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Introduction of ECU Calibration tool, STARS Calibrate
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The control of engine is becoming more complicated over the years for
balancing clean exhaust gas with high merchantability in addition to the fuel
mileage improvement demand today and is controlled by the computer, ECU
(Engine Control Unit). As the example of complexes, there are the
implementation of Variable Valve Technology, Direct Injection to Gasoline
Engine/ Common-Rail Injection to Diesel Engine and so on went with the
exponential growth of those control targets, and how optimize the control
depending on driving conditions will give the large influence on engine
performance. Therefore, the decision making work on the optimum value, [ECU
Calibration task], is becoming the large burden of development and making
efficient of the development is strongly requested. The [STARS Calibrate] which
is [ECU Calibration Tool] for performing the work efficiently is introduced in this
paper. This product is joint developed by HORIBA and Ricardo who is global
engineering company, and especially its DoE part is coming from their “Efficient
Calibration (nCAL)” tools.
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Figure 1 Steps of Optimization Based on MBC
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Table 1 Experimental Score in the Case of Full Fractional 5 Levels
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Figure 2 Image of Latin Hyper Cube

WAL, AV LY OEBLR T A —E LY
YOAFTYL=)VORTEICLY, 8T A—=FIIEHIZ6
TEREEOFUIMZ TLEHMEIICH Y, T &) ilBrET
LD IERBENTII R\ 2O X)) il % g 5
72O A A SN 7= DS E BRI (DOE © Design Of
Experiment) EMHIN L FTETH D, KERWREREZR)
IR OND L) RFERETEETL, ZOFERTHON
PoAE R AT L Ttz 9 &) 2 T Tdh 50 MBCO
Wy, EO L) BEREE 21T I ET) Y IZ B
TEDEI)BTFHEEHC T E W) 2 & EHHELRE
t&3d ), [STARS Calibrate [ TIE, €7 ¥ 7 FhT
HHSPM (#2118) & OAME%E % 2., Space Filling (227
HE)O—FfiCTdhALatin hyper cube& ) Tk Huw
TWbo COFFEIEG R SN2 %A T & A7z T
F T, SRITCZEM & Pl L IUE, Figure 20 X9 7 A A—
DCEBTEERT AL D,

Full Factorial& #7210, FEER R OLBUIEFRIN—EIZ
RELDIFTEARL, BT VT OREEOBBRTHIEL
TW{Z &% %, [STARS Calibrate | Tid, Ricardoft:
TOREERIZILDNT, /X7 A—=F DU HD T, HELE
ORI HE A T AR D 2 T\ 20 FERE
121E, T MELEH L LT b Y U HREOBE S
L) O RBIIEE DL E LY G 0H LD, IXT A—F
DD\ T EFull Factoriald OEER O IT R E
{70, 6237 A—=5 D4, 1/100~1/200F THEER S
IS RN D o T D, 70, FEROL LY
Y OBHRFEIFIE Z D L) [ EHEDEIRTIE RS, 728
AL, BT IR Tl e L 728 RS I B2 /N L 7 8 A
VT OHEHBEPRO SN D% MR E DI N
S\, TD L) A To e ME L GABRGEHE % 2

Readout No.42 May 2014

39



eature Article
TV =gy

ECUBENE &Y —JU STARS Calibrate®d %

7t

FTEDEVIFFH LT > TV A,

HERD3EIT Test Execution
AT Y 7 CRBRETH 2SR E2S 5720 T, FEREORER
2TV, TV MR RIE T A 2 IR B8, (RO
YT Y DORBRENI AL O RL S I B D T D—
DL, EBOMEX R EICERSTLIETH D,
DoElZ#D W TH R R/AMUL, £ DR S 72EHI
IZEDS W BN RET IV IR o TV DbITTH L H
5, —DO—DDFEERKEROIEEEDFERAD R BNIHER L
FICREL B F72, RO X HIZ, =0TV DAL
BRIV NRUF BTG A= I HEZ BT TW
72BICIE, RT3 A= F O ATOFHIRERE R L
B2 20T, w3 AU AN R 2 8
FET I o7z b8, [HixEHE ISk 2 K52 22K 9 %
CElT o FDI2, TV VDB TRTNEDYE
TEEROFE, i ESL RO R E L IILHET S
JEREEE, HES AT ARLIRBED M EEEE DK 4\ G A E
RKIBLZEIThb TNHEECUMA Y — VI TGS
LFEE LT, EBROBHCHEED/ =V RKIEERT)
ZEDHERTH DD, [STARS Calibrate | TlZ, 3BT
TAZ EOROY TE Ry 7 AR DR RTFET
COIIGENERRETHIENTEL, $72, RERFHH
(ZFEDNWT, T A=F ZEH L 721%, EBROMRROF
WAATH AN, — BT LR R A T TV 578,
FHANEEE R BT 2H T ZOMMZ EOICHRET DL,
—HE72) OFHIR 2 R 2D, EBRERSET LT
LEI)o COMKXT HERZEHIRICTHILSE 5720,
[STARS Calibrate | CiZHLAl 2B
EHDTIE AL, FRITHE S ZE L 722
EETEREL T Ol TE A L9

T HDIEIFFIZMHRAE %%, [STARS Calibrate ] T
&, SOX) HREE RIS B720I12H Hh LOBGEL 72

FNEZHES T,
(1)BHFEASHEEZ2R A~ N OFHIE FRT L, IRDKA
VI EEHIY S

(2) F 7213, JEEANEEZR R A > MoV, RBRET
B TEFEL72/3F A— 7 OO ) 12 FEER ]
BEZ2 /8T A — & DA R L, ZDRERSA:
TR %

FORRER A TH Y, EBREDVIAET DI L% %
HNCHEN CRBRZ kLS 5 2 &2 HEL LT d,

ETFIVDOLERERSE Modeling & Assessment
FTTIZRR7zE B, MBCIZBWTETIVO AR/ CJE
MEFR Do TV Y VORFEIZBWTET V] Vo7
Wi, KA R EEDH 55, MBCIZBITLET IV &IH
K[ B E TV TH Y, WHBR R L% % >
2= ar$abiITiERV, BTV, LIZLITIE
2 il (Response Surface) &\ ) ZETCTHIHZILTED,
ZOREL, By T =T DRI 2 FEBRE R 2 B E
HTHATW DI E L2 5 (Figure 3). 20D
MBCIZBIF ZETIICUL, — AL O &9 255
H%o

(DET I, BREHHESRHC: & OHER T AREE

DA DI T PRI LT 4 B
T 5
Q)ETVEEBERZTIRTIE R, M50

Dataset: Keypoint 4

Model View: Soot

LRI TIEIRL T %0 i

b —OOEI, BRI TERL
TR RS, EBRICIE, =Y ok
K, xR T, BRSO 12
LB CTE L WITRESEAH L E VD) T

ETHAH, WEDOHBERTIE, 20X
ARG DFE A L2, SRR Ik
L, Ty U afE S5 2 LY
Tdbo & AN, MBCIZ X 5FEBRTIE,

I3 KT =i L3 K =i i
,“
T 1 1 VeTPostion 5
EEEEEEEEE
gl ET S oot £ Fel
I it St | o

DOEIZ & VB SN T D kit i, (7“

SR DI T BT B LEN DY),

Z D7 N FEERDME I U E i E DS AE

40 | Readlout No.42 May 2014

Figure 3 Display Example _of Model Prepared with 3 Parameters
(RFEREN ET IV, FRaiRIIEFEMEXRE)



HORIBA Technical Reports

SR CTREA TV Ao

(3)ZFD7-0\2, R E N2 ET IV ERIE RO R A
VMNEDLDEEL LIRSV, ZDOZEIZK
0, FEBHERD ) A XA ENT E R nWARRD
T T AR TE D REMED S 4,

(AEFFEMRE R, 735 A—=F 2L TEHKRITD
K CHZEAZENTE D D720, FTHD
IOV DENBEEDINT A=F RO 2
ENTED,

WS OERDFHEE LT, BolEE) v
DOESSEFTHEAR D L2ROEZERDP TR I N Tz,
EZAN, TV UMWREDFIIE, v F TR B
F(CoV)% &, &5 2B EREDEIL L 723 Whid
D, RIEDIY YV TIINTA—=FDIREEDET, 2
ROZH T TR R E RS Z L5 <
HoTECWh, COEDRREELT, =2—F)
* v F7—2%°RBF (Radial Basis Function) 7z & OFik
EHWLHDLH 505, Tl FEHNLRREZ1551203,
BT VT EMRTEERSEDETRLLEDN DY, F
B O CBETF L\ HCIEBEN B o720 ZIUTK L
T, [STARS Calibrate|TiZ, RicardoCHEEDH %
SPM (Stochastic Process Models) &\ €7 v 7F
FEHCTWA, 2 Kriging [RTDACE (Design
and Analysis of Computer Experiments) & L THIS
MO TFEOFEEIE TH Y, LIT ORI H 5.
(DA XD GEHIFE R TH R WET ) &~
TRERDIELND
QFHIEB DL WA THIIDDOTFE
HARTHEDZSH LT
B)EHLEMLEEALE BT L) RIERIERED
EWI Y U HRES T O VT RE
(DFEDHHTHTHHED LNETNAERT
vy

DL, BHEPLEBIIEALT LX) U U
NOBEEMHIZOVWT2RDLER LI L 2R %
Figure 412773

B, TOLHNILTERLEZET VEHWTRAT YT
THhHEMEILEITI DT TH LD, ETNVOREIZD
FERBIEORMELELTHIEIIRADT, ETVE
YRR L 726, ZOREZEHEL, LEIZIGL, FEFHIE
DOHIFR: EDETIVOFEEIT-720), WEIZ Lo T

£ 200 o 4
=] 100t Polys can't model common engine response i
‘g’ data like this ...
@ o @ o a o 1
20 22 24 28 28
EGR [%]

Polys only valid over small variable ranges
Otherwise get very poor results ...

113 o o -
20 22 24 26 28
EGR [%]
00l . ‘ . ‘ . 1
B
'.g' 100+ SPM fits any shape first time! 4
o
9 o o = = 1
20 22 24 26 28
EGR [%]

Figure 4 Model Comparison by Quadratic Equation and SPM
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Optimization Results: Soot against NOx
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Figure 6 Example of Optimized ECU Map
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