, the 
End Device undergoes the following sequence of events:

1. Check A1 parameter - AutoAssociate Bit

Set (bit 2 = 1) - End Device will attempt to associate to a Coordinator. (refer to steps 2-3).

Not Set (bit 2 = 0) - End Device will not attempt to associate to a Coordinator. The End Device 
will operate as specified by its ID, CH and MY parameters. Association is considered complete 
and the Associate LED will blink quickly (5 times per second). When the AutoAssociate bit is not 
set, the remaining steps (2-3) do not apply.

2. Discover Coordinator (if Auto-Associate Bit Set)

The End Device issues an Active Scan. The Active Scan selects one channel and transmits a 
BeaconRequest command to the broadcast address (0xFFFF) and broadcast PAN ID (0xFFFF). It 
then listens on that channel for beacons from any Coordinator operating on that channel. The 
listen time on each channel is determined by the SD parameter. 

Once the time expires on that channel, the Active Scan selects another channel and again 
transmits the BeaconRequest command as before. This process continues until all channels 
have been scanned, or until 5 PANs have been discovered. When the Active Scan is complete, 
the results include a list of PAN IDs and Channels that are being used by detected PANs. 
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The End Device selects a Coordinator to associate with according to the A1 parameter 
“Reassign_PANID” and “Reassign_Channel” flags:

Reassign_PANID Bit Set (bit 0 = 1)- End Device can associate with a PAN with any ID value. 

Reassign_PANID Bit Not Set (bit 0 = 0) - End Device will only associate with a PAN whose 
ID setting matches the ID setting of the End Device. 

Reassign_Channel Bit Set (bit 1 = 1) - End Device can associate with a PAN with any CH 
value.

Reassign_Channel Bit Not Set (bit 1 = 0)- End Device will only associate with a PAN whose 
CH setting matches the CH setting of the End Device. 

After applying these filters to the discovered Coordinators, if multiple candidate PANs exist, the 
End Device will select the PAN whose transmission link quality is the strongest. If no valid Coor-
dinator is found, the End Device will either go to sleep (as dictated by its SM (Sleep Mode) 
parameter) or retry Association. 

Note - An End Device will also disqualify Coordinators if they are not allowing association (A2 - 
AllowAssociation bit); or, if the Coordinator is not using the same NonBeacon scheme as the 
End Device. (They must both be programmed with NonBeacon code.)

3. Associate to Valid Coordinator

Once a valid Coordinator is found (step 2), the End Device sends an AssociationRequest mes-
sage to the Coordinator. It then waits for an AssociationConfirmation to be sent from the Coor-
dinator. Once the Confirmation is received, the End Device is Associated and the Associate LED 
will blink rapidly (2 times per second). The LED is solid if the End Device has not associated.

4. End Device Changes once an End Device has associated

Changing A1, ID or CH parameters will cause the End Device to disassociate and restart the 
Association procedure.

If the End Device fails to associate, the AI command can give some indication of the failure.
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3.3. Addressing

Every RF data packet sent over-the-air contains a Source Address and Destination Address field in 

its header. The RF modem conforms to the 802.15.4 specification and supports both short 16-bit 
addresses and long 64-bit addresses. A unique 64-bit IEEE source address is assigned at the fac-
tory and can be read with the SL (Serial Number Low) and SH (Serial Number High) commands. 
Short addressing must be configured manually. A modem will use its unique 64-bit address as its 
Source Address if its MY (16-bit Source Address) value is “0xFFFF” or “0xFFFE”.

To send a packet to a specific modem using 64-bit addressing: Set Destination Address (DL + DH) 
to match the Source Address (SL + SH) of the intended destination modem. 

To send a packet to a specific modem using 16-bit addressing: Set DL (Destination Address Low) 
parameter to equal the MY parameter and set the DH (Destination Address High) parameter to ‘0’.

3.3.1. Unicast Mode

By default, the RF modem operates in Unicast Mode. Unicast Mode is the only mode that supports 

retries. While in this mode, receiving modems send an ACK (acknowledgement) of RF packet 
reception to the transmitter. If the transmitting modem does not receive the ACK, it will re-send 
the packet up to three times or until the ACK is received.

Short 16-bit addresses. The modem can be configured to use short 16-bit addresses as the 
Source Address by setting (MY < 0xFFFE). Setting the DH parameter (DH = 0) will configure the 
Destination Address to be a short 16-bit address (if DL < 0xFFFE). For two modems to communi-
cate using short addressing, the Destination Address of the transmitter modem must match the 
MY parameter of the receiver.

The following table shows a sample network configuration that would enable Unicast Mode com-
munications using short 16-bit addresses.

Long 64-bit addresses. The RF modem’s serial number (SL parameter concatenated to the SH 
parameter) can be used as a 64-bit source address when the MY (16-bit Source Address) parame-
ter is disabled. When the MY parameter is disabled (set MY = 0xFFFF or 0xFFFE), the modem’s 
source address is set to the 64-bit IEEE address stored in the SH and SL parameters.

When an End Device associates to a Coordinator, its MY parameter is set to 0xFFFE to enable 64-
bit addressing. The 64-bit address of the modem is stored as SH and SL parameters. To send a 
packet to a specific modem, the Destination Address (DL + DH) on one modem must match the 
Source Address (SL + SH) of the other.

3.3.2. Broadcast Mode

Any RF modem within range will accept a packet that contains a broadcast address. When config-

ured to operate in Broadcast Mode, receiving modems do not send ACKs (Acknowledgements) and 
transmitting modems do not automatically re-send packets as is the case in Unicast Mode. 

To send a broadcast packet to all modems regardless of 16-bit or 64-bit addressing, set the desti-
nation addresses of all the modems as shown below.

Sample Network Configuration (All modems in the network):

• DL (Destination Low Address) = 0x0000FFFF

• DH (Destination High Address) = 0x00000000 (default value)

NOTE: When programming the modem, parameters are entered in hexadecimal notation (without the 
“0x” prefix). Leading zeros may be omitted.

Table 3‐03. Sample Unicast Network Configuration (using 16‐bit addressing)

Parameter RF Modem 1 RF Modem 2

MY (Source Address) 0x01 0x02
DH (Destination Address High) 0 0
DL (Destination Address Low) 0x02 0x01
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3.4. Modes of Operation

XBee-PRO RF Modems operate in five modes.

Figure 3‐04. Modes of Operation

3.4.1. Idle Mode

When not receiving or transmitting data, the RF modem is in Idle Mode. The modem shifts into the 

other modes of operation under the following conditions:

• Transmit Mode (Serial data is received in the DI Buffer)

• Receive Mode (Valid RF data is received through the antenna)

• Sleep Mode (Sleep Mode condition is met)

• Command Mode (Command Mode Sequence is issued)

3.4.2. Transmit / Receive Modes

RF Data Packets

Each transmitted data packet contains a Source Address and Destination Address field. The Source 
Address matches the address of the transmitting modem as specified by the MY (Source Address) 
parameter (if MY >= 0xFFFE), the SH (Serial Number High) parameter or the SL (Serial Number 
Low) parameter. The <Destination Address> field is created from the DH (Destination Address 
High) and DL (Destination Address Low) parameter values. The Source Address and/or Destination 
Address fields will either contain a 16-bit short or long 64-bit long address. 

The RF data packet structure follows the 802.15.4 specification.

[Refer to the XBee/XBee-PRO Addressing section for more information]

Direct and Indirect Transmission

There are two methods to transmit data:

• Direct Transmission - data is transmitted immediately to the Destination Address

• Indirect Transmission - A packet is retained for a period of time and is only transmitted after 
the destination modem (Source Address = Destination Address) requests the data. 

Indirect Transmissions can only occur on a Coordinator. Thus, if all nodes in a network are End 
Devices, only Direct Transmissions will occur. Indirect Transmissions are useful to ensure packet 
delivery to a sleeping node. The Coordinator currently is able to retain up to 2 indirect messages.
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Direct Transmission

A NonBeaconing Coordinator can be configured to use only Direct Transmission by setting the SP 
(Cyclic Sleep Period) parameter to “0”. Also, a NonBeaconing Coordinator using indirect transmis-
sions will revert to direct transmission if it knows the destination modem is awake.

To enable this behavior, the ST (Time before Sleep) value of the Coordinator must be set to match 
the ST value of the End Device. Once the End Device either transmits data to the Coordinator or 
polls the Coordinator for data, the Coordinator will use direct transmission for all subsequent data 
transmissions to that modem address until ST time (or number of beacons) occurs with no activity 
(at which point it will revert to using indirect transmissions for that modem address). “No activity” 
means no transmission or reception of messages with a specific address. Global messages will not 
reset the ST timer.

Indirect Transmission

To configure Indirect Transmissions in a PAN (Personal Area Network), the SP (Cyclic Sleep Period) 
parameter value on the Coordinator must be set to match the longest sleep value of any End 
Device. The SP parameter represents time in NonBeacon systems and beacons in Beacon-enabled 
systems. The sleep period value on the Coordinator determines how long (time or number of bea-
cons) the Coordinator will retain an indirect message before discarding it.

In NonBeacon networks, an End Device must poll the Coordinator once it wakes from Sleep to 
determine if the Coordinator has an indirect message for it. For Cyclic Sleep Modes, this is done 
automatically every time the modem wakes (after SP time). For Pin Sleep Modes, the A1 (End 
Device Association) parameter value must be set to enable Coordinator polling on pin wake-up. 
Alternatively, an End Device can use the FP (Force Poll) command to poll the Coordinator as 
needed.

CCA (Clear Channel Assessment)

Prior to transmitting a packet, a CCA (Clear Channel Assessment) is performed on the channel to 
determine if the channel is available for transmission. The detected energy on the channel is com-
pared with the CA (Clear Channel Assessment) parameter value. If the detected energy exceeds 
the CA parameter value, the packet is not transmitted. 

Also, a delay is inserted before a transmission takes place. This delay is settable using the RN 
(Backoff Exponent) parameter. If RN is set to “0”, then there is no delay before the first CCA is per-
formed. The RN parameter value is the equivalent of the “minBE” parameter in the 802.15.4 spec-
ification. The transmit sequence follows the 802.15.4 specification.

By default, the MM (MAC Mode) parameter = 0. On a CCA failure, the modem will attempt to re-
send the packet up to two additional times.

When in Unicast packets with RR (Retries) = 0, the modem will execute two CCA retries. Broadcast 
packets always get two CCA retries.

Acknowledgement

If the transmission is not a broadcast message, the modem will expect to receive an acknowledge-
ment from the destination node. If an acknowledgement is not received, the packet will be resent 
up to 3 more times. If the acknowledgement is not received after all transmissions, an ACK failure 
is recorded.
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3.4.3. Sleep Mode

Sleep Modes enable the RF modem to enter states of low-power consumption when not in use. In 

order to enter Sleep Mode, one of the following conditions must be met (in addition to the modem 
having a non-zero SM parameter value):

• DTR (Data Terminal Ready) is de-asserted.

• The modem is idle (no data transmission or reception) for the amount of time defined by the 
ST (Time before Sleep) parameter. [NOTE: ST is only active when SM = 4-5.]

The SM command is central to setting Sleep Mode configurations. By default, Sleep Modes are dis-
abled (SM = 0) and the modem remains in Idle/Receive Mode. When in this state, the modem is 
constantly ready to respond to serial or RF activity.

Higher Voltages. Sleep Mode current consumption is highly sensitive to voltage. Voltages above 
3.0V will cause much higher current consumption.

Pin/Host-controlled Sleep Modes

The transient current when waking from pin sleep (SM = 1 or 2) does not exceed the idle current 
of the modem. The current ramps up exponentially to its idle current.

Pin Hibernate (SM = 1)
• Pin/Host-controlled

• Typical power-down current: < 6 mA

• Wake-up time: 13.2 msec

Pin Hibernate Mode minimizes quiescent power (power consumed when in a state of rest or inac-
tivity). This mode is voltage level-activated; when DTR is de-asserted, the modem will finish any 
transmit, receive or association activities, enter Idle Mode and then enter a state of sleep. The 
modem will not respond to either serial or RF activity while in pin sleep.

To wake a sleeping modem operating in Pin Hibernate Mode, assert DTR (Data Terminal Ready). 
The modem will wake when DTR is asserted and is ready to transmit or receive when the CTS line 
is low. When waking the modem, the pin must be asserted at least two 'byte times' after CTS goes 
low. This assures that there is time for the data to enter the DI buffer.

Table 3‐04. Sleep Mode Configurations

Sleep Mode 
Setting

Transition into 
Sleep Mode

Transition out of 
Sleep Mode (wake)

Characteristics
Related
Commands

Power
Consumption

Pin Hibernate 
(SM = 1)

De-assert DTR (Data 
Terminal Ready) Assert DTR

Pin/Host-controlled / 
NonBeacon systems 
only / Lowest Power

(SM) < 6 mA

Pin Doze 
(SM = 2)

De-assert DTR (Data 
Terminal Ready) Assert DTR

Pin/Host-controlled / 
NonBeacon systems 
only /  Fastest wake-up

(SM) < 6 mA

Cyclic Sleep 
(SM = 4 - 5)

Automatic transition to 
Sleep Mode as defined by 
the SM (Sleep Mode) and 
ST (Time before Sleep) 
parameters.

Transition occurs after the 
cyclic sleep time interval 
elapses. The time interval 
is defined by the SP 
(Cyclic Sleep Period) 
parameter.

RF modem wakes in 
pre-determined time 
intervals to detect if RF 
data is present / When 
SM = 5, NonBeacon 
systems only

(SM), SP, ST
< 25 mA 
when sleeping

Table 3‐05. Sample Sleep Mode Currents

XBee XBee-PRO

Vcc (V) SM=1 SM=2 SM=4,5 SM=1 SM=2 SM=4,5
2.8–3.0 <3 µA <35uA <34uA  <4uA <34uA <34uA

3.1   8uA  37mA  36uA  12uA  39uA  37uA
3.2  32uA  48uA  49uA  45uA  60uA  55uA
3.3 101uA  83uA  100uA 130uA 115uA 120uA
3.4 255uA 170uA 240uA 310uA 260uA 290uA



XBee‐PRO PKG‐R™ RS‐232 RF Modem – 802.15.4 ‐ Product Manual v1.xAx [2006.09.30]

© 2006 MaxStream, Inc., Confidential & Proprietary ‐ All Rights Reserved       20

Pin Doze (SM = 2)
• Pin/Host-controlled

• Typical power-down current: < 6 mA

• Wake-up time: 2 msec

Pin Doze Mode functions as does Pin Hibernate Mode; however, Pin Doze features faster wake-up 
time and higher power consumption.

To wake a sleeping modem operating in Pin Doze Mode, assert DTR (Data Terminal Ready). The 
modem will wake when DTR is asserted and is ready to transmit or receive when the CTS line is 
low. When waking the modem, the pin must be asserted at least two 'byte times' after CTS goes 
low. This assures that there is time for the data to enter the DI buffer.

Cyclic Sleep Modes

Cyclic Sleep Remote (SM = 4)
• Typical Power-down Current: < 25 mA (when asleep)

• Wake-up time: 2 msec

The Cyclic Sleep Modes allow modems to periodically check for RF data. When the SM parameter is 
set to ‘4’, the modem is configured to sleep, then wakes once a cycle to check for data from a 
modem configured as a Cyclic Sleep Coordinator (SM = 0, CE = 1). The Cyclic Sleep Remote sends 
a poll request to the coordinator at a specific interval set by the SP (Cyclic Sleep Period) parame-
ter. The coordinator will transmit any queued data addressed to that specific remote upon receiv-
ing the poll request. 

If no data is queued for the remote, the coordinator will not transmit and the remote will return to 
sleep for another cycle. If queued data is transmitted back to the remote, it will stay awake to 
allow for back and forth communication until the ST (Time before Sleep) timer expires. 

Also note that CTS will go low each time the remote wakes, allowing for communication initiated 
by the remote host if desired. 

Cyclic Sleep Remote with Pin Wake-up (SM = 5) 

Use this mode to wake a sleeping remote modem through either the RF interface or by the asser-
tion of DTR for event-driven communications. The cyclic sleep mode works as described above 
(Cyclic Sleep Remote) with the addition of a pin-controlled wake-up at the remote modem. The 
DTR pin is edge-triggered, not level-triggered. The modem will wake when a low is detected then 
set CTS low as soon as it is ready to transmit or receive. 

Any activity will reset the ST (Time before Sleep) timer so the modem will go back to sleep only 
after  there is no activity for the duration of the timer. Once the module wakes (pin-controlled), 
further pin activity is ignored. The modem transitions back into sleep according to the ST time 
regardless of the state of the pin.

[Cyclic Sleep Coordinator (SM = 6)] 

• Typical current = Receive current

• Always awake

NOTE: The SM=6 parameter value exists solely for backwards compatibility with firmware version 
1.x60. If backwards compatibility with the older firmware version is not required, always use the CE 
(Coordinator Enable) command to configure a modem as a Coordinator.

This mode configures a modem to wake cyclic sleeping remotes through RF interfacing. The Coor-
dinator will accept a message addressed to a specific remote 16 or 64-bit address and hold it in a 
buffer until the remote wakes and sends a poll request. Messages not sent directly (buffered and 
requested) are called "Indirect messages". The Coordinator only queues one indirect message at a 
time. The Coordinator will hold the indirect message for a period 2.5 times the sleeping period 
indicated by the SP (Cyclic Sleep Period) parameter. The Coordinator's SP parameter should be set 
to match the value used by the remotes.
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3.4.4. Command Mode

To modify or read RF Modem parameters, the modem must first enter into Command Mode - a 
state in which incoming characters are interpreted as commands. Two command mode types are 
supported: AT Command Mode and API Command Mode.

AT Command Mode

To Enter AT Command Mode:

Default AT Command Mode Sequence (for transition to Command Mode):

• No characters sent for one second [GT (Guard Times) parameter = 0x3E8]

• Input three plus characters (“+++”) within one second [CC (Command Sequence Character) 
parameter = 0x2B.]

• No characters sent for one second [GT (Guard Times) parameter = 0x3E8]

All of the parameter values in the sequence can be modified to reflect user preferences.

NOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. Ensure the 
‘Baud’ setting on the “PC Settings” tab matches the interface data rate of the RF modem. By default, 
the BD parameter = 3 (9600 bps).

To Send AT Commands:

Figure 3‐05. Syntax for sending AT Commands 

To read a parameter value stored in the RF modem’s register, omit the parameter field.

The preceding example would change the RF modem Destination Address (Low) to “0x1F”. To 
store the new value to non-volatile (long term) memory, subsequently send the WR (Write) com-
mand.

For modified parameter values to persist in the modem’s registry after a reset, changes must be 
saved to non-volatile memory using the WR (Write) Command. Otherwise, parameters are 
restored to previously saved values after the modem is reset.

System Response. When a command is sent to the modem, the modem will parse and execute 
the command. Upon successful execution of a command, the modem returns an “OK” message. If 
execution of a command results in an error, the modem returns an “ERROR” message.

To Exit AT Command Mode:

For an example that illustrates programming the RF modem using AT Commands, refer to the "RF 
Modem Configuration" chapter [p22].

Send the 3-character command sequence “+++” and observe guard times before and after the 
command characters. [Refer to the “Default AT Command Mode Sequence” below.]

Send AT commands and parameters using the syntax shown below.

1.    Send the ATCN (Exit Command Mode) command (followed by a carriage return).

       [OR]

2.    If no valid AT Commands are received within the time specified by CT (Command Mode 
Timeout) Command, the RF modem automatically returns to Idle Mode. 
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4. RF Modem Configuration

4.1. Programming the RF Modem

Refer to the ‘Command Mode’ section [p21] for more information about entering Command Mode, 
sending AT commands and exiting Command Mode. For information regarding modem program-
ming using API Mode, refer to the ‘API Operation’ sections [p50].

4.1.1. Programming Examples

Setup

Sample Configuration: Modify RF Modem Destination Address

Sample Configuration: Restore RF Modem Defaults

The programming examples in this section require the installation of MaxStream's X-CTU Soft-
ware and an RS-232 connection to a PC.

1. Install MaxStream's X-CTU Software to a PC by double-clicking the "setup_X-CTU.exe" file. 
(The file is located on the MaxStream CD and under the 'Software' section of the following 
web page: www.maxstream.net/support/downloads.php). Refer to the the ‘X-CTU Software’ 
section [p23] for more information.

2. Connect the RF modem to a PC using their respective serial ports.

3. Launch the X-CTU Software and select the 'PC Settings' tab. Verify the baud and parity set-
tings of the Com Port match those of the RF modem.

NOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. 
Ensure the ‘Baud’ setting on the ‘PC Settings’ tab matches the interface data rate of the RF 
modem (by default, BD parameter = 3 (which corresponds to 9600 bps)).

Example: Utilize the X-CTU “Terminal” tab to change the RF modem's DL (Destination Address 
Low) parameter and save the new address to non-volatile memory.

After establishing a serial connection between the RF modem and a PC [refer to the 'Setup' sec-
tion above], select the “Terminal” tab of the X-CTU Software and enter the following command 
lines (‘CR’ stands for carriage return):

Method 1 (One line per command)

Send AT Command 
+++ 
ATDL <Enter> 
ATDL1A0D <Enter> 
ATWR <Enter> 
ATCN <Enter>

System Response 
OK <CR> (Enter into Command Mode) 
{current value} <CR> (Read Destination Address Low) 
OK <CR> (Modify Destination Address Low) 
OK <CR> (Write to non-volatile memory) 
OK <CR> (Exit Command Mode)

Method 2 (Multiple commands on one line)

Send AT Command 
+++ 
ATDL <Enter> 
ATDL1A0D,WR,CN <Enter>

System Response 
OK <CR> (Enter into Command Mode) 
{current value} <CR> (Read Destination Address Low) 
OK, OK, OK <CR> (Command execution is triggered upon 
each instance of the comma)

Example: Utilize the X-CTU “Modem Configuration” tab to restore default parameter values.

After establishing a connection between the modem and a PC [refer to the 'Setup' section 
above], select the “Modem Configuration” tab of the X-CTU Software.

1.    Select the 'Read' button.

2.    Select the 'Restore' button.
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4.1.2. X-CTU Software

X-CTU is a MaxStream-provided software program used to interface with and configure the RF 
Modems. The software application is organized into the following four tabs:

• PC Settings tab - Setup PC serial ports for interfacing with the RF modem

• Range Test tab - Test the RF modem's range and monitor packets sent and received

• Terminal tab - Set and read RF modem parameters using AT Commands

• Modem Configuration tab - Set and read RF modem parameters

Figure 4‐01. X‐CTU User Interface

NOTE: PC Setting values are visible at the bottom of the Range Test, Terminal and Modem Configura-
tion tabs. A shortcut for editing PC Setting values is available by clicking on any of the values.

Install X-CTU

Double-click the "setup_X-CTU.exe" file and follow prompts of the installation screens. This file is 
located in the 'software' folder of the MaxStream CD and also under the 'Downloads' section of the 
following web page: www.maxstream.net/support/downloads.php

Setup

Serial Communications Software

A terminal program is built into the X-CTU Software. Other terminal programs such as "HyperTer-
minal" can also be used. When issuing AT Commands through a terminal program interface, use 
the following syntax:

Figure 4‐02. Syntax for sending AT Commands

NOTE: To read a parameter value stored in a register, leave the parameter field blank.

The example above issues the DL (Destination Address Low) command to change destination 
address of the module to "0x1F". To save the new value to the modem’s non-volatile memory, 
issue WR (Write) command after modifying parameters.

To use the X-CTU software, a module assembly (An RF modem mounted to an interface Board) 
must be connected to a serial port of a PC. The interface data rate and parity settings of the 
serial port ("PC Settings" tab) must match those of the module (BD (Baud Rate) and NB (Parity) 
parameters).

 

www.maxstream.net/support/downloads.php
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4.2. Command Reference Tables

XBee-PRO RF Modems expect numerical values in hexadecimal. Hexadecimal values are desig-
nated by a “0x” prefix. Decimal equivalents are designated by a “d” suffix. Table rows are sorted 
by command category, then by logic of most commonly used.

All modems operating within the same network should contain the same firmware version.

Special

* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

Networking & Security 

Table 4‐01. XBee‐PRO Commands ‐ Special
AT 
Command

Command 
Category

Name and Description Parameter Range Default

WR Special

Write. Write parameter values to non-volatile memory so that parameter modifications 
persist through subsequent power-up or reset. 
Note: Once WR is issued, no additional characters should be sent to the modem until 
after the response "OK\r" is received.

- -

RE Special Restore Defaults. Restore modem parameters to factory defaults. - -

FR ( v1.x80*) Special Software Reset. Responds immediately with an OK then performs a hard reset 
~100ms later. - -

Table 4‐02. XBee‐PRO Commands ‐ Networking & Security (Sub‐categories designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default

CH Networking 
{Addressing}

Channel. Set/Read the channel number used for transmitting and receiving data 
between RF modems (uses 802.15.4 protocol channel numbers). 0x0C - 0x17 0x0C (12d)

ID Networking 
{Addressing}

PAN ID. Set/Read the PAN (Personal Area Network) ID. 
Use 0xFFFF to broadcast messages to all PANs. 0 - 0xFFFF 0x3332 

(13106d)

DH Networking 
{Addressing}

Destination Address High. Set/Read the upper 32 bits of the 64-bit destination 
address. When combined with DL, it defines the destination address used for 
transmission. To transmit using a 16-bit address, set DH parameter to zero and DL less 
than 0xFFFF. 0x000000000000FFFF is the broadcast address for the PAN.

0 - 0xFFFFFFFF 0

DL Networking 
{Addressing}

Destination Address Low. Set/Read the lower 32 bits of the 64-bit destination 
address. When combined with DH, DL defines the destination address used for 
transmission. To transmit using a 16-bit address, set DH parameter to zero and DL less 
than 0xFFFF. 0x000000000000FFFF is the broadcast address for the PAN.

0 - 0xFFFFFFFF 0

MY Networking 
{Addressing}

16-bit Source Address. Set/Read the RF modem 16-bit source address. Set MY = 
0xFFFF to disable reception of packets with 16-bit addresses. 64-bit source address 
(serial number) and broadcast address (0x000000000000FFFF) is always enabled.

0 - 0xFFFF 0

SH Networking 
{Addressing}

Serial Number High. Read high 32 bits of the RF modem's unique IEEE 64-bit 
address. 64-bit source address is always enabled. 0 - 0xFFFFFFFF [read-only] Factory-set

SL Networking 
{Addressing}

Serial Number Low. Read low 32 bits of the RF modem's unique IEEE 64-bit address. 
64-bit source address is always enabled. 0 - 0xFFFFFFFF [read-only] Factory-set

RR ( v1.xA0*) Networking 
{Addressing}

XBee Retries. Set/Read the maximum number of retries the modem will execute in 
addition to the 3 retries provided by the 802.15.4 MAC. For each XBee retry, the 
802.15.4 MAC can execute up to 3 retries.

0 - 6 0

RN Networking 
{Addressing}

Random Delay Slots. Set/Read the minimum value of the back-off exponent in the 
CSMA-CA algorithm that is used for collision avoidance. If RN = 0, collision avoidance 
is disabled during the first iteration of the algorithm (802.15.4 - macMinBE).

0 - 3 [exponent] 0

MM ( v1.x80*) Networking 
{Addressing}

MAC Mode. Set/Read MAC Mode value. MAC Mode enables/disables the use of a 
MaxStream header in the 802.15.4 RF packet. When Mode 0 is enabled (MM=0), 
duplicate packet detection is enabled as well as certain AT commands. Modes 1 and 2 
are strict 802.15.4 modes.

0 - 2 
0 = MaxStream Mode 
1 = 802.15.4 (no ACKs) 
2 = 802.15.4 (with ACKs)

0

NI ( v1.x80*) Networking 
{Identification}

Node Identifier. Stores a string identifier. The register only accepts printable ASCII 
data. A string can not start with a space. Carriage return ends command. Command will 
automatically end when maximum bytes for the string have been entered. This string is 
returned as part of the ND (Node Discover) command. This identifier is also used with 
the DN (Destination Node) command.

 20-character ASCII string -
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ND ( v1.x80*) Networking 
{Identification}

Node Discover. Discovers and reports all RF modems found. The following information 
is reported for each modem discovered (the example cites use of Transparent operation 
(AT command format) - refer to the long ND command description regarding differences 
between Transparent and API operation). 

MY<CR> 
SH<CR> 
SL<CR> 
DB<CR> 
NI<CR><CR>

The amount of time the modem allows for responses is determined by the NT 
parameter. In Transparent operation, command completion is designated by a <CR> 
(carriage return). ND also accepts a Node Identifier as a parameter. In this case, only a 
modem matching the supplied identifier will respond.

optional 20-character NI value

NT ( v1.xA0*) Networking 
{Identification}

Node Discover Time. Set/Read the amount of time a node will wait for responses from 
other nodes when using the ND (Node Discover) command. 0x01 - 0xFC 0x19

DN ( v1.x80*) Networking 
{Identification}

Destination Node. Resolves an NI (Node Identifier) string to a physical address. The 
following events occur upon successful command execution: 

1. DL and DH are set to the address of the modem with the matching Node Identifier. 
2. “OK” is returned. 
3. RF modem automatically exits AT Command Mode

If there is no response from a modem within 200 msec or a parameter is not specified 
(left blank), the command is terminated and an “ERROR” message is returned.

 20-character ASCII string -

CE ( v1.x80*) Networking 
{Association} Coordinator Enable. Set/Read the coordinator setting.

0 - 1
0 = End Device 
1 = Coordinator

0

SC ( v1.x80*) Networking 
{Association}

Scan Channels. Set/Read list of channels to scan for all Active and Energy Scans as a 
bitfield. This affects scans initiated in command mode (AS, ED) and during End Device 
Association and Coordinator startup: 

bit 0 - 0x0B bit 4 - 0x0F bit 8 - 0x13 bit12 - 0x17  
bit 1 - 0x0C bit 5 - 0x10 bit 9 - 0x14 bit13 - 0x18 
bit 2 - 0x0D bit 6 - 0x11 bit 10 - 0x15 bit14 - 0x19 
bit 3 - 0x0E bit 7 - 0x12 bit 11 - 0x16 bit 15 - 0x1A

0 - 0xFFFF [bitfield] 
(bits 0, 14, 15 not allowed on 
the XBee-PRO)

0x1FFE
(all XBee-
PRO 
Channels)

SD ( v1.x80*) Networking 
{Association}

Scan Duration. Set/Read the scan duration exponent. 
End Device - Duration of Active Scan during Association. On beacon system, set SD = 
BE of coordinator. SD must be set at least to the highest BE parameter of any 
Beaconing Coordinator with which an End Device or Coordinator wish to discover. 
Coordinator - If ‘ReassignPANID’ option is set on Coordinator [refer to A2 parameter], 
SD determines the length of time the Coordinator will scan channels to locate existing 
PANs. If ‘ReassignChannel’ option is set, SD determines how long the Coordinator will 
perform an Energy Scan to determine which channel it will operate on.
‘Scan Time’ is measured as (# of channels to scan] * (2 ^ SD) * 15.36ms). The number 
of channels to scan is set by the SC command. The XBee can scan up to 16 channels 
(SC = 0xFFFF). The XBee PRO can scan up to 13 channels (SC = 0x3FFE).
Example: The values below show results for a 13 channel scan: 

If SD = 0, time = 0.18 sec SD = 8, time = 47.19 sec 
SD = 2, time = 0.74 sec  SD = 10, time = 3.15 min 
SD = 4, time = 2.95 sec SD = 12, time = 12.58 min 
SD = 6, time = 11.80 sec SD = 14, time = 50.33 min

0-0x0F [exponent] 4

A1 ( v1.x80*) Networking 
{Association}

End Device Association. Set/Read End Device association options.  
bit 0 - ReassignPanID 

0 - Will only associate with Coordinator operating on PAN ID that matches modem ID 
1 - May associate with Coordinator operating on any PAN ID 

bit 1 - ReassignChannel 
0 - Will only associate with Coordinator operating on matching CH Channel setting 
1 - May associate with Coordinator operating on any Channel

bit 2 - AutoAssociate 
0 - Device will not attempt Association 
1 - Device attempts Association until success 

Note: This bit is used only for Non-Beacon systems. End Devices in Beacon-enabled 
system must always associate to a Coordinator
bit 3 - PollCoordOnPinWake 

0 - Pin Wake will not poll the Coordinator for indirect (pending) data  
1 - Pin Wake will send Poll Request to Coordinator to extract any pending data

bits 4 - 7 are reserved

0 - 0x0F [bitfield] 0

Table 4‐02. XBee‐PRO Commands ‐ Networking & Security (Sub‐categories designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default
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A2 ( v1.x80*) Networking 
{Association}

Coordinator Association. Set/Read Coordinator association options. 
bit 0 - ReassignPanID 

0 - Coordinator will not perform Active Scan to locate available PAN ID. It will operate  
      on ID (PAN ID). 
1 - Coordinator will perform Active Scan to determine an available ID (PAN ID). If a 

   PAN ID conflict is found, the ID parameter will change. 
bit 1 - ReassignChannel - 

0 - Coordinator will not perform Energy Scan to determine free channel. It will operate 
      on the channel determined by the CH parameter.  
1 - Coordinator will perform Energy Scan to find a free channel, then operate on that  
      channel. 

bit 2 - AllowAssociation - 
0 - Coordinator will not allow any devices to associate to it.  
1 - Coordinator will allow devices to associate to it. 

bits 3 - 7 are reserved 

0 - 7 [bitfield] 0

AI ( v1.x80*) Networking 
{Association}

Association Indication. Read errors with the last association request:
0x00 - Successful Completion - Coordinator successfully started or End Device 

        association complete 
0x01 - Active Scan Timeout  
0x02 - Active Scan found no PANs  
0x03 - Active Scan found PAN, but the CoordinatorAllowAssociation bit is not set 
0x04 - Active Scan found PAN, but Coordinator and End Device are not  

         configured to support beacons  
0x05 - Active Scan found PAN, but the Coordinator ID parameter does not match 

        the ID parameter of the End Device 
0x06 - Active Scan found PAN, but the Coordinator CH parameter does not match the  

       CH parameter of the End Device 
0x07 - Energy Scan Timeout 
0x08 - Coordinator start request failed 
0x09 - Coordinator could not start due to invalid parameter 
0x0A - Coordinator Realignment is in progress 
0x0B - Association Request not sent 
0x0C - Association Request timed out - no reply was received 
0x0D - Association Request had an Invalid Parameter 
0x0E - Association Request Channel Access Failure. Request was not transmitted -  

        CCA failure 
0x0F - Remote Coordinator did not send an ACK after Association Request was sent 
0x10 - Remote Coordinator did not reply to the Association Request, but an ACK was  

       received after sending the request 
0x11 - [reserved] 
0x12 - Sync-Loss - Lost synchronization with a Beaconing Coordinator 
0x13  - Disassociated - No longer associated to Coordinator

0 - 0x13 [read-only] -

DA ( v1.x80*) Networking 
{Association}

Force Disassociation. End Device will immediately disassociate from a Coordinator (if 
associated) and reattempt to associate. - -

FP ( v1.x80*) Networking 
{Association} Force Poll. Request indirect messages being held by a coordinator. - -

Table 4‐02. XBee‐PRO Commands ‐ Networking & Security (Sub‐categories designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default
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* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

RF Interfacing 

* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

AS ( v1.x80*) Networking 
{Association}

Active Scan. Send Beacon Request to Broadcast Address (0xFFFF) and Broadcast 
PAN (0xFFFF) on every channel. The parameter determines the time the radio will 
listen for Beacons on each channel. A PanDescriptor is created and returned for every 
Beacon received from the scan. Each PanDescriptor contains the following information:
CoordAddress (SH, SL)<CR>  
CoordPanID (ID)<CR> 
CoordAddrMode <CR> 

0x02 = 16-bit Short Address  
0x03 = 64-bit Long Address  

Channel (CH parameter) <CR>  
SecurityUse<CR>  
ACLEntry<CR>  
SecurityFailure<CR>  
SuperFrameSpec<CR> (2 bytes): 

bit 15 - Association Permitted (MSB)  
bit 14 - PAN Coordinator  
bit 13 - Reserved  
bit 12 - Battery Life Extension 
bits 8-11 - Final CAP Slot  
bits 4-7 - Superframe Order  
bits 0-3 - Beacon Order  

GtsPermit<CR>  
RSSI<CR> (RSSI is returned as -dBm) 
TimeStamp<CR> (3 bytes)  
<CR> 
A carriage return <CR> is sent at the end of the AS command. The Active Scan is 
capable of returning up to 5 PanDescriptors in a scan. The actual scan time on each 
channel is measured as Time = [(2 ^SD PARAM) * 15.36] ms. Note the total scan time is 
this time multiplied by the number of channels to be scanned (16 for the XBee and 13 
for the XBee-PRO). Also refer to SD command description. 

0 - 6 -

ED ( v1.x80*) Networking 
{Association}

Energy Scan. Send an Energy Detect Scan. This parameter determines the length of 
scan on each channel. The maximal energy on each channel is returned & each value 
is followed by a carriage return. An additional carriage return is sent at the end of the 
command. The values returned represent the detected energy level in units of -dBm. 
The actual scan time on each channel is measured as Time = [(2 ^ED) * 15.36] ms. 
Note the total scan time is this time multiplied by the number of channels to be scanned 
(refer to SD parameter).

0 - 6 -

EE ( v1.xA0*) Networking 
{Security}

AES Encryption Enable. Disable/Enable 128-bit AES encryption support. Use in 
conjunction with the KY command. 0 - 1 0 (disabled)

KY ( v1.xA0*) Networking 
{Security}

AES Encryption Key. Set the 128-bit AES (Advanced Encryption Standard) key for 
encrypting/decrypting data. The KY register cannot be read. 0 - (any 16-Byte value) -

Table 4‐03. XBee/XBee‐PRO Commands ‐ RF Interfacing
AT 
Command

Command 
Category

Name and Description Parameter Range Default

PL RF Interfacing Power Level. Select/Read the power level at which the RF modem transmits conducted 
power.

0 - 4 (XBee / XBee-PRO) 
0 = -10 / 10 dBm 
1 = -6 / 12 dBm 
2 = -4 / 14 dBm 
3 = -2 / 16 dBm 
4 = 0 / 18 dBm

4

CA (v1.x80*) RF Interfacing
CCA Threshold. Set/read the CCA (Clear Channel Assessment) threshold. Prior to 
transmitting a packet, a CCA is performed to detect energy on the channel. If the 
detected energy is above the CCA Threshold, the modem will not transmit the packet.

0 - 0x50 [-dBm]
0x2C
(-44d dBm)

Table 4‐02. XBee‐PRO Commands ‐ Networking & Security (Sub‐categories designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default
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Sleep (Low Power)

* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)
Serial Interfacing

* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

Table 4‐04. XBee‐PRO Commands ‐ Sleep (Low Power)
AT 
Command

Command 
Category

Name and Description Parameter Range Default

SM Sleep 
(Low Power) Sleep Mode. <NonBeacon firmware> Set/Read Sleep Mode configurations.

0 - 5 
0 = No Sleep 
1 = Pin Hibernate 
2 = Pin Doze 
3 = Reserved 
4 = Cyclic sleep remote 
5 = Cyclic sleep remote  
       w/ pin wake-up
6 = [Sleep Coordinator] for  

   backwards compatibility  
   w/ v1.x6 only; otherwise, 
   use CE command.

0

ST Sleep 
(Low Power)

Time before Sleep. <NonBeacon firmware> Set/Read time period of inactivity (no 
serial or RF data is sent or received) before activating Sleep Mode. ST parameter is 
only valid with Cyclic Sleep settings (SM = 4 - 5).
Coordinator and End Device ST values must be equal. 
Also note, the GT parameter value must always be less than the ST value. (If GT > ST, 
the configuration will render the modem unable to enter into command mode.) If the ST 
parameter is modified, also modify the GT parameter accordingly.

1 - 0xFFFF [x 1 ms] 0x1388 
(5000d)

SP Sleep 
(Low Power)

Cyclic Sleep Period. <NonBeacon firmware> Set/Read sleep period for cyclic sleeping 
remotes. Coordinator and End Device SP values should always be equal. To send 
Direct Messages, set SP = 0.
End Device - SP determines the sleep period for cyclic sleeping remotes. Maximum 
sleep period is 268 seconds (0x68B0).
Coordinator - If non-zero, SP determines the time to hold an indirect message before 
discarding it. A Coordinator will discard indirect messages after a period of (2.5 * SP).

0 - 0x68B0 [x 10 ms]  0

DP (1.x80*) Sleep 
(Low Power) 

Disassociated Cyclic Sleep Period. <NonBeacon firmware>  
End Device - Set/Read time period of sleep for cyclic sleeping remotes that are 
configured for Association but are not associated to a Coordinator. (i.e. If a device is 
configured to associate, configured as a Cyclic Sleep remote, but does not find a 
Coordinator, it will sleep for DP time before reattempting association.) Maximum sleep 
period is 268 seconds (0x68B0). DP should be > 0 for NonBeacon systems.

1 - 0x68B0 [x 10 ms] 0x3E8 
(1000d)

Table 4‐05. XBee‐PRO Commands ‐ Serial Interfacing
AT 
Command

Command 
Category

Name and Description Parameter Range Default

BD Serial  
Interfacing

Interface Data Rate. Set/Read the serial interface data rate for communications 
between the RF modem serial port and host. 
Request non-standard baud rates with values above 0x80 using a terminal window. 
Read the BD register to find actual baud rate achieved.

0 - 7 (standard baud rates) 
0 = 1200 bps 
1 = 2400 
2 = 4800 
3 = 9600 
4 = 19200 
5 = 38400 
6 = 57600 
7 = 115200 

0x80 - 0x1C200  
(non-standard baud rates)

3

RO Serial  
Interfacing

Packetization Timeout. Set/Read number of character times of inter-character delay 
required before transmission. Set to zero to transmit characters as they arrive instead of 
buffering them into one RF packet.

0 - 0xFF [x character times] 3

AP (v1.x80*) Serial  
Interfacing API Enable. Disable/Enable API Mode.

0 - 2 
0 = Disabled 
1 = API enabled 
2 = API enabled  
      (w/escaped control 
        characters)

0

PR (v1.x80*) Serial  
Interfacing

Pull-up Resistor Enable. Set/Read bitfield to configure internal pull-up resistor status 
for I/O lines 
Bitfield Map: 

 bit 0 - AD4/DIO4 (pin11) 
 bit 1 - AD3 / DIO3 (pin17) 
 bit 2 - AD2/DIO2 (pin18) 
 bit 3 - AD1/DIO1 (pin19) 
 bit 4 - AD0 / DIO0 (pin20) 
 bit 5 - RTS / AD6 / DIO6 (pin16) 
 bit 6 - DTR / SLEEP_RQ / DI8 (pin9) 
 bit 7 - DIN/CONFIG (pin3)

Bit set to “1” specifies pull-up enabled; “0” specifies no pull-up

0 - 0xFF 0xFF
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I/O Settings

NOTE: The “I/O Settings” commands listed below refer to the I/O lines of the OEM RF module embedded inside the boxed 
RF modem. Implementation of these commands requires board-level development and is not supported when using the 
DB-9 serial connection of the RF modem.

Table 4‐06. XBee‐PRO Commands ‐ I/O Settings (sub‐category designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default

D8 I/O Settings DI8 Configuration. Select/Read options for the DI8 line (pin 9) of the RF modem.

0 - 1 
0 = Disabled 
3 = DI  

(1,2,4 & 5 n/a)

0

D7 (v1.x80*) I/O Settings DIO7 Configuration. Select/Read settings for the DIO7 line (pin 12) of the RF modem. 
Options include CTS flow control and I/O line settings.

0 - 1 
0 = Disabled 
1 = CTS Flow Control 
2 = (n/a) 
3 = DI 
4 = DO low 
5 = DO high

1

D6 (v1.x80*) I/O Settings DIO6 Configuration. Select/Read settings for the DIO6 line (pin 16) of the RF modem. 
Options include RTS flow control and I/O line settings.

0 - 1 
0 = Disabled  
1 = RTS flow control 
2 = (n/a) 
3 = DI  
4 = DO low  
5 = DO high 

0

D5 (v1.x80*) I/O Settings
DIO5 Configuration. Configure settings for the DIO5 line (pin 15) of the RF modem. 
Options include Associated LED indicator (blinks when associated) and I/O line 
settings.

0 - 1 
0 = Disabled  
1 = Associated indicator  
2 = ADC 
3 = DI 
4 = DO low  
5 = DO high 

1

D0 - D4 
(v1.xA0*) I/O Settings

(DIO4 -DIO4) Configuration. Select/Read settings for the following lines: AD0/DIO0 
(pin 20), AD1/DIO1 (pin 19), AD2/DIO2 (pin 18), AD3/DIO3 (pin 17), AD4/DIO4 (pin 11).
Options include: Analog-to-digital converter, Digital Input and Digital Output.

0 - 1 
0 = Disabled  
1 = (n/a)  
2 = ADC  
3 = DI 
4 = DO low  
5 = DO high 

0

IU (v1.xA0*) I/O Settings I/O Output Enable. Disables/Enables I/O data received to be sent out UART. The data 
is sent using an API frame regardless of the current AP parameter value.

0 - 1 
0 = Disabled 
1 = Enabled

1

IT (v1.xA0*) I/O Settings Samples before TX. Set/Read the number of samples to collect before transmitting 
data. Maximum number of samples is dependent upon the number of enabled inputs. 1 - 0xFF 1

IS (v1.xA0*) I/O Settings Force Sample. Force a read of all enabled inputs (DI or ADC). Data is returned through 
the UART. If no inputs are defined (DI or ADC), this command will return error.

8-bit bitmap (each bit 
represents the level of an I/O 
line setup as an output)

-

IO (v1.xA0*) I/O Settings Digital Output Level. Set digital output level to allow DIO lines that are setup as 
outputs to be changed through Command Mode. - -

IC (v1.xA0*) I/O Settings
DIO Change Detect. Enables/Disables the monitoring of the change detect feature on 
DIO lines 0-7. If a change is detected, data is transmitted with DIO data only. Any 
samples queued and waiting for transmission will be sent first.

0 - 0xFF [bitfield] 0 (disabled)

IR (v1.xA0*) I/O Settings Sample Rate. Set/Read sample rate. When set, this parameter causes the modem to 
sample all enabled inputs at a specified interval. 0 - 0xFFFF [x 1 msec] 0

AV (v1.xA0*) I/O Settings ADC Voltage Reference. <XBee-PRO only> Set/Read ADC reference voltage switch.
0 - 1 

0 = VREF pin 
1 = Internal

0

IA (v1.xA0*) I/O Settings {I/O 
Line Passing}

I/O Input Address. Set/Read addresses of modem to which outputs are bound. Setting 
all bytes to 0xFF will not allow any received I/O packet to change outputs. Setting 
address to 0xFFFF will allow any received I/O packet to change outputs.

0 - 0xFFFFFFFFFFFFFFFF 0xFFFFFFF
FFFFFFFFF

T0 - T7 
(v1.xA0*)

I/O Settings {I/O 
Line Passing}

(D0 - D7) Output Timeout. Set/Read Output timeout values for lines that correspond 
with the D0 - D7 parameters. When output is set (due to I/O line passing) to a non-
default level, a timer is started which when expired will set the output to it default level. 
The timer is reset when a valid I/O packet is received.

0 - 0xFF [x 100 ms] 0xFF

P0 I/O Settings {I/O 
Line Passing} PWM0 Configuration. Select/Read function for PWM0 pin.

0 - 2 
0 = Disabled  
1 = RSSI  
2 = PWM Output 

1
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* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

Diagnostics

* Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)
AT Command Options

 * Firmware version in which the command was first introduced (firmware versions are numbered in hexadecimal notation.)

P1 (v1.xA0*) I/O Settings {I/O 
Line Passing} PWM1 Configuration. Select/Read function for PWM1 pin.

0 - 2 
0 = Disabled  
1 = RSSI  
2 = PWM Output 

0

M0 (v1.xA0*) I/O Settings {I/O 
Line Passing} PWM0 Output Level. Set/Read the PWM0 output level. 0 - 0x03FF -

M1 (v1.xA0*) I/O Settings {I/O 
Line Passing} PWM1 Output Level. Set/Read the PWM0 output level. 0 - 0x03FF -

PT (v1.xA0*) I/O Settings {I/O 
Line Passing}

PWM Output Timeout. Set/Read output timeout value for both PWM outputs. When 
PWM is set to a non-zero value: Due to I/O line passing, a time is started which when 
expired will set the PWM output to zero. The timer is reset when a valid I/O packet is 
received.]

0 - 0xFF [x 100 ms] 0xFF

RP I/O Settings {I/O 
Line Passing}

RSSI PWM Timer. Set/Read PWM timer register. Set the duration of PWM (pulse width 
modulation) signal output on the RSSI pin. The signal duty cycle is updated with each 
received packet and is shut off when the timer expires.]

0 - 0xFF [x 100 ms] 0x28 (40d)

Table 4‐07. XBee‐PRO Commands ‐ Diagnostics
AT 
Command

Command 
Category

Name and Description Parameter Range Default

VR Diagnostics Firmware Version. Read firmware version of the RF modem. 0 - 0xFFFF [read-only] Factory-set

VL (v1.x80*) Diagnostics Firmware Version - Verbose. Read detailed version information (including application 
build date, MAC, PHY and bootloader versions). - -

HV (v1.x80*) Diagnostics Hardware Version. Read hardware version of the RF modem. 0 - 0xFFFF [read-only] Factory-set

DB Diagnostics
Received Signal Strength. Read signal level [in dB] of last good packet received 
(RSSI). Absolute value is reported. (For example: 0x58 = -88 dBm) Reported value is 
accurate between -40 dBm and RX sensitivity.

0 - 0x64 [read-only] -

EC (v1.x80*) Diagnostics

CCA Failures. Reset/Read count of CCA (Clear Channel Assessment) failures. This 
parameter value increments when the modem does not transmit a packet because it 
detected energy above the CCA threshold level set with CA command. This count 
saturates at its maximum value. Set count to “0” to reset count.

0 - 0xFFFF -

EA (v1.x80*) Diagnostics

ACK Failures. Reset/Read count of acknowledgment failures. This parameter value 
increments when the modem expires its transmission retries without receiving an ACK 
on a packet transmission. This count saturates at its maximum value. Set the parameter 
to “0” to reset count.

0 - 0xFFFF -

ED (v1.x80*) Diagnostics

Energy Scan. Send ‘Energy Detect Scan’. ED parameter determines the length of scan 
on each channel. The maximal energy on each channel is returned and each value is 
followed by a carriage return. Values returned represent detected energy levels in units 
of -dBm. Actual scan time on each channel is measured as Time = [(2 ^ SD) * 15.36] 
ms. Total scan time is this time multiplied by the number of channels to be scanned.

0 - 6 -

Table 4‐08. XBee‐PRO Commands ‐ AT Command Options
AT 
Command

Command 
Category

Name and Description Parameter Range Default

CT AT Command 
Mode Options

Command Mode Timeout. Set/Read the period of inactivity (no valid commands 
received) after which the RF modem automatically exits AT Command Mode and 
returns to Idle Mode.

2 - 0xFFFF [x 100 ms] 0x64 (100d)

CN AT Command 
Mode Options Exit Command Mode. Explicitly exit the modem from AT Command Mode. -- --

AC (v1.xA0*) AT Command 
Mode Options

Apply Changes. Explicitly apply changes to queued parameter value(s) and re-
initialize modem. -- --

GT AT Command 
Mode Options

Guard Times. Set required period of silence before and after the Command Sequence 
Characters of the AT Command Mode Sequence (GT+ CC + GT). The period of silence 
is used to prevent inadvertent entrance into AT Command Mode.

2 - 0x0CE4 [x 1 ms] 0x3E8 
(1000d)

CC AT Command 
Mode Options

Command Sequence Character. Set/Read the ASCII character value to be used 
between Guard Times of the AT Command Mode Sequence (GT+CC+GT). The AT 
Command Mode Sequence enters the RF modem into AT Command Mode.

0 - 0xFF 0x2B  
(‘+’ ASCII)

Table 4‐06. XBee‐PRO Commands ‐ I/O Settings (sub‐category designated within {brackets})
AT 
Command

Command 
Category

Name and Description Parameter Range Default
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4.3. Command Descriptions

Command descriptions in this section are listed alphabetically. Command categories are desig-
nated within "< >" symbols that follow each command title. XBee-PRO RF Modems expect param-
eter values in hexadecimal (designated by the "0x" prefix).

All modems operating within the same network should contain the same firmware version.

A1 (End Device Association) Command

<Networking {Association}> The A1 command is 
used to set and read association options for an 
End Device.

Use the table below to determine End Device 
behavior in relation to the A1 parameter.

A2 (Coordinator Association) Command

<Networking {Association}> The A2 command is 
used to set and read association options of the 
Coordinator.

Use the table below to determine Coordinator 
behavior in relation to the A2 parameter.

The binary equivalent of the default value (0x06) is 00000110. ‘Bit 0’ is the last digit of the sequence.

Bit number End Device Association Option

0 - ReassignPanID
0 - Will only associate with Coordinator operating on PAN ID that matches Node Identifier

1 - May associate with Coordinator operating on any PAN ID

1 - ReassignChannel
0 - Will only associate with Coordinator operating on Channel that matches CH setting

1 - May associate with Coordinator operating on any Channel

2 - AutoAssociate

0 - Device will not attempt Association

1 - Device attempts Association until success 
Note: This bit is used only for Non-Beacon systems. End Devices in a Beaconing system must 
always associate to a Coordinator

3 -  PollCoordOnPinWake
0 - Pin Wake will not poll the Coordinator for pending (indirect) Data

1 - Pin Wake will send Poll Request to Coordinator to extract any pending data

4 - 7 [reserved]

Bit number End Device Association Option

0 - ReassignPanID

0 - Coordinator will not perform Active Scan to locate available PAN ID. It will operate on ID 
(PAN ID). 

1 - Coordinator will perform Active Scan to determine an available ID (PAN ID). If a PAN ID 
conflict is found, the ID parameter will change.

1 - ReassignChannel
0 - Coordinator will not perform Energy Scan to determine free channel. It will operate on the 
channel determined by the CH parameter.

1 - Coordinator will perform Energy Scan to find a free channel, then operate on that channel. 

2 - AllowAssociate
0 - Coordinator will not allow any devices to associate to it.

1 - Coordinator will allow devices to associate to it.

3 - 7 [reserved]

AT Command: ATA1
Parameter Range: 0 - 0x0F [bitfield]
Default Parameter Value: 0
Related Commands: ID (PAN ID), NI (Node 
Identifier), CH (Channel), CE (Coordinator 
Enable), A2 (Coordinator Association)
Minimum Firmware Version Required: v1.x80

AT Command: ATA2
Parameter Range: 0 - 7 [bitfield]
Default Parameter Value: 0
Related Commands: ID (PAN ID), NI (Node 
Identifier), CH (Channel), CE (Coordinator 
Enable), A1 (End Device Association), AS 
Active Scan), ED (Energy Scan)
Minimum Firmware Version Required: v1.x80
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AC (Apply Changes) Command

<AT Command Mode Options> The AC command 
is used to explicitly apply changes to modem 
parameter values. ‘Applying changes’ means that 
the modem is re-initialized based on changes 
made to its parameter values. Once changes are applied, the modem immediately operates 
according to the new parameter values.

This behavior is in contrast to issuing the WR (Write) command. The WR command saves parame-
ter values to non-volatile memory, but the modem still operates according to previously saved val-
ues until the modem is re-booted or the CN (Exit AT Command Mode) command is issued.

Refer to the “AT Command - Queue Parameter Value” API type for more information [p52].

AI (Association Indication) Command

<Networking {Association}> The AI command is 
used to indicate occurrences of errors during the 
last association request.

Use the table below to determine meaning of the 
returned values.

Returned Value (Hex) Association Indication
0x00 Successful Completion - Coordinator successfully started or End Device association complete
0x01 Active Scan Timeout
0x02 Active Scan found no PANs
0x03 Active Scan found PAN, but the Coordinator Allow Association bit is not set
0x04 Active Scan found PAN, but Coordinator and End Device are not configured to support beacons
0x05 Active Scan found PAN, but Coordinator ID (PAN ID) value does not match the ID of the End Device
0x06 Active Scan found PAN, but Coordinator CH (Channel) value does not match the CH of the End Device
0x07 Energy Scan Timeout
0x08 Coordinator start request failed
0x09 Coordinator could not start due to Invalid Parameter
0x0A Coordinator Realignment is in progress
0x0B Association Request not sent
0x0C Association Request timed out - no reply was received
0x0D Association Request had an Invalid Parameter
0x0E Association Request Channel Access Failure - Request was not transmitted - CCA failure
0x0F Remote Coordinator did not send an ACK after Association Request was sent

0x10 Remote Coordinator did not reply to the Association Request, but an ACK was received  
after sending the request

0x11 [reserved]
0x12 Sync-Loss - Lost synchronization with a Beaconing Coordinator
0x13 Disassociated - No longer associated to Coordinator

AT Command: ATAC
Minimum Firmware Version Required: v1.xA0

AT Command: ATAI
Parameter Range: 0 - 0x13 [read-only]
Related Commands: AS (Active Scan), ID (PAN 
ID), CH (Channel), ED (Energy Scan), A1 (End 
Device Association), A2 (Coordinator 
Association), CE (Coordinator Enable)
Minimum Firmware Version Required: v1.x80
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AP (API Enable) Command

<Serial Interfacing> The AP command is used to 
enable the RF modem to operate using a frame-
based API instead of using the default Transpar-
ent (UART) mode.

Refer to the API Operation section [p50] when API operation is enabled (AP = 1 or 2).

AS (Active Scan) Command

<AT Command Mode Options> The AS command 
is used to send a Beacon Request to a Broadcast 
Address (0xFFFF) and Broadcast PAN (0xFFFF) on 
every channel. The parameter determines the 
amount of time the RF modem will listen for Bea-
cons on each channel. A ‘PanDescriptor’ is created 
and returned for every Beacon received from the 
scan. Each PanDescriptor contains the following 
information:

CoordAddress (SH + SL parameters)<CR>  
CoordPanID (ID parameter)<CR> 
CoordAddrMode <CR> 

0x02 = 16-bit Short Address  
0x03 = 64-bit Long Address  

Channel (CH parameter) <CR>  
SecurityUse<CR>  
ACLEntry<CR>  
SecurityFailure<CR>  
SuperFrameSpec<CR> (2 bytes): 

bit 15 - Association Permitted (MSB)  
bit 14 - PAN Coordinator  
bit 13 - Reserved  
bit 12 - Battery Life Extension 
bits 8-11 - Final CAP Slot  
bits 4-7 - Superframe Order  
bits 0-3 - Beacon Order  

GtsPermit<CR>  
RSSI<CR> (- RSSI is returned as -dBm)  
TimeStamp<CR> (3 bytes)  
<CR> (A carriage return <CR> is sent at the end of the AS command.

The Active Scan is capable of returning up to 5 PanDescriptors in a scan. The actual scan time on 
each channel is measured as Time = [(2 ^ (SD Parameter)) * 15.36] ms. Total scan time is this 
time multiplied by the number of channels to be scanned (16 for the XBee, 12 for the XBee-PRO).

NOTE: Refer the scan table in the SD description to determine scan times. If using API Mode, no 
<CR>’s are returned in the response. Refer to the API Mode Operation section [p50].

AT Command: ATAP
Parameter Range:0 - 2

Parameter Configuration

0 Disabled
(Transparent operation)

1 API enabled

2
API enabled 

(with escaped 
characters)

Default Parameter Value:0
Minimum Firmware Version Required: v1.x80

AT Command: ATAS
Parameter Range: 0 - 6
Related Command: SD (Scan Duration), DL 
(Destination Low Address), DH (Destination 
High Address), ID (PAN ID), CH (Channel)
Minimum Firmware Version Required: v1.x80
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AV (ADC Voltage Reference) Command

<Serial Interfacing> The AV command is used to 
set/read the ADC reference voltage switch. The 
XBee-PRO has an ADC voltage reference switch 
which allows the modem to select between an on-
board voltage reference or to use the VREF pin on 
the connector. 

This command only applies to XBee-PRO RF 
Modems and will return error on an XBee RF 
Modem.

BD (Interface Data Rate) Command

<Serial Interfacing> The BD command is used to 
set and read the serial interface data rate used 
between the RF modem and host. This parameter 
determines the rate at which serial data is sent to 
the modem from the host. Modified interface data 
rates do not take effect until the CN (Exit AT Com-
mand Mode) command is issued and the system 
returns the 'OK' response.

When parameters 0-7 are sent to the modem, the 
respective interface data rates are used (as 
shown in the table on the right).

The RF data rate is not affected by the BD param-
eter. If the interface data rate is set higher than 
the RF data rate, a flow control configuration may 
need to be implemented.

Non-standard Interface Data Rates:  
Any value above 0x07 will be interpreted as an actual baud rate. When a value above 0x07 is sent, 
the closest interface data rate represented by the number is stored in the BD register. For exam-
ple, a rate of 19200 bps can be set by sending the following command line "ATBD4B00". NOTE: 
When using MaxStream’s X-CTU Software, non-standard interface data rates can only be set and 
read using the X-CTU ‘Terminal’ tab. Non-standard rates are not accessible through the ‘Modem 
Configuration’ tab.

When the BD command is sent with a non-standard interface data rate, the UART will adjust to 
accommodate the requested interface rate. In most cases, the clock resolution will cause the 
stored BD parameter to vary from the parameter that was sent (refer to the table below). Reading 
the BD command (send "ATBD" command without an associated parameter value) will return the 
value actually stored in the modem’s BD register.

CA (CCA Threshold) Command

<RF Interfacing> CA command is used to set and 
read CCA (Clear Channel Assessment) thresholds.

Prior to transmitting a packet, a CCA is performed 
to detect energy on the transmit channel. If the 
detected energy is above the CCA Threshold, the 
RF modem will not transmit the packet.

Parameters Sent Versus Parameters Stored

BD Parameter Sent (HEX) Interface Data Rate (bps) BD Parameter Stored (HEX)

0 1200 0

4 19,200 4

7 115,200 7

12C 300 12B

1C200 115,200 1B207

AT Command: ATAV
Parameter Range:0 - 1

Parameter Configuration
0 VREF Pin

1 Internal (on-board 
reference - VCC)

Default Parameter Value:0
Minimum Firmware Version Required: v1.xA0

AT Command: ATBD
Parameter Range:0 - 7 (standard rates) 
0x80-0x1C200 (non-stndard rates)

Parameter Configuration (bps)
0 1200
1 2400
2 4800
3 9600
4 19200
5 38400
6 57600
7 115200

Default Parameter Value:3

AT Command: ATCA
Parameter Range: 0 - 0x50 [-dBm]
Default Parameter Value: 0x2C  

           (-44 decimal dBm)
Minimum Firmware Version Required: v1.x80
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CC (Command Sequence Character) Command

<AT Command Mode Options> The CC command 
is used to set and read the ASCII character used 
between guard times of the AT Command Mode 
Sequence (GT + CC + GT). This sequence enters 
the RF modem into AT Command Mode so that 
data entering the modem from the host is recog-
nized as commands instead of payload.

The AT Command Sequence is explained further in the AT Command Mode section [p24].

CE (Coordinator Enable) Command

<Serial Interfacing> The CE command is used to 
set and read the behavior (End Device vs. Coordi-
nator) of the RF modem.

CH (Channel) Command

<Networking {Addressing}> The CH command is 
used to set/read the operating channel on which 
RF connections are made between RF modems. 
The channel is one of three addressing options 
available to the modem. The other options are 
the PAN ID (ID command) and destination 
addresses (DL & DH commands).

In order for modems to communicate with each 
other, the modems must share the same channel number. Different channels can be used to pre-
vent modems in one network from listening to transmissions of another. Adjacent channel rejec-
tion is 23 dB.

The modem uses channel numbers of the 802.15.4 standard. 
Center Frequency = 2.405 + (CH - 11d) * 5 MHz (d = decimal)

Refer to the XBee/XBee-PRO Addressing section [p19] for more information.

CN (Exit Command Mode) Command

<AT Command Mode Options> The CN command 
is used to explicitly exit the RF modem from AT 
Command Mode.

CT (Command Mode Timeout) Command

<AT Command Mode Options> The CT command 
is used to set and read the amount of inactive 
time that elapses before the RF modem automat-
ically exits from AT Command Mode and returns 
to Idle Mode.

Use the CN (Exit Command Mode) command to 
exit AT Command Mode manually.

AT Command: ATCC
Parameter Range: 0 - 0xFF
Default Parameter Value: 0x2B (ASCII “+”)
Related Command: GT (Guard Times)

AT Command: ATCE
Parameter Range:0 - 1

Parameter Configuration
0 End Device
1 Coordinator

Default Parameter Value:0
Minimum Firmware Version Required: v1.x80

AT Command: ATCH
Parameter Range:  0x0C - 0x17
Default Parameter Value: 0x0C (12 decimal)
Related Commands: ID (PAN ID), DL 
(Destination Address Low, DH (Destination 
Address High)

AT Command: ATCN

AT Command: ATCT
Parameter Range:2 - 0xFFFF 

[x 100 milliseconds]
Default Parameter Value: 0x64 (100 decimal 
(which equals 10 decimal seconds))
Number of bytes returned: 2
Related Command: CN (Exit Command Mode)



XBee‐PRO PKG‐R™ RS‐232 RF Modem – 802.15.4 ‐ Product Manual v1.xAx [2006.09.30]

© 2006 MaxStream, Inc., Confidential & Proprietary ‐ All Rights Reserved       36

D0 - D4 (DIOn Configuration) Commands

<I/O Settings> The D0, D1, D2, D3 and D4 com-
mands are used to select/read the behavior of 
their respective AD/DIO lines (pins 20, 19, 18, 17 
and 11 respectively). 

Options include: 

• Analog-to-digital converter

• Digital input 

• Digital output

D5 (DIO5 Configuration) Command

<I/O Settings> The D5 command is used to 
select/read the behavior of the DIO5 line (pin 15).

Options include: 

• Associated Indicator (LED blinks when the 
modem is associated)

• Analog-to-digital converter

• Digital input 

• Digital output

D6 (DIO6 Configuration) Command

<I/O Settings> The D6 command is used to 
select/read the behavior of the DIO6 line (pin 16). 
Options include: 

• RTS flow control

• Analog-to-digital converter

• Digital input 

• Digital output

AT Commands:  
ATD0, ATD1, ATD2, ATD3, ATD4
Parameter Range:0 - 5

Parameter Configuration
0 Disabled
1 n/a
2 ADC
3 DI
4 DO low
5 DO high

Default Parameter Value:0
Minimum Firmware Version Required: 1.x.A0

AT Command: ATD5
Parameter Range:0 - 5

Parameter Configuration
0 Disabled
1 Associated Indicator
2 ADC
3 DI
4 DO low
5 DO high

Default Parameter Value:1
Parameters 2-5 supported as of firmware 
version 1.xA0

AT Command: ATD6
Parameter Range:0 - 5

Parameter Configuration
0 Disabled
1 RTS Flow Control
2 n/a
3 DI
4 DO low
5 DO high

Default Parameter Value:0
Parameters 3-5 supported as of firmware 
version 1.xA0
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D7 (DIO7 Configuration) Command

<I/O Settings> The D7 command is used to 
select/read the behavior of the DIO7 line (pin 12). 
Options include: 

• CTS flow control

• Analog-to-digital converter

• Digital input 

• Digital output

D8 (DI8 Configuration) Command

<I/O Settings> The D8 command is used to 
select/read the behavior of the DI8 line (pin 9). 
This command enables configuring the pin to 
function as a digital input. This line is also used 
with Pin Sleep.

DA (Force Disassociation) Command

<(Special)> The DA command is used to immedi-
ately disassociate an End Device from a Coordi-
nator and reattempt to associate.

DB (Received Signal Strength) Command

<Diagnostics> DB parameter is used to read the 
received signal strength (in dBm) of the last RF 
packet received. Reported values are accurate 
between -40 dBm and the RF modem's receiver sensitivity.

Absolute values are reported. For example: 0x58 = -88 dBm (decimal). If no packets have been 
received (since last reset, power cycle or sleep event), “0” will be reported.

DH (Destination Address High) Command

<Networking {Addressing}> The DH command is 
used to set and read the upper 32 bits of the RF 
modem's 64-bit destination address. When com-
bined with the DL (Destination Address Low) 
parameter, it defines the destination address used 
for transmission.

An modem will only communicate with other 
modems having the same channel (CH parame-
ter), PAN ID (ID parameter) and destination address 
(DH + DL parameters).

To transmit using a 16-bit address, set the DH parameter to zero and the DL parameter less than 
0xFFFF. 0x000000000000FFFF (DL concatenated to DH) is the broadcast address for the PAN.

Refer to the XBee/XBee-PRO Addressing section [p19] for more information.

AT Command: ATD7
Parameter Range:0 - 5

Parameter Configuration
0 Disabled
1 CTS Flow Control
2 n/a
3 DI
4 DO low
5 DO high

Default Parameter Value:1
Parameters 3-5 supported as of firmware 
version 1.x.A0

AT Command: ATD8
Parameter Range:0 - 5  

(1, 2, 4 & 5 n/a)
Parameter Configuration

0 Disabled
3 DI

Default Parameter Value:0
Minimum Firmware Version Required: 1.xA0

AT Command: ATDA
Minimum Firmware Version Required: v1.x80

AT Command: ATDB
Parameter Range: 0 - 0x64 [read-only]

AT Command: ATDH
Parameter Range: 0 - 0xFFFFFFFF
Default Parameter Value: 0
Related Commands: DL (Destination Address 
Low), CH (Channel), ID (PAN VID), MY (Source 
Address)
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DL (Destination Address Low) Command

<Networking {Addressing}> The DL command is 
used to set and read the lower 32 bits of the RF 
modem's 64-bit destination address. When com-
bined with the DH (Destination Address High) 
parameter, it defines the destination address used 
for transmission.

A modem will only communicate with other 
modems having the same channel (CH parame-
ter), PAN ID (ID parameter) and destination address (DH + DL parameters).

To transmit using a 16-bit address, set the DH parameter to zero and the DL parameter less than 
0xFFFF. 0x000000000000FFFF (DL concatenated to DH) is the broadcast address for the PAN.

Refer to the XBee/XBee-PRO Addressing section [p19] for more information.

DN (Destination Node) Command

<Networking {Identification}> The DN command 
is used to resolve a NI (Node Identifier) string to 
a physical address. The following events occur 
upon successful command execution:

1. DL and DH are set to the address of the 
modem with the matching NI (Node Identifier). 

2. ‘OK’ is returned. 
3. RF modem automatically exits AT Command Mode.

If there is no response from a modem within 200 msec or a parameter is not specified (left blank), 
the command is terminated and an ‘ERROR’ message is returned.

DP (Disassociation Cyclic Sleep Period) Command

<Sleep Mode (Low Power)>

NonBeacon Firmware

End Device - The DP command is used to set and 
read the time period of sleep for cyclic sleeping 
remotes that are configured for Association but 
are not associated to a Coordinator. (i.e. If a 
device is configured to associate, configured as a 
Cyclic Sleep remote, but does not find a Coordi-
nator; it will sleep for DP time before reattempt-
ing association.) Maximum sleep period is 268 
seconds (0x68B0). DP should be > 0 for NonBeacon systems.

EA (ACK Failures) Command

<Diagnostics> The EA command is used to reset 
and read the count of ACK (acknowledgement) 
failures. This parameter value increments when 
the modem expires its transmission retries with-
out receiving an ACK on a packet transmission. 
This count saturates at its maximum value. 

Set the parameter to “0” to reset count.

AT Command: ATDL
Parameter Range: 0 - 0xFFFFFFFF

Default Parameter Value: 0
Related Commands: DH (Destination Address 
High), CH (Channel), ID (PAN VID), MY (Source 
Address)

AT Command: ATDN
Parameter Range: 20-character ASCII String
Minimum Firmware Version Required: v1.x80

AT Command: ATDP
Parameter Range: 1 - 0x68B0  

 [x 10 milliseconds]
Default Parameter Value:0x3E8 

(1000 decimal)
Related Commands: SM (Sleep Mode), SP 
(Cyclic Sleep Period), ST (Time before Sleep)
Minimum Firmware Version Required: v1.x80

AT Command: ATEA
Parameter Range:0 - 0xFFFF
Minimum Firmware Version Required: v1.x80
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EC (CCA Failures) Command

<Diagnostics> The EC command is used to read 
and reset the count of CCA (Clear Channel 
Assessment) failures. This parameter value incre-
ments when the RF modem does not transmit a 
packet due to the detection of energy that is 
above the CCA threshold level (set with CA com-
mand). This count saturates at its maximum value. 

Set the EC parameter to “0” to reset count.

ED (Energy Scan) Command

<Networking {Association}> The ED command is 
used to send an “Energy Detect Scan”. This 
parameter determines the length of scan on each 
channel. The maximal energy on each channel is 
returned and each value is followed by a carriage 
return. An additional carriage return is sent at the 
end of the command. 

The values returned represent the detected energy level in units of -dBm. The actual scan time on 
each channel is measured as Time = [(2 ^ ED PARAM) * 15.36] ms.

Note: Total scan time is this time multiplied by the number of channels to be scanned. Also refer to 
the SD (Scan Duration) table. Use the SC (Scan Channel) command to choose which channels to scan.

EE (AES Encryption Enable) Command

<Networking {Security}> The EE command is 
used to set/read the parameter that disables/
enables 128-bit AES encryption.

The XBee-PRO firmware uses the 802.15.4 
Default Security protocol and uses AES encryption 
with a 128-bit key. AES encryption dictates that 
all modems in the network use the same key and 
the maximum RF packet size is 95 Bytes.

When encryption is enabled, the modem will 
always use its 64-bit long address as the source 
address for RF packets. This does not affect how 
the MY (Source Address), DH (Destination Address High) and DL (Destination Address Low) 
parameters work

If MM (MAC Mode) > 0 and AP (API Enable) parameter > 0:  
With encryption enabled and a 16-bit short address set, receiving modems will only be able to 
issue RX (Receive) 64-bit indicators. This is not an issue when MM = 0.

If a modem with a non-matching key detects RF data, but has an incorrect key: When encryption is 
enabled, non-encrypted RF packets received will be rejected and will not be sent out the UART.

Transparent Operation --> All RF packets are sent encrypted if the key is set.

API Operation --> Receive frames use an option bit to indicate that the packet was encrypted.

FP (Force Poll) Command

<Networking (Association)> The FP command is 
used to request indirect messages being held by 
a Coordinator.

AT Command: ATEC
Parameter Range:0 - 0xFFFF
Related Command: CA (CCA Threshold)
Minimum Firmware Version Required: v1.x80

AT Command: ATED
Parameter Range:0 - 6
Related Command: SD (Scan Duration), SC 
(Scan Channel)
Minimum Firmware Version Required: v1.x80

AT Command: ATEE
Parameter Range:0 - 1

Parameter Configuration
0 Disabled
1 Enabled

Default Parameter Value:0
Related Commands: KY (Encryption Key), AP 
(API Enable), MM (MAC Mode)
Minimum Firmware Version Required: v1.xA0

AT Command: ATFP
Minimum Firmware Version Required: v1.x80
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FR (Software Reset) Command

<Special> The FR command is used to force a 
software reset on the RF modem. The reset simu-
lates powering off and then on again the modem.

GT (Guard Times) Command

<AT Command Mode Options> GT Command is 
used to set the DI (data in from host) time-of-
silence that surrounds the AT command sequence 
character (CC Command) of the AT Command 
Mode sequence (GT + CC + GT). 

The DI time-of-silence is used to prevent inad-
vertent entrance into AT Command Mode.

Refer to the Command Mode section [p24] for 
more information regarding the AT Command Mode Sequence.

HV (Hardware Version) Command

<Diagnostics> The HV command is used to read 
the hardware version of the RF modem.

IA (I/O Input Address) Command

<I/O Settings {I/O Line Passing}> The IA com-
mand is used to bind a modem output to a spe-
cific address. Outputs will only change if received 
from this address. The IA command can be used 
to set/read both 16 and 64-bit addresses.

Setting all bytes to 0xFF will not allow the recep-
tion of any I/O packet to change outputs. Setting 
the IA address to 0xFFFF will cause the modem to 
accept all I/O packets.

IC (DIO Change Detect) Command

<I/O Settings> The IC command is used to 
enable the monitoring of the change detect fea-
ture on DIO lines 0-7. If a change is detected, 
data is transmitted with DIO data only. Any sam-
ples queued and waiting for transmission are sent 
first.

Refer to the “ADC and Digital I/O Line Support” sections of the “RF Modem Operations” chapter for 
more information.

ID (Pan ID) Command

<Networking {Addressing}> The ID command is 
used to set and read the PAN (Personal Area Net-
work) ID of the RF modem. Only modems with 
matching PAN IDs can communicate with each 
other. Unique PAN IDs enable control of which RF 
packets are received by a modem.

Setting the ID parameter to 0xFFFF indicates a global transmission for all PANs. It does not indi-
cate a global receive.

AT Command: ATFR
Minimum Firmware Version Required: v1.x80

AT Command: ATGT
Parameter Range:2 - 0x0CE4 

[x 1 millisecond]
Default Parameter Value:0x3E8  

(1000 decimal)
Related Command: CC (Command Sequence 
Character)

AT Command: ATHV
Parameter Range:0 - 0xFFFF [Read-only]
Minimum Firmware Version Required: v1.x80

AT Command: ATIA
Parameter Range:0 - 0xFFFFFFFFFFFFFFFF
Default Parameter Value:0xFFFFFFFFFFFFFFFF 
(will not allow any received I/O packet to 
change outputs)
Minimum Firmware Version Required: v1.xA0

AT Command: ATIC
Parameter Range:0 - 0xFF [bitfield]
Default Parameter Value:0 (disabled)
Minimum Firmware Version Required: 1.xA0

AT Command: ATID
Parameter Range: 0 - 0xFFFF
Default Parameter Value:0x3332

(13106 decimal)
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IO (Digital Output Level) Command

<I/O Settings> The IO command is used to set 
digital output levels. This allows DIO lines setup 
as outputs to be changed through Command 
Mode.

IR (Sample Rate) Command

<I/O Settings> The IR command is used to set/
read the sample rate. When set, the module will 
sample all enabled DIO/ADC lines at a specified 
interval. This command allows periodic reads of 
the ADC and DIO lines in a non-Sleep Mode 
setup.

Example: When IR = 0x0A, the sample rate is 10 
ms (or 100 Hz).

IS (Force Sample) Command

<I/O Settings> The IS command is used to force 
a read of all enabled DIO/ADC lines. The data is 
returned through the UART.

When operating in Transparent Mode (AP=0), the 
data is retuned in the following format:

All bytes are converted to ASCII: 
     number of samples<CR> 
     channel mask<CR> 
     DIO data<CR> (If DIO lines are enabled<CR> 
     ADC channel Data<cr> <-This will repeat for every enabled ADC channel<CR> 
     <CR>  (end of data noted by extra <CR>)

When operating in API mode (AP > 0), the command will immediately return an ‘OK’ response. 
The data will follow in the normal API format for DIO data.

IT (Samples before TX) Command

<I/O Settings> The IT command is used to set/
read the number of DIO and ADC samples to col-
lect before transmitting data. 

One ADC sample is considered complete when all 
enabled ADC channels have been read. The 
modem can buffer up to 93 Bytes of sample data. 
Since the modem uses a 10-bit A/D converter, each sample uses two Bytes. This leads to a maxi-
mum buffer size of 46 samples or IT=0x2E.

When Sleep Modes are enabled and IR (Sample Rate) is set, the modem will remain awake until IT 
samples have been collected.

AT Command: ATIO
Parameter Range: 8-bit bitmap  
(where each bit represents the level of an I/O 
line that is setup as an output.)
Minimum Firmware Version Required: v1.xA0

AT Command: ATIR
Parameter Range: 0 - 0xFFFF [x 1 msec] 
(cannot guarantee 1 ms timing when IT=1)
Default Parameter Value:0
Related Command: IT (Samples before TX)
Minimum Firmware Version Required: v1.xA0

AT Command: ATIS
Parameter Range: 1 - 0xFF
Default Parameter Value:1
Minimum Firmware Version Required: v1.xA0

AT Command: ATIT
Parameter Range: 1 - 0xFF
Default Parameter Value:1
Minimum Firmware Version Required: v1.xA0
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IU (I/O Output Enable) Command

<I/O Settings> The IU command is used to dis-
able/enable I/O UART output. When enabled (IU 
= 1), received I/O line data packets are sent out 
the UART. The data is sent using an API frame 
regardless of the current AP parameter value.

KY (AES Encryption Key) Command

<Networking {Security}> The KY command is 
used to set the 128-bit AES (Advanced Encryption 
Standard) key for encrypting/decrypting data. 
Once set, the key cannot be read out of the mod-
ule by any means.

The entire payload of the packet is encrypted 
using the key and the CRC is computed across the 
ciphertext. When encryption is enabled, each packet carries an additional 16 Bytes to convey the 
random CBC Initialization Vector (IV) to the receiver(s). The KY value may be “0” or any 128-bit 
value. Any other value, including entering ATKY by itself with no parameters, will cause an error. A 
module with the wrong key (or no key) will receive encrypted data, but the data driven out the 
serial port will be meaningless. Likewise, a module with a key will receive unencrypted data sent 
from a module without a key, but the output will be meaningless. Because CBC mode is utilized, 
repetitive data appears differently in different transmissions due to the randomly-generated IV.

When queried, the system will return an ‘OK’ message and the value of the key will not be 
returned.

M0 (PWM0 Output Level) Command

<I/O Settings> The M0 command is used to set/
read the output level of the PWM0 line (pin 6).

Before setting the line as an output: 
1. Enable PWM0 output (P0 = 2)  
2. Apply settings (use CN or AC)

The PWM period is 64 µsec and there are 0x03FF 
(1023 decimal) steps within this period. When M0 
= 0 (0% PWM), 0x01FF (50% PWM), 0x03FF 
(100% PWM), etc.

M1 (PWM1 Output Level) Command

<I/O Settings> The M1 command is used to set/
read the output level of the PWM1 line (pin 7).

Before setting the line as an output: 
1. Enable PWM1 output (P1 = 2)  
2. Apply settings (use CN or AC)

AT Command: ATIU
Parameter Range:0 - 1

Parameter Configuration

0

Disabled - 
Received I/O line data 
packets will NOT sent 

out UART.

1
Enabled -

Received I/O line data 
will be sent out UART

Default Parameter Value:1
Minimum Firmware Version Required: 1.xA0

AT Command: ATKY
Parameter Range:0 - (any 16-Byte value)
Default Parameter Value:0
Related Command: EE (Encryption Enable)
Minimum Firmware Version Required: v1.xA0

AT Command: ATM0
Parameter Range:0 - 0x03FF [steps]
Default Parameter Value:0
Related Commands: P0 (PWM0 Enable), AC 
(Apply Changes), CN (Exit Command Mode)
Minimum Firmware Version Required: v1.xA0

AT Command: ATM1
Parameter Range:0 - 0x03FF
Default Parameter Value:0
Related Commands: P1 (PWM1 Enable), AC 
(Apply Changes), CN (Exit Command Mode)
Minimum Firmware Version Required: v1.xA0
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MM (MAC Mode) Command

<Networking {Addressing}> The MM command is 
used to set and read the MAC Mode value. The 
MM command disables/enables the use of a Max-
Stream header contained in the 802.15.4 RF 
packet. By default (MM = 0), MaxStream Mode is 
enabled and the modem adds an extra header to 
the data portion of the 802.15.4 packet. This 
enables the following features:

• ND and DN command support

• Duplicate packet detection when using ACKs

The MM command allows users to turn off the use 
of the extra header. Modes 1 and 2 are strict 
802.15.4 modes. If the MaxStream header is dis-
abled, ND and DN parameters are also disabled.

Note: When MM > 0, application and CCA failure retries are not supported.

MY (16-bit Source Address) Command

<Networking {Addressing}> The MY command is 
used to set and read the 16-bit source address of 
the RF modem.

By setting MY to 0xFFFF, the reception of RF pack-
ets having a 16-bit address is disabled. The 64-bit 
address is the modem’s serial number and is 
always enabled.

ND (Node Discover) Command

<Networking {Identification}> The ND command 
is used to discover and report all modems on its 
current operating channel (CH parameter) and 
PAN ID (ID parameter). ND also accepts an NI 
(Node Identifier) value as a parameter. In this 
case, only a modem matching the supplied identi-
fier will respond.

ND uses a 64-bit long address when sending and 
responding to an ND request. The ND command causes a modem to transmit a globally addressed 
ND command packet. The amount of time allowed for responses is determined by the NT (Node 
Discover Time) parameter. 

In AT Command mode, command completion is designated by a carriage return (0x0D). Since two 
carriage returns end a command response, the application will receive three carriage returns at 
the end of the command. If no responses are received, the application should only receive one 
carriage return. When in API mode, the application should receive a frame (with no data) and sta-
tus (set to ‘OK’) at the end of the command. When the ND command packet is received, the 
remote sets up a random time delay (up to 2.2 sec) before replying as follows:

Node Discover Response (AT command mode format - Transparent operation): 
MY (Source Address) value<CR> 
SH (Serial Number High) value<CR> 
SL (Serial Number Low) value<CR> 
DB (Received Signal Strength) value<CR> 
NI (Node Identifier) value<CR> 
<CR>  (This is part of the response and not the end of command indicator.)

Node Discover Response (API format - data is binary (except for NI)): 
 2 bytes for MY (Source Address) value 
 4 bytes for SH (Serial Number High) value 
 4 bytes for SL (Serial Number Low) value 
 1 byte for DB (Received Signal Strength) value 
 NULL-terminated string for NI (Node Identifier) value (max 20 bytes w/out NULL terminator)

AT Command: ATMM
Parameter Range:0 - 2

Parameter Configuration

0
MaxStream Mode 

(802.15.4 + 
MaxStream header)

1 802.15.4 (no ACKs)
2 802.15.4 (with ACKs)

Default Parameter Value:0
Related Commands: ND (Node Discover), DN 
(Destination Node) 
Minimum Firmware Version Required: v1.x80

AT Command: ATMY
Parameter Range: 0 - 0xFFFF
Default Parameter Value: 0
Related Commands: DH (Destination Address 
High), DL (Destination Address Low), CH 
(Channel), ID (PAN ID)

AT Command: ATND
Range: optional 20-character NI value
Related Commands: CH (Channel), ID (Pan 
ID), MY (Source Address), SH (Serial Number 
High), SL (Serial Number Low), NI (Node 
Identifier), NT (Node Discover Time)
Minimum Firmware Version Required: v1.x80
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NI (Node Identifier) Command

<Networking {Identification}> The NI command 
is used to set and read a string for identifying a 
particular node. 

Rules:

• Register only accepts printable ASCII data. 

• A string can not start with a space. 

• A carriage return ends command

• Command will automatically end when maximum bytes for the string have been entered. 

This string is returned as part of the ND (Node Discover) command. This identifier is also used 
with the DN (Destination Node) command.

NT (Node Discover Time) Command

<Networking {Identification}> The NT command 
is used to set the amount of time a base node will 
wait for responses from other nodes when using 
the ND (Node Discover) command. The NT value 
is transmitted with the ND command. 

Remote nodes will set up a random hold-off time 
based on this time. The remotes will adjust this 
time down by 250 ms to give each node the abil-
ity to respond before the base ends the command. Once the ND command has ended, any 
response received on the base would be discarded.

P0 (PWM0 Configuration) Command

<I/O Setting {I/O Line Passing}> The P0 com-
mand is used to select/read the function for 
PWM0 (Pulse Width Modulation output 0). This 
command enables the option of translating 
incoming data to a PWM so that the output can be 
translated back into analog form. 

With the IA (I/O Input Address) parameter cor-
rectly set, AD0 values can automatically be 
passed to PWM0.

P1 (PWM1 Configuration) Command

<I/O Setting {I/O Line Passing}> The P1 com-
mand is used to select/read the function for 
PWM1 (Pulse Width Modulation output 1). This 
command enables the option of translating 
incoming data to a PWM so that the output can be 
translated back into analog form. 

With the IA (I/O Input Address) parameter cor-
rectly set, AD1 values can automatically be 
passed to PWM1.

AT Command: ATNI
Parameter Range: 20-character ASCII string
Related Commands: ND (Node Discover), DN 
(Destination Node)
Minimum Firmware Version Required: v1.x80

AT Command: ATNT
Parameter Range: 0x01 - 0xFC 

[x 100 msec]
Default: 0x19 (2.5 decimal seconds)
Related Commands: ND (Node Discover)
Minimum Firmware Version Required: 1.xA0

AT Command: ATP0 
The second character in the command is the 
number zero (“0”), not the letter “O”.
Parameter Range: 0 - 2

Parameter Configuration
0 Disabled
1 RSSI
2 PWM0 Output

Default Parameter Value: 1

AT Command: ATP1
Parameter Range: 0 - 2

Parameter Configuration
0 Disabled
1 RSSI
2 PWM1 Output

Default Parameter Value: 0
Minimum Firmware Version Required: v1.xA0
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PL (Power Level) Command

<RF Interfacing> The PL command is used to 
select and read the power level at which the RF 
modem transmits conducted power.

WHEN OPERATING IN EUROPE:  
XBee-PRO RF Modems must be configured to 
operate at a maximum transmit power output 
level of 10 dBm. The PL parameter must equal “0” 
(10 dBm).

Additionally, European regulations stipulate an 
EIRP power maximum of 12.86 dBm (19 mW) for 
the XBee-PRO and 12.11 dBm for the XBee when 
integrating high-gain antennas.

PR (Pull-up Resistor Enable) Command

<Serial Interfacing> The PR command is used to 
set and read the bit field that is used to configure 
internal the pull-up resistor status for I/O lines. 
“1” specifies the pull-up resistor is enabled. “0” 
specifies no pull up.

bit 0 - AD4/DIO4 (pin 11) 
bit 1 - AD3/DIO3 (pin 17)  
bit 2 - AD2/DIO2 (pin 18) 
bit 3 - AD1/DIO1 (pin 19) 
bit 4 - AD0/DIO0 (pin 20) 
bit 5 - AD6/DIO6 (pin 16) 
bit 6 - DI8 (pin 9)  
bit 7 - DIN/CONFIG (pin 3)

For example: Sending the command “ATPR 6F” will turn bits 0, 1, 2, 3, 5 and 6 ON; and bits 4 & 7 
will be turned OFF. (The binary equivalent of “0x6F” is “01101111”. Note that ‘bit 0’ is the last digit 
in the bitfield.

PT (PWM Output Timeout) Command

<I/O Settings {I/O Line Passing}> The PT com-
mand is used to set/read the output timeout 
value for both PWM outputs. 

When PWM is set to a non-zero value: Due to I/O 
line passing, a time is started which when expired 
will set the PWM output to zero. The timer is reset 
when a valid I/O packet is received.

RE (Restore Defaults) Command

<(Special)> The RE command is used to restore 
all configurable parameters to their factory 
default settings. The RE command does not write 
restored values to non-volatile (persistent) memory. Issue the WR (Write) command subsequent 
to issuing the RE command to save restored parameter values to non-volatile memory.

AT Command:  ATPL
Parameter Range:  0 - 4

Parameter XBee XBee-Pro
0 -10 dBm 10 dBm
1 -6 dBm 12 dBm
2 -4 dBm 14 dBm
3 -2 dBm 16 dBm
4 0 dBm 18 dBm

Default Parameter Value: 4

AT Command: ATPR
Parameter Range: 0 - 0xFF
Default Parameter Value: 0xFF  
(all pull-up resistors are enabled)
Minimum Firmware Version Required: v1.x80

AT Command: ATPT
Parameter Range: 0 - 0xFF [x 100 msec]
Default Parameter Value: 0xFF
Minimum Firmware Version Required: 1.xA0

AT Command: ATRE
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RN (Random Delay Slots) Command

<Networking & Security> The RN command is 
used to set and read the minimum value of the 
back-off exponent in the CSMA-CA algorithm. The 
CSMA-CA algorithm was engineered for collision 
avoidance (random delays are inserted to prevent 
data loss caused by data collisions).

If RN = 0, collision avoidance is disabled during the first iteration of the algorithm (802.15.4 - 
macMinBE).

CSMA-CA stands for "Carrier Sense Multiple Access - Collision Avoidance". Unlike CSMA-CD (reacts 
to network transmissions after collisions have been detected), CSMA-CA acts to prevent data colli-
sions before they occur. As soon as a modem receives a packet that is to be transmitted, it checks 
if the channel is clear (no other modem is transmitting). If the channel is clear, the packet is sent 
over-the-air. If the channel is not clear, the modem waits for a randomly selected period of time, 
then checks again to see if the channel is clear. After a time, the process ends and the data is lost.

RO (Packetization Timeout) Command

<Serial Interfacing> RO command is used to set 
and read the number of character times of inter-
character delay required before transmission.

RF transmission commences when data is 
detected in the DI (data in from host) buffer and 
RO character times of silence are detected on the 
UART receive lines (after receiving at least 1 byte). 

RF transmission will also commence after 100 Bytes (maximum packet size) are received in the DI 
buffer.

Set the RO parameter to '0' to transmit characters as they arrive instead of buffering them into 
one RF packet.

RP (RSSI PWM Timer) Command

<I/O Settings {I/O Line Passing}> The RP com-
mand is used to enable PWM (Pulse Width Modu-
lation) output on the RF modem. The output is 
calibrated to show the level a received RF signal is 
above the sensitivity level of the modem. The 
PWM pulses vary from 24 to 100%. Zero percent 
means PWM output is inactive. One to 24% percent means the received RF signal is at or below 
the published sensitivity level of the modem. The following table shows levels above sensitivity 
and PWM values.

The total period of the PWM output is 64 µs. Because there are 445 steps in the PWM output, the 
minimum step size is 144 ns.

A non-zero value defines the time that the PWM output will be active with the RSSI value of the 
last received RF packet. After the set time when no RF packets are received, the PWM output will 
be set low (0 percent PWM) until another RF packet is received. The PWM output will also be set 
low at power-up until the first RF packet is received. A parameter value of 0xFF permanently 
enables the PWM output and it will always reflect the value of the last received RF packet.

PWM Percentages

dB above Sensitivity
PWM percentage

(high period / total period)

10 41%

20 58%

30 75%

AT Command: ATRN
Parameter Range: 0 - 3 [exponent]
Default Parameter Value: 0

AT Command: ATRO
Parameter Range:0 - 0xFF

[x character times]
Default Parameter Value: 3

AT Command: ATRP
Parameter Range:0 - 0xFF

[x 100 msec]
Default Parameter Value: 0x28 (40 decimal)
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RR (XBee Retries) Command

<Networking {Addressing}> The RR command is 
used set/read the maximum number of retries 
the modem will execute in addition to the 3 
retries provided by the 802.15.4 MAC. For each 
XBee retry, the 802.15.4 MAC can execute up to 3 
retries.

This values does not need to be set on all modems for retries to work. If retries are enabled, the 
transmitting modem will set a bit in the Maxstream RF Packet header which requests the receiving 
modem to send an ACK (acknowledgement). If the transmitting modem does not receive an ACK 
within 200 msec, it will re-send the packet within a random period up to 48 msec. Each XBee retry 
can potentially result in the MAC sending the packet 4 times (1 try plus 3 retries). Note that retries 
are not attempted for packets that are purged when transmitting with a Cyclic Sleep Coordinator.

SC (Scan Channels) Command

<Networking {Association}> The SC command is 
used to set and read the list of channels to scan 
for all Active and Energy Scans as a bit field.

This affects scans initiated in command mode [AS 
(Active Scan) and ED (Energy Scan) commands] 
and during End Device Association and Coordina-
tor startup.

bit 0 - 0x0B bit 4 - 0x0F bit 8 - 0x13 bit 12 - 0x17 
bit 1 - 0x0C bit 5 - 0x10 bit 9 - 0x14 bit 13 - 0x18 
bit 2 - 0x0D bit 6 - 0x11 bit 10 - 0x15 bit 14 - 0x19 
bit 3 - 0x0E bit 7 - 0x12 bit 11 - 0x16 bit 15 - 0x1A

SD (Scan Duration) Command

<Networking {Association}> The SD command is 
used to set and read the exponent value that 
determines the duration (in time) of a scan.

End Device (Duration of Active Scan during 
Association) - In a Beacon system, set SD = BE of 
the Coordinator. SD must be set at least to the 
highest BE parameter of any Beaconing Coordina-
tor with which an End Device or Coordinator wish 
to discover. 

Coordinator - If the ‘ReassignPANID’ option is set on the Coordinator [refer to A2 parameter], the 
SD parameter determines the length of time the Coordinator will scan channels to locate existing 
PANs. If the ‘ReassignChannel’ option is set, SD determines how long the Coordinator will perform 
an Energy Scan to determine which channel it will operate on.

Scan Time is measured as ((# of Channels to Scan) * (2 ^ SD) * 15.36ms). The number of chan-
nels to scan is set by the SC command. The XBee RF Modem can scan up to 16 channels (SC = 
0xFFFF). The XBee PRO RF Modem can scan up to 12 channels (SC = 0x1FFE).
Examples: Values below show results for a 12‐channel scan  

If SD = 0, time = 0.18 sec SD = 8, time = 47.19 sec

SD = 2, time = 0.74 sec SD = 10, time = 3.15 min

SD = 4, time = 2.95 sec SD = 12, time = 12.58 min

SD = 6, time = 11.80 sec SD = 14, time = 50.33 min

AT Command: ATRR
Parameter Range: 0 - 6
Default: 0
Minimum Firmware Version Required: 1.xA0

AT Command: ATSC
Parameter Range: 0 - 0xFFFF [Bitfield] 
(bits 0, 14, 15 are not allowed when using the 
XBee-PRO)
Default Parameter Value: 0x1FFE (all XBee-
PRO channels)
Related Commands: ED (Energy Scan), SD 
(Scan Duration)
Minimum Firmware Version Required: v1.x80

AT Command: ATSD
Parameter Range: 0 - 0x0F
Default Parameter Value: 4
Related Commands: ED (Energy Scan), SC 
(Scan Channel)
Minimum Firmware Version Required: v1.x80



XBee‐PRO PKG‐R™ RS‐232 RF Modem – 802.15.4 ‐ Product Manual v1.xAx [2006.09.30]

© 2006 MaxStream, Inc., Confidential & Proprietary ‐ All Rights Reserved       48

SH (Serial Number High) Command

<Diagnostics> The SH command is used to read 
the high 32 bits of the RF modem's unique IEEE 
64-bit address.

The modem serial number is set at the factory 
and is read-only.

SL (Serial Number Low) Command

<Diagnostics> The SL command is used to read 
the low 32 bits of the RF modem's unique IEEE 
64-bit address.

The modem serial number is set at the factory 
and is read-only.

SM (Sleep Mode) Command

<Sleep Mode (Low Power)> The SM command is 
used to set and read Sleep Mode settings. By 
default, Sleep Modes are disabled (SM = 0) and 
the RF modem remains in Idle/Receive Mode. 
When in this state, the modem is constantly 
ready to respond to either serial or RF activity.

SM command options vary according to the net-
working system type. By default, the modem is 
configured to operate in a NonBeacon system.

* The Sleep Coordinator option (SM=6) only 
exists for backwards compatibility with firmware 
version 1.x06 only. In all other cases, use the CE 
command to enable a Coordinator.

SP (Cyclic Sleep Period) Command

<Sleep Mode (Low Power)> The SP command is 
used to set and read the duration of time in which 
a remote RF modem sleeps. After the cyclic sleep 
period is over, the modem wakes and checks for 
data. If data is not present, the modem goes back 
to sleep. The maximum sleep period is 268 sec-
onds (SP = 0x68B0).

The SP parameter is only valid if the modem is 
configured to operate in Cyclic Sleep (SM = 4-6). 
Coordinator and End Device SP values should 
always be equal. 

To send Direct Messages, set SP = 0.

NonBeacon Firmware

End Device - SP determines the sleep period for cyclic sleeping remotes. Maximum sleep period is 
268 seconds (0x68B0).

Coordinator - If non-zero, SP determines the time to hold an indirect message before discarding it. 
A Coordinator will discard indirect messages after a period of (2.5 * SP).

AT Command: ATSH
Parameter Range: 0 - 0xFFFFFFFF [read-only]
Related Commands: SL (Serial Number Low), 
MY (Source Address)

AT Command: ATSL
Parameter Range: 0 - 0xFFFFFFFF [read-only]
Related Commands: SH (Serial Number High), 
MY (Source Address)

AT Command: ATSM
Parameter Range: 0 - 6
    Parameter Configuration

0 Disabled
1 Pin Hibernate
2 Pin Doze
3 (reserved)
4 Cyclic Sleep Remote

5 Cyclic Sleep Remote
(with Pin Wake-up)

6 Sleep Coordinator*
Default Parameter Value: 0
Related Commands: SP (Cyclic Sleep Period), 
ST (Time before Sleep)

AT Command: ATSP
Parameter 
Range:

NonBeacon Firmware: 
1 - 0x68B0 [x 10 milliseconds]

Default 
Parameter 
Value:

NonBeacon Firmware: 0

Related Commands: SM (Sleep Mode), ST 
(Time before Sleep), DP (Disassociation Cyclic 
Sleep Period, BE (Beacon Order)
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ST (Time before Sleep) Command

<Sleep Mode (Low Power)> The ST command is 
used to set and read the period of inactivity (no 
serial or RF data is sent or received) before acti-
vating Sleep Mode.

NonBeacon Firmware

Set/Read time period of inactivity (no serial or RF 
data is sent or received) before activating Sleep 
Mode. ST parameter is only valid with Cyclic Sleep 
settings (SM = 4 - 5).

Coordinator and End Device ST values must be equal.

T0 - T7 ((D0-D7) Output Timeout) Command

<I/O Settings {I/O Line Passing}> The T0, T1, 
T2, T3, T4, T5, T6 and T7 commands are used to 
set/read output timeout values for the lines that 
correspond with the D0 - D7 parameters. When 
output is set (due to I/O line passing) to a non-
default level, a timer is started which when 
expired, will set the output to its default level. The timer is reset when a valid I/O packet is 
received. The Tn parameter defines the permissible amount of time to stay in a non-default 
(active) state. If Tn = 0, Output Timeout is disabled (output levels are held indefinitely).

VL (Firmware Version - Verbose)

<Diagnostics> The VL command is used to read  
detailed version information about the RF 
modem. The information includes:  
application build date; MAC, PHY and bootloader 
versions; and build dates.

VR (Firmware Version) Command

<Diagnostics> The VR command is used to read 
which firmware version is stored in the modem. 

XBee version numbers will have four significant 
digits. The reported number will show three or four numbers and is stated in hexadecimal nota-
tion. A version can be reported as "ABC" or "ABCD". Digits ABC are the main release number and 
D is the revision number from the main release. "D" is not required and if it is not present, a zero 
is assumed for D. "B" is a variant designator. The following variants exist:

• "0" = Non-Beacon Enabled 802.15.4 Code

• "1" = Beacon Enabled 802.15.4 Code

WR (Write) Command

<(Special)> The WR command is used to write 

configurable parameters to the RF modem's non-
volatile memory. Parameter values remain in the 
modem's memory until overwritten by subsequent use of the WR Command. 

If changes are made without writing them to non-volatile memory, the modem reverts back to 
previously saved parameters the next time the modem is powered-on.

NOTE: Once the WR command is sent to the modem, no additional characters should be sent until 
after the “OK/r” response is received.

AT Command: ATST
Parameter 
Range:

NonBeacon Firmware: 
1 - 0xFFFF [x 1 millisecond]

Default 
Parameter 
Value:

NonBeacon Firmware: 0x1388  
(5000 decimal)

Related Commands: SM (Sleep Mode), ST 
(Time before Sleep)

AT Commands: ATT0 - ATT7
Parameter Range:0 - 0xFF [x 100 msec]
Default Parameter Value:0xFF
Minimum Firmware Version Required: v1.xA0

AT Command: ATVL
Parameter Range:0 - 0xFF

[x 100 milliseconds]
Default Parameter Value: 0x28 (40 decimal)
Minimum Firmware Version Required: v1.x80

AT Command: ATVR
Parameter Range: 0 - 0xFFFF [read only]

AT Command: ATWR
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4.4. API Operation

By default, XBee-PRO RF Modems act as a serial line replacement (Transparent Operation) - all 

UART data received through the DI pin is queued up for RF transmission. When the modem 
receives an RF packet, the data is sent out the DO pin with no additional information.

Inherent to Transparent Operation are the following behaviors:

• If modem parameter registers are to be set or queried, a special operation is required for 
transitioning the modem into Command Mode.

• In point-to-multipoint systems, the application must send extra information so that the 
receiving modem(s) can distinguish between data coming from different remotes.

As an alternative to the default Transparent Operation, API (Application Programming Interface) 
Operations are available. API operation requires that communication with the modem be done 
through a structured interface (data is communicated in frames in a defined order). The API spec-
ifies how commands, command responses and modem status messages are sent and received 
from the modem using a UART Data Frame.

4.4.1. API Frame Specifications

Two API modes are supported and both can be enabled using the AP (API Enable) command. Use 

the following AP parameter values to configure the modem to operate in a particular mode:

• AP = 0 (default): Transparent Operation (UART Serial line replacement) 
API modes are disabled.

• AP = 1: API Operation

• AP = 2: API Operation (with escaped characters)

Any data received prior to the start delimiter is silently discarded. If the frame is not received cor-
rectly or if the checksum fails, the data is silently discarded.

API Operation (AP parameter = 1)

When this API mode is enabled (AP = 1),  the UART data frame structure is defined as follows:

Figure 4‐03. UART Data Frame Structure:

MSB = Most Significant Byte, LSB = Least Significant Byte

API Operation - with Escape Characters (AP parameter = 2)

When this API mode is enabled (AP = 2), the UART data frame structure is defined as follows:

Figure 4‐04. UART Data Frame Structure ‐ with escape control characters:

MSB = Most Significant Byte, LSB = Least Significant Byte

Escape characters. When sending or receiving a UART data frame, specific data values must be 
escaped (flagged) so they do not interfere with the UART or UART data frame operation. To escape 
an interfering data byte, insert 0x7D and follow it with the byte to be escaped XOR’d with 0x20.

Start Delimiter
(Byte 1)

Length
(Bytes 2-3)

Frame Data
(Bytes 4-n)

Checksum
(Byte n + 1)

0x7E MSB LSB API-specific Structure 1 Byte

Start Delimiter
(Byte 1)

Length
(Bytes 2-3)

Frame Data
(Bytes 4-n)

Checksum
(Byte n + 1)

0x7E MSB LSB API-specific Structure 1 Byte

Characters Escaped If Needed
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Data bytes that need to be escaped:

• 0x7E – Frame Delimiter

• 0x7D – Escape

• 0x11 – XON

• 0x13 – XOFF

Note: In the above example, the length of the raw data (excluding the checksum) is 0x0002 and 
the checksum of the non-escaped data (excluding frame delimiter and length) is calculated as: 
0xFF - (0x23 + 0x11) = (0xFF - 0x34) = 0xCB.

Checksum

To test data integrity, a checksum is calculated and verified on non-escaped data.

To calculate: Not including frame delimiters and length, add all bytes keeping only the lowest 8 
bits of the result and subtract from 0xFF.

To verify: Add all bytes (include checksum, but not the delimiter and length). If the checksum is 
correct, the sum will equal 0xFF.

4.4.2. API Types

Frame data of the UART data frame forms an API-specific structure as follows:

Figure 4‐05. UART Data Frame & API‐specific Structure:

The cmdID frame (API-identifier) indicates which API messages will be contained in the cmdData 
frame (Identifier-specific data). Refer to the sections that follow for more information regarding 
the supported API types. Note that multi-byte values are sent big endian.

Modem Status

API Identifier: 0x8A 
RF modem status messages are sent from the modem in response to specific conditions.

Figure 4‐06.  Modem Status Frames

Example -  Raw UART Data Frame (before escaping interfering bytes):  
     0x7E 0x00 0x02 0x23 0x11 0xCB

0x11 needs to be escaped which results in the following frame:   
0x7E 0x00 0x02 0x23 0x7D 0x31 0xCB

Length
(Bytes 2-3)

Checksum
(Byte n + 1)

MSB LSB 1 Byte

Start Delimiter
(Byte 1)

0x7E

Frame Data
(Bytes 4-n)

API-specific Structure

Identifier-specific Data

cmdData

API Identifier

cmdID

cmdData0x8A

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Status (Byte 5)

0 = Hardware reset
1 = Watchdog timer reset
2 = Associated
3 = Disassociated
4 = Synchronization Lost
      (Beacon-enabled only)
5 = Coordinator realignment
6 = Coordinator started
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AT Command

API Identifier Value: 0x08 
The “AT Command” API type allows for modem parameters to be queried or set. When using this 
command ID, new parameter values are applied immediately. This includes any register set with 
the “AT Command - Queue Parameter Value” (0x09) API type.

Figure 4‐07. AT Command Frames

Figure 4‐08. Example: API frames when reading the DL parameter value of the modem.

Figure 4‐09. Example: API frames when modifying the DL parameter value of the modem.

AT Command - Queue Parameter Value

API Identifier Value: 0x09 
This API type allows modem parameters to be queried or set. In contrast to the “AT Command” 
API type, new parameter values are queued and not applied until either the “AT Command” (0x08) 
API type or the AC (Apply Changes) command is issued. Register queries (reading parameter val-
ues) are returned immediately.

Figure 4‐010.AT Command Frames  
(Note that frames are identical to the “AT Command” API type except for the API identifier.)

cmdData0x08

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5)

Identifies the UART data frame for the host to
correlate with a subsequent ACK (acknowledgement).
If set to ‘0’, no response is sent.

AT Command (Bytes 6-7)

Command Name - Two
ASCII characters that
identify the AT Command.

Parameter Value (Byte(s) 8-n)

If present, indicates the requested parameter
value to set the given register.
If no characters present, register is queried.

* Length [Bytes] = API Identifier + Frame ID + AT Command
** “R” value was arbitrarily selected.

Checksum

0x15

Byte 8

AT Command

Bytes 6-7

Frame ID**

0x52 (R)

Byte 5

0x44 (D) 0x4C (L)

API Identifier

0x08

Byte 4

Start Delimiter

Byte 1

0x7E

Length*

Bytes 2-3

0x00 0x04

* Length [Bytes] = API Identifier + Frame ID + AT Command + Parameter Value
** “M” value was arbitrarily selected.

Checksum

0x0C

Byte 12

AT Command

Bytes 6-7

0x44 (D) 0x4C (L)

Parameter Value

0x00000FFF

Bytes 8-11

Frame ID**

0x4D (M)

Byte 5

Length*

Bytes 2-3

0x00 0x08

API Identifier

0x08

Byte 4

Start Delimiter

Byte 1

0x7E

cmdData0x09

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5)

Identifies the UART data frame for the host to
correlate with a subsequent ACK (acknowledgement).
If set to ‘0’, no response is requested.

AT Command (Bytes 6-7)

Command Name - Two
ASCII characters that
identify the AT Command.

Parameter Value (Byte(s) 8-n)

If present, indicates the requested parameter
value to set the given register.
If no characters present, register is queried.
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AT Command Response

API Identifier Value: 0x88 
Response to previous command.

In response to an AT Command message, the modem will send an AT Command Response mes-
sage. Some commands will send back multiple frames (for example, the ND (Node Discover) and 
AS (Active Scan) commands). These commands will end by sending a frame with a status of 
ATCMD_OK and no cmdData.

Figure 4‐011.AT Command Response Frames.

TX (Transmit) Request: 64-bit address

API Identifier Value: 0x00 
A TX Request message will cause the modem to send RF Data as an RF Packet.

Figure 4‐12. TX Packet (64‐bit address) Frames

TX (Transmit) Request: 16-bit address

API Identifier Value: 0x01 
A TX Request message will cause the modem to send RF Data as an RF Packet.

Figure 4‐13. TX Packet (16‐bit address) Frames

cmdData0x88

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5 )

Identifies the UART data frame being reported.
Note: If Frame ID = 0 in AT Command Mode,
no AT Command Response will be given.

AT Command (Bytes 6-7)

Command Name - Two
ASCII characters that
identify the AT Command.

Status (Byte 8)

0 = OK
1 = ERROR

Value (Byte(s) 9-n)

The HEX (non-ASCII) value
of the requested register

cmdData0x00

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5)

Identifies the UART data frame for the host to
correlate with a subsequent ACK (acknowledgement).
Setting Frame ID to ‘0' will disable response frame.

Destination Address (Bytes 6-13)

MSB first, LSB last.
Broadcast =
0x000000000000FFFF

Options (Byte 14)

0x01 = Disable ACK
0x04 = Send packet with Broadcast Pan ID
All other bits must be set to 0.

RF Data (Byte(s) 15-n)

Up to 100 Bytes per packet

cmdData0x01

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5)

Identifies the UART data frame for the host to
correlate with a subsequent ACK (acknowledgement).
Setting Frame ID to ‘0' will disable response frame.

Destination Address (Bytes 6-7)

MSB first, LSB last.
Broadcast = 0xFFFF

Options (Byte 8)

0x01 = Disable ACK
0x04 = Send packet with Broadcast Pan ID
All other bits must be set to 0.

RF Data (Byte(s) 9-n)

Up to 100 Bytes per packet
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TX (Transmit) Status

API Identifier Value: 0x89 
When a TX Request is completed, the modem sends a TX Status message. This message will indi-
cate if the packet was transmitted successfully or if there was a failure.

Figure 4‐14. TX Status Frames

NOTES:

• “STATUS = 1” occurs when all retries are expired and no ACK is received.

• If transmitter broadcasts (destination address = 0x000000000000FFFF), only  
“STATUS = 0 or 2” will be returned.

• “STATUS = 3” occurs when Coordinator times out of an indirect transmission.  
Timeout is defined as (2.5 x SP (Cyclic Sleep Period) parameter value).

RX (Receive) Packet: 64-bit Address

API Identifier Value: 0x80 
When the modem receives an RF packet, it is sent out the UART using this message type.

Figure 4‐15. RX Packet (64‐bit address) Frames

RX (Receive) Packet: 16-bit Address

API Identifier Value: 0x81 
When the modem receives an RF packet, it is sent out the UART using this message type.

Figure 4‐16. RX Packet (16‐bit address) Frames

cmdData0x89

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

Frame ID (Byte 5) Status (Byte 6)

0 = Success
1 = No ACK (Acknowledgement) received
2 = CCA failure
3 = Purged

Identifies UART data frame being reported.
Note: If Frame ID = 0 in the TX Request, no
AT Command Response will be given.

cmdData0x80

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

bit 0 [reserved]
bit 1 = Address broadcast
bit 2 = PAN broadcast
bits 3-7 [reserved]

Up to 100 Bytes per packet

Received Signal Strength Indicator -
Hexadecimal equivalent of (-dBm) value.
(For example: If RX signal strength = -40
dBm, “0x28” (40 decimal) is returned)

Source Address (Bytes 5-12) Options (Byte 14) RF Data (Byte(s) 15-n)RSSI (Byte 13)

MSB (most significant byte) first,
LSB (least significant) last

cmdData0x81

Length ChecksumStart Delimiter Frame Data

Identifier-specific DataAPI Identifier

MSB LSB0x7E 1 ByteAPI-specific Structure

bit 0 [reserved]
bit 1 = Address broadcast
bit 2 = PAN broadcast
bits 3-7 [reserved]

Up to 100 Bytes per packet

Received Signal Strength Indicator -
Hexadecimal equivalent of (-dBm) value.
(For example: If RX signal strength = -40
dBm, “0x28” (40 decimal) is returned)

Source Address (Bytes 5-6) RSSI (Byte 7)

MSB (most significant byte) first,
LSB (least significant) last

Options (Byte 8) RF Data (Byte(s) 9-n)
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Appendix A: Agency Certifications

FCC Certification

XBee-PRO RF Modems comply with Part 15 of the FCC rules and regulations. Compliance with the 

labeling requirements, FCC notices and antenna usage guidelines is required.

To fulfill FCC Certification requirements, the OEM must comply with the following regulations:

OEM Labeling Requirements

WARNING: The Original Equipment Manufacturer (OEM) must ensure that FCC labeling 
requirements are met. This includes a clearly visible label on the outside of the final 
product enclosure that displays the contents shown in the figure below.

Figure A‐01. Required FCC Label for OEM products containing the XBee‐PRO RF Modem 

FCC Notices

IMPORTANT: The XBee-PRO RS-232 RF Modem has been certified by the FCC for use with other 

products without any further certification (as per FCC section 2.1091). Modifications not expressly 
approved by MaxStream could void the user's authority to operate the equipment.

IMPORTANT: OEMs must test final product to comply with unintentional radiators (FCC section 
15.107 & 15.109) before declaring compliance of their final product to Part 15 of the FCC Rules.

IMPORTANT: The RF modem has been certified for remote and base radio applications. If the 
modem will be used for portable applications, the device must undergo SAR testing.

This equipment has been tested and found to comply with the limits for a Class B digital device, 
pursuant to Part 15 of the FCC Rules. These limits are designed to provide reasonable protection 
against harmful interference in a residential installation. This equipment generates, uses and can 
radiate radio frequency energy and, if not installed and used in accordance with the instructions, 
may cause harmful interference to radio communications. However, there is no guarantee that 
interference will not occur in a particular installation. 

If this equipment does cause harmful interference to radio or television reception, which can be 
determined by turning the equipment off and on, the user is encouraged to try to correct the inter-
ference by one or more of the following measures: Re-orient or relocate the receiving antenna, 
Increase the separation between the equipment and receiver, Connect equipment and receiver to 
outlets on different circuits, or Consult the dealer or an experienced radio/TV technician for help.

1. The system integrator must ensure that the text on the external label provided with this 
device is placed on the outside of the final product [Figure A-01].

2. XBee-PRO RF Modems may only be used with antennas that have been tested and approved 
for use with this modem [refer to the antenna tables in this section].

Contains FCC ID: OUR-XBEEPRO

The enclosed device complies with Part 15 of the FCC Rules. Operation is subject to the following two 
conditions: (i.) this device may not cause harmful interference and (ii.) this device must accept any inter-
ference received, including interference that may cause undesired operation.
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FCC-Approved Antennas (2.4 GHz)

The XBee-PRO RF Modem can be installed utilizing antennas and cables constructed with standard connectors (Type-

N, SMA, TNC, etc.) if the installation is performed professionally and according to FCC guidelines. For installations 
not performed by a professional, non-standard connectors (RPSMA, RPTNC, etc.) must be used.

The modems are FCC approved for fixed base station and mobile applications on channels 0x0C - 0x17. If the 
antenna is mounted at least 20cm (8 in.) from nearby persons, the application is considered a mobile application. 
Antennas not listed in the table must be tested to comply with FCC Section 15.203 (Unique Antenna Connectors) 
and Section 15.247 (Emissions).

XBee-PRO RF Modems: XBee-PRO RF Modems have been tested and approved for use with the antennas listed in 
the tables below. Cable-loss is required when using antennas listed in Table A-02.

Table A‐01. Antennas approved for use with the XBee‐PRO RF Modems (Cable‐loss is not required.)    

Table A‐02. Antennas approved for use with the XBee‐PRO RF Modems (Cable‐loss is required)

* If using the RF modem in a portable application (For example ‐ If the modem is used in a handheld device and the antenna is less 
than 20cm from the human body when the device is operation): The integrator is responsible for passing additional SAR (Specific 
Absorption Rate) testing based on FCC rules 2.1091 and FCC Guidelines for Human Exposure to Radio Frequency Electromagnetic 
Fields, OET Bulletin and Supplement C. The testing results will be submitted to the FCC for approval prior to selling the integrated 
unit. The required SAR testing measures emissions from the modem and how they affect the person.

RF Exposure

WARNING: To satisfy FCC RF exposure requirements for mobile transmitting devices, a separation distance of 
20 cm or more should be maintained between the antenna of this device and persons during device operation. 
To ensure compliance, operations at closer than this distance is not recommended. The antenna used for this 
transmitter must not be co-located in conjunction with any other antenna or transmitter.

The preceding statement must be included as a CAUTION statement in OEM product manuals in order to alert users 
of FCC RF Exposure compliance.

Part Number Type (Description) Gain Application* Min. Separation
A24-HSM-450 Dipole (Half-wave articulated RPSMA - 4.5”) 2.1 dBi Fixed/Mobile 20 cm
A24-HABSM Dipole (Articulated RPSMA) 2.1 dBi Fixed 20 cm
A24-HABUF-P5I Dipole (Half-wave articulated bulkhead mount U.FL. w/ 5” pigtail) 2.1 dBi Fixed 20 cm
A24-QI Monopole (Integrated whip) 1.5 dBi Fixed 20 cm

Part Number Type (Description) Gain Application* Min. Separation Required Cable-loss
A24-C1 Surface Mount -1.5 dBi Fixed/Mobile 20 cm -
A24-Y4NF Yagi (4-element) 6.0 dBi Fixed 2 m 8.1 dB
A24-Y6NF Yagi (6-element) 8.8 dBi Fixed 2 m 10.9 dB
A24-Y7NF Yagi (7-element) 9.0 dBi Fixed 2 m 11.1 dB
A24-Y9NF Yagi (9-element) 10.0 dBi Fixed 2 m 12.1 dB
A24-Y10NF Yagi (10-element) 11.0 dBi Fixed 2 m 13.1 dB
A24-Y12NF Yagi (12-element) 12.0 dBi Fixed 2 m 14.1 dB
A24-Y13NF Yagi (13-element) 12.0 dBi Fixed 2 m 14.1 dB
A24-Y15NF Yagi (15-element) 12.5 dBi Fixed 2 m 14.6 dB
A24-Y16NF Yagi (16-element) 13.5 dBi Fixed 2 m 15.6 dB
A24-Y16RM Yagi (16-element, RPSMA connector) 13.5 dBi Fixed 2 m 15.6 dB
A24-Y18NF Yagi (18-element) 15.0 dBi Fixed 2 m 17.1 dB
A24-F2NF Omni-directional (Fiberglass base station) 2.1 dBi Fixed/Mobile 20 cm 4.2 dB
A24-F3NF Omni-directional (Fiberglass base station) 3.0 dBi Fixed/Mobile 20 cm 5.1 dB
A24-F5NF Omni-directional (Fiberglass base station) 5.0 dBi Fixed/Mobile 20 cm 7.1 dB
A24-F8NF Omni-directional (Fiberglass base station) 8.0 dBi Fixed 2 m 10.1 dB
A24-F9NF Omni-directional (Fiberglass base station) 9.5 dBi Fixed 2 m 11.6 dB
A24-F10NF Omni-directional (Fiberglass base station) 10.0 dBi Fixed 2 m 12.1 dB
A24-F12NF Omni-directional (Fiberglass base station) 12.0 dBi Fixed 2 m 14.1 dB
A24-F15NF Omni-directional (Fiberglass base station) 15.0 dBi Fixed 2 m 17.1 dB
A24-W7NF Omni-directional (Base station) 7.2 dBi Fixed 2 m 9.3 dB
A24-M7NF Omni-directional (Mag-mount base station) 7.2 dBi Fixed 2 m 9.3 dB
A24-P8SF Flat Panel 8.5 dBi Fixed 2 m 8.6 dB
A24-P8NF Flat Panel 8.5 dBi Fixed 2 m 8.6 dB
A24-P13NF Flat Panel 13.0 dBi Fixed 2 m 13.1 dB
A24-P14NF Flat Panel 14.0 dBi Fixed 2 m 14.1 dB
A24-P15NF Flat Panel 15.0 dBi Fixed 2 m 15.1 dB
A24-P16NF Flat Panel 16.0 dBi Fixed 2 m 16.1 dB
A24-P19NF Flat Panel 19.0 dBi Fixed 2 m 19.1 dB
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European Certification

The XBee-PRO RF Modem has been certified for use in several European countries. For a complete 

list, refer to www.maxstream.net.

If the XBee-PRO RF Modems are incorporated into a product, the manufacturer must ensure com-
pliance of the final product to the European harmonized EMC and low-voltage/safety standards. A 
Declaration of Conformity must be issued for each of these standards and kept on file as described 
in Annex II of the R&TTE Directive. 

Furthermore, the manufacturer must maintain a copy of the XBee-PRO user manual documenta-
tion and ensure the final product does not exceed the specified power ratings, antenna specifica-
tions, and/or installation requirements as specified in the user manual. If any of these 
specifications are exceeded in the final product, a submission must be made to a notified body for 
compliance testing to all required standards.

OEM Labeling Requirements

The 'CE' marking must be affixed to a visible location on the OEM product.

Figure A‐02. CE Labeling Requirements

The CE mark shall consist of the initials "CE" taking the following form:

• If the CE marking is reduced or enlarged, the proportions given in the above graduated draw-
ing must be respected.

• The CE marking must have a height of at least 5mm except where this is not possible on 
account of the nature of the apparatus.

• The CE marking must be affixed visibly, legibly, and indelibly.

Restrictions

Power Output: The power output of the XBee-PRO RF Modems must not exceed 10 dBm. The 

power level is set using the PL command and the PL parameter must equal “0” (10 dBm).

France: France imposes restrictions on the 2.4 GHz band. Go to www.art-telecom.Fr or contact 
MaxStream for more information.

Norway: Norway prohibits operation near Ny-Alesund in Svalbard. More information can be found 
at the Norway Posts and Telecommunications site (www.npt.no).

Declarations of Conformity

MaxStream has issued Declarations of Conformity for the XBee-PRO RF Modems concerning emis-

sions, EMC and safety. Files are located in the 'documentation' folder of the MaxStream CD.

Important Note

MaxStream does not list the entire set of standards that must be met for each country. MaxStream 
customers assume full responsibility for learning and meeting the required guidelines for each 
country in their distribution market. For more information relating to European compliance of an 
OEM product incorporating the XBee-PRO RF Modem, contact MaxStream, or refer to the following 
web sites:

CEPT ERC 70-03E - Technical Requirements, European restrictions and general requirements: 
Available at www.ero.dk/.

R&TTE Directive - Equipment requirements, placement on market: Available at www.ero.dk/.
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Approved Antennas

When integrating high-gain antennas, European regulations stipulate EIRP power maximums. Use 
the following guidelines to determine which antennas to design into an application.

XBee-PRO (@ 10 dBm Transmit Power, PL parameter value must equal 0)

The following antennas have been tested and approved for use with the embedded XBee-PRO RF 
Module:

• Dipole (2.1 dBi, Omni-directional, Articulated RPSMA, MaxStream part number A24-HABSM)

• Chip Antenna (-1.5 dBi)

• Attached Monopole Whip (1.5 dBi)

The RF modem encasement was designed to accommodate the RPSMA antenna option.

IC (Industry Canada) Certification

Labeling Requirements

Labeling requirements for Industry Canada are similar to those of the FCC. A clearly visible label 
on the outside of the final product enclosure must display the following text:

Contains Model XBee-PRO Radio, IC: 4214A-XBEEPRO

The integrator is responsible for its product to comply with IC ICES-003 & FCC Part 15, Sub. B - 
Unintentional Radiators. ICES-003 is the same as FCC Part 15 Sub. B and Industry Canada accepts 
FCC test report or CISPR 22 test report for compliance with ICES-003.
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Appendix B: Additional Information

1-Year Warranty

XBee-PRO RF Modems from MaxStream, Inc. (the "Product") are warranted against defects in 

materials and workmanship under normal use, for a period of 1-year from the date of purchase. In 
the event of a product failure due to materials or workmanship, MaxStream will repair or replace 
the defective product. For warranty service, return the defective product to MaxStream, shipping 
prepaid, for prompt repair or replacement.

The foregoing sets forth the full extent of MaxStream's warranties regarding the Product. Repair or 
replacement at MaxStream's option is the exclusive remedy. THIS WARRANTY IS GIVEN IN LIEU 
OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, AND MAXSTREAM SPECIFICALLY DISCLAIMS 
ALL WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. IN NO EVENT 
SHALL MAXSTREAM, ITS SUPPLIERS OR LICENSORS BE LIABLE FOR DAMAGES IN EXCESS OF THE 
PURCHASE PRICE OF THE PRODUCT, FOR ANY LOSS OF USE, LOSS OF TIME, INCONVENIENCE, 
COMMERCIAL LOSS, LOST PROFITS OR SAVINGS, OR OTHER INCIDENTAL, SPECIAL OR CONSE-
QUENTIAL DAMAGES ARISING OUT OF THE USE OR INABILITY TO USE THE PRODUCT, TO THE 
FULL EXTENT SUCH MAY BE DISCLAIMED BY LAW. SOME STATES DO NOT ALLOW THE EXCLUSION 
OR LIMITATION OF INCIDENTAL OR CONSEQUENTIAL DAMAGES. THEREFORE, THE FOREGOING 
EXCLUSIONS MAY NOT APPLY IN ALL CASES. This warranty provides specific legal rights. Other 
rights which vary from state to state may also apply.

Ordering Information

Figure B‐01. Divisions of the XBee‐PRO RF Modem Part Numbers 

For example: 

XBP24-PKI-001-RA = XBee-PRO RF Modem (2.4 GHz), Industrial temperature rating, IEEE 
802.15.4 standard, RS-232 Interface w/ accessories
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Contact MaxStream

Free and unlimited technical support is included with every MaxStream Radio Modem sold. For the 
best in wireless data solutions and support, please use the following resources:

MaxStream office hours are 8:00 am - 5:00 pm [U.S. Mountain Standard Time]

Documentation:  www.maxstream.net/support/downloads.php

Technical Support:  Phone. (866) 765-9885 toll-free U.S.A. & Canada 
(801) 765-9885 Worldwide

Live Chat. www.maxstream.net

 E-Mail. rf-xperts@maxstream.net 
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1 Introduction 
 
The following operation and maintenance manual is for the Aerated Static Pile 
Composter™ (ASP Composter or ASP) system provided and manufactured by 
Engineered Compost Systems (ECS). This manual is specifically written for the 
Kelowna/Vernon Regional Compost Facility and is intended as a reference for the 
facility operators at this site only. It should be considered a supplement to, and not a 
replacement for, the on-site operator startup training. For additional technical 
assistance, E-mail support@compostsystems.com. 
 
This manual provides the operator with an ASP Composter system overview, basic 
operating procedures, and basic maintenance procedures. Instructions for using the 
CompTroller™ graphical user interface (GUI) and biofilters are also provided.   
 
The Appendices include information on best management practices for composting, 
additional background information on biofilters, and manufacturer data sheets for some 
of the supplied composting equipment. 
 
This manual is the copyrighted property of Engineered Compost Systems, Inc.  It is 
intended solely for the use of our clients as a guide for effective composting.  It is not 
intended to be a comprehensive guide to the operation of a composting facility and the 
methodologies explained herein may not be applicable to every composting facility. 
Engineered Compost Systems, Inc. strongly advises all compost facility operators to 
become Certified Operators per the US Composting Council, and thereby be able to 
make informed process decisions. 
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2 System Overview 
 
The ASP Composter uses a centralized aeration system that provides metabolic 
oxygen and cooling air to multiple aerated static compost piles.  Variable-speed fans 
generate the necessary airflow through supply and exhaust plenums.  Dampers at each 
zone modulate the airflow to the material. These dampers can supply negative airflow 
(top down), positive airflow (bottom up), or turn the airflow off.  The control system 
continually monitors temperatures in the piles and adjusts airflow to maintain defined set 
points for different stages of the composting process. A variable portion of the exhaust 
air is re-circulated or exhausted.  The make-up air and exhaust air volumes are 
controlled by motorized dampers with a feedback signal from each Remote Node. All 
exhausted air is passed through a biofilter to remove odors. 
 
A typical system is organized in groups of zones (a “zone” is a single area that 
represents an independently controlled and aerated volume of compost).  A group of 
zones are all connected to a common aeration plenum and process air fan. Each group 
of zones is called a Fan Group (since each group of zones shares a common process 
fan).  At this site there are five (5) Fan Groups, which are all monitored and controlled 
via the CompTroller™ automated control system. 
 
The aeration rates in the ASP Composter™ are widely variable and are controlled by 
setpoints according to the operator’s process goals.  Typically, aeration rates are set 
just high enough to adequately control the temperatures within the composting material.  
Lower aeration rates can be used to reduce fan power requirements and to limit the 
amount of drying that occurs during the process.  However, odorous conditions may 
occur at the surfaces of the piles due to higher temperatures and possibly lower oxygen 
levels.  
 
The major components of the ASP Composter™ system include the following: 
 

 Zone Floor Trenches 
 Aeration System 
 CompTroller™ and CompTroller™ GUI 
 Biofilter 

 
Additionally, a system may also include a feedstock mixer, material handling conveyors 
and equipment for loading and unloading the zones. 
 
All the major components are intended to work together as a system, and need to be 
competently operated and well maintained to insure successful facility operation.  
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3 Basic Operating Instructions 
 
The two basic operating tasks for your ASP Composter™ system are loading and 
unloading a zone. The following instructions are a simplified list of steps and are only to 
be used by previously trained operators as a reminder or checklist.  A more detailed 
description of the systems components used in these steps, especially the 
CompTroller™ is given in subsequent chapters. 

3.1 Loading a Compost Zone 
1. Make sure there is no batch for this zone running in the Comptroller GUI (see 

Section 7 for Comptroller GUI instructions). 
2. Mix an appropriate amount of dry materials with wet feedstock to achieve a mix 

with 38-45 % solids and a bulk density of 800-900 lbs/yd3. Information on mix 
ratios using materials of various moisture contents can be found in Section 11. 

3. Set the aeration control switch to POSITIVE on the Remote Node.  The Remote 
Node is located in the control shed for the Fan Group that corresponds to this 
zone.  Switching the damper to positive will maintain airflow out of the zone 
trenches and help prevent material from falling into the trenches during loading.  

4. Load material onto the zone floor using a front end loader until it is full.  The 
material should be piled at a relatively uniform height (minimum: 6ft). The base 
of the pile should extend a minimum of 4ft from the sides and ends of the floor 
trenches. 

5. If necessary, apply 12” of top cover material to insulate the pile. 
6. Drag each of the two temperature probes for the zone out to their full cable 

length and insert them into the pile.  In the case of the TeleProbes, which don’t 
have cables, locate each probe at approximately 1/3 and 2/3 of the length of the 
pile.  Probes should be inserted into the top of the pile up to the base of the 
handle. 

7. Switch the damper control back to AUTO on the Remote Node. 
8. Use the CompTroller GUI to start logging and begin automatic control of the 

newly loaded zone, See “Creating a New Compost Batch—OPERATOR 
ONLY,” Section 7.4 or “Moving a Compost Batch to Another Zone—
OPERATOR ONLY,” Section 7.6, respective to whether the compost batch is 
being created or moved. 
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3.2 Unloading a Compost Zone 
1. Use the CompTroller GUI to stop logging and suspend automatic control of the 

zone to be unloaded, See Section 7.5 “Turning a Zone On/Off - OPERATOR 
ONLY”.  Be sure to save the data for any batch that is being removed from the 
system (i.e. not moved to another zone).  See Section 7.10 “Saving the History 
of a Batch”. 

2. Remove the temperature probes from the pile and store in their holding racks or 
temporarily place them into the material of an adjacent zone. Make sure any 
probe cables are clear of any equipment. 

3. Set the aeration control switch to POSITIVE on the Remote Node. The positive 
airflow will help to keep the floor trenches clear of debris during unloading. 

4. Using a front-end loader, unload the material from the zone. 
5. Set the aeration control switch to CLOSED to halt airflow through the floor 

trenches. 
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4 Aeration System 
 

The ASP Composter uses a centralized aeration system to provide metabolic oxygen 
and cooling for the aerobic composting process. One or more variable-speed fans 
generate the airflow necessary while aeration dampers modulate the amount and 
direction of airflow to each zone: negative (top down), positive (bottom up), or off.   

4.1 Zone Aeration Floor 
The zones have an aeration floor that provides evenly distributed aeration while 
allowing drainage for condensate and leachate collection.  This floor is comprised 
of trenches cast in the concrete with perforated stainless steel covers that extend 
most of the floor’s length.  The aeration floor is connected to a drain line to the 
rear of the zones (typically located in the aeration hallway directly behind the 
zones) and to a collection sump for managing the condensate and leachate 
collection. 

4.2 Fans and VFDs 
Each ASP system has a process fan (Supply Fan) to provide positive air to a 
group of zones, and in the case of Fan Groups 3, 4, and 5, an exhaust fan for 
drawing air from the zones into the biofilter. Each fan is connected to a variable 
frequency drive (VFD) so that the CompTroller™ can automatically regulate the 
speed of the fans. The CompTroller will constantly adjust the speed of the fans to 
maintain constant pressures in the supply and exhaust plenums. 

4.3 Zone Dampers and Actuators 
Dampers with electric actuators are used to control the amount of air drawn 
through each compost pile. Each zone has two dampers connected to the supply 
and exhaust plenums. These dampers vary the amount and direction of the 
airflow to each zone.  The amount of air drawn through a pile depends on the 
pressure in the supply or exhaust plenum and the amount that a damper is open.  
Pressure in each duct is controlled by varying fan speeds and is maintained at a 
fixed setpoint. The CompTroller determines the amount that a damper is open 
based on readings from temperature probes in the composting material.  
If the temperatures are above the target set point, the damper will be opened, 
drawing more air through the pile to cool it. If the temperatures are below the set 
point, the damper will be closed to draw less air. While the compost batch is 
running under automatic control, the damper will always remain open a minimum 
amount in order to maintain minimum oxygen levels in the pile. 
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5 CompTroller 
 
The Comptroller™ is the brain of the ASP system. It is a distributed control system 
responsible for making the automatic decisions in the composting system. The 
CompTroller is responsible for achieving regulatory compliance and for logging the data 
required to provide a compliance record. Additionally, the operator is given real-time 
system data and information so that the process can be continuously monitored and, if 
required, adjusted in the CompTroller graphical user interface (GUI). 
 
A dedicated computer (the control server) runs the main control program and is 
connected to a network of remote I/O devices. These devices include the fan VFDs and 
ECS proprietary zone controller devices. The zone controllers are ruggedized I/O 
devices specifically designed and built by ECS for industrial composting applications. 
Typically, there is one zone controller in each zone junction box which connects to the 
zone dampers and to the zone temperature probes. All the I/O devices in a fan group 
are connected to a local area network (Modbus), which is then connected by Ethernet to 
the control server.  In addition to running the main control program, the control server 
runs the CompTroller™ GUI that can be accessed through any remote computer by 
using a standard web browser. 

5.1 Temperature Probes and Pressure Sensors 
The ASP system has temperature probes and pressure sensors to provide the 
operators with current operating conditions and to give the CompTroller the 
information needed to determine the damper and fan settings.  The CompTroller 
GUI displays all current temperatures and pressures and allows the user to view 
historical (logged) data.  
 
All the temperature probes in the ASP system are designed and built by ECS to 
withstand the harsh and rugged environment of an industrial compost facility. 
 
There are two temperature probes dedicated to each zone. Each probe has two 
sensing elements (one near the tip and one approximately 40 inches above the 
tip) and is inserted vertically into the pile.  Together they provide the CompTroller 
with two top temperatures and two bottom temperatures in each pile.  This facility 
uses two types of zone temperature probe; the wireless RF TeleProbe™ in Fan 
Groups 1, 2 and 3, and a wired version in Fan Groups 4 and 5.  Both types of 
probe use the same rugged stainless steel shaft and handle.  The wired probes 
are connected to the junction boxes behind each zone on the back side of the 
concrete pushwall and the wireless probes transmit data to an antenna at each 
control shed.  For specific information on setup, use, and maintenance of the RF 
TeleProbes™, see the included TeleProbe manual. 
 
In addition to the zone temperature probes, there are in-duct temperature probes 
and biofilter temperature probes. The duct temperature probes are used to 
measure the temperature of the process air. In-duct temperature probes have 
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small-diameter, stainless steel shafts that mount in a through-wall fitting on the 
duct.  Each supply plenum and exhaust plenum has one such temperature probe. 
 
The pressure sensors are mounted directly to 1/2-inch NPT taps on the aeration 
plenums; there are two or four in each fan group. One is located on the supply 
(positive) plenum, another on the exhaust (negative) plenum, and at Fan Groups 
3, 4, and 5 there is one at the inlet and at the outlet of the exhaust fan.  Each 
pressure sensor converts pressure to a 4-20mA signal that is connected to the 
CompTroller and converted into a user readable value (inches of water column). 
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6 CompTroller™ GUI 
 
Note - This section refers to Version 6.01 of the Comptroller GUI 
 
The CompTroller™ graphical user interface (CompTroller GUI) accesses the settings of 
your ASP Composter™ system and reports the status of your composting batches 
through a Web browser. With the CompTroller GUI, you can view all compost system 
data, create a new compost batch, move batch data into different zones, save and print 
temperature history reports, view and control fan settings, view and control damper 
settings and update or change process parameter settings. 
 
The CompTroller GUI is located on the Web. Please refer to your QuickStart 
sheet, provided by ECS, for your URL, User name and Password.  

6.1 Logging In 
Quick steps: 

1. Enter the URL into your Web browser 
2. Click the Operator or Observer button 
3. Enter a Username and Password 
4. Click the OK button  

 
To log in, first enter the URL from your QuickStart sheet into your Web browser. After 
the browser has loaded successfully, a login window will show (Figure 6-1): 
 

 
Figure 6-1 Login window 

 
From the login window, you can choose to log in as an Operator or Observer. 
 
Logging in as an Operator allows you to perform all major tasks in the web application. 
These include: 
 

 Viewing all compost batch, zone, biofilter, fan, and damper data 
 Creating a compost batch 
 Moving batch data to a different zone 
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 Printing/saving the temperature history of a batch 
 Adding/viewing comments about the temperature history of a batch 
 Ending a compost batch and clearing the batch data 
 Manually controlling damper positions 
 Manually controlling fan speeds  
 Changing process parameters 

 
Logging in as an Observer allows you to perform some tasks in the software. These 
include:  
 

 Viewing all compost batch, zone, biofilter, fan, and damper data 
 Printing/saving temperature history of a batch 
 Viewing comments about the temperature history of a batch 

 
Connecting as an Observer is a read-only mode, you cannot make any changes in 
the CompTroller GUI. 
 
After you select the Operator or Observer button, a dialog box will prompt you for a User 
name and Password (Figure 6-2). Enter your User name in the first box and your 
Password in the second box and then click the OK button. (Note—it is not 
recommended to check the Remember my password box.) 
 

 
Figure 6-2 Login dialog box 

 
After you have successfully logged in, the main window (Figure 6-3) will pop-up. This is 
the window where all management of your composting batches, biofilters, fans and 
dampers is done. 
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Figure 6-3 Main window 

6.2 Viewing Zone Status 
Quick steps: 

1. Log in as an Operator or Observer 
2. Select the Current Status tab 
3. Click a zone from The Zone List  
4. Information will show on Zone Detail Panel 

 
The higher set of main tabs on the top right of the screen navigate you through three 
different screens, Current Status, Manual Overrides and Process Settings (Figure 6-4).  
 

 
Figure 6-4 Main tabs 

 
For facilities with multiple fan groups, a set of Fan Group subtabs to the left of the 
screen lets you navigate through the different fan groups (Figure 6-5). These Fan Group 
subtabs remain constant in all three higher, main tabs.  
 

 
Figure 6-5 Fan Group subtabs 
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From the main window, make sure the Current Status tab is highlighted in black (Figure 
6-4). 
 
The Current Status tab has one list and three or more panels, the Zone List, Zone Detail 
Panel, Status Panel and one or more Fan Panels (Figure 6-6). 
 

 
Figure 6-6 Main window with panel detail 

 
After you click on the zone you want selected from the Zone List in the correct Fan 
Group subtab, the Zone Detail Panel will display information about that zone. 

6.3 Viewing Fan Group Status 
Quick steps: 

1. Log in as an Operator or Observer 
2. Select the Current Status tab 
3. View information in Status Panel 

 
From the main window and Current Status tab, the Status Panel is located on the 
lower left of the screen (Figure 6-6).  This panel displays the current non-zone 
information for the selected fan group, which includes the following: 
 

 
Figure 6-7, Status Panel 



 

 
ASP Composter O&M Manual V176.0  
Printed: 6/26/2010 Page 12 

 
Supply Duct Pressure:  This is the air pressure in the aeration supply plenum, 
displayed in inches of water column.  While the system is running, the value 
should be near the Supply Duct Pressure Setpoint (see Section 7.14). It should be 
nearly zero when the fans are not running. 
 
Exhaust Duct Pressure:  This is the air pressure in the exhaust plenum, displayed 
in inches of water column. While the system is running, the value should be near 
the Negative Duct Pressure Setpoint (see Section 7.14).It should be nearly zero 
when the fans are not running. 
 
Exhaust Pressure:  This is the air pressure in the plenum to the biofilter, displayed 
in inches of water column. When the fans are running, this value should be 
positive. It should be nearly zero when the fans are not running. 
 
Makeup Damper:  Shows the current position (% of full open) of the make-up air 
damper.  
 
Ambient Temp:  This temperature is measured inside one of the junction boxes 
and should roughly correlate to the temperature of the outside (ambient) air. 
 
Biofilter Temperatures:  This is the temperature of the media in each biofilter cell. 
As measured by an inserted probe. 

 

6.4 Creating a New Compost Batch—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Current Status tab 
3. Click the zone from the Zone List that you want to create a new batch in  
4. Click on the Start Logging button in the Zone Detail Panel 
5. Enter Batch Name and Initial Comments 
6. Click on the Accept button 

 
Log in as an Operator. From the main window, make sure the Current Status tab 
is highlighted in black. Click on the zone from the Zone List that you want to 
create a batch in (if the zone where you want to create a batch already contains 
another batch, follow the instructions in “Moving a Compost Batch to Another 
Zone—OPERATOR ONLY, Section 7.6 or “Clearing a Compost Batch—
OPERATOR ONLY,” Section 7.10—only clear a batch if you are sure you want all 
batch data deleted). 
  
After you have clicked on an empty zone in the Zone List, the Zone Detail Panel 
should show a stopped (off) and empty zone (Figure 6-8). 
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Figure 6-8 Zone Detail Panel (Stopped and Empty) 

 
Click on the Start Logging button. A dialog box will appear (Figure 6-9), prompting 
you for a Batch Name and any Initial Comments. Enter a descriptive name for the 
batch in the first box, and if there are any comments you would like to record 
about the batch creation, enter this information in the second box.  

 

 
Figure 6-9 Batch dialog box 

 
Click the Accept button. Your batch will now be created, and the information will appear 
in the Zone List and Zone Detail Panel. 

6.5 Turning a Zone On/Off—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Current Status tab 
3. Click on the zone from the Zone List that you want to turn ONLINE/Offline 
4. Click Start Logging/Stop Logging button in the Zone Detail Panel 

 
Log in as an Operator. From the main window in the Current Status tab, click on 
the zone you wish to select.  Clicking the Start Logging/Stop Logging button will 
start/stop both the automated aeration control and data-logging for the selected 
zone. 
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When a zone is on, the top of the Zone Detail Panel will be green and the status 
will be displayed as “RUNNING”. 
 

 
 
When a zone is off, the top of the Zone Detail Panel will be red and the status will 
be displayed as “Stopped”. 

 

 

6.6 Moving a Compost Batch to Another Zone—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Current Status tab 
3. Click the zone from the Zone List of the Batch you are moving 
4. Click on the Move Batch button in the Zone Detail Panel 
5. From the dropdown list, select the zone where you want to move the batch 
6. Click the Accept button 

 
From the main window and in the Current Status tab, click the zone from the Zone 
List that you are moving. In order to move a batch to a different zone, the zone 
must be off (to turn a batch off, follow the directions in “Turning a Zone On/Off,” 
Section 7.5 and turn the zone off). When the zone is off, click on the Move Batch 
button. 

 

 
Figure 6-10 Zone Detail Panel (Stopped) 
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After you have clicked on the Move Batch button a dialog box will appear. The 
current zone the batch is in shows in the header of the dialog box. The dropdown 
box is a list of all available/empty zones. From the dropdown list, you can select 
the zone where you want to move the batch. 
 

 
Figure 6-11 Move batch dialog box 

  
Once you have selected where you want to move the batch to from the dropdown 
list, click the Accept button.  

6.7 Viewing the Temperature History of a Batch 
Quick steps: 

1. Log in as an Operator or Observer 
2. Select the Current Status tab 
3. Click the zone from the Zone List that want to view 
4. Click the View History button in the Zone Detail Panel 

 
From the main window and Current Status tab, click the zone from the Zone List 
that you want to view. The View History button is located on the bottom left of the 
Zone Detail Panel. 
 

 
Figure 6-12 Zone Detail Panel (Running) 

 
Click on the View History button on the bottom left of the Zone Detail Panel 
(Figure 6-12).  
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After you have clicked the View History button a graph window will pop-up 
showing the temperature history of the batch from the time it was created to the 
present.  

 

 
Figure 6-13 Graph Window 

6.8 Saving/Printing the Temperature History Graph of a Batch 
Quick steps: 

1. Log in as an Operator or Observer 
2. Select the Current Status Tab 
3. Click a zone from the Zone List of which you want to save/print the temperature 

history graph 
4. Click the View History button in the Zone Detail Panel 
5. Click the Save button or Print button in the browser window 

 
To save or print the temperature history of a batch, follow the directions in 
“Viewing the Temperature History of a Batch,” Section 7.7. The temperature 
history graph will be displayed in the browser as a PDF document and through the 
browser you will be able to both save a copy of the graph and/or print a copy. 
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6.9 Viewing/Adding/Printing Comments 
Quick steps: 

1. Log in as an Operator (view/add/print) or an Observer (view/print) 
2. Select the Current Status tab 
3. Select the zone from the Zone List of which you want to view/add/print the 

comments 
4. Click the View Comments button in the Zone Detail Panel 
5. Click the Add Comments or Print button on the comment window 

 
From the main window and Current Status tab, select the zone of which you want 
to view/add/print comments. To add comments, you must be logged in as an 
Operator. To view or print comments, you can be logged in as an Operator or an 
Observer. Click on the View Comments button in the Zone Detail Panel. A 
comment window will appear (see Figure 6-14).  

 

 
Figure 6-14 Comment Window 

 
To add comments, type the comment in the box above the Add Comment button. 
When you are finished typing your comment, click on the Add Comment button. 
 
To print comments, click on the Print button on the upper right of the comment 
window. 
 
To close the comment window click on the Close button on the lower left of the 
comment window. (Note—Hitting the X button on the upper right of the comment 
window will close you out of the main window.) 
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6.10  Saving the History Data of a Batch 
Quick steps: 

1. Log in as an Operator or an Observer 
2. Select the Current Status tab 
3. Select the zone from the Zone List of which you want to save the history data 
4. Click the Save Data button in the Zone Detail Panel 
5. Click the Add Comments or Print button on the comment window 

 
From the main window and Current Status tab, select the zone of which you want 
to save the current data. Click on the Save Data button in the Zone Detail Panel 
and then click on the Save button on the following popup (Figure 6-15). Choose a 
file name and then click the Save button. 

 

 
Figure 6-15 Save File popup 

 

6.11 Clearing a Compost Batch—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Current Status tab 
3. Click the zone from the Zone List that you want to clear 
4. Click the Clear Batch button in the Zone Detail Panel 
5. Click the Yes button 

 
From the main window and Current Status tab, select the zone with the compost 
batch that you want to clear. The zone must be Offline in order to clear the batch 
data. To turn the zone Offline, follow the directions in “Turning a Zone On/Off,” 
Section 7.5. 
 
Click on the Clear Batch button on the Zone Detail Panel (see Figure 6-10). After 
you have clicked the Clear Batch button, a dialog box will appear (Figure 6-16). 
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 WARNING—clearing batch data will delete all of the information about the 
compost batch in the CompTroller GUI. Clearing batch data should only be 
done after the data has been saved, see “Saving the History Data of a 
Batch,” Section 7.10. 

 

 
Figure 6-16 Clear batch dialog box 

 
Click on the Yes button to permanently remove the batch. Click on the No button 
to cancel. 

6.12  Viewing Fan Details  
Quick steps: 

1. Log in as an Operator or Observer 
2. Select the Current Status tab 
3. Click on the Details button in appropriate Fan Panel 

 
From the main window, make sure the Current Status tab is highlighted in black.  

 

 
Figure 6-17 Main window with panel detail 
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On the bottom right of the Current Status tab is the Fan Panel (Figure 6-17).  
 

 
Figure 6-18 Fan Panel 

 
Click the Details button in the Fan Panel (Note—there may be more than one Fan 
Panel in your system, click the details button on the fan you want to view.) 
 
A pop-up showing a detailed state of the fan will appear (Figure 6-19). 

 

 
Figure 6-19 Fan Group pop-up 

 
After you are finished viewing the data, click on the X button or the Close button 
on the pop-up to close it. 

6.13  Setting or Clearing a Manual Override—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Manual Overrides tab 
3. Click the circle of the fan or zone damper you want to override 
4. Enter the value, 0 to 100  

 
Log in as an Operator. From the main window, click the Manual Overrides tab. 
 

 
Figure 6-20 Manual Overrides tab 
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In the Manual Overrides tab, each fan, make-up air damper  and zone damper is 
listed. 

 

 
Figure 6-21 Manual Overrides tab detail 

 
The rotational speed of a fan in a fan group is automatically controlled to maintain 
setpoint pressures and temperatures in the aeration ducting. Control over the 
speed of a fan can be overridden by the operator, forcing the fan to hold at a set 
speed.  
 
Locate the fan you want to override (Figure 6-22). 

 

 

Figure 6-22 Fan detail 

 
 

Click the circle and enter the speed (0 to 100%) for the fan. A value of 0 will stop 
the fan and a value of 100 will run the fan at full speed. 
 
In an ASP system, each zone has a two motorized air dampers that control airflow 
from the zone to one of the common aeration plenums of a fan group. Normally, 
the CompTroller controls these dampers automatically varying the airflow through 
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the compost pile to maintain the setpoint temperature. This control of the dampers 
can be overridden by the operator, forcing the dampers to hold at a particular 
point. 
 
Locate the zone that you want to override (Figure 6-23).  

 

 
Figure 6-23 Damper Detail 

 
Click the circle and use the drop down box to force the zone dampers into one of 
five configurations: 

 CLOSED – All dampers are closed. There is no airflow through the zone. 
 POSITIVE – Air from the positive supply duct is routed into the in-floor trenches 

of the zone. 
 NEGATIVE – Air is drawn through the in-floor trenches into the exhaust duct. 

6.14 Changing a Process Setting—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Process Settings tab 
3. Enter value in box of Fan Group Settings Panel, Control Regime 1 Panel, Control 

Regime 2 Panel or Control Regime 3 Panel 
 

Log in as an Operator. From the main window, click the Process Settings tab 
(Figure 6-24).  
 

 
Figure 6-24 Process Settings tab 

 
On the Process Settings tab there are four panels, the Fan Group Settings Panel, 
Control Regime 1 Panel, Control Regime 2 Panel, and Control Regime 3 Panel 
(Figure 6-25). 
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Figure 6-25 Process Settings tab detail 

 
The Fan Group Settings Panel: 

 

 
Figure 6-26 Fan Group Settings Panel 

 
Positive Pressure Setpoint:  This setting, in inches of water column, sets the 
pressure that the control system will attempt to maintain in the supply duct. The 
system will increase or decrease the Supply Fan speed as needed to maintain 
this pressure. The difference between this setpoint and the Negative Pressure 
Setpoint determines the differential pressure that the system will try to maintain. It 
is the differential pressure that determines the maximum air flow rate that can be 
applied to the material in the zones. 
 
Negative Pressure Setpoint:  This setting, in inches of water column, sets the 
pressure that the control system will attempt to maintain in the exhaust (negative) 
duct. The system will increase or decrease the Exhaust Fan speed and open or 
close the Make-up Air Damper as needed to maintain this pressure.  
 
Duct Temperature Setpoint:  This setting, in degrees Celsius, allows you to set the 
temperature of the air exhausting into the biofilter.  It is used by the CompTroller 
to determine the speed of the cooling fan.  If the exhaust air temperature is above 
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this setpoint, the Make-up Air Damper will be opened to add more fresh air to the 
system.   
 
Minimum Makeup Damper Opening:  This sets the minimum open position of the 
make-up air damper. This should be set above 0% to insure that a certain amount 
fresh air is always brought in even when it is not needed for cooling.    
 
Zero Pressure Sensors button:  See “Zeroing (Calibrating) Pressure Sensors,” in 
Section 7.14 below. 
 
Control Regime 1–3 Panels: 

 

 
Figure 6-27 Control Regime Panel 

 
Temperature Setpoint:  This setting, in degrees Celsius, is the target temperature 
that the CompTroller uses for any batch in particular control regime.  If the 
temperatures in the pile are greater than this setting then the damper opening for 
that zone will be increased (increasing the amount of cooling air drawn through 
the pile).  If temperatures are below this setting the damper opening will be 
decreased (limiting the amount of cooling air). 
 
Minimum Damper Setting:  The minimum opening (in percent) that the 
CompTroller will use during automatic control.  The damper opening will never be 
less than this setting unless overridden by a Manual Override or a damper switch 
override.  This setting should always be greater than zero to insure that metabolic 
air conditions are always met in the pile. 
 
Minimum Duration:  The minimum length of time, in days, that the CompTroller will 
keep a batch in a control regime.  The batch could remain in a control regime 
longer than this setting if the regime is also required to achieve PFRP or VAR. 

 

6.15  Zeroing (Calibrating) Pressure Sensors—OPERATOR ONLY 
Quick steps: 

1. Log in as an Operator 
2. Select the Process Settings tab 
3. Click the Zero Pressure Sensors button in the Fan Group Settings Panel 
4. Click the OK button 
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Pressure sensors are used to monitor air pressure in the aeration ducting of a fan 
group. The output of these sensors may drift over time, causing them to give 
inaccurate readings. An indication of the current accuracy of the pressure sensors 
in a fan group is the reading when there is no airflow in the fan group ducting, 
which occurs when all fans in the group are stopped. All pressure sensors should 
read zero under these conditions. Sensors that are not reading zero can be 
recalibrated to read zero. Before zeroing (recalibrating) the sensors it is essential 
to visually check all fans in the group to make sure they are completely stopped. 
Wait for all of the pressure readings to read stable values, and then proceed to 
zero (calibrate) the pressure sensors. 
 
Log in as an Operator. On the main window, click on the Process Settings tab. In 
the Process Settings tab, locate the Zero Pressure Sensors button in the Fan 
Group Settings Panel (Figure 6-26).  
 
 
Click on the Zero Pressure Sensors button. A dialog box will appear (Figure 6-29). 
Click the OK button. 

 

 
Figure 6-28 Zero Pressure Sensors dialog box 

 
The pressure sensors will be zeroed (recalibrated). 
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7 Biofilter 
 
The biofilter is a major component of the ASP system and responsible for controlling 
odors from the system. The use of biofilters is a common method for scrubbing odors 
from the process air before it is exhausted from the system and out to the surrounding 
atmosphere. Each fan group has its own biofilter or pair of biofilter cells. Additional 
information on biofilters can be found in “ECS Technical Memo TM100,” Appendix B. 

7.1 A Biofilter’s Function 
The biofilter is an efficient means to bio-oxidize gaseous compounds that would 
otherwise cause odors or air polluting emissions found in the aeration system 
exhaust. 

7.2 Initial Setup and Construction 
Initially, the biofilters will be constructed as shown in the layout drawings and in 
accordance to the specifications listed in the “ECS Technical Memo TM100,” 
Appendix B. It usually takes a couple weeks for the biofilter to become biologically 
active and perform at its optimum level. Before this “break in,” the odor scrubbing 
can be less than desired. During installation the drip irrigation system must be 
verified to provide adequate moisture to the media. 

7.3 Monitoring the Biofilter 
The CompTroller is set up to automatically monitor the biofilter and report the 
operating details through the CompTroller GUI. Typically, it will report the media 
temperature in each cell plus the exhaust air temperature going to the cells (See 
“Viewing Fan Group Status,” Section 7.3). 
 
Once every 6 months, the operator should check the media for signs of 
degradation and densification. This should be done by visually inspecting for 
channeling and cracking, and by checking the backpressure of the exhaust 
system to make sure it is less than the allowable limit. The backpressure (system 
exhaust pressure) is displayed in the CompTroller GUI and should not exceed 3 
inches of water column. A dramatic loss in media pile height is also a good 
indication that the material has degraded. 

7.4 Biofilter Maintenance 
The effectiveness of a biofilter depends on the biological processes within it and 
how well they are maintained. There are a few maintenance procedures that the 
operator should follow to insure optimal performance. 
 
First, the temperature of the exhaust air should be kept under 45°C to maintain a 
broad spectrum of bacteria. This is maintained automatically by the aeration 
system and should not need to be adjusted if the system is working properly. The 
operator should occasionally monitor the exhaust air temperature through the 
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CompTroller GUI and verify the system is performing adequately, see “Viewing 
Biofilter Status,” Section 7.3.  
 
Second, the biofilter material must not be allowed to dry out. A drip irrigation 
system is embedded within the biofilter media and should be run regularly during 
the summer months. Ideally, the drip irrigation system should be run continuously 
at a low level during the summer. If this is not feasible, the drip irrigation system 
should be run for a period of time every few days until the media is re-saturated. 
Re-saturation is reached when water from the drip irrigation system begins to flow 
out of the base of the biofilter. The operator should verify the effectiveness of the 
drip irrigation system by regularly checking the moisture content of the biofilter 
media. A sample of material should be dug out from a depth of 18 inches below 
the top surface and examined. If it is less than 50 percent moisture, then the 
frequency of irrigation should be increased.  

7.5 Replacing the Biofilter Media 
Eventually the biofilter media will degrade to a point that it is no longer effective. 
Typically this is in 1 to 3 years, depending on the operating conditions and the 
type of media used. When it is time to replace the media, the following steps 
should be followed. 

 
1. Disconnect the irrigation piping from the water source. 
2. Dig out the irrigation header (PVC piping) by hand and disconnect each drip line. 

Remove the irrigation plenum from the media. 
3. Pull out the buried drip lines from the media. This may require some hand 

digging. 
4. Turn off or turn down the aeration fan. (To limit the amount of process air directly 

released to the air, the system should be temporarily shut down or the fan should 
be turned down to a minimum setting.) 

5. Loosen the flexible pipe couplings at the base of each sparger pipe. You may 
need to manually dig out some of the media to expose the couplings. 

6. Carefully remove the media from the front edge of the biofilter to expose the 
capped ends of the sparger pipes. This can be done with a small excavator or 
loader. Be careful not to push the sparger pipes back into the biofilter plenum. 

7. Connect a pulling strap or chain to the end of each sparger pipe and pull it out 
from under the biofilter media. Carefully watch the connection point to make sure 
the sparger pipe releases from the flexible pipe coupling. 

8. After all the sparger pipes have been removed, use a front end loader to remove 
the remaining media. 

9. Place the sparger pipes back in place with the holes pointing toward the ground 
and connect them to the flexible couplings. 

10. Carefully place new biofilter media over the sparger pipes to a height of 
approximately 4 feet. Reference the Appendix B  “ECS Technical Memo TM100,” 
for more details. 

11. Inspect the irrigation header (PVC piping) for damage. Replace damaged 
sections as required and then place on top of the biofilter media. 
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12. Connect the drip line irrigation pipes to the biofilter plenum and connect the 
plenum to the water source. 

13. Remove the caps from the end of each drip line, turn on the water source, and 
flush the irrigation lines. Replace the caps. 

14. Turn on the water source and check the irrigation lines for leaks. Repair as 
necessary. 

15. Add an additional 6 to 12 inches of biofilter media to the top of the pile to bury the 
irrigation lines. 

16. Turn the aeration fan back on or to its previous setting. 
 

The spent biofilter media may be used as amendment in the compost mix or, 
sometimes, it may be marketed as well-matured compost or mulch.  
 
 



 

 
ASP Composter O&M Manual V176.0  
Printed: 6/26/2010 Page 29 

8 System Maintenance Requirements 
 

The ASP Composter system is designed to have minimal maintenance requirements. 
However, there are a few items that should be checked periodically. Below is a list of 
these items, including how often they should be checked.  
 

8.1 Fans—Lubricate Bearings 
Frequency: Every 1 month 

Procedure: Lubrication points are located on the frame; see the fan 
manufacturer’s maintenance manual included in Appendix C for 
more details. See the motor nameplate for lubrication requirements 
of motor bearings. 

8.2 Aeration Floor & Drain Cleaning 

8.2.1 Aeration Trench Covers—Inspect & Clean As Necessary 

Frequency: Inspect every month, clean as required 

Procedure: Inspect the aeration trench covers for clogging.  If more than 20% 
of the holes are found to be clogged, clear them manually with a 
stiff narrow brush, power washer, or an awl (nail in the end of 
dowel works well). 

 
Note: The stainless steel trench clamps and bolts must always have anti-
seize lubricant applied to the threads. Re-coat bolt threads with lubricant 
every time a trench cover is clamped down.  Failure to follow these 
directions will result in loose covers that can be damaged by material 
handling equipment and galled threads on the bolts and clamps requiring 
replacement of these parts. 

8.2.2 Aeration Trenches—Solids Removal 

Frequency: Inspect Every 6 months, clean as required 

Procedure: Remove trench covers from each end and at the center of each 
trench. Inspect the trench bottom for solids accumulation.  If the 
accumulation is heavy, then remove the remaining covers and 
scoop out the solids. If the solid accumulation is lighter and 
cleaning is desired, flush the trenches from the center and the ends 
towards the connection point to the aeration floor pipes. Flush the 
aeration floor pipes if drainage appears blocked (see below). 
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8.2.3 Aeration Floor Pipes—Solids Removal 

Frequency: Every 12 months or to improve trench drainage or air flow. 

Procedure:  Remove trench covers from the center of each trench, and remove 
the flex duct from the aeration floor riser on the back of the push 
wall. Flush each floor pipe connection point. If flushing at trench 
centers does not produce free flow, remove the center access 
cover for the trench pair and flush from this point. If the water level 
rises in the aeration floor riser and/or drains slowly, proceed to 
flushing the drain line. 

 
If individual aeration floor riser’s are slow to drain, use a + 5 foot 
long pole or a high pressure jet on a wand to clear the 4” diameter 
drain at the bottom/center-line of the riser. 

8.2.4 Main Drain Line—Solids Removal 

Frequency: Every 12 months or as needed 

Procedure: Open the cleanout ports that are located in the floor at each end of 
the main drain line, near Zones 1 and 8. Flush the main drain line 
with a high pressure/high flow hose toward the center sump from 
each end of the aeration hallway. Inspect sump after flushing (see 
below). 

  
If the water flow down the main drain line is impeded, remove the 
flex duct from the aeration floor risers on the back of the push wall 
and flush each zone via this access point (see 8.2.3 above). 

8.2.5 Sump—Inspection and Solids Removal 

Frequency: Inspect every 12 months or during drain line flushing. 

Procedure: Check level of solids accumulation and clean out with a Vacuum 
Truck to remove solids and as necessary to keep pump inlets clear.  
It is often necessary to pump the sump simultaneously with flushing 
the up-stream components. 

 

8.3 CompTroller—Calibrate Pressure Sensors 
Frequency: Every 12 months 

Procedure: Turn off fans and check pressure sensor readings. All pressure 
sensors should read 0.0 inches of water column. If sensor readings 
are off, zero pressure sensors using the CompTroller™. See 
“Zeroing (Calibrating) Pressure Sensors—OPERATOR ONLY,” 
Section 6.14. 
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8.4 CompTroller—Verify Temperature Probe Readings 
Frequency: Every 12 months 

Procedure: Remove the temperature probes from the compost material or 
probe slots and place them into a bucket of cold water. Also place a 
thermometer or other probe (of known accuracy) in the bucket for 
reference.  Check that all temperatures display in the CompTroller 
GUI within 2°C of each other, and within 3°C of the reference 
thermometer or probe. 

8.5 Damper Actuator 
Frequency: Every 12 months and after any hard frost 

Procedure: Test action of air dampers at each zone. Use manual overrides in 
Comptroller Software, See Section 6.13, to force each zone into the 
CLOSED, POSTIVE, and NEGATIVE positions.  

 In the POSITIVE position, the supply (upper) damper should 
be completely open, and the exhaust (lower) damper should 
be completely closed. 

 In the NEGATIVE direction, the supply (upper) damper 
should be completely closed, and the exhaust (lower) 
damper should be completely open. 

 In the CLOSED position both dampers should be completely 
closed. 

Note that the system moves dampers one at a time so there may 
be some delay between a manual override command and a damper 
moving to a new position.  
If a damper does not respond correctly, check that the damper is 
able to move freely and that the actuator is firmly clamped to the 
damper shaft.  
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Glossary 
 
Actuator:  See Damper Actuator 
 
Aeration Duct Pressure: The pressure measurement in an aeration duct. Pressures 
typically range from 0 to 10 inches of water column. 
 
Aeration Floor: The part of the aeration system responsible for supplying air to the 
bottom of a compost pile. For the AC Composter, SV Composter™ and Standard ASP 
systems, the aeration floor can be cast-in-slab aeration trenches, or the CompDog pipe-
less aeration floor system. The CV Composter™ has its own built-in, low-friction 
aeration floor. Perforated plastic aeration pipe, although once very common, is not 
typically used on ECS systems.  
 
Aeration Plenum: The ductwork that connects the zones to the aeration fan. 
 
Aeration System: The system components responsible for supplying air to the compost 
zones. ECS aeration systems are tailored to our client's facility specifications and 
requirements. They provide either single direction, or reversing direction with re-
circulating aeration. All aeration components exposed to the corrosive environment of 
composting are made of stainless steel or polymeric materials. Major components of an 
ECS aeration system are: the aeration floor, zone dampers, aeration plenum (ducting), 
fans, and system air dampers. 
 
Ambient Temperature: The outdoor air temperature, typically measured at the controls 
shed. 
 
Batch: The material being processed in a zone. A batch of material is tracked by the 
CompTroller even when moved from zone to zone. Recorded data is always associated 
with a particular batch. All ECS systems are batch and static. Depending on the facility 
throughput, one to several days incoming feedstocks are collected/processed until 
enough material is gathered to fill a zone/pile. Once the zone/pile is full and the aeration 
system is engaged, it is considered a batch. (Similar to making a batch of cookies.) 
 
Biofilter: A biofilter is a pollution control technique that uses living microorganisms to 
capture and biologically degrade process pollutants. ECS systems use biofilter to scrub 
odor, VOCs and other pollutants from compost process air. Biofilters are made from 
ground wood and mature compost. They are a robust, efficient and cost effective tool 
against odors.  
 
Biofilter Media: The material used to make up the filter bed in a biofilter.  Typically, this 
is made from a ground woodwaste material mixed with a small amount of mature 
compost. 
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Biofilter Plenum: The part of the aeration ducting that distributes air to the biofilters.  
The biofilter plenum is just outside the media and is the ducting that connects to the 
sparger pipes buried under the media. 
 
Biofilter Temperature: The temperature measured by a biofilter temperature probe 
inserted into the biofilter media.  
 
Biofilter Temperature Probe: Probes that measure the temperature of the biofilter 
media at one or more points along the biofilter. They are physically inserted into the 
biofilter as part of the biofilter media building procedure. 
 
Bus Voltage: Diagnostic detail for a fan VFD. Reports the voltage on the input bus of a 
VFD. This is rectified voltage from the incoming line. This information is typically only 
needed to diagnose over/under-voltage faults and normal values will depend on the 
specifics of the site.  
 
Bus Current: Diagnostic detail for a fan VFD. It reports the line power current draw 
from a VFD. This is typically only used when diagnosing over-current faults. 
 
Control Cycle: The time period used by the controls system for evaluating and 
readjusting the control parameters for each compost zone. For example, at the end of 
each control cycle the system will set the amount a zone damper is open based on the 
zone’s pile temperatures over the last control cycle. A typical control cycle is 10 
minutes. 
 
Compost Batch: See Batch. 
 
Compost Pile: See Pile. 
 
Compost Zone: See Zone. 
 
CompTroller™: ECS Aeration Control and Monitoring System. The CompTroller 
automates the amount of aeration to each compost zone depending on its cooling 
requirements. It automatically guides each batch of compost through the time and 
temperature protocol of the US EPA PFRP and VAR regulations; records the 
time/temperature process; and keeps track of each batch of compost as it moves 
through the facility. The CompTroller constantly optimizes process control based on 
user input settings. It simplifies operations, conserves electricity, and reduces labor. It is 
the controls system found in all ECS In-vessel and ASP systems. 
 
CompTroller™ GUI: A graphical user interface where you can control and view the 
settings of your fans, dampers, biofilters and composting batches. 
 
Control Regime: The CompTroller is designed to hold/maintain three different user 
input temperatures for a certain period of time. These time and temperature periods are 
called Control Regimes and are preset to follow the time/temperature protocols 
(regulations) for biosolids composting found in the US EPA 503 regulations. The first 
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control regime is typically for the process to further reduce pathogens (PFRP), the 
second is for vector attraction reduction (VAR), and the third is optional and set by the 
user.  
 
CV Composter (CVC): The Containerized Vessel Composter is an enclosed pile 
composting system from ECS. Major components include: insulated roll-off type 
composting vessels, reversing aeration, automated aeration control and monitoring, and 
biofiltration. 
 
Damper: A mechanical device for regulating the flow of air. Dampers can be either 
butterfly or louvered-vane type. Typically in an ACC system they are used to regulate 
the air flow through a compost pile (zone damper), or to prevent flow from going in an 
undesired direction (backdraft damper). 
 
Damper Actuator: An electro-mechanical device (motor) for automatically controlling 
the position of an aeration damper. 
 
Drip Irrigation System: The water piping and distribution system required for 
maintaining moisture in the biofilter media. 
 
Exhaust Pressure: The pressure measurement in the aeration plenum on the exhaust 
side of the aeration fan leading to the biofilter. Pressures typically range from 0 to 10 
inches of water column. 
 
Exhaust Fan: A fan which provides suction (i.e. vacuum, negative pressure) to the 
exhaust plenum and sends air to the biofilter. 
 
Exhaust Plenum: A plenum or duct in which a vacuum (negative pressure) is 
maintained. Air from each zone flows into this plenum. 
 
Exhaust Temperature: The temperature of the air in the exhaust duct measured by a 
probe permanently mounted in duct between the aeration fan and the biofilters. This is 
the temperature of the air entering the biofilters. 
 
Fan: See Exhaust Fan or Supply Fan. 
 
Fan Group: ECS compost systems use one or more fans to provide aeration for 
multiple zones/piles.  Zones may be grouped together by which set of fans drive 
aeration through them. 
 
Feedstock: Any material used to create the compost mix. Typical feedstocks include 
yardwaste, foodwaste, biosolids, animal manures, and woodwaste or bulking agents. 
 
Hydraulic Power Unit (HPU): A system of devices assembled together for providing 
hydraulic power.  As a minimum, an HPU will consist of a motor, a hydraulic pump, and 
a oil reservoir. 
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In-Duct Temperature Probe: A permanently mounted probe in an aeration duct that 
measures air temperature. 
 
PFRP: Process to further reduce pathogens, as defined by the USEPA 503 regulations 
for biosolids composting.  
 
Pile: A generic term referring directly to the compost media in a given zone or as any 
given batch. A pile is built in a zone.  
 
Plenum: See Aeration Plenum or Biofilter Plenum 
 
Pressure Sensors: The instrument used to measure the pressure inside an aeration 
duct. An ACC system typically has one suction side sensor (Aeration Duct Pressure) 
and one exhaust side sensor (Exhaust Duct Pressure). An ASP system typically has 
three pressure sensors, one supply plenum pressure, one for exhaust plenum pressure 
and a third for pressure in the biofilter line. 
 
Probe: See Biofilter Temperature Probe or In-Duct Temperature probe or Zone 
Temperature Probe. 
 
Sparger Pipe: A perforated pipe buried at the bottom of the biofilter media for 
distributing system exhaust air into the media. 
 
Supply Fan: A fan which provides positive pressure to the supply plenum and sends air 
to the zones. 
 
Supply Plenum: A plenum or duct in which positive pressure is maintained. Air flows 
from the supply plenum to each zone. 
 
SV Composter (SVC): The Stationary Vessel Composter is an enclosed pile 
composting system from ECS. Major components include: site-built concrete vessels 
composting vessels, reversing aeration, automated aeration control and monitoring, and 
biofiltration. 
 
Variable Frequency Drive (VFD): An electronic device for supplying variable frequency 
power to a fan motor to control fan speed. 
 
Vector Attraction Reduction (VAR): as defined by the US EPA 503 regulations for 
biosolids composting. 
 
Zone: A vessel or aeration floor area that contains and processes a single batch of 
composting material. Each zone can independently monitor and record pile 
temperatures in its contained batch and control airflow through the material. In-vessel 
systems typically refer to vessels or zones; ASP and ACC systems are typically referred 
to as zones or piles. A zone/pile is a volume of feedstocks prepared for composting and 
placed in the appropriate vessel or pile area of the composting system. The zone/pile 
has an independently controlled air supply based on temperatures. For example, in a 
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typical ACC system, an aeration zone/pile has the following components: discreet pile of 
compost, one zone damper, zone temperature probes, and one AC cover. 
 
Zone Junction Box: An electrical junction box enclosure located at each zone. The 
damper and temperature probes for each zone are connected to the controls system at 
each zone junction box. Each zone junction box also includes a selector switch for 
manually overriding the damper position. 
 
Zone Temperature Probe: Probes that measure the temperature of composting 
material at one or more points along pile length. They are physically inserted into 
compost piles as part of the pile building procedure. 
 
 
 



 

ASP Composter O&M Manual  V166.1  
Printed: 6/26/2010 A-1 

Appendix A: Best Management Practices 
 
The operator should choose feedstocks that result in a mix with the characteristics 
proscribed by the US Composting Council’s best practices guidelines. The properties of 
the target mix are summarized in the Table A-1. Mixes with properties outside these 
ranges can still be composted but may stabilize more slowly, produce more odors, and 
produce a less desirable end product. 
 

Table A-1: Properties of a Target Mix 

Property Units Range 
% Solids – by weight n.a. 40–45% 
Density lb/yd3 800–850 
Density lb/gallon 4.2–4.7 
Carbon/Nitrogen Ratio n.a. 25–35 

 

A. What is Composting? 
Composting is a managed process that controls the natural, biological process of 
decomposition and transformation of biodegradable material into a humus-like 
substance called compost. The primary organisms responsible for composting are 
bacteria and fungi that are naturally present on organic matter and soils. Many 
other microorganisms, insects, bugs, worms, and larger decomposers may also 
be involved in the composting process. Like all living systems, the composting 
process requires oxygen, water, and shelter.  
 
The end product of a healthy composting is a valuable soil amendment that helps 
to make soil loose and well drained, provides plants with valuable nutrients, 
prevents soil erosion and compaction, and conserves water and other resources. 
 
ECS Composting Systems are designed for high-rate, high-temperature 
composting that optimizes bacterial breakdown—the following discussions focus 
on creating optimal conditions for these organisms in ECS systems.  
 
When the proper environmental conditions are provided the bacteria responsible 
for decomposing organic matter will grow and reproduce rapidly. This bacterial 
activity generates the heat associated with composting. Temperatures in excess 
of 170F can be generated. As readily metabolized energy sources become 
depleted, temperatures decline and eventually return to ambient levels.  
 
Many types of bacteria help decompose organic matter. Each type thrives in 
special conditions and consumes different components of organic materials.  
Even at temperatures below freezing some psychrophilic bacteria decompose 
organic matter.  These bacteria do their best work at about 55F, but they are 
active at 0F. Mesophylic bacteria thrive at temperatures from 70 to 90F, and 
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survive between 40 and 110F. If conditions are right for bacteria to grow and 
reproduce rapidly, the heat generated will provide conditions for proliferation of 
thermophilic bacteria. Thermophilic bacteria work fast, in a temperature range of 
100 to 170F.  
 
Temperatures in excess of 130F are desirable to destroy pathogens and weed 
seeds/propagules. The ECS ASP system automatically controls aeration to 
achieve temperatures sufficient to destroy pathogens and weeds for a proscribed 
period of time. 

B.  Environmental and Feedstock Impacts on Bacterial Composting 
The rate of bacterial decomposition depends on five primary factors that can be 
manipulated by the facility operator: 

C. The Carbon:Nitrogen Balance (C:N ratio) of Feedstocks  
Bacteria (decomposers) require carbon for energy, and nitrogen to synthesize 
proteins to build their bodies.  The optimal carbon to nitrogen ratio for bacterial 
growth is around 30:1. When the ratio is much above 40:1, bacterial activity slows 
dramatically. When the ratio falls much below 20:1, nitrogenous compounds such 
as ammonia build to levels toxic to beneficial decomposer bacteria, and 
unpleasant odors may result. As Table A-2 illustrates, most composting 
feedstocks do not have the ideal carbon-to-nitrogen ratio. Selection and mixing of 
nitrogen-rich feedstocks and carbon-rich bulking agents is discussed below [in]. 

D. Moisture Content of Feedstocks  
The most efficient decomposers are aerobic bacteria, that thrive with an adequate 
supply of oxygen (discussed below), and at moisture levels of between 40 to 60 
percent by weight. At moisture levels below this range, bacterial activity slows 
dramatically. At higher moisture levels, aerobic bacteria do not get enough air, 
and undesirable anaerobic bacteria proliferate. Moisture levels in compost 
feedstocks can be measured by laboratory tests, or approximated fairly accurately 
by a trained individual based on look and feel. 
 
Moisture may be adjusted before and during stages in the compost process:  

1. Wet and dry feedstocks may be blended in proportions designed to achieve an 
optimal moisture level (Table A-2).  

2. Water can be sprayed onto dry feedstocks to achieve optimum moisture levels 
before they are piled or loaded into a vessel for composting. Once the composting 
process is started, it is difficult to moisten dry feedstocks except by pulling apart 
the composting mass (or unloading a vessel), and spraying water on materials as 
they are re-mixed.  

E. Adequate Aeration   
In order to make use of aerobic bacteria, it is important to have an adequate 
supply of oxygen. When oxygen levels fall below 16 percent, undesirable 
anaerobic bacteria proliferate, and aerobes die. Anaerobic bacteria and conditions 
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produce odorous compounds such as sulfur dioxide, ammonia, and other 
byproducts that are toxic to plants and beneficial soil life. 
 
Aeration can be managed for the compost process. Feedstocks may be blended 
in proportions designed to achieve a density that ensures adequate porosity to 
allow unrestricted airflow (Table A-2). The optimal initial density for composting is 
approximately 800 to 900 pounds per cubic yard.  Denser materials are difficult for 
air to diffuse through evenly, and anaerobic pockets of materials can form. Lighter 
materials are likely to be too dry. Aeration can be managed by using the aeration 
control and monitoring systems found in all ECS systems.  

F. Surface Area Exposed on Feedstocks  
A rotting log provides a good illustration of how surface area affects the speed of 
decomposition. A large tree branch lying in the environment decomposes slowly, 
but when it is chipped into smaller pieces the surface area increases and it 
decomposes more quickly. With more surface area exposed, bacteria have 
greater access to easily available food. The desire to increase surface area must 
be balanced against the need to maintain porosity for adequate aeration of 
composting materials. Blending feedstocks to achieve proper density of the 
compost mix (approximately 800 to 900 pounds per cubic yard) should yield a 
reasonable balance of these two requirements. 

G. Mass (Pile Size) or Insulation to Retain Heat  
Generally a few cubic yards of piled composting material provides adequate mass 
to hold sufficient heat to maintain thermophilic composting conditions in the 
middle of the pile. However, when composting pathogenic materials such as 
biosolids or post-consumer food waste, (EPA Section 503 mandated) pathogen 
reduction requirements dictate that insulation must be provided to achieve high 
temperatures uniformly through the mass. This is achieved in the ASP by 
insulating the pile with a cover coat or insulating blanket. In static freestanding 
piles, insulation can be achieved by covering the entire pile with a 6- to 12-inch-
layer of finished compost. Pile insulation is not necessary in ECS SV 
Composter™ or CV Composter™ in-vessel systems.  

H. Selection of Feedstocks and Bulking Agents for Composting 
Selection and preparation of feedstocks and bulking agents should be carefully 
managed to optimize the environmental factors affecting composting rates 
describe in the previous sections. Most compost feedstocks are commonly 
categorized as either nitrogen-rich feedstocks or carbon rich bulking agents. The 
major characteristics of each group relative to the factors affecting bacterial 
composting are defined below. 

I. Nitrogen Rich Feedstocks 
Green landscape waste, biosolids, food wastes, animal manure and other 
byproducts are typically relatively high in nitrogen and moisture content (Table A-
2). In most cases it is desirable to dewater or dry out biosolids, food- and animal-
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wastes to approximately 18 percent solids prior to mixing for composting; in order 
to make material handling clean and efficient, and to minimize the amount of 
bulking agent and composting equipment capacity required. Several methods can 
be used for dewatering such as sand drying beds, belt filter presses, centrifuges, 
dewatering containers, vacuum filters, etc. The nitrogen-rich feedstocks should 
have a minimum volatile solids concentration of 40 percent. 

J. Carbon Rich (Woody) Bulking Agents 
Carbon rich materials such as sawdust, wood chips, straw and shredded paper 
are commonly used as “bulking agents” to provide porosity and energy for 
composting.  They are also used to balance moisture if the organic feedstock is 
excessively moist. Woody materials such as wood chips and sawdust are the 
most common bulking agents, since they have the structural rigidity required to 
maintain porosity for adequate airflow. In general, fresh green wood chips have 
more energy than older recycled chips.  Particle size also determines the energy 
available. Sawdust, for example, will generate more heat than chips. 
 
Shredded paper, pulp, or paper sludge may also be used as bulking agents, 
however they must be mixed with coarser, more rigid materials to ensure 
adequate porosity. Woody material can both be fresh or dry, and ideally have a 
minimum of 50 percent solids. Leaves and mixed yard waste can also be use as 
bulking agents if they have sufficient solids content. See Table A-2 below for 
physical properties. 

 
Table A-2: Typical Properties of Compost Feedstocks and Bulking Agents 

Material C:N Moisture 
Density 
Lbs/yd3 

Nitrogen-Rich Feedstocks 
Dewatered Biosolids 
+ Aerobically digested 
+ Anaerobically digested 
+ Primary 

 
7:1–15:1 

 
85–90% 
76–83% 
76–85% 

 
1500–1600 

1800 
1900 

Food scraps 7:1–15:1 70–90% 1200–1500 
Green Landscape Wastes 10:1–20:1 70–90% 600-850 
Carbon-Rich Bulking Agents 
Ground Wood Chips / 
Woody Pruning’s 

100:1–200:1 20–40% 500–900 

Paper (dry, shredded) 200:1–300:1 5–10%  
Sawdust 200:1–500:1 10–40% 450–600 

 

K.  Calculating a Compost Mix 
Composition of the initial compost mix is among the most critical aspects for 
successful composting. Determining the appropriate mix ratio for all the different 
ingredients first requires some basic knowledge about the material properties. 
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L. Moisture  
The target moisture content of the initial composting mix is 60 percent (40 percent 
solids by weight). The percent solids of the nitrogen-rich feedstocks and bulking 
agents are used to determine the ratio of bulking agent to feedstock required in 
the batch mixer. Optimal moisture levels for composting occur when materials are 
about as moist as a wrung-out sponge. They should be obviously moist to touch, 
but yield little liquid when tightly squeezed by hand.  
 
An optimal mix can be determined by trial and error, however it is more efficient 
and accurate to determine the moisture content of each feedstock and bulking 
agent by laboratory methods in order to calculate mix rates, see Table A-3 (Note: 
A spreadsheet for performing these calculations is available from ECS). Refer to 
Standard Methods for the appropriate lab method of determining percent solids. 
The percent solids of the compost mix should be checked prior to loading each 
vessel or zone. The percent solids of the bulking agent or other ingredients should 
be sampled weekly.  
 
An example of calculating a bulking agent mix ratio and total mix volume for a 
two-feedstock mix is shown in Table A-3. In this case the dry tonnage of the wet 
(nitrogen-rich) feedstock is fixed. Also fixed, are the desired mix percent solids 
(combined mix at 40 percent) and the percent solids of the bulking agent (62 
percent). The moisture content of the wet feedstock then varies from 12 to 20 
percent. The model calculates the resulting raw mix and amendment volumes. 
Table A-3 clearly shows the effect of very wet feedstock to total volume.  

M. Volatile Solids and Carbon/Nitrogen Ratio 
Adjusting the ratio of the nitrogen-rich feedstock to the carbon-rich bulking agent 
typically controls the carbon/nitrogen (C/N) ratio of the compost mix. The volatile 
solids concentration is determined by the nature, pre-digestion or ages of the 
feedstocks. Generally, samples must be sent to a lab for total nitrogen (TKN) 
analysis, or refer to Standard Methods. The ideal C/N ratio is between 25:1 and 
35:1. Controlling this ratio during mixing can be best done using the laboratory 
data and mixer scale weights, rather than on a volume basis.  
 
Volatile solids represent the amount of carbon (potentially) available for 
degradation during composting. Burning a dry sample and weighing the difference 
between the ash and the original sample determines the volatile solids. (Refer to 
Standard Methods for the correct lab procedure). The amount burned off is 
assumed to be carbon. Feedstocks such as foodwaste, poultry litter, fresh wood 
chips, and primary sludge have a high level of bio-available volatile solids. 
Feedstocks such as paper sludge, old wood chips, and secondary aerated 
biosolids tend to have low levels of bio-available volatile solids. Mixes from the 
former group will heat up quickly and require more fan power to control 
temperature. Mixes characterized by low levels of bio-available volatile solids 
heat-up slowly and can have trouble reaching and maintaining PFRP and VAR 
temperature levels. 
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Table A-3: Mix Volume Calculations 
        
Dry tons wet feedstock dry ton 1.00      
% Solids of feedstock % 0.12 0.14 0.16 0.17 0.18 0.2 
Wet weight tons tons 8.33 7.14 6.25 5.88 5.56 5.00 
Volume of feedstock yd3 9.52 8.16 7.14 6.72 6.35 5.71 
Mix % solids  % 0.40 0.40 0.40 0.40 0.40 0.40 
% Solids wood waste % 0.62 0.62 0.62 0.62 0.62 0.62 
Mix ratio 
(wt chips/wt feedstock) 

 1.27 1.18 1.09 1.05 1.00 0.91 

Volume ratio  4.05 3.45 3.18 3.05 2.92 2.65 
Wet wt wood waste tons 10.6 8.44 6.82 6.15 5.56 4.55 
 Density wood waste lb/yd3 550.0 550.0 550.0 550.0 550.0 550.0
Volume wood waste yd3 38.57 28.1 22.7 20.5 18.5 15.2 
Total wet wt tons 18.9 15.6 13.1 12.0 11.1 9.6 
Total daily volume yd3 42.3 31.9 26.3 23.9 21.9 18.4 
Bulk Density of Mix 
 

(tons/ 
yd3) 

895.0 975.7 994.3 1004 1015 1039 

        
 For 2000 lb wet feedstock        
 Weight of bulking agent (lb)  2545 2364 2182 2091 2000 1818 

 

N. Free Air Space 
In order to provide rapid aerobic composting, the organic waste must be 
adequately shredded to increase the surface area available for degradation by 
microbes, however, small particle size limits the amount of free air space between 
the particles. Feedstock and bulking agent mixes for the ECS ASP system must 
have around 30 percent free air space in order to maintain aerobic conditions. In 
general, the raw compost mix should have a bulk density no higher than 900 
pounds per cubic yard. Depending on the bulking agent used, the free air space 
may collapse during the compost cycle and the rate of composting will diminish. A 
simple and relatively accurate test for free air space involves the following: 

 
 Measure the volume accurately of a 5-gallon bucket and mark at the 5-gallon 

line. 
 Fill the bucket with the feedstock mix that has had time for the moisture to 

equilibrate. 
 Lightly drop the bucket to fill large voids 
 Weigh bucket and record (W1) 
 Add water up to the 5-gallon line and re-weigh the bucket (W2) 
 Calculate the approximate free-air space as follows: 

 
 (W2 - W1) x 2.41 = % Free Air Space 
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Appendix B: Biofilter Theory, Design and Operation 

ECS Technical Memo TM100 

A. Design Theory and Operation 
Biofilters are a common means (thousands of installations worldwide) of scrubbing 
odors associated with exhaust air from composting and other processes that generate 
volatile compounds.  They work based on the concept of an active biological film 
supported by a substrate - the same principal as composting.  The volatile compounds 
are absorbed on to the surface of the media and bio-oxidized by the microbes present.  
As long as the media is appropriate, installed in a manner that does not allow the air 
flow to channel or short-circuit, and the moisture and temperature levels are maintained, 
biofilters work very efficiently to oxidize a broad spectrum of volatile chemicals at low 
part-per-million concentrations. The rule-of-thumb for biofilter efficiency is that a well 
maintained biofilter will provide a one log (factor of 10) reduction of most bio-oxidizable 
compounds. Biofilters are resilient to varying environmental conditions such as snow 
and rain, hot and cold; under average to best management practices biofilters remain 
effective. 

B. Design Specifications 
The specifications for a biofilter design depend on the volume and contents of the 
exhaust air, the climate, and the site’s sensitivity to odor generation.  The following is a 
list of generalized design specifications. 
 

Residence time • 40 - 90 seconds 
Media temperature • 10 – 50 C 
Active media depth • 36” – 66” 
Media components • 95-97% screened coarse resilient wood 

(ideally shredded root wood) chips sized 1” to 
2”plus (discard the fines) 

 • 3-5% stable compost (preferably made from 
the feedstocks themselves) 

Media moisture content •  >50% 
Max pressure drop through media •  < 0.5” SP/foot of depth (once greater 

than this the media should be replaced) 
 
When building the biofilter, the media choice is very important to performance efficiency 
and longevity.  A bed of relatively coarse stable media will provide more uniform flow, 
lower friction loss, and a longer lifetime then a bed finer degradable media.  Only a very 
small amount of more degradable material, such as compost, should be added to 
otherwise coarse (with the fines removed) clean stable shredded wood.  The primary 
reason for adding the compost to the media is to shorten the biological conditioning 
period required for the effective microbes to become established. This period is thought 
to typically take 4-8 weeks. 
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A critical operational factor for a biofilter is maintaining the correct moisture content in 
the filter media.  The media must be maintained at greater than 45 percent moisture, so 
a higher design setpoint of 50% is chosen.  If the media becomes too dry, 
microbiological activity will be suppressed and odorous gases will not be fully oxidized.  
Eventually channeling will occur as air moves through drier passages causing further 
localized drying and shrinkage of the media.  Once this occurs, the media should be 
changed. 
 
The exhaust air from a composting process is generally saturated (100% RH).  This 
humidity maintains the moisture content in the majority of the media.  The upper layer 
will often still dry due to evaporation, but this generally does not impact the overall 
performance.  Imbedding a soaker hose near the top of the pile is a good means to both 
insure uniform moisture throughout the pile, and to provide a means of occasionally 
washing out soluble nitrates that can build-up in the media (especially while composting 
biosolids).  In hot and dry environments, adding surface irrigation is often required to 
keep the top layer moist. 
 

 
 

Typical Biofilter with Above Grade Pipe and Coarse Media 
 
Another important operational factor is the temperature of the biofilter media.  An ideal 
range of media temperature between 10° and 45° C.  Biofilter efficiency begins to 
decline above 45° C and falls off quickly above 50° C.  The media also volatilizes 
quickly at temperatures above 50° C (a bed may lose feet of height in a matter of 
months if high temperatures are maintained).  Short term excursions in the 50’s° C  
range are generally acceptable so long as monthly average media temperatures are < 
45° C.  The compost aeration and control system needs to monitor and control the 
temperatures of exhaust air and biofilter media.  Ideally, the system will automatically 
control the exhaust air temperature to an operator chosen setpoint by adjusting the 
volume of dilution air.  In some cases (especially when large volumes of pre-heated 
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building air are mixed with process air) additional humidification is required to prevent 
dilution air from over-drying out the biofilter media. 
 
The media bed and aeration floor must be constructed in manner that avoids short 
circuiting of the air.  This is easily done with the correct density and particle size media 
built in a bed that extends past the edges of the aeration floor.  Vertical walls tend to 
promote short circuiting; if they are necessary in the site design make sure that they are 
at least 2-4 feet back from the edges of the actively aerated floor (the higher the wall, 
the further the setback). 
 

 
 

Biofilter with a Suspended Perforated Floor 
 

C. Maintenance 
Even though biofilters are quite resilient to varying environmental conditions there are 
few things an operator should periodically check. 
 
Moisture 

The operator should take grab samples from the media once every two weeks to 
test for moisture content.  If the media appears to be over drying, increase the 
irrigation frequency with a soaker hose. 

 
Temperature 

The operator should monitor the biofilter media temperature weekly (this 
temperature will be displayed on the operator PC in the automated control and 
monitoring software).  The operator can vary make-up and exhaust damper 
control setpoints, as well as the relative settings of the supply and exhaust 
blowers, to control the temperature of this exhaust air.  These settings are 
typically adjusted seasonally. 
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Pressure Drop/Media Densification 
The operator should record the static pressure drop through the biofilter at a 
standardized operating condition (compost aeration process supplier should 
specify system setting during start-up that identify such a condition) once every 
six months to track densification in the media. 

 
General Inspection 

The useful life of the biofilter media depends on the material used and the 
operating conditions.  Different types of coarse ground wood have varying 
resistance to breaking down.  Also, higher temperatures tend to degrade biofilters 
more quickly.  Generally the media is expected to last 1-3 years.  Spent biofilter 
media is characterized by: 

  Cracking and channeling 
  Breakthrough of contaminants (odors) 
  Increased head loss (compaction and increased density) 
  Shifts in media pH 
 

Once the media is degraded, it should be removed and either added into the 
compost mix as an amendment or marketed as well-matured compost. 
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Appendix C: Appendix: OEM Component Data 
 

See included CD for Manuals and Datasheets on supplied equipment. 
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Appendix D: ECS Drawings 
 
Included in this section are electrical, mechanical, and process drawings. 
 
The Electrical Drawings included are: 

166-E01 – Control System Diagram 
166-E02 - Electrical Plan 
166-E03 - One-Line Power, Aeration & Equipment 
166-E04 - Cable Schedule 
166-E05 - Master Node Assembly 
166-E06 - Master Node Schematic 
166-E07 - Electrical Hookup 
166-E10 - Zone Controller Power Schematic 
166-E11 – Zone Controller Power Assembly 

 
The Mechanical Drawings included are: 

166-M01 - Aeration Layout 
166-M02 - Aeration Floor & Drain Details 
166-M03 - Biofilter Layout 
166-M05 – Zone & Trench Details 

 
The Process Drawing included is: 

166-P01 - P&ID 
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