@ lIE T']} http://dx.doi.org/10.22680/kasa2020.12.3.043

ebhlEts 289 ACC AlEH7F el e A

A Study on the Evaluation Method of ACC Test
Using Monocular Camera
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ABSTRACT

Currently, the second level of the six stages of self—driving technology, as defined by SAE, is commercialized,
and the third level is preparing for commercialization. The purpose of ACC is to be evaluated as a system
useful for preventing and preventing accidents by minimizing driver fatigue through longitudinal speed control
and relative distance control of the vehicle. In this regard, for the study of safety assessment methods in
the practical environment of ACC. Distance measurement method using monocular camera and data acquisition
equipment such as DGPS are utilized. Based on the evaluation scenario considering the domestic road environment
proposed by the preceding study, the relative distance obtained from equipment such as DPGS and the relative
distance using a monocular camera in the actual test is verified by comparing and analyzing the safety assessment.
The comparison by scenario results showed a minimum error rate of 3.83% in Scenario 1 and a maximum
of 14.61% in Scenario 6. The cause of the maximum error is that the lane recognition is not accurate in the
camera image and irregular operation conditions such as rushing in or exiting the surrounding area from the
walkway. It is expected that safety evaluation using a monocular camera will be possible for other ADAS
systems in the future.
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Table 1 Detection range scenario interval conditions

No. Detection range

1 | Front of a vehicle ~ d,(minimum relative distance)

2 d, ~ d,(middle relative distance)

3 dy ~ (maximum relative distance)
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Table 2 ACC test scenario 1 2 kmn;fl condition
. " — 1 ; ) 1 p o
Initial condition After condition Lv se.ttmg 60 km/h, Lv Se.zttmg Same a.s .mmal
velocity iy velocity condition
SV settin 30 km/h, SV settin, ACC system S0 ko
velocit g 60 km/h, h velocit g operation in LV 2 setting | Same as | LV 2 setting | Same as initial
Y 80 km/h Y initial condition velocity LV 1 velocity condition
LV 1 setting | Same as | LV 1 setting | Initial condition . Instant acceleration in Cut—In situation
velocity sV velocity +10 kivh Additional of LV 2
- - — condition -
LV 2 setting | Same as | LV 2 setting | Same as initial Cut—In range is d; ~ d,_
velocity SV velocity condition

Table 3 ACC test scenario 2

Table 6 ACC test scenario 8

Initial condition After condition
Initial condition After condition V1 ACC system
. 30 km/h . Al i i i ion i
SV setting m/h, SV setting CcC system SV set.tmg settlr}g SV set.tlng ope.ra.tl.on in
velocit 60 km/h, velocit operation in velocity velocity velocity initial
Y 80 km/h Y initial condition -10 km/h condition
LV 1 setting | Same as | LV 1 setting | Initial condition . 30 km/h, . .
. . 1 1
velocity sy velocity +10 km/h LV Lsetting | gy | LV L setting | Same as initial
- velocity iy velocity condition
LV 2 setting | Same as | LV 2 setting | Same as initial 80 km/h
velocity SV velocity condition . Instant acceleration in Cut—In situation of
— — Additional V1
. Instant acceleration in Cut—In situation condition
Addlt.lo.nal of LV 2 Cut—In range is d, ~ d,_ .
condition -
Cut—In range is based on d, (above, below)

Table 7 ACC test scenario 10

Table 4 ACC test scenario 3 Initial condition After condition
Initial condition After condition ACC system
. 30 kn/h, ] ACC system SV setting 30 km/h, SV setting operation in
SV set.tmg 60 kavh, SV Set.tmg operation in velocity 40 km/h velocity initial
velocity 80 km/h velocity initial condition condition
LV 1 setting | Same as |LV 1 setting | Same as initial Lv1 se.ttmg Same as SV Lv1 sﬁtmg Same as .initial
velocity SV velocity condition velocity velocity condition
LV 2 setting | Same as |LV 2 setting | Same as initial Additional Deceleration is stopped by 0.1~0.3 g
velocity SV velocity condition condition Re—acceleration fixed 0.1g
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Table 8 ACC test scenario 11

Initial condition After condition
. 30 vk, . ACC syste_m
SV setting 60 kiyh SV setting operation in
velocity 80 km/h velocity 1n1t.1§1
condition
LV1 S(?ttmg Same as SV Lv1 sgttlng Same a§ '1n1t1a1
velocity velocity condition
- At 30 km/h, proceed at a radius of 125 m
Addlt}qnal At 60 km/h, proceed at a radius of 250 m
condition
At 80 km/h, proceed at a radius of 500 m
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(a) City (b) Interurban

Fig. 6 Test actual road
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Table 9 Environmental condition
Item Condition

Road condition Flat, dry and clean asphalt or concrete

Temperature (C) 29.5 - 36.9
Wind speed (m/s) 1.6 — 1.7
Weather Sunny
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Fig. 7 Monocular camera

Table 10 Monocular camera spec.

Name Spec.
— Front : Quad HD(2560x1440p) 5.48M
Effective Pixels SONY IMX326 sensor,
_ 30fps
K=900 QD | _ Rear : Full HD(1920x1080p) 2.13M

Effective Pixels SONY IMX322 sensor,
30fps

Fig. 8 A2 #to] A5S fla) ARg-gh Fnjol,
A g @AREATETE o] F7) eyt A A

A

(b) Camera

(¢) RTMaps&monitor (d) RT—3002

Fig. 8 Test measuring device
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Table 11 Test measuring device spec.

Name Spec.

— Single antenna model
— Velocity Acuuracy : 0.05 km/h RMS
— Roll, Pitch @ 0.03 deg, Heading 0.1 deg
— GPS Acuuracy : 2cm RMS
— Obtain high—bandwidth sensor data
(1 GByte/sec, 16 TB or higher)
— Integrity data can be stored
(ECU sensor/camera — recording file)

RT — 3002

Brick

— High—level communication protocol
— Multi—rate modeling

— Full HD 1080 p Video Call and Clear
stereo audio

ol ﬂ%o‘ ahdd Zﬂoﬁ A d

real

Point

Fig. 9 Data acquisition example
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Table 12 Measured value using monocular camera and
relative distance

Scenario | (1) || (| | B fon |
1 0.02 10.1307 | 32.53 | 3.877 | 1.311 | 3.380
2 0.0241 | 0.127 | 25.09 | 3.877 | 1.092 | 2.600
3 0.023 [0.1262 | 26.37 | 3.877 | 1.311 | 2.590
4 0.023 [0.1249 | 24.71 | 3.877 | 1.092 | 2.640
5 0.04 |0.1241 | 12.36 | 3.877 | 1.311 | 1.390
6 0.034 | 0.12 | 14.86 | 3.877 | 1.092 | 1.540
10 0.0245| 0.112 | 20.99 | 3.877 | 1.092 | 2.710
11 0.022 | 0.119 | 25.91 | 3.877 | 1.311 | 2.580

ol w2 a,,¢) Ao]2 A 1.390mol A A 3.380m
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(c) Realroad test 3

Fig. 10 Test results (interurban)
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Fig. 11 Test results (city, STOP&GO)

test 3

Table 13 Results value (relative distance) using DGPS etc.

Scenario Results value using DGPS etc. [m]
1 About 3.509
2 About 2.788
3 About 2.893
4 About 2.749
5 About 1.492
6 About 1.765
10 About 2.377
11 About 2.848
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Table 14 Error factor by scenario of measured value using
monocular camera vs results value using DGPS

etc.
xiefsu;eoigif; Results value Error
Scenario gcamera using DGPS etc. | factor
[m] [m] [%]
1 3.380 About 3.509 3.83
2 2.600 About 2.788 7.22
3 2.590 About 2.893 11.72
4 2.640 About 2.749 4.14
5 1.390 About 1.492 7.35
6 1.540 About 1.765 14.61
10 2.710 About 2.377 12.27
11 2.580 About 2.848 10.38
5. 4 &

A 7 ASsk] s 4 Z
7k Alte] 2.9 ettt E 48 qmaoﬂ 5 L
X =

50

A3,
AANGE BTFGA BAeFes AEAAE
s2sh oY ST FAR Exod 2
A Ao SHNPE 5L A3l
AL FR) A BAT ol AR

33] kAR S e, AFgE2 AAl 2 G0

~

3

54 A7} gk fﬂﬂl DGPS 5 & &
3 A3 ko] eapt HxE A Bt
Lol A # A 3.83%% w33E 5 37t
6olA ) 14.61%= YEbst).

Qo wAe] T 29l X}E‘} e
Lo A gk AXAI el A Ao
wolAl 7l EAY WU 5o WA AA
&kl gk Akl AANRE A shef Fhd| e} o
ol 1 214 o] FeaslA] el WASE o=
Al Q. 7~99] A5 Cut—in.= Q1%
2 AT Alofate] AlS 2

5

Hu
B 2
%

=y

QHhvlEke 288 ACC Qhdl4
7hEE 7&%@71 98, AddTe] It eE 2
& ARSA W ACC 715 B7F AlUEeE @
I AE 7 AR 2E 7o A 1
Agate] Foi7e s HA56r0m, vags] 42
3.83%04 At 14.61%= Yegon, A4 Fity
As kel A48 ACCE gheld] EJM AR ES 7]
R SRl glof wlge] 2 dhde] ¢ <
0 R% ACCE AGAA v &R FS %‘7@ T AE
Il

0110 ﬂlﬂ (e

o
d
_Ui

d

N,

Ny
-
=
AU 1)

e 32 fo rlr B o St o ol

o] =L 2020 % AR(IAERA
2 @ 7160599 A
q

(N0002428, 20201 2He] 4 &

)9l Ao
& wot #4H A7)
H B aAI)).

ArsxtetAste X M122, M3=, 2020



cretrh|gtE 843 ACC A9

EnAL]

(1) SAE J3016, Levels of driving automation.

(2) P. Venhovens, K. Noab, and B. Adiprasito, 2000,
“Stop&Go Cruise Control”, Proceedings of FISITA
World Automotive Congress, pp. 61~69, Seoul.

(3) B. J. Kim and S. B. Lee, 2017, “A Study on
Evaluation Method of the Adaptive Cruise Control’,
Drive Control, Vol. 14, No. 3, pp. 8~17.

(4) B. J. Kim and S. B. Lee, 2017, “A Study on
Evaluation Method of ACC Test Considering
Demestic Road Environment”, Journal of Korean
Auto—Vehicle Safety Association, Vol. 9, No. 4,
pp. 38~47.

(5) S. H. Son, C. H. Jeong, J. W. Park, and S. J. Choi,
2009, “Development of Simulation Environment
for Evaluating Safety of the Adaptive Cruise
Control System’, International Journal of Automotive
Technology, Annual Conference, pp. 1980~1985.

(6) Y. J. Moon and Y. K. Park, 2002, “Development
of Test Evaluation Program for Advanced Vehicle
Safety Evaluation”, J. of KSME, pp. 116~120.

(7) K. H. Yoon and J. W. Lee, 2002, “A Study of
Test Methods and Procedures for the ACC and
FVCWS”, J. of KSME, pp. 109~115.

(8) H. S. Kang, N. H. Lee, and J. M. Lee, 2017,

ArsaterEste X M122, M3=, 2020

A7

e

o A
“Distance measurement algorithm based on object
recognition’, The Institute of Electronics and
Information Engineers, pp. 721~724.

(9) T. G. Woo, J. K. Park, and J. T. Kim, 2016,
“Experiment of Distance Measurement based on
Visible Light using Cellphone Camera”, The Institute
of Electronics and Information Engineers, pp.
1364~1366.

(10) C. S. Park, 2016, “Distance Measurement Apparatus
and Method Enabling Correction of Distance Error
Induced by Target Brightness”, Journal of Korean
Institute of Information Technology Vol. 14, No.
5, pp. 9~15.

(11) G. H. Bae and S. B. Lee, 2019, “A Study on
Calculation Method of Distance with Forward
Vehicle Using Single—Camera”, Journal of Korea
Institute Of Communication Sciences, pp. 256~257.

(12) S. Eisele, M. Yamaura, N. Arechiga, S. Shiraishi,
J. Hite, J. Scott, S. Neema, and T. Bapty, 2016,
“ADAS Virtual Prototyping with the OpenMETA
Toolchain”, SAE Intnational J. Passeng. Cars —
Electron. Electr. Syst, Vol. 9, No. 1, pp. 22~29.

(13) J. Zhou, R. Schmied, A. Sandalek, H. Kokal, and
L. D. Re, 2016, “A Framework for Virtual Testing
of ADAS’, SAE Intnational J. Passeng. Cars —
Electron. Electr. Syst, Vol. 9, No. 1, pp. 66~73.

51



