SIFTSSR =2 X| pISSN 1738-0774
A134, A53 (2014»1 109) Copyright © 2014 KITS
pp.11~20 DOI hitp://dx.doi.org/10.12815/kits.2014.13.5.011

FAT AHT A9E 44D
AgARRs AA7] A5

Individual Vehicle Level Detector Evaluation with Application of Traceability and
Confidence Interval Concepts
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ABSTRACT

Due to the importance of vehicle detector which plays an essential role in generating real-life traffic information, maintaining
detector data quality is preeminent in advanced traffic management and information systems (ATMIS). To this end, agencies
periodically conduct performance tests on detectors. Detector evaluation is generally performed by comparing baseline data with
corresponding detector data. Here, two important things need to be addressed; one is errors (or uncertainties) included in baseline
data and the other is the confidence interval concept to represent evaluation results of sample data to corresponding ones of
population. To resolve these problems, a new detector evaluation scheme is introduced and the scheme is applied to individual
level detector evaluations of loop, video image, and radar detectors. The purpose of individual level evaluation is to eliminate the
balancing (or cancelling-out) effects of over- and under-counts. As a consequence, the proposed scheme is proven to be
effectively applied to real-world detector evaluations.

Key words : Traceability, Confidence Interval, Loop detector, Video Image detector, Radar detector

* FAA FRAAIEdTd YT
w A ARAAT AT AAEdTd
tTOEERSY 201449 068 209
=R ;20149 10Y 06
AR 20149 109 21Y



Al

2 AR dsd

7t

.4 & ol AgFojop gty mA o R SEA TS
A% WrE et A Ee #a 34
AT B AF-E20 FAHFANE 5 559 (Under-/Over-count) @74< A &3stA B7}st7] 94
WERAA2~E FHE $)8 CITS(Cooperative ITS) Me 9 HJEAel. 58)o] obd AE AT
7F E4H 3 e sHAEL A AA7E A6 2 o] Fojxof g},
2 nEHYMEAA AAL nFFRE BFE) 719 FAAE AAsI] YA B AFA
T T3 Aotk AFAR 4 FHE 9 = AZAZE FAEE7]1T(1S0) AA 2 FAF o
Ae olgd AA7 A5 =7t Fadd, o 25 7o g 7] AN AAY] Bt wHE
AaME AA7 5B Fastth [9]% ol &3t el gy AXd £, 944, o
U AA7 AsH7te FENGE A 9 OIEJ AAZINA FH3 MEAFHS] A5E 7}
Aste] Ful A 71EAE, FlEA & E2FH 2 FoExn Byt BHEY Fo4 2 HAY] AT
d &Y A7HoE AAZ SR o] FojA 1 Utk et AL JRE AFstnat ok
[1]. =Wt 2 WA AP EAA AR =
JAMNE HAA7| A5 A= FHE ) @ ‘—8—7:4 . J7} o=
A7) 747} o] Fol At Klein 5-& 1996'd THFEH
AMA Z A A FRAG AA7] B5HE F 1. 23N
PP 2], HA2~ B U AE LFHEAAE 2000
dd = wjejdd A7 29 B4 25 9l ISOE 4 /3 (Traceability) & “=7}EF7 24 H
BERE FAATBAL AA7] 457 HHE Bt ANE 7EgE ol &t A E AFH
of #3|AE Coifman Fol HA7] 459 BLE of EArolgtal Aojsta Th10]. AA 7] Bt
B7be S s MEA GG 45H YHE A Agrgeld FE AR B E gAY JEH
o] FZ ALHI[5), LA HA7 ﬁéml&,ﬂ of B¥EE 43, A VEH 2g=E W
of #are= FE 5 MacCarelye] 4537 Al gt BAAHE Aok T& ofw .
28 5 A7 due,7]. HA: AFEE AA B3 5 (Uncertainty) & S8 %ko] Feld o2 24
71 AM71€e AR AZE 98 2007d = & H AEE A3 #FUdd ols 23 (Emor)ote
Hel g s AR 7tE T dos) O& Adolthll]. exkbe= ME SARH 71EH
oMY IS B AeHst olFARHAN Apolola, 3 =e AHIZF AfskAl 7HAAL e
o} A3 AsB7re #Ed A 7HA o7t Ak A Bk Aotk b LA, E SAeg 3
A, 71E% LAk B85 18 FaAot) Ha g = 7hadojAT g Aule EIdEE 14
A8l e stA T 71 EE(EE, A4 GA AA < Zeth
2HH 438" 8oz ox¢9 BIEE 71 B3 oo A BY EF B35, ¥4 EFEH
ATk webA HA 7] BN 71ERe]l 2EE oA =, 3 B3nvt gl B3Eo g ARA<
2 EBSEE 13 Folof @tk B4, A A FuEA2]d AHEo] JloEg B =&
Ad HE "aAolth dFHoE HAY] Hrte o A& 2HEFs] AABt LA st AY EEESEE
AAZ7} &BEHE AA 7L th3) o] Foj A of 3} B ZA S 53 A 449 98 4 1)F
Ak ol AAHOE EFFEA 7] Wi 4% Zo] A3, BE ZFEI=E A EA
712kl 308, 1A17h 5t BIE o] Rt o oJ A% FHetA Ao FAE BHEZH, A
A YENAE)Y BHEARE AA7IHES M ERe] 2EXE #FY EX@EALY £9)E 7}
el FrtARE ZH37] Yeire AFH 7T A A BASEFHAA MM AE dEE AAZL
12 PIRTSYYL|=2n| N137, T52(20144 102))



&)
(©)
™

i AL, v

o

i

(g

& 3l

3

Ak factor) S F3te] 4 @l g3 +& ¢ A

222 7, 4 @9 9
o P4 AF2eE2A, 4 @l 9

R NOBE AT o T o AT T g BKOR
ﬁﬁl L ﬂwﬂo ﬂ._/H 1., MT ‘.:M o nmm z_.o ot Mﬂ C.* 5 ET ‘.lv_Al n\M/J
¢ 3 o SR MV A - T
- . R N o NP YO R BTy W
meS g Fo =3 g g K g o b e g1
fT 2 o PEaez - B
=8 ® ¥ poxy - x LR TP e
a8 2 F SN B G N I LT
E X K & I Mo = mo o KO — =y M o %P L
P - Hw Ty ST W Mg M
c® LY g RILTaR X & N~ oxxMceils
= u = n Y & 2 5
52 4 5 o S g ma® Ee o om opldwmdTow o ® g
=T . ol = o P = . = do o s N =
< S ~ ™ X AM_NFL_L;OL = ok Nrﬁomrm]m_ﬂmﬂWQﬂu
mﬁ_ll__/l,.:_mmw‘urzt ﬂEEMﬂmﬂ 11_Al1mr .I_.AI ﬂﬂ,ﬂlmmouklaﬂa‘urﬂﬁu,_ﬂyl
A N BER n AR o R z XN X2 o — U
5 oo o 0 P = T o X m = <
%%%g%m}m?@ ovk_,oéfr‘_@%ﬂﬂ ﬂaﬂlz]txa_.%ﬂﬂl%
H O M N T W R Jl‘ﬁu ,Mumflﬂo ﬂm _ygl‘_lq.ou‘....mlﬂ__/‘_ﬂ\_.ow ‘OINJ
oo __> oo ] ,:Al OT oF OW JH .|7r 7 _AE T o o oF X O :i =
M fm S N T ,Drn_ TR o o ~ b3 .ﬂE ,A_ no ‘_lryl O# e E.*
i m m g W L o o Ry o 4 " =0 T
WSRO @ o o K WM RE mr No — ~® W T Ny o+ 3o T
a & = H T N & " RN
WUA_’duﬂﬂ%mE%ﬁfﬂfdzu:l
& %L_L&L@ﬂ NS s s s T
= ™ o < T oW W E T
Y B e e 2 A 2 - I
h R T
| o o N NN _ o ® N o of
~a or Lt panel 1__/|17ﬂ.rmmﬂ "
+a TR s T DR N
¥ Xmpom = 6T T om e
0 m‘xi%hﬁmﬂ v .ﬂmﬁ_ioﬂ.ﬂ
Al = — U#U]mx‘_lr”ﬂ/“,ﬂﬁlmo‘* ]X
— ; 8 ®O . = oo 2 - 0 r
5 " Eé‘:,_m ﬂ%ogomﬁ.ﬂw_ﬂ7mdwm®|ﬁ._5.
: B m KBS R A A Ry 4y
5 . o T - A M) N - o . u
5 i ap O WA F el oy, ®d g Ng e
M B R R Ry P s Y T mm N M
. Nroed g T = ) B = =
= B LR 1H G w L% O o = o~ o pal I
ﬁ N p—— ] H._L e T X ﬂn ﬂmo oF _IJrL et ~ .A‘.__l T o =) B N i l_ﬁl.._ ‘ul
S Rwleammyw o mE =N TR D B
_Ju s 3 T T TR TR TR TR TR _ m° =z O# o ]__/l o_l 5 o) .&o 11L.|| O m° :.L
— Il S < ~ —~ ™ el = <P 1o FACre CHE TN ﬂ&/
s o~ BN == o =l o 5 wa o)) N R S
= 3 0T =2 23 . R W Bodo ¥ W KL E W
s 5B S e s s eR e o ooy TR W T Mok T

sk

S

2ol AA|
The Journal of The Korea Institute of Intelligent Transport Systems 13

Vol.13 No.5(2014. 10)




M2
1o

LN AT e

N arzerel #4x17| 458t

o oo

Baseline Data Source

-
Laser sensor =

35m

Laser reflective
sheet

3em

Tape switch
Sensor Ny

’ 1.5cm
K Oscilloscope

AT

1) Experimental layout of devices for
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baseline data source

Tape switch sensors
with an oscilloscope

(@7 D 7IEYH of W BHE 5

(Fig.

(B 1) 7|123H| 2t
(Table 1) Error of baseline data source(BDS)
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(Fig. 2> Baseline data source error superimposed
by regression line
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(Table 2) Uncertainty of baseline data source

Detection u(1: ) c, ‘L“XU(.’L’ )
Tape switch sensor BDS (B) Absolute Percent Error Spd, [area length ! Prob ! ' " | Deg.
. . Occ.
Sod. | probe @) (APE) (B-AB*100) 52 | o0 | 0| g | O i | g g | Ose | Sp( o ﬁ‘;i
(kmyh) | runs | Spd. S:e Spd. HO:; Spd. | Oce. time time time time k) o
Qo)1 gy (8D g (%) (%) 40 11.4] 208 | 0.20] 3.6
: 70 1385 T 755 % 3 A| 60 35m 0017 |Rec.| 17.1] 138 | 030| 24 | oo
2 37.8 769 | 383 | 760 1.42 113 80 229|104 | 040| 18
40 3 373 780 | 379 | 768 1.59 1.51 40 114|208 | 0.10| 1.8
‘5‘ ggg Zgi g;? ;ifs’ i;;‘ i-g(l) B| 6 | 35m 0009 |Rec.| 17.1] 138 | 0.15] 12 | o
1 575 | 505 | 586 | 498 1.88 139 80 229] 104 | 020| 09
2 56.6 514 | 575 | 507 1.68 131 40 (405 | 717 | 0.03 | 0.65 0.03| 0.65
60 3 57.5 505 | 584 | 498 145 136 c| 60 [609]478]006[024] t | - | - [006] 024 4
g g;g ggg g;g gg }gg }%; 80 |81.0] 358 |0.08] 031 008 031
1 79.3 366 | 803 | 361 1.25 1.44 40 127] 151 | 004] 0.04
2 815 357 825 351 126 157 D 60 0 0.00029 |Rec.| 286 | 67 | 0.08| 0.02 | oo
80 3 80.8 359 | 816 | 355 0.98 1.24 80 508 | 38 | 0.15| 0.01
4 79.8 364 80.7 360 1.12 1.06 Combined i 40 | 726 | 023] 4.07
5 78.6 369 | 799 | 365 1.60 121 mbined standarg u, (y) 60 | 484 | 035] 2.69 | -
uncertainty
80 | 363 | 0.47] 2.03
00 - 40 | 726 | 0.44| 798
= Expanded uncertainty U (k=1.96) 60 | 484 | 0.68| 527 -
E w | 80 | 363 | 093] 3.98
f* 10
6 = oo |
z £ 08t
g 07 2 o1 |
z = 05 |
£ 0t B o5 L y=0011x
z Rr=0.997
£ 04t
0 : : : : ‘ E o3|
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g 02t
BDS spead (kmh) b 01 L
0.0 . . ‘ . :
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(Fig. 3) Baseline data source uncertainty su-
perimposed by regression line
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Soa & 2 9 % (Upper and lower llIIllt)e Tao. AA, A4EE &
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T 5% FHOE ol HugHY e FX, I, 7] A,
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(Table 3) Data processing for detector evaluation
Baseline data (A) Detector data (B) Error [(A-B)/A*100]
Speed (km/h) Occupancy time (ms) Oce Speed Occ. Time
. . | Lower | Upper . Lower | Upper . Speed | .~ | Vol Lower Upper | Lower Upper
No. | Time ﬁ;’w Afj' limit | limit 1;2“’ A;i]' it | it | T | Gy E::)e check* | limit | limit | limit limit
o valee | -196) | ae1.96) | | Y | 1-1.96) | (=1.96) (=1.96) | (k=1.96) | (k=196) | (k=196)

1 50003 | 65 |642| 634 64.9 409 | 414 410 419

5:00:03 | 66.61 | 411 C -5.0% -2.7% -0.3% 1.8%

5:04:26 | 89.54 | 246 F

102 | 5:220:19 | 656 | 647 | 64.0 65.5 371 | 376 372 380
153 | 5:29:47 | 82.55 | 81.5 | 80.6 82.4 355 | 359 356 363 5:29:47 | 78.77 | 369 c 22% 4.4% -3.8% -1.5%
Number of missed (M) and falsely detected (F) vehicles 5 -

Mean

33% -6.2% -3.9% -0.6% 1.6%

Standard deviation

18.1% 5.5% 5.3% 4.8% 4.7%

* C: Correctly detected, M: Missed, F: Falsely detected
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(Table 4) Result of loop detector evaluation
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(Fig. 4> An example of loop detector error
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A HollM AFst FxX AA7] dHo= Q) =
Classificati Vol. Spd. error (%) Occ. time error (%) - E - B - = =, 0 o
assification | " o[ Low. limit| Up. limit | Low. limit | Up. limit Well A& 20000 2HE FE ITSE THEE o
Point Mean 1.3 -1.1 1.1 2.3 -0.1 =
esti, | Std. dev. | 116 12 L1 34 33 FAAZ7F Bol AXHAY. B4 HA= 29
Agg. (30 m) 12 to0 09 1.0 to 1.2 [-2.6 to -1.9] -04 t0 03 _ .
eslt;n' el P22 0 261003 30 ZHYY opg2 HY L F4E AHElste o
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(Table 5) Result of the Normality test on error =40z ols] oHE, offiAe] AR Aol A5
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2 7hsAo] it
Classification Parameters K-S test (p-value) = - - -
Spd Lower limit | Mean=-1.1%, Std. dev.=1.2% 0.46 - ?‘oﬂ k] % 7}-.?-1: og/‘o]— 7&]’;( 7]9] 37]-7‘3334—;-
" [ Upper limic | Mean=1.1%, Std. dev.=L.1% 046 ¥ 6>3 o] Ut &% HF 9039 AL
Oce. time Lower limit | Mean=-2.3%, Std. dev.=3.4% 0.02 o o ~ o
: Upper limit | Mean=0.1%, Std. dev.=3.3% 002 2% oIHE FE HAA7|} FAYAT AFATL 2
Ao s HAx 13%E YEY F2 AA7I(G% I
AAAoZ ZFxAX7E A HolHE 3 Uhell wlsl] o =9kt
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(Table 6) Result of video image detector evaluation
Classificati Vol. Spd. error (%) Occ. time error (%)
assification |+ (%)| Low. limit | Up. limit | Low. limit | Up. limit
Point Mean 1.5 -1.6 0.6 -1.3 -49
esti. | Std. dev. | 27.3 92 90 162 15.8
Agg. (30 m) 32 t0 02| 07 to 1.9 |97 to 49|73 to 2.6
It [ el P2 1023 3210 19 97 0 2.6
oSt A0 veh. NA 9810 1631172 to 1841390 to 244360 to 2611
k=196 1iel I/ 198 to 184 39.0 to 26.1

(B 7) g4 4X|7| 2x v A35Zo
(Table 7) Result of the Normality test on error
of video image detector

Classification Parameters K-S test (p-value)
Spd Lower limit | Mean=-1.6%, Std. dev.=9.2% 0.65
P4 T Upper limit | Mean=0.6%, Std. dev.=9.0% 0.65
. Lower limit | Mean=-7.3%, Std. dev.=16.2% 0.26
Occ. time —
Upper limit | Mean=-4.9%, Std. dev.=15.8% 0.26
B gGrtdAM G AA7E FE <1 559 A
° -
Tl LaE NI Aoz B4EHAY. OA
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(Fig. b5y An example of video image detector error
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(Table 8) Result of radar detector evaluation

. . Vol. Spd. error (%) Occ. time error (%)
Classification | (o) Low. limit | Up. limit |Low. limit| Up. limit
Point | Mean 33 6.1 38 06 16
esti. | Std. dev. | 18.1 55 53 48 47
Age. (30 m) 69 to 52|46 to 2914 10 0208 to 2.3
It el 41061 6.9 10 29 14 10 23
estl. aTTodi veh. -16.8 to 4.7]-14.2 to 6.7F10.0 to 8.8/7.6 to 10.8
k=196 10y NA 168 10 6.7 -100 to 10.8

(2 9) 8lo|d AX[7| 24t ¥4 AZZ1}
(Table 9) Result of the Normality test on error
of radar detector

Classification Parameters K-S test (p-value)

S Lower limit | Mean=-6.1%, Std. dev.=5.5% 0.09

pd Upper limit | Mean=-3.8%, Std. dev.=5.3% 0.09

. Lower limit | Mean=-0.6%, Std. dev.=4.8% 0.26

Occ. time —

Upper limit | Mean=1.6%, Std. dev.=4.7% 0.26
Aol AA7I A4 §718tE Fdste =3
g HY L 9dS ol &3t gold AAY] AR
7 AEe 24 A, <Od 5o Aok £ o
T A 7L sidefire B4 9] #olt] AR EA
& Ao F AAT o H gl wet ol EAFE T
&2z A 9

Astes AL 5 AL, A
&

Shoulder ‘ Lane Lane Median
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