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Executive Summary 
This report describes the experiment design and results of trials of automatic counting 

devices for bicycles on shared paths and roadways.  The project management, coordination 

of the acquisition and installation of the devices at the trial sites was coordinated by ARRB 

Group.  The trials and data analysis was undertaken by CDM Research. 

Study purpose and method 

The purpose of this study was to: 

 evaluate commercially available cyclist automatic counting devices in a realistic 

setting, and 

 draw recommendations as to the types of sites for which each device could 

reasonably be expected to perform to a satisfactory level. 

Two sites were selected for these trials: 

 Northbank shared path (3 m width) near Margaret Street and the Brisbane CBD, 

and 

 Baroona Road (Milton) adjacent to Gregory Park. 

The devices were installed by subcontractors as per manufacturer specifications, unless 

otherwise noted in this report.  Once installed two types of accuracy testing was 

undertaken: 

 Natural testing - comparison between the device count and a manual count 

obtained from a video record at the site obtained over several days, comparing both 

individual records (where available) and aggregated (binned) counts. 

 Simulated testing - a group of riders rode through the trial area in predetermined 

configurations to determine the types of situations in which the device was likely to 

count erroneously. 

Evaluation 

This report documents the results of testing done at specific locations in mid-2013 with 

equipment available at that time; it is anticipated that as time passes technologies will 

develop and improve.  Furthermore, site-specific factors will be very important in 

determining count accuracy.  The accuracy results presented herein relate only to the two 

sites at which the trials were undertaken. 

The devices were evaluated on count accuracy and on other relevant subjective factors 

(namely cost, maturity, technical support, data detail and ease of deployment).  The results 

of this qualitative evaluation are provided in Table EX.1.  Those devices with  are not 

suitable, those with  are worthy of consideration and  are considered suitable for 

automatic cyclist counting. 
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 Table EX.1: Overall assessment 

  Cost  Maturity  Support  Accuracy 

Data 

detail 

Ease of 

deployment  Overall 

Off‐road sites               

CEOS TITRL               

Cognimatics               

Eco‐Counter               

Metrocount               

SenSen Networks               

Sierzega               

TDC Systems               

On‐road sites               

CEOS TITRL               

SenSen Networks               

TDC Systems               

“Better” values have more dots.  

 

The results of these trials were used to infer in what types of situations particular devices 

would be most appropriate.  This selection process is summarised in a decision tree shown 

in Figure EX.1.  In some cases inference was required based on installations at other sites 

to complete this flowchart as not all situations could be tested within the confines of this 

particular trial.  This flowchart does not represent a complete picture of all devices that are 

currently available, nor does it fully consider all site-specific details.     

 Figure EX.1: Selection flowchart 
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The threshold for what is a sufficient level of accuracy will, obviously, be dependent on the 

application.  However, in general, our view is that the most accurate, reliable and cost 

effective devices for counting bicycles in off-road situations, or on-road where there is 

physical separation from cars, are the Eco-Counter ZELT Greenway, Metrocount MC5720 

and TDC Systems HI-TRAC CMU.  Further, the Sierzega SR4/6 would be useful for short 

period counts where ease of deployment is paramount (although its accuracy stability does 

is not as good as the other devices, and it cannot count during rain periods).  At on-road 

sites the options are the CEOS TITRL, Eco-Counter ZELT Selective and TDC Systems HI-

TRAC CMU; the former comes at a significant price premium but is capable of detecting 

bicycles across the full width of the roadway and without an in-pavement sensor.  All of 

these devices, installed correctly and at appropriate sites, can reasonably be expected to 

produce counts of sufficient accuracy for practical purposes. 

Computer vision systems (such as SenSen Networks) had the lowest overall accuracy of 

the systems on test, and the widest variation in this accuracy.  Moreover, some computer 

vision systems such as the Cognimatics system requires a central overhead camera 

mounting position (the SenSen Networks system is not constrained in this way).  This class 

of technology offers the advantage over most other technologies of not requiring in-

pavement sensors and appears to be developing rapidly.  However, the system reliability 

does not yet seem to be sufficient for a practical system deployment; there would be 

significant (but presumably not insurmountable) technical risks associated with these 

systems.  However, this technology is rapidly evolving such that computer vision systems 

may be worth these risks where the alternatives are not viable. 

Procurement considerations 

The technology hardware and software and the installation are inseparable – a high quality 

installation, in a site compatible with the chosen technology, is critical to ensuring an 

accurate count.  A highly accurate counter will be useless if it is installed poorly or at a 

location unsuitable for the technology used.  There are many external factors which can 

influence the performance of the various technologies, and which require specialist 

expertise to calibrate each counter for a particular site.  These devices are not plug-and-

play; they cannot be installed by a non-expert and should always be subject to site-

specific calibration.  Our strongly held view is that any system procurement should 

encompass the system itself, installation and initial calibration within the procurement 

contract.  Separating out these tasks would be a high risk exercise and highly unlikely to 

provide value for money. 

Data analysis and dissemination 

There are now commercially available systems which are capable of accurately counting 

bicycle riders in most on- and off-road situations.  However, the procedures to store, 

analysis and report the data coming from these devices are inadequate.  Convenient and 

timely presentation of data to assist decision makers is critical to ensuring the data assists 

in policymaking.  It will only be through a demonstrated ability for the data to assist 

policymakers will an investment in a cyclist counting network be worthwhile.  For this 

reason, an investment in high quality counting equipment must be supported by an 



Evaluation of Automatic Cyclist Counters 

0030 TMR CYCLIST COUNTER TRIALS (FINAL-2).DOCX Page vi 

investment in downstream data analysis and reporting, and a commitment to retain this 

reporting capability over time.  This downstream capability to analyse and disseminate data 

as information is the main impediment to automatic cyclist counting.  
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1 Introduction 
1.1 Scope of study 
CDM Research was subcontracted by ARRB Group to analyse data from trials of automatic 

bicycle counters deployed at an on- and off-road site in Brisbane.  The overall contract was 

undertaken for the Queensland Department of Transport and Main Roads (TMR).  The 

purpose of this study was to: 

 evaluate commercially available cyclist automatic counting devices in a realistic 

setting, and 

 draw recommendations as to the types of sites for which each device could 

reasonably be expected to perform to a satisfactory level. 

The definition of what is satisfactory took into consideration factors such as the count 

accuracy, cost, reliability, ease of installation and manufacturer support.  The information 

contained with this report is intended to assist TMR in identifying potential counting systems 

and the tradeoffs between various devices. 

1.2 Structure of this report 
This report is structured as follows: 

 Chapter 2 provides a general review of the technologies available for counting 

bicycles and of the issues associated with measuring accuracy. 

 Chapter 3 describes the trial sites chosen for the trial, devices selected for the trials 

and the evaluation criteria. 

 Chapter 4 presents the results from the on-road trials. 

 Chapter 5 presents the results from the off-road trials. 

 Chapter 6 discusses the overall results from the trials and a comparison between 

the devices. 

 Chapter 7 provides a summary of recommendations for device selection and for 

further work. 
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2 Background 
2.1 Technology overview 
There are a number of technologies that have been developed to count bicycles.  These 

technologies need to have two fundamental accuracy-related characteristics: 

 the ability to positively detect a bicycle when it passes the count site (a “true 

positive”), and 

 the ability to not count other objects that may pass the site (pedestrians, cars, 

trucks and so on) (a “true negative”). 

The technologies in common use, and trialled in this study, are summarised in Table 2.1.  

All technologies are capable, at least in principle, of distinguishing between bicycles and 

pedestrians.  It is reasonable to expect that these technologies have little difficulty in doing 

so.  Far more difficult is to distinguish between bicycles and motor vehicles on roadways, 

and particularly between motorcycles and bicycles.  This is critically important, because on 

most roadways the number of motor vehicles will be much greater than the number of 

bicycles.  In these situations even if a very small proportion of motor vehicles are falsely 

classified as bicycles the bicycle count will be in significant error. 

It is difficult to make general statements about the accuracy of these technologies as they 

are subject to much variation and will be heavily dependent upon the technical details of the 

manufacturers’ product, installation, calibration and characteristics of the site. 

 Table 2.1: Technology overview 

Technology  Description  Cost  Maturity  Comment 

Computer vision  Object recognition from 

digital video images 

High  Medium  Rapidly developing 

technology but few 

deployments for bicycle 

counting to date. 

Inductive loop  An electrically conducting 

loop installed in the 

pavement responds to 

the presence of metallic 

objectives. 

Low  High  Widely used technology.  

Challenges in differentiating 

among bicycles and cars on 

roadways, and in detecting 

carbon fibre bicycles 

(although the metallic 

content is usually sufficient).  

Requires multiple loops (or 

other sensors) to detect 

direction. 
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Technology  Description  Cost  Maturity  Comment 

Infrared beam  Active infrared beam 

transmitted across 

detection area, classifies 

vehicles based on break‐

beam pattern (timing and 

spacing). 

Variable  Medium – 

High 

Most infrared beams cannot 

differentiate between 

bicycles and other objects. 

Piezoelectric strip  Metallic strip which 

generates an electrical 

charge when under 

pressure. 

Medium  High  Fairly widely used, usually in 

a two‐strip configuration to 

allow for classification by 

direction and speed. 

Radar  Radio waves used to 

detect movement, 

direction and length of 

objects. 

Low ‐ 

Medium 

Medium  Classifies based on object 

length and sometimes 

speed.  Radar is affected by 

moderate to heavy rain. 

 

2.2 Accuracy 

2.2.1 Definitions 

Accuracy is most commonly thought of as the proportion of events that are detected; for 

example, if 100 cyclists pass a counter and 98 are detected then the accuracy is stated as 

98%.  In practice, this is insufficient to comprehensively measure accuracy as the types of 

error can compensate one another.  Consider the four conditions which may occur when 

counting bicycle riders: 

 cyclists are correctly detected (a “correct” behaviour), 

 cyclists are present but not detected (an “incorrect” behaviour), 

 non-cyclist objects are incorrectly detected (an “incorrect” behaviour), and 

 non-cyclist objects are correctly rejected (a “correct” behaviour). 

To refer only to the ratio of cyclists detected divided by all cyclists observed is incomplete 

and potentially misleading1.  This is because “false positives” (non-cyclists that are falsely 

detected and classified as cyclists) will counteract the undercounting that will tend to occur 

with the true positives.  As such, it is theoretically possible that an aggregate validation will 

                                                      
1 Consider an unrelated, extreme example: a new early detection method for lung cancer is developed.  In tests 
with 100 patients the method identifies 50 patients as having lung cancer.  Biopsies are subsequently taken from 
all 100 patients which indicate that 10 patients do indeed have lung cancer, and all of these patients were positive 
to the new detection method. As such, the method is 100% accurate as all cases of lung cancer were identified.  
However, as well as correctly identifying the 10 patients with lung cancer a further 40 patients who do not have the 
condition were identified.  As such, a great deal of time, money and emotional stress will be imposed unduly on 40 
patients.  So although the test is “accurate” it is unlikely to be acceptable. 
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imply 100% accuracy when in fact cyclists are being significantly undercounted but are (by 

coincidence) being compensated by the false positive count2. 

A more complete picture of accuracy classifies each event (i.e. an object moving over the 

sensor) into true or false positives, and true or false negatives.  The terms for each possible 

combination of condition and test outcome are given in Table 2.2, and are identical to the 

four conditions listed previously.  The “gold standard” in the columns represents our best 

understanding of the real world; this would normally be obtained by manual (human) 

counting from a video record3.  From counts in each of these conditions the sensitivity and 

specificity can be calculated.  Sensitivity is what we would normally refer to as “accuracy”; 

this is the proportion of positives which are correctly counted.  Specificity is the proportion of 

negatives which are correctly rejected4.   

 Table 2.2: Event classification 

    Actual condition (“Gold standard”)   

    Positive  Negative   

Counter 

outcome 

Positive  True positive 

(TP) 

False positive 

(FP) 

Positive prediction 

value = TP / (TP+FP) 

Negative  False negative 

(FN) 

True negative 

(TN) 

Negative prediction 

value = TN / (TN+FN) 

    Sensitivity = 

TP / (TP+FN) 

Specificity = 

TN / (FP + TN) 

 

 

The most frequent condition will be the true positives and true negatives; that is, where both 

the manual count and automatic count are in agreement that there is (true positive), or is 

not (true negative), a bicycle present.  Far less frequent, but potentially significant to overall 

count accuracy, will be the number of false negatives (where a bicycle is not detected by 

the automatic counter, such as is likely with groups) and false positives (where, for 

example, a possum or moving branch is falsely classified as a bicycle).  It will be simple to 

identify false negatives from the video record but much more difficult to identify the source 

of false positives; it may not be evident from the video record what has falsely triggered the 

counter. 

                                                      
2 One may argue this does not matter in practice if the under- and over-counting always counteract one another.  
In practice the level of under- and over-counting will vary, so this assumption would be very risky. 
3 This is also referred to as the “ground truth”.  Manual cyclist counting, even from videos, is subject to its own level 
of inaccuracy – usually quoted in the range of +/-10% for trained counters.  In this study trained, experienced 
counters were used and time stamped records from the video that did not match the device count were double 
checked.  This minimised the error from the manual counting, so maximising our confidence that this “gold 
standard” comparator is indeed a true representation. 
4 For many of these sensors it will not be possible to obtain a complete “false” count.  For example, the number of 
“events” where a passive IR sensor correctly rejects temperature gradients on the path or where a leaf moves in 
front of a video imaging system cannot be readily determined. 
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2.2.2 Thresholds of “adequate” accuracy 

Given that no counting device can be 100% accurate, the question then arises as to what is 

a sufficient or adequate level of accuracy.  The definition of adequacy will be determined 

primarily by the use of the data.  While the purpose of collecting bicycle counts is not the 

subject of this study it seems reasonable that the following would be typical motivations: 

 to provide evidence to justify further investment in cycling, 

 to evaluate a particular project or intervention (particularly in a before-after 

evaluation), 

 to assist with the selection and prioritisation of corridors for future investment, and 

 to identify possible capacity issues to assist in designing improved facilities to meet 

current and forecast demand. 

In some of these scenarios the absolute count will be important (for example, studies 

related to capacity).  In other scenarios it will be the relative count that is more important; 

that is, site A is greater than B.  In any case it is difficult to see how an investment decision 

would differ if demand was (say) 100,000 or 110,000 riders per year.  Furthermore, what is 

important is to understand what demand is likely to be in the future rather than today.  This 

introduces additional complexities around forecasting.  Irrespective, a good understanding 

of current demand is self-evidently useful to help with forecasting future demand. 

Another consideration is cost effectiveness.  This study has not found a strong correlation 

between cost and accuracy (indeed, some of the cheapest devices were among the most 

accurate).  However, there does seem to be a relationship between additional data 

functionality (e.g. individual data records, speed and direction of travel) and cost.  The issue 

is then whether this additional data justifies the additional cost.  Alternatively, the question is 

whether for a fixed budget it is worth getting half the devices that could otherwise be 

purchased in order to obtain these additional functions.  These questions will, clearly, be 

dependent on the specific application. 

2.2.3 Generalisations about accuracy 

It is difficult to generalise about the accuracy of a particular technology or commercial 

system.  There are at least two reasons for this: 

 All technologies have their strengths and weaknesses, and the accuracy at a 

particular site will be a function of how well matched the strengths are to the 

particular site. 

 Installation details matter – a good system that is poorly installed and calibrated will 

have low accuracy, even if the underlying technology itself is accurate. 

Very few bicycle counting technologies are available “off-the-shelf” and almost all require at 

least some level of onsite calibration and adjustment.  This calibration would ideally 

consider the range of conditions over which the counter will operate (day/night, dry/wet) in 

order to give confidence in the results.  Furthermore, the details of the installation will be 

important – for example, the position and orientation of a sensor.  Close involvement of the 
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supplier (who, after all is an expert in their system and has a vested interest in ensuring it 

works) is important for all of these steps. 
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3 Methodology 
3.1 Trial sites 
Two sites were selected for this trial: 

 Northbank shared-use path near the QUT Garden Point ferry terminal (Brisbane 

CBD - Figure 3.1(a)), and 

 Baroona Road, Milton (Figure 3.1(b)). 

These sites were selected as they represent fairly typical sites where TMR would have an 

interest in undertaking automatic counts, and the results from these sites could reasonably 

be generalised to many other similar locations.  Furthermore, they were sites for which the 

logistics of setting up the trials were not unduly onerous. 

 Figure 3.1: Trial sites  

 (a) Shared path site 

 

 (a) On-road site 
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 Figure 3.2: Trial site locations 

 

 Table 3.1: Trial site characteristics 

Off‐road site: Northbank 

3 m bitumen shared use path 

1,100 peds, 1,900 bicycles per typical weekday 

170 peds, 350 bicycles per typical weekday peak hour 

On‐road site: Baroona Rd 

Mixed traffic roadway with kerbside parking and centreline (no dedicated cycling facility) 

7,600 vehicles, 200 bicycles per typical weekday 

660 vehicles, 40 bicycles per typical weekday peak hour 

 

3.2 Assessment criteria 
The selection of an appropriate automatic counter will, self-evidently, need take into 

consideration the count accuracy under the intended conditions.  However, a number of 

other criteria will also be important, such as cost, maturity (i.e. reliability), support and ease 

of deployment.  Together, these objective and subjective measures provide an indication of 

a counters fitness for purpose.  The criteria used in this study are listed in Table 3.2.  Each 

device at the on- and off-road trial site was assigned a score between one and three 

against these criteria.  The meaning of these scores for each criteria are given in Table 3.3; 

a higher score is “better”.  An overall rating was given taking into account a subjective 

assessment of the relative weights of each criteria.  This overall rating can be interpreted as 

being “not suitable”, “worthy of consideration” and “suitable”. 
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 Table 3.2: Assessment criteria 

Criteria  Description 

Cost  Initial capital cost, installation cost (incl. poles, footings, power etc) and 

ongoing maintenance costs. 

Maturity  Does the system have a track record in practical bicycle counting 

applications? Has the system been demonstrated, either through the 

trial or a real deployment, to be reliable both in the hardware and 

software? 

Support  Is there local (Australian) support, either directly through the 

manufacturer or a local distributor? 

Accuracy  Is the system sufficiently accurate for the purpose? 

Data detail  Does the device provide individual time stamped records or (aggregated) 

binned counts? Does the device provide direction of travel, speed, 

headway or other additional information? 

Ease of deployment  Does the system have extensive infrastructure requirements (poles, 

power etc) or can it readily be attached to existing infrastructure? 

Overall  An overall assessment based on our opinion as to the magnitude and 

relative weight of each attribute. 
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 Table 3.3: Description of scoring levels 

  Score 

Criteria       

Cost  >$15,000 including 

installation 

$5,000‐$15,000 

including installation 

<$5,000 including 

installation 

Maturity  New software and/or 

hardware, or system 

is bespoke. Significant 

issues encountered 

during trials. High risk. 

Some existing 

commercial 

deployment in similar 

applications.  Minor 

issues may have been 

encountered during 

trials. 

Mature system that is 

widely used with a 

strong track record.  

No issues experienced 

during trials. 

Accuracy  <80% count accuracy.  80‐90% count 

accuracy. 

>90% count accuracy. 

Data detail  Only binned counts  Individual records  Individual records and 

speed/headway data 

Ease of deployment  Requires extensive 

groundworks, such as 

poles and gantries 

and/or mains power 

supply. 

Requires modest 

groundworks, such as 

poles or in‐pavement 

sensors but no 

overhead arms or 

mains power. 

Minimal groundworks 

required, may be 

readily fitted to 

existing 

infrastructure. 

Overall  High risk system that 

may be costly and/or 

have inadequate 

count accuracy.   

 

 

 

 

Not suitable. 

System with 

significant potential, 

may have some 

technical risks, 

require some 

groundworks, have 

adequate accuracy 

and/or be costly.  

Worthy of 

consideration. 

System is mature, 

with minimal 

technical risks, may 

require modest 

groundworks but be 

reasonably priced 

given the high 

counting accuracy. 

Suitable. 

 

3.3 Accuracy assessment 
Two approaches were taken to measuring accuracy: 

 “Natural” testing: compare observed cyclist counts with the counts provided by the 

devices under realistic conditions, and 

 “Simulated” testing: test the devices under controlled conditions using cyclist 

configurations which are likely to influence the system accuracy. 
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In the natural condition the counter accuracy was determined with “real” bicycle riders 

moving through the study area.  Accuracy was determined both in aggregate across the 

observation period, in short period (15-minute) bins and, where possible, at the individual 

observation level.  Counts were not compared by direction, as it was felt that the 

technologies would in almost all practical situations be good at correctly determining the 

direction of travel5. 

The simulated trials involved attempting to “trick” the devices under controlled conditions; 

typical examples being two bicycles riding alongside, behind and offset from one another.  

These types of conditions are known to be among the most difficult for most technologies to 

distinguish between riders.  At the on-road site a fairly typical lightweight motorcycle (Suzuki 

SV650) was also used, both on its own and in unison with bicycle riders, to determine how 

well the devices distinguished motorcycles from bicycles.  It is noted that these situations 

represent an extreme worst-case scenario.  They are unlikely to occur regularly in practice, 

and would have the effect of unfairly reducing overall estimates of system accuracy.  As 

such, the overall accuracy statistics exclude these simulated trial periods. 

3.4 Analysis method 
The data analysis was primarily concerned with: 

 calculating the overall accuracy, 

 determining the accuracy stability across time and level of demand (using short 

period binned counts), and 

 estimating the proportion of false positive and false negative counts. 

3.4.1 Overall accuracy 

The overall accuracy was calculated by comparing the aggregated counts from the devices 

with manual video observations.  Ensuring the device clocks and video clocks are 

synchronised is an important part of this process, particularly when comparing the counts in 

small bins (e.g. 15 minutes). 

The video record was manually examined by trained and experienced counters.  Each 

bicycle observation was given a timestamp (from the video record), direction and a 

comment was noted if the event was unusual (for example that the rider was riding 

alongside another).  Around 10% of records were independently examined by another 

counter in order to provide another layer of data validation.  Furthermore, in the subsequent 

record matching process suspect records were flagged by the matching code and then 

subject to manual verification.  As such, we can be confident that the “ground truth” data 

against which the devices was compared is, for all reasonable purposes, accurate. 

3.4.2 Record matching 

The most difficult aspect of matching the video record (the “ground truth”) against the 

device data was ensuring time synchronisation, particularly at the Northbank site (where 

headways were often very short between cyclists).  While every attempt was made to 

                                                      
5 Furthermore, at the on-road site we would expect very few riders to be travelling contraflow. 
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ensure the video record and devices were time synchronised in practice times varied by up 

to +/- 10 seconds.  Furthermore, there was some variation in the video record based on 

where exactly a rider would be recorded within the field of view.   

In matching the video and device individual records a nearest neighbour matching algorithm 

was applied.  This correctly matched records in most instances.  However, where there 

were a large number of movements over a short period of time and either false positive or 

false negative readings, the algorithm did not always succeed.  In these cases, and 

wherever the data record appeared suspicious, manual observation of the video and 

checking of the device data was undertaken.  This process frequently resulted in minor 

adjustments of the time stamps to ensure records matched with what the analyst 

determined to be the “most likely” outcome.  This process invariably involved a degree of 

subjectivity.  The analyst erred on the side of matching records wherever there was doubt, 

which probably resulted in a somewhat optimistic measure of count matching.  

Nonetheless, these effects are likely to be marginal such that they do not affect the overall 

conclusions. 

3.5 Devices 
An expression of interest process was undertaken by TMR to identify candidate devices.  

From those suppliers who responded to the EOI a selection was made based on our 

assessment of the likely viability of these devices to meet TMR requirements.  Where there 

was uncertainty we erred on the side of proceeding to test the device.  The devices were 

purchased from the supplier and installed by two third party contractors; suppliers were 

invited to participate in the installation in order to confirm the device was installed optimally. 

The main characteristics of the devices tested off-road are summarised in Table 3.4.  All 

devices classify riders by direction of movement.  The on-road devices are summarised in 

Table 3.5. 
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 Table 3.4: Off-road device summary 

Device  Technology  Speed  Existing use in 

Australia?1 
Existing use 

overseas?1 

Cognimatics  Computer vision  No  No  Yes 

Metrocount  Piezoelectric strip  Yes  Yes  Yes 

TDC Systems  Piezoelectric strip  Yes  No  Yes 

SenSen Networks  Computer vision  Yes  No  No 

Sierzega SR6‐bike  Radar  Yes  No2  Yes 

CEOS TITRL  Infrared beam  Yes  No  No 

Eco‐Counter ZELT Greenway4  Inductive loop  No3  Yes  Yes 

1
  Some of these devices are widely used for other traffic counting or security applications.  Use here refers only to cyclist 

counting. 

2
  Two devices have recently (June 2013) been installed on shared paths in Melbourne by VicRoads. 

3 Speed can be measured by installing an additional set of loops. 

4 The typical two 1.5 m lateral loops cannot detect direction.  A side‐facing passive infrared (PIR) sensor was coupled to the 

device to provide direction (and also classify pedestrians).  This version is called the Eco‐Multi. 

 

 Table 3.5: On-road device summary 

Device  Technology  Speed  Existing use in 

Australia?1 
Existing use 

overseas?1 

Cognimatics  Computer vision  No  No  Unknown 

Metrocount  Piezoelectric strip  Yes  Yes  Yes 

TDC Systems  Piezoelectric strip  Yes  No  Yes 

SenSen Networks  Computer vision  Yes  No  No 

Sierzega SR4‐bike  Radar  Yes  No2  Yes 

CEOS TITRL  Infrared beam  Yes  No  No 

Eco‐Counter ZELT  Inductive loop  No3  Yes  Yes 

1
  Some of these devices are widely used for other traffic counting or security applications.  Use here refers only 

to cyclist counting. 

2
  Two devices have recently (June 2013) been installed on shared paths in Melbourne by VicRoads. 

3 Speed can be measured by installing an additional set of loops. 

 

In the followings sections each of the devices is discussed in more detail. 

3.5.1 CEOS 

CEOS provide an active infrared beam device (The Infrared Traffic Logger – TITRL) for 

traffic counting applications.  The device requires a transmitter on one side of the path or 

road and a receiver on the opposite site.  The transmitter and receiver can be housed in a 
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kerb (i.e. within 10 cm or so of the ground) such that they are inconspicuous, and do not 

require the installation of sensors within the road or path pavement.  This offers the benefit 

of not needing to close the roadway or path to install the device.  For the purposes of this 

trial the devices were installed in cabinets at ground level (Figure 3.3).   

The transmitter continuously emits an infrared beam from two lenses on the front of the 

transmitter.  These are then received by two lenses on the receiver; the spread of the beam 

results in four light paths being received at the receiver (Figure 3.4).  An object passing in 

front of the device will break these beams; the software is then able to classify the event 

based on the number of break beam events and their timing across each of the four beams.  

Using this information the object can be classified (e.g. motor vehicle, motorcycle, bicycle, 

other) and its speed and direction estimated.  Although unlikely to be useful for bicycle 

counting applications, the device can also determine the distance from the transmitter the 

object is located (which is useful for lane-by-lane counting of motor vehicles on multi-lane 

roads). 

The TITRL has been fairly widely used for motor vehicle counting applications, particularly 

on highways.  It has not previously been used to classify bicycles, either on roadways or 

paths.  As noted in subsequent sections of this report, the existing software algorithm was 

found to require adjustment to adequately detect bicycle riders. 
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 Figure 3.3: CEOS TITRL installation at Northbank (note the blue cabinets) 

 

 Figure 3.4: TITRL beam configuration (source: TITRL technical overview) 

 

Break beam devices such as the TITRL can be subject to interference during periods of 

rain, although the manufacturer claims the level of interference is minimal in typical rainfall 

conditions.  More critically, but in common with almost all devices, the TITRL’s accuracy is 

adversely affected by the presence of riders travelling side-by-side.  The side-facing beam 

design means that multiple riders cannot be distinguished if they are riding exactly 

alongside one another.  However, in practice there is almost always at least a minimal 
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offset between adjacent bicycles.  The device will detect multiple wheels and the algorithm 

has been developed to estimate the number of bicycles present.  This software procedure is 

common to all devices where these events are encountered, although self-evidently the 

detail of the algorithms will differ. 

3.5.2 Cognimatics 

The Cognimatics device is a computer vision system; it processes digital video images from 

a camera source (such as a CCTV camera) to identify bicycle riders.  The “intelligence” in 

all computer vision systems is in the software’s ability to distinguish riders from the 

background, and in all weather and lighting conditions, and to ensure non-riders (e.g. 

pedestrians, runners, dogs, shadows) are not falsely classified as riders. 

The hardware provided by the supplier was a typical outdoor CCTV camera (Axis P33 

series).  The camera is typical insofar as it generates a standard colour video image (i.e. 

RGB video).  This means that the system will require some form of artificial lighting at night 

in order to be able to detect bicycle riders (a minimum of 80 lux is stipulated by the 

manufacturer).  At both of the trial sites in this study this was not an issue as artificial 

lighting was present.  Critically, the camera must be housed in a central overhead position 

over the path (Figure 3.5).  By contrast, the SenSen device described in Section 3.5.6 can 

be housed obliquely to the side of the path.   

 Figure 3.5: Cognimatics camera position (source: Cognimatics Trueview Bicycle Counter 
documentation) 
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The Cognimatics software provides bicycle rider and pedestrian counts in a minimum of 15 

minute bins and are classified by direction of travel.  The images from the video are 

processed remotely on a Cognimatics-hosted server.  As such, an IP connection or 

telemetry (GSM/GPRS) is required.  The combination of the CCTV camera and always-on 

telemetry dictate that a mains power supply is required (or for short periods, as in the case 

of this trial, a generator to charge a battery pack). 

3.5.3 Eco-Counter 

Eco-Counter is a French company with a distributor (Outdoor Counters Australia) located 

on the Sunshine Coast.  Their ZELT inductive loop detector is widely used both 

internationally and in Australia for counting bicycle riders, including by Brisbane City Council 

(shared paths only) and the City of Sydney (shared paths, cycleways and roadways).  Like 

piezoelectric strips (Sections 3.5.4 and 3.5.7), the induction loops are installed within the 

pavement.  The loops are covered with an epoxy such that they are unlikely to be detected 

by visitors and would be difficult to damage.   

All Eco-Counter bicycle counters use a diamond-shaped inductive loop 1.5 m across; on a 

typical shared path the unit is installed as two adjacent loops to give a total coverage of 3 m 

although more than two loops can be used to provide wider coverage (Figure 3.6).  Two 

main options are available for bicycle counting: 

 ZELT Greenway for counting bicycles on shared paths and physically protected 

cycleways on-road, and 

 ZELT Selective for counting bicycles on mixed traffic roadways and roads with 

bicycle lanes not physically protected from motor vehicles. 

An additional option on the ZELT Greenway is to pair the bicycle sensor to a side facing 

passive infrared sensor.  This option provides a pedestrian count and allows for 

classification of riders by direction of travel.  A single inductive loop will not provide direction 

of travel6 or speed, although multiple loops installed longitudinally can be used to classify by 

direction and speed 

                                                      
6 In some cases direction of travel can be reasonably inferred; for example, a single loop on the side of a roadway 
will have almost all riders travelling in the same direction as adjacent traffic.  The same cannot be said for a shared 
path or cycleway. 
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 Figure 3.6: Eco-Counter ZELT loop (Northbank trial site) 

 

The ZELT detects the change in magnetic field from metallic objects passing overhead.  

The algorithms are claimed to be able to detect bicycles even with a large carbon content; 

many bicycles will have full carbon frames, although only a minority will have full carbon 

wheels.  The ZELT will be able to detect bicycles with carbon rims and metal spokes, but 

not bicycles with full carbon wheels.  The software recalibrates on a regular basis, so for 

example, if a shopping trolley were to be placed on top of the loop the device would 

automatically recalibrate after a short period of time to allow detection of riders moving over 

other sections of the loop.  The sensitivity will vary laterally across the loop, and be lowest 

at the corners of the loop.  Another study7 found that riders were almost always detected at 

any lateral position on the loop, including near the corners.  However, self-evidently the 

device will not detect riders who pass outside the span of the loops.  This has implications 

on very wide paths, or where riders may be expected to travel across a wide lateral range.  

The most typical examples would be wide paths such as Goodwill Bridge (although more 

than two loops may be possible in these cases) and on roads where there is occasional 

kerbside parking.  In the latter example most riders would be expected to ride within one to 

two metres of the kerb when no car is parked and anywhere from two to five metres from 

the kerb when parked cars are present. 

                                                      
7 Munro, C. (2012) Eco-Counter ZELT Selective Validation: Wilson St, Redfern, unpublished technical note. 

PIR sensor 
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The Eco-Counter has a low power consumption; the manufacturer claims a 10 year life from 

the battery powering the logger without any external power input.  A separate battery 

powers the loops and GSM telemetry (if present); the life of this battery will depend on the 

number of loops (e.g. around one year for four loops and two years for up to three loops)..  

Data is provided in 15-minute bins, although the software provides a diagnostic mode to 

observe the counts in real-time. 

3.5.4 Metrocount 

The Metrocount MC5720 device uses two piezoelectric strips to detect bicycles.  These 

strips generate a small electrical charge when under pressure from a bicycle tyre or foot.  

Two strips are used to allow the software to determine the presence of a bicycle based on 

the number, timing and signal shape of the strikes on the strips.  The algorithms minimise 

the risk that a pedestrian will be falsely classified, and adjust for complex configurations 

such as side-by-side riders.  Furthermore, the two strips allow for estimation of direction of 

travel and speed.  Non-bicycle wheeled objects such as shopping trolleys, wheelchairs and 

skateboards can be rejected due to their wheelbase and the size and shape of the electrical 

signal generated by the piezoelectric strip. 

Metrocount is a Perth-based company and their bicycle counters have been widely 

deployed over a number of years in Perth, Melbourne, Sydney and Queensland.  

Installations in Queensland are often managed on behalf of Metrocount by Pentagon 

Systems.  The data logger and analysis software platform is the same as used by their tube 

counters, which are widely used by road authorities in Australia. 

The Metrocount device is widely used in Australia for counting bicycles on shared paths.  It 

has also been used in at least one on-road environment where the bicycle lane is physically 

protected from the roadway; at Albert Street in East Melbourne the bicycle lane runs along 

the kerb and is protected from traffic by bollards and parking.  Validations undertaken at this 

site found 99.0% overall accuracy (n = 202), and simulated trials of riders in close formation 

found good matching except for staggered formations where a trailing rider has their front 

wheel adjacent to a leading riders rear wheel8. 

3.5.5 Sierzega 

Sierzega is an Austrian supplier of automatic traffic counting equipment and traffic actuated 

signs.  JENOPTIK Australia are the Australian distributor of the Sierzega range of radar 

counting devices.  The SR4 version was used at the on-road site and is a Bluetooth-

enabled device while the SR6-bike used at the off-road site is equipped for wireless 

telemetry in addition to Bluetooth9.  Both devices use radar to detect motion within the field 

of view.  Objects are then classified based on their length and speed of travel.   

Groups of riders (pelotons) are counted by determining the total group length and dividing 

by a typical bicycle length.  Pedestrians should be excluded due to their low speed and 

                                                      
8 Sinclair Knight Merz (2011) Validation of MC5720 on Albert St, East Melbourne. 
9 There are four products in the Sierzega traffic counting range: SR4 and SR4-bike, both of which are Bluetooth-
only, and SR6 and SR6-bike with GPRS telemetry in addition to Bluetooth.  The –bike designation indicates the 
device has been tuned to detect bicycle-sized objects (and cannot be used on mixed traffic roadways). 
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short length.  In on-road environments motorcycles will be classified as bicycles given their 

similar length, although a speed filter would assist in classifying out some of these vehicles.  

The measured speed will be dependent on the angle at which the device is placed relative 

to the path or roadway, and the direction of travel of the object10.   

The device can report individual time stamped records or, more conventionally, as binned 

counts.  The unit is active; it will continuously emit a radar signal.  Using standard lead acid 

batteries the device can be expected to last around two weeks.  Solar power and mains 

power options are also available to prolong the system life indefinitely. 

 Figure 3.7: Sierzega radar counter (source: Sierzega) 

 

 

 

3.5.6 SenSen Networks 

The SenSen Networks system, like the Cognimatics, is a computer vision system.  The 

software algorithm is proprietary; Figure 3.8 shows the processed image of a rider and 

pedestrian from the Northbank test site.  These images are recorded on the server and can 

be used for diagnostic purposes.   

The system classifies by mode (cyclist, pedestrian), by direction of travel and speed.  

Individual time stamped records are available, as well as hourly binned data in the standard 

reports.   

There are two significant differences between the SenSen computer vision system and the 

Cognimatics system: 

 the SenSen camera can be mounted to the side of the path, precluding the need for 

an overhead arm on which to mount the camera, and 

                                                      
10 This issue, common to all radar devices, is referred to as cosine error.  It can readily be corrected using simple 
trigonometry, but relies on accurate knowledge of the orientation of the radar and direction of movement of the 
object. 
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 the SenSen software can work with either standard colour video (RGB) or thermal 

camera inputs.  

Both of these differences are favourable towards the SenSen system.  In particular, the 

ability to use a thermal camera avoids the need to provide artificial lighting at night.  

Furthermore, thermal images are generally “cleaner” than colour video, making it easier for 

the computer vision software to distinguish objects of interest from background noise (such 

as shadows). 

The images from the video can be processed locally if a server is installed or remotely via 

an IP connection or telemetry (GSM/GPRS).  The complete device (consisting of a thermal 

camera, processor and telemetry) will consume around 2A at 12V, which is significantly 

greater than the piezoelectric strip and inductive loop devices.  Where mains power is 

available this will not be an issue; for other locations a solar power and battery solution may 

be viable11.   

                                                      
11 At a maximum consumption of 2A @ 12V (24 Wh) a fairly large solar panel and battery storage would be 
required to ensure continuous operation at night and on cloudy days. 
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 Figure 3.8: SenSen example image output  

(a) Pedestrian – thermal image (b) Pedestrian – segmented image 

(c) Bicycle rider – thermal image (d) Bicycle rider – segmented image 

 

At the trial sites the SenSen algorithm was ran remotely, such that all that was required on 

site was a thermal camera, 4G telemetry and associated power supply.  The camera at the 

on-road site was mounted facing north on the end of an arm which projected roughly into 

the middle of the northbound traffic lane (Figure 3.9).  This represents an optimum position 

for the camera to count in the northbound direction, and was dictated by the requirement for 

the Cognimatics camera to be centrally mounted.  SenSen claim their camera need not be 

centrally mounted; indeed, an offset position was used in the off-road trials (Section 5.5).  
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 Figure 3.9: SenSen Networks installation at Baroona Road 

 

3.5.7 TDC Systems 

TDC Systems use two piezoelectric strips to detect bicycles in much the same way as 

Metrocount (Section 3.5.4).  While the technology is essentially identical there will be 

differences in the types of piezoelectric material used and in the algorithms used to process 

the signal from the strips.  It is this signal processing that represents the most technically 

challenging part of all of these systems, and which will differentiate between devices based 

on the same sensor technology. 

TDC Systems is a UK company with a Brisbane-based subsidiary company.  Their bicycle 

counters have been installed in the UK on shared paths in the past, although not yet in 

Australia. 

The TDC Systems piezoelectric strips at the on-road site were installed in the northbound 

carriageway covering a width of approximately three metres, set about 1.5 m from the kerb 

face to around 0.5 m inside the centreline (Figure 3.10).  The strips were installed 1 m 

apart.  Self-evidently, the device is not capable of detecting bicycle riders who travel outside 

this detection area.  In practice, it was observed that the vast majority or riders did travel 

within this area and so this is not likely to have any significant impact on the results12. 

                                                      
12 This comment applies only to the trial condition, when water-filled barriers were located along the kerb.  Once 
these were later removed it was observed that riders would tend to ride to the left of the sensors when no vehicles 
were parked along the kerbside.   
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 Figure 3.10: TDC Systems piezoelectric strip installation 

 

 

3.6 Installation issues 
The installation at the two sites was performed by contractors separate from the system 

providers.  The level of oversight and advice from the suppliers varied, such that the 

installations did not in all instances meet with the manufacturer-recommended conditions.  

Issues reported by one of the installers are described in Appendix B.  In addition, 

Metrocount and Pentagon Systems noted the following issues with the installation at 

Northbank: 

 Pedestrian sensor mounted too high, such that false positive readings from the 

water on the river was possible, 

 Lateral offset of the pedestrian sensor from the piezoelectric strips of one to two 

metres, which complicates the “voting” within the algorithms to determine whether a 

detected object is a pedestrian or bicycle rider. 

 Piezoelectric strips installed too deep within the pavement. 

 

TDC Systems piezoelectric strips 
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4 Results: On-road site 
4.1 CEOS TITRL 

4.1.1 Accuracy 

The default roadway classification scheme applied to the TITRL was found by the 

manufacturer to be inadequate for the purposes of classifying bicycles in mixed traffic 

(namely, the algorithm was too “aggressive” which resulted in significant undercounting of 

bicycles).  The results presented in this section are based on a modified scheme developed 

by CEOS specifically for this trial (although we note this was done without access to the 

video record, and so is based purely on the TITRL data).  This modified scheme should, in 

principle, be applicable to any mixed traffic site. 

The overall counting accuracy of the TITRL was 91.6% (Table 4.1).  Of the 532 counts 

recorded by the device 42 (7.9%) were false positive detections.  There was no pattern to 

the source of these false positives; some appeared to be motorcycles while others seem 

related to car movements.  The false positives were more than compensated by the false 

negatives, which comprised 15.7% of the actual cyclist count.  This resulted in an overall 

sensitivity (that is, the proportion of bicycle riders who were correctly detected) of 84.3%. 

 Table 4.1: CEOS TITRL on-road test results 

Statistic  Value 

Actual count  581 

Measured count  532 

Actual / measured %  91.6% 

Detailed accuracy   

True positives  490 

False positives  42 

False positives as % of measured count  7.9% 

False negatives  91 

False negatives as % of actual count  15.7% 

Sensitivity  84.3% 

Positive prediction value  92.1% 

 

The count accuracy over the four day observation period was generally good in most 15-

minute bins (Table 4.1).   
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 Figure 4.1: Count comparison by 15-minute bins 

 

The CEOS device was not installed directly alongside the other devices, rather it was 

installed around 80 m to the north near Beck Street.  The video record which provided the 

baseline data was located with the other devices.  This probably has an insignificant impact 

on the overall count comparisons.  However, it meant the simulated trials were not insightful 

as the riders did not cross the device. 

4.1.2 Strengths 

The TITRL’s main advantage is the ability to span a full roadway width, and to do so without 

the need for sensors in the road pavement13.  Furthermore, the device demonstrated a very 

good ability to correctly reject motor vehicles and motorcycles from the count. 

4.1.3 Weaknesses 

In our view the weaknesses of the TITRL are primarily: 

 Cost - the device is significantly more expensive than the alternatives, and around 

twice the price of “standard” piezoelectric strip or inductive loop based systems. 

 The need for there not to be obstructions in front of the sensors; this means no on-

street car parking and ensuring debris is kept away from the devices.  In practice, 

we would consider the need for no on-street parking to be a particularly onerous 

requirement for most potential sites. 

 The device tends to undercount bicycles; around 84% of bicycles in the trial were 

correctly classified.  Furthermore, there is some uncertainty about the effect of rain 

                                                      
13 Although it is noted that a transmitter and receiver is required on opposite sides of the roadway in the kerb.   
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on counting accuracy, although it did not appear to play a significant role in these 

trials.  

4.1.4 Assessment 

Overall, we would assess the TITRL as having reasonable count accuracy on roadways.  

This is particularly true because of the good rejection of non-bicycle objects (i.e. a low false 

negative detection rate).  The ability of the device to cover the full span of a roadway is 

clearly an advantage over most other devices; inductive loop and piezoelectric devices 

would require two units (and sensors) to cover both directions – which would reduce the 

cost differential to the TITRL. 

 Table 4.2 CEOS TITRL on-road assessment 

Criteria  Comment  Score 

Cost  $15,000 ‐ $20,000.   

Maturity  Has mainly been deployed for motor vehicle counting.  Hardware 

seems mature but software required improvement for these trials. 

 

Support  Melbourne‐based company.   

Accuracy  Very low false positive error rate but has difficulty distinguishing 

riders alongside other riders, or overtaking vehicles. 

 

Data detail  Individual records and speed/headway data   

Ease of 

deployment 

Does not require in‐pavement sensors, but (for a permanent 

installation) requires installation of the transmitter and receiver in 

the kerb faces (both sides of road). 

 

Overall  Good accuracy but other devices offer equivalent accuracy for lower 

cost.  Main advantage is likely to be ability to cover a full roadway 

width. 

 

 

4.2 Cognimatics 
The Cognimatics device severely overcounted bicycle riders.  Over the four day trial period 

245 northbound riders were observed, but the Cognimatics recorded 18,029.  The intraday 

count profile shows most counts occurred during the PM peak period.  This suggests a 

significant proportion of motor vehicles are being falsely classified as bicycles.  However, 

this assertion could not be verified from the data as the Cognimatics only provides data in 

15 minute bins. 

In considering this result we would note that: 

 no onsite calibration of the device was undertaken, and 

 we are not aware of the previous application of the Cognimatics algorithm to 

counting bicycles in mixed traffic. 
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Without onsite calibration it is not possible to evaluate the device; as for all counting 

technologies local calibration is essential.  As such, no further analysis of the Cognimatics 

data from the on-road site was undertaken.   

4.3 Eco-Counter 
The Eco-Counter initially provided by the manufacturer for the on-road site was the 

incorrect device; this issue was identified only after the trial commenced.  A replacement 

was installed late in the trial period but initial results from that trial suggest the device was 

significantly overcounting bicycles; during a 3.5 hour period 68 bicycles were counted 

compared with 51 observed.  Subsequently, the distributor installed and calibrated an 

updated device which was certified by the provider as performing satisfactorily. 

This certified installation was subject to natural observations over three days from 6 AM to 6 

PM.  The observed number of riders and detected riders are shown in Figure 4.2 in 15-

minute bins (the minimum time the Eco-Counter will report).  The northbound counts appear 

to be reasonable, although during the peak periods there is a tendency to undercount.  In 

the southbound direction this tendency to undercount is more severe; during the weekday 

AM peak periods less than 10% of riders were counted.  Further analysis revealed that 

during the AM and PM peak periods on weekdays car parking occupancy is low – 

particularly in the southbound direction.  As a result, riders were tending to travel to the left 

of the carriageway.  In turn, this placed the riders outside the 3 m detection area of the 

inductive loop (Figure 4.3).  As a result it is impossible to fairly determine the accuracy of 

the Eco-Counter device at this site, as it is impossible to be sure from the video record 

whether a rider had ridden over the detector.  

 Figure 4.2: Eco-Counter count comparison (15-minute bins) 
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 Figure 4.3: Rider travelling southbound outside Eco-Counter loop area 

 

Experience with this device elsewhere14 suggests the false positive detection rate is low.  

This is supported, to an extent, by Figure 4.2 where the device is generally reporting the 

same or lower count as the manual observations.  Further investigation of this device at an 

on-road site where riders would be expected to always cross the detector would be 

warranted. 

4.4 SenSen Networks 

4.4.1 Accuracy 

During the preliminary analysis of the SenSen data it was apparent that the device was very 

significantly undercounting cyclists, and particularly southbound riders (i.e. riders 

approaching the camera on the farside of the road).  During the trial period 336 southbound 

riders were observed but only 44 (13%) were detected and classified by the device.  Given 

this severe undercounting further analysis was performed only in the northbound direction; 

this has the added benefit of comparing on equal terms with the TDC Systems device which 

also only covered the northbound movements. 

Considering only the northbound movements the overall accuracy of the SenSen Networks 

device is poor – 164 bicycles were detected of 245 movements, for an overall accuracy of 

67% (Table 4.3).  Around 12% of records were false positives, leaving some 41% of cyclists 

                                                      
14 Trials with an installation on-road in inner Sydney found a very low false positive detection rate (<<2%) and a 
good positive prediction value. 

Bicycle rider 

Detector (3 m)
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heading northbound as undetected.  However, we would note that manual inspection of the 

time stamped records raises some concerns about the accuracy of the SenSen time 

stamps.  The implication may be that the false positive rate reported here is being 

overstated, although not in our view to a significant degree.  It is possible the latency from 

the remote data processing is affecting the time allocated by SenSen to each event, and 

that this latency is not constant (so cannot be easily corrected).  Manual inspection of the 

individual data records (Appendix A) and the video record was unable to discern a pattern 

in the false readings.  Two examples of false positive detections viewed from the thermal 

camera are show in Figure 4.4, and appear to relate to the back of a parked car. 

 

 

 

 

 

 

 

 Table 4.3: SenSen Networks on-road test results 

Statistic  Value 

Actual count  245 

Measured count  164 

Actual / measured %  66.9% 

Detailed accuracy   

True positives  146 

False positives  19 

False positives as % of measured count  11.6% 

False negatives  100 

False negatives as % of actual count  40.8% 

Sensitivity  59.2% 

Positive prediction value  88.4% 
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 Figure 4.4: Examples of false positive detections from SenSen thermal camera 

 

During most 15-minute bins the SenSen device either counted correctly or undercounted 

(Figure 4.5). 

 Figure 4.5: Count comparison by 15-minute bins 

 

4.4.2 Strengths 

The SenSen device offers the primary advantage over piezoelectric and inductive loop 

technologies of (a) not requiring an installation into the road pavement, and (b) having the 

possibility of covering a much wider detection area.  The first of these advantages makes it 

possible to consider temporary installation, as all is required is a pole to a height of around 

4 m, the camera, telemetry and a power supply.  Furthermore, the device does not (in 

principle) require a central overhead viewing position, so an arm is not necessary.  
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However, as noted from the results of this study, at the more oblique viewing angles the 

algorithm accuracy does seem to deteriorate dramatically. 

4.4.3 Weaknesses 

This trial revealed a number of weaknesses of the SenSen algorithm in counting bicycle 

riders on mixed traffic roads: 

 An unacceptably high level of undercounting. 

 An inability to count accurately across the full width of the roadway. 

 It is not entirely clear that the device time stamps are precise; it seems possible that 

the 4G telemetry latency is such that count time stamps are varying significantly 

(perhaps by a minute or more) in a way that is not constant or predictable.  This 

issue complicated the validation exercise, but would be less significant for a 

practical counting application. 

In addition, a number of hardware related issues were identified: 

 An autonomous, non-mains power supply was not demonstrated.  The use of a 

diesel generator to maintain a battery bank would not be a practical solution for a 

realistic system deployment. 

 The server was located remotely for this trial in order to reduce power demands.  It 

is not clear whether a practical deployment would feature the server onsite or 

remotely.   

In our view these issues point to an elevated system risk due to the comparative immaturity 

of the hardware solution.  However, it is worth noting that the hardware issues could, 

presumably, be resolved with time.  The power-related issues would not arise in locations 

where a mains power connection is available.  However, in other locations a solar power 

and battery based system would be required; such a system would need to be fairly large to 

meet the system power consumption (around 2 A at 12 V) and/or have very reliable solar 

access.  The developer has proposed improvements to the algorithm that should improve 

the count accuracy; however, these have not been trialled.   

4.4.4 Assessment 

The count accuracy from this device as tested is clearly inadequate for the intended 

purpose.  While this may be rectified with further development of the algorithm there would 

remain technical risks compared to more mature alternatives.  As such, this device cannot 

be recommended in its as-tested form.  However, we would caveat this comment by noting 

the relative scarcity of on-road bicycle counting devices and the rapid development of 

computer vision systems.  As such, there remains a potential for this system to become a 

viable option in the future. 

 Table 4.4 SenSen Networks on-road assessment 

Criteria  Comment  Score 

Cost  Around $15,000 as supplied*.   
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Maturity  Has mainly been deployed indoors for pedestrian counting or 

outdoors for vehicle/pedestrian tracking and security applications.  

This is the first application to counting bicycle riders on roadways.  

Hardware in particular appears to be somewhat immature. 

 

Support  Melbourne‐based company with Australian support.   

Accuracy  Unacceptably high false negative count rate.   

Data detail  Individual records and speed data   

Ease of 

deployment 

Fairly low installation requirements, does not require in‐pavement 

sensors.  Ideally requires mains power supply. 

 

Overall  Technically immature and unacceptable accuracy in its current form.   

* This cost includes a significant research and development  and included two cameras (one colour and one 

thermal).  A practical deployment would, presumably, cost much less (hardware cost alone is likely to be no more 

than $3,000 ‐ $4,000. 

 

4.5 Sierzega 
The Sierzega radar counter was installed at a height of around one metre at an angle of 60 
facing the northbound traffic, as per the manufacturer instructions (Figure 4.6).  However, 

the water filled barrier installed to prevent parking in front of the CEOS TITRL would most 

likely have impeded the line of sight of the radar.  Indeed, a preliminary analysis of the data 

suggests the device was overcounting by around 150% of northbound movements and 

there was no obvious correlation between the actual and measured individual counts.  

Given this, it appears the barrier has impeded the view of the radar such that meaningful 

counts could not be obtained.  As such, it was not possible to draw conclusions about this 

systems accuracy at this site.   
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 Figure 4.6: Sierzega radar installation 

 

To gain further experience with this device other trials were undertaken at a mixed-traffic 

road site in Melbourne.  These trials noted the following: 

 The device is sensitive to the orientation of the sensor to the roadway; it must be 

oriented as close to 60 to oncoming traffic as possible.  This requirement is noted 

in the installation instructions; however, in practice installing the device to the 

precision required is difficult. 

 The radar can be confused in busy traffic situations where vehicle headways are 

short, and where there is significant traffic travelling in both directions. 

 As the radar classifies objects based on their length and speed (both of which are 

sensitive to sensor orientation), all short (less than around 2 m) and slow (less than 

around 40 km/h) objects will be classified as bicycles.  This means motorcycles will, 

in many urban environments where speeds are low, be classified as bicycles.  The 

trials also suggested there were occasions where short vehicles, or multiple 

vehicles travelling in opposite directions, would be falsely classified as short, slow 

objects. 

 The system software provides individual records, each time stamped and with a 

length and speed field.  This data can be post-processed, either within the Sierzega 

software or externally, to classify bicycles. 

 The device will not count during periods of rain. 

The trials suggested that on typical roadways where bicycle riders will represent only a 

small fraction of traffic (perhaps 1-2%) the false positive detection rate will tend to saturate 

the bicycle count.  Attempts were made during post-processing to identify and clean false 

positive records from the speed, headway and length information.  However, these attempts 

SR4 radar 

Barrier 
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were unable to adequately reconcile the device and observed rider counts.  As such, it is 

difficult to recommend this device for mixed traffic roadways except where bicycle riders 

represent a very large proportion of total traffic (say 20% or more).  Even in these cases 

further trials would be required to verify the system performance. 

4.6 TDC Systems 

4.6.1 Accuracy 

The overall accuracy over the test period was 90% (Table 4.5).  During the test period 245 

bicycle riders were observed travelling northbound on Baroona Road, of which 211 were 

correctly detected and classified (i.e. a sensitivity of 86%).  During the period there where 

10 false positive detections, most of which appeared to be mopeds or light motorcycles.   

The false negative detections appeared to occur where either: 

 two or more riders crossed the detectors in a group, 

 a motorist was overtaking a rider while crossing the detectors, or 

 the rider was riding to the left or right of the detectors. 

Examples of these types of situations are shown in Figure 4.7.  Among the bicycle riders 34 

(14%) were observed to be riding alongside one another or directly behind one another in a 

group. 

 Table 4.5: TDC Systems on-road test results 

Statistic  Value 

Actual count  245 

Measured count  221 

Actual / measured %  90.2% 

Detailed accuracy   

True positives  211 

False positives  10 

False positives as % of measured count  4.5% 

False negatives  34 

False negatives as % of actual count  13.9% 

Sensitivity  86.1% 

Positive prediction value  95.5% 
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 Figure 4.7: Typical situations resulting in false detections 

(a) False negative detection due to group of three staggered riders (no rider was detected in this 
case) 

 

(b) False positive detection of moped rider 

 

(c) False negative detection of rider due to presence of overtaking motorist 
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The count accuracy across the four days during which observations were undertaken is 

shown in Figure 4.8.   

 Figure 4.8: Count comparison by 15-minute bins 

 

The results of the simulated trials are summarised in Table 4.6.  None of the two-rider 

configurations resulted in a correct detection (i.e. two riders being counted).  Taking all of 

the two-rider trials together in 61% of cases a single rider was counted, and in the 

remaining 39% of cases no rider was counted.  It should be noted however that these trials 

were performed with the riders within very close proximity to one another.   

 Table 4.6: Simulated test results 

  Count of events (% of events) 

Event  Correct  Single 

detection 

No detection  Total 

Two riders, rear wheel overlap  0  13  9  22 

Two riders, close following  0  9  2  11 

Two riders, side‐by‐side  0  5  6  11 

Motorcycle alongside single rider  4  n/a  7  11 

 

In the observed “natural” conditions the error rate did not seem to be as great as suggested 

by the simulated trials; it would appear that the more realistic spacing of real groups of 

riders, particularly riding behind one another, is sufficient in the majority of cases for the 

device to adequately distinguish among riders.  During the trial period there were seven 
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riders correctly detected riding side-by-side and a further five who were false negatives.  

Among those riders observed to be following one another, twelve riders were correctly 

counted and seven were false negatives.  While these absolute numbers are small they 

suggest that around half to two thirds of riders in closely spaced groups (defined roughly as 

being within a wheel length) will be counted.   

4.6.2 Strengths 

The TDC Systems device demonstrated excellent rejection of cars and trucks.  While a 

count of vehicles was not obtained it would be reasonable to expect that over 10,000 cars 

would have crossed the detector over the trial period, of which very few appeared to have 

triggered the counter.  There were a small number of false positives (less than five) where it 

was not obvious what the source of the false positive detection could have been, other than 

possibly the presence of a car.  This would equate to a false positive rate of less than 

0.05%.  At a site like Baroona Road, where there are relatively few riders compared to cars 

this very is encouraging, and essential to avoiding saturating the cyclist count. 

The device also correctly rejected motorcycles on almost all occasions; 122 motorcycles 

were observed during the test period of which few (less than seven - <6%) appeared to 

falsely trigger the counter.  It appears only light motorcycles and mopeds were likely to 

trigger the sensor. 

This good level of false positive rejection does not appear to have unduly compromised the 

ability of the device to detect riders; 86% of riders were correctly identified.  In almost all 

cases where a single rider crossed the detector the rider was correctly classified. 

4.6.3 Weaknesses 

The device had difficulty identifying riders in closely spaced groups, and detecting riders 

when a motorist was simultaneously overtaking the rider.  Neither of these difficulties are 

surprising given the axle-based detection method being used.  During the trial period 14% 

of riders were observed to be travelling in groups.  Assuming, as described in Section 4.6.1, 

that around half to two thirds of these riders would be correctly counted this explains around 

two thirds of the overall undercounting.  At Baroona Road this effect is not hugely significant 

as only a small proportion of riders were travelling in groups.  It may become more 

significant at other sites where there are larger proportions of riders in groups.   

The other main sources of count error were (a) failing to detect a bicycle rider while being 

overtaken by a motorist, and (b) the rider not travelling over the piezoelectric strip.  The first 

of these errors is an inherent shortcoming in the use of piezoelectric strips.  However, as 

these events are fairly rare (we would estimate this occurred only 2-3 times from the 245 

bicycle rider events) this is not a significant issue.  The detector width limitation is potentially 

more significant.  Piezoelectric strips are fairly expensive, and so longer strips will 

significantly increase the cost of a system.  At some sites, including Baroona Road, we 

would expect riders to track over a wide range of lateral positions within the traffic lane 

depending on the presence of kerbside parking and motor vehicle traffic behind the rider.  

At this particular site during the trial the water filled barrier located along the kerb prevented 



Evaluation of Automatic Cyclist Counters 

0030 TMR CYCLIST COUNTER TRIALS (FINAL-2).DOCX Page 39 

riders from riding to the left of the detector even when there were no cars parked along the 

kerb15. 

4.6.4 Assessment 

In our view the TDC Systems device represent an accurate counting solution for mixed 

traffic roadways and roads with conventional painted on-road bicycle lanes (but where 

motorists are likely to encroach occasionally).  While the TDC device is new to Australia, it 

has been deployed over a number of years in the UK and appears to be mature and well 

developed.  The presence of a local supplier provides confidence in ongoing technical 

support of the product.  In our view this system represents a good option for on-road bicycle 

counting, the main limitation being the 3 m detection width (which requires careful site 

selection). 

 Table 4.7 TDC Systems on-road assessment 

Criteria  Comment  Score 

Cost  Around $8,000‐$10,000.   

Maturity  Very mature system that has been widely deployed.   

Support  Locally (Brisbane) based supplier of a UK developed system.   

Accuracy  Very good rejection of non‐bicycle riders.  Reasonable count 

accuracy of bicycle riders, although groups tend to confuse the 

device. 

 

Data detail  Individual records and speed/headway data   

Ease of 

deployment 

Requires installation of piezoelectric strips in road pavement and 

logger in a roadside cabinet. 

 

Overall  Mature system with local support.  Excellent rejection of non‐bicycle 

objects and adequate count accuracy of bicycles. 

 

 

 

                                                      
15 This is in contrast to the Eco-Counter discussed in Section 4.3, where the water filled barrier was not present. 
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5 Results: Off-road site 
5.1 Cognimatics 

5.1.1 Accuracy 

The Cognimatics device produced an overall count accuracy of 83.8% across the trial 

period (Table 5.1).  The device produces counts in bins of a minimum 15-minute duration, 

so individual record comparisons are not possible. 

 Table 5.1: Cognimatics off-road test results 

Statistic  Value 

Actual count  8,212 

Measured count  6,882 

Actual / measured %  83.8% 

 

Across the trial period the device appeared to mildly undercount; this undercounting was 

most severe during the simulated test period (Figure 5.1).  Figure 5.2 illustrates the fairly 

wide accuracy dispersion at moderate volumes and undercounting at the highest volumes.  

There is some indication that the device has difficulties distinguishing between riders in 

groups as undercount appears most severe when most riders are in groups (Figure 5.3). 

 Figure 5.1: Time of day profile (15-minute bins) 
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 Figure 5.2: Count accuracy by 15-minute bin and mode 

 

 Figure 5.3: Overall accuracy by 15-minute bins and proportion of bicycle riders in groups 
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5.1.2 Strengths 

The Cognimatics system is simply a software algorithm applied to video from any typical 

CCTV camera.  The software itself is very cost effective, and with a web application for data 

analysis costs around $2,500. 

5.1.3 Weaknesses 

The accuracy of the Cognimatics algorithm on shared paths seems to be reasonable, 

although not as good as the inductive loop or piezoelectric strip devices in this trial.  It is 

difficult to see how the cost saving relative to, say, the Eco-Counter (of around $1,000 - 

$2,000) could be warranted given the significant reduction in count accuracy.   

The device requires the camera to be positioned centrally over the path looking downwards, 

with implies additional mounting compared to, say, the SenSen computer vision system and 

also tends to reduce the observable width.  As a rule, the camera will view a width the same 

as the camera height (e.g. a camera mounted at 3 m will see across a path 3 m wide). 

The algorithm operates off a standard colour video image.  This requires that the site be 

artificially lit at night to a minimum of 80 lux, and that there be a minimum of shadows to 

influence the device.  By contrast, the other computer vision system in this trial (SenSen 

Networks) uses a thermal camera to avoid these requirements. 

5.1.4 Assessment 

While the Cognimatics device is very cost effective the accuracy is not particularly high, 

particularly in busy conditions.  Furthermore, the cost saving relative to the inductive loop 

system in this trial (Eco-Counter) is insufficient in our view to justify the sacrifice in 

accuracy. 

 Table 5.2: Cognimatics off-road assessment 

Criteria  Comment  Score 

Cost  $1,000 ‐ $3,000 depending on software options (no hardware).   

Maturity  Software seems fairly mature.   

Support  Australian distributor for Swedish product, documentation is fairly 

thorough by unclear about local distributor technical knowledge of 

product. 

 

Accuracy  Significantly undercounts bicycles relative to best‐in‐class devices.   

Data detail  Minimum 15‐minute bins, provides direction but not speed.   

Ease of 

deployment 

Avoids in‐pavement sensors, but requires camera to be directly 

overhead (unlike SenSen Networks).  Requires artificial lighting at 

night. 

 

Overall  Very cost effective option, but accuracy is inferior to devices that 

cost marginally more.  
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5.2 CEOS TITRL 

5.2.1 Accuracy 

The CEOS device has typically been deployed on highways for the purposes of motor 

vehicle counting and classification; this trial was the first application to bicycle counting.  As 

such, the manufacturer modified their scheme using the video data provided to more 

accurately count bicycle riders.  As a result the accuracy reported here is not independent 

of the algorithm development.  Because the algorithm has not been developed entirely 

independently of the validation dataset the results presented here may be an over-

representation of typical count accuracy.  Conversely, and probably more importantly, an 

issue was experienced with a small bird that flew in close proximity to the device during the 

trial period.  This bird significantly affected the count accuracy; the manufacturer estimated 

that just under 10% of records were affected by the bird, which influenced the count in 

almost a quarter of the 15-minute bins.  The bird had the primary effect of masking any 

riders that passed in front of the device, so contributing to false negative detections. 

Overall, the TITRL produced a counting accuracy of 87.6% (Table 5.3).  During the two-

hour period in which individual records were compared no false positive detections were 

observed, although 25.7% of riders were not counted.  As discussed above, most of these 

false negative detections occurred during high volume periods or when the bird was 

obscuring the sensor (Figure 5.4).  

 Table 5.3: CEOS TITRL off-road test results 

Statistic  Value 

Actual count  7,985 

Measured count  6,996 

Actual / measured %  87.6% 

Detailed accuracy   

Actual count  513 

Measured count  381 

Actual / measured %  74.3% 

True positives  381 

False positives  0 

False positives as % of measured count  0.0% 

False negatives  132 

False negatives as % of actual count  25.7% 

Sensitivity  74.3% 

Positive prediction value  100.0% 
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 Figure 5.4: Individual record comparison 

 

The count accuracy across the trial period is shown in Figure 5.5.  The most obvious 

undercounting occurs at high volume periods and during the simulated trials. 

 Figure 5.5: Time of day profile (15-minute bins) 
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The decreased count accuracy at high volumes is further illustrated in Figure 5.6, which 

shows that in some 15-minute bins the measured count was almost half the actual count.  

Furthermore, there is some indication of decreased count accuracy when high proportions 

of riders are travelling in groups (Figure 5.22). 

 Figure 5.6: Accuracy by 15-minute bins 
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The simulated trials demonstrated the ability of the device to correctly differentiate between 

riders riding line astern in most situations (Table 5.4).  However, the scenarios involving two 

or more riders at least partially alongside one another led to significant undercounting. 

 Table 5.4: Simulated test results 

    Count of events (% of events) 

Event  Three 

detected 

Two 

detected 

Single 

detection 

No 

detection 

Total 

Two riders, side‐by‐side  n/a  0  2  21  23 

Two riders, meeting  n/a  16  8  0  24 

Two riders, close following  n/a  0  0  11  11 

Two riders, rear wheel overlap  n/a  0  1  14  15 

Three riders, close following  7  2  1  0  10 

Three riders, side‐by‐side  0  2  8  0  10 

Three riders, echelon  5  10  7  0  22 

Three riders, rear wheel overlap  6  5  13  0  24 

 

5.2.2 Strengths 

The TITRL is an advanced counting device with a strong reputation for highly accurate 

motor vehicle counting.  Its algorithms are capable of largely eliminating false positive 

counts on shared paths.  Installation consists of a transmitter and receiver on both sides of 

the path, eliminating the need for in-pavement sensors and allowing for very wide paths to 

be covered.   

5.2.3 Weaknesses 

While the TITRL demonstrated an excellent ability to avoid false positive detections, it had a 

high rate of false negatives which significantly degraded the overall accuracy.  While it is 

certainly true that the bird contributed markedly to this reduced count accuracy it was also 

clear that the device was not as capable as some others to differentiate between riders 

travelling alongside one another.  In busy situations, or where many riders are travelling in 

groups, this is likely to represent a significant limitation. 

The TITRL is the most expensive device trialled in this experiment (around $20,000).  The 

resulting count accuracy is inferior to devices significantly cheaper, although it may be on 

par with those devices once the effects of the bird are discounted.  The count accuracy 

during rain is uncertain; while the device clearly undercounted in this trial during periods of 

moderate to heavy rain the manufacturer claims to have a partial software solution, 

although this is untested and in any case not likely to completely overcome the intrinsic 

limitations of IR beam devices in heavy rain. 
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5.2.4 Assessment 

In our view the TITRL probably has an overall count accuracy in the low to mid-90% range 

once the effects of the bird from this trial are excluded.  However, we cannot see a 

compelling cost-benefit for this device relative to others that are much cheaper aside 

perhaps from the ability to cover very wide paths.  Nonetheless, there is some ongoing risk 

that would need be borne in optimising the software algorithm for bicycle traffic should the 

device be considered for a permanent installation. 

 Table 5.5: CEOS TITRL off-road assessment 

Criteria  Comment  Score 

Cost  Around $20,000.   

Maturity  Robust hardware but software is under development for bicycle 

rider counting. 

 

Support  Melbourne‐based system developer.   

Accuracy  Probably good, although deteriorates somewhat where there are 

groups of riders riding alongside one another. 

 

Data detail  Individual records, speed and direction of travel.   

Ease of 

deployment 

Avoids in‐pavement sensors, but requires pathside installation.  A 

temporary setup is available. 

 

Overall  Difficult to see any accuracy benefits that come with the premium 

cost, aside perhaps for very wide paths. 

 

 

5.3 Eco-Counter 

5.3.1 Accuracy 

The Eco-Counter produced an excellent overall count accuracy of 100.4% (Table 5.6).  The 

device matched the counts in 15-minute bins very well under both high and low volume 

conditions (Figure 5.7).  This was true even during the test periods, when the devices were 

being tested under very extreme conditions.  Individual records could not be compared to 

determine the false positive rate as the device reports in a minimum of 15-minute bins. 

 Table 5.6: Eco-Counter off-road test results 

Statistic  Value 

Actual count  8,212 

Measured count  8,241 

Actual / measured %  100.4% 
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 Figure 5.7: Time of day profile (15-minute bins) 

 

Unsurprisingly given the overall accuracy of the device, there is no discernible trend in 

count accuracy by volume (Figure 5.8) or the proportion of riders in groups (Figure 5.9). 

 Figure 5.8: Accuracy by 15-minute bin 
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 Figure 5.9: Accuracy by 15-minute bin and proportion of bicycle riders in groups 

 

While these overall accuracy statistics are clearly very good, what could not be determined 

is whether there is any underlying issue of false positive and false negative counting (as the 

device only reports in 15-minute bins).  However, we would expect an inductive loop device 

to be largely insensitive to non-rider objects on shared paths (like pedestrians) and so could 

reasonably assume the false positive fraction to be negligible.  Given this assumption, and 

that the overall accuracy is very good, it seems reasonable to conclude the false negative 

fraction is also low. 

5.3.2 Strengths 

The most significant strength of this device is clearly its counting accuracy, even in very 

busy conditions.  While we cannot be entirely sure about the underlying individual count 

accuracy, we can be confident that the accuracy is very high in both low and high volume 

conditions.  Furthermore, the cost of the device (around $4,000 to $5,000) is among the 

lowest of any tested here.  Eco-Counter devices are widely used for counting bicycle riders 

in Brisbane, and there are multiple sites across Australia.  Furthermore, the hardware and 

software both seem to be reliable and mature.   

5.3.3 Weaknesses 

The main weaknesses of this device as installed are: 

 it requires the installation of an in-pavement sensor, 

 the two adjacent loop configuration cannot determine direction of travel, and 

 the two adjacent loop configuration cannot determine rider speed. 
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In comparison to piezoelectric strip-based systems the cost of the inductive loop is small, 

making it feasible to install multiple loops at different sites for temporary counts.  The 

greatest practical limitation  is probablythe inability to determine direction of travel.  The 

latter can be readily solved by pairing to a side facing PIR sensor, as was done with the 

device tested in this trial (an Eco-Multi) or with additional longitudinally placed loops (which 

would then also provide speed measurements).   

Eco-Counter have deployed a four-loop system to cycleways and shared paths in the City 

of Sydney to address the need to measure speed.  While not studied in this project, there 

would inherently be some limitations to the accuracy of instantaneous speed measurements 

from inductive loops in comparison to, say, piezoelectric strips.  How significant this 

limitation would be is difficult to ascertain. 

5.3.4 Assessment 

The Eco-Counter provides a system for off-road bicycle counting that offers excellent 

accuracy, mature hardware and software at a comparatively low cost.  The weaknesses of 

this device is the limitation of a 3 m detection width and the absence of direction of travel 

and speed (although both of these can be resolved with additional loops or a side facing 

PIR (for direction)).   

 Table 5.7: Eco-Counter off-road assessment 

Criteria  Comment  Score 

Cost  $4,000 ‐ $5,000   

Maturity  Very robust hardware and software.   

Support  Sunshine Coast‐based distributor for a French manufacturer.   

Accuracy  Excellent under both low and high volume conditions.   

Data detail  Minimum 15‐minute bins, no direction or speed without additional 

loops or side facing PIR. 

 

Ease of 

deployment 

Requires in‐pavement sensors, although installation of the loops is 

fairly trivial. 

 

Overall  Excellent accuracy and system maturity at a very competitive cost.   

 

5.4 Metrocount 

5.4.1 Accuracy 

The Metrocount piezoelectric strip device produced an overall count accuracy of 96.3% 

(Table 5.8).  During the two-hour period in which individual records were compared the 

overall accuracy was not significantly different (97.1%).  During this period 2.8% of records 

were false positive detections and 5.7% were false negative detections, giving an overall 

sensitivity of 94.3%.  The false positive detections always seemed to occur when multiple 

riders crossed the sensor (Figure 5.10).  There is no clear pattern in the false negative 
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detection; while some false negatives occurred when groups of riders crossed the device on 

other occasions the false negative occurred when a single rider crossed the sensor. 

 Table 5.8: Metrocount off-road test results 

Statistic  Value 

Actual count  8,171 

Measured count  7,865 

Actual / measured %  96.3% 

Detailed accuracy  (typical 2‐hour period) 

Actual count  512 

Measured count  497 

Actual / measured %  97.1% 

True positives  483 

False positives  14 

False positives as % of measured count  2.8% 

False negatives  29 

False negatives as % of actual count  5.7% 

Sensitivity  94.3% 

Positive prediction value  97.2% 
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 Figure 5.10: Individual record comparison 

 

The accuracy of the Metrocount device was fairly constant across time, although there were 

differences during peak periods (Figure 5.11).  

 Figure 5.11: Time of day profile (15-minute bins) 
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There was no clear trend towards decreasing count accuracy at higher volumes (Figure 

5.12).  However, there may be a marginal trend towards undercounting in 15-minute bins 

with a high proportion of riders in groups (Figure 5.13). 

 Figure 5.12: Count accuracy by 15-minute bins 

 

 Figure 5.13: Count accuracy by 15-minute bin and proportion of riders in groups 
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The simulated trials demonstrated a good ability for the device to distinguish between riders 

travelling in close proximity behind one another, but less so for riders travelling alongside 

one another (both directly alongside and with one wheel overlap) (Table 5.17). 

 Table 5.9: Simulated test results 

    Count of events (% of events) 

Event  Three 

detected 

Two 

detected 

Single 

detection 

No 

detection 

Total 

Two riders, side‐by‐side  n/a  14  9  0  23 

Two riders, meeting  n/a  22  2  0  24 

Two riders, close following  n/a  10  1  0  11 

Two riders, rear wheel overlap  n/a  2  13  0  15 

Three riders, close following  7  3  0  0  10 

Three riders, side‐by‐side  4  2  3  0  10 

Three riders, echelon  6  13  3  0  22 

Three riders, rear wheel overlap  8  6  10  0  24 

 

5.4.2 Strengths 

The Metrocount device has the following strengths: 

 The system is widely used in Queensland and elsewhere in Australia, is a Perth-

based manufacturer and is based on the Metrocount logger widely used by traffic 

authorities for vehicle counting. 

 The device appears to have very good count accuracy on shared paths, including 

differentiating among riders within groups.   

 It appears to be somewhat better than the TDC Systems piezoelectric strip 

alternative at counting riders in groups, giving it a superior overall count accuracy. 

 Can provide instantaneous speed measurements and direction of travel to a high 

level of accuracy thanks to the piezoelectric strip. 

5.4.3 Weaknesses 

The main weaknesses of the Metrocount device are related to the use of the piezoelectric 

technology for detecting bicycles: 

 Piezoelectric strips are expensive in comparison to, say, inductive loops. 

 The installation of the strips requires cutting into the pavement (whereas 

technologies such as radar and computer vision do not). 

5.4.4 Assessment 

In our view the Metrocount device represents a mature, accurate and widely used bicycle 

counting device for use on shared paths and physically segregated cycleways.  This 
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familiarity, as well as its demonstrated count accuracy, makes it a reliable option for 

situations where motor vehicles are not present. 

 Table 5.10 Metrocount off-road assessment 

Criteria  Comment  Score 

Cost  Around $7,000 ‐ $10,000.   

Maturity  Robust software and hardware, widely used in Australia.   

Support  Perth‐based manufacturer.   

Accuracy  Very good, although deteriorates marginally where there are groups 

of riders riding alongside one another. 

 

Data detail  Individual records, speed and direction of travel.   

Ease of 

deployment 

Requires piezoelectric strip installation in pavement.   

Overall  Accurate and reliable counting solution.   

 

5.5 SenSen Networks 

5.5.1 Accuracy 

The overall count accuracy of the SenSen Networks system at the off-road site was 87.4% 

(Table 5.11).  The individual records could not be compared as (a) the timing offset on the 

individual SenSen records appeared to vary, and (b) the rider volumes were too high to 

enable reasonable manual matching.  As such, false positive and false negative statistics 

could not be determined.   

 Table 5.11: SenSen Networks off-road test results 

Statistic  Value 

Actual count  8,216 

Measured count  7,181 

Actual / measured %  87.4% 

 

Across the trial period the device closely followed the observed count in most 15-minute 

bins (Figure 5.14).  The main exceptions were the periods during which the simulated trials 

were undertaken, when there was significant undercounting. 
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 Figure 5.14: Time of day profile (15-minute bins) 

 

There is no clear relationship between volume and accuracy (Figure 5.15).  However, there 

is some indication that the device has difficulties counting among riders in groups (Figure 

5.16). 

 Figure 5.15: Accuracy by 15-minute bins 
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 Figure 5.16: Accuracy by 15-minute bin and proportion of riders in groups 

 

5.5.2 Strengths 

The main strengths of the SenSen Networks option are: 

 Reasonable count accuracy. 

 No requirement for in-pavement sensors; an elevated position to the side of the 

path is all the mounting infrastructure required. 

 As inferred in the above comment, an oblique position to the side of the path is 

acceptable (unlike some other computer vision systems such as Cognimatics). 

 The potential for a semi-portable system; installation and removal (assuming a 

suitable pole or similar structure exists) could occur in a short period of time (say, 

under an hour – although each site also needs calibration).   

 Demonstrated compatibility with thermal cameras, which eliminate the need for 

artificial lighting at night. 

 Online data tools which are useful for system diagnostics and end-user data 

analysis. 

5.5.3 Weaknesses 

The weaknesses of the SenSen option for off-road paths are: 

 the power requirements are greater than most of the alternative technologies, and 

 while the software seems fairly mature, the hardware system is less so. 

The trial at Northbank, just as at Baroona Road, used a telemetry link to upload images to 

an offsite server for processing.  This approach reduced the power needs onsite, but 
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required a high reliability telemetry link.  However, there is some doubt about the accuracy 

of the time stamps assigned to each record.  It is possible this is associated with the latency 

of the telemetry (or within the offsite server).  However, from a practical point of view this 

concern is unimportant.  More important is the maturity of the hardware.  While the CCTV 

camera used is very mature, as is the telemetry, the package had a number of technical 

issues during the trial.  These were a combination of hardware and software glitches which 

caused temporary data loss or required an onsite reboot of the system.  While these issues 

are not terminal, they point to a somewhat higher level of risk with this system compared to 

some others.  Furthermore, at sites where mains power is unavailable a fairly large solar 

power and battery backup would be required. 

5.5.4 Assessment 

The SenSen device as installed had a count accuracy lower than the piezoelectric and 

inductive loop devices.  Furthermore, there are some concerns about the ongoing reliability 

of the hardware (which is not yet as mature as some of the other options).  While these 

reliability issues could undoubtedly be overcome over time, there are no clear accuracy 

benefits as tested in using this system compared with the alternatives.  However, for sites 

where in-pavement sensors are not an option, or where a temporary count solution is 

desired, the SenSen device may be a reasonable alternative. 

 Table 5.12: SenSen Networks off-road assessment 

Criteria  Comment  Score 

Cost  Around $15,000*.   

Maturity  Both hardware and software require further development before 

they could be considered sufficiently reliable. 

 

Support  Melbourne‐based system developer.   

Accuracy  Reasonable, although deteriorates somewhat where there are 

groups of riders riding alongside one another. 

 

Data detail  Individual records, direction of travel and speed.   

Ease of 

deployment 

Avoids in‐pavement sensors, but requires path‐side installation.     

Overall  Difficult to see any accuracy benefits that come with the premium 

cost except for wide paths and for temporary installations. 

 

* This was the cost paid by TMR, and includes significant research and development costs and two cameras (one 
colour and one thermal).  A practical deployment would, presumably, cost much less (hardware cost alone is likely to 
be no more than $3,000 ‐ $4,000. 

5.6 Sierzega 

5.6.1 Accuracy 

The overall accuracy of the Sierzega radar counter was very good at 101.4% (Table 5.13).  

During the two-hour period in which individual records were compared the accuracy was 

somewhat lower at 89.1%.  It is possible the lower accuracy during this period, which 
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contained fairly high rider volumes, is due to undercounting of groups of riders and relatively 

fewer non-rider objects (namely, pedestrians) to falsely trigger the counter.  Irrespective, 

during this period 4.4% of counts were false positives and 14.8% were false negatives.  

There was no obvious pattern to the false positive records (other than that most appeared 

to occur when one or more pedestrians were present), but the false negatives were mainly 

associated with busy periods with groups of riders (Figure 5.17). 

 Table 5.13: Sierzega off-road test results 

Statistic  Value 

Actual count  8,212 

Measured count  8,325 

Actual / measured %  101.4% 

Detailed accuracy  (typical 2‐hour period) 

Actual count  515 

Measured count  459 

Actual / measured %  89.1% 

True positives  439 

False positives  20 

False positives as % of measured count  4.4% 

False negatives  76 

False negatives as % of actual count  14.8% 

Sensitivity  85.2% 

Positive prediction value  95.6% 

 



Evaluation of Automatic Cyclist Counters 

0030 TMR CYCLIST COUNTER TRIALS (FINAL-2).DOCX Page 60 

 Figure 5.17: Individual record comparison 

 

 

Across the survey period the device generally measured accurately, with the differences 

appearing to be most notable during high volume periods (Figure 5.18).  The device does 

not count during periods of moderate to heavy rainfall, as denoted by the blue shaded areas 

in these graphs.  During these periods there are bins with both significant over- and 

undercounting, as reflected in Figure 5.19.  There may also be some trend towards lower 

accuracy when most riders are in groups (Figure 5.20), however the trend here is leveraged 

by the cluster of zero counts occurring at the highest group proportions.  Nonetheless, it is 

plausible that groups confuse the device – both by occlusion (masking) of riders behind 

others, and of creating what appears to be an object significantly longer than one rider16.  

                                                      
16 The device classifies a bicycle as an object shorter than 2 m; two riders riding close behind one another are 
likely therefore to be longer than 2 m and so not counted. 
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 Figure 5.18: Time of day profile (15-minute bins) 

 

 Figure 5.19: Accuracy by 15-minute bins 
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 Figure 5.20: Accuracy by 15-minute bin and proportion of riders in groups 

 

The simulated trials demonstrated an undercounting of riders in close formations, as would 

be expected of this type of device (Table 5.14).  In around a third to half of situations where 

two riders were either riding side by side or met in the vicinity of the device a correct count 

(two) was recorded.  More severe undercounting was observed for the configurations with 

three riders; in no instance were all three riders counted and in around 40% of cases two 

riders were counted.   

 Table 5.14: Simulated test results 

    Count of events (% of events) 

Event  Three 

detected 

Two 

detected 

Single 

detection 

No 

detection 

Total 

Two riders, side‐by‐side  n/a  4  7  0  11 

Two riders, meeting  n/a  11  12  0  23 

Three riders, close following  0  6  4  1  10 

Three riders, side‐by‐side  0  4  2  4  10 

Three riders, echelon  0  5  11  6  22 

Three riders, rear wheel overlap  0  13  7  4  24 
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5.6.2 Strengths 

The Sierzega device appears to produce an overall good level of counting accuracy, even 

in fairly busy conditions.  It does not appear to be confused by pedestrians, even in groups.  

Furthermore, it achieves this good counting accuracy at around half the cost of competing 

piezoelectric strip devices (TDC Systems and Metrocount), at a price level competitive with 

inductive loops (Eco-Counter) but with a simpler installation (requiring only a pole).  This 

makes it practical to use the device for temporary installations, as it means the device can 

readily be moved between sites without the need for extensive onsite infrastructure. 

5.6.3 Weaknesses 

The main weaknesses of this product are: 

 It cannot count in moderate to heavy rainfall conditions; while it is true that rider 

volumes will be lower during these periods they will not (usually) be zero, and so 

using this counter to estimate an AADT will produce an underestimate.  Whether 

this underestimate is significant will depend on the site, frequency of rain events 

and the number of riders who continue to ride in rain. 

 Counting accuracy deteriorates at high volumes when large groups of riders are 

likely to be present, particularly where they are in close formation. 

The combination of these two factors results in greater variation in accuracy over time than 

most of the other devices.  In other words, the accuracy tends to fluctuate far more than 

other devices. 

5.6.4 Assessment 

Overall, the Sierzega SR6-bike represents a reasonably accurate counting option that has 

the main benefits over most of its competitors of being easy to install (requiring no in-

pavement sensors), comparatively cheap and fairly accurate.  The main limitation is the lack 

of ability to count during periods of rain and during very busy periods.  For applications 

where a counter is to be moved between sites on a temporary basis the SR6-bike is a good 

choice, and one of very few options in this category. 
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 Table 5.15 Sierzega off-road assessment 

Criteria  Comment  Score 

Cost  Around $6,000.   

Maturity  Fairly widely deployed on rural trails in Germany.  Self‐contained 

system and software that seems to be robust. 

 

Support  Sydney‐based supplier (JENOPTIK Australia), although detailed 

technical support is provided via the Austrian manufacturer. 

 

Accuracy  Good, although deteriorates somewhat at high volumes and cannot 

count during rain periods. 

 

Data detail  Individual records, direction of travel.   

Ease of 

deployment 

No in‐pavement sensors required, pole‐mounted installation.  Can 

use battery (around two weeks), solar panel or mains power. 

 

Overall  Cost effective and accurate counting solution that is easy to install.  

Main limitation is lack of counting in rain. 

 

 

5.7 TDC Systems 

5.7.1 Accuracy 

The TDC Systems device produces an overall count accuracy of 91.4% (Table 5.16).  

During the typical 2-hour period in which the individual records were examined in detail the 

overall accuracy was marginally better (94.6%).  The false positive rate was very low 

(0.4%), as would be expected of a piezoelectric device on a shared path.  However, the 

false negative rate (9.1%) was fairly high, of which most occurred when groups of riders 

passed over the device.  
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 Table 5.16: TDC Systems off-road test results 

Statistic  Value 

Actual count  8,212 

Measured count  7,509 

Actual / measured %  91.4% 

Detailed accuracy  (typical 2‐hour period) 

Actual count  515 

Measured count  487 

Actual / measured %  94.6% 

True positives  485 

False positives  2 

False positives as % of measured count  0.4% 

False negatives  47 

False negatives as % of actual count  9.1% 

Sensitivity  91.2% 

Positive prediction value  99.6% 

 

 Figure 5.21: Individual record comparison 
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The accuracy remained good across the trial period, although there was marked 

undercounting during the simulated trials and at around 12 pm on four of the days (Figure 

5.22).  The undercounting at 12 pm was also experienced by some of the other counters, all 

of which relied upon a central power supply.  It is possible a power failure contributed to 

these zero count periods. 

 Figure 5.22: Time of day profile (15-minute bins) 

 

The count accuracy appears to deteriorate marginally as the demand increases (Figure 

5.23).  This effect is most marked when examined against the proportion of riders in groups 

(Figure 5.24).  Where more than 75% of riders are travelling groups the device appears to 

undercount by up to 50%. 
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 Figure 5.23: Accuracy by 15-minute bins 

 

 Figure 5.24: Accuracy by 15-minute bin and proportion of riders in groups 

 

During the simulated trials the device was fairly good at distinguish between meeting riders 

and riders following behind one another, but less proficient at differentiating among riders 

side-by-side or with wheel overlap (Table 5.17). 
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 Table 5.17: Simulated test results 

    Count of events (% of events) 

Event  Three 

detected 

Two 

detected 

Single 

detection 

No 

detection 

Total 

Two riders, side‐by‐side  n/a  8  11  4  23 

Two riders, meeting  n/a  15  8  1  24 

Two riders, close following  n/a  5  5  1  11 

Two riders, rear wheel overlap  n/a  2  12  1  15 

Three riders, close following  4  2  4  0  10 

Three riders, side‐by‐side  2  5  3  0  10 

Three riders, echelon  1  9  12  0  22 

Three riders, rear wheel overlap  7  3  4  10  24 

 

5.7.2 Strengths 

The TDC Systems device appears to accurately count bicycle riders on busy paths, and to 

do so with a negligible false positive detection rate.  Furthermore, the device is adept at 

discriminating between riders in a close following formation.  The other major advantage of 

this system, common to all piezoelectric strip based technologies, is the ability to measure 

instantaneous speeds.  The system is fairly widely used in the UK and both the hardware 

and software seem to be mature. 

5.7.3 Weaknesses 

The device does not seem to be quite as accurate as the Metrocount piezoelectric-based 

device in differentiating among riders travelling in a side-by-side configuration, which leads 

to marginally worse accuracy than that device.  The other significant weakness of this 

device is related to cost; the device is somewhat hamstrung by the fixed cost of the 

piezoelectric strip (around $2,000), which leads to a higher overall system cost compared to 

inductive loop based systems (where the loop costs are comparatively low).   

5.7.4 Assessment 

Overall, in our view the TDC System is a robust and accurate cyclist counting system for 

off-road cycleways and shared paths.  The system seems mature and reliable, with the 

main disadvantages relating to the piezoelectric strips (namely, their cost) and marginally 

lower accuracy than the nearest competitor (Metrocount). 
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 Table 5.18 TDC Systems off-road assessment 

Criteria  Comment  Score 

Cost  Around $10,000.   

Maturity  Robust software and hardware, fairly widely used in the UK.   

Support  Brisbane‐based office of a UK manufacturer.   

Accuracy  Very good, although deteriorates somewhat where there are groups 

of riders riding alongside one another. 

 

Data detail  Individual records, direction of travel and speed.   

Ease of 

deployment 

Requires piezoelectric strip installation in pavement.   

Overall  Accurate and reliable counting solution.   
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6 Discussion 
6.1 Accuracy comparison: off-road site 
Overall accuracy statistics for the devices at the off-road site are provided in Table 6.1.  The 

meaning of the columns in these tables is as follows: 

 The overall accuracy is the sum of the measured counts divided by the observed 

counts during the trial period (excluding the simulated trials).  Values close to 100% 

are “better”, values less than 100% indicate undercounting and those above 100% 

indicate overcounting. 

 The average bin accuracy is the average accuracy across the 15-minute bins.  This 

measure is similar to the overall accuracy, but will vary depending on any skew in 

the distribution of binned accuracy. 

 The median bin accuracy is the midpoint binned accuracy; that is, it is the binned 

accuracy for which half of the bins lie above, and half below, this value.  The 

median bin accuracy is less sensitive to skew than the average bin accuracy so 

presents a better estimate of the “most likely” value. 

 The Coefficient of Variation (CV) is a normalised measure of dispersion.  It is 

defined as the standard deviation divided by the mean.  It is superior to the 

standard deviation for comparing dispersion as it allows comparison between data 

with different averages.  To avoid unit confusion, the CV is presented here as an 

absolute value (rather than a percentage).  A smaller CV implies a smaller 

dispersion of binned accuracy, and so is a “better” result.  For example, the Eco-

Counter and Metrocount devices both have small CVs, implying there is a tight 

clustering of bin accuracy around the mean value.  Conversely, the Sierzega has a 

wide dispersion of bin accuracy. 

 The Interquartile Range (IQR) is the range in which 50% of the values fall; in other 

words, it is the distance between the 75th and 25th percentiles.  A smaller value is 

“better”.  So, for example, the Eco-Counter device has an IQR of 6.5%, implying 

that half of all bin accuracies fall within a 6.5% accuracy range. 
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 Table 6.1: Off-road accuracy summary 

    15‐minute bins 

Device 

Overall 

accuracy 

Average bin 

accuracy 

Median bin 

accuracy  CV  IQR 

CEOS  87.6%  89.5%  96.7%  0.253  12.5% 

Cognimatics  83.8%  85.5%  86.5%  0.347  24.7% 

Eco‐Counter  100.4%  101.0%  100.0%  0.139  6.5% 

Metrocount  97.1%  97.9%  100.0%  0.127  6.9% 

SenSen  87.4%  83.5%  90.1%  0.351  28.6% 

Sierzega  101.4%  102.4%  101.6%  0.424  19.1% 

TDC Systems  91.4%  91.4%  96.4%  0.207  9.9% 

 

The bin errors are illustrated in two formats.  Firstly, the box plot in Figure 6.1 illustrates: 

 the range over which 50% of the data is present (i.e. the 25th to 75th percentile) – 

depicted by the box,  

 the median (the horizontal line in the box),  

 the mean value (diamond), 

 the whiskers (lines outside the box) represent 1.5 times the interquartile range (i.e. 

75th percentile minus the 25th percentile), and 

 points represent outliers. 

This graphic illustrates the wide variation in bin accuracy exhibited by the Sierzega, SenSen 

and Cognimatics devices in comparison to the other devices. 
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 Figure 6.1: Boxplot of off-road count accuracy by 15-minute bins 

 

The boxplot usefully illustrates the overall distribution of the data.  However, it can mask 

peaks within the distribution.  An alternative form of presentation is the violin plot shown in 

Figure 6.2.  The thickness of the shape represents the frequency with which an accuracy 

value was obtained17.  This form of presentation illustrates the very frequent occurrence of 

perfect (100% accuracy) from the Eco-Counter and Metrocount devices in particular, and 

the much wider distribution in accuracy from the Sierzega, SenSen and Cognimatics 

devices.  Furthermore, it illustrates the tendency for devices such as the Metrocount, CEOS 

and TDC Systems to undercount far more frequently than overcount. 

                                                      
17 More formally, a violin plot illustrates the density distribution mirrored across itself.  The areas within each plot 
are normalised such that they can be compared. 
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 Figure 6.2: Violin plot of off-road count accuracy by 15-minute bins 

 

The threshold for what is a sufficient level of accuracy will, obviously, be dependent on the 

application.  However, in our view the CEOS, Eco-Counter, Metrocount and TDC Systems 

devices appear to be sufficiently accurate for any off-road path or physically separated 

cycleway.  Among these devices the choice then comes down to non-accuracy parameters 

(e.g. whether speed is required, and factors such as cost, installation and data delivery).  

Among the other devices the Sierzega radar system has very good overall accuracy but the 

accuracy tends to fluctuate significantly over short time periods.  Furthermore, there is the 

issue that this device will not count in rain.  Nonetheless, the cost and ease of installation of 

this device may make it an attractive option in some circumstances (particularly where very 

high accuracy is not paramount).  The computer vision systems (SenSen and Cognimatics) 

had the lowest overall accuracy of the systems on test, and the widest variation in this 

accuracy.  It is difficult to conceive of a situation where these devices would be superior to 

the alternatives, particularly given their cost and technical risk, except perhaps where in-

pavement sensors are not an option.  Even then the Sierzega radar option seems to be a 

more compelling alternative. 

6.2 Accuracy comparison: on-road site 
Overall accuracy statistics for the devices at the on-road site are provided in Table 6.2.  The 

CEOS and TDC Systems devices both had similar overall accuracy and average bin 

accuracy.  However, the variation in the count accuracy of the TDC Systems device was 

somewhat better than the CEOS (e.g. the CV for the TDC Systems device is 0.336 

compared with 0.375 for the CEOS device). 
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 Table 6.2: On-road accuracy summary 

    15‐minute bins 

Device 

Overall 

accuracy 

Average bin 

accuracy 

Median bin 

accuracy  CV  IQR 

CEOS  91.6%  89.8%  100.0%  0.375  17.4% 

SenSen  66.9%  80.7%  100.0%  0.490  33.3% 

TDC Systems  90.2%  91.2%  100.0%  0.336  0.0% 

 

Boxplots of the 15-minute bin accuracy are given in Figure 6.3.  This format of presentation 

is not particularly helpful for this data, as many bins were perfectly accurate.  Most of these 

bins represented 15-minute periods in which there were no bicycle riders present, and so 

zero was the correct count18.  That the devices would also count zero during these periods 

is an indication of the ability of the devices to avoid false positive detections (and so these 

are valid measurements).  This concentration of results around 100% accuracy is illustrated 

by the violin plots in Figure 6.4.  These plots also illustrate that the TDC Systems device 

has a lower dispersion than the SenSen.  Furthermore, it shows undercounting likely to 

occur with the CEOS, and more critically with the SenSen device. 

 Figure 6.3: Boxplot of on-road count accuracy by 15-minute bins 

 

                                                      
18 During the trial period 84 of the 175 bins (48%) had no observed riders in the northbound direction. 
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 Figure 6.4: Violin plot of on-road count accuracy by 15-minute bins 

 

The main challenge for on-road devices is to be able to reject cars, motorcycles and other 

motorised vehicles while still counting bicycles.  These three devices appeared to be able to 

do this to an acceptable degree, although in so doing they tended to reduce somewhat the 

ability to detect bicycles (particularly in groups).  This is particularly true for the SenSen 

device, which in its current form is clearly unacceptable for use in roadway environments.  

However, both the CEOS and TDC Systems devices appear to produce acceptable count 

accuracy over a range of typical conditions.   

6.3 Speed comparisons 
Four of the counting devices provided speed estimates (four at the off-road site, and two at 

the on-road site).  We do not have an “actual” speed against which to compare – and so the 

comparisons herein have no gold standard against which to compare. 

The summary speed statistics for these devices are provided in Table 6.3 and histograms of 

the speed distributions for each device are provided in Figure 6.5 for the off-road site and 

Figure 6.6 for the on-road site.  At the off-road site there is good agreement between the 

CEOS and SenSen Network devices that the median speed is 24 to 25 km/h.  However, the 

dispersion is somewhat greater for the SenSen device.  At the off-road site the Metrocount 

and TDC Systems devices appear to somewhat underestimate cyclist speed relative to the 

other devices.  Both of these devices are piezoelectric strip based systems; it is not clear 

whether there is something specific to this technology which can explain this difference (we 

would consider this explanation unlikely) or whether an installation issue common to both 

devices played a role. 
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At the on-road site the sample sizes are much smaller, and the points at which the speeds 

were measured are not identical (the devices are located more than 50 m apart).  

Nonetheless, the speed distributions appear to be broadly comparable. 

Without having a gold standard to compare against it is impossible to draw robust 

conclusions on the ability of these devices to accurately measure instantaneous rider 

speed.  However, it would appear all devices are reporting comparable speed distributions 

– which would suggest for most practical purposes all would measure speed to a sufficient 

level of accuracy. 

 Table 6.3: Speed summary statistics 

  Mean  Median  85th percentile  SD  IQR 

Off‐road site           

CEOS  23.7  24.1  29.2  5.6  7.4 

Metrocount  22.0  22.7  28.2  6.8  8.7 

SenSen Networks  26.4  25.0  33.0  6.7  8.0 

TDC Systems  22.7  23.0  28.0  5.6  8.0 

On‐road site           

CEOS  25.9  26.1  31.4  5.5  6.5 

TDC Systems  26.5  26.0  33.0  6.4  9.0 

All units are km/h. 

 Figure 6.5: Speed histogram (off-road site) 
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 Figure 6.6: Speed histogram (on-road site) 
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7 Recommendations 
7.1 Overall assessment 
Our overall assessment of these devices is summarised in Table 7.1.  Overall, we consider 

the Eco-Counter, Metrocount and TDC Systems devices to be suitable for off-road paths 

and separated cycleways.  Among the on-road devices the CEOS and TDC Systems 

devices are both considered acceptable, but have limitations. 

 Table 7.1: Overall assessment 

  Cost  Maturity  Support  Accuracy 

Data 

detail 

Ease of 

deployment  Overall 

Off‐road sites               

CEOS TITRL               

Cognimatics               

Eco‐Counter               

Metrocount               

SenSen 

Networks 

             

Sierzega               

TDC Systems               

On‐road sites               

CEOS TITRL               

SenSen 

Networks 

             

TDC Systems               

“Better” values have more dots. 

 

7.2 Device selection 
To assist in the selection of appropriate devices a selection flowchart is presented in Figure 

7.1.  All devices aside from the Cognimatics computer vision system are shown in this 

diagram; the discussion later in this section will need to be also taken into account.  

Furthermore, it is noted that the Eco-Counter ZELT Selective on-road device is included 

even though it could not be adequately tested within this study.  Instead, our assumption 

(based on experience elsewhere) is that once setup correctly this device should produce 

reasonable count accuracy for most applications.  We have not rejected devices from this 

list on the basis of the accuracy results, as all except the Cognimatics at the on-road site 

produced accuracy results which are probably acceptable for most purposes.  Rather, the 
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selection between devices within categories comes down to considering the full range of 

system attributes. 

The main criteria within this flowchart are: 

 Will the site will be temporary (i.e. installed for a short period – up to a month) or 

permanent? 

 Will the site have a significant number of motor vehicles (mixed traffic); i.e. is the 

site an off-road shared path or cycleway, or an on-road bicycle lane that is 

physically segregated from motor vehicles? A painted on-road bicycle lane should 

be treated as a mixed traffic site, as a significant number of motorists are likely to 

encroach into the bicycle lane19. 

 Can sensors be installed in the pavement? There will be some cases, such as soft 

surfaces (such as granitic sand), very thin pavements or structural pavements 

(perhaps on some bridges) where installing an in-pavement sensor will be 

impractical.     

 Are individual records required? Some devices (such as Eco-Counter) only provide 

data in a time-aggregated format.  Others provide individual time-stamped records. 

To provide a quick reference on the other issues with each device Table 7.2 summarises 

the key differences between the devices which are not captured within this flowchart but 

which may well be critical to any system selection. 

 

                                                      
19 A “significant” number of motorists may be only a small proportion of all motorists (e.g. 5% or less), but in 
absolute terms the number may be similar to the number of bicycle riders.   



Evaluation of Automatic Cyclist Counters 

0030 TMR CYCLIST COUNTER TRIALS (FINAL-2).DOCX Page 80 

 Figure 7.1: Selection flowchart 
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 Table 7.2: Critical system attributes 

Device  Issue 

CEOS TITRL   Requires kerbside installation on both sides of path/roadway 

 On roadways car parking must be prohibited in front of the 

devices (transmitter/receiver) 

Eco‐Counter ZELT Selective   Will require inductive loops on both sides of roadway 

Eco‐Counter ZELT Greenway   Will require an Eco‐Multi with PIR to determine direction of 

travel (this is recommended) 

Metrocount MC5720   Will require piezoelectric strips on both sides of roadway 

SenSen Networks   May only detect travel in one direction on roadways 

Sierzega SR4/SR6   Classifies by length and speed of object; requires careful 

orientation to ensure these measurements are not biased 

 Will not detect during moderate to heavy rainfall 

TDC Systems HI‐TRAC CMU   Will require piezoelectric strips on both sides of roadway 

 

As an alternative approach to thinking about the trade-offs between the devices, in Table 

7.3 we consider typical situations where we would typically want to count bicycle riders and 

the types of devices which may be appropriate.  Comments are provided to assist in 

selecting between the options. 

 Table 7.3: Device selection by site characteristics 

Site  Devices  Comment 

Shared path (bike/ped,         

usually  3m) 

 

CEOS TITRL 

Eco‐Counter 

Metrocount 

SenSen Networks 

Sierzega 

TDC Systems 

 Best accuracy is probably from TITRL, Eco‐

Counter, Metrocount and TDC Systems. 

 Sierzega will not count in rain. 

 Eco‐Counter will require Eco‐Multi option 

with PIR (ped counter) to classify direction (or 

dual longitudinal loops). 

 SenSen can readily classify and count 

pedestrians as well as bicycles.  Eco‐Counter, 

Metrocount and TDC Systems can be 

configured with additional sensors to count 

pedestrians. 

 Difficult to see benefits in using CEOS at 

these sites given higher cost compared with 

alternatives. 
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Site  Devices  Comment 

Shared space (bike/ped,          

often > 3 m) 

 

CEOS TITRL 

Metrocount 

SenSen Networks 

Sierzega 

TDC Systems 

 This scenario was not tested in these trials; 

there is some uncertainty about how well 

these devices would work at these sites (as 

high pedestrian volumes may hinder ability to 

detect riders). 

 Radar device (Sierzega) in particular will 

suffer undercounting at higher volumes on 

wide paths. 

  

Physically separated on‐road 

cycleway 

 

 

 

Eco‐Counter 

Metrocount 

SenSen Networks 

Sierzega 

TDC Systems 

 May be uni‐directional or bi‐directional, but is 

physically separated from the roadway. 

 Sierzega will not count during rain and will 

count on adjacent roadway unless facing 

towards footpath or an obstruction (e.g. 

parked car) is present between roadway and 

cycleway. 

 Difficult to see benefits in using SenSen at 

these sites given technical risk and accuracy 

disbenefits compared with alternatives. 

 

On‐road bicycle lane without 

kerbside parking 

CEOS TITRL 

Eco‐Counter 

TDC Systems 

 Difficult to see benefits in using CEOS at 

these sites; Eco‐Counter and TDC Systems 

would be cheaper and produce equivalent or 

more accurate counts. 

 Eco‐Counter and TDC will undercount if riders 

also use main carriageway 
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Site  Devices  Comment 

 

On‐road bicycle lane with kerbside 

parking 

 

CEOS TITRL 

Eco‐Counter 

TDC Systems 

 Difficult to see benefits in using CEOS at 

these sites given Eco‐Counter and TDC 

Systems are cheaper and likely to be more 

accurate. 

 Eco‐Counter and TDC may undercount if 

riders also use main carriageway 

Mixed traffic road without 

kerbside parking 

 

CEOS TITRL 

Eco‐Counter 

TDC Systems 

 Difficult to see benefits in using CEOS at 

these sites given Eco‐Counter and TDC 

Systems are cheaper and likely to be more 

accurate. 

 Must ensure Eco‐Counter loop or TDC 

piezoelectric strip cover full width of roadway 

on which riders travel. 

Mixed traffic roadway with 

kerbside parking 

 

CEOS TITRL 

Eco‐Counter 

TDC Systems 

 Cyclists may track over a wide lateral width, 

particularly if kerbside parking demand is not 

always present. 

 Eco‐Counter will be limited to measuring a 3 

m width. 

 Eco‐Counter and TDC will undercount if riders 

travel over a wide lateral position on 

roadway (e.g. when parked cars are absent), 

making detector positioning difficult. 

 Difficult to see benefits in using CEOS at 

these sites given Eco‐Counter and TDC 

Systems are cheaper and likely to be more 

accurate. 
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7.3 System procurement, installation and calibration 
Counter hardware and software and the installation are inseparable – a high quality 

installation, in a site compatible with the chosen technology, is critical to ensuring an 

accurate count.  There are many external factors which can influence the various 

technologies, and which require specialist expertise to help with exact citing of a counter 

and to calibrate each counter for a particular site.  These devices are not plug-and-play; 

they cannot be installed by a non-expert and not be subject to site-specific 

calibration.  Our strongly held view is that any system procurement should encompass the 

system itself, installation and initial calibration within the procurement contract.  Separating 

out these tasks would be a high risk exercise and highly unlikely to provide value for money.  

Rather, the manufacturer and/or supplier is best positioned to understand the technical 

intricacies of their device.  This knowledge is essential to the appropriate installation of the 

device. 

Within the procurement contract should be the requirement to demonstrate a sufficient level 

of accuracy.  What is sufficient will depend on the purpose for which the counts will be 

used.  However, some form of system verification – ideally performed over short time 

periods under different conditions (e.g. dry/wet, day/night depending on the technology) 

would be a prudent way of ensuring adequate system performance. 

7.4 Further work 
This study has fairly thoroughly tested a large number of counting devices at typical on- and 

off-road sites.  However, there are a number of potential avenues for further system 

evaluation.  Furthermore, there are always new devices coming onto the market which 

purport to be able to count bicycle riders.  We summarise in Table 7.4 several options for 

further work, divided into what we consider to be high, medium and low priorities.  In our 

view the most critical issue is not the accuracy of the devices per se, but rather ensuring 

data is effectively used to assist policymakers.  This means that data should be collected 

from the existing counters (and any future counters) in a regular, consistent manner and 

stored in a central data repository.  This data repository should be readily accessible to non-

expert policy makers to assist with evidence-based policy making.  The critical impediment 

is not inaccurate counting devices, but rather the framework to analyse, report and take 

meaningful action in response to counter data. 

 Table 7.4: Further work 

High priority 

 Develop and maintain a database to allow for the central collection and analysis of counts 

data.  This database should be focussed towards the needs of end users to ensure the policy 

relevance and impact of the data that is collected. 

Medium priority 

 Evaluate new systems (or significant improvements in existing systems) as and when they 

become available to ensure Government can make informed purchasing decisions based on 

the latest technologies. 
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Low priority 

 Evaluate system reliability over a longer time period for those devices for which there is no 

track record in Australia. 

 Examine alternative technologies that may complement automatic counts, particularly 

related to motion detection cameras. 
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Appendix A: Individual records 

A.1 On-road site 
TDC Systems 
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SenSen Networks 
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CEOS TITRL 
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Appendix B: Contractor comments 
This appendix provides verbatim comments provided by the contractor with regard to the 

devices. 

B.1 CEOS TITRL 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

Supplier was extremely helpful.  CEOS allowed for an onsite visit to help select correct 

installation and devices.  They were also flexible to fit better devices into the original quoted 

price.  Structured Training was available for the devices.  Instructions about alignment did 

not include the use of the extension plates that were not supplied with the order.  This may 

have been an order oversight or normal. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Information supplied was comprehensive. 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

The install of the TIRTL was a little more complicated than a bolt on solution.  The 

alignments of the units were critical and required care and time. The alignment tool 

provided was not suited to the cabinet installation without the use of custom brackets (that 

were not supplied or documented). Once this was available, alignment was smooth but a 

little time consuming. 

Other comments 
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Units are very well presented, and backup service was great.  TIRTL are a very complicated 

piece of counting equipment, and requires a high level of technical ability to make full use 

and setup.  Once units are setup and installed, they should not require a lot of maintenance, 

besides cleaning. 

These units are more suited for permanent installations, but can well for a preconfigured 

rapid deployment (they can be held by modified camera tripods.)  Units require to be 

installed a critical height above the ground.  This was demonstrated by a misunderstanding 

during the trial installation. 

B.2 Eco-Counter 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

Instructions were adequate, after the choice of installation setup was picked. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

Only minor realignment of the footing bolts was required. 

Other comments 

The Urban post was well made, and the gear tray was fairly robust 

Bluetooth is required to view live data and retrieve stored date (3G option is available) 
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Very little to no, configuration required.  Worked out of the box. 

Permanent internal battery has an indicated 2 years life. Not sure about replacement. 

Loops required to be installed into the ground surface, so more suited to a permanent site. 

They also needed to be measured accurately. 

A maximum of 3 meter lane coverage is obtainable with the 2 loop setup. 

B.3 TDC Systems HI-TRAC CMU 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

Instructions were adequate. Supplier was involved onsite with the PIEZO installation and 

the CMU counter hardware installation. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Supplier supplied, configured and installed counter.  Very helpful 

 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

The PIEZO’s required extra care to install. Counter itself is a compact waterproof unit and 

easily housed. 

Other comments 
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Installation went as per plan. Slots and epoxy made the installation a little complicated and 

time consuming. Required a full closure of the bikeway, until the Epoxy set. 

Lifespan of the unused Epoxy is short, must be used within the relative short use by date, or 

new Epoxy will be required. 

Counter was plug and play. With remote configuration changes possible. 

Long life external 2 year battery supplied, but could be used on any 12V DC source. 

Software available to see live count data locally, but normally Data is recovered via 3G. 

PIR sensor for pedestrian movements required mounting on pole, as mounting pole 

available from supplier was not provided for the trial.   

B.4 Cognimatics 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

Instructions were relatively easy, but due to an incompatible camera being supplied, the 

supplier was required to be involved. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

The only technical error was the camera model issue, of which caused other issues until 

rectified. 

 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 
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4. Difficult, could not install device without seeking presence of 

supplier on site 

Installation was as planned.  Once the Pole was installed, the AXIS camera itself was easy. 

Other comments 

A direct downward facing view is required.  Minimum mounting height is about 3 metres. 

Provision was required for the power load of 8VA for this device.   

Basic IP and systems knowledge is recommended, to understand the software installation 

and system setup of this device. 

An incompatible camera was supplied to operate with the Cognimatics software.  An older 

AXIS camera was then sourced by the supplier and configured.  There was a lot of time 

spent, to correct this mistake/misunderstanding and get the camera running correctly. 

The original mounting bracket was not used for this installation; a more suited one was 

sourced and retrofitted.  This would not be an issue the next time around, and the more 

suited bracket could be ordered. 

The software did require activation, after install.  This required an internet connection, but 

could be done before site install. 

B.5 Pentagon Systems / Metrocount 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

The Pentagon solution was supplied with easy to follow instructions on how to install the 

piezos.  The supplier conceded there was no information available for installation and 

configuration of the IRISYS to the Metrocount counter technology system. The supplier, 

Pentagon Systems, undertook custom modification of the standard Metrocount counter 

hardware, as supplied, to enable connection to the IRISYS hardware. After some project 

timing concerns and delays, installation of the hardware and configuration of same was 

undertaken by the supplier. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non-technical errors noted 
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3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Information that was provided was good. More information about the complete system 

would be useful. 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

The Pentagon Systems solution required two piezo sensors to be installed into the 

pavement and the IRISYS camera was required to be mounted to a pole outreach. 

Pentagon Systems acknowledged that there was no documented information nor 

procedures to enable a third party to install and configure their counter solution. The 

supplier was responsible for the customised installation and configuration of the Metrocount 

counter hardware.   

Other comments 

The Pentagon system was a well rounded system.  It did require the installation of two 

PIZEO strips and a pole with specific foundation design considerations due to proximity to 

the Brisbane River. This in itself was technical, time consuming and required a full closure 

of the bikeway to undertake. Because of this extra time and money, the installation must be 

regarded as a long term solution.   There was an absence of installation and configuration 

information available from the supplier. There was not enough information given, to achieve 

a complete installation without the supplier’s interaction.  There were some project timing 

issues with the vendor; Pentagon representatives were not always available when required.  

If the installation of the equipment is to be undertaken by the vendor, it would make the 

overall install (besides the piezos and pole) very easy.  During this trial RoadTek spent very 

little time with this system, installing and configuring the electronics, or collecting the data, it 

was all provided by the vendor. 

B.6 SenSen Networks 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 
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4. Difficult, repeated clarifications required from supplier 

The Sensen device was complicated.  It seemed to be still in some form of development.  

The supplier was involved with initial talks, and some of the installation requirements 

changed during or after these talks.  This made it hard to know what was needed, and 

several phone calls were needed while insight to help align the cameras.  Most of the 

configuration was done remotely after we fixed the DYNDNS and routing settings in the 

supplied router, as requested after install. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Information supplied was informative, but light… It was given in a manor to allow remote 

configuration, but little information to be able to configure the device ourselves. 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

The “plug and play” style was easy to connect and put in place, but the Cameras were hard 

to align; as there was little predetermined information on were they were to face. Once 

aligned, it was also difficult to answer the dimension questions Sensen were asking. This 

was due to the shape of the Field of view; it was not rectangular like they seemed to expect, 

but a diamond shape. 

Other comments 

The Sensen Networks device had some setup and installation issues. Most of which were 

resolved with help of our and Sensen techs.  I feel this was due to the device still being in a 

development stage.  There was an intermittent router lockup issue also; this required the 

device to be manual reset onsite several times during the trail.  The lockup issue had not 

been resolved by the end, and showed up on the Boroona Rd trial as well. 

The power requirement for this device was the highest of all the devices.  It required close 

to 50W of power full time.  This proved to be difficult for a trial site. This device will require a 

mains power supply or large solar solution, if used in a long term site.   
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B.7 Sierzega SR6 
Was the manufacturer supplied installation instructions easy to follow? 

1. Easy, instruction easy to understand and no assistance required 

from supplier 

2. Relatively Easy, instruction difficult to understand, but no 

assistance required from supplier 

3. Relatively Difficult, some clarifications required from supplier 

4. Difficult, repeated clarifications required from supplier 

Instructions supplied for multiple versions of the SR4 and 6.  Supplier was consulted to 

clarify several instructions that were referenced for a different version to what was being 

installed. Also the Modem was supplied with the wrong configuration for the APN (Access 

Point Name).  This required a reconfigure of the setting; this was done under guidance over 

the phone. 

Was the manufacturer supplied information accurate? 

1. No error noted 

2. Largely accurate, minor non‐technical errors noted 

3. Inaccurate, technical errors and omissions noted 

4. Completely inaccurate, e.g. wrong manual supplied with device 

Once the Model specifics were sorted, and the 3G running, the information supplied was 

good. The BT (Bluetooth) program supplied was not fully functional with the SR6 version; 

some of the options did not work as intended. 

Installation difficulty, how would you rate this device? 

1. Easy, no complications identified 

2. Relatively Easy, minor complications resolved on site 

3. Relatively Difficult, some complications encountered and remote 

assistance required for resolving issues on site 

4. Difficult, could not install device without seeking presence of 

supplier on site 

Installation was very easy, just bandit strap it to a pole, but the radar was a little more tricky 

to align.  Test subjects were required to test, and then the unit was adjusted, and tested 

again; this was repeated until the alignment was within tolerances. Process only took about 

15 minuets, if bike traffic was abundant. Getting the 3G modem running required tech 

support to guide me through a local setting change. 

Other comments 
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Unit would require external power supply for a long term installation (0.6W).  An external 

solar panel and regulator would usually be adequate; Depending on the availability of 

sunlight at the site. 

Units supplied well packaged. 

Local (Australian) contacts were very helpful. 

Unit required a BT device with the custom software running for alignment. 

No local viewing of data possible, only via the delayed web portal. 

Care needs to be taken with the settings given to the supplier, so the pre-configuration of 

the units work on site. (3G sim card settings) 

Due to the RADAR basis, care needs to be taken where the sensor is pointed to avoid 

adverse interaction to this or other units. 


