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Abstract Recently, automobiles have been developed for safety and environmental reasons. Particularly,
awareness of automobile safety is changing significantly. As a result, safety systems developed by ADAS
have emerged. However, the period of mass production through ADAS development and test evaluation
is long. Therefore, in this paper, we develop a brake dynamometer to shorten the time required for ADAS
development and test evaluation. In addition, the developed brake dynamometer satisfies the
international standard JIS D-0210, and the user can evaluate the braking force by selecting test
conditions and test method for each mode of ADAS. We use the ACC, LKAS, and AEB scenarios proposed
in previous studies to verify the reliability of the developed brake dynamometer. The developed brake
dynamometer was verified by comparing the test values and the calculated values using theoretical
formulas of the proposed ADAS mode based on previous studies. In addition, it is expected that the
performance evaluation of brake parts for each ADAS mode will be possible in an environment where
the vehicle test of ADAS is not possible in the future.
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1. M2

AALE] A AsAF S QPR JRY, HYA
o, 2184 59 FHo=R Y= Qirt. E3] A5
Aol gzt Q14]o] Fa5HA v L Qlrt. o]of wf,
T HALHAA DA AR(ADAS : Advanced Driver
Assistance system, ©]5} ADAS)9] Ao g W2 orx
AAEEo] SRSt E3E A RES]FHISO -
International Organization for Standardization, ©Js}
1SO), FBAAFE7IZ2 W (Euro NCAP : European

B 9 ol

New Car Assessment Programme, ©°|5} Euro
NCAP), "= Z=2w-5Pd=(NHTSA @ National

Highway Traffic Safety Administration, ©°]s}
NHTSA)Soll41= ADASY] 7Hdk B3 @ 7tof] digh &
£33 WS =Yt QloH1-2]. old =AlSFo ot
Y SRS ARPAEH7HKNCAP © Korean New
Car Assessment Program, ©|5} KNCAP) SoA = =
WE2dEe 123 871 71eS /Hdstar Qi

olof] W2 ATEFIFS HH, Kim 52 F =23+
o 2-3<=&A ol (ACC Adaptive Cruise
Control, ©]3} ACC) AlH+&] 2 (scenario)2}, Aol o
o ZHgEE o]8sto] 219 A/t A AxE AIY
P72 AFIILH[3], Woo 52 IA| AFTH 2 7]
4 A 52 HEEAY 9 AHolEEERAIAH
(LKAS : Lane Keeping Assist System, ©]3} LKAS)9]
A5B7HE st = e & A0 He= AuEe
RS A|ASHEH4]. 3 Yoon 52 A E59] &
AU 3 U E23EE 123 AIEE S
o] BrieAARH AR HE Be AF5E AP
H1[5], Na 52 Buro NCAP ¥ = WEAML 43
Ag 7Hter  AE7IgAS(AEB
Emergency Braking, ©|5} AEB)9] g2kl
< AvstAer(el, Kim 52 FH =230 o=
AEBY] AlFH7} HPE S AQtst7] Sl Aol gk =
RS o]&sto] 4 E AUF . AQtetar AAAIE
< B9l ol& AZSHYHH7]. 193 Kim 52 484}
Bdo]3 toJuyru]E(brake-dynamometer)?] 25
e 9 AT, 8 d47e] diste] AQtsta,
JASO(Japanese Automobile Standards Organization,
ols} JASO) C-40601 wet AE719] 85H7He AAIsH
AoH[8], Kim 52 Labview DAQE o]-&3lo] &3t
FA)o] FHOEE EF(torque)-&% L Z(graph),

A%, Ade] IHE 52 FESH AEV71Y] 2eS
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A FRlots AES XF6HATHIL.

Ty o]t o Etelal,
= 20154 39.30%, 20169 39.58%, 20174 36.94%
2 52 H52 A8k 212H[10], ADAS 7iE 3 &
Aoll T W= A1 B7RE 5T A5l B2 717t
A9 5|0} ADAS 4837} HHA A1 ). wabA
£ dFolA= ADASY N 7|7he @EA1717] Al
ADAS BT ARE7} o] 241 9] &S WSSt
L AYEE Asta, JiS(Japanese Industrial
Standards committee, ©|3} JIS) D-0210 &2 W=
Sk= ADAS =Y Bio]39] Al5EE 871 4 Qe
o HulEE Adste] AE@T o] 24te] v wEAES

S AFdS Aot g
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2.1 ADASQ| Mol U =X EE
ADASE A} U 72} A,
2421 RS
zlolct. ADASS] tEA QI AIAHEIQ] ACC, LKAS, AEB
o] Wt A EEL [SO2 Furo NCAPE wEt),

2.1.1 ISO 15622

ACCe FEHEY AP JHAZE Alojst
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LAY RS AT
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HAQ A 2 1SO 11270(Intelligent Transport
System- Lane Keeping Assist System)°]TH12l.
LKAS B719] 8 AAAAR] ApHolg A, A4 Z,
T g FYREE, @ Y olFEE, TENE, A4 &

T A M3, 71E el UE WEoE 14
Eof it

2.1.3 Euro NCAP

Euro NCAPOlA+&= 20149+ E AEB 59 SE3]1
FAE 7GR mdof| tisjARt 294 55 Fofstal
AUt AEB= ATk ojEstd Aol Al5-2 #lo]
H(radan$t 7HEt 59 AlA(senson)E Bl 14H
FolEe] Arigzet AtiAZ 59 HolEE o]83
of 5o g AlEshe Al&Folth Euro NCAPO|
A H7gstal 9= AEB A5 B7te =A=e AsA A
|52 T 7H] B8R Wrollth B4R AvEes
SV(Subject Vehicle, ©[5t SV)2] &&= 10~50 km/h B
ool sl HAE EFxEC] Nt AEB 8587 3
Sl A, AEA ALER AygeE SV &k
30~80 km/h Gl H3l| FAH HHE, o5 =
HE, Eoke HREC] i3 AEB 4% B7HE 45t
I QEH13)
2.2 ADAS ZEE ALi2|@ 2 B0|3 S

7} O|24] HIQt

£ =2oA= ARdA7-E 531 ACC, LKAS, AEB A
U & AAsto] ZF A|A”IY Al5ES gRlsky] flsh
AR AsEo] A7HE £9] AlsAZ ol Higt rE o]
E4E AYAFE 53l Atsieich

2.2.1 ACC HItA|LIER

ACC B7F AU = ZAlZoA F3sctke Adt &
o] 2+ ARG O] WS AT AH9- SVIF AdH L
& LV(Lead Vehicle, ©ls} LV)& FFh=A] mHetoh=
AlFog AgAFE Fol A AvE]e F ACCY
5485 7P & Bk 5 e AIURIRE Fig. 10l Y
ERdom, Al 272 Table 19 Astgict.

ACC Scenario

—_—

accleration
Stop&Go

Fig. 1. ACC scenario(Stop&Go)
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Table 1. Condition of ACC scenario(Stop&Go)

Initial condition After condition
NY sett.ing SOk“m/h NY setFing A'CC'sy'fs'tem ope.ra'tion
velocity velocity in initial condition
LV 1 setting | Same as | LV 1 setting Same as initial
velocity SV velocity condition
Additional Deceleration is stopped by 0.1~0.3g
condition Re-acceleration fixed 0.1g

2.2.2 LKAS HIALIZ|L

LKAS %7} Alelot 23
YR F9 F A 2370] 9
oK AL oferelx] gl ZAA0] BHfoje
S AYos APATE Fof Ak Ao &
LKAS] S48 714 & 718 & 9 Aueles Fig,
20] LrEpgon], Alel AR 2712 Table 20 42
st

o
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b
)
r oo
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LKAS Scenario

Fig. 2. LKAS scenario(constant steering)

Table 2. Condition of LKAS scenario(constant steering)

Velocity 60 km/h
Lane width 3m
Vehicle relative yaw angle()) 5°
Steering angle((i/v) 15°
Front tire relative yaw angle(t);) 20°

LKAS B7H U o= 2 7H4] 7hgo] 8-%H of
et ot

@ =2 Z2 3.0 mE A gotok 60 km/h71E)

@ AAFA 52 AREAL Aol REEA] AAgE]o]
of 3

® AETAE Holu=
ZAsfof 3t

@ AFolg&T 04402 m/s 2T Al LA} 2

Apafok ¢

¥Slo AL HEA 27
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AEB7} J2HE SV7F 38 F Aol LV AAtE of
LVE A & AEB7} B&SH= 4%
CCRs(Car-to-Car Rear stationary, ©]3} CCRs)E &
Qo= AlgoE APATE Bl ALE AL F
AEBS] EAE 7Y & gt £ Q1= AlUE = Fig.
39 Yepdor, Al@z2AL Table 30 Aottt

o]1- (o)
}»1]\’1___‘ 73‘!‘:

AEB Scenario(CCRs)

—_—
n Accleration

& Stop

Fig. 3. AEB scenario(CCRs)

Stop

Table 3. Condition of AEB scenario(CCRs)

Initial condition After condition

SV setFing 50 km/h SV setFing 0 km/h
velocity velocity

Add1t{o.nal Proceed on a straight road
condition

224 2Y0|3 H3H HIIE {I8t 0|24 H|ot

Heo]d tolUEu|EE o851 ADAS REH A
AWIS o8 Y =ESALS LT ACC LKAS,
AEBO| AU 2E AltstaL, ol9] AF5S fls ADAS
nod WpeE 2Este] 233 A9 FRAY TR
HEoI). T3 NSt Bjo]A tolukuEE AlE
g 37t 718 A5 F AFY AsAYUE FX Y=
A7ste] Bo]a9 54 & ZAdAZE & = AW
A%k ADASY] REof ek QPAS g1 4= s
o|1E¢T H|W HFL Ao, AT A= v o]
FAYE AR £ glom, EYIHSRPM
Revolution Per Minute, |3} RPM)°ll A8 A=FS] &
4 E;AEAY 7]0f8|(G )2t BHAS] AA(27R )&
U 7ol AsAIZHt) S F3 AZE Yeido] o]&4
= Eq. (D)ol AlRbst3itt.

_ RPM

D= G <2 b

M

Where, D denotes left distance, Gy denotes

gear ratio, 2mR denotes tire radius, ft,

denotes braking time
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2.3 230|2 CIO|L4Z0H =X EE

2.3.1 JIS D-0210

JIS D-02102 Edjo]a toluRu|g o] A2k 9 A
dxd =A EEolnt. Bjola toluin|g A& A
& 255 9t B HHE, A5 B3 9 A Al
& 59 Aol #ESFH I Eq. (~B) &3
WIRHAES} Als ESE 72 o= Atk T3 AT A
H, =2 8l 714 A=, Bjola FA] ] AH 5o
HEF9FE 0] JATH14].

)

2
I=mi? = wr @)
T=mrb=ﬁb=lb 3)
g r

Where, I denotes moment of inertia, m
denotes mass, r denotes tire radius, W
denotes weights, g denotes gravitational
acceleration, b denotes braking
deceleration

2.3.2 JASO C-406

JASO C-4062 U A Ezolw, 587 1
ol choluhelel A e AAlsk St o]
2 tolutmnle ABE A Hi ST AF FRE
TESL L, B4, 58 24 52 ol8stel AHeA
2 E3h3 QITHIS) ABEA] e 8-S Table 4
o gelstoict.

o

o

Table 4. JASO C-406 test methods conditions

Test Initial speed | Deceleration Braking
it ©s braking of braking frequency
ems [km/h] [g] [time]
Pre- c
burnish 50 03 10
i more than
Burnish 65 0.3~ 0.35 200 times
more than 5
Effective- times per
ness Test 30 ~ 100 0.1~08 braking
condition
Reburnish 65 0.3 ~ 0.35 35
Emergency _ ~ more than 4
Test 50 ~ 60 0.1~ 0.25 times
fade & 50~ 8 | 03~045 | 38~ 48
Reco
Water more than 5
Recovery 50 03 times
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2.3.3 ISO-11157

[SO-111572 2003 UN-ECE Regulation
No.13-09°] w2} 51 A Bo]2 goldo] A=zt
H A B Bo]a tojuiu|E AIFHHE A5t
Art
gl Wy 54 Ao sl= i 4%
59 758 AFEF MF 3E 252 5H0= st
4 4F 7Y 758 AFEF N), EfLES 0)
2 371R] MFE U, o]2fdk ¥ uet A £
9 Pyt E3} &= (MFDD : Mean Fully Developed
Deceleration)7} A-8HH16].

Eq. @~O)l #4 4= 4 A5 EF| IE F&E=
I ALAE Y%l oH, Table 500 $-8A1F2]
HQTAE B2 AEstoh

al

[e)
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A
[

o
=
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Table 5. ISO-11157 vehicle category(M)

Vehicle category S;Z:g[i?n;is]t MDFE[m/5°]
M1 80 5.8
M2 60 5.0
M3 60 5.0
_ (1)1,)2_(1)6)2 (4)
" 2 (*Sv[)ﬁ =5 pb)
T
d;, = ! 5)
rm

Where, d,, denotes average deceleration, v,
denotes standard vehicle speed, v, denotes
vehicle speed at 0.8v,, v, denotes vehicle
speed at 0.1v,, S, denotes travel distance
between v, and w, S, denotes travel
distance between v, and v,

3. 0|2 Cto|Lt2D0|E FHE

Bdo]2 tolutmulele] TS 17,
ol 502 U 4 gtk A Bl
Ble] T4 Fig. 4ol LT,

247 A

tolupzn]
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Motor
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Fig. 4. Brake dynamometer diagram
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3.1 SIERIOE

3.1.1 7178

Hio]3 toluruelE A5 7]EAQ1 EAIQ1
71779 YFols F8e A7l DCEHE(Direct
Current motor), #4E& Wlshr] 3t Eztold
(flywheel), AE Al A= E2 4 rpm, 5F5 5=
Zohs AlAE 507 oA QjilofE o]|g Ay
E& A 5 9E {9 ZHY(frame) 22 F/3E
o] Art.

7155 Aol A E5] 1Edt AR A|ARIS] 3/9A
Aol thaat Zth 71AR 343, AEEH g3
B4, =A] E50] %= Inertia wheel A7), 2 a3t
ANEZEIE 47| Y5k AlA] AAolot. 7135 Fig. 591
LR

| | ‘ >7 .

Fig. 5. Brake dynamometer mechanical part
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Bio]39 Ad 339 7Ie= He /3%
F= Bo]a FRel o /49, U Adsto] AR
o 4 Stk

AR 49 vkAH AZG(master cylinder), A
H Add(servo cylinder), S8AA](power unit) 2.2
=] qlom, FPFE AL Z277]
(regulator)®} £%7](accumulaton)@ F=0] Ut
F/TURE= 8o U= Adr9 A4, kadS At
B4 §A 52 1Esto] A= ook gt

B/34EE Fig. 69 YERH.
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Fig. 6. Brake dynamometer hydraulic &
pneumatic part

3.1.3 s

B0l APHTL BAS 24T BHRE AoiR
o L& W I, B4S Ao AR 7
it

AR B SUT ABBY T4l FHS T

AAE APsforzitt. 2% 9 FL7F AR 7R

o] EUsHAl HEElojokob A2AX, AL, 1274
Z, 12059 270] Fig. 79 1= W3 QoA o]
F| &0k gttt T2/ A= Fig. 8(@)eoll Uerdt.
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Fig. 7. Temperature and humidity graph

3.1.4 x1|01$

Aol R = A 3t A5A2 et 7/3% Ao 52
s, tAg 124 A& AT =7 A4 Ao
ZAA(PLC : Programmable Logic Controller, ©]5}

PLO% A2 A139] Alo}E 917t Labviews ARE-St
k. A= & 13k PLC, A1
(sever) Aloj& HH-FE-mE 2F ZA(PID
Proportional Integral Derivative controller, ©]s}
PID), oFg271 #ZH(analogue recoder) @ &3&
QRTR Fo = FAJE o] Qirh EE BEo]la Al Al
Al SR dolee] e Susiy] e ol
= w19 Aol tie 4 gl A}
2ol
go =

Aot} 73 Hg el $H

61

ol=g

o}, waba] AojHa=o] KAl fAE 4159 A&
Aol W AJ&Aze] AeAo] dasly 71EA=AX}
L2 MRS 1Este] AR BFo]a toluL
ue] AojBE Fig. 8(b)oll YeRdich

(a)
Fig. 8. Brake dynamometer part
(a) Environment part (b) Controller

b

Bao]3 tojutru]E] A@7]= ZF ARE o]l
3 A A"lo g HYo|lT AeAdeAES —’F 33& o
o] 7 JHg59] A5} QI o] A(interface)7t F
&4 08 A==t wet A1R719] dsol ZA
T et

£ AollA et Belo]3 thojuruE] AJ¥7]=
AEATE AE RS AEsto] AIFE 4= gloH 8
ALS Table 6ol g3t

=

X

SE)
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Table 6. Brake dynamometer spec.

List Spec Remark
Max inertia fixed inertia,
tkgf * m*] 06 0.10+0.05+0.10+0.15+0.20
Max rpm([7rpm] 3000 ~ 141 km/h
M[aj\‘, e 35 ~ 103G
) TP size
Lining area[cr’] 20 50°20mm? X 2sheets
) TP
Pad arealcm’] 16.2 size 45*18mm? X 2sheets
Loader sizel & 1 142 O 142* B 50X 8
Motor output[kw] 7.5 7.5kw/1750
Temp range[C] 10-50 | £ 2 T At setting temperature
Humidity rangel[%] 30-90 + 2%
Wind speedlm/s] 11 -

3.2 ATEQNE

Bjo]3 tolutu|EH Y| AXEol= Labview X
2IRE AHESIATE £ =EolA F3s AZELol=
% 39A ol thaat At

12AIQ] Test code edite Al AES 7] A A
ARAE AYstk= T Az, 27 € F
T, A, A3 52 YT & AUtk Test code

=
=
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edit?] £5 tho|o] 172 Fig. 99 YEfit o SV7F LVE F53ttal 7HYstelt). Fig. 12(0)= Al
2‘%1’7ﬂt Data processing® 2 E#o]3 thojufiin]  FAZE UErWoH, LV &k wE AALE

B9 AY AgtE A sotal JZE vehfy oY
EIgR= R A]ﬁlzzigi Z£94¥tt.  Data
processing®] &% t}olo]13L Fig. 101} Zth
FZHAQ Wave data processing= H|o]3 t}o]
UxrE o] A gAE Ao TR ey &
T8 A5EE AT 4 Ut} Wave data processing

o] 22 tlo]o]1HWE Fig. 119 vrehich

Fig. 11. Wave data processing block diagram

al
=

4. 50|53 CO|LI20|E AlgZa}

4.1 ACC Al At 3 24
Heo]H toJUruEE &
Fig. 128} Zon, 33] §HEA|

ACC B7H U829 &&= ZAIE Fig. 12(a)°l UEt
Wor, Ao Lv7F dFEER S5t 0.3s HE LV
7} Ax} ZEo1e] 55 B 1s 7 FAF & Ao, o]

83 ACCY] Al Axh=
%.JT% AAstgt.

62

gelgt 4= Qlt}. Fig. 12(0E A7 ES yehdon, 7
&57h Z7Isel wet sVl &7t o] Zachs A
AL 4= Ak Fig. 12(d= Asde HeRen, AlE

2] WP} AlZEE 035 o]F SVO| Hiishrt dof
Sl

Brake distance [m]

3

| \
.

Deceleration [g]

Fig. 12. Brake dynamometer test results for ACC
(a) Velocity (b) Brake distance
(c) Deceleration (d) Torque

42 LKAS Alg ZI U 24
B0l HolbrrlE S S8 LKASY ARZTE
Fig. 133} 22, 38] WHEAS A4S

=

298

Deceleration [g]
Torque [Nm]

(d)

Fig. 13. Brake dynamometer test results for LKAS
(a) Velocity (b) Brake distance
(c) Deceleration (d) Torque

LKAS B7IAUE1 9] &% AWE Fig. 13(a)o] et

om, SV7F A& 60 km/hZ FP5HH 0.5s%E 20 °
o]4d9] zﬁoWOl A g=]o] &3ty 7Ykt °]°ﬂ
et 7 5 1271 A ARRE o] 7hEste] 23
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I8t 4= Qi Fig. 13(b)= ABAHE Y
Eﬁ HEwo 2 AFAGE AT S 9t
Fig. 13(0e W/HEES Uehlon, 03s%
0.3 goll =t sve] =7t 7“\5% A
t}. Fig. 13(de= A5 Yebdom, 03s
o] Wsp} A= AEol ‘%}*"0}
7} dolt AL I £ it

H &=

43 AEB Al™
Bejlo]3 tholutk g &3 AEBY| AT+
Fig. 149 Zom, 33] WHEAIES A5
AEB B7H U 29 £ ATE Fig. 14(a)° YE
o, SV7F A& 50 km/hR FY5FH 9F 0.4sHH

o =
Z1h o 2

= 3
= 20

LVE X5l 0827t HAZS 4333, A& 0
km/h7} E 7R AA S0 <58k AS BRI £

Utt. Fig. 14(b)= AsAzZY ZIE vepylon, oF
2s B4 SV7 AR & AsAYY Wt gle A&
RIS 4= Itk Fig. l4(0)= Z7M&EEE Ygyon,
3sBH 04 g2 0.8s S &5t HA |50 $9E
S 2= 9l SV7 1.0gE AA|E3Ie] ARk
AUt Fig. 14(d)e A58 VEiioH,
Asg9 A3t dojd AL LAY =

oz‘ﬂ-

=

Velocity [km/h]

Deceleration [g]

Torque [Nm]

(o)

Fig. 14. Brake dynamometer test results for AEB
(a) Velocity (b) Brake distance
(c) Deceleration (d) Torque
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5. BE30|3 CIOILtZOIE Al

Bifjo]a Hpolutiu|E o] A1 H32

Ho=2

A Akt

63

Asd H7t 419 o] 4k Al4bsto] Table 70 A
Sttt olnf| ARERE AlSAIZRE PESHE 7Ee R 54

SHaL, AlES $gt Bfojd &S dA FA 32
1,600cc A& tlAT EFYJS o]835trt

Table 7. Theoretical calculation and braking time of

dynamometer
Scenario Case Braking time Suggested formula
[sec] value [m]
1 4.522 29.334
ACC 2 4.499 29.185
3 4.501 29.198
1 1.018 11.426
LKAS 2 1.053 11.819
3 1.046 11.740
1 1.448 11.186
AEB 2 1374 10.614
3 1.438 11.109

Azt ol 25t v s fIste] Bjo|a tout
zulE A¥ZATE Table 80 a3t

Table 8. Test result of dynamometer

Scenario Case Braking time Test value [m]
[sec]
1 4.522 30.596
ACC 2 4.499 30.536
3 4.501 30.687
1 1.018 12.272
LKAS 2 1.053 12.826
3 1.046 12.705
1 1.448 11.901
AEB 2 1.374 11.367
3 1.438 11.869

Table 9= HE#0]a To[LRu[E AlH
#= Al A= E AL Blaste] yERH

Aziel o2

Table 9. Comparison of theoretical and
dynamometer data

. . Suggested Test value |Error factor
Scenario Case |formula value

] [m] [%]

1 29.334 30.596 4.30

ACC 2 29.185 30.536 4.63
3 29.198 30.687 5.10

1 11.426 12.272 7.40

LKAS 2 11.819 12.826 8.52
3 11.740 12.705 8.22

1 11.186 11.961 6.93

AEB 2 10.614 11.367 7.09
3 11.109 11.869 6.84
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