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Figure 3.5: Dedicated survey vehicles (e.g. bespoke vehicle installations) 

 
Figure 3.6: Dedicated mobile technologies (e.g. dedicated mobile phone App) 

 
Figure 3.7: Crowdsourcing (e.g. using vehicle telematics) 

 
Figure 3.8: Engineers inspection (e.g. driven using a data collection device) 
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not attempted quantitative analyses). However, as can be seen from Figure 3.9, the way in 
which the data is delivered differs by device. The intensities reported (or interpreted though 
our analysis) differ significantly between devices. This is because there is no standardisation 
regarding the way the additional data is reported. This leaves interpretation (what is high, 
medium, low) to the local authority, or (more likely) to a discussion between the local 
authority and the RCM provider. 

Clearly, additional data could be useful to better understand condition category values, 
assist in maintenance scheme development and programming, and the steering group 
agreed that it should be included as desirable, but not compulsory, data in the PAS.  
However, the PAS will not include any requirement to demonstrate performance or 
consistency in the reporting of additional data. End users would need to understand that 
additional data provided by different technologies may not be directly comparable. It may 
not be straightforward to use this data interchangeably (for example switching between the 
data supplied by different RCM providers in different), without additional work to 
understand the differences between datasets.   
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Figure 5.3: Differences between percentage reported in categories 4 and 5 by the benchmark and the participant data for participants A 

to P. Updated condition category data (A roads Upper, B/C Lower)  
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Figure 5.4: Distribution of ratings for participants A to P on U roads (100m updated data)  

 
Figure 5.5: Difference between the percentage recorded by the benchmark and participant data in categories 4 and 5 for participants A 

to P on U roads (100m updated data) 
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Figure 5.6: Plot of individual condition categories reported, relative to section and chainage, by participant B (Upper, initial data. Lower, 
updated data), and examples of images collected by the HARRIS3 survey at three locations on the study network. The colour coding 

shows the class (A, B C, U as blue, orange, yellow and grey shading)  
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Table 5.3: Precision values for each participant by road classification (updated data) 

Participant A Roads A Roads B/C Roads B/C Roads U Roads U Roads 

 Precision 0 Precision 1 Precision 0 Precision 1 Precision 0 Precision 1 

A 53.3% 90.4% 46.4% 86.7% 52.8% 75.5% 

B 52.5% 94.8% 45.8% 81.4% 43.4% 79.2% 

C 53.3% 92.9% 55.0% 94.0% 58.5% 86.8% 

D 51.5% 92.6% 49.9% 92.2% 24.5% 75.5% 

E 49.8% 91.3% 48.1% 87.1% 52.8% 81.1% 

F 65.6% 97.2% 61.2% 96.3% 59.6% 90.4% 

G 50.0% 90.1% 48.9% 90.5% 20.8% 71.7% 

H 79.0% 94.8% 37.6% 82.5% 66.0% 86.8% 

I 58.3% 93.5% 39.4% 80.3% 50.0% 88.5% 

J 50.3% 88.0% 48.9% 90.0% 49.1% 66.0% 

K 60.7% 96.9% 45.8% 88.8% 52.8% 66.0% 

L 45.7% 90.4% 45.7% 90.3% 43.4% 71.7% 

M 40.1% 87.3% 47.9% 91.0% 43.4% 77.4% 

N 54.6% 94.1% 51.1% 92.3% 30.2% 79.2% 

O 45.1% 92.3% 24.1% 67.0% 17.0% 62.3% 

P 44.6% 74.7% 41.2% 77.2% 42.9% 57.1% 

 

 
Figure 5.7: Average precision values obtained across the participants for each class of road 
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Table 5.7: Repeatability, for the devices providing repeat data 

Data Histogram Repeatability confusion matrix Reproducibility confusion matrix 
Repeat-

ability Chi 
Sq 

Reprod-
ucibility 
Chi Sq 

A 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 83 12 5 1 

2 60 23 16 1 
3 45 24 28 3 

4/5 48 16 26 10 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 84 11 5 0 

2 72 16 11 1 
3 56 27 16 1 

4/5 69 13 11 7 
 

0.88 913.84 

B 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 81 15 3 1 

2 33 49 13 4 
3 10 30 41 16 

4/5 2 9 18 32 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 63 25 8 3 

2 39 27 19 15 
3 23 27 28 22 

4/5 14 14 18 54 
 

14.43 861.81 

C 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 67 24 7 2 

2 37 31 25 7 
3 6 19 40 35 

4/5 0 50 0 50 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 85 15 0 0 

2 56 34 10 0 
3 11 79 10 0 

4/5 4 62 29 5 
 

6423.94 337.64 
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Data Histogram Repeatability confusion matrix Reproducibility confusion matrix 
Repeat-

ability Chi 
Sq 

Reprod-
ucibility 
Chi Sq 

E 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 89 10 1 0 

2 41 50 9 0 
3 13 38 50 0 

4/5 - - - - 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 76 15 9 0 

2 58 25 17 0 
3 49 32 19 0 

4/5 58 27 14 0 
 

39.06 453.82 

G 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 80 18 2 0 

2 21 60 17 1 
3 2 29 57 12 

4/5 0 3 32 55 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 57 29 11 2 

2 31 37 26 6 
3 29 43 20 9 

4/5 4 9 45 42 
 

4.10 197.38 

O 

 

  Repeat 
  1 2 3 4/5 

O
rig

in
al 1 74 16 7 2 

2 30 35 32 1 
3 9 16 62 8 

4/5 4 4 33 24 
 

  Original 
  1 2 3 4/5 

B
en

ch
. 1 34 20 36 9 

2 39 18 32 11 
3 35 16 37 12 

4/5 5 1 26 68 
 

5.85 2360.65 
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report16.  Examination of the RCE report suggests that, between 2009 and 2021 the year-on-
year change in the RCI percentage red was within ±2% and ±3% (absolute) for almost 90% of 
authorities on the A and B/C road networks respectively. This suggests that, for the new 
RCM regime to achieve a comparable level of consistency the cross-fleet agreement should 
be at at this level for the percentage reported in category 4/5.  Whilst this was not achieved 
by several systems in the initial data, in the updated data this level of agreement was 
observed for nearly all systems with only a couple of outliers (who did not provide updated 
data). It is emphasised that this comparison provides a broad context only. The consistency 
estimated from the year-on-year SCANNER data will be affected by year-on-year changes in 
condition. Also, because some Local Authority networks are surveyed by the same SCANNER 
device in subsequent years, the consistency we experienced in national reporting may 
include a component of repeatability in addition to reproducibility. However, the study 
shows some promise for the establishment of a consistent set of RCM devices on classified 
roads, provided that the questions over calibration, network size, and the proportion of the 
network that falls in the higher condition categories can be addressed.  

In terms of the statistical comparisons between the device and benchmark data, these 
suggest that the Pearson test is not a sensitive/useful method for quantifying performance, 
but the Chi-square does seem to highlight the devices showing visibly higher levels of 
agreement.  In addition, it is reassuring that the Chi-square shows good performance for the 
repeat datasets. However, the observation of one device with poor repeatability suggests 
that high levels of repeatability cannot be assumed for RCM devices.  

On U roads the performance on the study network was not as high, with significant 
differences in the proportions of the network to be in poorer condition categories. This may 
reflect the more challenging nature of this network, but also the lower proportion of U 
roads present in the study network. The outcomes suggest that there would lower 
confidence in the ability to achieve consistent national reporting using RCM data collected 
on U roads.  This aligns with current national reporting for U roads, where data shows 
greater variability than for classified roads. This suggests further work may be needed to 
improve the comparability of RCM data for U roads. 

6.5.2 Spatial comparison 

The spatial comparison is more challenging. To achieve high performance values the device 
needs to report the same locations on the network having both poor and good condition as 
the benchmark. In the initial datasets there were examples of where this was not achieved, 
with bias present resulting in some devices reporting generally lower or higher categories 
than the benchmark. Much of this was reduced in the updated datasets.  The statistical 
performance figures (delta and precision values) appear quite low, at ~50% and 75% on A 
and B/C roads for precision 0 and precision 1 respectively. However, these are reasonable 
levels of performance for a first network trial.  As for the network distributions above, we 

 

16 See: https://www.gov.uk/government/statistical-data-sets/road-condition-statistics-data-tables-
rdc#condition-of-local-authority-managed-roads-rdc01. Note that this comparison assumes that no change 
should take place between years, which is not likely to be the case, and hence provides a broad guideline only. 
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this may be a contributing factor in the reduction in performance we have seen when 
reporting over 10m lengths, the reduction was not as large as expected. As 10m lengths are 
likely to be applied for national reporting it may be desirable to use 10m lengths in future 
testing of RCM devices. However, there may be benefit in applying processing tools during 
the analysis to ensure that the benchmark and RCM data are optimally aligned prior to 
comparison.  In the meantime, consideration could be given to using both reporting lengths 
until greater experience is gained with the systems.  
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Appendix B Example images from the study network 
Table 7.2: Example images from the study network, according to the locations shown in Figure 7.1 
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Figure 7.1: Study Network19 

 

 

 

 

 

  

 

19 OpenStreetMap contributors. (2015). Map data copyrighted OpenStreetMap contributors and available from 
https://www.openstreetmap.org 
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Figure 7.2: Distribution of benchmark dataset by category for different mode calculations 

(10m dataset bottom, 100m top) 
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D.2 Categories reported by section and chainage 
Table 7.4: Plots of condition category values for each participant (orange line is RCM data, blue line is benchmark) 
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Figure 7.3: Distribution of ratings for participants A to P, A road 100m data  

 

 
Figure 7.4: Difference between % recorded by benchmark and RCM dataset for categories 4 and 5 for participants A to P, A road 100m 

data  
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Table 7.6: Confusion matrices (percentages of benchmark), 100m data A roads  

Data Precision 0 Precision 1 
A 53.3% 90.4% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 95 5 0 0 

2 77 13 10 0 
3 59 18 24 0 

4/5 100 0 0 0 
 

Data Precision 0 Precision 1 
B 52.5% 94.8% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 65 32 3 0 

2 39 39 18 4 
3 6 41 47 6 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
C 53.3% 92.9% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 86 12 3 0 

2 60 31 9 0 
3 35 55 10 0 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
D 51.5% 92.6% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 63 28 8 0 

2 38 45 17 0 
3 22 47 31 0 

4/5 0 0 100 0 
 

Data Precision 0 Precision 1 
E 49.8% 91.3% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 69 27 3 0 

2 35 37 21 7 
3 28 38 22 12 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
F 65.6% 97.2% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 83 16 1 0 

2 30 55 14 0 
3 14 42 38 6 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
G 50.0% 90.1% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 67 24 8 1 

2 42 41 16 1 
3 31 47 20 2 

4/5 100 0 0 0 
 

Data Precision 0 Precision 1 
H 79.0% 94.8% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 81 13 6 0 

2 12 79 8 1 
3 12 14 75 0 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
I 58.3% 93.5% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 73 20 7 1 

2 27 54 19 0 
3 18 55 25 2 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
J 50.3% 88.0% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 63 22 14 1 

2 30 41 25 3 
3 24 41 35 0 

4/5 0 0 100 0 
 

Data Precision 0 Precision 1 
K 60.7% 96.9% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 81 19 0 0 

2 41 58 1 0 
3 18 76 6 0 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
L 45.7% 90.4% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 56 38 6 0 

2 39 44 18 0 
3 41 39 20 0 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
M 40.1% 87.3% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 50 39 11 1 
2 44 37 19 0 
3 43 37 20 0 

4/5 100 0 0 0 
 

Data Precision 0 Precision 1 
N 54.6% 94.1% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 68 26 5 1 

2 34 45 20 1 
3 16 45 37 2 

4/5 0 100 0 0 
 

Data Precision 0 Precision 1 
O 45.1% 92.3% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 56 41 3 0 

2 45 49 5 1 
3 37 59 4 0 

4/5 100 0 0 0 
 

Data Precision 0 Precision 1 
P 44.6% 74.7% 

 

  RCM 
  1 2 3 4/5 

B
en

ch
. 1 88 0 2 10 

2 76 1 3 20 
3 67 0 4 28 

4/5 100 0 0 0 
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Figure 7.5: Distribution of ratings for participants A to P, B and C roads 100m data  

 

 
Figure 7.6: Difference between % recorded by benchmark and RCM dataset for categories 4 and 5 for participants A to P, 100m data B 

and C roads 














