S.  CLASSIFIER RESULTS
5.1 OVERVIEEWOF GENERAL RESULTS

In Section 5.2, the resuits of the comparison of the individual vehicle-by-vehicle
classifier outputs to the ground truth (from videotape) data are presented and discussed.
The results will be discussed for each of the two 48-hour testing sessions. The resuits
presented here include classification, axie spacing measurement, wheelbase measurement,
and overall length measurement accuracy. The results for the whole tests as well as the
parametric results versus percent trucks, air temperature, and pavement temperature are
presented for each classifier.

In Section 5.3, the parametric results versus percent trucks, air temperature, and
pavement temperature are summarized for all the classifiers and tests. General trends of
performance are presented and discussed.

5.2 TEST RESULTS FROM INDIVIDUAL CLASSIFIERS

The results of each classifier model and sensor configuration for each of the two 48-
f
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each is depicted as well as table demonstrating the parametric resuits.
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5.2.1 Mikros Systems TEL-2CM

The Mikros Systems model TEL-2CM classifier used an L-P-L sensor configuration
and Philips Vibracoax piezoelectric axle sensors. The results for the individual tests are
presented below.

52.1.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 26. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 70.3% of the vehicles (82.5% if class 2-3
errors not included). The number of vehicle axles was miscounted 13.91% (percent sensor
errors) of the time. Less than 1.0% of the vehicles classified by the Mikros equnipment were
suspected to be the result of a split or combination of an actnal vehicle. .

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 27. The Mikros classifier measures axies spacings, wheelbase and overall vehicle
length. The measurement error statistics (mean and deviation) for all measurements, and
the overall length percentile statistics are included in the figure as a function of measured
vehicle speed (mph). Note that all measurements are in feet.

Table I contains a summary of the results of the classification accuracy as a function
of percent vehicles with greater than two axles, air temperature and pavement temperature.
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Table II. Accuracy Summary for Mikros Systems TEL-2CM
ist 48-Hour Test

e L L L ey e
Axle | Axie | Length
Mean § S.D.
i
% Trucks
0-20 13.57 674 825 0.09% | 1.035 1.716 1.657 10784 | 705
20-40 13.93 70.8 821 0101 | 1204 ] 2121 2811 108.80 { 31.73
40-60 14.86 716 86.8 0091 | 0672 | 2679 2.027 10704 | 5.684
1 60-80 1209 | 788 35 | 0120 osx| 3351 | 1990 | 10763 | 5838
Air Temp
50-59 14.87 66.9 83.7 0.117 { 0.767 | 2172 2418 108.84 | 26.77
60-69 15.45 T2 826 0115 | 0985 | 2403 2916 108.34 | 29.81
70-72 i3.14 2.7 831 0107 1322 2140 2.864 10842 1 3204
80-89 1325 701 815 0.080 | 1.181 1918 2240 10830 | 2061
Pav Temp .
60- 69 13.63 69.8 84.6 0084 | 0512 | 2421 1.906 10832 | 6.63
079 1594 706 825 0112 | 0002 1 2342 2965 10240 © 3153
12.83 726 83.1 0.131 | 1338 1 2238 3.360 10936 | 41.40
11,78 719 818 {0084 } 1.002 ; 2.187 2.651 10895 | 3237
1238 9 839 0.091 | 2.033 1.791 1.719 16771 | .19
116-119 6.97 “

i > - e

. R AW e
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52.12 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of

wakhinlac feanl and srandar) smictimad vahislos contnr arrnre avira vandnr :r-hinlpc miceing
¥lllbvid \ll;a.l -2y chuul} mlyy\wu VR dliliendy JWwiidt/l WilUlOy WAL T wiikstisi T rdhatsdvrsly LLELiatlidsfly

vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 28. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 63.5% of the vehicles (78.8% if class 2-3

errors not included), The number of vehicle axles was misconnted 4.81% ( (percent sensor

e s RrARR AL h A lh e e ——— S AR o e = o —

errors) of the time, Approximately 1.7% of the vehicles classified by the Mikros equipment
were suspected to be the result of a split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 29, The Mikros classifier measures axles spacings, wheelbase and overall vehicle
length. The measurement error statistics (mean and deviation) for all measurements, and
the overall length percentile statistics are included in the figure as a function of measured
vehicle speed (mph). Note that all measurements are in feet.

Table I contains a summary of the results of the classification accuracy as 2 function
of percent vehicles with greater than two axles, air temperature and pavement temperature.
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T0.0-74.9
75.0-T9.9

»80

Overall

Wheelbase Statistics

.
S
g
Woovoaovoood

%
3

Veh
11.339  ¢.308 3
0.0 0.000 1
0.000 ©.000 [+
-0.030 0.000 1
0.038 0.250 %
0.103 0.62% 176
0.108 o0.7TT7 541
-0.016 0.895 127
~0.093 D.Téé wrmr
-0.144 0.550 807
=0.132 0.874 v
=0.414 1.309 &6
-D.022 0.988 &517
Mean t 114 Vehicles
45,440 3.6M 3
0.0%0 0.000 1
0.000 0.000 0
-0.05¢ ©0.000 1
0.047 0.237 1%
0.1%¢ 0.857 176
0.208 1.176 541
=0.029 1.166 1277
=0.158  1.065 un
=0.179 0.739 807
=0.%7 1,00 274
«0.441 2.098 &b
-0.035 1.581 4817
Figure 29.

MIEKROS TEL-2CM -

Axle_Spacings

12

i)

0

1

14
342
1043
2265
2208
1004
305
Ly

Taur

Length Statistics
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<0 T97.02 174.35
30.0-34.9 84.571 0.022
35.9-3%.% 0.000 0.000
40.0-44.9 97.375 0.G00
45.0-49.9 91.926 11.376
50.0-54.9 90.844 13.006

55.0-59.9 92.207 . 11.494
60.0-64.% 91.828 25.673
65.0-69.9 89.885 12.344
70.0-74.9 90.65% 31.711
75.0-19.9 89.547 21.132

»80 B83.01 12.46

Oversll 01.29 28.32
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Table III. Accuracy Summary for Mikros Systems TEL-2CM
2nd 48-Hour Test

Correct Correct
(no 2,3)
% Trucks
0-20 406 62.7 787 | 0002 1 0995 | 2277 | 3872 | 9046 | 2795
2040 162 652 785 | 0065 { 0999 | -1837 | 4524 | o377 | 2997
40-60 0.00 789 846 | 0116 | 0432{ 0717 | 1.594 | 9809 | 06.09
Air Temp
60-69 232 66.5 804 | 0033 {0887 | -1955 | 3925 | 9272 | 2924
70-79 730 60.5 770 | 0024 | 1020 | 2305 | 4156 | 9029 | 2436
R0-89 162 65.7 212 | opss | 1400} 2302 | 3770 | 9022 | 4290
Pav Temp
60-69 | ooss | 676 795 | 0049 | 1023 | -128 | 4332 | 9663 | 4244
| om» | os0| 673 815 | -0028 | 1014 | 2004 | 4652 | 9295 | 3077
| s0-80 | o863 | 09 777 | 0003 | 0857 | 2441 | 4193 | se99 | 1838
90-99 | 1246 | 539 736 | -0025 | 1263 ) 2719 | 3613 | 8783 | 1333
100-109 | 0521 | 623 782 | 0033 | 0605 | 2362 | 3008 | 80090 | 1203
110-119 | 0096 | 652 799 | o011 | 1034 | 2502 | 3380 | 8887 | 2.6

73




5213 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axie count are summarized in Table IV. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the
first and last full days recorded of the seven days.

Table IV. Long-Term Count/Classification Accuracy
Mikros Systems TEL-2CH

ey y T ! ———

Total Last Day
Grud Truth | Slassifier |
Vehicles

,I Axles 65759 57450 8309 114.46 109.02 114,65
Class 1 53 6 47 883.33 700.00 550.00

h Class 2 13919 14533 614 95.78 91.02 95.04

| Class 3 8645 1168 7477 740.15 660.45 989.27

{ Class 4 ‘r 75 161 86 4658 59,57 21.54

| ctass 5 671 4263 3592 15.74 12.05 25.66
Class 6 196 163 IERE 125.64 11789

“ Class 7 2 0 2 ~ - -

I Class 8 220 530 -310 41.51 45.45 8487 |
Class 9 3073 2679 354 114 110.12 116.27
Class 10 27 140 113 1929 18.60 2381

I crass 11 88 69 19 12754 117.24 12941

| class 12 t”r 26 0 2% ~ - -

| Class 13 0 5 5 0.00 0.00 0.00
Class15 _j 8 0 0 ~ - -
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5.2.2 Peek Traffic Inc. TrafiCOMP I

The Peek Traffic Inc. model TrafiCOMP IIl classifier used a P-L-P sensor
configuration and Philips Vibracoax piezoelectric axle sensors. The resuits of the individual
tests are presented below.

5221 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are

presented in Figure 30. The classification matrix is presented in both absolute numbers, and

percentages. The classifier correctly classified 75.3% of the vehicles (93.0% if class 2-3
errors not included). The number of vehicle axles was miscounted 3.71% (percent sensor
errors) of the time. Note that the TrafiCOMP III output was not time stamped with seconds
and manual aligning of the data was required. Therefore, identification of splits and
combinations could not be accomplished.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 31. The TrafiCOMP III classifier measures axles spacings and wheelbase length.
The measurement error statistics (mean and deviation) for all measurements are included
in the figure as a function of measured vehicle speed (mph). Note that all measurements
are in feet.

Table V contains a summary of the results of the classification accuracy as a function
of percent vehicles with greater than two axles, air temperature and pavement temperature.,
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Axtes Spacing Statistics

Speeds Mean
<30 7.506
30.0-34.9 0.140
35.0-39.¢ 0,203
40.0-44.9 D.260
45.0-49.9 D175
50.0-54.9 0.166
55.0-590.0 0.193
60.0-64.9 0,164
65.0-69.9 0,162
T0.0-T4.9 §.186
.07 LW
80 0.170

Oversli 0.172

$TD

7.256
0.100
0.160
0.303
0.248
0.2%1
0.3M
0.432
0.270
a.150
D. Y4
0.101

0.39¢%

\heelbase Statistics

Speeds Mean
30 9.382
30.0-34.9 0.0
35.0-39.9 0372
40.0-44.% 0.519
45.0-4%.% 0.340
50.0-54.9 D.349
55.0-59.9 D.409
40.0-66.9  0.347
65.0-69.¢ 0.238
70.0-74.9 0.18¢%
B.o0-Mme LI
13 0.170

Overat! 0.307

Figure 31. HMeasurement Accuracy Versus 5peed (MPH)
1lst 48-Hour Test
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16.11%
0.100
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0.380
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0.56%
0.528
0.320
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1646
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Table V. Accuracy Summary for Peek TrafiCOMP IIX
1st 48-Hour Test

| I
| |
j |
‘ j
i 93,0 ﬁ
H 0-20 258 728 936 | 0195 | 0.469 * * H
20-40 374 754 93.1 0.166 | 0394
40-60 5.46 80.4 9.9 0.159 | 0327
60-80 8.04 79.1 882 | 0.194 | 0337
Air Temp
50-59 3.54 696 919 0.151 | 0466 . * * *
60-69 493 76.8 918 0.175 | 0387
70-79 3.88 76.0 92.8 0.181 | 0299
80-89 3.20 76.4 94,6 0172 | 0419
Pav Temp
I 6069 § 472 76 | 913 0.148 | 0483 * . * *
1 707 4.19 7.5 92.8 0.171 | 0380
I 80-8 | 396 711 938 0174 | 0373
90-96 | 3.66 753 92.6 0.161 | 0248
100-109 | 239 76.0 95,0 0.181 | 0296
;‘ 110-119 | 352 76.1 93.4 0177 | 0508

*_ Does Not Measure ‘Overal venicle
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5222 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles {rea! and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 32. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 74.8% of the vehicles (93.2% if class 2-3
errors not included). The number of vehicle axles was miscounted 3.53% (percent sensor
errors) of the time. Note that the TrafiCOMP III output was not time stamped with seconds
and manual aligning of the data was required. Therefore, identification of splits and

combinations could not be accomplished.

The measurement accuracy of the classifier as a function of vehicle speed is depicted

in Figure 33. The TrafiCOMP I classifier measures axles spacings and wheelbase length.
The measurement error statistics (mean and deviation) for all measurements are included
in the figure as a function of measured vehicle speed (mph). Note that all measurements

are in feet.

Table VI contains a summary of the results of the classification accuracy as a function
of percent vehicles with greater than two axles, air temperature and pavement temperature.
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Axles Spacing Statistice

Speeds Hean $TD Veh
<30 ~5.608 0.600 1
30.0-34.9 -0.067 0.178 3
35.0-39.% 0.07¢ G.378 &
40.0-44.9 D0.055 0.373 23
45.0-49.9 0.119%  0.343 107
50.0-54.9 0.077 0.349 530
55.0-59.¢ ©0.073 0.3%1 e
60.0-64.% 0©.063 0.381 &V4T
65.0-69.9 0,053 0.326 3500
70.0-72,9 0,047 0.226 1262
5.0-TW.9 0.098 0.9 298
»80 0.113 o217 24
overatl 0.064 0.354 12020
Wheelbase Statistics
Speeds Hesn $Tb Vehicles
<30 -0.000 ©0.000 1
30.0-34.% -D.0&7 0.178 3
35.0-39.9 0.130 @Q.218 4
40.0-44.9 0.087 (.221 23
45.0-49.9 0.192 0.332 107
50.0-54.9 0.%%é6 0.277 530
£5.0-59.¢ 0.1t 0.318 719
60.0-64.9 0.125 0.319 AT4T
£5.0-69.9 0.077 0.253 300
70.0-74.9 0,069 D0.238 1264
5.0-79.9 0,098 0,191 298
B0 0.113  0.2%7 24
Oversll 0.109 0.203 12020

FPigure 33. Measurement Accuracy Versus Speed (MPH)
2nd 48-Hour Test

Peek TrafiCOMP III
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Table VI. Accuracy Summary for Peek TrafiCOMP III
2nd 48-Hour Test

0.064
0-20 2.96 73.5 93.7 0.069 | 0340 * * * *
20-40 3.74 7556 93.1 0.061 | 0.361
40-60 6.09 719 89.8 0.069 3 0.407
Air Temp
60-69 4.57 723 90.8 0.059 | .364 * * * * !‘
76-79 329 755 93.8 0.045 | 0331
80-89 293 75.9 94.7 0.107 | 0389
Pav Temp
60- 69 6.24 683 883 0061 | 0385
70- 79 395 74.8 92.0 0.062 | 0347
t 80- 89 323 76.4 94.1 0.03¢ | 0334 * * * *
90- 99 344 744 939 0.049 | 0346
100-109 243 76.1 95.0 0.038 | 0365
110-119 29 74.8 932 0.06% | 0363

¥ Docs Not Measure Overall vemce Lengtn
P R e S e
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5223 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are summarized in Table VIL. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

Blowrt mand Tnod ol dlen omesmen odmzem

OTSi dnd (a5t O e Seven udya.

Table VII. Long-Term Count/Classification Accuracy
Peek TrafiCOMP III

Total Total Total 1st Day Last Day
Grnd Truth | Classifier Difference Percent Percent
Class 2 i 31124 41126 -10002 7568 7658 7540
C}a.ss 3 19417 6377 13040 304.48 292,89 26708 "
Class 4 138 283 -145 48.76 31.82 3721
Class 5 1921 1157 Tod 16603 9943 176.77
Class 6 746 736 10 101.36 100.00 101.64
Class 7 9 4 5 22500 - -
Class 8 862 2204 -1342 39.11 4744 43.95
Class 9 9981 8427 1554 118.44 117.17 11831
Class 10 109 %6 pe) 126.74 13636 14167
Class 11 254 243 & Co102.42 100.00 102.27
h?:m 12 70 77 -7 90.91 100.00 100.00
!! Class 13 0 36 36 0.00 - 0.00
u Class 15 ,! 0 1068 -1668 0.00 6.00 0.00




5.2.3 Peek Traffic Inc. GK-6000

The Peek Traffic Inc. model GK-6000 classifier was configured to monitor two lanes
each using a P-P sensor configuration and Philips Vibracoax axle sensors. Although
configured for two lanes, both sets of sensors were placed in the same lane of traffic (the
test lane). The results from both sets of sensors are presented below.

5231 First 48-Hour Test

The classification matrices for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figures 34 and 35 for lanes 1 and 2, respectively. The classification matrix is
presented in both absolute numbers, and percentages. The classifier designated lane 1
correctly classified 73.7% of the vehicles (90.1% if class 2-3 errors not included). The
number of vehicle axles was miscounted 6.29% (percent sensor errors) of the time. The
classifier designated lane 2 correctly classified 77.1% of the vehicles (92.4% if class 2-3
errors not included). The number of vehicle axles was miscounted 4.02% (percent sensor
errors) of the time. Approximately 2.5% of the vehicles classified by either of the lanes
were the result of a suspect split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figures 36 and 37 for lanes 1 and 2, respectively. The GK-6000 classifier measures axles
spacings and wheelbase length. The measurement error statistics (mean and deviation) for
all measurements are included in the figure as a function of measured vehicle speed (mpbh).
Note that all measurements are in feet.

Tables VIII and IX contains a summary of the results of the classification accuracy
as a function of percent vehicles with greater than two axles, air temperature and pavement

temperature for lanes 1 and 2, respectively.




? W 11 w2 13 1% 15

Time interval: 2

L Bk g

[-X-J~-N-X-N-N-R-X-N-N-N-R-R-F]
(-2 -X~-X-R-N-J-N-RiN=~N-Q-E=R. N
[-X-F-F-N-N-N-N-RL4 ¥-R-R-K-3 -
- Y- X-T-N-N-N-R-N-R-N-N -~
01.000000.1030003
03_0011005“00003
ows on
ﬂﬁ.ﬂﬂﬂ“ﬂ?-%‘zonﬁa
[
Uﬁ_ﬂqu-n‘uqvﬂmn_uﬂiﬂﬂﬂal
onu_nvnnloo.l.uwan.ooo-_a
DD?..OZMDB.BOBOQD.}
- Ll
"
on” Dumulﬂ-r““ﬁ—avoaD-t
™
os,szmcosnwoqlun.c-:
D.Q_m-aw.oﬂwmxn:uﬂﬂn:‘
g L o

M§0“503ﬁ3110ﬂ2
DS‘D-:’B.IMH!ODUB.U

NSNS0 RO ~NW T 0
Lol ok

1T 12 13 W% 15

1w

R s

Uﬂ-nuuﬂnu.nnvnnvn-u_li.
(AR by W, b
nnvanonﬂnuooauﬂnnn

nﬂwanoulnuuoooﬁlno
T, & w ¥ e e
nnvouﬂcﬂﬂuooouﬂﬂno

nﬂvongulﬁvcooonlnn
L ., & & -, Yy,
nﬂvooooﬂﬁvusaDNHnu

OhvouOO‘GUOOOSAlnz
L) Yy W, &
0huoonoﬂﬁuooowunn6

DﬂvOUﬁvO‘ﬁvaﬂvanAlnﬂ-
] . e e R ]
ohuonuoﬂnvonuoahno

OQtouzz.lnunoon-ﬂlnu
. R 4 r RN
Onvouoauﬁvo.bunﬂunu

OIUO.DRJ‘l!lsosuAlnz
+ “ . b 4 ]
01.-1.923“_#&650““-6

ﬂvtuo.b.‘lw“w:so‘bo.l&nz
i IR
0&012‘0“nw°020“ﬂ-6

ORNDDn‘OA-n?no.nU'nﬂns-
_y
OO0 ..rlloon“uns

9!3‘3&35!38000‘.-_..
LI . Ny, N, ¥
Onvo.‘nﬁuc|cnuonun6

QRMeNmIYnGo oLy

Unu?_ﬁ“D"nuﬂﬂanlu-?.
9-:2253‘25060‘%3

. 5 0, 4 W e S

onunmﬁzuataﬂuzo“uua

997137&4.5.000.“#:"
Dz:B?u&1l:ﬂ1°ﬂB‘nu2

gmwsnzsnzaaﬁzzzuunz

n-:zozaﬂlnsooﬂlnnu
L L R R R ]
anvnonounu..laonuunnu

N0 0 NN
Lo e ]

N

18503
11567
2504
624
1339
8406
7276
133

:

dimicruvned:

iR S 4ot

#sensor err:
WMissing vend:

fextra Vend
#Correct:
Womhinati

Wend;n
#splits:

WReal

. ! r
F

Classification Matrix for Peek GK-6000 (Lane 1)

Figure 34.

1st 48-BHour Test
85

g wn s




!l'_illlli.l!'l-al'i!lwl"

o~
i
|
3
J
o9
.m.m.
w
2 :
w 14
el
| wewmineNQam ?._R 2.3 ra
“ - % |l - &
3 MW“WMZ .m- V“
.m bkl & - ¥ uﬂ 2““2 - M 11468”352“%& - w.-u
5 REQER3R% | £ SEE288R g m
& '
-
[1] 4] O
- Copnoen o o ook M ©eora 0 - 2
s o SBERELRAAIYN 3 , . 88=33RIRFISR B 27
t B ddddem-cidsas = £ B Sdssianilgas A S e
@ - m
OCOONQOTINOY (=] - QOemMor~h O oM <
2 § 3IIEQRENEAZIE 2 5 ¢ FITERIBERSER 3 mm
M. 3 n"O.Oa.mn.DnmanDan. e Mm 3 soccaddsadaad @ S
. LT YYTLYYYYY 3 LT LYY mO
-~ ARITERIGRE 3 } @ NBMN...M“ SR&_ I a“
f GODOOODUODDW b § T GDOOOOODOLDOw & m.
sHgesngdee” & & "degsgdsdee” & K
-
[ ]
]
N

Figure 35.




Time interval: 2

11 12 13 1% 15

10

[-X-X-¥-Y-¥-N-N-N-F-N-R-R-N-N~
[-3-X-N-N-N+R-N-R-F-R-g~R ]
[-F-¥-F-F-F-N-F-3 4 F-3--F-N-3
00000003000”101
O!Inwoonaoonumoono
030010505“00000
0““‘““05“&.30301

02507\025020001
- "~ -

2

DOQDEOO‘nnv‘DoDZ

SrorrNOrnOOoBOGN

H

Qe O‘wozaonl

FEd
0 215088000003
- -
N -
L

ozsnozn-lmnnooon

bl T B LR - Y- s

N
ook o ol

1M1 12 3 w B

1

usaonouocoooouo

MOBOQ&UMDGQOOUAJ
FOQOOAOXOONOOOXQ

s 3
ﬂogoonﬂon-lnnvoun

AOODOOAODQQSOA!
~ “« B s, 4w s
“09000"0090”0“5

ADOOQOAOOQTDUAU
- ] v et A
annooouongmnuo*nu

A10020A00.&000AD
oy, ., 13 * +
HUUOOUNODSBDDNO

AZ.DO..._..EAO:“..»SDDA.:
N11122N2N5300N5
A30033.ﬂ52060n—ﬂ3

oy LRI .
un«.-osou&onznuus

‘010‘0*580390‘5
~ A R, & w . S,
“DQDUON‘OD.IQO“U

‘33529!‘20000.&5

. e L™ .y, B

“0039”"000000“5

Mﬂl:ﬁnnv.lun.#sooon.ﬂa-
“nu‘alslnunununoonﬂs

Azsalqalﬂbaﬁnuﬁoala
IR N a
"non.ﬂqa“’avuzoﬂ“s

A‘qaﬁslssaﬁoona
ey LR B L N L
uso.s..snl“!aoono“—:

A?Sﬂﬁ?ﬂ?.ﬁ.c«OSOAJ
. o
HNMOQSH%.Zi.U.&OﬁO

uoonoouoanoooun

’

AN MR 00O Y NN
Ll ol

~N O
8y3sEiges
[ - t.-m
uwwwnmmmi
nwumuume
$cEiSERE

Classification Matrix for Peek GK-6000 (Lane 2)
lst 48-Hour Tesat
87

Figqure 36.

A
)
i
i
!




Figure 37.
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Table VIII. Accuracy Summary for Peek GK-6000 (Lane 1)
1st 48-Hour Test

% Dots Not Calculate Overall Vehicle Lengt

— e T S S T A =,
Correct | Axle | Axle | Lengih 7L
(no2,3) { Mean | 5.D. Mean | S.D.
% Trucks
431 739 922 0.114 { 0643
?13-40 6.09 738 202 0.113 | 1.568 * * *
25,62 719 7.9 -0.002 | 0.704
’"‘ -30 53.57 464 454 0100 {0982
Air Temp
50-59 5259 422 43.1 -0.001 | 1.411
60-69 3.02 865 924 0.012 | 0.664 * * *
70-79 412 7.6 922 0.087 | 1.533
£0-89 6.11 71.8 90.4 0.148 ] 1.551
Pav Temp
60- 69 51.61 45 452 -0.010 | 1.170
70- 79 3.59 847 917 0.031 | 0.667
80- 83 4.39 78.6 92.8 0.067 | 1.561 * * *
90- 99 3.59 773 923 0.143 | 2.227
100-109 4.88 71.0 916 0177 | 1664
110-119 700 713 894 0.116 | 0.763
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Table IX. Accuracy Summary for Peek GK-6000 (Lane 2)

1st 48-Hour Test

S - —— u
Correct | Axie | Axle

(no 23) | Mean | S.D. J
' 0-20 243 76.1 935 0.083 | 0.486
20-40 412 76.5 922 0075 | 1426
40-60 517 92.8 93.1 -0.019 |' 0.579

L 60-80 16.30 84.4 844 | 1119 | 1500 1

Air Temp
50-59 172 86.2 86.6 -0.044 | 0.703
60-69 338 8%.6 929 -0.029 | 0.556
T0-79 329 78.6 92.7 0.065 | 1547
80-89 408 74.2 524 0.113 § 1364
Pav Temp
60- 69 11.30 8531 85.6 0414 | 92463
70- 79 3.08 889 93.1 0020 | 0.537
8- R0 385 80.1 931 0043 | 1622
90- 99 328 772 g2.5 0.113 | 2123
100-109 324 73.9 93.4 0,133 | 1.244
110-119 4.41 74.0 020 0.0%54 | 0.821
S0
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5232 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations for
lanes 1 and 2 are presented in Figures 38 and 40. The classification matrix is presented in
both absolute numbers, and percentages. The classifier designated lane 1 correctly classified
79.0% of the vehicles (96.2% if class 2-3 errors not included). The number of vehicle axles
was miscounted 1.19% (percent sensor errors) of the time. The classifier designated lane
2 correctly classified 79.1% of the vehicles (96.2% if class 2-3 errors not included). The

number of vehicle axles was miscounted 1.07% (percent sensor errors) of the titne. Less
than 0.59% of the vehicles classifiad by either of the lanes were the result of a suspect split

AUV UL R VR AMMIWD WAGOOAAE W WY WALAALd WL it adead 3% VAl alwdaray Wi D DmOerSAL apsal

or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figures 39 and 41 for lanes 1 and 2, respectively. The GK-6000 classifier measures axles
spacings and wheelbase length. The measurement error statistics (mean and deviation) for
all measurements are included in the figure as a fanction of measured vehicle speed (mph).
Note that all measurements are in feet.

Tables X and XI contain summaries of the results from lanes 1 and 2, respectively,
of the classification accuracy as a function of percent vehicles with greater than two axles,
air temperature and pavement temperature.
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Axles Spacing Statistics

Speeds Hean s Veh  Axie_Spacings
<30 0.360 0.000 1 1
30.0-34.9 0.000 0.000 D 0
35.0-39.9 ©0.067 0.454 1 4
40.0-44.9 0. 049 D 314 - 24
45.0-49.9¢ D0.056 D0.267 52 ]
$0.0-54.9 0.006 0,533 313 6355
55.0-5¢.9 0G.003 0.351 1243 2653
60.0-64.9 -0.009 0.354 3049 6662
65.0-69.9 0.007 0.35%9 359¢ 4385
70.0-T& ¢ 0,027 0.204 1697 2228
75.0-79.9 -0.014 0,745 58 304
BO 0,081 0.2 40 &0
Overall 0.004 0,363 10271 19052

iheelbase Statistics

Speeds Hean sTD Vehicles
<30 0.350 0,000 1
30.0-34,% 0.000 0.000 o
35.0-3%.9 0.270 0.000 1
40.0-44.% 0.066 0,209 18
45.0-49.9 0,103 0.248 52
$0.0-54.9 D.D12  0.315 113
55,0-59.9 ©.007 0.388 1243
60.0-64.9 -D,019 0,389 3049
£5.0-42.9 0,013 0,351 3509
70.0-74.% 0.0356 0§.285 1687
75.0-719.9 -0.016 1.012 258
80 0.081 0.201 &0

Oversil ¢.007 0.387 1027

Figure 39. Measurement Accuracy Versus Speed (MPH)
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Time interval: 2
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Axigs Spacing Statistics

Haan 15

0.370  0.210
0.000 0.000
0.117  0.460

40,0-44.9 -0.010 0.315

»~ oArn A By
U Uy V. DL

0.010  5.325

0.007T ©0.3%
-6.009¢  0.3%7
0.003 0.353
0.022 0.273
0,041 0,372
0.030 0.308
0.003 D.335

Whesibase Statistics

Overall 0.005

Speedis Mean $TD
<30 0.370 0.2%0
30.0-34.¢ 0.000 0.000
35.0-39.¢ 0.470 0.000
4£0.0-44.9 -0.014 0.237
45.0-49.9 0.079 0.25%
50.0-54.9 0,020 0.327
55.0-59.% 0.015 ©0.3%0
60.0-64.9 -0.018 0.340
65.0-69.9 0.005 0,338
70.0-74.9 D.028 0.265
2.0-70.9  0.047 0.27B
80 0.030 0.308

0.338

Vehicles

4

0

?

15
51
314
1257
314y
37
1826
275
42

10689

Axle_Spscings
2
0
&
21
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(1 3]

836
2665
&764
8453
2411
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Figure 41. Measurement Accuracy Versus Speed (MPH)
Prank AY_L2ANN (Tarma 291 o D9nmd 40 _TWaine Masd
A TR VT VYWY Y L el Sded S bl W Ak e - N

R ax W Gn AN W N

95




Table X. Accuracy Summary for Peek GK-6000 (Lane 1)
2nd 48-Hour Test

g = Am

l 0-20 094 7.1 967 | 003 |o320] * » * * H '
20-40 1.50 80.4 955 | -0.001 | 0401 .
40-60 1.54 923 9.5 | -0.084 [ 0305 . N

Air Temp n
60-69 1.46 82.5 955 | -0047 | 032 . « . . *
70-79 1.15 78.5 %5 | -0012 ] 0338 f
80-89 118 78.7 9.5 | 0070 | 0379 l
Pav Temp
60- 69 213 89,4 894 | -0075 | 0364
70- 79 137 86.0 %60 | -0.063 | 0318 '
80- 89 1.58 80.8 9.5 | 0014 |0334] * . . .
90- 99 1.10 77.1 9.0 | 0008 | 0332
100-109 | 097 716 961 | 0048 | 0397
110-119 | 108 152 980 | 0.035 | 0.286

" Does Not Mcasure Overall Vemcle Leagih o '

e -
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Table XI. Accuracy Summary for Peek GK-6000 (Lane 2)

2nd 48-Hour Test

Total

U

Axle

Mean

AU

Axle
5.D.

1.07 79.1 96.2 0.003 | 0335 *
% Trucks i
0-20 0.83 T3 96.6 0.014 | 0316 *
20-40 127 80.5 95.7 -0.003 § 0.360
40-60 341 898 95.1 -0.038 | 0.286
Air Temp
60-69 1.73 82.0 95.5 -0.036 | 0307 *
70-79 107 786 9.2 -0.031 | 0.305
20-89 0.77 78.9 97.0 0.056 { 0.355
Fav Temp
60- 69 312 953 953 -0.043 | 0334 I
70- 79 1.15 84.9 96.8 -0.016 | 0.305
80- 89 162 80.6 96.5 0025 | 0313 *
90- 99 0.87 T4 96.3 -0.003 | 0318
100-109 0.72 719 96.0 0043 | 0328
110-119 0.80 750 98.0 0.027 | 0.299
*_Does Not Measure Over ehicle Lengt
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5233 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are summarized in Tables XII and XIII for lanes 1
and 2, respectively. The totals for the entire seven days for the vendor and classifier are
listed. Also, the difference (ground truth minus vendor) and the percent difference (ground
truth * 100 / classifier) are listed. To assess the change inaccuracy over the seven days, the

percent difference is calculated for the first and last of the seven days.

Table XII. Long-Term Count/Classification Accuracy

Peek GK-6000 (Lane 1)

Total
Difference

1st Day
Percent

144.59
134.04
43333
130.28
307.37
25.00
Class 5 82.00
Class 6 589 504 85 103.77
Class 7 6 42 -36 40.00
|| Class 8 735 742 -7 98.60
l( Class 9 8101 7093 1008 108.23
Il Class 10 9 61 35 155.56
Class 11 215 180 35 104.76
Class 12 65 67 2 92.86
Class 13 0 29 -29 0.00
[Ciassis ]| o 1981 -1981 -
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Table XIII. Long-Term Count/Classification Accuracy
Peek GK-6000 (Lane 2)

Total

Difference Percent Percent Percent

Axles 118765 N/A N/A N/A 131.13 N/A
Class 1 58 60 -2 96.67 100.00 100.00

| Class 2 20744 17242 3502 12031 12479 121.20
Class 3 12746 4282 B464 297.66 299.74 282.07
Class 4 87 305 -218 28.52 24,14 24.62

!! Class § 1399 1080 319 129.54 80.19 137.25
Class 6 589 538 51 109.48 100.92 107.83
20.00

93.30
101.92
130.77
102.27

92.86

0.00

0.00
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52.4 PAT Equipment Corporation, Inc. AVC-100 (P-L-P)

PAT Equipment Corporation, Inc. loaned two model AVC-100 classifier for use in
the project. The first was setup in a P-L-P sensor configuration using Atochem Roadtrax
Series 'P’ axle sensors. The equipment appeared to operate normally during all of the
testing sessions. However, the reporting software provided by PAT Equipment Corporation
failed to convert the binary data files into ASCII (text) data files which could be used to
perform data reduction. After this problem was discussed with the technical representative
from PAT Equipment Corporation the binned data for part of the seven day test was
recovered. No data from either 48 hour test was recovered.

100
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524.1 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification

naminany wallal — $ 1
accuracy, vehicle count and axle count are summarized in Table XIV. The totals for the

portion of the seven days recovered for the vendor and classifier are listed. Also, the
difference (ground truth minus vendor) and the percent difference (ground truth * 100 /
classifier) are listed. To assess the change inaccuracy over the seven days, the percent
difference is calculated for the first and last of the seven days. Since only a portion of the
test data was recovered, the first day listed in the table refers to 12:45 pm on 9-13-93
through 10:45 am on 9-14-93, and the last day refers to 4:15 pm on 9-15-93 to 4:15 pm on
9-16-93.

Table XIV. Long-Term Count/Classification Accuracy
PAT AVC-100 (P-L-P)

Total Total Total Total 1st Day Last Day
|‘ l Grond Truth | Classifier Difference Percent Percent Percent
] Vehicles | 44537 -5137 88.47 10187 | 10192
l} Axles 104608 N/A N/A N/A N/A N/A

Class 1 60 18 42 33333 200.00 240.00
Class 2 18062 14334 3728 126.01 7242 74.76
Class 3 11417 2467 8950 462.79 261.15 262.70
Class 4 76 29 47 262,07 109.09 133.33
Class 5 1161 435 726 26690 22500 197.74
Class 6 “ 458 286 172 160.14 113.00 113.76
! Class 7 5 4 1 125.00 100.00 -
Class 8 620 1791 -1171 34.62 2570 26.63
Class 9 7196 3824 1372 188.18 13143 131.09
Class 10 84 24 60 350.00 257.14 212.50
i Class 11 i 201 112 89 17946 120.00 132.35
Class 12 60 33 217 181.82 120.00 144.44
Class 13 0 16 -16 0.00 0.00 0.00
§ Class 15 I 0 21164 -21164 000 | .00 6.00
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5.2.5 PAT Equipment Corporation, Inc. AVC-100 (L-P-L)

The second PAT Equipment Corporation, Inc. mode AVC-100 classifier used an
L-P-L sensor configuration with Philips Vibracoax axle sensors. The AVC-100 used for the
second (I-P-L) configuration did not have sufficient memory to store vehicle-by-vehicle
records for the testing periods. Therefore, the data was recorded by a portable computer
via the serial port on the classifier. No conversion was necessary and thus data reduction
was accomplished for the second PAT configuration.

5251 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 42. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 76.6% of the vehicles (95.0% if class 2-3
errors not included). The number of vehicle axles was miscounted 1.49% (percent sensor
errors) of the time. Less than 1.0% of the vehicles classified were the result of a suspected
split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 43. The PAT classifier measures axles spacings and wheelbase length. The
measurement error statistics (mean and deviation) for all measurements are included in the
figure as a function of measured vehicle speed (mph). Note that all measurements are in
feet.

Table XV contains 2 summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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. Axles Spacing Statistics
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Figure 43. Measurement Accuracy Versus Speed (MPH)
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Table XV. Accuracy Summary for PAT AVC-100 (I-P-L)

1st 48-Hour Test

—

l Axle
} SD.
| Total 149 | 766 950 | 0078 | 2055
9% Trucks
020 108 | 78 955 | 0061 | 0452
2040 163 | 765 %48 | 0072 | 0527 !*
40-60 105 | 850 969 | -0.014 | 0363
60-80 051 | 865 970 | 0433 | 9.701
Air Temp
50-59 690 | 733 9.5 | -0036 | 0516 1’
60-69 14 | 76 956 | 0106 | 4530
70-79 142 | s 946 | 0093 | 0348
| soso | 182 | 74 | o945 | 0107 | 0564
Pav Temp
60-69 | 113 | 754 958 | 0077 | 5346
70-79 [ 118 | 793 956 | 0030 | 0488
80-89 | 140 | 769 952 | 0079 | 0386
%0-99 | 146 | 762 s41 | 0102 | 0381
100109 | 148 | 767 954 | 0119 | 0393
110-119 | 206 | 762 939 | 0100 | 0.666

¥ - Overall Vehicle Length Not Calculated

105




5252 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 44. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 76.6% of the vehicles (95.1% if class 2-3
errors not included). The number of vehicle axles was miscounted 0.51% (percent sensor
errors) of the time. Less than 0.2% of the vehicle classified were the result of a suspected

split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 45. The PAT classifier measures axles spacings and wheelbase length. The
measurement error statistics (mean and deviation) for all measnrements are included in the
figure as a function of measured vehicle speed (mph). Note that all measurements are in

feet.

Table XVI contains a summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axles Spacing Statistics

[ 1]
IN$EE7E
e B E-E-E-E- - E-K.

Nean

2.

8.970
-0.193
-0.142
-0.013
-0.173
-0.207
-0.260
-0.280
-0.278
-0.379
-0.378

=0.252

$1p

.

O DonoODBOOCOOW
3eEG88EYE8

5

wheelbase Statistics

Spesds
<3

.

-
» 5w

ooboa

.
JNBRBESRYY
Yovecvovovw

[
.

o@@oo

JdseREssNY

{4

Figure 45. MKeasurement Accuracy Versus Speed (MPE)
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Table XVI. Accuracy Summary for PAT AVC-160 (L-P-L)

2nd 48-Hour Test

Air Temp
60-69 0.24 76.6 95.5 -0.291 | 0436 *
70-79 0.60 76.1 94.9 -0.253 | 0412 i
80-89 0.60 719 95.6 -0.193 | 0.403
Pav Temp
60- 69 027 76.3 948 -0327 | 0332
70- 79 0.15 779 9.0 | -0269 | 0.428
8O- 89 057 776 95.1 -0245 | 0422 *
o3- 99 0.73 7549 951 -0250 § 0425
100-109 0.72 759 943 0223 | 0426
110-119 0.64 724 952 0221 t 0316
T Doss Not Mcasure Qver ehicle Length
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5253 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification

accuracy, vehicle count and axle count are summarized in Table XVII. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference {ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

firgt and last of the seven days,

Table XVII. Long-Term Count/Classification Accuracy
PAT AVC-100 (L-P-L)

Total Total
I Difference | o
Vehicles
Axles 156689 N/A N/A N/A 100.12 N/A
Class 1 “ 93 11 82 84545 1300.00 600.00
Class 2 29130 39145 -10015 74.82 75.73 74,60
Class 3 18047 7929 o8 | 2761 208.65 207.11
Class 4 133 7 54 16835 127.27 13333
Class 5 1822 239 1583 762.34 40732 2.2
Class 6 726 723 3 100.41 103.70 10333
Class 7 T8 1 7 800.00 - -
| Class 8 837 1652 815 5067 . 65.14 59.01
Class 9 9627 9524 103 101.08 100.82 100.84
| Class 10 104 62 2 167.74 166.67 14167 |
Class 11 249 244 5 102.05 100.00 10227 1
Class 12 70 77 7 90.91 10833 92.86
Class 13 0] 24 -24 0.00 0.00 0.00
Class15 |  ¢© 924 924 000 0.00 000
110
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5.2.6 Mitron Systems Corp. MSC-3000 DCP

The Mitron Systems Corp. model MSC-3000 DCP classifier used a P-P sensor
configuration with Autologger MINI axle sensors. The MITRON dlassifier did not generate
vehicle-by-vehicle records for detailed comparison. It produced only binned records at 15

minute intervals.

The Mitron classifier was inciuded in the first 48-hour test. Piezoelectric axle sensor
failures resulted in Mitron withdrawing its classifier from the project prior to the second
48-hour test and the 7-day test.

The data recorded by the classifier was sent to Mitron Systems for reduction into the
binned data format. The resulting binned data is summarized in Table XVIII. The counts
included in the summary are all time periods where both the classifier and the pole camera

are operating without gaps {i.e. gaps caused by tape changes).
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Table XVIII. Binned Count/Classification Accuracy
Mitron MSC-3000 DCP - 1st 48-Hour Test

S B T
Total Total Total Total
Grnd Truth Classifier Difference Percent
# Vchicles 15886 16461 -575 96.51
# Axles 42799 N/A N/A N/A
Class 1 14 26 c-12 53.85
Class 2 6851 9702 -2851 70.61
Class 3 4493 1993 2500 22544
Class 4 62 117 -55 5299
Class 5 628 581 47 108.09
Class 6 410 420 -10 97.62
Class 7 0 0 0 -
Class 8 264 361 -7 73.13
Class 9 2987 3100 -113 96.35
Class 10 31 23 8 134.78
Class 11 89 101 -12 88.12
Class 12 25 28 -3 89.29
Class 13 0 9 -9 0.00
Class 15 32 0 32 -

112




- e am

£.2.7 Electronic Control Measure HESTIA

The Electronic Control Measure model HESTIA classifier used a P-L-P sensor
configuration with ECM PB2N33/25 piezoelectric axle sensors. The results of this classifier
are presented below. "

52.7.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 46, The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 67.5% of the vehicles (86.4% if class 2-3
errors not included). The number of vehicle axles was miscounted 10.05% (percent sensor
errors) of the time. About 2.2% of the vehicles classified by the HESTIA were the result
of a suspected split or combination.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 47. The HESTIA classifier measures axles spacings, wheelbase length, and overall
vehicle length. The measurement error statistics {mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed {mph). Note that all measurements are in feet.

Table XIX contains a summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement |
temperature.
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Axles Spacing Statistics

theelbase $tatistics

Speeds
<30
30.0-34.9
35.0-39.9
&D.0-44 .9
AS.0-4%.9
50.0-54.9
55.0-59.9
80.0-64.9
65.0-69.9
70.0-74.9
75.0-79.9
80
Oversll

Haan 14 Veh
0.660 1.6 4B
0.000 C.000 )
0.540 0.000 1
0.113 ©0.082 3
p.0%  0.574 r
0.127 0.385 154
0.112  0.494 5
0.09 0.89% 1“7
0.126 D.655 D4k
0.204 0.654 258
0.155% 0.304 45
0.602 0.770 6
0.126 0.732 3244
Mean $70°  Vehicles
8.742  1.29% 48
0.000 0.000 0
0.540 0.000 1
0.227 0.231 3
0.163 0.973 27
0.273 0.572 154
0.221  0.687 579
0.182 1.308 "7
0.189  D.796 Q4s
0.238 D.4699 258
0.165 ©0.325 13
o602 0.770 (]
0.20% 0.990 3244
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0.602
1.795

0.598

Hean

125.3%

0.000
9P bbb

98.941

¥2.95

00,870

$TD

3.13¢%
0.000
6.000
1.020
2.049
1.4B5
1.504
1.808
2.954
1.256
1.260
2.040

2.157

-
»iv

M3~369g
KrdNYg8y

0~Otn?-nat:a

g

Measurement Accuracy Versus Speed (¥FPH)

ECM HESTIA -

[y

| i)

"

1st 48-BHour Test

vehicles
4B

3244

Parcent!le Statistics




Table XIX. Accuracy Summary for ECM HESTIA

1st 48-Hour Test

0-20 5.78 73.1 92 0050 | 0492 | 0538 | 1296 | 10284 | 694
20-40 10.41 66.0 856 | 0112 | 0708 | o585 | 227 | 10301 | 836 |
40-60 L2 75.5 855 | 0128 | 1.064 | o666 | 2351 | 10051 | 581
60-80 28.21 69.2 795 0155 | 1075 | 2031 | 2730 | 1387 | 492
Air Temp
50-59 57.14 143 28.6 2495 | 3253 | 12450 | o00* {12213 | 00*
60-69 11.83 76.3 86.1 0114 | 0934 | 0672 | 2092 | 10162 | 533
" 70-79 4.74 743 93.0 0128 {0335 | 0620 | 1200 | 10276 | 6.12
L8083 11.83 636 838 0114 L o8 o568 | 2507 ) ima2 ) 93¢
Pav Temp
60- 69 48.48 424 515 0509 | 22221 1225 | 4078 | 10059 | 9.70
70- 79 9.15 783 887 | 0108 | 08371 0693 | 1980 | 10184 | 520
80- 29 497 715 927 | oo {03! o5 | 12313 | 10054 | 587 |
90- 99 395 73.5 92.9 0137 | 0230 | o719 | 1076 | 10329 | 581
100-109 9.37 623 871 0136 | 0614 | 0703 | 1440 | 10377 | 796
10-119 | 1572 587 79.1 0000 | 1.107 | 0400 | 3387 | 10274 | 11.40
¥ Only 1 Vehide Measured .
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5272 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 48. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 72.0% of the vehicles (94.3% if class 2-3
errors not included). The number of vehicle axles was miscounted 6.70% (percent sensor
errors) of the time. There were less than 0.7% of the vehicles classified by the HESTIA
that were the result of a suspected split or combination.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 49, The HESTIA classifier measures axles spacings, wheelbase length, and overall
vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XIX contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axies Spacing Statistics

Speeds Mean s Veh Axle_Spacings

<30 0.443  1.516 12827 22174
30.0-34.9 0,000 O.000 o 0
35.0-39.¢ 0.000 O.000 G 0
40.0-44.% 0,000 0.000 o 0
45.0-49.9¢ D0.000 0.000 0 1}
$0.0-54.9 1,800 D,000 4 1
55.0-59.% 0.000 O0.000 o o
60.0-64.9 2.130 0.000 1 1
65.0-69.¢ 0.000 (.000 0 0
70.0-74.9 -2.825 0.995 2 4
75.0-T9.9 1,843 0.288 3 3

*30 -3.32¢ 1.186 4 4%
Overatl 0.441 1.519 12848 22195

Wheeibase Statistics
Speeds Mean £TD Vehicles

<0 20.158 19.208 12827
30.0-34.% 0.000 0.p0O0 0
35.0-39.9 0.000 0.000 e
40.0-44.9 0.000 ©.DO0 0
45,0-49.9  0.000  0.000 0
50.0-54.9 6.280 0.00% 1
55.0-5¢.% 0.000 ©.000 0
60.0-64.9 6.020 0.000 1
65.0-69.9 0.000 0.000 0
T0.0-74.9 0.375 0.543 2
T5.0-T9.¢  1.893 0.847 3

>80 g.711  1.40% %
Dverall 20.127 19.208 12848
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fength Statistics

Speeds Maan $70
<30 2.242 3,061
.0-34.% 0,000 0.000
0-39.9  0.000  D.000
0-44.9 0.000  0.000
.0-49.9 0,000 0.000
.0-54.9 5.520 0.0
.0-59.9 0,000 D0.000
0-64.9 4,350 0.001
.0-6%.9 D0.000 0.000
0-74.9 -6.705 1.475
D109 2,567 1.589

80 -5.186 3.1

Dveratl 2.232 3.073

Vehicles
12827

PFWHUNDA02D0000

]
[ S
o

tength Percentile Statistics

Speeds Mean STD
<30 114.35  16.0%
.0-34,9 0.000 ©.000
.0-3%.¢ 0.000 0,000
JLO-44.9  0.000 0,000
L0-49.9  0.000 0.000
.0-54.9 131,149 0.000
.0-5¢.% 0,000 0.000
J0-64.9 128.202 ©0.000
.0-69.9 0.000 0,000
LB-T4.© 71,401 B 54D
0-79.9 B7.6T3  7.25%
»80 77.83 14,29

Overall 114.30  16.07
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Vehicles
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Table XX. Accuracy Summary for ECM BESTIA
2nd 48-Hour Test

0-20 06.55 699 043 | 0508 | 1349 | 2232 | 2910 | 11562 | 1639
20-40 07.00 742 94.4 0403 | 1548 | 2220 | 3130 | 11314 | 1548 ]
l 40-60 05.08 79.2 94.8 0252 | 1874 | 2174 | 4127 | 10935 | 1443
Air Temp
60-69 05.03 70.5 93.7 0449 | 1496 | 2310 | 3.059 | 11486 | 1647
70-79 06.11 720 94,1 0420 | 1392 | 2193 | 3116 | 11421 | 16.13 ,l
80-89 10.17 74.4 963 0457 | 1904 [ 2186 | 2942 | 11378 | 1542
Pay Temp
| 060 343 69.6 936 | 0383 [ 1198 | 2335 | 329 [ 11565 | 1732
70- 19 526 731 943 0423 | 1.748 | 2246 { 3141 | 11339 | 15.76
80- 89 598 T3.4 943 0420 | 1292 | 2223 | 3010 | 11401 | 16.06
90- 99 6.91 715 94,0 0452 | 1282 | 2259 | 2883 | 11459 | 15.61
100-109 8.76 723 94.5 0460 | 1646 | 2122 | 3280 | 11406 | 1575
110-119 741 67.7 95.7 0515 | 1617 | 2160 | 2506 | 11658 | 1754
—— p—
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5273 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are summarized in Table XXI. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the
first and last of the seven days.

Table XXI. Long-Term Count/Classification Accuracy
Electronic Control Measure HESTIA

Total Total Total 1st Day Last Day
Grnd Truth | Classifier- Difference Pcrccn .
Axles 162780 148081 14699 109.93 110.01 108.78
Class 1 101 ¢ 101 - - -
i Clacs 2 30500 47439 -16939 64.29 64.47 64.01
lf Class 3 19015 2660 16355 714.85 622.16 655.24
lﬁlass 4 135 9986 -9851 1.35 0.50 0.87
Ciass 5 1897 55 1842 3445.05 342000 2875.00
Class 6 738 3 507 315.43 254.76 305.00
Class 7 8 63 -55 12,70 18.18 7.69
Class 8 848 0 848 -- - -
| Class 9 9304 0 9804 - - -
i Class 10 106 0 106 - - - —“
Class 11 253 1] 253 - - -
Class 12 69 0 69 - - -
Class 13 0 0 Q - - - |
Class 15 0 12 -12 0.00 -- (.00 u
om e arre— o
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5.2.8 TimeMark, Inc. Delta II

The TimeMark, Inc. model! Delta I classifier used a P-P sensor configuration with
Philips Vibracoax piezoelectric axle sensors. The results of this classifier are presented
below.

5.28.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 50. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 78.9% of the vehicles (94.4% if class 2-3
errors not included). The number of vehicle axles was miscounted 2.83% (percent sensor
errors) of the time. Approximately 1.3% of the vehicles classified by the Delta II were the
result of a suspected split or combination.

There were more than 3600 vehicles missed (see "#Missing Vend:" in Figure 50) by
this classifier that were recorded on video tape. Most of the other vendors {with no gaps
in recording time) missed less than 2000, most of which can be accounted for by lane
changes. By reviewing binned data for this classifier and the ground truth data, it was found
that roughly half of the class 2 and 3 vehicles were missed by this classifier. Apparently, the
sensitivity of the sensors and classifier electronics was not sufficient to detect a large number
of the passenger cars and small trucks. While the classification accuracy of those detected
was fairly good, a large number of vehicles were missed by this unit.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 51. The TimeMark classifier measures axles spacings and wheelbase length. The
measurement error statistics (mean and deviation) for all measurements are included in the
figure as a function of measured vehicle speed (mph). Note that all measurements are in
feet.

Table XXII contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axles Spacing Statistics

Spescis Mean

<30 0.000
30.0-34.9 0.000
35.0-39.9 0.000

40.D-4L 9 0.100
45.0-49.9 .37
50.0-54.9 0.13%
55.0-59.9 0.435
60.0-64.9 D.D39
65.0-69.9 D.072
70.0-74.%  ©.059
75.0-79.9 D0.070

>80 0.002

Overall b.124

1)

0.000
0.000
0.000
0444
0.320
0.356
7.819

Veh  Axie_Specings

0 0
0 0
o o
1 &
10 22
L2l 253
638 1638

0.662 2641 6366
0.592 2093 3a34

0.351
0.316
0.339

.17 1150
113 122
42 &2

2.™ 6506 13431

Wheribere Statistics

Speeds Hean
<30 0.000
30.0-34.9 0.000
35.0-39.9 0.000
40,0-44.9 0.400
45.0+49.9 0.302
50.0-54.9 0.385
55.0-59.¢ 1,115
60.0-64.9 0.214
65.0-69.9 0.132
70.0-74.9 0.078
75.0-79.9 0.075
*»80 2.002
COverall 0.256

Figure 51. Measurement Accuracy Versus Speed (MPH)
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Table XXII. Accuracy Summary for TimeMark Delta II
1st 48-Hour Test

0.124
% Trucks
0-20 2.77 763 943 0.121 0.496
20-40 291 788 94.59 0.078 | 0.646 * *
40-60 341 86.3 922 0.060 | 0.363 |
60-80 0.53 931 963 0875 t 2.4 i
Air Temp
50-59 3.66 76.6 90.5 0062 | 0371
60-69 36 819 95.1 0061 | 0.649 * .
70-79 295 Ti6 939 G.086 | G487
80-89 268 783 948 | 0088 | 0684 ?
f Pav Temp
60- 69 116 90.7 94.8 0.553 | 9.668
70- 79 350 816 94.6 0076 | 0.634
80- 89 356 78.1 93.8 0075 | 0501 * .
90- 99 2.50 782 94,2 G.077 { G445
100-109 2.65 774 94.7 0.101 ) 0642
110-119 2.56 T8.9 951 § 0088 | 0761
oes Not mcmate Eem-\‘&- Le

*—

ngt]

et
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5282 - Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles {rpnl and vendor), mistyped vehicles, sensor errors, éxtra vendor vehicles, mL:SLLO

SehLliAnAd R4 RELL BRANS VWLiNelsd gy SLALSRF LS ¥ S AL S LTy AL A WALSNILJy wesudids L L

vendor vch1cles correctly classrﬁed vehicles, suspected splits and suspected combinations are
presented in Figure 52. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 77.3% of the vehicles (94.6% if class 2-3
errors not included). The number of vehicle axles was miscounted 1.97% (percent sensor
errors) of the time. Approximately 1.3% of the vehicles classified by the Delta II were the

result of a suspected split or combination.

There were more than 11,600 vehicles missed (see "#Missing Vend:" in Figure 54)
by this classifier that were recorded on video tape. Most of the other vendors missed less
than 2000, most of which can be accounted for by lane changes. By reviewing binned data
for this classifier and the ground truth data, it was found that roughly half of the class 2 and
3 vehicles were missed by this classifier. Apparently, the sensitivity of the sensors and
classifier electronics was not sufficient to detect a large number of the passenger cars and
small trucks. While the classification accuracy of those detected was fairly good, a large
number of vehicles were missed by this unit.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 53. The TimeMark classifier measures axles spacings and wheelbase length. The
measurement error statistics (mean and deviation) for all measurements are included in the
figure as a function of measured vehicle speed (mph}. Note that all measurements are in

feet.

Table XXIII contains a summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement

temperature.
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Time interval: 2
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Axles spacing Stetistics

Speads Hean $TD Veh Axls_Spacings
<430 £.000 0.000 0 )]
30.0-3..9 0.000 ©.000 0 0
35.0-3%.% 0.000 0.000 0 0
40.0-44,9 -0.207 0.918 3 3
£5.0-49.9 -0.035 0,37 14 28
50.0-5¢.9 0.023 0.419 134 323
55.0-59.9 0.011 0.476 Ti5 1870
60.0-64.% -0.016 0.413 2673 6841
£5.0-69.9 -0.033 0.413 1946 b 141"
T0.0-74.9 -D.04é 0.366 i 1027
75.0-79.9 -0.066 0.376 90 100
»30 -0.051 0.316 34 34

Overall «0.018 0,419 £330 1305

Wheelbase Statistics

Speads Hean $1D Vehicles
<30 0.000 0,000 0
30.0-3..9¢ 0.000 0,000 0
35.0-39.% 0.000 0.000 ]
40.0-44.9 -D.207 0.918 3
45.0-49.9 -0.071  0.450 14
50.0-54.9 0.058 D.497 134
55.0-59.9 0.027 0.616 715
60.0-64.9 -0.040 0477 2673
65.0-49.9 -0.062 D.454 1946
70.0-74.9 -0.059 D.349 ™
75.0-79.9 -0.07& 0.343 )
80 -0.051  0.316 34

Overall -0.040 D474 6380

Figure 53. Measurement Accuracy Versus Speed (HPH)
TimeMark Delta II - 2nd 48-Hour Test
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Table XXIH. Accuracy Summary for TimeMark Delta II
2nd 48-Hour Test

| e N e T
Sensor | Correct | Correct | Axle | Axle | Length | Length | %L %L
Mean | SD. sD.
-0.018 | 0.419
% Trucks
0-20 1.81 74.7 952 | -0011 | 0408} * . . «
20-40 2.17 789 935 | -0.022 | 0.439
| 4060 2.53 88.8 961 | -0.042 | 0373 |
i
l Air Temp
60-69 2.18 7.7 939 | -0.027 | 0.404 * « » *
70-79 1.79 76.6 948 | 0018 | 0423
80-89 253 76.4 046 | 0008 | 0433
Pav Temp
60- 69 2.05 824 944 | -0.041 | 0.409
| 70- 79 1.75 81.7 941 | -0.015 | 0.407
80- 89 2.96 78.5 940 | -0.019 | 0.464 . . * -
90- 99 1.62 74.7 935 | -0019 | 0403
100-109 1.65 154 949 | -0.012 | 0343
110-119 1.66 77 973 | 0011 | 0382
- * . Does Not Measure Gverall Venicle Le
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5283 Seven-Day Test X

The results of the 7-day test to determine long-term statistics on classification

accuracy, vehicle count and axle count are summarized in Table XXIV. The totak for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

first and Iast full days recorded of the seven days.

Table XXIV. Long-Term Count/Classification Accuracy
TimeMark Delta IT

—
Total Total Total Last Day
Grnd Truth Difference Percent Percent
Axles 140170 75831 64339 184.85 1232 20887
Class 1 83 292 -204 30.14 30.00 1149
Class 2 26840 12876 13964 20845 213,69 298.58
Class 3 16803 3754 13049 447.60 44417 56724
Class 4 119 358 -239 33.24 35.19 2424
' Class 5 1555 or7 578 159.16 86.02 202.25
IFCh& 6 Ell; 591 659 -62 90.59 96.55 8889
Class 7 6 2 4 300.00 - 100.00
Class 8 589 "6 80 11314 11832 147.62
Class 9 8119 6591 1528 123.18 11872 137.25
Class 10 91 42 49 216.67 200.00 300.00
Class ii 209 167 42 12515 117.50. 13438
Class 12 57 50 7 114.00 130.00 130.77
Class 13 0 12 -12 0.00 0.00 0.00
Class 15 _II 0 0 0 - - -
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5.2.9 International Road Dynamics, Inc. TC/C 530-4D/4P/4L. (PR-L-PR)

The International Road Dynamics, Inc. Model TC/C 530-4D/4P/4L classifier was
tested with two separate sensor configurations. The first configuration used a PR-L-PR
sensor configuration using Dynax AS-400 resistive piezoelectric (PR) axle sensors. The
results of this classifier and sensor configuration are presented below.

5.29.1 First 48-Hour

L

est

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 54. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 69.3% of the vehicles (88.4% if class 2-3
errors not included). The number of vehicle axles was miscounted 8.89% (percent sensor
errors) of the time. Less than 1.3% of the vehicles classified were the result of a suspected
split or combination of an actual vehicle. This IRD unit missed a larger number of vehicles

than expected.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 55. The TC/C 530-4D/4P/4L classifier measures axles spacings, wheelbase length,
and overall vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXV contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axles Spacing Statistics

Speeds Hean 87D Veh
<30 2.115 5.082 8
30.0-34.9 0.000 0,000 0
35.0-39.9 0.300 0.200 1
40.0-44.9 0,206 0.312 13
45.0-49.9% 0.202 0.270 &5
$0.0-54.9 ©.150 ©0.355 327
55.0-59.¢ D0.168 0.423 1404
60.0-64.9 0.158 0.8%0 3227
45.0-69.9 0.151  0.636 3082
70.0-74.9 0.150 D.&416 1203
75.0-79.9  0.179  0.327 206
»30 0.16% 0.306 3
Overall 0.159 0.578 973
Wheeibese Statistics
Speads Nean $TD Vehicles
0 2.907 11.4%% ]
30.0-34.9 0.000 0.000 0
35.0-39.9  0.800 D.00D 1
40.0-44.0 D423  0.224 13
45.0-49.9 0.3¥56 0.335 &9
50.0-54.9 0.294 0.325 327
55.0-59.9 0.3%1 0,353 1404
60.0-64.9%  0.287 0.B00 Xaz7
&5.0-69.9 0.222 0.807 3082
70.0-74.9% ©0.175 D.434 1203
B.O-7®.7 0.188 0,330 206
30 0.181  0.306 13
Overall 0.256 0.773 573
Figure 55,

IRD TC/C 530-4D/4P/4L (PR-L-PR)

Axie_Spacings

n

0

2
Fid
122
6419
2595
$842
4532
1396
216
33

154617
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Length Statistics

Spesds

&

]
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covasbooo00
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Length
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o
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o
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Mean

3.01%
0.000
8.770
2.952
-1.006
-0.370
-0.483
-0.712
-1.878
-2.728
-2.037
-1.830

~1.321

$TD

24.029
6.00D
g.002

18.915

13,535

14.020

V4,158

12.626
9.549
6.450
3.878
$.81%

11.302

Vehicles

8

0

1

13
&9
327
1404
3227
3082
1263
206
33

9573

pPercentile Statistics

Mean

60.T1
0.000
147,663

1320 140

LE - g

104.251
105.518
105.300
102.362
4. 574
88,465
29.575

91.12

98.35

Measurement Accuracy Versus Speed

- 18t 48-Eour

§$TD

67.81
0.000
0.040
102.212
56.669
£3.187
64.520
59.012
42.851
19.976
21.583
14.65

51.48

(MPH)
Test

Vehicles




Table XXV. Accuracy Summary for IRD TC/C 530-4D/4P/4L
(PR-L-FR) 1st 48-Hour Test

Sensor | Correct | Correct | Axle | Axle | Length | Length %L %L
(n023) | Mean | SD. .
0-20 552 69.8 916 0.186 | 0458 | -1.760 9.097 9404 | 4178
I 20-40 7.54 70.8 89.7 0153 | 0.607 | -1140 | 11748 | 9%.79 | 53.77
40-60 33.99 522 640 0160 | 0240 | -2501 9.544 9147 | 38.04
60-80 45.88 382 529 0106 | 0537 | -3205 | 11.505 | 9235 | 4293
Air Temp
50-59 13.54 582 842 0.154 | 0310 | -2.836 6.852 8836 | 2275
60-69 13.16 65.6 83.6 0142 § 0716 | -1.760 | 11485 | 9698 | 50.14
l 70-19 6.46 71.4 %.2 0.156 | 0405 | -1.127 | 11.967 | 100.30 | 55.80
80-89 5.56 73.8 919 0.165 | 0637 | -0909 | 11.523 | 10021 | 53.81
Pav Temp
60- 69 18.54 53.5 78.4 0.19% | 0.761 | -2414 7.947 9105 | 29.20
70- 79 14.23 65.5 B2.5 0.129 | 0584 | -1.817 | 11533 | 9686 | 5057
80- 89 873 69.1 88.2 0.135 | 0322 | -1.248 | 11326 | 99.04 | 5257
90- 99 394 73.7 923 0169 | 0764 | 0997 | 12690 | 10191 § 59.72
100-109 370 74.6 93.8 0.167 | 0.511 | 0.808 | 12650 | 10145 | 57.36
110-119 6.88 735 90,9 0.165 | 0.590 | 0925 | 10.770 | 9940 | 51.23
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5292 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicies, sensor errors, exira vendor vehicles, missing
vendor vehicles; correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 56. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 72.6% of the vehicles (92.9% if class 2-3
errors not included). The number of vehicle axles was miscounted 5.35% (percent senser
errors) of the time. There were less than 0.5% of the vehicles classified that were the result
of a suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 57. The TC/C 530-4D/4P/4L classifier measures axles spacings, wheelbase length,
and overall vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXVI contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axies Spacing Statistics

Mean $TD Vah
<30 4,58 7.5M 13
30.0-34.9 B.16% 5,037 3
35.0-39.9  0.000 ©.000 0
4G.0-44.9 0.061 0,544 1"
45.0-49.9 0.099 D.324 ™
50.0-54.9 0.107 0.377 532
55.0-59.9 ©0.100 0.386 1950
60.0-64.9 0.0B7 0.356 439%
65.0-69.9 0.086 0.357 4320
70.0-74.9 0.086 0.351 1655
75.0-79.9  0.090 0.260 260
80 0.095 0.489 &2
Overatl 0.09% 0515 13264
Wheelbase Statistics
Speeds Mean sTD Vehicles
<30 7.757 15.932 13
30.0-34.9 29.953 34TV 3
35.0-39.9 G.000 O0.00C 0
&0.0-44.9 D.094 0.562 1
45.0-49.9 0.151 0.288 79
50.0-54.9 0.192 0.348 532
55.0-59.9 0.177 0.356 1950
60.0-64.9 0.150 0.305 4399
65.0-69.9 0.121 0.317 4320
70.0-74.9 0.099 0.335 1655
75.6-T9.9 0.096 0.241 260
>80 0.095 0.489 42
Overall 0.153 0.783 13264
Pigure 57.

IRD TC/C 530-4D/4P/4L (PR-L-PR)

Axie_Spacings

22
"

0

17
120
955
3426
7611
6078
1909
280
42

204714
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34.960

0.000

0.883
-2.419
-0.657
-1.186
-1.565
-1.870
-2.781
-2.915
-2.078

-1.739

sTD

32.407
3.250
0.000

10.818
6.952

13.238

14,202

11.737
9.625
6.377
5.684
1.550

10.952

Vehicles

7

3

0

11
™
532
1950
4396
4319
1655
260
41

13253

Length Percentile Statistics

.0-

Mean

270.92

$TD

365.99
1.714
0.000

42.429

35.324

64.212

64.335

56.811

45 .91

25.823

19.372
14,09

52.28

Measurement Accuracy Versus Speed (MPH)

2nd 48-Hour Test
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Table XXVI. Accuracy Summary for IRD TC/C 530-4D/4P/4L
(PR-L-PR) 2nd 48-Hour Test

Sensor | Correct | Correct Length | Lengit i %l
(no 2,3}
Total 52728
% Trucks .
0-20 358 T2.4 94.7 0100 [ 0445 | -1.856 0.758 04.19 | 47.46
‘ 20-40 517 M6 92.9 0083 | 0378 | -1.581 12.028 9834 | 5554
40-60 271.07 574 70 0299 1677 { -1874 13.981 10129 | 7135
h Air Temp
60-69 9.6% 673 889 0.120 { 0.752 | -1.999 Q.75 5409 | 4929
70-79 3.99 4.1 94.0 0076 | 0395 | -1.701 11.412 9686 | 5327
h 80-89 230 71.2 96.0 0.131 { 0421 | -1458 | 11.132 } 9730 } 53.46
Pav Temp i
60- 69 10.19 66.4 88.6 0.129 | 0.734 | ~1.942 9.435 93.93 | 45.03
L T0- 719 11.25 67.6 874 0115 | 0.718 | -1.932 10.762 9554 | 53.79
‘ 80- 89 327 75.9 95.1 0075 | 0357 ] -1834 12.190 98.28 | 56.03
90- 99 193 749 95.7 04872 103821 1244 | 1060 9762 | 53.78
100-109 2.13 156 95.7 0.110 | 0.401 -2.032 10.650 9451 4730
110-11% 1.54 745 a7.1 0.087 | 0362 | -1.531 11.255 96.21 5598
|=-|—'7 __*_—
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5293

The resuits of the 7-day test to determine long-term statistics on classification

Seven-Day Test

accuracy, vehicle count and axle count are summarized in Table XXVII. The totals for the

Y wrasaeine wos eeiil Saeas

entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / ciasszﬁcr) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

first and last of the seven days.

Table XXVII. Long-Term Count/Classification Accuracy
IRD TC/C 530-4D/4P/4L. (PR-1-PR)

Total
Classifier

Total

Total
Percent

1st Day
Percent

Vehicles I 02,

i Axtes 157450 N/A N/A N/A 95.39 N/A
Class 1 101 97 4 104.12 81.25 85.71
Class 2 29377 39427 -10050 74.51 74.39 7520 |
Class 3 18134 7558 10576 23993 2811 207.44 |
Class 4 134 39 95 34359 23333 2857 |
Class 5 1855 719 113 758,00 14128 6118 |
Class 6 729 686 a3 10627 110.64 108.77
Class 7 9 127 118 7.00 7727 9.09
Class & 832 1061 229 78.42 97.87 90.27
Class 9 9627 7326 2301 13141 144.44 127.30
Class 10 107 386 279 172 2667 26.56

| Class 11 242 386 76 76.10 100.00 90.00
Class 12 67 300 233 233 28.57 2131
Class 13 1501 1501 0.00 0.00 0.00

0 0 - - -
T — - o
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5.2.10 International Road Dynamics, Inc. TC/C 530-4D/4P/4L (P-L-P)

The second sensor configuration used with the International Road Dynamics mode
TC/C 530-4D/4P /4L classifier was P-L-P using Philips vibracoax axle sensors. The results
of this classifier and sensor configuration are presented below.

52.10.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 58. The classification matrix is presented in both absolute numbers, and
percentages, The classifier correctly classified 70.8% of the vehicles (89.7% if class 2-3
errors not included). The number of vehicle axles was miscounted 7.25% (percent sensor
errors) of the time. There were less than 1.0% of the vehicles classified that were the result
of a suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 59. The TC/C 530-4D /4P /4L classifier measures axles spacings, wheelbase length,
and overall vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXVIII contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Classification Matrix for IRD TC/C 530-4D/4P/4L

Pmistyped:

Soaranr Bres

B

Missing Vend:

#Correct:

#endor:
#Sextra Yand:
wsplits:
Wonbinations:

WReal:

Figure 58.




Axles Specing Statistics

Mean $TD

8.598 10.973
8.026 2.622
0.286 0.%6%

0.414 0.558

0.165 0.314
0.136 0.5%1
0.971  D.hiD
0.132  0.5601
0.106 0.%88
0.034 0.557
-0.091 0.903
0.197  0.18%

0.13% 0.7T26 11814

Vheslbase Statistics

Spesds

<30
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.0-35.9
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T4
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AIAKBUBEENE
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0
0
0
1
.0

0
.0
.0
H-T9,
80

overall

¢
4
9
9
9
4
9
9

Mean sTD Vehicles

27.945 18.014
32.102 0.822
0.710¢ 0.110
0.795  1.109
0.305  0.211
0.381 0.827
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0.250 0.797
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0.103 0.T54
-0.108 1.445
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3
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Length Statistics

Mean SO

36.280 11.961
40,598 T.754

4.155 5.315

4.B82 15.566
-0.987 1T.623

0.298 4.T91
-5.299 13.7D8
-0.642 12.753
-1.804 9.533
-2.294 7.251
-1.559 7.482
~4.580 11.714

1,15 11423

Mean ST

218.95 136.20
.9 250.692 84361

125.312 8.1

127.585 84L.545
107.343 &9.720
108,952 66.943
105.853 63.239
103.210 $0.397
95.026 42.95%
90.793 30.736
93.485 37.820
85.97 1835
99.38

. 52.81

Measurement Accuracy Versus Speed (MPH)

ist 48-Hour Test
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Table XXVIII. Accuracy Summary for IRD TC/C 530-4D/4P/4L
(P-L-P) 1st 48-Hour Test

Toial 7.2 [V R.] > N $.13% U, i 2 -1.145 11423 s 5281
% Trucks
0-20 3.70 n3 932 0.155 | 0482 | -1.546 9.088 95.15 | 4327
20-40 6.33 na 90.7 0132 | 0690 | -1.045 11.884 | 10039 | 54.96
40-60 2202 64.1 75.6 0.162 | 1199 | -0.986 12568 | 10165 | 5669 ||
60-80 3120 55.4 65.7 0146 | 1.144 | -1.593 | 12.152 | 10057 | 51.01
Air Temp
50-59 8.41 653 89.4 0.125 | 0634 | -2083 8.809 9347 | 39.51
50-62 1315 §7.2 g18 0115 1 1000 1 -1340 12.084 9956 | 5497
70-79 8.86 693 879 0.134 | 0492 | -1.065 12.023 | 100.19 | 5555
80-89 3.00 75.2 938 0.151 | 0680 { -0.845 11571 | 10076 | 54.41
Pav Temp
60- 69 13.79 623 835 0117 | 0.791 | -2.017 9.423 95.02 | 40.61
079 1139 68.6 853 0115 { 1.020 | -L177 12302 | 100.01 | 5655
80- 82 10.06 68.2 B6.9 0.108 § 0.502 § 0946 12244 | 10106 | 5792
90- 99 6.57 713 50.0 0.140 | 0431 § -1207 12256 | 10038 | 3582
i 100-10% 274 74.8 94.4 0.157 | 0482 | 0.795 12171 | 101,13 | 5584
i 1i0-11% Z.82 757 93.7 0.i56 ) 0.8i18 | -0.785 10.507 | 10036 | 5262
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52.102 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of vehicles
(real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing vendor
vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 60. The classification matrix is presented in both absolute numbers, and
percentages, The classifier correctly classified 73.8% of the vehicles (93.9% if class 2-3
errors not included). The number of vehicle axles was miscounted 4.37% (percent sensor
errors) of the time. There were less than 0.5% of the vehicles classified that were the result
of a suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 61. The TC/C 530-4D/4P/4L classifier measures axles spacings, wheelbase length,
and overall vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXIX contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axles Spacing Statistics

Speeds Mean $TD Veh Axle_Specings

<0 -1.55¢ 0.73 & &
30.0-34.9 6.329 9.248 5 20
35.0-39.9 6.697 4.218 2 ]
40.0-44.9 -0.1T3  (.809 5 ]
45.0-49.9 0.028 0.429 63 104
50.0-54.9 0.035 0.457 441 766
55.0-5¢.9 0.01C 0.456 1693 3062
60.0-64.9 -0.006 0.437 4163 7558
65.0-69.9 -0.013 0.394% 4481 6509
70.0-74.9 -0.071 0.538 2037 2506
75.0-79.9 -0.372 1,052 35 &T4

80 -0.673  1.437 70 @i
Overall «0.014 0.6%0 1338 21110

Vheslbase Stotistics
Spewcis Hean $TD Vehicles

<30 -1.550 0,734 4
30.0-34.9 25.318 7.203 5
35.0-39.% 26.790 3.580 2
40.0-44.9 -0.276 0.651 5
45.0-49.9  0.04T 0.4 63
50.0-54.9 0.063 0.423 &
55.0-59.9 0.018 0.440 1693
60.0-64.9 -0.010  0.441 4143
&5.0-69.9 -0.018 0.393 4481
70.0-74.9 -D.0B? 0.764 2037
75.0-79.9 -0.459 1.&33 384

80 -0.874 2.620 70
Overall «0.023 0.864 13348

Pigure 61.

IRD TC/C 530-4D/4P/4L (P-L-FP)
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Length Statistics

Speeds Mean

<0 -1.835
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Table XXIX. Accuracy Summary for IRD TC/C 530-4D/4P/4L
(P-L-P) 2nd 48-Hour Test

Sensor | Correct | Correct | Axle | Axle | Length | Length %L ol
Errors {no 2,3} | Mean | S.D. | Mecan SD. Mean | S.D.
Total 437 738 93.9 0014 | 610 | 2152 | 10493 | 9421 | 4794
H
% Trucks
0-20 299 132 952 0001 | 633 | 2252 9326 9219 | 4353
20-40 526 4.9 931 0021 1 581 ] -1971 | 11564 § 9635 | 5215
40-60 1283 70.3 842 0074 1 626 | -2321 | 12864 | 99.09 | 56.08
Air Temp 'E
60-69 545 714 92.5 0024 1 744 | -2306 9,634 93.06 | 4424
70-79 437 742 94.0 0030 | 534 | -2.143 | 11.026 | 9468 | 49.76
80-89 2.80 76.8 95.7 0.040 | 603 | -2.030 9.847 9395 | 4641
Pav Temp
60- 69 423 ne 93.6 0016 | 793 | -1955 | 10302 | 9530 | 4896
70- 79 719 71.7 91.1 0046 | 620 | 2260 | 10393 | 9321 | 472
80- 89 553 741 930 0025 1 528 | -2116 | 11871 9567 { 52.17
90- 99 2.66 74.8 955 0018 1 739 | -1948 | 10259 | 59443 | 49.19
100-109 218 757 959 0.024 1 480 | -2.404 9.670 9226 | 4246
110-119 .58 754 979 o002 | 336 | -1.786 8.847 9297 | 4520
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5.2.10.3 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are summarized in Table XXX. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference {ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the
first and last of the seven days.

Table XXX. Long-Term Count/Classification Accuracy
IRD TC/C 530-4D/4P/4L. (P-L-P)

Total Total Total Total 1st Day Last Day
Grod Truth | _Classifier - I e

58925 2289 103.88 102.54 103.44

N/A N/A N/A 100,91 N/A

84 17 12024 92.86 120.00

38695 -9318 7592 76.42 77.13

7660 10474 236.74 225.98 208.79

41 93 32683 200.00 17178

794 1061 23363 12727 246.48

680 49 107.21 106.12 10333

24 -15 3750 60.00 50.60

111 -359 65.86 82.63 7523
7411 2216 129.90 12052 130.14

1690 -1583 633 637 523

370 -128 65.41 60.00 6522

94 -27 7128 80.00 7222

191 -191 0.00 0.00 0.00

¢ 0 - - -
e — —
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§.2.11 Golden River Traffic Ltd. Marksman 660

The Golden River Traffic Ltd. mode Marksman 660 classifier used a P-L-P sensor
configuration with Traffic 2000 axle sensors. The results of this configuration are presented
below.

52.11.1 First 48-Hour Test

The classification equipment was not functioning at the time of the running of the
first 48-hour test. Therefore, no data was collected or reduced for this test.

52112 Second 48-Hour Test

The classification matrix for the second 48 bour test and the summary of number of

vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendorvahicles corractly classified vehicles sugsnacted snlits and cncﬂggtgd combinations are

FRAAIUUL FRdllUaledy LAALAWRLLY LiGOSILIG ALLN ANy uuuj.rwuwvu Sp SRA A b aaad

presented in Figure 62. The classification matrix is presented in both absolute numbers, and
percentages. :

The classifier correctly classified 63.9% of the vehicles (82.3% if class 2-3 errors are
not included). The number of vehicle axles was miscounted 7.91% (percent Sensor errors)
of the time. There were less than 1.0% of the vehicles classified that were the result of a
suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 63.

The Marksman 660 classifier measures axle spacings and wheelbase length. The
measurement error statistics (mean and deviation) for all measurements are included in the
figure as a function of measured vehicle speed (mph). Note that all measurements are in

feet.

Table XXXI contains a summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement

temperature.
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#mistyped:

#sensor err
Missing Vend:

#axtra vend
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Classification Matrix for Golden River Marksman 660

Figure 62,

2nd 48-Hour Test
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Axles Spacing Statistics

Speeds

<30
30.0-34.

MQOOeVwoWwoo

Mean

-558.115 5
2.098

-26.070

-15.847
~7.32¢
=6.438
-2.803
«2.876
-2.501
-2.071
-1.278

-85.445 261.123

-4.625

wheelbase Statistics

VWoewnwvooooow

Figure 63. Measurement Accuracy Versus Speed (MPH)

Mean

-1674,345
£.295
-100, 185
-56.598
-23.280
-12,854
-4.587
-4.59%
-3.775
-2.601
-1.502
-162. 144

-7.07T8

$TD Veh  Axle_Spacings
91.180 6 18
13.125 [ 18
98.663 1% k-
T0.250 28 100
10.943 102 324
38.716 313 625
16.394 1146 1875
16.509 3241 5182
15.172 4075 6149
21.635 2099 25635
11.552 445 523
127 261
45,606 11607 17764
7D Vehicles
1736.790 3
11.000 6
260.605 19
130,700 28
16.209 102
75.988 313
13.629 1146
13.778 3241
11.416 4075
34.359 2099
9.046 445
592.644 127
88.453 11607

Golden River Marksman 660 -
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Table XXXI. Accuracy Summary for Golden River Marksman 660

2nd 48-Hour Test

— l
2040 830 66.0 828 -4.269 § 34.23
40-60 2687 510 62.7 -18.76 | 1224

Air Temp
60-69 11,61 599 78.2 -7.968 | 75.11
70-79 627 65.8 842 3396 | 27.16
80-89 602 65.0 84.6 -2.469 | 16.05

Pav Temp
60- 69 20.24 488 669 -2508 | 26.61
T0- 79 8.81 64.0 809 -5.601 | 60.09
80- 89 524 684 86.6 -2.975 | 1636
90- 99 552 67.0 B6.2 -3.445 | 3564
100-109 4.66 675 857 -2.586 | 15.85
!I 110-119 5.88 56.9 80.9 0794 | 12.97
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5.2.113 Seven-Day Test

The resnlts of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are summarized in Table XXXII. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

first and last of the seven days.

Table XXXTI. Long-Term Count/Classification Accuracy

Golden River Marksman 660

yanc—
Total Total Total Total 1st Day Last Day
Grnd Truth | Classifier Difference Percent Percent Percent
Vehicles 57803
Axles N/A
Class 1 99 220
Class 2 29457 32698 323 00,12 85.11 984S
Class 3 18347 7884 10463 232.71 207.58 211.03
Class 4 134 4467 -4333 3.00 238 2.58
|l Cass 5 1862 880 982 211.59 110.16 21472
Class 6 734 712 2 103.09 99.02 99.20
Class 7 9 37 -28 2432 100.00 12.50
ji Class 8 817 1851 -1034 4414 4770 45.75
“ Class ¢ 9508 7233 2275 13145 141.93 124.07
Class 10 102 283 -181 36.04 2407 60.71
Class 11 244 642 -398 38.01 2891 46.39
H Class 12 66 485 -419 13.61 9.09 30.95
H Class 13 ¢ 411 -411 0.00 0.00 0.00
" Class 15 “ 0 0 0 - - -
=
153




5.2.12 Diamond Traffic Products TT-2001 (Autologger Maxi)

The Diamond Traffic Products model TT-2001 classifier was tested using two
different sets of sensors. Each set of the sensors was used in a P-L-P configuration. The
first set of sensors used Autologger Maxi piezoelectric axle sensors. The results of this
classifier using the Autologger Maxi axle sensors are presented below.

52.12.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 64. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 73.1% of the vehicles (92.0% if class 2-3
errors not included). The number of vehicle axles was miscounted 3.17% (percent sensor
errors) of the time. There were less than 0.5% of the vehicles classified by the TT-2001 that
were the result of a suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 65. The TT-2001 classifier measures axles spacings, wheelbase length, and overall
vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXX contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature.
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Axles Spacing Statistics

Spesds Hearnt $TD Veh
<30 1.86%7  4.65¢% 16
30.0-34.9 4.188 5.095 6
35.0-39.9 3.929 7.993 16
40.0-44.9 1.886 3.450 23
45.0-45.% 0.57% Z.0M 60
50.0-54.9 0.152 0.938 383
55.0-59.9 0.211 5.640 1315
60.0-64.9 0.01% 0.480 kY4
65.0-69.9 -0.019 0.577 3895
T70.0-74.9 -0.127 1.43% 1798
75.0-79.9 -0.640 1.5669 469
>80 =1.519 3.4 173
Overalt G.011  2.340 12103
Wheelbase Statistics
Speads Hean $TD Vehicles
<30 2.55% B.59% 16
30.0-34.9 10470 11.944 .3
35.0-39.% %.331 12.28B 16
£0.0-££4.0 L X7 T.49% 2z
45.0-49.9 2,037 4.268 &0
50.0-54.9 0.337 1.577 383
55.0-59.% 0.441 12.888 1515
60.0-64.¢ 0.029 0.660 3749
65.0-69.9 -0.033 0.536 3895
70.0-74.9 -0.172 1.405 1798
75.0-79.9 -0.804 2.479 &69
*80 -1.851 2.928 173
Overall 0.020 &.773 12103
Figure 65,

Diamond TT-2001 (Autclogger)

Axle_Specings
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13%
852
3164
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589

212
22147

-
N

Length Statistics

Speeds Maan
< 4.239
30.0-34.9 22.640
35.0-39.9 13.127
40.0-44.9 5.37M
A3.0-49.9  6.627
50.0-54.9 1.471
35.0-5%.9 0.178
$0.0-64.9 -1.312
€5.0-69.9 -1.799
70.0-74.9 -1.855
75.0-70.2 -3 007
80 -2.164

Overall -1.271

$T0

25.328
16.251
22.17
26.835
18.561
12.734
17.204
6.931
4483

5.280
A 1A%

9.579
B.747

Vehicles

9

é

14
23
60
383
1515
374t
3894
1797
LES

Bt
12089

Length Percantile Statistics

Speeds Mean

<30 247.63
30.0-34.9 318.294
.0-39.9 177.501

b+
-“-3.3;-"4.'7' Il’-'l-?l’"
45.0-49.9 163.931
50.0-54.9 114.360
55.0-59.9 104.430
60.0-64.9 97.456
65.0-69.9 93,527
70.0-74.9 93.072
75.0-79.9 89.697
»80 106,94
Ovarall 97.62

£TD

212.86
264 479
114.071
175.5586
177111

74.276

59.097

39.052

21.824

31.101

17.370

133.96

45.35

Measurement Accuracy Versus Speed (MPH)
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Table XXXIII, Accuracy Summary for Diamond TT-2001

(Autologger) 1st 48-Hour Test

Correct

Correct
(no 2,3)

Axie
S.D.

Length

Mean

%L
Mean

L
s.D.

Total
% Trucks
0-20 115 743 95.7 0054 | 0431} -1419 5.523 9446 | 20.70
20-40 396 713 90.5 0031 | 1169 | -1.248 7.697 [ 9848 [ 4949
40-60 1.51 84.4 95.8 0.003 | 0304 | -1.489 6.272 96.95 | 33.20
60-80 144 868 96.6 0544 | 10281 0379 | 32202 | 9898 | §7.29 |
| Air Temp
50-59 0.64 74.8 98.1 0010 | 0258 | -1.662 3.656 93.73 { 26.01
60-65 141 79.9 95.7 0132 | 4538 | -1219 | 13297 | 97.20 | 4298
70-79 152 78.1 95.8 0.052 | 0297 | -1.278 6.564 9641 | 36.63
80-39 5.16 689 88.7 0036 | 1583} -1.288 7.707 98.64 | 56.55
Pav Temp
H 60- 69 170 83.0 97.4 0431 | 8964 | -0.706 | 27.135 1 9842 | 53.78
70- 79 1.18 79.6 956 0.035 | 0450 | -1.349 7.117 97.05 [ 40.53
' 80- 89 1.59 774 95.8 0033 | 0322 { -1.230 6.553 9.76 { 37.18
90- 99 1.65 78.4 96.0 0.052 | 0292} -1.424 5.655 9553 | 31.28
100-109 272 743 939 -0.061 | 1.126 { -1.506 6.385 96.77 | 5586
110-119 7.63 62.9 83.1 <0023 + 2123 ¢ 0985 9298 | 10136 | 6240
157




52.122 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 66. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 11.09% of the vehicles (11.8% if class 2-3
errors not included). The number of vehicle axles was miscounted 11.65% (percent sensor
errors) of the time. There were problems involving the recording software for the classifier
during this test. These problems occurred after an upgrade to the software was received
between the first and second 48-hour tests. The problems are associated with the data
recording and not the actual classifying of vehicles.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 67. The TT-2001 classifier measures axles spacings, wheelbase length, and overall
vehicle length, The measurement error statistics (mean and deviation) for all
measurements, and the overall length perceniile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

_ Table XXXIV contains a summary of the results of the classification accuracy as a
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Axies Spacing Statistics
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Wheslbese Statistics
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Mean 5TD veh  Axle_Spacings
6.525 6.377 1 &
3.061 2.857 2 8
0.000 0.000 0 0
0.000 0.000 0 0

-6.300 $.320 1 &

~0.341 0.62% 16 51

-0.155 0.481 54 186

-0.231  0.390 157 555

=0.264 0.465 138 442

-0.223 0.96% 32 85

-0.120 0.27% 2 5

-1.660 0.000 1 1
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26,100  0.000 1
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-0.816 0.683 157
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-0.592 D.7s0 X2

-0.300 0.010 2
-1.660 0.000 ]

=0.552 2.T89 404
Figure 67.

Diamond TT-2001 (Autologger)
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Speeds

<30
30.0-34.9
35.0-39.9
40.0+44.9
£5 _0-49.0
$D.D-54.9
55.0-59.9
60.0-64.9
45.0-69.9
70.0-T4.9
75.0-T%.9

»80
Overall

statistics
Mean $TD

31.890
37.030
c.000 ©.000
0.000

Vehicles

-
amggﬂgauooma
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Length Percentile Statistics

Spesds
<30
30.0-34.9
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£5.0-49.9
50.0-54.9
55.0-59.9
#0.0-64.9
65.0-69.9
7.0-74.9
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overali

Mean $TD
196,93 0.00
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0.000 0.000
o000y 0000
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Table XXXIV. Accuracy Summary for Diamond TT-2001

(Autologger) 2nd 48-Hour Test

Sensor | Correct
0978 | -3.717

% Trucks
0-20 7.40 136 15.0 -0.063 | 1.389 | -3.108 6291 9536 | 20.54
20-40 12.24 9.7 10.1 -0.250 | 0444 | -4.279 2.088 92.75 5.76
40-60 2172 16 16 -0.053 | 0244 | -3.180 0.480 95.79 0.65

Air Temp
60-69 21.42 2.6 243 0.057 | 1499 | -3473 6.363 9534 | 1784
70-79 10.73 112 121 -0.225 | 0552 | -3.802 3632 93.43 13.50
h— 80-89 6.86 0.3 03 0.096 | G.243 | -3.415 0.775 95.83 1.00

Pav Temp
60-69 | N/A N/A N/A | N/A [ NJA | N/A | N/A | N/A | N/A
70- 79 24.54 459 48.0 0.097 | 1351 | -3512 6.458 95.13 | 18.80
80- 89 11.68 24.1 26.2 -0.214 | 0528 | -3.813 2552 93.16 | 11.35
90- 99 7.89 06 06 0494 | 0.982 | -4.618 1.157 93.50 1.59
100-109 5.04 02 02 -0.049 | 0.370 | -3.945 1.305 95.01 1.82
110-119 2.78 0.0 0.0 0.000 | 0000 | 0.000 0.000 0.00 0.00

N/A - B Tor Avalaolc
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52123 Seven-Day Test

The results of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axle count are surnmarized in Table XXXV. The totals for the
entire seven days for the vendor and classifier are listed. Also, the difference (ground truth
minus vendor) and the percent difference (ground truth * 100 / classifier) are listed. To
assess the change inaccuracy over the seven days, the percent difference is calculated for the

first and last of the seven days.

Table XXXV. Long-Term Count/Classification Accuracy
Diamond Traffic TT-2001 (Autologger)

Total . Total 1st Day Last Day
rod Truth | Classifier Difference Percent Pcnt
37250 11318 25932 329.12 354.63 346.06
99403 N/A N/A N/A 252.10 N/A
50 261 211 19.16 - 11.54
16087 1989 14998 854.05 - 851.83
| Cass 3 l 10457 1158 9299 903.02 - 726.35
l Class 4 7 24 47 29583 - 266.67
I] Class 5 1226 313 913 391.69 - 384.62
|| Class 6 533 338 195 157.69 - 2277 |
| Class 7 7 7 0 100.00 - ~
I Class 8 644 719 75 89.57 - | 66.80
“ Class 9 6956 3563 3393 195.23 - 153.83 ﬂx
Il Class 10 81 7 1 11571 - 7391
u Class 11 183 190 7 9632 - 7258
Class 12 55 1681 -1626 3.27 0.93 100.00
Class 13 0 ry) 42 0.00 - 0.00
Cass1s_ | 0 963 963 0.00 0.00 -
162
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5.2.13 Diamond Traffic Products (Philips Vibracoax)

The second set of sensors (a.lso in the P-L-P conﬁguration) used with the Diamond

Traffic Products model TT-2001 classifier used Philips Vibracoax axle sensors. The resuits
of this classifier using the Philips axle sensors are presented below.

5.2.13.1 First 48-Hour Test

The classification matrix for the first 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles correctly classified vehicles, suspected splits and suspected combinations are

- foien AT Tha At 45
presented in Figure 68. The classification matrix is presented in both absclute numbers, and

percentages. The classifier correctly classified 75.5% of the vehicles (93.9% if class 2-3
errors not included). The number of vehicle axles was miscounted 3.47% (percent sensor
errors) of the time, There were less than 0.5% of the vehicles classified that were the result
of a suspected split or combination of an actual vehicle.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 69. The TT-2001 classifier measures axles spacings, wheelbase length, and overall

vehicle length.© The measurement error statistics (mean and deviation) for all

measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed (mph). Note that all measurements are in feet.

Table XXXVI contains a summary of the results of the classification accuracy as a
function of percent vehicles with greater than two axles, air temperature and pavement

temperature.
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Axtes Spacing Statistics

Speads Hean s$TD Veh
<30 7.023 2.404 1
30.0-34.9 7.057 2.4%8 6
35.0-39.9¢ 0.000 0.000 0
40.0-44.9 -0.072 2.7B6 3
45.0-49.9 0.113 0.230 38
50.0-54.9 D0.0%% 0.332 397
55.0-59.9 0.257 5.287 1790
60.6+64.9 0.091  0.454 4387
65.0-560.9 0.103  0.410 dle2ds
70.0-74.5 0.130 0.283 1755
75.0-79.¢ 0.121 0,265 230
80 0.080 0.326 &7
Overall 0.433 2.124 13198
Wheelbase Statistics
Speeds Mean STD Vehiclies
<30 28.090 0,000 1
30.0-34.9 28.227 0.356 6
35.0-3¢.9 0.000 0.000 0
40.0-44.9 -~0.217 1.560 3
&5.0-49.9 0.265 0.241 35
50.0-54.9 0.198 0.447 397
£5.0-59.% 0.513 11.847 1790
60.0-64.9 0.185 D.609 4387
65.0-69.9 0.167 0.470 4424
70.0-74.9 0.161 0.285 1755
75.0-79.9 0.134 0,266 330
»B0O 0.080 0,326 o7
Cverall 0.234 4.436 13198
Pigure 639.

Diamond TT-2001 (Philips)

Axle_Spacings
&

¢4

b

9
89
a3
3578
8934
T209
2173

366
&7

23289

Length Statistics

Speads Hean $TD
<30 3%9.010 ©0.000
30.0-34.9 38.602 0.499
35.0-39.9 0,000 0.000
£0.0-44.9 -0.337 0.537
45.0-49.9 -1.290 1.502
50.0-54.9 -1.223 2.732
55.0-59.9 -0.876 13.647
60.0-64.9 -1.385 4.18%
£5.0-69.9 -1.260 2.248
70.0-74.% -1.069 1.379
75.0-79.9 -1.052 1.158
80 -1.10%  1.300
Overall -1.196  5.845

Vehicles

Buwoo-

w7
1790
4387
&2l
1755
330

&7
13198

Length Percentile statistics

Speeds Hean STD
<30 215.07 0.00
30.0-34.9 2135.950 2.313
5 0.30.9 0,000 0.000
40.0-44.% 100.109% 1.880
45.0-49.9% 95.707 S5.170
50.0-54.9 95.927 14.330
55.0-59.9 96.801 28.774
40.0-64.9 95.03% 11.194
65.0-69.% 94.440 9.202
70.0-74.9 $4.324 8.587
75.0-79.9 94.476 B8.355
>80 o452 11.25
Overall 95.06 la4.6b

Measurement Accuracy Versus Speed (MPH)
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Table XXXVI. Accuracy Summary for Diamond TT-2001
(Philips) 1st 48-Hour Test

Correct | Axle | Axie | Leagth
(no23) { Mean | SD. | Mean
]
0-20 1.91 740 95.5 . 11.40 ”

20-40 340 757 93.9 0107 | 0.516 | -1.213 3.638 95.16 i2.17
40-60 6.77 .1 90.5 0.104 | 0.282 | -1466 | 1312 9475 | 6.01

I 60-80 10.43 759 86.1 0764 | 1131 | 0689 | 34369 | 100.01 | 59.84

“ Air Temp
50-59 234 726 96.5 0123 |} 0456 | -1311 2.393 9401 | 1096
60-69 511 75.6 919 0240 | 4815 -1.062 12.154 5546 | 23.82
70-79 493 75.1 92.8 0.142 | 0549 | -1.266 | 2.823 9464 | 13.44
80-89 262 76.8 95.1 0.114 § 0525 | -1.197 | 2328 94.78 9.85

Pav Temp

I 60- 69 9.00 74.7 89.1 0604 | 9.789 | -0.148 | 28254 | 9753 | 4896
70- 79 4.62 755 920 0.138 | 0643 | -1.286 | 2.688 9475 | 10.81
80- 89 494 745 93.1 0139 | 0.566 | -1.218 | 3.123 6514 | 1633
90- 99 444 75.7 934 0.115 | 0.287 { -1.306 1.565 94.49 624
100-109 3.17 758 95.0 0124 | 0254 | -1216 1611 94.41 8.09
110-119 218 778 95.1 0.109 | 0.683 | -1212 2.830 54,83 11.46
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52.13.2 Second 48-Hour Test

The classification matrix for the second 48 hour test and the summary of number of
vehicles (real and vendor), mistyped vehicles, sensor errors, extra vendor vehicles, missing
vendor vehicles, correctly classified vehicles, suspected splits and suspected combinations are
presented in Figure 70. The classification matrix is presented in both absolute numbers, and
percentages. The classifier correctly classified 13.09% of the vehicles (16.2% if class 2-3
errors not included). The number of vehicle axles was miscounted 3.40% (percent sensor
errors) of the time. There were problems involving the recording software for the classifier
during this test. These problems occurred after an upgrade to the software was received
between the first and second 48-hour tests. The problems are associated with the data

recording and not the actual classifying of vehicles.

The measurement accuracy of the classifier as a function of vehicle speed is depicted
in Figure 71. The TT-2001 classifier measures axles spacings, wheelbase length, and overall
vehicle length. The measurement error statistics (mean and deviation) for all
measurements, and the overall length percentile statistics are included in the figure as a
function of measured vehicle speed.(mph). Note that all measurements are in feet.

Table XXXV contains a summary of the results of the classification accuracy as a

function of percent vehicles with greater than two axles, air temperature and pavement
temperature,
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Figure 70.

Classification Matrix for Diamond TT-2001

(Philips) 2nd 48-Eour Test
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Axies Spacing Statistics

Speeds Nean $TD

<30 0.000 0.000
30.0-35.% 0.000 0.000
35.0-39.9 -2.850 0.000
40.0-44.9 0.00¢ 0.000

45.0-49.9 -0.310 0.000
$0.0-54.9 -0.184 0.421
55.0-5%.% -0.205 ©.737
60.0-64.9 -0.185 0.378
65.0-69.9 -D0.203 0.430
70.0-74.9 -0.207 0.605
75.0-79.9 -0.203 0.447

»80 ~0.758 0.904

Overall -0.203 9.498

Wheelbase Statistics
Speads Naan $TD

<30 0.000  0.000
30.0-34.9 0.000 0.000
39

35.0-39.9 -2.850 0,000
40.0-44.9 0.000 0.000
45.0-49.9 -0.310 0.009
50.0-54.9 -0.427 0.711
55.0-59.9 -0.444 1,104
60.0-64.9 -0.407 0.55D
65.0-89.9 -0.385 0.586
70.0-74.9 -0.291 0.5618
75.0-79.% -0.240 0.465

B0 ~0.758 0.904
Overall -0.373 0.661

Pigure 71.
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Statistics
Mean STD
0.000 0.000
0.000 ©0.000
2.720  0.000
0.000 0.000

~3.350 0.000
-2.820 1.67%6
2443  1.4569
~2.626 1.944
«2.376 1.334
~2.030 1.416
-1.972 1.3
-2.752 2.724
-2.382 1.600
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Measurement Accuracy Versus Speed (MPH)

Diamond TT-2001 (Philips) - 2nd 48-Hour Test
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Table XXXVII. Accuracy Summary for Diamond TT-2001
(Philips) 2nd 48-Hour Test

-0.203
0-20 242 14.3 182 0186 § 0429 | 2291 1312 90.12 5.86
20-40 390 121 148 0229 } 0566 | -2452 1873 9126 | 731
40-60 6.74 1.1 11 0.078 | 0255 | 2328 0.395 96.90 0.53
Air Temp
60-69 4.10 28.1 34.0 0209 | 0452 | -2435 1998 91.45 7.15
70-79 341 13.1 16.6 -0204 | 0537  -2359 1346 90.30 6.26
80-89 2.89 0.1 0.1 0.136 | 0281 | -2.565 0.725 9684 | 054
Pav Temp
60- 69 N/A N/A N/A N/A | NJA 1 N/A N/A N/A | N/A
A 7079 475 555 69.0 0218 | 0512 | 2375 1.830 9112 | 693
80- 89 433 26.6 334 -0201 | 0.489 | -2.389 1328 90.19 | 629
90- 99 3.05 03 0.5 0324 | 0971 | 3350 2481 90.24 545
100-109 217 0.1 0.1 0.051 | 0.383 7 -2.845 1.005 96.34 143
110-119 220 0.0 0.0 0000 | 0.000 | 0.000 0.000 0.00 0.00
N/A - Data Not Avalable
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52.133 Seven-Day Test

The résults of the 7-day test to determine long-term statistics on classification
accuracy, vehicle count and axie count are summarized in Table XXXVII. The totals for
the entire seven days for the vendor and classifier are listed. Also, the difference (ground
truth minus vendor) and the percent difference (ground truth * 100 / classifier) are listed.
To assess the change inaccuracy over the seven days, the percent difference is calculated for

ate o Lo ¥ Tona O aLl o P, s

tAC Iirst and iast o1 iac seven daya.

Table XXXVIII. Long-Term Count/Classification Accuracy
Diamond Traffic TT-2001 (Philips)

Total Total
Difference rt
Class 3 10457 3108 7349 336.45 - 238.96 “
Class 4 7 21 50 338.10 - 177.78
Class 5 1226 432 794 283.80 - 236.49
Class 6 533 361 172 147.65 - 10598
Class 7 9 10 3 7000 - 25.00
| Ciass 8 644 617 27 10438 - 7293
“ Class 9 6956 4573 2383 152.11 - 116.71 ‘
Class 10 81 363 -282 231 - 12.50
Class 11 183 191 8 95.81 - 68.18 "
Class 12 55 2083 2028 2.64 0.74 86.67 “
Class 13 0 124 -124 0.00 - 0.00 ||
ﬂ Class 15 H 0 6113 6113 0.00 0.00 -

7




53 CLASSIFICATION ACCURACYVERSUS SENSOR ERRORS

The classification accuracy of all the equipment tested appears to be dependent on
the sensor accuracy. A sensor error, as listed in Section 5.2, is defined for this analysis as

- memtnmmanemd el bl o mevemeleae af awrl - - avr
& miscount of the number of axles of a vehicle. The number of sensor error were calculated

for each of the classifier equipments and each of the 48-hour tests. A plot of the

classification accuracy (percent correctly classified) versus the percent of the vehicles which
had sensor errors for both test 1 and test 2 is depicted in Figure 72. The lower points on
the plot are the total percent correctly classified, and upper points are the dlassification
accuracy ignoring errors between class 2 and class 3 (the most common classification error).
The classification errors appear to be linéarly dependent on the sensor error (axle
miscounts). By extrapolating the data, it appears that the classification accuracy would

average about 78% if there were no sensor errors and 96% if errors between class 2 and 3
were ignored.

Note that data recorded by the Diamond Traffic TT-2001 classifier during the second
48-hour test was not included in the plot. The Diamond classifier had a software bug which
resulted in the recording of excessive errors which would bias the results in the plot. Data
from the Mitron MSC-3000 DCP classifier is not included since the Mitron classifier did not
generate vehicle-by-vehicle data.
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Pigure 72. Classification Accuracy Versus Sensor ErTrors
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