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Table1-1 Number of categorized papers about signal processing published in SAE from 2011 to 2017%
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Fig.1-6 Effect of air fuel ratio to combustion stability and fuel consumption
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Fig.1-13 Example of crankshaft speed and combustion torque®®
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f}mack = pmn
T

Vsound S L A ( 1 _9)

Lo THEZLNDDT, ZOREKOREROBET ZRHTIuT L n ™. 72,
pmn : Tablel-2 TH 2 L HIREE— FELK
Veounam/s ] EH
Doy REEFE
Ko LRELE
R[J/kgK] : SURTEEL
TIK] : IR
Ths.

Table 1-2 vibration modes and their constant®®

vibration 10 +20 30 01 11
mse | (D | & | B @
Pmn 0.56 0.972 1.337 1.22 1.697

REKOEE 2+ 2 H5iEIE,
O BBEEOIRE) 2 EHGHT 5
@ YV rFT7uy s ORSHEFHTSZ LT, BREKDRIOEREZ KR 2
@ WABEBA R KA~ DIREN Ot A B2 KR T 5
DEZHID.

PRBEIEIZIE SN T/ v 7 2T A0 AT, Liv'?, Luo Bzl > ThahTiY,
TR, BRBEEN SRR STV RV SO AT v 7 $EfE &R, FIR 7 4 12T
L LU CIit /A AMA B ELTWDA, 20 FIR 7 4 VX OFE A EERIRIEIC Lo T
ATCW5. E£7, Liu BIFENO 2 B EOE— 712N T/ v 7 ZHEL TN D,

I vETa Y s ORBEFHIT 20 AT, Cavina®™, Bi*¥, Zhang® 512X - T4
ENTEY, Cavina 51X Butterworth 7 4 /L ZIZ LY J v 7 HIRIZ N RN A2 EHo
T4V EREEL, BERMELZXK > TWA. Bi,Zhang 5%, Empirical Ensamble Mode
Decomposition I2& VY J v 7 BIEED 5~10KHz THAHZ L ZRL, 1 RE— KD 2 FTfESH
BN v 7 ZmmL T,

T2 515 L LTI, Cavina® 9 BNE VY LA TE Y, Cavina® Tld Butterworth 7 ¢ /L
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K Cavina®® TlT 7 4 LV Z T REN TRV E DD N RASAT 4 LEBHN LTINS,
Knock MM T EFENBEBIIC L L LTV, o3& MNe 7 4 VX OBFITEFERG L ~L
THROVMEENLTND.

1-5 OBD

WIEEEBIDTE 0 IZIZZ < DB H « T/ F a2 —FRONTED, ZILH2M L CH
ET228T, AEWEOHEHEZMZ N E RTA4 RO THIHNEH/TND. b
DY T Faxz—2RETLE, BIZRIAANET T A DR T T20H72 57,
BEWEOPHICORN L Z b d D, DX ) RAEEMEOPHIL, HEOFRAZEIC
DT, PRI 27 MCHIER HIUE, OB ARSI ENRkD LN 5.

NIREBE A HIE3 5 = o b e —Z121E, RIS 27 A 0lglE % B S22 5 i6e
A5 ENEFTEEMTONTWS. ZOHFEAIZOBD & XiTh, 1988 4EICT AU A
Y 7 A N=TNTCEEMT N2 DEKZIVIC, HRPTEEMT O TND 22T,
T RAETEH % Tablel-3 1233 %0, RHIEEIL, $ERHHI 22T L5 ckoohb0
T, HERBIHINE 2 L < 22212204, BMHERE bEEN RO BND. DF D, 0BD D
WL E AL Uil T %

Tablel-3 Diagniosis items required in OBD TT°®

1 | Catalyst deterioration or malfunction

Misfire

Oxygen sensor deterioration or malfunction

Any vapor leak in the evaporative and/or fueling system

DWW

Any deterioration or malfunction occurring in a powertrain system or component directly
intended to control emissions, including but not necessarily limited to,
the exhaust gas recirculation (EGR) system,
if equipped,
the secondary air system, if equipped,

and the fuel control system

6 | Any other deterioration or malfunction occurring in an electronic emission-related powertrain

system or component not otherwise described above

OBD ([ZRH9 2w & LCiE, KAMHICET 2L DNRE . Jokfiti, Ma 5 Y, Tsai
SN T AU PICESKETRUETERL WD, Mablx, 77 7/A80 U3
5% Fourier 24 L, ZHERNOHEOEELZEHL, 77 V—CHEEZRD S HiEkx
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Fig.1-15 Cross-section structure of injector®
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Fig.1-16 Comparison of valve lift of two injector®
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(b) Relation between valve lift and solenoid voltage

Fig.1-18 Relation between valve lift and solenoid electric signal
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DZERET V0 DR DO ZERI 2 HEE L, KEMICA Y =7 X ~DOREIEFFES1E
FIZT 4 — KRy 73500, BRIV OEEUHOTFEHRETH D.

1 DDZERIAG 50> b KA O 2SR L A HEE T 5 J7 k1T, 2R R B2 eI L, kF
IS DR DR AW ET HZ L THD.
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Cavina b ™%, 2 3 e /MR R 2 KUE RS RS O 2SR L O W Z fR 9 5 7
BEREL TS, ZONBERETIE, mAk¥ A4 I 7ofEn 2700 CA & 450° CA &
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ZHET SAE ITBITAEFLHBICET DL —_ 1 LT& . ZORRDLNh-7-Z
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Table 1-4 ({239 L 912, o7 4 Vv ZITiE,
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Table 1-4 Functionandapplicationofdifferentialfilter

function application
reverse causality torque estimation
) ©combustion torque estimation
F=mv estimation of F from v OABS
OAdhesion control
reJo estimation of T from w response compensation

of hot wire flow sensor

PIOHOTIECHEL SRET I iequoncy diagnosis of deterioration

©@diagnosis of A/F sensor
Odeterioration of dumper

gain

s Omisfire detection
‘ = ©valve close detection

‘ e

EROLSRAV v "&HDL—JTC, M7 ANEORBRDPE LD, T4 VHMEL
T~ A 3 NTRIANTEERET, BEOERE Y Oy

Gy DO o

dt 0 h
X TERLRSTLEI DL THD. £IT, ZnEMWHe0, Fibd 570 OFRERFED
LOBENPELS.

INETEDLSRT TV =y a VITHLT, EORITHET 4L FHERENT
& 7=7»% CiNii(Citation Information by National Institute of Informatics, [ENZIF ¥
TR DN E T D R SOOI - MEEE R E O T — F X—R) TH AT, ZOfE
Rz Table 1 -5 TR, M SNDEZFOMRE L TE, OLERSCIREKIER S OAKE
T QU T, @AE v M LHE T, BEIRESS S CRIRER O O SO R
AT N, QBB D Z2IR L o O D L 5 7ok S AT A, QFFICISED 7R D 9095
N %,
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Table 1-5 Relation between the object of differentiation and differentiation method

necessary object

object Filtring method characteristics

Savitzky-Golay filter 79

Elioguaisgne (signal is approximated by polynomial)

(Feature extraction from ECG
and eye movement) order-statistic low-pass differentiation filter 80.81

Wireless communication
(Estimation and removal of DC difference 82-86)
and frequency offset)

mechanical system

87
(thrpttlg control J‘, o observer plant model
estimation of mobile 88, rigid tilt 8%)

mechanical system Approximated signal by trigonometric function
(air-fuel ratio sensor is differentiated frequency

of internal combustion engine 7)) | Filter order is designed to achieve the target | characteristics
gain and flatness

frequency

(not identified) Filters is designed to achieve the target -
characteristics

gain, phase, flatness, etc. 9099
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Table 2-1 Engine operating condition for evaluation®

1000rpm, WOT(wide open throttle) Fig.2-10 (a)
1000rpm, 1/3 load Fig.2-10 (b)
1000rpm, 1/3 load, torque step =15% Fig.2-10 (c)
Idle Fig.2-11

2000rpm, WOT Fig.2-12 (a)
2000rpm, 1/3 load Fig.2-12 (b)
Transient (idle == Full load) Fig.2-13.
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Fig.2-9 Experimental setup
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Fig. 2-10 Torque estimation results, when engine rotation speed was 1000rpm®®)
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Fig. 2-11 Torque estimation results, when engine was idle®®
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Fig. 2-12 Torque estimation results, when engine rotation speed was 2000rpm%®
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Fig.2-13 Torque estimation results, when engine was operated from idle to full throttle mode®®
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Fig.2-15 Time division of engine torque for IMEP calculation®®

Table 2-2 Engine condition for IMEP estimation®®

Engine 1000 1000 1000
speed [rpm] [rpm] [rpm]
idle
Engine
Full 2/3 1/3
load
15
© iy
= 1 L y=1.2574x
o $ |
= 05 - - |
3 ; 1 ©=0.0034* Max(IMEP erence)
‘a “
w
@
-05 -
05 0 05

reference IMEP[MPa]

1.5

Fig.2-16 Relation between estimated IMEP and reference IMEP (1000rpm, idle)®®
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Table 2-3 Combination of intake and exhaust valve timing for IMEP estimation®®

intake valve timing
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Fig. 2-17 Relation between estimated IMEP and reference IMEP, when valve timing was changed®®
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Fig.2- 18 Experimental setup for evaluation of torque estimation performance using mass-

production crank angle sensor®®
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(a) Rotation speed when engine was operated at 1000rpm, full throttle
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(b) Rotation speed when engine was operated at 2000rpm, full throttle
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Fig.2-19 Crank shaft rotation speed measured by 1deg rotation sensor and mass-production crank

angle sensor®®
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(a) Combustion torque when engine was operated at 1000rpm, full throttle

750
—reference torque
—estimated torque
—.500
£
=,
@
%250 - -
" OAANANAANAN
0 RN NN — Y
=250 -
1 721 1441

crank angle[deg]

(b) Combustion torque when engine was operated at 1000rpm, 1/3 load
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(c) Combustion torque when engine was operated at 2000rpm, full throttle

Fig.2-20 Estimated and reference combustion torque when mass production crank angle sensor,

whose teeth interval was 10deg, was used.®®
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Fig.3-5 Response characteristics of differential filter’®
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Table 3-1 Engine operating condition™
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Fig. 3-7 Distribution of standard deviation of A and A derivative in case 179
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Fig. 3-8 Relationship between correlation, filter length and order”®
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Fig. 3-10 Concept of A/F sensor diagnosis’®
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5.

........................................................................ (3_13)

Table 3-2 Diagnosis performance in the condition that is measured for 4 seconds’®

casel | case2 | case3 | case4d caseb
diagnosis performance 2.6 8.7 6.7 3.7 6.6

ZDORERDL E, NEBE DMK AN Dcasel & cased TRAIMEREN 6L 72720, T,
IR DZERHAZT 5 L 12D 7 ¢ v Z O N ) ORERE(R 24 & AVTRRBIPERE 61272 5 7 il
R LA, caselDGEHITITR, case2DIGHII8HWTH L Z LnbroTc. ZHUTEF
DHBHEDO X —F 26X —A4 7 LTORMIZHASULIT D DICHEORRTH 0, BRI
WEeIEE & L TR R DL~ TH 5.

3-5 A = ELEM DA

B HEITHRE L7 4%, 7B NS, 3-4 BiCEW 17T BRIOMS 7 4 V52 DA
DIEMERZED A L HIEFE O, FHAEANEY RED 5.
S-3HITRFR L7 4 V2 1E, S 1. 25 TWED 14. 5 IR (14 R & 15RO 72 DT,
P o7V TR 1. 2s/15/2=0.04s L 72 1),
T4 NEDE  THIE, 1.2s5/0.04s+1=31tap L7125,
H SNDEFE~Y A 2 O—FIZBWT, BIfEEEEIL 160MHz, RAM A &IE 320KB"Y 720
T, 74 2 ) o EBEICLNEE R 31 [ OFER & 30 BIOMNGE 2 E179 5 DI DRI,
FHMERZENEN27 0y TERITTEDHEEZD L,
31x2+30x%x2
ooz
L0, UYL TRRO 0.04s ITHARVUTIZD IS RETH S, £, tap £ 31
D7 4 NVBFHADTDIRFF L TR LAFZ DOV 7 UHEIE, 31T, 32bit ThbHbT &
VB2 AE Y BT, 31X32bit=992bit
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H#fi~A a2 ETEITENDT 7V r— a 0%, BREEZIRTZ T TR nwo T, <A =
YU Y—=F, MOT TV =g L EDOFKRAENTHDHD, BRI TE 55, 7—
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Fig.4-1 Rotation time and filter output!25
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Fig.4-2 An example of misfire detection filter?
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Fig.4-3 Frequency characteristics of two filters for recognizing misfires from resonances'?>)
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Fig.4-5 Combination of two filters for recognizing misfires from resonances'?®
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Fig.4-7 Misfire signal approximated as two-step input125

67



y(t)

To TO+K}

Fig.4-8 Desirable filter output for misfire at 7,'2>
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5T0 (I) =<1 (I = TE)) .............................................................................. (4-5)
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5T0 (t) — “To (t) _ uTO+1 (t) ........................................................................ (4'6)
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7 AV ZIZIE, Tabled-1 (TR T 4 DDXA TRD 5. FTROFMFEQD L HIZ, 742D
R C g RMEZ RO T2 0I21E, typel D7 4 LV Z THHMEIND.

typel D7 4 /L2 L%, BT 4 NV Z 2R VIORT 4 BICHB LIz &0, RSN
FEOBKMFRIR T A NEZ DL ThHDH 1. ZOXATICTHI LT, POA LV RIRE
XKD E D, 1 OO —27 & H 0.
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Table 4-1 Four types of linear phase FIR filter!?>

length
even odd
sym [h() typell |h(h) type |
=01y (41
: @ T @ @

o |-ric [
g % D 1234 5n D) 123456N
é‘ § .| h(p) h(h)
£ 2 lanti type IV type Il

-sym| o T P T
-met ot # . @
1 2 BH & D 213 5 B N
dic | If‘n . ’—rfi
Table 4-2 Product of two linear phase FIR filter'?®)
typel typell typelll typelV
typel typel typell typelll typelV
typell typell typel typelV typelll
typelll typelll typelV typel typelll
typelV typelV typelll typell typel
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Fig.4-9 Relation between types of linear phase FIR filter125
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G(Z):_(I_Zfl)z(l_i_zfl)z .................................................................. (4-15)

IR T

Fig.4-10 A filter which satisfies the three requirements!2?
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........................................................................... 4-16
Gy =(+z"+2z%) (4-16)

DIIEAEEFITRED DT, ZTD22% GG T 5. THE, 74VE FPOSFMHEHT
T E/MNRED 2 >DT 4 L2 L LTI,

Go=—(—z") (2" )z e, -
i K R T )

NELND., ZoLoiIc®8BINEFER1006, FELT,

F=6-827) ez
(1+z7)
=0-z"42z740-z27 =2z 4z~
2.(1_2 1) ............................................. (4'18)
(1+z71)
=—(1-z"YU+z")(1+z" +2%)
=1+z' 4274027 -zt =z 427

5

2

filter gain
w
gainratio

0 01 02 03 04 05
frequency[l/ign] ... IF2|/|F1|

Fig.4-11 Frequency-gain characteristics and gain ratio of developed filters F; and F»
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WReRIE, FEREHICIXZ2 <, BREERIM, J70bb, mKICFAMIL T T ransdizd, 14
i Z[1/ign]l £ 72> TV D. T4 X 1 D7 A W 0.33[1lignl TE—2 & LD LD Z LI,
1/0.33lignl =3lignl, 75, 7 7 78l 1 FHRIZFEH LIzloicst L7 A B —7 &
EDHEVWIHIEMTHD. ZORND, ZOEHEE 0.33[1/4gnl £ T A V| F21/|F1| 23
TN T2 Edbhb.

INHDT 4 NHIZ, KRKOBED T Z 2 7 dheARE R 2 545 L 72 Fig.4-7 \ZR 3 2 BEA
Ty ANNEANTTTDHE, HAEFig4-12 DX 512720, 2507 4 )V ZHDTRkNS
SHAKRBRICF LRI T —2 2L 52 Rbhd. 2O END, RKOEDT 4 V2D
HAN 1 THDHZ ENbNY, ZhiE Figd-6 TERIICZONMEELE —ET5. &
EE, BEIREOBROER O FIEIC G L7 o VX OIS 1 L KRE T, &
KEFRBIRB N GBECE HZ LIk D.

PRBREN O F UL, NI D 7 T A4 A — VDT —A L R, RIAT Vv 7
NOMIMETHRE D, ZOMEIZIFIE 3~56KHz TH 5 120, Fig.4-11 IZB T, KkiTxs L
T22O0D7 4O 1 L7 B EMEEE, 0.25[1/ign]l7Z2 DT, M K& PRS2
Nlrpm] THERE S TWD & XD, Z DA Hz (248 #4 5 &,

fmisﬁre = 025[1 / lgn]x N[rpm]x%[mln/ S]X%[lgn / S] ................................. (4_19)

LD ZOFRKITHHIE LT AN FREBAR B O A O #iPH o _EIR 5Hz KLY b R&E Th
(TRKEFRBIRBINMETZ 20T, RAEEBIRADECE &0 2HHT 2 L,

025[1 / ign] X N[rpm] X % [mll’l/ S] X % [ign / S] > S[HZ] ................................. (4-20)

misfire

filter output
o

~o—filterl

s TO T0+'| TO-:—é-—fiiterz

sampling number

Fig.4-12 Responses of two filtersF1,F2 for 2step input described in Fig.4-7
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INEMRLS 2 &T, 4 KEWIER 7 © ok L RBRT 3 ) %ﬁf%é@;‘c PNIREE A D[]
#30% 600rpm P LD & &, 6 KUEARERE 72 & 400rpm D & & ThH V), W ORI 72
BIRKEFRBIRB N T CE S V02 5.

ULEDE DT LT, KKEFRBELZFINT 27 4 NV E &R CE, Rtz 2 KD 7 1 v
HEANT, JKORBIRE 2 T& 5 2 & SNBSS E O 1 TRBR O K5 R Dk
RBEIND EEBIT, FRERHOBEEO—RIREICE S EBLEND LT -,

4-4 BbHhIZ

Jok L FRBIREN 23R BT DD DO FIEERRE LI, ZOFIEE, 22507 4 VX OJE
FREDEVMC LY, HADHIZESWT 2202 LE) VI LD THS.

kB LI EOHAOKL, MEEICE AR R THD EVDH Z & 2RI TF
L, 2ARKDT7 4 VEZGRG LTz, T ORSFILFM TR S 4, Kk EFRBIREINSHECE 5
Z DR SN,

fHoR

1. 2 2® typel @ FIR 74/VZDFEIX, typel D FIR 74 NVZThbD, ZLDFER
2200 Type | DT 4/L%

A(z)=§:amz_m (M is even.)

S0 (4_21)
B(z)=)_b,z" (N is even)
n=0
72771,
MO N ettt (4-22)

& 2%, AB I typel 72D T,

Ay =@, (=0, M) ]
bi‘,{n:bm (n=0,---,N) (4-23)

7 4VE AB OFfEx C 1%

C(z)= (Za z-m)(Zb z™")

Z a,_b.z" +Zzal ka ......................................................... (4-24)

I=N k=0

O
II
(=]
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M+N N N-1 N
-1 _ J-M-N
Z Zal—kbkz = Z aM+N—j—kka
I=M+ k=I-M J=0 k=N—j
N-1
— L
=2 >y by 2 (4-26)
/=0 i=0
N-1 j
_ J-M-N
=2 2.a,bz
=0 i=0
M N M N
-1 _ j-M-N
Z Z a, bz = Z Z rron-jkDiZ
I=N k=0 J=N k=0
M N
— L -
=22 Ay by (4-27)
=N i=0
M N
— J=M-N
33 b
J=N i=0
L7235,
M+N
-l
C(z)= chz ....................................................................................... (4-28)
=0

1, RS MIN+1, oFD, w780 T, HREICEEL T
¢, =Chriny (I =0, ) M 4 N ceeeeeeem e (4-29)
MRVT=DDT, 20D typel DT 4)VH AB DFEDT 4/VH C I typel DT 4NVETHA.

2. typell ® FIR 74/VZiZ, typel D FIR 742 L(1+z )YDFETH B, ZLDFFHA
typell D7 4 V2%, IEAFELN Z H\T

2N+1

A(z) = Zanz—" ....................................................................................... (4-30)
n=0
L&, ZO FIR 74/VHD typell THHZELD,
Ay, =4, (=0, 2N L) (4-31)
ThoHND,
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2N+l

A(z) = Zaz +Za2”

n=N+l
:Zan(zfn_i_zn 2N- 1)
— 1+Z—1 Z—n _an+1_“_Zn72N—l +Zn—2N
Da,(
"% 2N-n
=>a,(+z )Zz (="
n=0
32)
ZZT
2N-n
Pn — ZZ*M(_I)"HI .............................................................................. (4_33)
EBWT, FlZIE, N=2 0Lz
P =1 -z +z7 -z7 +z7°
Pl _ Z—l _Z—z +Z-3 ...................................................... (4_34)
P, = z7?

72DT, Z“ P, 1% typel D FIR 74 NHFToH%. [FARRICE AT, N=2 DSDOLETY, Za P,

n=0 n=0

% typel @ FIR 7 4V %,
E-TC, typell ® FIR 7 4/V4

A(z) =1+ Z*I)i anPn ................................................................................. (4-35)

1%, typel @ FIR 7442 (142 YDFETHS.

3. typelV ® FIR 74V ZiZ, typel ® FIR 7421z YDFETHB, ZEDIFEH

typelV D7 4 V& FEEBEHRN & FVC

2N+1

A(z) = Zanz—" ....................................................................................... (4-36)
n=0
L&, ZO FIR 74/VED typelV ThHhHIELD,
Ay =4, (=0, 2N A1) seereeeeesesssssais it (4-37)
ThoHND,
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n=N+l1
:Zan(z n Zn—ZN—l)
:za”(l_zfl)(zfn +Z—n+1.__+zn72Nfl +Zn72N)
n;O 2N-n
=Za”(1—z I)Zz””
n=0 m=n
38)
ZZT
2N-n
0, = szm .......................................................................................... (4-39)

BT, BilziE, N=2 DEx|Z

Q =1 +z" +z7 +z7° +z7
Ql _ Z-1 n Z-z n Z—3 ...................................................... (4_40)
0, = z”

N N
DT, Y a,0, 13 typel O FIR 74 V2 Th%. REKICE Z4UT, N=2 BAOBATY, > a,0,

n=0 n=0
1% typel @ FIR 7 4V %,
TE-T, typelV @ FIR 74V %

A(z)=(1- Zﬁl)ZN: @0 F+ere e (4-41)

1%, typel @ FIR 744 (12 YDFETHS.

4. typel DTANE (o +z VeREEL TELRD, ZOT7ANZI(atzh) (o 4z )ZREEL T

ETeZ LOFEH

typel D7 4 NVHDIEERB A

A(z) = ganz—" .......................................................................................... (4-42)
n=0

EB<. typel D FIR 74 /VAZDRIFRELY

a,y ., =4, (=0, 2N ) ooeeeeemmmee s (4-43)

DT,
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N-1 2N

- _N —

A(z) = E az"+ayz "+ E a,z"
n]\:JO1 n=N+1

= Zan (z"+z""")+az"
n=0

A@)=A@): EbHbT L,

A'(2) :fan (ZV 7 A 2V Yy e (4-45)
&fiémfn“z,o

AN (Z71) = AN(Z) eemememesee e (4-46)
L7223 o> T,

AN(QTT) = AN(Q) . wveoveemeeree e (4-47)

TDOZELXY, -aAl)=0 OfFERS, -alh AR)=0 DETHDH. LN ->T, typel D
TANEN(q+z V2R REELTE RS, ZOT7 40X T (a+z27Y) (o 42 )2 REE L TETeZ N
REFENT-.
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5-2 RO I KA DTk

Fig. 5-LIFR A S 2T AORRAZRT. Z O, WRBEBERAVAGRE4A b o —2
YA 7 KGR KNSRI DG G DWW TR 523, KREITIRAFET D AUk EIFR OB =01
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ring gea fly wheel

crankshaft

magnetic sensor

signal processing

Fig.5-1 Sensor system for misfire detection’®

Fig.5-2 Ring gear™

4 | | |
= —combustion 120deg window
a 3 o o L o
= T misfire
S 2 === 90deg window
%

5 y
o) ™
2 0 mrrr e T
=
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-1 L
-180 -90 oTDC) 90 180

crank angle [deg]
Fig.5-3 Misfire detection window to detect the difference in cylinder pressure due to combustion or

misfire’
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Fig.5-4 Time series of rotation time at approximately 4000rpm (detection window is 90 degree)’®
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TH 56000rpmD & = O PR ZMETd 5.
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Fig. 5-51%, PNARERE[RIHRIE L 23496000rpm T 5 & X1, OFIRFEBEEY A 7 LKk,
QFESR AN A 7 Ik, @FERENET A 7V IRK L TWDLIGEE L, @RKN2NY;
A0, 90" OU 42 RUOBEERIZET DR ORGSR Z /R8T, 2O 5, £6000rpmT b,
#J4000rpm® & & &[RRI, FERFIOIRIENRFKIZE > TREL LD Z LB DOMND.
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S 545 #-6th cylinder
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1 7 13 O :misfire

firing number / :largest step

Fig.5-5 Time series of rotation time at approximately 6000rpm (detection window is 90 degree)’®
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DO EIZ L0, WNERBEBIRIESEEE MR & X 121E, KK E D ERHM TH 503,
PN R BE [T s S 235000rpmZ #B 2. 5 &, 7 T > 7 SilRENIHIIN LT, Rk DEENEN T
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Fig.5-6 Model of crank shaft as spring-mass system
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Fig.5-7 Angular velocity of ring gear when no cylinder misfires’®
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@ 8 At high engine speed, 6000 —_
S 6 fcrank shaft vibration 5000
g hide the misfire effect /' E
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Fig.5-8 Angular velocity of ring gear when the 1st cylinder misfires’
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an engine cycle (two engine revolution)
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Fig.5-9 Angular velocity of ring gear when a cylinder misfires at engine speed 6000rpm’®
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Fig.5-10 Angular velocity averaged for 90 degree’
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Fig.5-11 Angular velocity averaged for 120 degree’®
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Fig.5-12 Time series of interval for rotation at approximately 6000rpm ( detection window is 120

degree rotation )’®
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Z A BREHIE LT, RKERHT D FEIC DN TR 5.
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[EHRZAITITIEE LW, IR EOZE L2+ 5.
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KSR ZDDT, RKKBEHO 7 4 V2 DO—fFl& LT, Fig 5-131IR-T X 9 22455 DFIRT «
VA e W,
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o
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sampling number &

Fig.5-13 Example of misfire detecting filter for periodical misfire’®

y(n):ifku(n_k) ........................................................................... (5,2)

IZR D RAKEHETS.
PNIRAEBE 23— E NN CRGE L T 5 & &, Fig 5-140 K 9 I [alHRETEREHIELH (B0
T 5. RIS B A
W(I) = @I A D oo (5-3)
LRI &, Fig 5-141TR STz BIHRFT B ] & Fig. 5-13IZ/R SN2 7 1 )V A AR D BiA T
I3,
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P(6) = u(5) + t(d) —u(2) —u(l) = 6@ +w+rerrerermrr et (5-4)

THY, ZDOT 4NV TIIPNIREEEI O IMEOE D2 A4 T HIHE 220,

PREE B D INROE D528 2 2 T I DR KR 7 4 v 2 2 2B D BRAMEE, 2 DBaA
HIN0ETe DL THD. T4 NVEREE g (50,1, --,6) & L7z & X2, Fig. 5-141TRE
AU 5 [BIHRPT ERE ] O BHA 1,

y(6)=g,(6a+b)+g (Sa+b)+---+g,(a+b)+g.-b

:a(6g0+5g1+...+g5 +0'g6) ................................. (5-5)
+b(gy+g + - +8gs+ &)

IEGEIZ 23030 b T HRIAAZ B IZT 272012, ULFO2HBRRAWZINDINERHS.

B6a+b -

3atb

time interval u(1)

0 1 2 3 4 5 6
sampling number ¢

Fig.5-14 Time series of time interval when the engine is decelerating constantly’®

M

filter coefficient g
— o —

i
[p*]

0 1 2 3 4 5 6
sampling number k

Fig.5-15 Example of filter coefficients which satisfy Egs.1 and 27%

6g0+5g1+...+g5+0.g620 .................................................................. (5*6)

g0+g1+...+g5+g6:0 ........................................................................ (577)
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KblE, 74 NVAREOE—A L "R THDH I EZ2EWRL, RNINR 7 4 LV Z RO
R0 THLZ L ZEWRT D, Ledi-> T, WEREBEOMBOE DB 227207 4 V2D
FRECDSMIE, BIEE—A L IR0 THDHZ ETHD. KL TEWT-T 7 1 NV ZIRE DB
#Fig. 5-1512%7.
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3 .10 / / ./ '
@/4 &( %bﬁl;lly byiilldcl
20 O:local maximum

165432165432 1605432
firing cylinder
Fig.5-16 Filter output when 1st cylinder misfires every cycle at engine speed approximately 6000

rpm’®)

Fig. 5-161%, HBIKBNENREEY A 7 LV TRATDEED T 4N ERT. Z0
Mne, RAKEO 3RFEHRIZT 4 VX HINIBKEE &0, B (Zo5a, B
ZIR0. TX10PICRETE D) ZMAD Z DD, DF D, KKKRENT 4V Z DY
XL XL, TA4NFHINTMKRERY, ZHNFIRT 4 L F DE S O N5 OB O
ETRIEEND. LER->T, BEZEB 2 5BKIED 3 SHiOKFEN KKK TH D L FE
TX5.

[x109] -
20 misfire threshold
@, V&ﬂ :
= 1.0 A‘}“‘ /,’{ﬁ\ﬁ\) t'i ”/r‘.m N *1stcylllnder
A A A A A | Do
o . -
= \\/~T AN\ || nomitre
(&)
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Fig.5-17 Filter output when 1st, 5th, 6th cylinder misfire every cycle and no cylinder misfires at
engine speed approximately 6000rpm’®

[x107]
2.0 —
misfire
4
10 F | R threshold
% "/ \
o
5 0.0 //\ | \ - | /\\\
o/ />
8 N i
-1.0 | O :misfiring cylinder
] :local maximum
-2.0

4 321654321625 432165
firing cylinder

Fig.5-18 Filter output when Ist cylinder misfires once per seven cycle at engine speed

approximately 6000 rpm’®

Fig. 5-171%, %1, 5, 6KfANENENEY A 7 NV TRATIEHE L, KB 57208
BD, 74 NVEHNERT. ZORNS, POKBMNIRKLEREETYH, 74 V2K
K DIRKZIHKAEZ &0, 2D, ZTOMKIEIZRAPIEZ HWGEDO7 4 V2 H )
DT RTOELY KRENWZ D5,

Fig. 5-18IIH IR A L TCWD EE DT 4V F I DhEFRT. ZORNS, KAkD
SRR T 4 NV E NI RIEZ T D = & BNbdDd. 2O Z LiFFig 5-15,5-16 TR L7z,
WRERKDOEAE LR U TH DD, INLKRKOLEIL, KKK EOIK E#% LM bR KED
b, LER-T, RKKFEOIMAKBEOWMKE L, ZHUANOBKIEOMIZ, BEE 5]
FHMMEIDBRIEE 2D

Fig.5-191%, 1 202 HH 6 KANTNZNINIRA L TWDHEEZDT o VEZ D, Kk
53K IE DORRKAE (Tocal maximum A) &, ZILUANADGKAE (local maximum B) &, Jek
DR WBADTRTDO 7 o 2 J1(all output), Zad. ZOKNG, FKIZHIGELTE
local maximum AL, Z&kIZIS U722 local maximum BE, KB RWREDOTXTHOT 4
EMEND, 0.TXI0°OFEECHBECX 522 E3bnd. £72, local maximum AT
KPR EE Dall output & HATEETE 5.

P EoX oz, WEELRAOHAETY, NI KDOEATY, Fig 5-151R8T 7 4 L ZIZ X
- T, PABERARIERE6000rpmlZ WV CTHRADIE LS BRI TE 5 2 &3 s S .
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Fig.5-19 Distribution of local maximum A (local maximum which appears 3 cylinder after misfiring
cylinder) and B (local maximum other than local maximum A) when one cylinder misfires once per
seven cycle at engine speed approximately 6000 rpm and distribution of filter output when no cylinder

misfires’®
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59)
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MBS, v vrary ha—ZFniciE, DC-DC a2 "—FLPWM 2> fa—J 72
&@/4xﬁ#%<,_®i9&%ﬁTﬁifﬂwwﬁ% RNVAY i CERAN ERew ALy NN
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KRIETIL, MNREEEERETD /A X "R MR 7 4 V2 2R3 L, BENR
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6-2  PHFRRANCES < ERA DR IE

Fig.1-15 \TRT L ) et n A ¥ =7 X DFROBEN & 1 Fig.1-16 D X 5272, ZZ
TIEEARZA 7P 80us IEHOE, ZDOZ SITMEHEN 1.2mg 1£55< Z LITHHY
L, HEEREIES Y dmg O & ZFREDEIED 30%IZET LD T, MELZWENS Z &
IX 1-6 B Cib 7=,

U 7 FORERELHIET H2720I121E, BAFRZ A I 7ot FE BLRY, Zofmi
IZESNWTY L/ A REREVEROMKGERF R OMIE T L2 T 20 E N H 5. Fige 113,
PR A IV TfHED Y v ) A RERBERZ S LT D, ORI, BRFA I 7Icsd
DYV A REEICEHSNAEL D Z EE2rd. ZOEMAE, ARRHICBIT 2T v —
HEOBEIER T HRENOEMIC L > THRET L EEILND.

olenoid i/n‘lection point

valve ift - \

~
N

Vsolenoid
valve lift

N

valve closing —
time

Fig.6-1 Solenoid voltage near valve closing!2?

second order difference

time

Fig.6-2 Output of 1st oder delay and 2-order difference!2?
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Fig.6-3 Frequency characteristics of
signal to be detected and noise (upper figure),
1st order low pass filter (middle figure)

and developed FIR filter (lower figure)12?
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%, 2MEEDMEE /A XZ5Ef L, mFi S ) A APWBKIEMRT 28175 2 & 2RT.
J A REFNE, 1 REBNT 4 VE ORFERE 2B DAT » 7Y A RKAF L, RBO~
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SARTHEAF LR WA A A 2 2 7 OB M G2 B L2,
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IWEDTA DT P D002 DT, EREAKEMERE & AFRIEEE LW, TE RN
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ZIT, HEEFIRICBW T 7 AN E T A L ORBBRIBENRD bND. Fxldihg
Fig.6-3 TEED L5 a2 O FIR 74 VW F —ZHAWCERTHZ L. L, =
DRI 7e ps LIV DS fERER D FIR 7 4 V¥ 2 EELT 5 DI, (RO B FEFE~ A =
VO, HEAREOBRENR D Y, R nFEBR SN otz 5y ZRET B 7o D TR,
B 2 TP 2 5 128, ZORATIE, BRI ERESEY L /A NEELDEL L
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L. BREIBIIA V=7 TV B, BERFICL > THRR LD T, MAICTEN
DD EVORIENH D, ARFETIE, RO EE~ A 2 OBEEZITHAT L2 LT,
FIR 7 4 V2 R X Ao HRE 2 Bl L 7-.

6-3 ‘EPE~VA 7 nar b a—ZIZXHHMMmEmOES

BE~A L EHAWIZHRBREA FIR 7 4 V2 OFEBRHCRAET HMEITKRDO L B0 .
1) TUHENTANE Y T O FEALR.
(i) AD ZH#io ke s fitneds L OB ff6E.
(1) TENTANEZDZA YT 7 OEH.
Z 2T, BEPENBREERIHIE~ A 2> RH850 Z W T I D OREZERR L= 2 & 2
HT 5.

6-3-1 FIR 7 4 /L X D E AN

6-2 fiCIRE SN FIR 7 4 VX DOFEBITIL, DR bhitEgErs RO oD, A w
(42 FIR 7 4 V2 ) yild, RO LTRSS,
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Zz_fnuzw JE T P (6-1)

Brxro7 7V r—vay (ARYAIVTORE) TIX, Yo7 U 7L bus, 7«
NHE =2y THNIL20 THDH. ST, ELOXNTEINLIFER EHERIT 5ps T
mff!iﬁ“éuzxgz%é. ZDT 4 NE Y U TARIX, IERONBRBERESIE~ A 7 na s B a—

WZIZEL.

M 6-4 1%, ZOAFRIHDT 4 02U 7 Afa & RABERIHITENC 351 2 D15 5B T 7
Ur—varOAmelid 5. 10k kbmAmOESRET 7Y r—a 01212,
J v I BRERB Tz vy VBB EERBT 700, v A v A= — 3k fa Bl 2 B C
7N, ZORIE, BARARHA S DICEWEEMREEZLE LT 52 L2 RT.

EVERMERE RS 572, kP2 RHS50E1 MR L. Zo~A a2
%, NIRRT 7Y &r— 2 a HIZRERIICER T S 417z DFE (Digital Filter Engine)
EMEEINDEE T vy R I N TS, Table6-1 I2MEEE/RT. Zd DFE X, A
A aTIZARZNNT D 2 L7 <, BRI LB R+ Rt R A R T 5.

— 1.E+07
"2
:.
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C
O 1.E+05
)
M
O 1.E+04
o
= 1.E+03
)
& 1.E+02
Y
O 1.E+01
©
O 1.E+00
- misfire IMEP knock  INJ valve
:CS sensor detection calculation detection closing

diagnosis detection

Fig.6-4 Calculation load of signal processing applications!2?

Table 6-1 Specification of DFE of RH850E1x127

number of taps up to 32
bit length of input data |16bit
frequency up to 200KHz
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6-4-2 AD Z5Hi

Fig.6-5 \Z 3 & 912, PHRBICHEAET DY L/ A FEEDZILIFK 150mV Tho7z. =
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IZ200KHz T13 By DT, 7V Fr— a3 i3+ Thb.

—\Vsolenoid
---approximation
~ - Vdiff

voltage

= = -
-----------

time
Fig.6-5 Magnitude of signal change caused by valve closing12?

AYAD converter

'y , >
Necessary resolution >
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Effective number of bits of ADC

~2000 2005 2010 2015

Fig.6-6 Improvement of AD conversion resolution by AXAD converter
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Fig.6-7 Gain of FIR filter!2?
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(a)Total gain of FIR filter, SAR ADC and analog filter
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Fig.6-8 Comparison of aliasing reduction performance!2?

99
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Fig.6-9 Block diagram of valve closing detection!2?

I ED Xz, EESMEL =AU T v ZTIKBOBLE) S, RH8S50E1x DASAD 2 Higs
I +5ThD.

6-4-4 RH850 % 7= FHF i
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ZBEOVESNTAE 5L, ASAD BHRERICEk - TF V2 ubaniz. 20 AD ZE#ids
I, 2 & fo/2 DD ) A REpETD. T MEENTZEZIE, DFEICX > THEILS
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6-5 PAFPRRENDRTEE

BE~VA /v a3 a—4% RH850E1x CTHEBLL =AM MR Z 7675 . Fig.6-10 I,
VYV I)AREEWMASISNIZEEDFIR 7 4 V2D )&~ d. Fig6-2 LT 5L, /
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Y EFREIZT 5.

Filter Output

time

Fig.6-10 Output of FIR filter!2?
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Fig.6-11 Comparison of valve closing timing detected by FIR filter and detected from

valve motion12?
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Fig.6-12 Decrease of minimum fuel injection on the basis of developed valve closing

timing detection!2?
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