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ABSTRACT

A high precision A/F control technology applied
modern control theory is essential to decreasing
emission for Honda ULEV. Usual Automotive CISC
micro computers are not enough for high speed
calculation in order to realize high precision A/F
control for this purpose.

This paper described outline of the first gasoline
engine ULEV system, especially the high precision
A/F control by using newly developed 32bit 1chip
RISC micro computer and C-programing.
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Table 1 California low-emission vehicle standards

NMOG CcO NOx (g/mile)
Tier1 0.25 (vmro) 3.4 0.4
TLEVs | 0.125 3.4 0.4
LEVs 0.075 3.4 0.2

ULEVs | 0.040(0.055) 1.7(2.1) 0.2(0.3)

NMOG : Non-Methane Organic Gases
100,000 - mile standards in parentheses
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Fig.1 California NMOG fleet average standard
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Fig.2 General concepts to achieve ULEV
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Fig.3 Honda ULEV technology
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Fig.4 Technique for high precision A/F control
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Fig.5 Three technologies work together to
achieve ULEV
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Fig.6 Catalyst efficiency vs. Air-Fuel Ratio
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Fig.7 Individual cylinder A/F control observer
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Exhaust manifold model

A/F(k-2) 0100 || A/FK-3)
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Confluence Point A/F (K)=[C, C, C, C] [ A/F(k-1)
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State Equation
X(k+1) = AeX(k)
Y(k) = C*X(k)

Observer configuration
B(k+1) = (A-KC)*O(K)+KeY (k)

TOBEETIVOC S C, LWV FREU, Y ILD
L T OZERH B 2 EREIC RN T E B K51, #
BT — 2Ty al—yaryE{T-oTHELK, T
5 LT—AROE Y TRITE N2 LD AT, B
DZERHAHEE D ATREL 755 T2

Fig.8 1. SARIZHRILHIHOMRZ R, T TR,
SEATRZERLEHIE 2 SRR LRI I D X 20
At DZERL DZ T 2 Hi U Tz, 78 TR D224
HORB5DENH SN, %E TR EHOZMEEDR S
DENELED . TN TORRDZHRELA B AR D I

HMTETWBTENDL B,
Extt:less iir Conventional
ratio ( ") AJF control Honda ULEV
1.2
1.0
0.8
0 20 40 60 80

Time (sec)

Enginespeed 1 0 0  :1000rpm
Intake manifold pressure 0 :58kPa

Fig.8 Effect of individual cylinder A/F control
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Fig.14 General purpose ECU
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FHEICK DML Tz,
i -
e o -
(1) ZRF—2F A ZOREL o 5 rer
Sra Tl T — 22 R T & &I TV ) .
BZ 1
1} %A%, AUTO-CODE TIE g R TOLHE[E L
= 3 P > — oh
B LTULES DT, SRz R I 2
ZETAZ & 3 4
ERAN S
(A
P Elementwise Product */ 4
/% {ZETA_GAMMA_ZETA..67} */
BUS[I] = U[0] * U[5]; ZETAZ & 3 ¥
Elementwise Product *#/ =
/* {ZETA_GAMMA_ZETA..65} */ CZ 3
BUS[2] = U[1] * U[6];
e Quantization */ 23
/% {ZETA_GAMMA_ZETA.QTZ 1 65535.95} */
BUS[3] = 0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[1] /0.0000153 )); g ZEne k 3 “J_X
P Quantization */
/% {ZETA_.GAMMA_ZETA .QTZ 1 65535.92} */ SZ 4
BUS[4] = 0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[2] /0.0000153 ));
--- Summing Junction */ k)8
/% {ZETA_GAMMA_ZETA..68} */
LTAS_K_3
BUSI5] = BUS[3] + BUS[4]; s K
o — Elementwise Product */ I
A
/¥ {ZETA_GAMMA_ZETA..66} */ (18>

BUS[6] = U[3] * U[8];
S — Elementwise Product */

1* {ZETA_GAMMA_ZETA..64} */
BUS[7] =U[2] * U[7];
e Quantization */

Fig.17 Example of control spec.

/% {ZETA_GAMMA_ZETA .QTZ 1 65535.94} */
BUS[8] = 0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[6] /0.0000153 ));
P e Quantization */

Y = ((Zetal * GZI +( Zetal * GZ2 +( Zeta3 * GZ3 1+( Zetad * GZ4 +( Zeta * GZS )) >> 16;

/% {ZETA_GAMMA_ZETA .QTZ 1 6553593} */
BUS[9] = 0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[7] /0.0000153 ));
1% S ing Junction */
/* {ZETA_GAMMA _ZETA..98} */
BUS[10] = BUS[9] + BUS[8];
e Quantization */ ( 2 )
/* {ZETA_GAMMA_ZETA .QTZ 1 65535.88} */
BUS[11] =0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[10] /0.0000153 ));
e Quantization */
/* {ZETA_GAMMA_ZETA .QTZ 1 65535.87} */
BUS[12] =0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[5] /0.0000153 ));
e Summing Junction */
/% {ZETA_GAMMA_ZETA .99} */ (3)
BUS[13] =BUS[12] + BUS[11];
e Elementwise Product */
/* {ZETA_GAMMA _ZETA.91} */
BUS[14] = U[4] * U[9];
e Quantization */
/* {ZETA_GAMMA _ZETA.QTZ 1 65535.96} */ ( 4 )
BUS[15] = 0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[14] /0.0000153 ));
e Quantization */
1* {ZETA_GAMMA_ZETA QTZ 1 65535.85} */
BUS[16] =0.0000153* (RT_FLOAT)((RT_INTEGER)( BUS[13] /0.0000153 ));
A e e Summing Junction */
/* {ZETA_GAMMA_ZETA..90} */

Fig.18 Shrinked C-program
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BHEHENZ VDT, ThEHIRYT %,
BT my JOREL
BEEBOTay 7R, TNy THOT O J
R E/NUECU ICIFAE R T 1y 7 IFHIRT %,
Z DAthissE b

b WO B THS L. HEEREShZY
T MY 2 T IKEAEGERAHNZ DT, FERIC
VT T T 2. BIET %,

BUS[17] = BUS[16] + BUS[15]; F|g1 9Ic %*ﬂl;ﬁtﬂﬁﬂ@AUTO-CODET ﬁ?ﬂﬁibﬁé" n
P Quantization */ N — S N o » g —.
/% {ZETA_GAMMA_ZETA.QTZ 1 65535.89} */ VT2 T7 DAy 2 )V I%DY A A2IRT,

BUSIO] = 0.0000153* (RT_FLOAT)(RT_INTEGER)( BUS[17] /0.0000153 )); B AL 309% 12 S o 1) X P - LIy
e Collect Ext. Outputs into Y vector */ %ﬁ%{ﬁ;«j 30%IC> 2 ) v b T % 71:- ~ a h ;bi)\ ZDO

Y =BUSIO Eie, VI M7 RBIEDIABRD L. iEtOTE(L

Fig.16 AUTO-CODE output
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6. 7VF v TRISCIA IAVORRE

HEAREAROMIFIT X 0 | 4E L <A 3 2 OPERERERER
TN, BIfEL Y VRIECUR & LT L TV
%A 3% 16bitCPU I 7IC 64 31 FLLEDAEY %
Wik LTz > F o A AV BNEF &R > TW05%, L
<A AV EDFEVIFRKAEDROM (Read Only Memory)
£ RAM (Random Access Memory) ZNEKL T\ 5 Z &,
2F v FIVDAD AVN—REAL VTV IV B RA
SZNBLTWA T L TH B, FHcT >y VO
A BREOAL Yy B, A TF A ZHENRE L 7%
L1z, Fx TF v BEER—BCHIERRE R G U To =ik
REDRASEERREIL, VT by o 7 OEEERR L
TWa,

AW CHA UlcA 7 —NBRUONV T Fa—=
JLF 2 L—R2REZHOITHEE THREN TV, C
DITFEFIE S VIRA 5 L RF L ROESGTHD ., T
BRRAEEIATT BT 0ty YR EIC RS, FLD
TGS LR RET UTAS R, Tk~ A 3 AR 8
5D 5 10fEHEEHERE O RN A AW TH S T
Lhbhrotz,

— AN BRI E 2 kT 5 Tty e LT
DSP (Digital Signal Processor) m&% D | &+ 7TH—=N\EBLT
YT Fa—VFLFaL—2OEEEHSTE LN
SHERE#EZ BNBH, ECUDKIER IR kLA & AT
LS %, <A 3 AROEFBERES %16 19 % /5
HEe# A Te, BT, BUHBEERIENCE U7z C SECTHIFE
EHEDHDTENLCERTO TS NE LT —FT
FXDIAAVRREL IR Tz,

PEROHEEHRAS A 2NE T2 T IN—AFIRICHK
R, VIR ABY TKOZLDEHENTES. VDD
% CISC (BEH) BICPUITR—ATHHELTER, T
NEFHRHERDTICRHLTT Ly T (AEV 7 7%
AT BERRETRCLICE->T, Tud5 L0
HKERHCT DT —FT7F v ThHb, CISCROYSE,
MAEHL S EHIC 2 B 128, CPU OREREIR FIC kD
Fu THA XKL, XM ERD | SHIOHN
SR T 2 RN T T E Tz, HIT, CPUMDTEAED #HE
THaHCAVIRALTORFEDPEHEL L, MDOThll Lk
DOREVEDHER LI < WIRIIZ IR - 72,

CNHOFHRE LT, BLEIIVF AT THEL

150
122

KBYTES
2 3
| |

38

0
AUTO-CODE Edited program

Fig.19 Program size of the fuel volume
calculation part

[First,describe file name ]

¢ Function name described ]

\File name_Process level_Contents
void egr_10ms_fb( void )>/* EGR F/B{LEE */
{

VWiiftad = LIFTAD >> 6;
if (VWne> XWisnelift ) {
VFfsd12a = 0;

Yelse{ (
Put Identified code
{ before variables

Fig.20 Example of design rules

THESNTELABAHRISC 7 —F 77 F vIcEHL
Tzo CERBHFEZNITRIC CERETH X Dl L7z CPU
MREKIECHIRL., Fv TV A ZZ2RAET/hEL L
77 —FT0F v ThHb,

CPU DERELICIE 7 1y 7 DEHEIEDEZNTH D |
Pk S ray 77y TOREMNET SN TWBEH, H
BEH 7 U A X))V 32MHz DWW | d T H D |
SIX A ZANENEE VAV THHLTVWE XS %
HEE I RADH %, ZDIHEL IOy 7 TEHEE
EL 7% CPU T —F T 7 F ¥ ORMADVRBETH S,

COT7—FFTI7FvyDOEDE LTI TSTAVFiE
MH 5, Fig.211c/84 754V OREHIZRd, CPUD
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JPREHEZ W < OMIT T TS 5 2 &It k- Tl
Bt 1 70y 7 THaMFEITLT0aHhDEH IR
ZBFETH DY, EEICIHEFOMRENIL VA X
WCBRE L, N— RIS > IS LTS T4 V7%
FHL T3, TORISCHICPU I 7 FR— I HEH
M 32bit 7 > F v TRISCHI A O &BFE L, &itkaElL
LA MEDRNLE I - Tz, Fig.22 1 BF L 1z B8
I~ A 2> ORRE R RISCOFERER AT )RR
MRELZRDEVIFEND ZH, CPUIT F v Tk
WNE L Tmofep AR Y Z REICER L, & SICMEEERm

CLOCK 1,2,3,4,5,6,7,8,

Instruction 1 m
EHEMMm
(F[D|E [M[W]
[F (D€ [m[w]
LF[D[E [M[w]

Instruction 2

Instruction 3

Instruction 4

Instruction 5

IF :Instruction fetch
ID:Instruction decode
E :Execution

M :Memory access

W :Write

Fig.21 Parallel execution by pipe lining

ROM || RAM 32bit

Table 2 Newly developed nicro computer spec

(Flash) multiplier
con";\/Zr'ter_> 32bit ™™ Slejgal
RISC
o1 CPUcore | _

Input Output
interface | ? ‘ | interface
32bit
intelligent timer

Fig.22 Newly developed automotive 1chip
32bit microcomputer

Newly Developed CPU [Conventional
Architecture RISC CISC
Instruction set 62 100 ~ 200
Minimum instruction size |2 byte 1~6 byte
Instruction cycle 1~4 2~49
Minimum execution times |50nsec 200nsec
16bit signed multiplier 0.15usec 2.5usec
16bit signed divider 4.0 usec 39 Usec
CPU Core size 6.6mm?2 13.0mm?2
ROM size 128k 64k ~ 94k
RAM size 6k 2k ~ 4k
ADC 10bit 16ch 10bit 16ch
Serial /0 3ch 2ch
Timer 32bit CAP 4ch 16bit 4ch

16bit Oneshot 8ch 4ch

16bit PWM 4ch 4ch

16bit CAP/CMP 16ch 4ch

at 20MHz

LD R2bit EOFRIBB XU 320t ET— X EWZ S
ATV V Y N EA G LB LTz,

Table 20T FHRBIFE~ 1 O > LAER~ A T > OVERELLI
ZRT, WU 20MHz 7 1y 7 {13 T S CHRARE A T
DGR 4 5. TV HEZZH T B5AY T b 2T TOHE
TTIREE CHERLE 8 D MREm_ AN IE Tz,

T CPUZEMAWVIZ ULEV I ECUIC X D FkEEEZ
PRI 2 AT U Tz,

7. TR MER

7. 1. ZELCHIRERE

F TN & STRZE FIW 2L 7 « — RNy &
HIREEAN 2 0FH U 72358 OFHRRIRIC DUV TFig.231 R
T BNSRT & 21 BEE + 0.2A/F DIEH IS B FEIL A
1T, HERD Y AT LTI 49% RIS T Eah » F2 28R Lk
DB HIRSEE D, #985%IC F TH EL TV (LA-4 R
B 7).

7. 2. BEHAREBRER

Fig.241cix, v kA JULEV 7 a— Ricxf LT 10
XA IWEL LIS b Te o TiThb N7z CARBDHEH A Xidlk
DFEFR ENMOGHLRHEZ RS, COHFOPH A AL
~NOVIULEVEIIEIC S U TR L)L TH S T
ENDD B, FIfiZEE X105~ IV E THILHETT
B 5 A AIVDOREMLNTS %,
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8. F&&

(D HERY I 2 L—y 3 YV AT LR, B
T X % BB ORIEEL G 72 Fofb U Tzo

(VAT =NV TFa—=r T L Fal—REH
/NI ECU & LTEBIET 278, R D
I TAREIR TV Fw TRISCY A AV EFIFEL
7o

(3) BUlEEFLRISE L 72 CEFEOA Y » b EENL,
ULEV I ECU D70 7T LNZEER LTz,

(4) EREEZEBRECHIEZ 2281 U 7oA ECU Z& F W e il
&5 T, £02A /F OHBUHEEHENRD49%
585%ICEDBTENTE, I—)V RAZ—
DR AT AR Al M LR R D e b &
HEDEB T LICKD ULEV ZHAHEE LTz,

g Target
§ +02AF
>
% Honda ULEV
T &~ 84.9%
1
Current
4~ A8.9%
L —
13.76 14.7 15.64
RiCh < Optimum == |ean
Fig.23 Effect of precision A/F control
HE En

RO AT

NMOG CO NOx (g/mile)
Honda 0.035 0.527 0.054
Standard  0.055 2.1 0.3

— Measured at ARB Laboratory, using California Phase-2
C reformulated gasoline

— 100,000 mile aged Catalyst

— 100,000 mile standards

NMOG emissions over 100,000 miles

0.06 ~e—Standard

0.05
NMOG o.04
(g/mile) (o5
0.02

0.01

0

~+—Honda

Mileage (x 1000) mile

Fig.24 Honda ULEV test results
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