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Summary 

This report is the Stage 3 report of the project to evaluate Sensys Networks 
Wireless Data Station Equipment. Stage 1 involved laboratory tests of 
transmission and reception properties under a range of environmental conditions.  
Stage 2 involved controlled field tests at La Trobe University aimed to ascertain 
the performance of the Sensys detector at an individual vehicle level using a 
range of inductive loop configurations including the SCATS symmetripole 
configuration. 

Stage 1 concluded that the Sensys detector is a well-designed and reliable 
detector under a wide range of environmental conditions experienced in 
Australian cities.  Stage 2 concluded that, relative to inductive loops, Sensys 
counts were similar and that it was worthwhile to move on to Stage 3 on-site tests.  
Stage 2 further reported that the sensitivity of a vehicle detector making use of 
earth’s magnetic field is strongest at the south (or north) pole but decreases 
towards the equator.  Following from the results of Stages 1 and 2, a freeway test 
site was selected near the Forster Road on- and off-ramps with the Monash 
Freeway in Mount Waverley, Melbourne.   

The focus of this report is to describe the evaluation of the Sensys detectors 
through in-field comparative tests with loops. The evaluation included the 
assessment of the quality of traffic data (volume, occupancy and speed) from 
Sensys compared with those from the existing Monash Freeway loop detector 
station near Forster Road.  Some Sensys volume data was further compared with 
manual counts obtained from video recording. 

The key findings from the Stage 3 evaluation of the Sensys detector with data 
from the Monash Freeway in Melbourne are as follows: 

• The data quality of volume and occupancy from Sensys is high and 
comparable to loop data quality.  This is indicated by the very low level of 
data trimming (0.3%) for volume and occupancy analysis.  Speed data has 
to be determined from a pair of sensors and was more susceptible to 
vehicles changing lane and data transmission errors.  The trimming level 
for speed comparison was higher at 7.5% (mainline carriageway lanes) and 
37% (ramp lanes). 

• The key results from the mainline freeway carriageway lanes are 
summarised below.  These results show that the traffic performance of the 
Sensys detectors was comparable to those from loop sensors.  The 
Sensys volume data was further verified with DVD manual (true) counts 
and was found to be 2% larger than the true counts. 

Daily level 1 min level 
Traffic 

parameters Mean 
difference  

Mean % 
difference 

Mean 
difference  

Mean % 
difference 

Volume 

0.30 veh/min 
(dry days) 

0.42 veh/min 
(wet days) 

2%  
(dry days) 

3%  
(wet days) 

0.31  
veh/min 2% 

Occupancy* -1.2% -11% -1.1% -10% 

Speed  - - 1.29 
km/h 1% 

* see the following dot point  

 

Although the Report is 
believed to be correct at 
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extent lawful, excludes all 
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• The footprint or detection zone of a Sensys detector is smaller than that of 
a loop detector due to differences in the technology of sensing a vehicle.  
From the analysis of one day’s data at the 1 min level, the ratio of Sensys 
to loop occupancy is 0.713 but this ratio is likely to be site-dependent. 

• Wet days were identified in the data set and comparison was made 
between wet and dry days.  There was no significant difference between 
Sensys and loop.  In other words, rain did not affect the counting accuracy 
of Sensys. 

• Most R2 values in loop-Sensys comparisons show large values about 0.75, 
implying strong linear relationship between the two detectors. 

• Some Sensys detector downtimes were observed in the Stage 3 data.  It is 
expected that the Sensys downtime would be less than the loop downtime, 
which has been known to be quite high at about 15-20%, due largely to 
loop wear and tear. 

It must be emphasised that loop data cannot be treated as the true values even 
though loop data was used in this report as the reference data set for comparison.  
True values of traffic volumes, for example, can only be established from counts 
carefully observed from video records as was carried out for 1.5 hour in this Stage 
3 study.   

In summary, the Sensys detector showed a performance comparable to that of 
loop and should be suitable for real-time traffic applications and planning studies.  
The Sensys data dropping off issue could be solved by upgrading the Sensys 
detection software.  It is recommended to retest the detector after the new 
software is ready in December 2007.   

Further, the following issues should also be addressed: 

• This study has not addressed issues related to on-going equipment supply 
and maintenance.  These are critical issues especially if Sensys detectors 
are to replace loops.  

• The Sensys equipment is relatively new and the quality of the detector, 
receiver and repeater need to be quality-checked especially when the 
equipment goes into batch production.  Should a test jig be developed for a 
road authority to do independent checks? 

• Specifications for installation, testing and acceptance are necessary and 
should be prepared similar to those for inductive loops. 

• The long term reliability, battery life under different usage conditions and 
end of life characteristics should also be investigated. 
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1 Introduction 

This report is the Stage 3 report of the project to evaluate Sensys Networks Wireless Data 
Station Equipment. Stage 1 involved laboratory tests of transmission and reception properties 
under a range of environmental conditions (Stewart et al. 2006).  Stage 2 involved controlled 
field tests at La Trobe University aimed to ascertain the performance of the Sensys detector at 
an individual vehicle level (Stewart 2007) using a range of inductive loop configurations 
including the SCATS symmetripole configuration. 

Stage 1 concluded that the Sensys detector is a well-designed and reliable detector under a 
wide range of environmental conditions experienced in Australian cities.  Stage 2 concluded 
that, relative to inductive loops, Sensys undercounted slightly and that it was worthwhile to 
move on to Stage 3 on-site tests.  This stage further reported that the sensitivity of a vehicle 
detector making use of earth’s magnetic field is strongest at the south (or north) pole but 
decreases towards the equator.   

Following from the results from Stages 1 and 2, a test site was selected on the Monash 
Freeway near the Forster Road on- and off-ramps in Mount Waverley, Melbourne.  This site was 
already installed with inductive loop detectors for freeway operations.  Extra Sensys detectors 
were installed on the freeway mainline carriageways (inbound and outbound), on-ramps and off-
ramps.   

The focus of this report is to describe the evaluation of the Sensys detectors through in-field 
comparative tests with loops. The evaluation included the assessment of the quality of traffic 
data (speed, volume and occupancy) from Sensys compared with those from the existing 
Monash Freeway loop detector station near Forster Road.  The Sensys data was further 
compared with manual counts obtained from video recording. 

The data sets used for analysis were all compiled at 1 min time slices.  The analysis time 
frames selected are as follows: 

• daily – daily mean values are suitable for planning purposes 

• 1 min – most real-time freeway control systems employ 1 min interval data 

The focus of analysis on 1 min means if the Sensys detector is good for a 1 min period, it is also 
good for 15 min and daily count applications. 

The speed, volume and occupancy data is designated as ‘SVO’ data with S representing speed, 
V representing volume and O representing occupancy. 

It must be emphasised that loop data is not perfect data even though loop data was used in this 
report as the reference data set for comparison.  Loop values cannot be treated as the true 
values.  In the case of traffic counts, true values can be established from counts carefully 
observed from video records.  Observed data is however expensive to compile.  In this report, 
the differences between Sensys and loop data sets are therefore simply differences and not 
errors. 
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2 Stage 3 tests set-up 

2.1 Freeway test site 

The Monash Freeway at Forster Road on- and off-ramps was chosen as the test site based on 
the following criteria: 

• loops at the site can give reliable traffic data for comparison 

• the site has easy and safe access 

• it is relevant to the VicRoads M1 ramp metering project 

• it has good power supply and communication facilities 

• it has camera monitoring. 

2.2 Test set-up 

Sensys detectors were installed on the freeway carriageway and on- and off-ramps (Figure 3.1).  
The comparisons in this report were between the inductive loops (2 m x 2 m) at a current 
Monash Freeway/Forster Road detector station and Sensys detectors installed adjacent to 
these loops.   

Three detectors were installed flush with the pavement surface on each of the three inbound 
lanes. Two detectors were installed 50 mm below the surface on three outbound lanes. One 
repeater was installed for the outbound carriageway and off-ramp detectors to communicate 
with the receiver, called an Access Point, which was installed close to the on-ramp detectors on 
the south side of the test site. The location of the Sensys detectors, the repeater and the Access 
Point are illustrated in Figure 3.1. 

3 Data collection 

Both loop and Sensys data were logged by VicRoads for 15 days starting from 16:10 hour on 14 
June 2007 and ending at 16:10 hours on 28 June 2007. So the data sets collected for analysis 
consisted of 13 complete days and two half days data. 

The freeway loop data was collected by the out-station using standard VicRoads procedures. 
The Sensys data was collected via the Access Point. The Sensys Access Point and the Forster 
Road out-station were synchronised. 

The raw loop data was in 20 s packets and then aggregated into 1 min data sets. The raw 
Sensys data were in 1 min packets. 
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Figure 3.1:  Sensys detectors, repeater and Access Point 
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4 Data analysis 

4.1 Data quality 

Before comparing Sensys data with loop data, an initial quality assessment of Sensys and loop 
data were conducted. One minute speed, volume and occupancy (SVO) data sets from Sensys 
and loop for two days out of 15 days were charted respectively.  The sub-sections below explain 
the quality issues in detail. Both loop and Sensys data have been filtered to exclude invalid 
data, error data and incomplete data before statistical analysis.   

4.1.1 Loop data quality  

Missing data 

A total of 49 min of loop data was missing on four days of the 14-day test period (Table 4.1). 

Table 4.1:  Missing loop data 

Date From To Total minutes missing data 

19-Jun-07 15:00:00 15:44:00 45 min 
21-Jun-07 13:41:00 13:42:00 2 min 
22-Jun-07 10:07:00 10:07:00 1 min 
26-Jun-07 13:56:00 13:56:00 1 min 

 

Volume fluctuations 

Figure 4.1 shows that the loop and Sensys volume data for one day (20 June 2007) from the 
outbound fast lane followed the same trend.  The loop counts were found to fluctuate more than 
the Sensys counts for this data set. For example, the loop count was 78 veh/min (or 4680 veh/h) 
at 14:37 hours compared with the Sensys count at 36 veh/min.  Table 4.2 shows seven minutes 
of suspect loop counts in 14:34 – 14:40 hours.   

Table 4.2:  Eight minutes of suspect loop counts 

Date Timestamp Sensys volume 
(veh/min) 

Loop volume 
(veh/min) 

20-Jun-07 14:34:00 25 8 
20-Jun-07 14:35:00 29 0 
20-Jun-07 14:36:00 39 0 
20-Jun-07 14:37:00 36 78 
20-Jun-07 14:38:00 28 34 
20-Jun-07 14:39:00 39 30 
20-Jun-07 14:40:00 27 9 
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The suspect data from loop and Sensys were trimmed off for comparison purposes in this report 
(Section 4.2).  Suspect data of this nature suggests that data trimming or filtering is necessary 
for ramp metering and other traffic control operations. 
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Figure 4.1:  Sensys vs loop volume (outbound fast lane, 20/06/2007) 

4.1.2 Sensys data quality 

Missing data 

The uptime of Sensys data was high and only 1 min of Sensys data was identified as missing on 
26 June 2007 from 17:16 – 17:17 h. 

Further, the speed, volume and occupancy (SVO) data from Sensys detectors were 
occasionally reported as ‘-1’, which indicated the data available at that minute could not be used 
to calculate a meaningful value.  The situation may be caused by temporary detector 
transmission or telecommunication disruptions.  Sensys data with ‘-1’ were deleted pair-wise 
from comparison analysis, i.e. both the Sensys and loop data for that minute were excluded 
from analysis. 

Classification count discrepancy 

Sensys Networks has also developed vehicle classification algorithms by vehicle lengths and 
the Sensys data in this project included classified counts.  Vehicle counts were classified into 
four bins according to the Austroads classification system. 

It was found that the sum of vehicles in the four bins did not add up to the total counts obtained 
from the Sensys algorithms, which need to be improved and adjusted in the future.  Because 
loop data does not include classification counts, the accuracy of the classified counts from 
Sensys detectors was not further investigated in this report. 



6 
Evaluation of Sensys Networks Equipment: Stage 3 Tests on Monash Freeway 

VC72270-3   October 2007 
 

 Commercial in confidence www.arrb.com.au 

Suspect data 

Apart from the ‘-1’ data flagged by Sensys, a few suspect data values were also identified.  
Table 4.3 shows three consecutive minutes of occupancy, volumes and speed data.  This patch 
of three minutes on 16 June 2007 had some erroneous data and an occupancy much higher 
than 100%.  This type of suspect data was rare and trimmed off before analysis.   

Table 4.3:  Error Sensys data 

 

Date Time Lane Occupancy Volume 
Speed 

(median) 
Speed 
(mean) 

16-Jun-07 8:38:00 Lane 5 -1 -1 102 -1 

16-Jun-07 8:39:00 Lane 5 1.05E+08 1 -1 -1 

16-Jun-07 8:40:00 Lane 5 7.43 16 90 -1 

 

Figure 4.2 shows another type of suspect data but was confirmed to be due to 
telecommunication interruptions.  The data was due to momentary discontinuities in accessing 
the local GPRS network.  
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Figure 4.2:  Sensys vs loop occupancy (outbound fast lane, 14/06/2007) 

Suspect data due to 
telecommunication 
interruptions 
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4.2 Data trimming 

Table 4.4 sets out the trimming criteria for both Sensys and loop invalid and error data. A pair-
wise deletion was conducted if either Sensys or loop data fell within the trimming range. The 
incomplete data (missing data) were also pair-wise deleted.   

The sample size for volume data from eight lanes of data over the 15 days was 160,799, and 
481 data pairs have been trimmed off for quality reasons, which represented a trimming level of 
0.3%. The same trimming level also applied to occupancy data. 

Table 4.4:  Trimming criteria for invalid and error data 

Data Trimming criteria 

Volume < 0 veh/min or > 55 veh/min 

Speed < 0 km/h or >180 km/h 

Occupancy < 0 or > 100% 

 

4.3 Wet weather 

Rainfall could affect data transmission from a Sensys sensor to the Access Point so data from 
‘wet’ days were identified and separately analysed in Section 5.  Based on records from the 
Bureau of Meteorology (Table 4.5), there were different levels of rainfall in the 15 day study 
period.  Wet day was defined as daily rainfall over 5 mm for this study.  Three days (21, 27 and 
28 June) were taken as wet days. 

Table 4.5:  Melbourne rainfall record 

Date Rainfall (mm) Day type 

14 June 2007 0.8 Dry 

15 June 2007 0 Dry 

16 June 2007 0.2 Dry 

17 June 2007 0 Dry 

18 June 2007 1.0 Dry 

19 June 2007 0 Dry 

20 June 2007 2.8 Dry 

21 June 2007 6.8 Wet 

22 June 2007 0 Dry 

23 June 2007 0.2 Dry 

24 June 2007 0 Dry 

25 June 2007 0 Dry 

26 June 2007 0 Dry 

27 June 2007 7.4 Wet 

28 June 2007 12.0 Wet 

 Source: Bureau of Meteorology 
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4.4 Analysis method 

The statistical analysis aimed to quantify the difference between the Sensys SVO data and the 
loop SVO data.  Loop data was used as the reference data for comparison. The analysis was 
based on 1 min time slices from 15 days, and excluded suspect and erroneous data as 
previously discussed. The data was grouped into dry or wet days, carriageways or ramp data 
sets for analysis.   

The following six parameters were calculated: 

• mean difference and % difference 

• standard deviation of difference and % difference 

• 95% confidence intervals of mean difference and % difference 

• root mean square difference  

• coefficient of determination (R2) 

• paired t-test on the level of significance. 

Statistics were calculated from the SVO data at the daily level and at the 1 min level. 

4.4.1 Mean difference and % difference 

The mean difference is given by: 

 
n

SVOSVO LoopSensys∑ −
= differenceMean  

The mean % difference is given by:  

 
n

SVO
SVOSVO

Loop

LoopSensys∑ ×
−

=
%100

 difference %Mean  

where 

SVO is speed, volume and occupancy 

n is the sample size (total number of data samples at daily and 1 min intervals). 

4.4.2 Standard deviation 

Standard deviation measures the variability of the differences and % differences of a data 
sample.  The larger the standard deviation, the greater is the variability of the difference 
between the Sensys and loop data. Standard deviation is given by: 

1

)(
1

2

−

−
= ∑ =

n

xx
S

n

i i
 

where 
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 S  = standard deviation 

 ix  = difference or % difference between Sensys and loop SVO 

 x  =  mean difference or mean % difference 

  n =  sample size. 

4.4.3 Confidence intervals of Sensys accuracy 

The 95% confidence interval was calculated to provide a range within which it is 95% likely that 
mean difference or mean % difference would fall. It is based on the standard deviation (S) and 
sample size (n), and is given by: 

 95% confidence interval = ± 
5.0

975.0,1 / nStn ×−  

where 

 975.0,1−nt = two-tailed t-distribution at 5% significance level 

 S  = standard deviation 

 n =  sample size. 

4.4.4 Root mean square difference 

Root mean square difference (RMSD) measures the absolute difference between the Sensys 
and loop SVO, avoiding the negative and positive difference offsets. Root mean square 
difference is given by: 

n

SVOSVO
RMSD

n

i LoopSensys∑ =
−

= 1
2)(

 

where 

SVO is speed, volume or occupancy 

n is the sample size at daily and 1 min level. 

4.4.5 Coefficient of determination  

Coefficient of determination measures the linear relationship between the Sensys and loop data. 
In general, 0 ≤ R2 ≤ 1. The closer R2 is to 1, the better is the linear relationship between the 
Sensys and loop data. 
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4.4.6 Paired t-test 

The paired t-test determines whether the Sensys data were significantly different from the loop 
data.  Pairing reduces vehicle-to-vehicle variability. The paired t-test generates a p-value 
(probability). If the p-value is greater than 0.05, it can be concluded that there was no significant 
difference between Sensys and loop data at the 95% confidence level. 

The t-value is based on the ratio of the mean ( d ) and standard deviation ( ds ) of the paired 
differences (e.g. difference in Sensys speed and loop speed of a vehicle) and is calculated as 
follows:   

 
ns

dt
d /

=  

where n is the number of samples.  The t-test at a particular level of significance (usually 95%) 
provides the same information as the (95%) confidence interval. 

The paired t-test has been found a rather ‘strict’ test due to large fluctuations in traffic data and 
hence large values of the standard deviations.  In these cases, the t-value is small, implying 
significant differences between Sensys and loop data when in fact the two sets of data were 
quite well-correlated (large R2).  Hence, it is useful to look at all three sets of statistics – R2,      
% difference and level of significance. 
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5 Volume analysis results 

The volume data was analysed at the daily and 1 min level as follows: 

• daily means: 

— dry day and wet day carriageway (inbound and outbound lanes) 

— dry day carriageway and ramp 

— all lanes for all days 

• 1 min values: 

— volume difference per lane per day 

— volume difference per lane for all days 

— volume difference for all lanes and all days. 

5.1 Results of daily mean values 

The results for this section make use of mean values calculated for the data obtained in a day.  
For example, the mean value of 1 min Sensys (or loop) counts was calculated by summing the 
counts of 1440 minutes of counts in a day and then divided by 1440 to obtain the daily mean, 
expressed in veh/min. 

5.1.1 Dry day and wet day carriageway 

For each carriageway lane, the mean value of 1 min counts was calculated for each of the 15 
days.  For dry days, the sample size was 6 x 12 = 72 samples.  For wet days, the sample size 
was 6 x 3 = 18 samples.  Table 5.1 shows the comparison results between dry days and wet 
days.  It shows that the mean Sensys volume was higher than the mean loop volume by 2% on 
dry days and 3% on wet days.   

The performance of the Sensys detector was therefore similar on dry and wet days. 

Table 5.1:  Dry day and wet day volume difference results 

Dry day carriageway Wet day carriageway 

  
Loop 

(L) 
Sensys 

(S) 
Diff.  
(S-L) 

% diff. 
(S-L)/L 

Loop 
(L) 

Sensys 
(S) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 15.3 15.6 0.30 2% 15.9 16.3 0.42 3% 

Standard deviation   0.48    0.53  

Sample size   72    18  

95% conf. intervals   0.11    0.25  

RMSD   0.57    0.67  

R2   0.97    0.93  

T-test (p value)   ~0*    ~0*  

* statistically significant at the 5% level 
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The daily means of 1 min counts for inbound and outbound carriageways on dry and wet days 
are charted in Figures 5.1 to 5.4.  Detailed analysis is shown in Table 5.2.  The following 
observations can be made: 

• Sensys counts on outbound lanes were consistently higher than loop counts on all days.  
The mean difference was 0.42 veh/min. 

• Sensys counts on inbound lanes were lower (lane 1 or slow lane), equal (middle lane) or 
higher (lane 3 or fast lane) than loop counts.  The mean difference was 0.18 veh/min but 
the standard deviation of the inbound data was higher than the standard deviation of the 
outbound data. 

• The outbound Sensys detectors were installed at 50 mm below the surface and a 
repeater was installed on the far side of the outbound carriageway to strengthen the 
signal.  The fact that the Sensys counts were larger than loop counts implied that signal 
strength was not an issue on the outbound direction. 

In summary, the Sensys sensors worked properly on both wet and dry days.  The repeater 
operated well with sensors installed even at a depth of 50 mm.  Sensys counts were 
consistently higher than loop counts by 2% (dry days) and 3% (wet days). 
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Figure 5.1:  Dry day inbound carriageway daily mean volumes 
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Figure 5.2:  Dry day outbound carriageway daily mean volumes 
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Figure 5.3:  Wet day inbound carriageway daily mean volumes 
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Figure 5.4:  Wet day outbound carriageway daily mean volumes 
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Table 5.2:  Daily mean volume difference on dry days 
for inbound and outbound carriageway 

Inbound carriageway (veh/min) Outbound carriageway (veh/min) 
Date 

Detector Loop 
(L) 

Sensys 
(S) 

Diff. 
(S-L) Detector Loop 

(L) 
Sensys 

(S) 
Diff. 
(S-L) 

14/06/07 lane1 13.24  13.46  0.22  lane5 18.93  19.29  0.36  
  lane2 17.56  17.93  0.37  lane6 20.29  20.76  0.47  
  lane3 13.52  14.45  0.93  lane7 17.17  17.58  0.41  
15/06/07 lane1 15.02  14.96  -0.06  lane5 16.10  16.42  0.31  
  lane2 19.33  19.60  0.27  lane6 18.34  18.78  0.44  
  lane3 17.49  18.05  0.56  lane7 16.58  16.91  0.32  
16/06/07 lane1 13.19  13.14  -0.05  lane5 13.35  13.40  0.04  
  lane2 17.95  17.93  -0.02  lane6 16.60  16.78  0.17  
  lane3 12.04  12.41  0.37  lane7 11.52  11.65  0.13  
17/06/07 lane1 11.44  11.46  0.02  lane5 12.07  12.17  0.10  
  lane2 15.44  15.44  -0.01  lane6 14.96  15.17  0.20  
  lane3 9.20  9.49  0.29  lane7 9.45  9.56  0.12  
18/06/07 lane1 13.45  13.50  0.05  lane5 15.02  15.36  0.34  
  lane2 18.55  18.88  0.33  lane6 17.17  17.65  0.48  
  lane3 15.25  16.18  0.93  lane7 14.86  15.24  0.38  
19/06/07 lane1 12.69  13.07  0.38  lane5 14.11  15.39  1.28  
  lane2 17.29  18.53  1.24  lane6 16.17  17.77  1.60  
  lane3 14.74  16.61  1.87  lane7 14.51  15.87  1.36  
20/06/07 lane1 13.56  12.70  -0.85  lane5 15.10  15.57  0.47  
  lane2 17.74  17.75  0.01  lane6 16.81  17.64  0.83  
  lane3 16.17  17.11  0.94  lane7 15.24  15.89  0.65  
22/06/07 lane1 14.23  13.51  -0.72  lane5 16.69  17.13  0.44  
  lane2 18.88  18.69  -0.19  lane6 18.88  19.47  0.59  
  lane3 17.49  18.17  0.69  lane7 17.50  18.01  0.51  
23/06/07 lane1 13.16  12.82  -0.34  lane5 13.71  13.81  0.10  
  lane2 18.01  17.86  -0.15  lane6 17.00  17.22  0.22  
  lane3 12.18  12.47  0.29  lane7 11.40  11.54  0.14  
24/06/07 lane1 12.21  11.87  -0.34  lane5 12.81  12.87  0.07  
  lane2 16.11  15.99  -0.12  lane6 16.13  16.27  0.15  
  lane3 10.03  10.20  0.17  lane7 10.29  10.39  0.10  
25/06/07 lane1 13.69  13.15  -0.54  lane5 15.19  15.38  0.20  
  lane2 18.78  18.64  -0.14  lane6 17.35  17.76  0.41  
  lane3 15.64  16.14  0.50  lane7 14.66  14.92  0.27  
26/06/07 lane1 13.61  12.81  -0.79  lane5 15.32  15.69  0.37  
  lane2 19.07  18.92  -0.15  lane6 17.71  18.28  0.57  
  lane3 16.12  16.66  0.54  lane7 15.46  15.84  0.38  
Mean (veh/min) 15.1 15.3 0.18   15.4 15.8 0.42 
Standard deviation     0.56       0.36 
Sample size     36       36 
95% conf. intervals     0.18       0.12 
RMSD     0.59       0.55 
R2     0.96       0.98 
T-test (p value)     0.064       ~0* 

* statistically significant at the 5% level 
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5.1.2 Carriageway and ramp data on dry days 

Table 5.3 shows a comparison between carriageway (lanes 1-3 and 5-7) and ramp (lanes 4 and 8) 
data on dry days.  It again indicates that the Sensys volume was higher than loop volume.  The 
mean difference and mean % difference were 0.30 veh/min and 2% for carriageway data.  For 
ramp data, the mean difference and mean % difference were 0.02 veh/min and 0.4%.  Ramp 
data showed smaller mean differences, but the standard deviations were higher on ramp lanes 
likely due to more variable driver behaviour on freeway ramps. 

Table 5.3:  Dry day carriageway and ramp daily volume difference 

Dry day carriageway (veh/min) Dry day ramp (veh/min) Volume 

Loop 
(L) 

Sensys 
(S) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Loop 
(L) 

Sensys 
(S) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean (veh/min) 15.3 15.6 0.30 2% 4.6 4.6 0.02 0.4% 

Standard 
deviation 

  0.48    0.14  

Sample size   72    24  

95% conf. 
intervals 

  0.11    0.05  

RMSD   0.57    0.13  

R2   0.97    0.99  

T-test (p value)   ~0*    0.4415  

* statistically significant at the 5% level 

5.1.3 Results for all lanes 

The daily mean 1 min volume for all eight lanes and 15 days (sample size = 8 x 15 = 120) were 
combined to compare the difference between Sensys and loop at this daily level.  Table 5.4 
showed that the mean difference was 0.25 veh/min and mean % difference was 2%.  The R2 
was 0.99 indicating a very high correlation between Sensys and loop at the daily level. 

Table 5.4:  Daily volume difference across all lanes and all days  

All lanes 
Volume Loop 

(L) 
Sensys 

(S) 
Diff.  
(S-L) 

% diff.  
(S-L)/L 

Mean (veh/min) 12.8 13.0 0.25 2% 

Standard deviation   0.45  

Sample size   120  

95% conf. intervals   0.08  

RMSD   0.51  

R2   0.99  

T-test (p value)   ~0*  

* statistically significant at the 5% level 
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5.2 Results of 1 min values 

The analysis in this section made use of the ‘raw’ 1 min data.  For example, the mean difference 
in counts between Sensys and loop data for a day for all lanes was calculated by summing the 
differences of all 1 min samples in a day and then dividing by the number of samples in that 
day.  The 1 min traffic data is usually expected to fluctuate more than the aggregated daily data 
described in Section 5.1. 

5.2.1 Volume difference per lane per day 

The detailed results for 1 min values volume difference and % difference per lane can be found 
in Appendix A and were also charted for the inbound lanes (Figures 5.5 and 5.8), outbound 
lanes (figures 5.6 and 5.9) and ramp lanes (Figures 5.7 and 5.10). 

The mean difference was between -1 and 1 veh/min for inbound lanes, 0 and 1 veh/min for 
outbound lanes except on 19/06/07. The ramp lane results were also within the above range.  

The mean % differences were nearly all within the range 0% to 15% for all inbound, outbound 
and ramp lanes; the exception was again on 19/06/07 when the % differences exceeded 20% 
for inbound and outbound carriageway lanes.  

These 1 min volume results confirm the results in Section 5.1 on daily mean volumes - Sensys 
volumes on all outbound lanes were higher than loop volumes.  At the 1 min level, the difference 
was up to 15% compared with 2% at the daily level. 

Inbound lanes one minute result
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Figure 5.5:  Inbound carriageway 1 min volume difference 
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Outbound lanes one minute result
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Figure 5.6:  Outbound carriageway 1 min volume difference 

Ramp lanes one minute result
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Figure 5.7:  Ramp lanes 1 min volume difference 
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Ramp one minute result
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Figure 5.10:  Ramp lanes 1 min volume % difference 

5.2.2 Volume difference per lane for all days 

The mean difference and other statistics at the 1 min level per lane and for all days are 
summarised in Table 5.5. The results indicated that the mean volume differences were between 
-1 and 1 veh/min across all lanes. The standard deviations and root mean square difference of 
the 1 min differences were quite high at 4 – 5 veh/min on carriageway lanes, but the coefficient 
of determination (R2) values were 0.76 or higher suggesting that Sensys and loop volume data 
were highly correlated at the 1 min level. 

Table 5.5:  One minute volume difference (per lane for all 15 days) 

Difference (S-L) (veh/min) 

  Lane1 Lane2 Lane3 Lane4 Lane5 Lane6 Lane7 Lane8 

Mean -0.33 0.12 0.70 0.08 0.39 0.57 0.44 -0.05 

Standard 
deviation 4.38 4.76 5.00 2.66 4.16 4.34 4.51 2.52 

Sample size 20102 20094 20090 20102 20106 20105 20097 20103 

95% conf. 
intervals 0.06 0.07 0.07 0.04 0.06 0.06 0.06 0.03 

RMSD 4.39 4.77 5.05 2.67 4.18 4.37 4.53 2.52 

R2 0.76 0.83 0.85 0.76 0.80 0.82 0.86 0.76 
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The 1 min volume data was further analysed according to carriageway lanes (lanes 1-3 and 5-7) 
and ramp lanes (lanes 4 and 8) as shown in Table 5.6.  The combined all-lane results are 
shown in Table 5.7.   

The mean % difference for carriageway lanes was 2% with an R2 of 0.91 from Table 5.6, with 
identical results for the all-lane case (Table 5.7).  At a high flow rate of 40 veh/min (or 2400 
veh/h), the difference is 4 veh/min.  This implies that the Sensys detectors can offer similar 
performance to loops for ramp metering and other applications. 

Table 5.6:  One minute volume difference for carriageway and ramp lanes 

Carriageway lanes Ramp lanes 

Volume 
Sensys 

(S) 
Loop 

(L) 
Diff. 
(S-L) 

% diff. 
(S-L)/L 

Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 15.61 15.29 0.31 2% 4.81 4.79 0.02 0.4% 

Standard deviation   4.55    2.60  

Sample size   120594    40205  

95% conf. intervals   0.03    0.03  

RMSD   4.56    2.60  

R2   0.91    0.87  

 
Table 5.7:  One minute volume difference for all lanes 

All lanes 

Volume Sensys 

(S) 

Loop 

(L) 

Diff. 

(S-L) 

% diff. 

(S-L)/L 

Mean 12.91 12.67 0.24 2% 

Standard deviation   4.15  

Sample size   160799  

95% conf. intervals   0.02  

RMSD   4.15  

R2   0.91  

 
In summary, the analysis at the 1 min data level confirms the results from daily mean values 
described in Section 5.1.  In particular, Sensys volumes were larger than loop volumes at 2% for 
both daily level and the 1 min level.  The R2 values in most analyses remained high implying 
good correlation between the two sets of data.  The next section describes the analysis from the 
occupancy data, which is particularly important for ramp metering applications. 
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6 Occupancy analysis 

This section describes the analysis of occupancy data from the Sensys and loop detectors.  The 
following three types of analysis were carried out: 

• a simple regression analysis on occupancy values to assess if a conversion factor could 
be determined so that a mix of the two types of sensors could be used for, say ramp 
metering 

• comparison analysis at the level of daily mean values 

• comparison analysis at the 1 min level. 

Note again that an occupancy value is defined as the percentage of time that a sensor is 
occupied by or senses the presence of a vehicle.  It is expressed as a percentage of a 
measurement period (e.g. 1 min). 

6.1 Regression analysis 

In discussions with VicRoads staff involved on the Motorway M1 ramp metering project, a mix of 
vehicle detectors could be considered in the short term if the Sensys detector was proven to be 
a useable alternative to loops.   

The footprint or detection zone of a detector determines its occupancy value as a vehicle travels 
over it.  The footprint of a 2 m x 2 m inductive loop is bigger than a square of 2 m x 2 m.  
Similarly, the footprint of a Sensys detector is much larger than the physical size of the detector 
(about 74 mm x 74 mm).  If a mix of detectors is to be deployed, then a conversion factor from, 
say, Sensys to loop occupancy becomes necessary. 

The issue is related but not part of the scope of this project and it is possible that the conversion 
factor could be site dependent.  A simple regression analysis was carried out for the data shown 
in Figure 4.2, which was used to demonstrate some suspect Sensys data due to communication 
access problems.  The suspect data was not used in the regression analysis. 

Figure 6.1 illustrates the regression of Sensys occupancies with loop occupancies (1 min time 
slices) for the 24 hour data on 20 June 2007 from the fast lane in the outbound direction (lane 
7).  The regression is through the origin in the diagram so that the absence of a vehicle implies 
a zero occupancy value irrespective of which detector type is to be used.   

The R2 value of 0.63 for this set of occupancy data suggested that the correlation is acceptable 
rather than excellent.  The gradient of 0.713 provides the conversion factor.  In other words, the 
Sensys occupancy is smaller than the loop occupancy as expected and a Sensys occupancy 
should be divided by 0.713 to produce an equivalent loop occupancy.  Conversely, a loop 
occupancy should be multiplied by 0.713 to give an equivalent Sensys occupancy. 

Note that the R2 value measures the correlation between two sets of data. This value is larger if 
the regression is not through the origin.  The R2 values in this report are not through the origin 
except in Figure 6.1.  This is acceptable because this report is fundamentally concerned with 
correlation rather than the derivation of a conversion factor. 

As mentioned, the issue needs to be addressed in more detail using more data, and Figure 6.1 
indicates a reasonable chance of using a mix of detector types. 
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Sensys occupancy vs loop occupancy
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Figure 6.1:  Calculation of an occupancy conversion factor 
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6.2 Results of daily mean occupancy values 

Similar to the analysis of the volume data in Section 5.1, the daily mean occupancy was 
calculated by adding up the 1 min occupancy in a day and dividing by the number of minutes in 
that day (1440 min in a day).  The daily mean occupancy values were calculated for each lane 
and for 15 days (sample size = 8 x 15 = 120).  The detailed daily means are included in 
Appendix B.  Tables 6.1 and 6.2 show the summary results.   

As expected, the Sensys mean occupancy was -1.2% smaller than the loop mean occupancy 
on carriageway lanes, -0.04% on ramp lanes and -0.9% on all lanes.  The R2 values were in the 
range 0.78 to 0.92 indicating a high correlation between Sensys and loop occupancies at the 
daily level.   

Table 6.1:  Daily occupancy difference for carriageway and ramp 

Carriageway lanes Ramp lanes 
Occupancy  

(%) Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 9.8 11.0 -1.2 -11% 3.50 3.54 -0.04 -1.1% 

Standard deviation   1.52    0.50  

Sample size   90    30  

95% conf. intervals   0.32    0.18  

RMSD   1.92    0.49  

R2   0.78    0.92  

T-test (p value)   ~0*    0.66  

* statistically significant at the 5% level 

Table 6.2:  Daily occupancy difference for all lanes 

All lanes 
Occupancy  

(%) Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 8.2  9.1  -0.9  -10% 

Standard deviation   1.43  

Sample size   120  

95% conf. intervals   0.26  

RMSD   1.68  

R2   0.89  

T-test (p value)   ~0*  

* statistically significant at the 5% level 
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6.3 Results of one minute occupancy values 

The same statistical analysis was conducted to compare the occupancy difference between 
Sensys and loop detectors using 1 min occupancy values. One minute occupancies from 15 
days on all lanes were used to calculate the mean occupancy difference at the 1 min level. The 
results are shown in Tables 6.3 and 6.4. The detailed results per lane are included in Appendix 
B.   

The mean Sensys occupancy was again found to be less than the loop occupancy.  The mean 
difference was -1.10% for carriageway lanes, -0.02% for ramp lanes and -0.83% for all lanes.  
As expected, the standard deviations and RMSD were larger than those based on daily mean 
values.  The R2 values are in the range 0.74 – 0.83 which indicated good correlation between 
Sensys and loop occupancies at the 1 min level. 

Table 6.3:  One minute occupancy difference for carriageway and ramp 

Carriageway lanes Ramp lanes 

Occupancy  
(%) 

Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 9.79 10.89 -1.10 -10% 3.49 3.51 -0.02 -0.5% 

Standard deviation   6.12    4.41  

Sample size   120616    40205  

95% conf. intervals   0.03    0.04  

RMSD   6.22    4.41  

R2   0.83    0.74  

 

Table 6.4:  One minute occupancy difference for all lanes 

All lanes 
Occupancy  

(%) Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 8.22 9.05 -0.83 -9% 

Standard deviation   5.76  

Sample size   160821  

95% conf. intervals   0.03  

RMSD   5.82  

R2   0.82  

 

In summary, the occupancy values from Sensys detectors gave smaller values than those from 
loop sensors.  The correlation between the two sets of data was high with R2 larger than 0.74 at 
the daily and 1 min level of analysis.  The regression analysis of one day’s data at the 1 min 
level showed that it is viable to convert Sensys occupancies into loop occupancies so that a mix 
of detector types could be used for a traffic control application where required. 
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7 Speed results 

Speed data were analysed only at the 1 min level because most traffic control applications 
would require speed values at 1 min time slices.  Further, the calculation of speed values 
requires more data and is more complex than the measurement of volumes and occupancies 
and it is more appropriate to analyse the speed data at the more detailed 1 min level.  The 
speed values were again analysed in three categories – carriageway lanes, ramp lanes and all 
lanes. 

7.1 Data trimming 

Speed data from 15 days and eight lanes were used.  The speed data quality was again 
checked and trimmed before analysis.  The trimming level was 7.5% for carriageway, 37% for 
ramp and 12% across all lanes (Table 7.1).  The high trimming level especially at the ramp 
lanes was due to the high level of Sensys speed data coded as ‘-1’, which in turn could be due 
to the difficulty in driving in the middle of a ramp where a Sensys sensor was located. 

Table 7.1:  Data trimming level for speed data 

  Carriageway Ramp All lanes 

Trimmed data 9059 10935 19994 

Total sample 120960 40320 161280 

Trimming level 7.5% 37% 12% 

 

7.2 One minute speed result 

The mean Sensys speed was higher than mean loop speed (Tables 7.2 and 7.3). The mean 
difference was 1.29 km/h for carriageway and 1.09 km/h across all lanes, and the difference is 
smaller on the ramps (0.17 km/h). The mean % difference was 1% on carriageway and across 
all lanes. The standard deviations and RMSD were about 10 km/h showing some but not 
excessive variances in the difference between loop and Sensys speed values.  The R2 values 
were in the range 0.79 – 0.85 showing good correlation between Sensys and loop speeds at the 
1 min level. 

Detailed speed statistics are included in Appendix C.   

Table 7.2:  Speed difference for carriageway and ramp lanes at 1 min level 

Carriageway Ramp 

Speed (km/h) 
Sensys 

(S) 
Loop 

(L) 
Diff. 
(S-L) 

% diff. 
(S-L)/L 

Sensys 
(S) 

Loop 
(L) 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 90.47 89.18 1.29 1% 74.81 74.64 0.17 0.2% 

Standard deviation   9.53    7.43  

Sample size   111901    29385  

95% conf. intervals   0.06    0.08  

RMSD   9.61    7.43  

R2   0.85    0.79  
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Table 7.3:  Speed difference for all lanes at 1 min level 

All lanes 
Speed (km/h) Sensys 

(S) 
Loop 

(L) 
Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 87.21 86.15 1.06 1% 

Standard deviation   9.14  

Sample size   141286  

95% conf. intervals   0.05  

RMSD   9.20  

R2   0.85  
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8 Video data collection and analysis  

After consultation with VicRoads, it was decided that video data should be collected to compare 
with Sensys and loop data.  One and a half hours of video data and Sensys data were collected 
by VicRoads covering three inbound lanes on 31 July 2007 from 10:52:00 to 12:22:00.  Manual 
counts were obtained by ARRB from video recordings on DVD.  

According to VicRoads, the loop data was not synchronised to a known clock like the Sensys 
data.  It is therefore impossible to align the loop data to the video time-stamp and compare the 
loop data with manual counts and Sensys data.  The quality of the loop data was therefore not 
verified with the manual count. 

One minute Sensys data and manual count data were charted for three inbound lanes, as 
shown in Figures 8.1 to 8.3.  In general, Sensys counts lined up with manual counts, and the 
trends of the two sets of counts were consistent for all three lanes.  

Two issues were identified. The Sensys detector on the slow lane (lane 1) seemed to fail for 6 
min from 12:13 to 12:18 (see Figure 8.1) (and did not produce the ‘-1’ flag that indicated no data 
available). The reason for the failure was explained by Sensys that heavy trucks could cause a 
saturated state in the detector which will then trigger recalibration after 300 s. This is the cause 
of the 5 min downtime. Sensys will release updated software in December 2007 to solve this 
undercounting issue. 

The second issue was that the manual counts from the DVD on the fast lane (lane 3) were 
undercounting in general due to the camera location such that long trucks on the slow lane and 
middle lane could block the vision on the fast lane completely. The undercounting is illustrated 
in Figure 8.3 and indicated in the results in Table 8.1. 

The statistical analysis did not consider the fast lane due to the undercounting of the manual 
count.  The manual or observed counts from the slow and middle lanes were treated as the 
‘true’ counts in the following analysis. 

The results showed that the mean % difference between Sensys and manual count was 2% for 
both the slow and middle lanes.  The 95% confidence intervals were + 2% for the slow lane and 
+ 1% for the middle lane.  The coefficient of determination (R2) was 0.85 for both lanes, which 
indicated a high degree of linear relation between Sensys data and DVD data.  

Table 8.1:  Statistical analysis on Sensys data vs DVD data 

Volume (veh/min) 
Statistics 

Inbound slow lane 1 Inbound middle lane 2 

Invalid data set 9 min 3 min 

Sample size 91 - 9 = 82 91 - 3 = 88 

Mean Sensys counts 20.0 28.3 

Mean observed counts 19.6 27.7 

Mean % difference 2% 2% 

Standard deviation 9% 7% 

95% confidence intervals 2% 1% 

Root mean square difference 1.9 1.8 

Coefficient of determination (R2) 0.85 0.85 



29 
Evaluation of Sensys Networks Equipment: Stage 3 Tests on Monash Freeway 

VC72270-3   October 2007 

 Commercial in confidence www.arrb.com.au 

 

Sensys vs DVD volume count (IB_S_1)
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Figure 8.1:  Sensys vs DVD count (inbound slow lane_1) 
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Sensys vs DVD volume count (IB_M_2)
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Figure 8.2:  Sensys vs DVD count (inbound middle lane_2) 
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Sensys vs DVD volume count (IB_F_3)
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Figure 8.3:  Sensys vs DVD count (inbound fast lane_3) 
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Sensys counts were also plotted against observed counts for the slow and middle lanes as 
shown in Figure 8.4.  The diagram illustrated a high correlation between the two sets of data 
from both lanes.  Further, there is no apparent systematic bias in the Sensys data, which could 
be equally likely to be above or below observed counts. 
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Figure 8.4:  Sensys counts and manual counts 

 

In summary, the Sensys counts were similar and higher than the true counts by 2%.  The 
Sensys detector can be an alternative detector to the loop sensor.  Further, the previous 
analysis on volume in Section 5 showed that Sensys counts were higher than loop counts (2% 
at daily level and 3% at 1 min level).  Hence, the use of loop volumes as a reference data set 
was appropriate and the volume analysis in Section 5 is therefore valid. 
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9 Conclusions  

The key findings from the Stage 3 evaluation of the Sensys detector with data from the Monash 
Freeway in Melbourne are as follows: 

• The data quality of volume and occupancy from Sensys is high and comparable to the 
loop data quality.  This is indicated by the very low level of data trimming (0.3%) for 
volume and occupancy analysis.  Speed data has to be determined from a pair of 
sensors and was more susceptible to vehicles changing lane and data transmission 
errors.  The trimming level for speed comparison was higher at 7.5% (mainline 
carriageway lanes) and 37% (ramp lanes). 

• The key results from the mainline freeway carriageway lanes are summarised in Table 
9.1.  These results show that the traffic performance of the Sensys detectors was 
comparable to those from loop sensors.  The Sensys volume data was further verified 
with DVD manual (true) counts and was found to be 2% larger than the true counts. 

Table 9.1:  Comparison with loop from carriageway lanes 

Daily level 1 min level 
Traffic 

parameters Mean difference  Mean % 
difference 

Mean 
difference  

Mean % 
difference 

Volume 

0.30 veh/min 
(dry days) 

0.42 veh/min 
(wet days) 

2%  
(dry days) 

3%  
(wet days) 

0.31  
veh/min 2% 

Occupancy* -1.2% -11% -1.1% -10% 

Speed  - - 1.29 
km/h 1% 

* see the following dot point 

• The footprint or detection zone of a Sensys detector is smaller than that of a loop 
detector due to differences in the technology of sensing a vehicle.  From the analysis of 
one day one lane data at the 1 min level, the ratio of Sensys to loop occupancy is 0.713 
but this ratio is likely to be site-dependent. 

• Wet days were identified in the data set and comparison was made between wet and dry 
days.  There was no significant difference between Sensys and loop.  In other words, rain 
did not affect the counting accuracy of Sensys. 

• Most R2 values in loop-Sensys comparisons show values above 0.75, implying strong 
linear relationship between the two detectors. 

• Some Sensys detector downtimes were observed in the Stage 3 data.  It is expected that 
the Sensys downtime would be less than the loop downtime, which has been known to 
be quite high at about 15-20%, due largely to loop wear and tear. 

It must be emphasised that loop data cannot be treated as the true values even though loop 
data was used in this report as the reference data set for comparison.  True values of traffic 
volumes, for example, can only be established from counts carefully observed from video 
records as was carried out for 1.5 hours in this Stage 3 study.   
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The most defining test is a direct comparison with manual (true) counts and those from Sensys.  
From the 1.5 hours of video data on the slow and middle lanes in the inbound direction, the 
mean % difference was found to be 2%, i.e. Sensys continued to show a slight level of 
overcounting.  This issue can be overcome by reprogramming the sensitivity of the detector to 
suit local site conditions if necessary.  Note that the sensitivity is less at sites closer to the 
equator due to the structure of the earth’s magnetic field, but should be the same in a particular 
city of similar latitude. 

In summary, the Sensys detector showed a performance comparable to that of loop and should 
be suitable for real-time traffic applications and planning studies.  The Sensys data dropping off 
issue could be solved by upgrading the software.  It is recommended to retest the detector after 
the new software is released in December 2007.   

Further, the following issues should also be addressed: 

• This study has not addressed issues related to on-going equipment supply and 
maintenance.  These are critical issues especially if Sensys detectors are to replace 
loops.  

• The Sensys equipment is relatively new and the quality of the detector, receiver and 
repeater need to be quality-checked especially when the equipment goes into batch 
production.  Should a test jig be developed for a road authority to do independent 
checks? 

• Specifications for installation, testing and acceptance are necessary and should be 
prepared similar to those for inductive loops. 

• The long term reliability, battery life under different usage conditions and end of life 
characteristics should also be investigated. 
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Appendix A Volume analysis results  

Table A.1:  One min volume difference (S- L) per day 

          1 min volume difference (S-L) 

          Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 

Mean 0.22 0.37 0.93 0.08 0.36 0.47 0.41 0.06 
Standard deviation 3.59 4.46 4.21 3.27 4.30 4.42 4.67 1.72 
Sample size 470 470 469 470 470 470 470 470 
95% conf. intervals 0.32 0.40 0.38 0.30 0.39 0.40 0.42 0.16 
RMSD 3.60 4.47 4.31 3.27 4.31 4.45 4.68 1.71 
R2 0.78 0.80 0.89 0.80 0.74 0.70 0.82 0.62 

14
/0

6/
20

07
 

T-test 0.187  0.072  0.000  0.583  0.069  0.021  0.058  0.420  
Mean -0.06 0.27 0.56 0.06 0.31 0.44 0.32 0.06 
Standard deviation 3.60 3.73 4.79 2.22 3.15 3.29 3.53 2.06 
Sample size 1440 1440 1440 1440 1440 1440 1440 1440 
95% conf. intervals 0.19 0.19 0.25 0.11 0.16 0.17 0.18 0.11 
RMSD 3.60 3.73 4.82 2.22 3.17 3.32 3.54 2.06 
R2 0.85 0.89 0.88 0.84 0.88 0.89 0.91 0.85 

15
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T-test 0.525  0.007  0.000  0.324  0.000  0.000  0.001  0.265  
Mean -0.05 -0.02 0.37 0.00 0.04 0.17 0.13 0.01 
Standard deviation 2.91 3.17 3.32 1.51 2.81 3.06 3.05 1.37 
Sample size 1438 1438 1438 1438 1439 1439 1439 1438 
95% conf. intervals 0.15 0.16 0.17 0.08 0.15 0.16 0.16 0.07 
RMSD 2.91 3.16 3.34 1.51 2.81 3.06 3.05 1.37 
R2 0.87 0.90 0.87 0.68 0.87 0.89 0.90 0.73 

16
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T-test 0.556  0.796  0.000  0.903  0.549  0.033  0.118  0.862  
Mean -0.05 -0.02 0.37 0.00 0.04 0.17 0.13 0.01 
Standard deviation 2.91 3.17 3.32 1.51 2.81 3.06 3.05 1.37 
Sample size 1438 1438 1438 1438 1439 1439 1439 1438 
95% conf. intervals 0.15 0.16 0.17 0.08 0.15 0.16 0.16 0.07 
RMSD 2.91 3.16 3.34 1.51 2.81 3.06 3.05 1.37 
R2 0.87 0.90 0.87 0.68 0.87 0.89 0.90 0.73 

17
/0

6/
20

07
 

T-test 0.556  0.796  0.000  0.903  0.549  0.033  0.118  0.862  
Mean 0.05 0.33 0.93 0.03 0.34 0.48 0.38 0.04 
Standard deviation 3.67 4.15 4.39 2.65 3.81 4.01 4.35 2.45 
Sample size 1440 1439 1438 1440 1440 1440 1440 1440 
95% conf. intervals 0.19 0.21 0.23 0.14 0.20 0.21 0.22 0.13 
RMSD 3.67 4.17 4.49 2.65 3.83 4.04 4.37 2.45 
R2 0.83 0.88 0.89 0.80 0.86 0.86 0.88 0.81 

18
/0

6/
20

07
 

T-test 0.605  0.003  0.000  0.684  0.001  0.000  0.001  0.497  
Mean 0.38 1.24 1.87 0.41 1.28 1.60 1.36 0.28 
Standard deviation 5.76 6.97 6.77 3.01 5.79 6.47 6.09 3.12 
Sample size 1394 1390 1388 1394 1395 1395 1394 1395 
95% conf. intervals 0.30 0.37 0.36 0.16 0.30 0.34 0.32 0.16 
RMSD 5.77 7.07 7.02 3.04 5.93 6.66 6.24 3.13 19

/0
6/

20
07

 

R2 0.64 0.70 0.77 0.74 0.69 0.68 0.78 0.71 
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          1 min volume difference (S-L) 

          Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 

T-test 0.014  0.000  0.000  0.000  0.000  0.000  0.000  0.001  
Mean -0.85 0.01 0.94 0.14 0.47 0.83 0.65 -0.18 
Standard deviation 5.34 5.52 5.67 2.85 5.01 5.03 5.19 2.87 
Sample size 1440 1439 1439 1440 1439 1439 1439 1439 
95% conf. intervals 0.28 0.29 0.29 0.15 0.26 0.26 0.27 0.15 
RMSD 5.41 5.52 5.74 2.85 5.03 5.10 5.23 2.87 
R2 0.66 0.77 0.83 0.78 0.75 0.77 0.83 0.74 

20
/0

6/
20

07
 

T-test 0.000  0.951  0.000  0.067  0.000  0.000  0.000  0.016  
Mean -0.38 0.25 0.96 0.15 0.55 0.72 0.54 -0.17 
Standard deviation 5.06 5.53 5.73 3.29 4.71 4.94 5.32 3.25 
Sample size 1437 1436 1435 1437 1437 1437 1437 1437 
95% conf. intervals 0.26 0.29 0.30 0.17 0.24 0.26 0.28 0.17 
RMSD 5.07 5.53 5.81 3.29 4.74 4.99 5.35 3.26 
R2 0.70 0.78 0.83 0.73 0.78 0.78 0.83 0.71 

21
/0

6/
20

07
 

T-test 0.004  0.082  0.000  0.075  0.000  0.000  0.000  0.052  
Mean -0.72 -0.19 0.69 0.02 0.44 0.59 0.51 -0.10 
Standard deviation 4.85 5.31 5.13 2.65 4.72 4.55 4.83 2.55 
Sample size 1438 1436 1437 1438 1438 1438 1434 1438 
95% conf. intervals 0.25 0.27 0.27 0.14 0.24 0.24 0.25 0.13 
RMSD 4.90 5.31 5.18 2.65 4.73 4.59 4.86 2.55 
R2 0.74 0.81 0.86 0.76 0.78 0.81 0.86 0.77 

22
/0

6/
20

07
 

T-test 0.000  0.169  0.000  0.819  0.000  0.000  0.000  0.137  
Mean -0.34 -0.15 0.29 0.00 0.10 0.22 0.14 -0.01 
Standard deviation 3.48 3.80 3.94 1.74 3.42 3.44 3.48 1.61 
Sample size 1439 1440 1439 1440 1440 1440 1440 1439 
95% conf. intervals 0.18 0.20 0.20 0.09 0.18 0.18 0.18 0.08 
RMSD 3.50 3.80 3.95 1.73 3.42 3.44 3.48 1.61 
R2 0.80 0.86 0.82 0.58 0.81 0.86 0.87 0.61 

23
/0

6/
20

07
 

T-test 0.000  0.138  0.006  0.939  0.254  0.014  0.126  0.743  
Mean -0.34 -0.12 0.17 -0.01 0.07 0.15 0.10 -0.03 
Standard deviation 3.51 3.80 3.82 1.52 3.30 3.70 3.60 1.47 
Sample size 1440 1440 1440 1440 1440 1440 1440 1440 
95% conf. intervals 0.18 0.20 0.20 0.08 0.17 0.19 0.19 0.08 
RMSD 3.52 3.80 3.82 1.52 3.30 3.70 3.60 1.47 
R2 0.82 0.87 0.83 0.58 0.82 0.84 0.85 0.57 

24
/0

6/
20

07
 

T-test 0.000  0.236  0.086  0.876  0.434  0.135  0.292  0.408  
Mean -0.54 -0.14 0.50 -0.01 0.20 0.41 0.27 -0.13 
Standard deviation 3.94 4.19 4.72 3.24 3.68 3.59 4.10 2.83 
Sample size 1439 1440 1440 1439 1440 1440 1440 1440 
95% conf. intervals 0.20 0.22 0.24 0.17 0.19 0.19 0.21 0.15 
RMSD 3.98 4.19 4.75 3.24 3.68 3.62 4.10 2.84 
R2 0.80 0.88 0.88 0.72 0.86 0.88 0.89 0.75 

25
/0

6/
20

07
 

T-test 0.000  0.191  0.000  0.948  0.041  0.000  0.014  0.076  
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          1 min volume difference (S-L) 

          Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 
 

Mean -0.79 -0.15 0.54 0.06 0.37 0.57 0.38 -0.28 
Standard deviation 4.84 4.95 5.56 3.44 4.52 4.37 5.04 3.19 
Sample size 1437 1437 1437 1437 1438 1437 1435 1438 
95% conf. intervals 0.25 0.26 0.29 0.18 0.23 0.23 0.26 0.17 
RMSD 4.90 4.95 5.58 3.44 4.54 4.40 5.05 3.20 
R2 0.71 0.83 0.84 0.68 0.79 0.84 0.85 0.68 

26
/0

6/
20

07
 

T-test 0.000  0.257  0.000  0.535  0.002  0.000  0.005  0.001  
Mean -0.57 0.25 0.92 0.24 0.81 0.95 0.79 -0.10 
Standard deviation 5.31 5.61 5.89 3.41 4.92 5.11 5.25 2.93 
Sample size 1440 1439 1440 1439 1440 1440 1439 1439 
95% conf. intervals 0.27 0.29 0.30 0.18 0.25 0.26 0.27 0.15 
RMSD 5.34 5.62 5.96 3.42 4.99 5.19 5.31 2.93 
R2 0.65 0.74 0.81 0.63 0.71 0.71 0.81 0.71 

27
/0

6/
20

07
 

T-test 0.000  0.087  0.000  0.007  0.000  0.000  0.000  0.174  
Mean -0.81 0.06 0.79 0.09 0.50 0.71 0.52 -0.19 
Standard deviation 5.28 5.23 6.26 2.99 4.16 4.63 5.17 3.51 
Sample size 970 970 970 970 970 970 970 970 
95% conf. intervals 0.33 0.33 0.39 0.19 0.26 0.29 0.33 0.22 
RMSD 5.34 5.22 6.30 2.99 4.18 4.68 5.20 3.51 
R2 0.70 0.82 0.80 0.67 0.83 0.85 0.86 0.71 

28
/0

6/
20

07
 

T-test 0.000  0.713  0.000  0.339  0.000  0.000  0.002  0.096  
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Table A.2:  One min volume % difference (S- L)/L per day 

   1 min volume % difference (S-L)/L 

  
Lane 

1 
Lane 

2 
Lane 

3 
Lane 

4 
Lane 

5 
Lane 

6 
Lane 

7 
Lane 

8 
Mean 10% 6% 15% 12% 6% 6% 10% 10% 
Standard deviation 48% 35% 58% 76% 31% 31% 48% 64% 
Sample size 469 468 443 420 469 469 467 441 

14
/0

6/
20

07
 

95% conf. intervals 4% 3% 5% 7% 3% 3% 4% 6% 
Mean 5% 6% 7% 4% 8% 7% 5% 5% 
Standard deviation 43% 41% 44% 54% 41% 41% 47% 59% 
Sample size 1417 1432 1269 1159 1419 1431 1305 1194 

15
/0

6/
20

07
 

95% conf. intervals 2% 2% 2% 3% 2% 2% 3% 3% 
Mean 3% 3% 8% 8% 3% 3% 6% 7% 
Standard deviation 31% 24% 40% 65% 26% 22% 35% 59% 
Sample size 1408 1433 1316 1098 1435 1439 1361 1161 

16
/0

6/
20

07
 

95% conf. intervals 2% 1% 2% 4% 1% 1% 2% 3% 
Mean 3% 3% 8% 8% 3% 3% 6% 7% 
Standard deviation 31% 24% 40% 65% 26% 22% 35% 59% 
Sample size 1408 1433 1316 1098 1435 1439 1361 1161 

17
/0

6/
20

07
 

95% conf. intervals 2% 1% 2% 4% 1% 1% 2% 3% 
Mean 5% 7% 13% 7% 8% 8% 7% 9% 
Standard deviation 38% 40% 58% 63% 38% 37% 45% 69% 
Sample size 1400 1411 1215 1132 1406 1421 1251 1131 

18
/0

6/
20

07
 

95% conf. intervals 2% 2% 3% 4% 2% 2% 3% 4% 
Mean 12% 17% 23% 14% 23% 22% 20% 12% 
Standard deviation 68% 68% 92% 94% 90% 85% 86% 75% 
Sample size 1313 1326 1126 1036 1335 1335 1170 1050 

19
/0

6/
20

07
 

95% conf. intervals 4% 4% 5% 6% 5% 5% 5% 5% 
Mean 2% 8% 11% 13% 13% 12% 10% 4% 
Standard deviation 56% 55% 58% 83% 59% 55% 53% 71% 
Sample size 1382 1402 1230 1131 1396 1407 1247 1138 

20
/0

6/
20

07
 

95% conf. intervals 3% 3% 3% 5% 3% 3% 3% 4% 
Mean 5% 8% 14% 10% 11% 11% 8% 5% 
Standard deviation 56% 47% 76% 74% 49% 49% 53% 75% 
Sample size 1383 1409 1249 1134 1404 1407 1275 1174 

21
/0

6/
20

07
 

95% conf. intervals 3% 2% 4% 4% 3% 3% 3% 4% 
Mean 3% 6% 8% 7% 10% 10% 5% 5% 
Standard deviation 55% 56% 56% 73% 52% 45% 50% 67% 
Sample size 1414 1418 1268 1142 1416 1427 1296 1202 

22
/0

6/
20

07
 

95% conf. intervals 3% 3% 3% 4% 3% 2% 3% 4% 
Mean 3% 4% 6% 6% 7% 6% 6% 6% 
Standard deviation 43% 40% 47% 77% 42% 34% 49% 72% 
Sample size 1427 1432 1313 1136 1435 1439 1368 1192 

23
/0

6/
20

07
 

95% conf. intervals 2% 2% 3% 4% 2% 2% 3% 4% 
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   1 min volume % difference (S-L)/L 

  
Lane 

1 
Lane 

2 
Lane 

3 
Lane 

4 
Lane 

5 
Lane 

6 
Lane 

7 
Lane 

8 
          

Mean 3% 5% 6% 4% 6% 5% 10% 1% 
Standard deviation 43% 42% 56% 79% 40% 33% 61% 71% 
Sample size 1426 1431 1288 1035 1437 1438 1392 1098 

24
/0

6/
20

07
 

95% conf. intervals 2% 2% 3% 5% 2% 2% 3% 4% 
Mean 1% 5% 7% 11% 7% 7% 7% 7% 
Standard deviation 45% 44% 52% 74% 43% 40% 54% 81% 
Sample size 1402 1417 1224 1110 1411 1423 1253 1134 

25
/0

6/
20

07
 

95% conf. intervals 2% 2% 3% 4% 2% 2% 3% 5% 
Mean 3% 6% 10% 13% 11% 9% 9% 6% 
Standard deviation 51% 48% 65% 84% 56% 44% 57% 81% 
Sample size 1402 1418 1224 1125 1406 1415 1246 1168 

26
/0

6/
20

07
 

95% conf. intervals 3% 3% 4% 5% 3% 2% 3% 5% 
Mean 7% 13% 16% 14% 17% 18% 16% 10% 
Standard deviation 65% 69% 87% 85% 67% 73% 80% 91% 
Sample size 1393 1405 1240 1107 1406 1413 1254 1145 

27
/0

6/
20

07
 

95% conf. intervals 3% 4% 5% 5% 3% 4% 4% 5% 
Mean 3% 7% 12% 12% 14% 12% 6% 4% 
Standard deviation 57% 50% 58% 81% 57% 53% 59% 67% 
Sample size 936 953 808 727 946 955 830 731 

28
/0

6/
20

07
 

95% conf. intervals 4% 3% 4% 6% 4% 3% 4% 5% 
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Appendix B Occupancy analysis results 

 

Table B.1:  Daily occupancy difference (S- L) and % difference (S- L)/L per lane for all 
days 

Daily occupancy difference (per lane 15 days) 
Date  Detector Sensys Loop S-L S-L/L 

lane1 7.6  8.5  -0.91  -11% 
lane2 9.3  10.6  -1.26  -12% 
lane3 6.9  8.6  -1.72  -20% 
lane4 4.7  4.5  0.20  5% 
lane5 9.4  10.5  -1.16  -11% 
lane6 9.9  14.7  -4.82  -33% 
lane7 8.2  9.9  -1.66  -17% 

14/06/07 

lane8 2.0  2.4  -0.40  -17% 
lane1 12.8  14.1  -1.29  -9% 
lane2 13.9  16.1  -2.13  -13% 
lane3 12.4  14.4  -1.96  -14% 
lane4 4.9  5.5  -0.56  -10% 
lane5 10.8  12.2  -1.36  -11% 
lane6 11.9  15.7  -3.79  -24% 
lane7 10.3  13.2  -2.84  -22% 

15/06/07 

lane8 3.0  3.5  -0.56  -16% 
lane1 5.7  6.8  -1.10  -16% 
lane2 7.5  8.9  -1.36  -15% 
lane3 4.8  6.4  -1.54  -24% 
lane4 1.3  1.7  -0.37  -22% 
lane5 5.9  7.0  -1.11  -16% 
lane6 7.1  11.2  -4.04  -36% 
lane7 4.5  6.5  -2.09  -32% 

16/06/07 

lane8 1.3  1.7  -0.39  -23% 
lane1 4.6  5.7  -1.13  -20% 
lane2 7.3  7.4  -0.08  -1% 
lane3 3.4  4.7  -1.26  -27% 
lane4 1.4  1.2  0.16  13% 
lane5 5.1  6.1  -0.97  -16% 
lane6 6.2  9.0  -2.79  -31% 
lane7 3.7  5.3  -1.60  -30% 

17/06/07 

lane8 1.0  1.3  -0.28  -22% 
lane1 8.1  9.0  -0.92  -10% 
lane2 10.7  12.2  -1.50  -12% 
lane3 8.2  10.2  -2.02  -20% 
lane4 3.6  4.2  -0.66  -16% 
lane5 10.0  10.9  -0.85  -8% 
lane6 10.7  13.1  -2.37  -18% 
lane7 8.8  10.9  -2.11  -19% 

18/06/07 

lane8 2.9  3.4  -0.50  -15% 
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Daily occupancy difference (per lane 15 days) 

Date  Detector Sensys Loop S-L S-L/L 
lane1 11.0  9.2  1.84  20% 
lane2 12.3  11.7  0.59  5% 
lane3 9.5  10.0  -0.51  -5% 
lane4 4.7  4.7  0.02  0% 
lane5 9.5  9.3  0.24  3% 
lane6 10.3  12.1  -1.81  -15% 
lane7 8.0  9.2  -1.21  -13% 

19/06/07 

lane8 3.6  3.1  0.49  16% 
lane1 14.2  11.6  2.55  22% 
lane2 14.3  13.7  0.61  4% 
lane3 11.0  12.4  -1.37  -11% 
lane4 4.2  4.7  -0.44  -9% 
lane5 11.6  11.6  0.01  0% 
lane6 11.7  15.4  -3.71  -24% 
lane7 10.3  12.3  -2.00  -16% 

20/06/07 

lane8 4.5  3.5  1.00  28% 
lane1 10.7  9.7  0.99  10% 
lane2 12.5  12.8  -0.27  -2% 
lane3 9.8  10.8  -1.08  -10% 
lane4 4.3  4.7  -0.40  -9% 
lane5 12.0  12.8  -0.79  -6% 
lane6 12.8  16.1  -3.34  -21% 
lane7 11.8  13.7  -1.92  -14% 

21/06/07 

lane8 4.2  3.9  0.29  7% 
lane1 14.9  14.1  0.81  6% 
lane2 16.4  16.8  -0.43  -3% 
lane3 12.9  14.8  -1.88  -13% 
lane4 8.6  9.1  -0.55  -6% 
lane5 10.4  11.5  -1.08  -9% 
lane6 11.0  14.8  -3.82  -26% 
lane7 9.2  11.7  -2.49  -21% 

22/06/07 

lane8 3.5  3.5  -0.03  -1% 
lane1 6.5  6.8  -0.27  -4% 
lane2 7.9  8.9  -0.95  -11% 
lane3 5.1  6.5  -1.33  -21% 
lane4 1.7  1.7  -0.03  -2% 
lane5 6.0  7.1  -1.13  -16% 
lane6 7.3  10.5  -3.28  -31% 
lane7 4.5  6.5  -2.00  -31% 

23/06/07 

lane8 1.5  1.7  -0.22  -13% 
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Daily occupancy difference (per lane 15 days) 

Date  Detector Sensys Loop S-L S-L/L 
lane1 6.0  6.1  -0.02  0% 
lane2 6.7  7.8  -1.12  -14% 
lane3 4.0  5.2  -1.13  -22% 
lane4 1.7  1.3  0.40  31% 
lane5 5.4  6.5  -1.11  -17% 
lane6 6.6  9.5  -2.85  -30% 
lane7 3.9  5.6  -1.66  -30% 

24/06/07 

lane8 1.2  1.3  -0.17  -13% 
lane1 9.9  9.6  0.22  2% 
lane2 11.6  12.8  -1.18  -9% 
lane3 8.9  10.7  -1.75  -16% 
lane4 4.0  4.5  -0.54  -12% 
lane5 10.5  11.8  -1.28  -11% 
lane6 11.0  15.6  -4.59  -29% 
lane7 9.2  11.8  -2.62  -22% 

25/06/07 

lane8 3.3  3.5  -0.17  -5% 
lane1 11.1  9.8  1.29  13% 
lane2 12.6  13.0  -0.41  -3% 
lane3 10.0  11.1  -1.16  -10% 
lane4 4.1  4.6  -0.52  -11% 
lane5 10.3  11.5  -1.25  -11% 
lane6 11.4  16.1  -4.62  -29% 
lane7 9.7  12.4  -2.66  -21% 

26/06/07 

lane8 4.0  3.6  0.42  12% 
lane1 13.9  10.9  3.01  28% 
lane2 14.3  12.8  1.47  11% 
lane3 11.4  11.7  -0.33  -3% 
lane4 4.8  4.7  0.14  3% 
lane5 12.8  11.7  1.07  9% 
lane6 13.3  15.3  -1.95  -13% 
lane7 11.8  12.3  -0.48  -4% 

27/06/07 

lane8 4.2  3.6  0.66  19% 
lane1 15.9  13.5  2.34  17% 
lane2 16.6  15.7  0.90  6% 
lane3 14.0  14.2  -0.27  -2% 
lane4 5.9  5.4  0.50  9% 
lane5 13.2  12.3  0.86  7% 
lane6 14.4  15.8  -1.40  -9% 
lane7 12.3  13.6  -1.25  -9% 

28/06/07 

lane8 4.9  3.6  1.29  36% 
Mean (%) 8.2  9.1  -0.9  -9% 
Standard deviation     1.43 15% 
Sample size     120 120 
95% conf. intervals     0.26 3% 
RMSD     1.68   
R2     0.89   



44 
Evaluation of Sensys Networks Equipment: Stage 3 Tests on Monash Freeway 

VC72270-3   October 2007 

  Commercial in confidence    www.arrb.com.au 

Table B.2:  One minute occupancy difference (S- L) and % difference (S- L)/L per lane for all days 

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 

  
Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean 0.62 15% -0.39 11% -1.24 6% -0.18 16% -0.59 3% -3.13 -9% -1.87 -8% 0.13 10% 
Standard 
deviation 7.04 140% 5.61 215% 5.35 111% 5.24 256% 4.47 76% 8.00 61% 4.74 80% 3.37 116% 
Sample 
size 20099 20099 20099 20099 20103 20103 20102 20102 20104 20104 20106 20106 20105 20105 20103 20103 
95% conf. 
intervals 0.10 2% 0.08 3% 0.07 2% 0.07 4% 0.06 1% 0.11 1% 0.07 1% 0.05 2% 
RMSD 7.07  5.63  5.49  5.25  4.51  8.59  5.10  3.37  
R2 0.68  0.74  0.77  0.59  0.75  0.52  0.82  0.46  
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Appendix C Speed analysis results  

Table C.1:  One minute speed difference (S- L) and % difference (S- L)/L per lane for all days 

Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7 Lane 8 

  
Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Diff. 
(S-L) 

% diff. 
(S-L)/L 

Mean (%) -1.07 -1% 0.53 1% 5.23 8% -0.15 0% -5.15 -5% 5.60 10% 3.41 5% 0.47 1% 
Standard 
deviation 5.91 10% 5.83 10% 11.60 33% 7.49 11% 6.05 7% 10.56 38% 10.88 16% 7.36 10% 
Sample 
size 19220 19220 19588 19588 16879 16879 14320 14320 19551 19551 19234 19234 17429 17429 15065 15065 
95% conf. 
intervals 0.08 0% 0.08 0% 0.17 0% 0.12 0% 0.08 0% 0.15 1% 0.16 0% 0.12 0% 
RMSD 6.00   5.86   12.72   7.49   7.94   11.95   11.40   7.37   
R2 0.89   0.88   0.67   0.72   0.86   0.62   0.68   0.35   

 

 


