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Compensation Algorithm for Automobile Shift Pattern using
Fuzzy Reasoning
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Abstract

Abstract-This paper proposes the compensation algorithm of conventional shift pattern using fuzzy
reasoning in automatic transmission vehicles, Recently, automatic transmission vehicles are continually in-
creasing because of their ease to drive. Also users require the high performance which includes the
smooth shift quality and shift scheduling that matches driver’s intentions. So the shift scheduling has
been improved significantly through the application of electronic control. But, in spite of this develop-
ment, vehicles using conventional shift pattern are sometimes in discord with driver’s intention on roads.
In this paper, the proposed compensation algorithm makes a automatic transmission vehicle be able to sel-
ect an optimal gear shifting time and position using fuzzy reasoning and make a vehicle driver feel
comfortable even when the vehicle runs on roads which is extremely changed. Therefore, a vehicle driver
can expect to reduce the number of unnecessary gear shifting and expect the fuel efficiency high. To
show usefulness of the proposed method, some simulation are made to compared with conventional gear
shifting., paper proposes the compensation method of conventional shift pattern using fuzzy reasoning for
the purpose that a vehicle can select an optimal gear shifting time and position in automatic vehicle.
Though the conventional shift pattern has no pliability, vehicle driver can feel comfortable and can reduce
the number of unnecessary gear shifting using the proposed method on variable road condition. Therefore,
it can be expected the fuel efficiency.
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AT A3 A5HE FA & A 22, FAE WAAZE st Aol dojA Fo] M&7)oM 2dT
o] ¥3l7} Aaile AF YulA e FutF o2 HYHEE 3l 3PS S0l X2 Hol I, £
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2 | PG-A K/D drum ¥ A4 7 | Accel sw. accel on/off

3 | PG-B T/F drive 7o) #3<] 8 | OD sw over drive 4}
4 | Ignition coil | A2 A4 9 | K/D servo sw| K/D piston $l3]
5 | Inhibitor sw | select lever 9| 10 | Ak sw X
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shaft speed)& B o F 1 Ut}
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.
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: wo 5000
Transler shaft speed [rpm]

O3 4 ¥4 3" 2 (power mode)

ATe ¥&98e 34 27} modeE ol AEd, shube 2t8e] 2582 728 power modeo] 3L ThE
st abeFe) £y 2L 723 economy modeo|th 7S] FEHo) At e AL whet HEA A
27 ¥ & power mode°ll 3}, economy modee FH /350l 2A A7t A g YA Q] T& 13
o 2359, economy mode W&A| & power mode WEAHR 254 wach A& ] dHA FH
#4& 4HEA oh27} 2ok (power mode)

2.2.1 UP SHIFT

a. A7 (wide open) EZ2E H < (80 100%)

7HE Azbe] 7 wa A AR E, 4 A& d A Ao A 75 2Ash= Ao A up shift7} o] Folx]
=2 AP Zzte) W&EEL 1->2 up shiftAl 5500 rpm, 23 up shiftAl 5750 rpm, 3—>4 up shiftA] 5900
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BHA A8 20, hof 32 2 A 27 YR 2W A& 0 2 down shift7} ojuiR] Gol 714 A xo] HEHz
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A=A QR 237 AR G B AP, B3 14 o] A ZE WAl A AR s

223 HE IR HY
Up shift 43} down shift A& HFHo2 F& APE T3 2=, 29 3. 49 2ol WEsiee] HFHo
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"ot
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32 HX| B Y1R|E
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o] & E=RNE /12 MEARE AHSSUAN SRS W] B4 $WAY] Bt W §7E 2

37



2 H A A 28 &3] =& A 1994 Vol4, No.3.

37) g MR FHL AL FX & B3t A 84S 2S5 Pk 1 59 o] T.C.UE ¥l &€ 4A
ol 9y ARE Jad} B =FoAdE T.C.U Helld d&g 248w, ALE AR FH st @& F5
2 A3 + Y& 23 IR AFE LAY =S drh

Vss —

PSS — - Decision
GP S T.CU of shifting
ATPS —>

* Vss (Vehicle speed sensor) : Xh<,
GP (Gear Position) : ¥ H&vkt,
TPS (Throttle Position Sensor) : Accel 71X,
|ATPS | : TPS Higere] Fcizt (| @i TPS - o1 TPS |)

A5 WS #YW 9Y AR Na A

olst gol 4744 IFL 27 63 ol WAS ©A, 7 AY WFEY 2% ol B 222 uNA 2 ©A
£ S350 AFH WS 2R 477 AL,

Vss —> .
TPS —> N rule - Decision
GP -)" reasoning " - shi(;‘{ing
ATPS—>

22l 6. WA BA &4

HRe U ANZ $H QPE 2 945 E A2ZE Byl ot Fax, thed 2ol vlg AW WE
2% FHol ool 228 YAk

Rule 1:If input 1is 4;;, and input 2 is Ay, input 3 is Aj3,
input 4 is Ay, then V, =B,

Rule K :If input 1is Ak, and input 2 is dg, input 3 is Ags,
input 4 is Agy, then Vg=Byg

Rule N :If input is Ax;, and input 2 is Ay, input 3 is Axg,
input 4 1S Apy, then Vy= By

A7V M Ay irule kel A 98 B4 A% AR E FHsE #Hx APz HESE A,
By:rule ko] {18 WFEo el HE& IR A =g HHS= ATak

input T: A HASF,
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min-max E#) 238 73 kol o] APz 4 (1) o] £EE F U
Rule K o A=+ o523 2o

V= min{ pax; Vss), paxe (TPS), ptaxs (GP), paxs (|ATPS|)] (1

A7V p,, (0)E x7F 8 4o AFHE 24 J=E gujdth ARE 1A g Vol didtdA =
Low, Mid, High®] Al7H, TPSo) tl&td A= Low, Mid, High®] Al7l, GPell W3t 4= Low, Highe] %71, |A
TPS|ll thated A& Small, Mid, Big@ 2ol AH& &t} 4 (1)3 2o] kAA 7o g HLert a4 H
3 ¥& A AL Ve Al 730 diste thg 3 o] FA S 8 AL & 5 Aot

3l VileB,
O I — 2)
£ Vi)

a71A A (2)e] &3 W& AR AF Ve thea 22 oul§ 2t

1)VY0 e, Vo] 2710l mpat M7 @& dS fA8a% st JRNFEE Ve,

2V <o, Ve 7o) whet SRR} 7]1E e WLl )l W4 dtaxl e oA I & vepdth

T3 32| 23S wide open EZE FHA(80 100%) N M & 3R] ¥E & 3l AFo] A FFHE /1E F AU
& gZ3sn, 2 9 IR E HA FEL P 2 Ao mE M4 de Hx Y sMEE 297
= g},

v

sensor input
read

vehicle information
save

no
shift ?

yes

Fuzzy compensation

shift ?
yes

Y

decision on target
shift position

f —

- v v

( shift control part ) ( generai routine )

38 7080 HA) B g
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ZiEe] A& Heo] i AR 1Y £AE Medtd a3 g

D) 71E e o3 ¥ o Rt 2P ET

2) AR P &Yoo g MEA Y] Aol HA BAY AR E AAAT

oW wide open EZE F (80 100%) 1A, WA RAE A3 Y& A9, BE W& 2F part2 ol
o

3) WA Ry A, AAFHA ¥ 2k V7L 001 AY S5o)d R Asd 24 part2 Worta, &9
gto] Folwl Mg 3hA) ¢kx ANt RO it

4) 2 ® H&do] 2, WA o] part2 7HA AFA|0}7} o] Fof o}

33 &% 8| 43

97 224 ALEE 498 W5 S A5, AA B0 et FdsE 19 89 22 Yol o]
g 2435 s A FAo 8 AERAF 28 L nAE2 AF3) Moo ot dPFHo R 4£&
g AR AN E AE -0 thd dolelt APH ARt FolA ok dto, 2o = olel g vloEtR 2 H &
Aol 2434 Fale o] 7IYE] AYHT o}, B =R U U3 AFZ 17l g 2w 9} A

52 Edz ZA4EAN.

Low Mi igh
low Md  Hgh 4 Hig

0 Vss 0
40 70 90 105 180 (Kmp) 3 50 g5 [efore

shifg

Low High Smalk  Mid Big

14TPSIP9

288 72 Qe 2% B4

3.4 Down shift A|2] & AX X

Down shiftg}t 3o W79 917} oA Aoz Halels BFoz, $5U&7 9 A9E skip H5S
& 4= gAY B =R FEE ATE A4 714 4 w&e skip H&(d, 45224 5 2003 ¥
5= Ma)8 & 4 gk ¥ X2 YehllE R0 A 73 ¥ 13 2o & 19 down shift 732,
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HA) 28 ol & AEA HEHE 2 e e

¥ 1.DOWN SHIFT 3

74 If (A% hen
= (d&x)

Vss | TPS | GP |ATPS| 7+ A

D1 | high | high | high - +1.0
D2 | high | mid | high | small & mid +0.7
D2” | high | mid | high big -0.3
D3 | high | low | high | small & mid +1.0
D3” | high | low | high big —0.5
D4 | mid | high | high | small ® mid +0.3
D5 | mid | high | low | small & mid +0.5
D6 | mid | mid | high | small & mid —0.3
D6” | mid | mid | high big -1.0
D7 | mid | md | low | small ®mid | +0.5
D7 | mid | mid | low big -1.0
D8 | mid | low | high | small ® mid -0.5
D8” | mid | low | high big -1.0
D9 | mid | low | low | small @ mid +0.5
D9” | mid | low | low big ~0.5
D10 | low | high | low | small & mid +0.3
D10 | low | high | low big -0.7
D11 | low | mid | low | small & mid +0.3
D11” | low | mid | low big -0.5
D12 | low | low | low | small & mid -0.3
D12° | low | low | low big -0.7

®: ¥4 ¢ (bounded sum)
V x € X, ugop(x) =min (1, us(x) +pup(x))

ANtEQ A Ao} RYHEE HA] FAHoR NE Ao2M AERY JFA e SAAS] WS R E )
el glc) ol g B9 o33 2o

D1) @A) 8] 2p&o] mi2n JAg gol §1 sle Feleln, Aol M& o] ndelry, ol M7} 49
o de 24, e A dEDE A FYsazt g, F d9E T FeEs AR WA Y
H&doz fA5e = B ol 23t (+1.0)

D2) @A at&o] MEa AdE FAAE w3 e Aeieln, Ao W&o] ugtolr], ojn) M A7}
A& gol ¥ A5, ARE 7HE5E 817] A3l down shiftE U3he Aol Ak (-0.3)

De') Al o} Aol F&Holn AdE FUHAE W e delold, dxlo) Wd o] ot} oju $HA7}
JAE gol ghe A9, THAE 7SS dEAY v e 49 S B W2 V)1E dEdEe] o8 4y
718 d3te F&el] sttt (~1.0)

DY) @A} Aol Fola A g T Wi e Feoln, dAle dEdhe] Aot} o)) LA} A4
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=z
0.

D12) @A o] zp&po] AFoln A A 27 ¥ U= Adeloln, A9 M&do] Auelr), ol MR} o
4g ®ol W A, FAAE 7HEE YA JEZ S Y FYste A2 7IE HEdE) o8 WgHo] A
£02 7FYE 50718 dite Aol B3tk (-0.7)

W

fr

A%, $AAE WSS 9ste APu A9 ML oz A5 FAsr)E Aske Aol o

Ho

»

g
<2 ol

3.5 Up shift Aj2| HZL AN 7|

Up shiftA]oll = down shifto}= oh& Fele] F&o] Waslxu =3 up shifte nl271x 2 skip H&<S 8 4
Sith 9i& A& Yell= 750 dig #32 ¥ 29 2ol & 29 up shift #3-& dwrAQ £ &%
g RPHEE AR FLE BE o2, HERY /13N £4Ae] HEAXE YR T Yot o E o
2y g3 g,

¥ 2. UP SHIFT #3&

Then

T3 If (da®) (REx)
Vss TPS GP |ATPS| b=
U1l high high high big +0.5
ut’ high high high mid -0.3
U1~ high high high small -0.7
Uz high mid high big +0.5
U2’ high mid high mid +0.3
Uz~ high mid high small -0.5
U3 high low high big +0.5
U3’ high low high mid +0.3
U3~ high low high small -0.3
U4 mid high high big +0.5
U4’ mid high high mid -0.3
U4~ mid high high small -0.5
us mid high low big +0.3
U5’ mid high low mid -0.5
us” mid high low small -0.7
Us mid mid high big +0.5
U6’ mid mid high mid +0.3
us” mid mid high small -0.5
u7 mid mid low big +0.5
ur’ mid mid low mid -0.3
urr mid mid low small —-0.5
us mid low high big +0.7
ug’ mid low high mid +0.5




A B 1§ AR WEHY 8P YDYZ AR

Us” mid low high small -0.3
U9 mid low low big +0.5
Uy’ mid low low mid +0.3
ug” mid low low small —0.5
U10 low high low big +0.3
U10” low high low mid -0.5
U10” low high low small -0.7
U1l low mid low big +0.5
u1r’ low mid low mid +0.3
u1r’ low mid low small -0.5
U12 low low low big +0.5
u12’ low low low mid +0.3
Ulz” | low | low | low small -0.7
U13 If there is a brake signal, then gear postion is held

Ul) @A) 2&o] W21 AL wo] Wi e deiolw, #Ao] Wddo] ot} ojd 187 AL
gol de 3¢, A4 A W5 fAsd FYstnA ste o) Ak & EF £ YA YL
gol 3 & AeioA HelHZ g vk d3 BHyola goE st AY 2] &S Yike A Solth
(+0.5)

U5) @A Aol S&0]1 A4S ol Wi Ax Jejoln, A9 Wgdo] nigtolt}, ol M7 4
€ 2T He B3 2 Y 8739 243 ¥} Atz YeiA gonz JE WS o) W
71 Ydte A Fol A3 (-0.7)

U8) @A o] ap&ro] F&olx A AL 27 w1 e Aeloln, dAle] W goe] ngolt). oju A7} 44
& ®Wol de A%, A @A M5 A8t FAst R st AFo) Uk, F FYPAGL =F D
e e A BHyola &g VI EAY LA AV AFE A st A oloh(+0.7)

U13) @A el 53 dg 8a e A, Bael dadol FastA A7) Heolag ‘éxh‘f A, A
Heola a3 AW dol A% A&7 A2 T2 s SAAY gl mes o] A$ Ao |
£9E FA 8 & A7) AAsE AL AEsty] s Ao] theF 1000 £ arpm FE ol A \?i;—i,‘—E]ES— Lig=
A7 aghS AR o] 500 2A AR AIHE A G

HMSTIE AB Y F

Awrg oz sEe] WaMEe] o5 Weol BANAL o, YRy} A eHR A} RFH Y HE &
Ao Ao} RPN B ASE BABT F A4S WA A VoS FYAA) 223 YAL + 9
O BuRE 9ol Wao] dojdo s, A oJXo} BAX S Weko] BHYYS BE oo ma} 2
Fol oGRS A7 E Bvh. BN E 71E ASAEe] Aos} 7|E dsA ) WA nYe ¢ A P
Mmgto M, A A Al 71Ee) WEAY ARnT dAe) o] Z o) RHEL vF D Uch
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4.1 DOWN SHIFT &3}

4.1.1 YL QI down shift

SAANT}E AT 2L 8 F 7122 HEHHo| 93] down shift§ AP dte A-$v 23 & F$oln),

1) Rake] 7154 $HAE A4 Hge wA 9o olw Al WsgozE TEH RE:sirhy =71 ¥
418 down shiftdted 283 FEHOE 39| 71E5E S Ut

2) Ao} A AE S W 2AAE A4 HES g do ol HAe MEYoRE FFYo| 1FE)
I =731 HE& G2 down shiftdle] 7Y o YL 0 &}

3)AFE AAsH A T o, T A4S 9 A BEgolAE wAY, AT JA HES WM AL
& #&EE F 9ol o A-$ W& o] down shift @

412 HX| 28 #

E 38 2] FYFA Y Mlo] o AAR V& FEA-E AKX Ho] Aot B2, MR BA 2 #
W&gho] A5 dg RoF 1 ok H 394 B & AR R E FA AR 2P L goaA 289 &
Fog W& AA sl 2AE g & AATh AEAEAMY 2 Y= 27 99 bR T, HA B A4
I} L o33 2ok

¥ 3. DOWN SHIFT F3}4] 23t

Vee TPSb(%) IAT_PS 1(%) Fuzzy,
TEST (Km/h) (before (ATPS GP 93} wa A%
shift) —TPSb)
A 80 50 15 4—3 i
B 80 50 25 4—3 ik
C 50 55 10 3—2 H<-hold
D 50 55 25 3—>2 e
E 30 30 20 3—2 Ha
F 30 30 35 3—>2 Ha
G 30 30 45 2—1 ¥ £hold
TEST A
Ves(2445) 180 Km/h, W& 9] TPS:50%,
TPS ¥ (|ATPS|%) :15%(50% —>65%)
71& W&A Rl 93 GP(HE&D) Wl 43
Zt 989 &% FrEe E 49 2t
H 4. TEST A 913 9] membership 3422 gk
Vss TPS H&A GP | |ATPS|
(80 Km/h) (50%) (49) (15%)
high (big) 10/35 0 1 1/4
mid 25/35 1 - 3/4
low (small) 0 0 ] 0
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#A B3 Z7%E & 19| down shift 7 & o] i hstd Aatg d3ud b gt

min (Vss, TPS, GP, |IATPS{)
D1) min (10/35, 0, 1, 1/4) =0.
D2*) min (10/35, 1, 1, 3/4) = 10/35, 10/35*0.7=0.2
D2) min (10/35, 1, 1, 1/4) =1/4, 1/4+* (—0.3) = —0.075
D6) min (25/35, 1, 1, 3/4) =25/35, 25/35+ (—0.3) =0.214
D6‘) min (25/35, 1, 1, 1/4) =1/4, 1/4* (-1)==—0.25
D3)~D5), D7) ~D12) 0.

o714 D1) D12%) 9]
g [;K] * B,=0.2+(—0.075) +0.214+ (—0.25) = —0.339

4719 & 2A(2)d Y3t gV E I
;[ If;}g’]‘Bk

V=" =-0.226
}k:[ Vil

B £ A7 £ VIl —0.226 ol22 EHAr} 71EY] HE ] o] W&zt st Aol ALS
HoF3 9},

TEST C
Vs(Z445) 150 Km/h, WA o] TPS : 55%,
TPS A 3}(|ATPS|%) : 10%(55% —>65%)

71& &R 3 cP(EET) HE: 32

7 8ol &% G5 E 59t gk

¥ 5.CASE C 918 ¢] membership &2} gk

Vss TPS | ®&AGP| |ATPS|

(50 Km/h) | (55%) (39) (10%)
high (big) 0 1/3 3/4 0
mid 1/3 2/3 - 1
low (small) 2/3 0 1/4 0

#H= B3 g ¥ 19 down shift 7 ¥l HYste A3E doRd b3 pr}
1)~b3‘) 0.
D4) min (1/3, 1/3, 3/4, 1) =1/4, 1/3+0.3=0.1
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D5) min (1/3, 1/3, 1/4, 1) =1/4, 1/4+0.5=0.125
D6) min (1/3, 2/3, 3/4, 1) =1/3, 1/3*(=0.3)=-—
D7) min (1/3, 2/3, 1/4, 1) =1/4, 1/4+0.5=0.125
D10) min (2/3, 1/3, 1/4, 1) =1/4, 1/40* 0.3=0.075
D11) min (2/3, 2/3, 1/4, 1) =1/4, 1/4+0.3=0.075
D6‘), D7°), D8)~D9) 0.

D10, D11*), D12) ~D12) 0.

o7]4 D1) D12 )9
3¢~
Z [(Vi]*Bik=0.1+0.125+ (—0.1) +0.125+ 0.075+ 0.075=0.4

A719) g H(2)ol hdsted 28 V E Totw

>l I‘;K:]*Bk
y=—— —0.24
;[ Vil

AR 22 2D 2HQ V71024 o)BZ AR} 71E] MEH ] BEax gy AL dos Fstuxl 3}
ol AFE HAFa qth ol At FEUEY] 7L FAste WA YukH A g% RgE )

4.2 UP SHIFT &1}

4.2.1 LHIH Ol yp shift

A 27} AT 2% 73 F 7180 A&y
D) Ao 435 A HIE 2&E FUHA T
2) Zpgko] 7t F AR i NP £ 8
3) AR} AAFe £ 28§ A&t A4 H

o]} up shift& Z@st= 4 —‘EU}%T% 2 Aol
AE B, 249 St 2hA W& o] up shiftE ok,
A=A gA H gL dA 5“3} O]HH ¥ tho] up shift Aot
< dA He 3%, 718 A4 a9 o up shift€ o

422 WX £& Az}

H 68 Aol TR st T Az V)& HSH AN HEo] dold HE, HR BAd o &
WEgo] fAEE d& BT vk F 6ol & F U5l 7HEE BFNM HA) 2P S Fo=N 959 &
Ao W& A3t 23E 48 F ANUCh dEA M 7 A2l 29 100 19 114 YRR, #
2 B3 A4t 272 AE 9 down shift9} 22 HA S 53] dojzid.

E 6. UP SHIFT F3jA] A=}

v TPSb(%) | |ATPSI(%) -
TEST | (o0 (before (8TPS | GP 3} E;Z;y'ﬂr
(Km/h) i) |- ~TPSb)
I 110 70 30 34 9 2 hold
1 115 60 5 34 | WS
11 95 60 20 34 W2 hold
v 9% 45 5 34 | W%
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v 80 75 20 2—3 W< hold
v 80 75 15 2—-3 e
Vi 85 40 10 34 W2 hold
VI 85 40 5 3—4 e
VII 60 70 25 2—3 H: hold
VII- 60 55 10 2—3 L
VIII 60 30 10 3—>4 < hold
VIII 60 25 5 34 H&
IX 30 70 15 1—2 W
IX* 30 70 25 1-2 W2 hold
X 30 40 15 2—3 {4 hold
X 30 35 10 2—3 ¥4 hold
X+ 30 30 5 2—>3 W
100
B y» aEs
Thrattle F 2
opening i 2
[%] 5. M|
! :
o T T T e S S
|l 1 1 1 1 1 1 t 1 1 ]
N 2500 5900
Transfer shaft speed [rpm]
32! 9. DOWN SHIFTA 8] W& el
108
Throttie  ~ / 1
opening - o1
%l & 2 :
T
= i
= ! o=
] 1 1 1 I ¥ 1 t
N 2500 5800

Transfer shaft speed [rpm]
12} 10. UP SHIFTA 9] W& € (1)
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Throttle  * A
opening w.

(%] .

Transler shaft spesd [rpm]

8] 11. UP SHIFTA 9] H&s€l(2)

v.d g

2 w2e HA FHe) 380 ste] AT Aol tha) 7122 WSHD LS nH e /1YL AR g
A 23 el e HA 2EL 7)Ee] WEAY] 2otstel YA WL Al o8} TP o2 AT 2
ol Exel gejet 2R 2ol mek AE S B £ AT olo] WE FPe2E LHAN = £ Uk A
Hol WM4UoE AT TS WPPLIH BWAF WS AT 5 o] ATe) +7 A%, AFe] Av] AY,
W71k g g 5% G4 5 1S £ QA Beh £9 A2 AsAEg Neoz s FY9ael o
37h & AR WA nAYol o] FYLEM, F1E WEHE FHE o188 4 U T wide open EZE
FLANHE ALY APt 714 $RY S Ak 227 WelHy FU4 A7 Baola anE g
# 9o AEAYE BA ¥ 5 ASe BE, BalolZ Qe e VL 2Y 4 Ak

FF ATAAZAE, ALY HA 22 o) F A5 WSAY 1Y L2AFS AW AT Aol =5I54]
92 FH) AEAE Bok ALS 2YF, AF 2 395 Ae7tA eW2AE 1A A9 4
A 5ol sk,

4 o2 s
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