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Abstract

As for the evaluation for the development of
Electronics Control Unit (hereinafter “ECU”), a
simulator is used to aim to reduce the development
period and cost. This simulator is called HILS
(Hardware-In-the-Loop Simulator), and we realize
the evaluation without actual vehicle by utilizing
originally developed HILS, “CRAMAS.”

The recent vehicle control in which several
ECUs cooperate have been increasing. As for
the establishment of the system evaluation
environment for the evaluation, there are problems
such as the increase of equipment investment and
taking time for preparation of required equipment.

As automotive functional safety standard
(ISO26262) has been established, user must
prove the reliability of tools used for the control
development by himself / herself. As the result,
it takes huge man-hour to prepare evaluation
equipment and evaluate the tools.

DENSO TEN developed a new HILS,
“CRAMAS-X,” and realized the function to solve the
above problems. We introduce this “CRAMAS-X"
in this paper.

FERiLTwb,

YIalb—%id H#ENROWAHBIS % KA L
L7zH#EsRETF V28R L. ECURLLDOES %
TCHIBERN R ET N ZGHE, TOMRTH 5 HM
REL2BLRETICEHRLT, ECUICHATAZ L
TYIalb—3arz#fiH. TO¥YIalb—¥s3

44



DENSQO TEN Technical Review Vol.2

45

V%479 ¥ I 2L —%% HILS (Hardware-In-the-
Loop Simulator) &5 (B 1), M4k Tl HILS
[CRAMAS] #BH%E L., FIZ7—=FL =R
ECU TEBZLEL LAV ZEH L TWw 5,
PR O HEHEHE T, & ECU A3 B 8 2
175 TW7z25, A IIBIE ECU A3 53 % il A3
BMmLTBY., ZoiHii 24795 ¥ A 7 A aHili Br 5
. HEERIENICEI D 24T ECU & 2 & Ol
SR AT 5 7201 B HILS B EE R D,
RDZDDFED D - 720

ALED - BRI SAE0 ECU He i AP 3
AEQ) © B o HILS #i1C X % Bfidedi K

7. HHHOBSR ETime. ¥4 a2
BERENLEYZ by 27 ORBIIBWT, HEHE
RIBERE 2 (1S026262) 25H) & S . BIFEIC
T2y —VoRBEMEIIOVWTHHEILTY
o 87— L—YRECU X, ZDREED ORE
PRV ANV (ASIL) AR RD. Y —IVOEH
BRI L —FHEPHERT L2LEED L7720, KD
MDD B o

G s = VBIE L BET 5 2 L ZFET 5
DIZKER 3D 5

BT, CHOOREZMIRT 572012,
L\ HILS [CRAMASX] ZH¥ L7 COMT
FTORBEFITEIZ OV TR,

HIEIRET IV
» (EAPIY S EEH)
AR Heemef
E@MPI>SY) =1
— %
,,,,,, —rE-. .
wmmEs | By EFMEE | SRR !
| RAES | | | -AFE(TFOV(ES) |
i W S L
| EEHESRE | CAUULAMES)BE
SNy ey U

1 Hardware-In-the-Loop Simulator

2. EBRAA DN

I TR 73 EZ L3 5 720, [CRAMAS-X |
TEIAITREERZRDIHIICEHR L.

MED © G RO ECU He i A3 P

= PO ECU D
ECUICERENLEY 7 b2 T7ZDHh o (LT,
ECU Y 7 }) %, HILS [Z##3 5,

PLUEQ © B o HILS #4012 X 2 ifmie E iR
SERQ< VT 2 7 OBl
Bi¥ o ECU & il 6 4 % HILS1 & TR 3 5
7202, xVF a7 CPU ZHHT %,

BB Y= WBIELLEET S L &AW 5
DI 239D B
SEMG /0 WA O H 2 W
FPGA (Field-Programmable Gate Array) 23
LMo Yy 7 B3 &um1 Ol A % iR
ERE

FEHO@B D IO VT, WA E T~
o

3. ECUMD 4k

ECU YV 7 b % HILS IZ¥# 3 5729, ECU V7
P OFEAFICLELRBEGE (OS. LIRS RE) 24
MU B L. COETIR KOS EIE W [H
ALPE | DR E AT %o

3.1 ECUMDEALIE

HILS & — MM LB 7220 ©, SlhA P
HIELEV, — . Ty Y YV ECUIZIZ#% & 4
IVZTHAKT H7:002, I DA R
OEGAMUBSGFAE L, TS OBRPLEL 2 5D,



FHILS [CRAMAS-X] DFF

- 75 v (DUF, CARLHE)
725y AN ETICEFTEINDEN—F
v 7 AL

< UK ALBR
MRZA IV 72BN T 2 UROHEERE% T
WCEFENDLY 7 by o 7 EAL

3.2 [EhAMIE| R4

HILS O A WNICHEAT E b ECU o JF Hl
HOALELE T 20, OO MIMBLE L THE
19528 T [EALHE] 25072 ECU Y7 b
DFEATNERE % FZB: D ECU & [ UNEFF & L7z HILS
DREMAR ORI, HERBNOSLHZ ) 2
N7y TP A b (FEATIERE) | 2R L. AL
Y 2| OMEFICH > TR EFEITTH I & T,
HILS TOHEAMLHEZEI L Twb (E2),
L2L. YR MEBKBRICHKRIEDOIEST S £
7 WBOFEATIEE) PEBEINLYH% EE
L, ECU OFEATMF L AR BAELTL
¥ 9720, WP 2 MCETIR OB E RS
FATRRNDEED D B 55450 TR X b 28
352 & C.ECU LM ULEATHFZ 9B L= (B 3),

- = — - EERAMAONE - - -
@ ®

I ® 1
= EPN IR L
I
gl 1ms CA I=UN 1ms
S|| = mag | | e || gue
(@] S
—_— >
il 1O ORRALET R |
: /ﬁ%ﬂzﬁﬂ I
10ms 1.024ms |
HRE AR
ims | CA =UN
% wE | g | sm
[ e >
i YR b )
T S [No| 4B ;
O] 1msE || g
BEEREMAND | @ | camg |fseT !
WIREIANTYT |7 5| modum

2 [MIBUZR ] O

@ ® @ o
JEER A EhA %UJ& JEIER
1ims RN CA RN ims
S| o i | oguE | g
(@) S
llI-IJK| , = = ST I -
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, > 1
tfﬁﬁi:ﬂ&gj" SEEE |
10ms 1.024ms |
<
[EEGTEE ERALnEE
UZ b UZb
ims CA [=U4
{ER% B
% i wz bl 0z | wm X
e >
ﬂ' ”””””””””””””””””””””””””””””
E} No | fLIE |SE478EX No| 4uE |78z
| @ [1msfLIE | 0.0ms @ [1msLZ| 0.0ms
@ [ camz | 0.5ms "3’:"“': @ [mxmz| 0.2ms
| @ |mxmz| 0.8ms | @] camsz | 0.5ms
,,,,,,,,,,,, 0.2msICBH(RAIA I EBLRR) |
X3 [WIEUX N OFH
3.3 %R

HILS Ty Yy ey YV ECU ZRRL-Y
Ialb—3a gL, #ALMo [HHR L,
[BdEDdH Y | T vy vk gL 7z,

[BifEdH D | Tk, FECU Lok TZ I ¥
PRBIRE DR B S S e, ECU BBk L 2% E L
TW3Z EEfRLE (B4),

EALE: I't;!iifa‘»bj

o3y [RECUZ R o
s | e S S
WMEF54msiEn
Z5A R [15E#ESHD |
D75 B — :

EET R B

N —=w
SR A3msiEN
4 [EBANE| BEHE BOIY I VEHEER

46



DENSQO TEN Technical Review Vol.2

47

- JVUHER -,

| I>UVECUETIL |

4. T ILF A7 DER(E

[CRAMAS-X| 1. #3EH PC CTH W RE R 5
P~V 27 CPU ZHRH L Twb, HILS T
HIysE7FNV (HEAXREF NV, ECUETNV) %
<NV F 27 CPUDKHITICEY YT, WEANZ
BT b2 rzHE LT,

772U, HILS BT 2 EF V2 HEMIZTT
Bl L7a. EFVOMAEERET LMl /¢
¥ — X o TUTMAEAM AR R L, BT A3
BETEHGRHE (B5). €D, EFVO
MEERETT Heli/N 7y — VIR LT, %27
NDETINVEREORBLILE L % b,

I>TV[OEREL

SN Do R
/ﬁ?gzsm, ------ ! /tuggﬁm% i127%

Wlﬂﬁﬁ57% _|

IR |

- LR
l' S

RN -EGHLEN R I A MRE
IMEETHER(C K BBIRIF DFRE

IBRII TS

X5

4.1 [EETHER] (C&ZO7ERE

RUBRHT % B CUCid. & 75V AN SR BN IS
WB % T 5 50ENH 5720, HERHNTO
QLB Y W 15 2 5 301 PN o L BRI [ o0 RSN 2 S ) %2
5% [ THERX (LT, )| 28%L0
72 (®@6) YIal—¥ary&EEFL, WY
I L7 A. BRI R AERO K ET VO
MIFH 23 L. 2O & HEXD» S a7 Bl
Z HEIWICRE T 2 T2 EH L,

Pl E7)IA, BEFE—17ICEE

SEERNR SIBEERS
ETIA 1.0ms 0.50ms
7B 2.5ms 1.25ms
fi“JbAl;t\ 1.0ms§l:\ 0.5msTIMEE X1
) 2 i 3mSR
EFILA ‘|: 0.5 T 0.5 ‘ T 0.5 ‘ §t1.5ms
_EFUBIE. 2.5msBIC, 1.25msTRBERIE
aeh 1EISEE
e T Jos| [ os ] 0.25) 5t1,25ms
00 05 10 15 20 25
HIER
o LIRS
25 ziﬁLE%F‘Eﬁ< 100[%]
EEEHA
T . +E5 .
%TJLA_{l Smi)m t7)VB(1.25ms)  _ 125[%]
ETIIBOEERER(2.5ms) gt
NGEHIE

6 ESTETHIEI

4.2 3HR

WUBRR T A3F82E L2283, Hle Xz Hwi-a7
FHREZER. HEYIa2L—Ya ve2EFT5
LT, BRI PRELRL BB L EMERL
72 (®7)e SOEHIT. EFNVOMEETRENT
LRl 5 — 2 L7z, EF VO a7 RLE % )
REIC L7z

Yzab-3ay L}g}gw%i ]7@3?%&3‘ ByIalb—a>
ESh) S| B#EESE ESh)
— — g
NIRRT R A RS D AR SRS A7REHHER BYI1L-3aviR
LHEAE(4096iEN)HS IR 73 I:@,b
Bl oy || B | uEto || J7ECEZEL(RESO%)| I
17 [ms] | [ms] R o[ o, [ #ER0 e s M
o5 [1.000] 0362 [ 550 1on =2 R
T1Tooy [r024] 0.578 | S22 A% B o 06 iz
| SRR | | 7 e/ 6-9% B 4@«{/’“‘: e
72 |4 1.000 | 0.397 39.7% 27 [P 75.9%! UE?&UM
173 |E-%ECU [2.500| 0.421 16.8% -4 " 739
ra|BE Looo[ 0105 | Ly [E2ECU 523_9% ¥
IMECU |1.024| 0.059 B|WECU |, a7 REEHERICED.
74 ok [0.0%1 | ERICYIIL-3aV5ET
J71~3DHTHIHE

7 A7EBRHICLZIBYIalb—Yy3v




FHILS [CRAMAS-X] DFF

5. I/OMERED B S

HILS 3:li % F2 i3 2 Bilc. 1/0 Ol kA it % f
AT HEE. kit vura—7%roiln
ZHEML, PEEBIOHBTERL TV,

[CRAMASX JiZ. I/O F— PR S 7z FPGA
WCHCRWae Yy 7 2923 L, HILS HHY 2% 1
DWGREA %2 ST %o

5.1 FPGAO DY 7 KB &M

T 5 W A Ak 12, HILS Z— 23K 2 + PC O
GUI (Graphical User Interface) T WibH s % 18
AR L. FPGA u ¥y 7 382 #4173 %,

TrursR e T NVRONMETIZ. AR
HE O o] B & 13RS, Z W OBl % 1ch K L T
BO. GEZEIRE. AR O HBE & W
ZWNETHER L. FPGA U Yy 7 THiF4 ) B2
2TV RDHEH - WEETTH (E8),

(7FOJ AR EEDH]

( I M
gy ATES1-)L
BEERSE ANGF
73OIAH
E5%
111111E
[SEZLTED
FPGA
3 REBTIER
- B prer
-EHRBRER o p— 740oHH
[
i J
X 8 wfEEZHA
L7 B REROWE

Wbl o AM )RR L . ARBEGE O [l #H o
A JEITAE O —H & RS 5o

C TV VRO E

SO AP & ARRRE O Il A
HIImBL D — B 2 LS %o

WA R, ERT 2 NI R S0,
GUILICREHEE 2T LI rT5 (®9).

Result Mame 1Ch 2Ch 3Ch  4Ch
ok |Al Ok Ok OK Ok
[ OK OK OK DK
NG (DI OK | NG | OK Ok
NG (DO 0k OK | NG | NG
ok |PI 0K Ok 0K 0K
ok |PO 0K 0Ok 0K 14
Ok |PSC Ok Ok

B9 BHER

5.2 R

PR D FAEFENT X 5 IRl i, e 22 L
TW72A%, FPGA 1 ¥y 712 X %k RrbknE i,
ZWRIBORRP OB I0 B TBHTEX 52 L 2
B L7

GUI 72 CTIBEZ M S E T E, Y — D
fEHAYE % W3 e 0% L2 WHEIC L 72,

6. H5HJIC

#Fr HILS [CRAMAS-X] OBFIZ & D, 574k
ZHOECUL A, BXUOHILS1ATHOY AT A
AP BREBIRE D REIC T2 o 720 SR O H B B 1)
. I A7 T4 v 8- HEpEEE - BEEAE A,
TR, BHALS 5. HIEBE % R
THRZDIT, V=~ OWFF - BHIIEHITKE
K roTw EEZ b, 5HDHMBFE DL
BRE L 7-BRBER T 2 D T <,

- CRAMASZ, MA&KHLT ¥V — 7 ¥ OB
<

B SCHR

1) ARAZEF: [H HILS (CRAMAS-X) OB,
H By P X B = 2 — A %5 53 5 pp.89,
[2018]

2) fEE 135 : [CRAMAS-VF ®B% | , &1
7 > Hi# 59 5, Vol.31 No.1,pp.15-20, [2014]

48



DENSQO TEN Technical Review Vol.2

FHBNT

Al 5 AT fe
T2XE HEO Izl oLt

AE $i A AE B A5
I 7 - HA i 7 M

JIJ5 il

»PbLE O TOL

AE HfiAEh
A 7 et s

49

ARA I

EHL EFrHnn

AR HiliAcHs

i 7 AR



