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ABSTRACT

The current operation method for the AVC (Automatic Vehicle Classification) equipment does not generate vehicle speed, traffic
volume and vehicle type information when part of the sensors has failed. Inefficiency of current methods would not use the collected
data from the normal sensor. In this study was conducted research on the calculating method at the traffic volume and vehicle speed
in the sensor failure AVC equipment. The failure situation of the sensor was classified into 4 types. Calculating the traffic volume and
vehicle speed information for each type, and accuracy of these informations were analyzed. Analysis results, traffic volume was
possible to calculate a highly accurate value (accuracy: 100%, 98%, 97%). In the case of speed, the accuracy of the calculated speed value
reaches a level that can be accepted sufficiently (RMSE value is less than 16.8). So, using the methodology proposed in this study are
expected to be able to increase the operational efficiency of the AVC equipment.
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‘ Piezo-Loop-Piezo(PLF) ‘

‘ Loop-Piezo-Loop(LPL) ‘

Fig. 2. Classification According to Sensor
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Table 1. Number of Sensors by Sensor Failure Type
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A 3 7Pgteok gt s k] FIEE FolV)
Qi tE 2EFdoler dliE 3t Ar] e Abgibie
SEUelE Slehs BE ARFEe] AlgE AR o) A3t
= o] 71 Bshy, B Aol as vlea) AR Aok =
3l BE xFFEe] AYES AR 4= gioir) wehi] B ol
AE e 2o] AYgeE sk 248 JdEnh
Ao Fke] A A= VRl w8akge] 7H = e Aol
S et At AgS THS 71 2 ZolE Im
o= 237+ Aele] A= 05m 7HEo = 27t dlo)a Agaly]
o 7 ge] S S8xke] 7 5 gl Hole] IR 7]
AL 33 ol $Eluele] BE ERAA 5gae] B
=7} 7F8 7] wiigoltk AR Zole] F+4dL Table 29} 2tk

AVC Zrle] IR 283 wae 9l £k S IRE

Table 2. Scenario of Vehicle & Axes Length (Unit : m)

Vehicle length 3 | 4 ] s

Axle length

Table 3. Calculation Method of Traffic & Speed by Type

Type Tl T2 T3 T4
Traffic T Vi TV, TV, T Vo
Speed VL& Ve Vep Vp \'
55 A3l Table 39} o] F7} Ak
e Ao s Sre] 45 PHESS 483}
of e W g o] e 4 B B Ak vkl
A% Awstes gk
4 ST/ AT ME ZIH 2 FUT 24

4.1 Fei 26 WY

£ ATl A HEC R e wEet o] gee
= AR AVC Aol A3 wed Seghs T Vee R
ST o71x akEde] et Y] AVC o] arsast
Hlatsle] ARER aiE-Ego] dvh el 4eEslom, 1 et
o] A2 U Eq. (6)7 2k

V N LEY
EEO—%;%]%]—E(%): P\ ]_o ) = ok (6)
B AVOEH AE T

T TRRo R &) Aeee ARl AVC AgH|dM AkEse
R S} AEE EREEse] Sughs vl
A= RIS $J8F X|EE RMSE (Root Mean Square Error)
e ol&3oirk RMSES] “dAlgh ARk Eq. (7)3% 2tk

Qo T AEPES ALgle] Ao AEgke] I

rel
¢

= wgo] A EA] etk o]t WEgto] olAle] e
wlo} )] 47 W]k 6lg SoK(50, 60, T0)o.2 P2
Zegke] Aol QUi lele] AEu (ThE Algela A
252710, 20, 150)0]52 TR 9e)e] A5 (LHE AFgslel
A& Zgko] (40, 50, 80)ZL AL olw] A1SH2 Fdow

ot

# (he] o] T ekt ek AeA, BaEgko 2
YIS PR (st (b WF B0 BEgto] 60

2,

Vol.36 No.6 December 2016 1065



AVC Ahule] AATA A3

U S AL Q7] wliEel] v o] ABelert SdshA
7Rk 227 vl AAEES Sk B AkEwke] AEw
9] Hrhe= HEE 2 XKMAE; Mean Absolute Error), Hy-2t
HIEH] Q JHMAPE; Mean Absolute Percentage Error), 74|
Z2XHRMSE; Root Mean Square Error)o]gl= A gE0] ks
02 o]&HaL Qit} o] Al A& HF ZH2 A7 Fhol 09

IVHesE o gekeithe 2¢ ov) gtk SR A A% 2E
24 g rap| Sl ABgko] dwl ofstelo}f gl

Tle A QA gk, APt Bestolo & Gelolck &
o= Al AEE F RMSE 3 Aes deehs Aus
RELEE

42 M= MEiT BA
5 *%@J%ﬁ 47FA] a7
A5 AvtEl e g3t 2] ole} EXt A gholl IS
2] 947] HJM] MF/L.OU FERE W] Stk wE ZF
H HE NSy wEals) O PSe Table 49) 2ok B2 oA
T13} T49] 7% 729 wEeRts PHES U= ARSI
wzel] 100%2] 4&=s Holal Atk B & Agrollx] Aj=e]
ARG HPHEL oA, EA)) Agn] gy olfelxt= o)3A|
2 Ao HRE AJeHA] gl qick o] HjEEL AP
Wdsiedor & HQrt Q7] whiEol] £ el AEA] o] AXa)
Ak
2HEE wEEke] AP AAE AR ©is] T1 T4o0A

FEEE AT sl

= 100%9] HI=E 2= Ao A T2¢) T3« &
Aol Aol AN PHE T Vo 2g3te] w5
A& AN F I GYhe FUL WEF A5 P
TP ABSISD | ol % AR FUR oS 2
T_Vp 2] HoRt= Jaolis] eheis 98%, ske] 43t

= 97%9] @ﬁﬁ—%
100%7} oPd olf-2+= oA <l

AR T Vee] s}
o] dAEEs] B4

Table 4. Result of Traffic Calculation

Outcome True | Accuracy
T Meth
ype cthod vVehy | (Veh) | (%)
Tl T VL 353 100
T2 346 98
Up T Ve 353 b
T3 346 98
T4 T VL 353 100
Tl T VL 345 100
T2 334 97
Down T Vp 345 ——-r
T3 334 97
T4 T Vi 345 100

ARE Fol WA whiolth, S
ek 9ok 279 4

[e)
AEFE

el A7k 21 Aol
& RAEE FA 7R =
w5 %01—— AR T2 AT Zlo R S
53] PUE AN arsdec] HEG H 2 kel Aes
Ko} of 2] Oﬂ/ﬂ—c iﬂ%‘%% 27 %“%‘ﬂﬂl s AR kA
2lS ZIERE @ 77k edE0] A Tk Hlew
e, T_VePielM Ages %0171 M 7Rk A=

Al H B A5ARES O 2 sho] TRt s dstol ukdd
713k AbEo] Pad Zlog e

43 &% Mz 2N

Abse] AR B o ARl 7 o) R Aka e
gkt A Sree] Aol s ffeje] RMSE k& ARl
Ak FRB SR AR T aErol7] el aE i et
AT o] PR o] A& FASISI: 3 e
353the] 2pFEel thate] Ad AVC el =EF 3
# oF 50. 2km/h°lvk Bl 345019 xpo] S3tarelon,
ojnf Hr&eE 52.0kmh=E =)

2=
1%

St e Table 49} o] &Hieghe] A 379 T
Vit Ve o] 57 71A] ke RES A8ste] S0 Akeo)
TPs3Ich AR T2 Verk T8HE T3 Ve, Z2)3 u)et
S8 T4 ViEs A8ste] S5 F%%}%M

Zo] A& W E NSy LrEe] B %9 RMSES)
e Aeste] Byt 94 Vo ‘%’3 1%6@4 ==
2RSS Aol Vio] - Akl ol gk 1 & o,
B i AR 7R Aol Tl K w2 %Qb s

A3h= 2 o)k 4me) Agolek ol FPe FAEE 51.0

s
km/hel] RMSE= 9.5= AREH21om, sl < 54.0kmh
o RMSE: 10.8% 41&H3]ck
Vro] ASPHES 283 AnE AR, ] 3
Frol 25me o) 71 T ATEE Zhe S5 AESRes Zlow
AXFSITE ouf el 44.3km/he] H&wel] 7.32] RMSE
kS, 1S 46.2km/he] Hi&we] 7.79] RMSE 3 2k
Ao EAHT

710]

Table 5. Result of V.

Vehicle 3m 4m Sm
Up ASV e::ie £6kmh | 5L0kwh | 59.5knvh
(50.2 km/h) |——>
RMSE 10.1 9.5 16.1
Down (52.0 ASV e::ie 452km/h | 54.0kmh | 63.1kmvh
km/h) P
RMSE 111 10.8 17.7
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2]
Table 6. Result of Vp
Axle 2m 2.5m 3m 3.5
Up Asve;:f’ 35.4km/h | 44.3 kawh | 53.1knvh | 62.0 ki/h
(50.2 km/h)|—>
RMSE 14.8 73 8.2 16.2
Down Asve;:f’ 36.9 km/h | 46.2kmvh | 55.4km/h | 64.7 kmvh
(52.0 km/h) P
RMSE 15.4 7.7 10.8 16.9
Table 7. Result
Assumption | Speed
Type Method value (m) ( ) RMSE
T1 Vp Axle : 2.5 443 7.3
Up T2 Vrp - 50.2 0.01
(50.2km/) | T3 Vp Axle:2.5 443 73
T4 Vi Vehicle : 4 51.0 9.5
T1 Vp Axle : 2.5 46.2 7.7
Down T2 Vpp - 52.0 0.04
(52.0km/h) | T3 Vp Axle:2.5 46.2 7.7
T4 A\ Vehicle : 4 54.0 10.8

Vepoll Al AR W5t 529 RMSE gk ZFafo] 50.2km/h
(RMSE: 0.01), 8}8Jo] 52.0km/h (RMES: 0.04) ¢1 Zo2 Bz
Ak F7H9] Piezo AlX7} Y Apsdhs 492 Ve 7
Ao] FrEol FFRE W] 7| witol] g WRPEE shle]
Zho] AkEEIRIT) o] HhHe AdR1 AVC AH|oi] &8 21Es)
© W s wlitel AEHHE oA =0 HEwrt
- 0, RMSE go| 00] opd A& ks 2k= olfi= &5
2ke] Aol 2 Qlgh xjo|t) 9 wETF AT EAoA e
T Vi3 5L o] &=4ks SR 7@ ARk W

dsirt. 1A = HH o] AbEshe Zlolx A A<
ROAE oAl B2 FEEE S F I RS
312 Q= the vlEgo] EAIS) o]efdt ¥ &8-S AlE 3
Sl <uolx] B kel Atz ¥glsie] o] ATk
A HR S50 A= 7R 52 AT Bl HHE
9 I A= Aefshd Table 73 2tk

IAFE TIAY] &= 2k 29E BH Vi Vs 4
olg3le] £ AFESIIAIN, VeEo] t] H¥sk Aoz
EAESITE olwf Veoll A A& St Aol 7P 3 2.5m
ofn, ~Jel7} 3182 RMSE ke 217} 737 7.79] Z1o 2 B3]
= Y TIF 5Ue Ve HHES 2183}
V7] whiel 2L At Fdstth
ABHA Vi HPHE] ARSE f&oH, AR

e

.
ox o2

2L

VRS

;

5

&2 &
5
2 3

o
oft

3] RMSE zke 7H2} 9.5/10.8 91 Aoz BEA=ch

5.2

AVC == 7 7He] Piezo A9} gk 7He] Loop AXE Z3tsh
o e &5, A TR JRE AL Ik A T
Areoh= A A 5 AR A T FRe] AeA ARt
£ ARE st 213 4 gl ARt UHR] F R
785 20] I7he] Aol k= AAsE FF- o185k Yrfeke
Ayde] 7rssict SRARE @A) AVC AH)e] 2L 371e] AktE
% ShetE o] WlEhE e ARF S RN olujg}
Wt S JHE 2RSS ¢al Qith o] Fd] 88
T A= WA A AXES] ARE B8] Yk HlEE0]
EAERAL ek

wbs] B Aol s Azt it o A1) 52 27H))
He PINE EE3lY W E S5 AEE A EE
AABIILE o] WS F3le] AVC AH)e] &9 589 &Y
T Ug Ao ) B3 VEdle A2HEE Ul 2 2719
A7y 1 Aol B BEARE skl &)
uiol] Zhe BgAbt DAk 2 duke-S A88ke Ay
HPFAL] S8 A S Qltk o) 2 1] | BEEAtR
Q5= HIE-S 7§ S 9lom, Bk HpgALR Qlsfe] et
v 229 A= Y F J& o] Atk
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