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HAl, A& B ENERAT PR T, HEE
ERFRARES FPT | diE @ 2,
W FTHM L R A B 0k o /NS5 P25 L 22
MR T2 T7 AR U™ i BT DNA g AL R W0
U B B AR AT« DT RN TR 4 M SR BV
AR IS F RO RS A RE R 22 5
R0 TSR it ) S AR ARSI 55 B M R R A . 534
FEAN L R B HEA AL BT T, I0AT BF 9 3 S 1l o B — K
CIRER NI 2 LN v e Al S e bepitNibpiized
BEike IR T R LR R B B R S
by DA A SR IO RE 48 HH T ot R ) )7 i 3 2R 2 ]
BB, B AL S AU T T VY S R S RS
J PR T (AR R, s P 38 A B ST I i e 9K T £
SUV 7= b i T BR AR e BRI E A o5l 25U 2 2
BEF R SoE R vt B 7 i
JERANTEIE [R5 i B KURS S R TSt L PR S0tk 28T,
FESEBR I TH I H b, b AR R R X
BER. MBS R F N R MG B,
RIFREAR DL RS 1R 5 R AT AT KR E R
AT SEEEBIINE TR, g5k, BT EE
FEALAY R SRR . KSR IO TR R A E H B
FroR B YE, DA BT IR AR A HL AL fh IR A1 7 2 ]
B, A7 SE 1R R YE -
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ARSCAERT N BB S b, SR 2 HARIKEN
Hu LML RS Y B R BT AR, W2 H bR IR 3)
PRI R R BTt AR, R, R B TR
S B 5 ok i 9E SCRC HE P 4% 575 (non-dominated
sorting genetic algorithm- 1T, NSGA— 11 ) 77 Sy R AME 3
BRI BT 7R S R R s B im AR Ak e At
WL, 8T 7 R 51 (brand identity) « F P& % (user
image) S5#t& 1% (social situation) 3 H ARIRSN = 5
A Yo BT A S u = VA T IR SR v | Wt
R SR BN MBS Bt R, DUHOAAE G
m B SRS .

1 RSN ERERIAS % BRI EhiEE

1.1 FREIMEEERIE

PR AR DLPE S G O SRR, I SIS [B] T
R ZBN 5 DLW A M AR F P i a sk, R Tl
THIUE, =N — M T AMNERHEM R, % AN AFE
2 HIAME TR AL IR — & It SR M ™, %7
mh RN Z B AN RAEAEE SR 5 o R 0o 2 5t
B YD BEAR Sl 72 i AN ARHIE o — MR A 1Y
BRI, RIEA R R E R, JETF UL B,
472 AN RFAE 73 N AR SN RHE 5 SR AT R-AE, &)
TRAMEARFIE X AL 538 FH AN RIE S5 AN AN RHE

DRI, AT LR P2 SRS R R 4 B AR BE R (whole
DNA, WDNA) 5JE##EA (local DNA, LDNA) . %
PRIEDR — REHE P2 i I AR B R . R B S R AT
i A 5 3 TR e R P AR A . SRR SR R L
FZE (general DNA, GDNA) 543K (individual
DNA, IDNA) . i@ B8 5 A 7= i B0 2 80 i
T FL & i R SR M RRAE, e HERLHLIE B i S Logo,
AR ZEAT5E AR R R FE RSO i AT R
ANE BB 2 8 B AR R B & B 45 e, )8
ARG IER N ATES W, MR P AR 2 5 %
IR 7= SRR AT LR IR N

PF,y, ={GDNA, UIDNA }UWDAN, 0

i,j=1,2,,m k=1,2,n.
K H PFpna AFZ M E T DNA; GDNA, %7n 38 H
DNA; IDNA; #/RHAE DNA;: WDNA, FoRHE B4
%! DNA.
1.2 % BRRENAIERA = koM B E LR

H1 T2 H ARIRS) B hr L™ it e S 5 R 1 A it
P2 F 5 BAMERHERIREL. B R KRB A
TEHSRI, YR RNC 54N 0 RS . 77 iR B 2
PRIt A SR A AR 5 HE AL AR A TR B A 50, BTG 7P it R A
T3 R A A Y S B IX S R R AT R R . 2 H AR IR
FR7 AN B R BEA AR Y S Oy

S={Pys Pp» D, md: Pe>D, Ty Fp} (2D
Kh Pu={Pyili <m} AP i ANERESE &, Py NS i Mb
TEHRHIE: Pr={Prylj <n} NHMNEITCEES, Ppy NER | Mb
TERFAEII SR j ANAMETCER s D= {Dyli <wy AKHE RSN B b5

SRIENEC A md: Pr oD, NAMETGREEAFIK
PR A IR R T N BOE VKB HARs Fo MK
PR3 B AR AL M IRBIREA s m 97 i MR A4
n RSN RISNETCER DN EG w A SEHUR R A
o HETIZHRE 2 H ARSI iR S Sk R E AL 5
TR 1 .

| % HBRSRBh I Ha B HL ™ AL AL R i |

f&
AR
R 2

& H bR T

SMEAFAEP,,
B | [ 4| | 5 H
AE| | AE | [ 4E |- | fiE
1{[2]]3 m

LA AEH

WLl
L

- 7 1] ==

ey B (x) |
SERAIEB) |

SEFNGSA- 11 7 M BRE) |
SRR [~ Ak E
et C) |

ﬁ i ﬁ%fgzxi g?
I Y PRl . B
iR [ R

#: DFA NWIHEEMITIENIGE; SD Nl L ERENAS .
Note: DFA is abbreviation of design format analysis; SD is abbreviation of
semantic differentia.

B 1 % BRI 69 3EI2HL = Soik S K B B0t AR
Fig.1 Design process of multi-objective driven product family
shape gene for tractor
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2.1 FRIERSMNEERNERS TR AESN

7 i TG A T JE TR 4 B SR Ao BE— i pit, Tz Uk
AR i, R AR AN R w2l . P SRR B
B BTN AR A e AR, AT Pk — e HE
FEARIHATR S . HT A REEWINERIER 2,
T SR L K UTHREAR 7 AR o 32 20w R )
FHOE, BLEEEEAR AN AR S R AN RRE . AR5 FI A &
AL (design format analysis, DFA) #H{T7IHE
5958 ®Ja, N T bl EANERHE “HR” it e
PE, R H AR EE 5 R, 6 BLEAMEREE
BUZ M. SRR R RBUE TR by, AN

cv =2 x100% (3)
X
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X CV NERRE, X ASIMUAHEERTAFEAR 155
HIXIE, o & HNERAELE T A FEA 570 S PR HEZE .
2.2 ETRASFEHEER RN ERF G THR=SE

A% 58T (morphological analysis, MA) HJHE
K Fritz Zwicky 32, ) zig T8 TR
TR . A B ARG A R R AT
FARER, XNENERER MR TT R HEATHE
WV, S NS T AR YRR, YR
b In) 8 BT mI Re AR o T7 22 AR SRR ST AR A o
K, FIR =i e SLAME UK, W™ S AME H 8K
R EEARLIT . [RIN, Dy [F) 257 5t A B o & 51 R
BYEEH, ANEICER PE b N — E B i AR i
IR AT A B TR I AME T &

FESRAR AN R S HL AR e 2R 400 AT ) Bl b, o it
R R PR RIMAFE AMNERE, MAMETTR
PEA G £ A v RE L AN E T . IR MA X
AR 7 () &AM RHE T A AME T R AT S B4l G . i
WAHMNETC R A GG, TR E A LI ah M EE

BRE B0 AR IR, S [ 1, M ook f, 2%

HNEAFE Py (IWIESME TR Pr R
2.3 EEIBHRSIME T RIS

P2 R AN Y FE DR A W 1 H bR B AR R
RIS E R A REIHE. T2WRA%E. SEMEE
SR — RO TR A, R MR RC 3 TR R, FELE
N #R7E (semantic differential, SD) . Likert ‘0Pl E
MR A TN BRE L HEiL P
HRCA o 20 ) 245 120 2 22 ol B0 22 7 VR RN S RL B A 40 50l 2 ST
E AW S 77 RSN O 3R Z R R R . X T2
FAR S = AT R, nlE s AR R A Al
PR AN B TR, 7 S AR S VSR L
AN TC 3R Z A A DG R
2.4 ZERRRIRE

LA R P B RS a5 3 BRI~
mn RSN B R e vt A, i 5T 2 H AR SRS B HE R
B SRR . 7, XA s i~
E X

FEX 1wy k=1, 2, 3, = L, i=1, 2, 3, =,
m, j=1, 2, =, n) & 1 > 0~1 %&E, FHENIE k
MM TT R | NINERHER)EE j AN TRk,
W w1, 7500 we=0.

N 2: x k=1, 2, 3, -, 1, 0=1, 2, 3, =, m,
J=1, 2, = ) EFTIREBUEE k ANINETT R | AN
TERFERI S j AN MY 70 2 78 A B b ) BE 1R 34

N 3y =1, 2, 3, 5 1, 0=1, 2, 3, =, m,
J=1, 2, = ) RFTEREE £ NMETT R | N
TERFIERIEE j ASAME TR TE 2 FH P XS B R 1 H

TN 4: z; (k=1, 2, 3, =, I, i=1, 2, 3, =, m,
J=1 2, = n) RGN £ MIMNETTRPE | DMINE
FRIERIES j ANIME TG RN S 2t BRI A -

2.4.1 SiRiRA A

i TR 1) B S RS BB A A% Lo R 500 AR i L 4 e
W, BARSCAFE RS A E S s,
LT 5B S i BB R 2R St (visual identity system, VIS) .
AR PEPE SRR L R (AL S 9 A D .
MFANE 03 PE 5 S AR EE B R &R, XS R SR T
SRR RSN T 5k 1SRRI L, W] E A % T
S &MY T0 3 AE i AR P RSB AR I 4 it R )
FE H bR s 30E SON

F(Bk):[iiww-xkij]/m 4

K FBYFRRINE T ke (iR
242 AP ERHRAE

P B RARTE o & AR ™ i & B R R 5 A 6
it , 3 EE 7 BN P SRR K, SR
AT T REAE, FHEIME GRS K E R
W 5% 28 o R SRR 77 S AR 2 TR) AT e AME T 56 k I
ERIHESE, WTHMEGZTT BN SIE TR ER P ER
(10T~ 35095 R RE FE AR I o B FH P e 0 R FE I B b bR B0E
XN

F(Uk)=[zmzzn:wk[j.-yk[j.]/m (5

T F(U)FRANETT 3 ke P ARG 8 G006 2
2.4.3 RWIAEE

e S S RUAT I AT AT RS 5 R
R EFE VIR AERIE S, RIS P S S,
BAWEMRARE, T2 w4 A 58 i S
R 7 it B XA AR ALE SR 45 45 Bt DB ) T 47 ML it
i3k, AL TR S E RS C R MR
(77 AR R AR R ANE T 5 k At 2 SRR SRR, 7T
I 5% T R I B AN TE R AL S TR S KT P94 S R
WHL. KA BT & R H AR R EUE SO

F(Ck)=[izn:wk[j “Zi 1/ m (6)

K F(CYIMNETT & k A A A
2.4.4 B BARRFAER

KU b 3 JrghE, ISR s RSN 2R ] 1
BEACAE R, BERE TR AR I it RS #1 5 STAH P IR ) 77 i e
HMEEER, SCREWE R AN e L 77K, RN i H
HERBRGHSERNEE, P WIRINE R R S DL .
I DL AR BT E bR e B R A . R R R B E
FreR B R M BB & B R R IR B bR,
% HARILA SR B K £

F(x)=[max F(B,),max F(U,),max F(C,)] &P

HIRLARA A

F(B)= 4, (8)
F(U,)= 4, (9)
F(C)= 4, (10

K Ay Ay A3 NRIRINETT S b I EER ah RER 5
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FERIERARPRE < F 7 AR 55 R0 AL LB AR . A2
TSR G R R AR E
2.5 ET NGSA-Il 19/~ iR EREIR RIEE K R
R B AR SR AR AR R T M A R H Ar
fltft. (multi-objective optimization, MO) [ @, HF 7=
s MBI A A AN R IR I T R S 250 ) ik
YRGS, DR, RSG5 A A5 B Bh T it i
JR B2 A AR, TR 2 H AR R R 2 8 9 5 B
FrsR AN AL . NGSA- 11 H1 Deb Z51207F 4k 37 it it 1%
%% (non-dominated sorting genetic algorithm, NSGA)
FR R b kIR, D FLAE IR R4 R BE 0. AR 2>
B HEITIAOLT HAl 2 H bR, /A
. Z AR L 55, R RICEEL S, Tk
FF 7= IR, TR P21 84, fEgar b
B2 HFR R AR B b, A0 T NGSA-1LX £ H
FRUREN )7 it R AN ik R A B BEAT SR A, BAR TR
WKl 2 s

By A

BRI

T B
EEEZTT

FEUL DR

[ s |

B2 AT NGSA-II = sbik s A4 B B AUAR AL R AR 7A2
Fig.2 Solving flow of product family shape gene evolution model
based on NGSA-II

3 KA

PASEAR M R sCHE R L], DB L AR
MBS A 3 A BRIRSIH™ Sh R R
JRAR R 5 T N
3.1 RMIRDCAYHRER

FENTAR RS o A5 SRR b R ) L A
WA RPETRDIC ol R P W] A Ak B R
SRR P AR BUAO AU 27 AR D IR, e i %
FFE . WAISER IR P ME AP BER S
B, BAEEAT . FSE R Hfh e . PR
GAEA o ZOR ) 2 30 A [R] b 28 5 XU 1R A Lk LA™
iy AESTEEREAR ARG R BT ET A
b R BT i SR e MR R A IREE 1 41
HAAGERMER fh A sl B FE A

TR BR S SHER A, HEEE Y

PRIEARBU R 7 i BEAS SN ) B 5 R 18 5 ik, B
A FH 2B 35 A0 B T AT A A L N AR S IRGE . XA
A G AR S & YRR, R DL B FiaR PR 5
st R ) N B B A O IR TR, BRI 8 R Rl T
KRB BAERNC R SD ik, 43 BT i AR Y
s AP EGGREEAR AR REEASE 1~9 7
Likert WA . FI7 R 54  BEf I X S B fi
G, B CAER~ERT .

KSR E R SPSS19.0 AbHE . & Sk )b
WX P R S 2 SR SR AT, A BR 5 i
GBS et N b N e DS N PSR i K 2 P S
R 25 EAE R 1 IR 3R B S AT RGUR, WD E 7
RECE, HIT KRR, EREEEH RO
P 5 L A RV AE i i AR B I, R R
PERNC IR 1 .

x1 BMIAC

Table 1 Kansei word

R A BRIV Kansei adjectives

Driven targets

JEAE 1 B W 2 JERE 3 BRI 4
Adjective 1  Adjective 2 Adjective 3  Adjective 4

YRR e e o
s B KUR R R
e M RS R S
ser 1mage

el B BRE RE

Social situation

S5, EERREER. KAEAE RS
FEMETC . F P R R 2HLH PR F XS & R
K, — i B S T R 3 — O ) AR S R
Fis AR ) SE B H AR N BEEAT R R, AL
I RS . A A IAURAR SR, S5 H
FUR R MBI AR L, AR B TV g R S
R 252 BAE 2 AT KUK B, DRy B e b s f2 4 2 1
BE, ARGEPERHRE TR
3.2 FEmEIMLEENRBSTRAKSHT

PAAZ Al e SR R LAE B FORE 5, A= it
HEHOZ AN BRI B R, BRI, R
PA e BT A R K, iz ke AR AL AT N 3
o 7E 3 MEEASBERIAL A SR 5 KGR A
(AFRE. 35, ) (ENEERARIET pl~pls
%5, pl~p5 NHE—M, p6~plo NZE AL, pll~pl5
N Hr, THBERA 10 1, AEBENEARS
A CGEZR 2 A, B=R3 A, B AUEARHR T AT
SRR SR B, TR ED) o AR E R
EOR A EALEL AL, H0E 3 ML .

FEaIE R — A R ZANERHER B, ARFT R SNERE
TEHS BRI 51 2 R AN G 3R L AT RE . etk
AR PR B & v FE U P, DRI B 0% Aok ¥ 9 3 AR
L . MRIE T KA, FIAS T R R R AL
HEARANEARHIE S J5 3N RFIE I S 2 S JEAEAE 10 T, 44
B AR ML= e AMEEE R, Wil 3 Fiow, JHE R
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it OC AN 2 DR (2 3 05 3IX o AR A S TR L 3 AR
SED, ARSI R o M 307 BRIE R % e b e 23t
S AL g AR 3 RS RRAE HE AT 20 #r X L A R AT
ik, HehlREE. BIfE DFA WER, DAEWFE.
BONTF G AFE RN AE 2 70 178 070,
FRRRFEA pl~pl5 5 ARE R RS RRAEREAT B X
W M BHROER 37, LRBOHER 0 . Hd
HI SPSS HiAFAb B, Giitai RNk 2 fios. MR 2 WL
A, 10 TR RURFAEAE S B AS T A5 0 B R
Wik B (LA 15 70 ke gy, 2 B s ) i 48 50 Sk vt 2y
N5 030, BAIE 1K g R 3 R AR AR R 4% Ot AR AR
RE W6 VF D912 A b 56 3 QA AL AL A 7 ol IR A0 TR 22 TR FD )
Ko

A G BATASE R B, WK 2 o, A5
FEBUN I RRRHE 1. RFAIE 24 FRAE 3. RFAE 5. RFAE 8
(25 RHUNT 20%) , RENZIURFAEE T A FEAS b A1
BNt s), AEARBRAR S rp R e MR ok, PRI

TR ANEBE R AL A R T AT SR AL . SFAE 4. RFE 6.
FFAE 74 FFAE 94 FRIE 10 M F 2B K (BRARECK
T 20%) , H “MR” RIARE, EFEMIEINERR
PR A O T TR R

| emnpean |

Y
(s EE | amsipen | [ArEAEER |

B3 4RI Sok I IR B 6 4 A%,
Fig.3 Constitution of product family shape gene of wheeled tractor

x2 #ARIMEFHERITRSSIEGITER

Table 2 Statistical results of shape features based on design format analysis

AR B Z2 P
2 e FEAS Samples X AR5 R/
%51 ST P B4 Variable
Category Shape features pl p2 p3 p4é p5 p6 p7 p8 p9 plo pll pl2 pl3 pl4 pls Total coef/t;:lent
0
LELSESMKELEIRT 1 1.14 1.02 1.08 1.08 1.05 1.32 122 130 1.32 138 135 132 100 097 1.08 17.63 123
BERAME S H -
Whole shape 2. TARIZ ST LM RAAEAS  1.08 1.12 1.10 0.99 1.08 1.27 1.32 122 1.30 146 157 1.57 157 1.68 1.76 20.09 185
BN 3 e S A AR 143 138 138 157 1.54 132 127 127 138 151 1.54 165 149 127 138 2138 8.4
4 RENHLEFTSRF A KEIGEE 027 024 0.27 024 038 1.30 1.19 097 1.00 1.11 1.59 1.81 1.68 1.70 1.68 1543  59.0
5.8 2% 3 XU Al 1.62 146 142 146 157 1.16 1.02 138 135 130 138 122 135 140 143 2052 111
SEAAMEIER 6 ET AT 0.42 0.47 045 0.46 0.48 0.82 0.83 0.86 0.88 0.83 1.78 1.81 1.83 1.89 190 1571 578
Genegr:rllzhape TSRO RL R FE R o 2k 0.51 0.38 0.35 0.35 0.43 0.84 1.24 095 0.86 0.76 1.68 132 168 192 173 1500 558
8 R THI B 22 Hh i R 44 I 2L 5 A4 AR
X 0.95 1.54 1.59 1.49 1.40 1.08 0.92 132 1.49 149 149 151 149 132 1.62 2070 162
HALTHLEFM
9B by FETUAEAHHE L AR 0.70 0.70 0.68 0.73 0.83 0.97 0.86 1.03 1.14 095 127 135 173 176 1.76 1646 359
AN A > N
l@ﬁiﬁiﬁgoﬂ%%%ﬁ%%ﬁﬁwﬁkAﬁ+_ 007 Lol 6 145 163 636 228
wone T JEBUETAL AR C fE o oo '
YME Average 0.90 0.92 0.92 0.93 097 1.12 1.10 1.14 1.17 1.18 152 1.51 151 154 1.60

e pl~pl5 DRIIHEAR 1T ~FEA 15 585 “-7 NTCHARIE.

Note: pl-pl5 are serial numbers of sample 1-15, respectively. “-” is without this feature.

3.3 BURESEEMSMIXR

FHICHIE SR, (0TI A A R MR PR 2 277 Ak b
TR R EEABRFAERY, Rk, A A DLt R AL T
AMERFEAE AR TN B 1 08 Tl 8 & AR R 32
BB RN, 48 7 RECBURHT 5 BUMERHIE, A
TETuE Py AR 10 MIMNE TGRS, BB
FERE, @ HES LA AT A A 10° PN 7 %, BRI E
LR 3 Fim. RIGHIE Likert 5 200 &3, KL 46
SRR, BRSBTS AN ME JC R AT K
PEVEAY, AR SR B0 1 3L A J6 R 5 IR 30 H b i
WOR AR, FENEEEIA LA, SREURAME LR IS
H AR B ¢ R UK 4 Fm .
3.4 FERIRIMNEEREFNIZITKER

AHKH MATLAB R2014b XFLL_E 3 > HARIKEhH)

HERL ML e A 5 R W B AT SR A . SR FH S 3
770, CAEm SR E . AP R R EE.
G BERF G 1 H b R VR 0 B R A, 1R i K
WARECN Grax=200, PIFRFREERIREE N=100, =& XHER N
P=0.9, THMHE P,=0.1, BWELARZM 4,=06, 4,=
0.6+ 4;=0.6, FF I RKHAREANE A ARFE T 12k %44
SFEFIE(T R Pareto BALMRUIE 4 Fow, it 54
% 5 N 5 A Pareto FARARNT B 177 S HEAME 6 E M K
3.5 HERH @RIt ENEBME MR RS

1E2 H A5 SRSl B Ha L= e S TR J25 Rk 15 T
ERSEA b, R T I R HE R AL S BT S LA B
MAMER T RS 1ZARGHET CHIAEEWE, Bl Qt
RAESLSCL P A2 B DL R BRI 5%, nf
RIS S v L0 T 3 R PR R A AR RS R
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&3 ERHIIMNETE
Table 3 Selected shape elements

SMAHAE 4MEJEZ  Shape elements Pr
Shape
features Py
Priy Priy PF13 Prig Pris Pris Priy Prig Priy Pri1o
Pras Pps Pra1o
wmﬂ@ 0 Q DOﬁ/bﬁ
Pras Pr310
IR 2 § ¥ (7 >z Y/ N/ M? 7 N > ¢ \
Pryy Pry Prys Prys Pras Prys Pryy Prag Prag Pry1o
 S—
Prs) Prsy Prs3 Prss Prss Prse Prsy Prsg Prsy Prsio
Fz 4 MRS EIRAIBRET gk

Table 4 Mapping of shape elements to driven objectives UKZ)) H A% Driven objectives

HMEARHL SMETEER

— — . . . 1 3 y AJ—_‘
S S5E % Ik} HAx Driven objectives Shape features  Shape clements T iﬁzmﬂ P S S ﬁ:lx {5 ‘
Shape features  Shape elements AR HPER M2 Py Pr rand identity User image y;; ocial situation
P P Brand identity User image Social situation Xij Zij
v - x,.,. v 2 Prst 0.793 0.388 0.466
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Design of multi-objective driven product family shape gene for tractor

Liu Lu'?, Zhang Yongnian', Ding Weimin®, Kang Min***
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China;
2. Guanyun Institute for Modern Agricultural Equipment, Nanjing Agricultural University, Guanyun 222200, China)

Abstract: To shape the iconic elements for brand modeling and unique brand image, and improve the users’ satisfaction of
aesthetic design, a method of Multi-objective driven product family shape gene design of tractor was proposed. Through
analyzing the extraction and expression of product family shape gene, the model of Multi-objective driven product family
shape gene design of tractor was constructed, and the detailed processes and key technologies were expounded. Firstly, the
product library and the information base were established. Product library included tractors selected from own brand and other
products which were widely selected from well-known brands’ latest products and concepts, including agricultural machinery
products, cars, clothing, electronics, etc. Information base included the specific content of brand identification and the kansei
words library. Specific content of brand identification were obtained from the enterprise directly, kansei words library which
reflect the aesthetic style of agricultural machinery came from the network, books, newspaper, etc. Meanwhile, the overall
modeling features and local modeling features of products were extracted by expert interview method, the product family
shape gene was extracted by Design Format Analysis (DFA) to analysis the coefficient of variation. Then, based on the
morphological matrix, the solution space of product family shape gene was developed (In order to avoid the mind-set caused
by similar product shape, shape gene should contain a certain amount of shape elements reference from other products). The
mapping relations between Kansei words and shape elements were developed by semantic differential method. At last, the
multi-objective decision model driven by brand identity, user imagery as well as social situation was established and the
multi-objective decision model was solved based on NSGA- Il genetic algorithms. Taking the wheeled tractor, which was
manufactured by an agricultural machinery enterprise as an example, an analysis for the generation of tractor product family
shape gene was explored. Based on C++ environment, a computer-aided design system of tractor product family shape gene
was built. The system realized user interaction operation and vector graphics calling and drawing by Qt development
framework, which could quickly realize the profile scheme generation and expression of tractor. Series of progeny schemes
were obtained by the computer-aided design system. The experimental results demonstrated that:1) 81.25% of the subjects
considered the progeny scheme could be well continue the characteristics and style of the brand’s original products , the
average score was 1.47; 2) Compared with the sample pl5 modeling schemes (The mean of the sample pl5 was the most
representative), the degree of compliance increased separately by 30%, 54% and 80% in brand identity, user imagery, and
social situation, and the average proportion of the population increased from 34.37%, 28.12%, 31.25% to 71.87%, 68.75%,
62.5% in 2 points and above respectively, by using seven-point Likert scales based on semantic differentia method. Therefore,
the feasibility and validity of this method is verified. Furthermore, different from just considering a single factor in previous
research, as the proposed product family shape gene generation for tractor was conducted by the simultaneous action of brand
identification, product imagery and the social situation, and the ambiguity and uncertainty in visualization process which rely
on designers’ creative thinking and inspiration had been conquered, it also provides the reference for aesthetic design of
agricultural machinery products.

Keywords: tractors; design; models; product family; shape gene; NSGA- Il genetic algorithms; kansei engineering



