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Detection system of vehicle speed using magnetic sensor
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Fig. 1-2  Loop coil type vehicle detector®
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Fig. 1-3  Supersonic wave type vehicle detector®
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Table 3-1 The details of the experiment vehicle
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Fig. 3-3 Measurement procedure of the magnetic flux of each part (Windshield wiper)
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Fig. 3-5 Magnetic flux density of the vehicle parts
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Fig. 3-6 Result in the vehicle parts
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Table 5-1 Details of the experiment vehicle

Experiment cars | Correct number Percentage
Mini car 57 55 96%
Passenger car 19 17 89%
Large vehicle 14 9 64%
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Fig. 5-4 Experimental result of Large vehicle
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It detects values more than the threshold
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Fig. 6-6 Condition of the detection
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PR CITl L7 & & DR %a, b, FEEPIE Tl L7 & EERICHRH S fE & o4
FEr T RIHEMEE T TS 2 KPS TRT. £, X 7412 6 BOHM & EFIZHR
HeEfRe, 75121 600HEEEZ 2/ HETL, @il LT 5 THhoEMNT
B L2 E B LR 2R ERICHRIHTERL L ZAZBILTRL, ElOBT TSR
HaWT- L, ERICRETE e oic b ZAZRMLTRT.

Table 7-1 Details of the experiment vehicle

Experiment cars | Correct number Percentage
Mini car 57 57 100%
Passenger car 19 19 100%
Large vehicle 14 13 93%
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Fig. 7-1 Experimental result of Mini car
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Fig. 7-3  Experimental result of Large vehicle
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Fig. 7-5 The vehicle of six runs consecutively (undetectable case)
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INEL Mo T LE IR D DT, FEEEE Il Lz & X EN NS D, B
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TIal—yarETol EETERED 1/10 DR E S ERE L, £F 0.47m, 20§ 0.17m,
25 0.15m TH 5. BRICHH L72#iA1EL, NMF-6C £ NMF-12G TH 5. 7=, oV
# 1/10 & LT 0.3m TH#T L7z, I 21 8-1 (2”9, X fili 5 m2 N DA % (a), Z filiy
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Fig. 8-1 Direction of the magnet

8-2 FEMTHER
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YL THEOBED ZHRHE LT P2 THEOMME D 29 25 F TORERIX0.06
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Fig. 8-4 In the case of N pole in the top of the vehicle made from NMF-6C (20km/h)
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Fig. 8-6 In the case of N pole in front of the vehicle made from NMF-6C (30km/h)
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Fig. 8-8 In the case of N pole in the top of the vehicle made from NMF-6C (30km/h)
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DO JIZEERE Lz, iKY & PC % USB 7 —7 A TRIFIZb D% Z AL,
—RIOSEETLicr 72 RG LTz,
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WERHOFRIIT=aDHEmMEZEH Lz, —BE3ETHEMALZEMEFR T THD. 5%
Y DB O HFE OB & LTI

Fig. 9-1 Experimental vehicle (Mini car)

Table 9-1 The details of the experimental vehicle (Mini car)

Hf SUZUKI WAGON R
HER & cc] 658
45 [mm] 3395
2 1E [mm)] 1475
45 [mm)] 1640
H ] B kg ] 780
X 5 = FF
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Fig. 9-2 Experimental vehicle (Hybrid vehicle)

Table 9-2 The details of the experimental vehicle (Hybrid vehicle)

Hifd TOYOTA AQUA
TeHER E[cc] 1496
4R [mm] 4050
221 [mm] 1715
2275 [mm] 1490
H. ] # A [kg] 1090
B = FF

9-2 ERERAE

HEA o OFR AT 5 &9 (X 9-3@)i2, HE 10km/h, 20km/h, 30km/h, 40km/h
EREEIETEIT L. £, BUVEEBOMICRENK 9-3(b) LT, B TEROH R
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sensorl sensor2
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(a)The center of the road (b)The side of the road

Fig. 9-3 Placement of the sensor
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Fig. 9-4 In the case of sensor on the center of the road at Mini car (10km/h)
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Fig. 9-5 In the case of sensor on the center of the road at Passenger car (10km/h)
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Fig. 9-6 In the case of sensor on the center of the road at Hybrid vehicle (10km/h)
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Fig. 9-7 In the case of sensor on the center of the road at Mini car (20km/h)
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Fig. 9-9 In the case of sensor on the center of the road at Hybrid vehicle (20km/h)
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Fig. 9-13  In the case of sensor on the center of the road at Mini car (40km/h)
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Fig. 9-14 In the case of sensor on the center of the road at Passenger car (40km/h)
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Fig. 9-15
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In the case of sensor on the center of the road at Hybrid vehicle (40km/h)

BEEHEH, W@, ATy FEEZZNENORE T3 T OEREIT o7 REZ LT O

RIZE &L DT
Table 9-1 Speed of each vehicle
LASEDES i H NAT Yy R
LEH | 2[@H | 3EE | 1EAE | 2EH | 3EH | 1EAF | 2EE | 3[EH
10km/h 8.2 8.3 8.6 5.7 9.3 8.5 6.8 7.2 7.3
20km/h 17.4 15.9 16.1 15.4 18.0 19.0 14.2 14.2 13.3
30km/h 25.1 32.7 23.0 26.3 28.4 25.7 25.1 27.0 24.6
40km/h 36.0 37.2 37.2 31.8 37.2 37.2 37.2 38.6 36.0

YV OMLEZX 9-3(b) 2R T XL DI, B AEBOMICEE L CEIT LI RERT.
WA HOME 20km/h D & & OFERZ 9-16, EEE 30km/h D & X DFER X 9-17 ITRT.
B4 9-16 TiE, ¥ 1 THEOMHEY ZHRE L THhbE Y 2 THROKE D 2T 5
FT064 W THoZDT, HEIL 16.9km/h &R L7z, X 9-17 TIX, & VI CHlZ iR
HT2FET0HBBTHS-DT, #HET25.1kmh EFBH L.

39



sensorl

sensor2

(=)
T
1

(
\

Magnetic flux density[uT]

3 35 4 5 5.5 6 6.5 7
0.64 s! Time[s]

Fig. 9-16 In the case of sensor on the side of the road at Passenger car (20km/h)
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Fig. 9-17 In the case of sensor on the side of the road at Passenger car (30km/h)

40



9-4 E
A [al D FEERTIE, B DM AT CHm OB EFH R LTV D 3L TEIT Lz, Hl o
FEFHE, EEREEORECL VL HERNRRICHEHETH2HOTHLEEDLNT
5O,
10(V; — 6)/11 <V, < (100/90)V; (9-1)
Vi H B L 2 2 3 EH O FE R E B [kmv/h]
Voo R BR A 2 O CHIE U 723 [km/h]

HEl O 10km/nh LR LTV S & X, KO-1)L 0,

3.64<V, <1111 (9-2)
T2, HEEOBEF N 20km/h EoRL TS E X, K(O-1)LV,

12.73 <V, < 22.22 (9-3)
ERED. FBRICHEEOBEEEA 30km/h D & &, KO-1)LD,

21.82<V,<3333 (9-4)
LEES. 40kmh DL X, XO-DLD,

3091 <V, < 44.44 (9-5)

LREDH. WEF T 10km/h 2R L7z & & OFERITA TOHM T (9-2) D& 2 7= L TV
5. Fiz, HEEF T 20km/h 2R L7z & E O RITE TOFRETR(9-3) D& A 7= L T\
%, [ARRIZ, EEERC 30km/h 2R L7z & & OFERIT A T o HM TH(9-4) DI 7= L T
W5, [AEEIZ, BREEEHT 40km/h 2R L7 & & OFER T2 CTOHEFE TR(9-5)DOFPH 2 7= L

TW5. AEIOERCHER LKA ShE, S@E, oA 7Y v NEe Efk % 7 BfE CHo R
FEDS, ENENLD L DSMFR(9-2)~(9-5) % i/- L TV HEHFANICH 5720, ¥
BEEHLUEHEERENAETHD EBE2DH. £, BV EEBOMICHRE L TETLE
FER, BRI SNTZEN NS oo DI, o L EEBEN S - ORIl &N D
ﬁﬁ¢é<ﬁott@?%é&%zé t/%@ﬂ% X0, LEVEDOEY FEEZ 7T
bl nbE 2 5. FBEOBERICHEF T2 Z L2 BE LSS, £ CoOEmR o
EL%HL&E%Luﬁé&i@%@w@,_wﬁﬁﬁ%@%t/%@mﬁuigfiﬁﬁ
ERITHZENTEDLEZD.

Lo, $m_Wbofwéﬁfﬁ®@ﬁﬁl®*#ﬁi@ﬁ@ﬁl# Wb, B
&SRO I E TRDICEE OFRZEZ N 7o 0IiE, EljO#EZ5Hl LT iude o
RNEEZD.
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Fig. 10-2 Run result (undetectable case)
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DEBRTHET LI-EHERL, BRSO A Y — R2Z—V Th5H. Hilint o+ 1 OFd;
Im 62 @i+ 5 CORELFI Lz, HEFHIL, FHUF O mEENFRT
SNDERTHD. £, FHUKEIZL1ko/h THS.
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(a)The center of the road
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(b)The side of the road

Fig. 10-3  Placement of the sensor
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10-2 EER#ER
10-2-1 BFFRIDE A E

XU, B HICh DR OB HFIEICOWTHAT S, oy 1 TR &l
MLUEVWMEZBZ ThHhHEUY 2 TRIBSHZMES LEWEEZBZ 5 E TORRZ Y
MIC DR E L CHEEZRHE L TWER, oY1 Eud 2 TEH ERD E TORE
MNBLDGEERDH Y, BRENKE LS RDAERERS L. SRIT, o)1 TRIEBESh D/
FEEOEE Y 2 TRIBENDOMRBEDHED 77 72 ERAGHLET, f#EMNEL
RHETORMERE L, HEHEICHWS., B4 1 TRIESRDMEERE), B2 T
B ENDEEZg) LT 5.

T() = ) (h(®) - g(t - t))’ (10-1)

FERTTOVFRNERD EEDLEHNTHEEZITo 72, K104 17T X951, g®)%h(D)
12 0.01 BT oS TnE, ST ODEORREN/NE < 725 £ CTORF#Ety 2 VTl EE %
AR L.

—~ 50 ———sensorl
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"
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Fig.10-4 Method of the time calculation

10-2-2 REREER

B4 10-3@Imnd K918, Bt A EROFIICEHE L, HlANEROFREZET LR &
T OfEREZ/RT. X 10-5 | THEF O 23km/h EFHAIL 72 & & o2 RT. P 1T
HlZRE Lot 2 THEZKREHT2ET 048 B ThH o 70 THEITRIR
22.3km/h &R L7z, X 10-6 (3 EFHCREE 29km/h L FHAI L 72 & & OfEREZ /8T, oW
| CHEZHRHEL ThbE Y 2 THmMAZMHEET 2 E T 042 BTh o720 THEEILRH
25.8km/h &R U7z, Sl 2 28M U CEIT L2 O ORE R A2 10-1 [2R 7.
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Fig. 10-5 In the case of a run of 22.3km/h
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Fig. 10-6 In the case of a run of 25.8km/h

Table 10-1 In the case of sensor on the center of the road

HREERHOREL | FR L7 AR
22km/h 21.9km/h -0.1
22km/h 23.2km/h +1.2
23km/h 22.3km/h -0.7
25km/h 21.5km/h 3.5
29km/h 25.8km/h 32
30kmv/h 25.3km/h -4.7
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Y/ 10-3(bIC R T LBV EEROMRICHE L, HE2EEOF 2 E/T LT
fER AT, X 10-7 (SR CHREE 25kmvh & FHII L7z & 2 OfEREZ RS, B 1 THE
ERELCOLEY 2 THEZBRET 2 E T DR MN 047 B TH- 720 THET
ik 23.2km/h &R L7z, 10-8 (ZJH R+ CHREE 30km/h & FHIIL 72 & 2 OFERZ R~
oY 1 CTHEZBREH L THrbE 2 THmMAZBHT 2 E TITON 2R 040 FTH
S T2 DO THEEE 29.0km/h &R U7z, A2 0 L CEAT L2 2 DMOFE R A 10-2 1T
7.
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Fig.10-7 In the case of a run of 23.2km/h
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Fig.10-8 In the case of a run of 29.0km/h
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Table 10-2 In the case of sensor on the side of the road

WEERT O | FRH U7 Es
22km/h 23.2km/h +1.2
25km/h 23.2km/h -1.8
25km/h 22.8km/h 22
29km/h 25.3km/h 3.7
30km/h 29.0km/h -1
31km/h 25.3km/h -5.7

10-3 &%

WERHEEZ S50, v dOMBELZ ST TEREZIT-7-. X 102 1TR
L2k 9is, Bod 1 TREENIEEE oY 2 TRIEENAEENRRER DB THNIT
ABOBHFETITHELZRHT 22 ENTERWVED, B2 EKORICHRET D 2
ECHEMERAROICET LESGAbEEARNT 52 LN TE, BMHKEZM LT
HEEZL. L, BV ERETAMEICOWVTIIRMER EDORELEE L, Ehe
1179 2 & CHETHEBOLOHEMRHNITZ DGR TOIMNERH DL EEXDH. 2, &
YY1 THmZBEHL T Y 2 TEMZBRIET 5 E TIChn2 OB GEL L
TLEWEZHAWTWER, HEEOMBE Y O TIEFEBORE & OBRENKE < 7
SlTc, EEOIGE D NHEDY ETEERAGDLE T, STc2D 77 7DENR/NEIRD
F T DR Z W, ST OO FETRHRE LIZEHEZ R 10-3 12T, 57co07 7
7 ERAEDE CHBEZHREB L2130 AN R, REEEZR ETSZ 08T
Xl EZD.

BV ZEROPRICHRE L, HEANEROTREZET L &, Kl 22km/20 5 30km/h
FCEEERCEAIL, 20L& ORIMFER) G EIZ4.7kmh 22 H+1.2kmh Th o7, F
Teb o ERONIERE L, BEl2SEROP A EIT L7 L &, KE 22km/h 726 31km/h
FEHEFCEHAIL, 20 & X OB R HIRZEIZ-5.7km/h 7> H+1.2kmh Th o7, Z O
Kb, B 2 B2 HWTHEBOEELZ R T2 Z LI THL Ebhrolz. i, &
v EAEE @ LRWIGE S EMORE AR T2 LN TE DL Lotz LinL,
T ABEROPRICHRE L-SA b, EROMICRE L-5A b HE 25km/h 7> 5 31km/h
DOFIFATRENKE S o TWD. ZHUE, HEFPETHOREERE % R T DHERIC 7
STEY, EENE VO PRI CRERE CTET LI & EOEEZ M L7z 2 & MRFKT
HDHEBEZD. BEE/NSLTHEOIE, HEOHUFTIELZUET LILERDD EEZXD.
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F iz, HWENEVE D NEENRKE LS 2LFNE LTE, B EOBEER T - 72 fREM:
Nd 5. ARl ER TIEIEH 20~30km/h FREOHE TLNETLTEHT, 27T 3mHET
T UV ERE LD, HE ST ROEEEORRH 2R T AIMLENDL D EEZD.

Table 10-3 Comparison of the detection precision

o LEVWVEE B 7o 7 k'R B

HEROBE | et PR 2 P
22km/h 23.1km/h +1.1 21.9km/h -0.1
22km/h 24.3km/h +2.3 23.2km/h +1.2
25km/h 22.9km/h 2.1 22.3km/h -0.7
25km/h 23.9km/h -1.1 21.5km/h -3.5
29km/h 25.2km/h -3.8 25.8km/h 3.2
30km/h 25.0km/h -5 25.3km/h 4.7
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11-1 £&6

AP TIX, HlESRE & AW o Bl a5 & R FIEIC DWW TR L7, 1IX LI
et A AW e R O A M A R T D726, EBREE A VTR 21T
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Uie. SERHOA AL HERT 5720, BRMHTY 7 F IMAG ZlnTyIal—va
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HFEOG R E R T Z E N TE .

11-2 §1&DRRE

B E 2T 2 72D O FEBRITBWT, #ENEL 72513 O ER TR L 7o E &
DIMENRKRELS RoTeledd, TOLEDORMFELLGELRITUTRbRNWEEZX D, B
VTR D EREENE D Z tﬁxﬁl@@kof%ék%z%ﬂét&b OB EELS L
TERETOIVLENDDLEEZ D, AHOBELE LU, EljEH & EE % RIRFICRET 2
TENTEDLVATLAEER L CNETNWEEZ D, ET, B TR SN D BEREE D
il L EHHEZ NS Z L THEORSZRDHZENTE, BHREEZHBITHZENTE
HEEZD.

T

ARFREATOICHTZY, TEPOBLR B W72 E LIRS HE oM %z —8d%
WD BEHNZ LET. £, FRICOVWTIHE 20 £ U725 A ERE AR R
BN LET. £ < O THHORE 2 W2 IR TR - 7223 2 T A HIEIRTSE 2= 0 BRI %
N LET. BICFERAEDOERICIZIZ O ZHER I X EA W E&E F L 2 L EEID
T LET. ®%ZIC, 6 FMICHZ KT, KRFERICEFSETCWZE, FPHOAEER, K
P72 832 TNV liEl, FRICEH 2 L ET.
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