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Abstract: Aimed at the retrieval performance deficiency of the classic shape distribution algorithm in the
field of professional CAD models, and to achieve the reuse of agricultural machinery CAD models better,
a 3-D CAD model retrieval algorithm based on distance and area distributions was proposed to achieve the
model similarity assessment. Firstly, hundreds of points were selected randomly on the grid of the
triangular mesh surface, during which we adopted the quasi-random number generator and Halton —
Sequence to generate random points to ensure the uniformity of corresponding points; then corresponding
distance between two random points as well as area ratios between each surface were calculated, and the
frequency of specific points was computed in the distance — area planar grid, forming a distance — area
distribution matrix of a model; finally, we adopted the Manhattan to make an assessment about different
matrixes to achieve the comparison of different CAD models. Area distribution is one of the essential
characteristics of models. The innovation of this paper is that we put this factor and area feature into
consideration. And the descriptor was distance feature with a fusion of area to implement the accurate
depiction. Accuracy was higher compared with that of other methods with respect to same retrieval parts.
Halton — Sequence was adopted to generate uniform random numbers and the sampling points can be

reduced significantly due to this. Thus, efficiency was acceptable. Above all, test results show that the
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algorithm is better in the field of agricultural CAD models compared with other shape distribution

algorithms for the similarity assessment.

Key words: agricultural machine; 3-D model; similarity assessment; design reuse; distance — area

algorithm

51

BB B, T [ Ml 5 4% 7 i 22 L) BB ) s T
R AR 8 3 R RUK SRR, AL
7 b B SR AL G e Oy i, 7 T 2 SR
K MBI E B LU 17 S
L B 7 T b R AN R R 5B .
b 7 3 X, e H AR A X, 75 AR £ A T B A AL
B, T T 7 22 I 4 M, T /N B A LK IR A 9 )
I, IR BB OPLBR R B 3 B T 4 B S K R
LB A% 2 20 115 400 55 S 14 R b LG DA S v 5 255 0L
PR 30 U0 AR DA . DL AR AR B A B 0
BT o BT A B AR B A% e A WL B 32
T B, X T4 8 A 2 6 i B KO AR TR
Rl Ee hAFEENE X, gt
SR AT A 7 — ELE AN BT S A 1E A
B TR S5 MR T 28t WA 245 20% , Hi4x 80% 11
BETH I AT L Ao 42 1 R A ik O A B ok 5
JR 7 AE T RE R R T2 T LA AR 3R 1 R AL
PER R ARNE . B, 76 777 A v PR A A
Bl G A I X LA P R
i TT 25 45 BR A 19— A 3 VD 5 3R, 32 @ A WL S BT
5 4 6 A SR L S B R ) s
MEEREZ—. &5 NIk, A 2 M E R
ARUEA ML % i P % B 15 ) B - TR B
1607 w7 R B s B R R R
TS B 5 e R 2 T AR AR S
F 3 TAAN gy it |, B, B
T R 32 X AR ML A A, G
5 A SE P SC AR B MR DS i o T, LAl R
L L R A B 2R B RN AL
I R R R 2% VR AR K AR . B4Rk
SRBIRR R AR TSR N R, EHEN S
255 AR v 4 B U A TR AR 5T U 1) 4 A o
RO FISCEUE . 0 AE B2 0 L R G5 3 2 R
0, A X AN RE F7 10 G5 TR AE B B K 2R 1
BT, 28 IR AR S A B AR 3 T L A S
S5 1T 7 W 5 0 B 00 S A e RS LT B0 A 4k
3 3 % i % X 43 DG T S5 A A A 2R

e o 2o TR R A A B 1 R B B — il
RN e 24 A R A0 B B A A

I

{ER TR CAD A5 0 4 77 7E WA SR ol SR TR 18
2 BRI ZOR A R Kk T R
— Tl A HE T AR 0 A AR B0 % o S A 2
Wo 50, B mR AR I it A AE AR T o 1) 67 70 A
IN A1 UNIN P&, DARAEAL AL 5 ™ M4 5 LU, 51 A
FEAS ST AE AR I 05 1) i R A L K &2
TP I Bl B e TRl 1 o ol A5 R, ik — P 4R
B TBRIRAY Iy o KO 20 T A T 9 R
5 R Z ) 2 i 2 pE I R U B e M R R
5 B BE 2 R RO R R B R BEBOR, 3R
RS2 T30 SR AP A B8R I k8] A A X LA %2 o W)
R ARR AR AT EE T B S T DR il 3t 1 A R Y EE 4K
WM b R A AL A S R AR AR B AR AE A —
Pl (e BT T BURRAE R 1 RE B ME R Mo i iR A LS
WHA G R X R T 0 U T S SR
Mo A PIABERIAARL 0 — e Z 5, BT 5 T
F4 3 B LA R 4% 1 THT A ThT AR 2% 2 ALY AN U
— Ak, TR A T T AR TR A A L A LA K B (EL Y
B AR LAY o ST A AR R T i
Or AT = ARG R Ak R R R AL
T QIR A = A1 T T S AR % - 4% T R R S 4 T R
P8, BR Ji T By A Py 8 BE AT IH — A $5 1 AR B
A e A5 A L A 8 e 2 1) AR A T S B T R
AR 1A A B BE TR S Oy i B0 A B Y EE
B, (ER D 5 B i 2 ) AR A 1) B T E AT B R A LR
FEA AL 1) B 4R RO Ry, UG IR HE . R T, AR SC
TEZIIGARII AT SR W SRl 38— D R UG
THRFAL < A5 T 1A AR 22 [A)AH L LR, O HOA H v i 22
IR Z — B REPLICR % b AT et A, e X0
JORC B — e R DL DA SR, S BRAR L ML CAD
TR ) PR P | DT TS A

1 BRRE

28 MR R O3 A 5125 19 BE AR T B2 oK CAD A A
UPIREFAN PSSR ok T S G P N I SN
SRR A BOR LR IR B e — o AR 0 R S B IR
e

(1) FIF SR 18 J7 2% P A% A = 4ERE Y kA7
b T, DAASE RN = A T R ) T AR SR K 90 B AL AR R AR
o

(2) HFRIBARRR AL AR - BE DL %) =2 ] B B L %



%1 SRIT 24 55 . Bk HE B 1 AURRAE A9 A b AL = 2 AR B AR (0 M TE A 405
SR EE
R FIF R RECHE R T AT
R RBEHLER b A R
R
— R TR LA
RS T REERELA
e AR G N e
AL L. L CHHIEED
[
e | — S I
-

(IR R F 5 % i35 4L

Fig.1  Flow chart of algorithm technical

) THT 22 [8] 4 A BT AR LA

(3) LABEEs i AR L AE > AP D XY fil, DLV
AR WA Y REL A BB D Z Al G A R
I SR, Fie 28 1R S = TR AR 2 A i 2 1

(4) >R HIPE D IE 9 75 35 HL B AR 73 A il 26 151 A
AR, AR SR JB S o B 8 Al A 2R 2 ] A AR

P 2 JE 7R 4 2 PR LA LB 2 A T A
WeEIHLTE R I 3 26 il £k 18, 23 501 e B 8 JE IR 0 A ity
2 30 D00 3 0 T AR L ath 2 DL R AR SO 4R ) B
BT PR = 2 2, P 25 G Tk i O PR

LM EL LR MRS IR =4 CAD BRI,
PR EAF LTI AR 22 S R (A 55 1 i, ]
2R S A 25 S L (ERUAR I A R USRI
Ry A BEKE P& DX 23 TF 5 X T50 2 2l 2k, ih
T B EG A VR LA B, A 2 1 v B L R I A
B 22 5, 2 KOE S B R 2 B IF
L ACRCR: 28 5t Bk, DR gl i — 25 A D B R IX
O3 B s £ Al R A0 SRR P S 2R R AT R A, BE
A DR B BB SL A O R, SURTRE N X R AL
1 ZR R RE , e 2 TP A S B i AR I

200
150 150 150
i L] ]
100
= 100 r £ 100
50 501 | 50 -
04 : ‘ f 0
11325374961 73 8597 109 121 11325374961 73 8597 109 121 11325374961 73 8597 109 121
PEE PEE PEES
(b) PEB VR 4R
90000 90000 90000
80000 80000 80000
70000 70000 70000
60000 60000 60000
Ti# 50000 i} 50000 1} 50000
% 40000 540000 % 40000
30000 30000 30000
20000 20000 20000
10000 10000 10000

0
181522293643 50576471 78 859299

ERLL

0
17131925313743495561 677379859197
[iEiA=4 HAREL

0
17131925313743495561 6773 79859197

(o) ARG VA I

25001

20001
) 1500 | 1
1000 iy

500
0
R

(OForss

1611 16 e
21 26 31 36 = R
4 46 &g

B

SR

B2 R LR 3 2 IR
Fig.2 Typical parts and three kinds of graphs



406 & ol HLOM ¥ R

2016 4

2 ETHEHE-mR7TNERBOUETHLH

2.1 BEMERERR

AR FHSCHR [ 18 ] 52 2 i 52 0 R 7 i, 1% 05
12 M A A5 T AR ) 7 A R T AR o — R Y
BEML A o BEHLIC R o A b ) 2P PR 2 — 2 BEHLAL
AR A B, LR A S b Y B AL RO 4% 92 56 0o B b R
HH AT HE R 22 i BB 7 A Y, 4 R O AT S Y
AT UL o TR 0 Bl AL RO i B e SRE R
U, FLA RS i T LAY R 8 ) Bh B ATL AR
KA (PRNG) AR LAY FEALECY S) MR8 2%, R il i)
R 1 B o i U, A SR T B AL B K A e
(QRNG) 1 iy Halton — Sequence'"™ 7= 4= Fifi #1 %,
Kl 3.4 itz s & /Y LB, e O [R) &5 Ay 18 00
T, SR IBGX 7 125 I R B A R

°

® © Op

o Lo

K3 PhRHLE R A

Fig.3 Pseudo-random number generator

o

B4 fERELECR
Fig.4 Quasi-random number generator

SCERL 18 ] B S T4 /i 44 T Halton J7 371 (1)
P I DA BT 0 B BEAILYE AT PR A DATE
Y23 [A] N A 8 — A~ B AL 83 A 1), s AR B Halton J7
1) 1) e AR JEUAEL 2 25 5 WA BB @ F b, 23 0 0 T X
BN Y Bl R ARE @ FVb SR F 3,0 T
A2 X0 T A, B e (0, 1) Z JE] Y A E] EAT
2 550y, Z 0 4 A5Gy 8 SF gy, A AE U oo 1 JRUC(EL I
172174 3/4 1/8 5/8 3/8.7/8 1/16;[F K T
PR3 XL R A, K (0, 1) Z 8] Y &S E] AT 3 A
Oy, ZJE 9 GRSy 27 G50y AE AR Uy B SR IUT 2
1/3.2/3.1/9 4/9.7/9.2/9 .5/9 8/9 ; Itk i} 25 [a] f f)
8 AN Bl AL A Al LA E Sy (1/2,1/3)  (1/4,2/3) |
(3/4,1/9) . (1/8,4/9) . (5/8,7/9) .(3/8,2/9) .
(7/8,5/9) .(1/16,8/9) . L4515 35 2 B

RE B n R 1 B n B AL b B R,
T LR RE R, 5 2 AR R AL R ) R R B
INEURUR R AR /NI B 3 XA b i B
[ B -0 4 2, W B S B R S 8 A O 4E R

o

pe | 1.1 ®
® 100 L6 o 1
° 1557 I o L (O B
‘ ° ..®
[ t @ :
® o+ 114
o™
0:: 1 R S Ovove A
X = S F A o
. & 12
® IRtV
® 7T
® /8 < 5,
* 15/8 < Tor
® 13/8 « 7
i ———————@—17/8 ¢ Tg
I T B 116+

5 Halton Bt 07 3R E K

Fig.5 Determining points of Halton

2.2 BREBEETE
2.2.1  gXTERETA

X BRI BE B ek B D2 BEE (BEHLP R Z
(] A B ) ) B R B 5, AR E A SRR RN
Po(xy,yy,20) Py, yy,2,)  WUAR B B9 B °F 05 5K
NS

d=(x,-5,)" +(y, =y,) + (5, -2,)> (1)

2.2.2 EARHITHE

TR AL A T TR AR SR R BB AT S, AT
=P, A 6 FT s, — AN TR B o LS, L, S,
o, S e n AN ZMIE BRCE S B3 AT 2 i R
P, P, Py, AT LR H A/ = IR R

| (P,-P)(P,-P,) |

A(Sil) = ) (2)
S nAS BT A [T S T R R
5= Y ACS) (3)
- SR P .Ps)
Sp
Si

6 A s T
Fig. 6 Single grid surface of model
) R ASS T A T TSR 4 T B e/
HONLFE A7 A6 4 R AR 3 4 UKt He (i, 1B —
AR A ZAFT T LLRAR N S =15,,8,,+,8),
oS, S FORBURLI A B — T X BRI S, X
DAY BLR R A ACS,) SR R A9 22 5UER =




13 SRIF N4 4. JL T IR B T FURRAE 19 4R b AL = 2 AR TR AR 0L P B A 407
AGS) ‘

Ty (SIS B AE 0 WK 3 RERTRSERS

R s v = (Lrmom B8 BRI RS R EE G R R, &% M

5o
2.3 ERBERSHERE

B A B G T RR AR S 3 S Ae bR R, DA
B IE B AR P T AT LS, A o 20 A A 2 JBE A7
W . e FuF, 20 B o3 BORS 40, B Xy B 25
U AH I TREANFE e n A 2 BT OB AR
JPEIM AT TR, BT RS AR R L X
WhFos AL, B oy B A T AR LU ERAE 0 1 Z (4], [m] B
2 8 S B T B T RE AN R 2, T Y e
[F) B 12 98 11 AR AR A L A 22 0 A K X Bl 01 IXC (]
X538 500 oy, B ZI B2 Ry 0. 002 ;Y B R R BE Y, 48
b S PR AR I A, BRI KIS, R
TE $5c 2 L BN AR BB AH [] 1% 26 B, DL T 2R 47 e
K Y AR B KR B 2 18R 43 100 4y, A A
o A Z BE B T R .

Y
P | |

| T
5 N N .

of - Il |

15 T T

0 10.002 BB 1 e

BT —4ER R
Fig.7 2-D grid map

MR MIMWL D, <D, <D, R, <R <
R, B RS ST 18T BT X6 /s J5 A% i 1, 38 3 3 A =G
AT DLAE 2 A S T S T S RN i AR L B 0 A
{0, W) = YA 5 0] DL — A~ M[500 ] [ 100 ] [
KFEIR o
2.4 HEGEEHAUEES

A EE B LT A SRR B BE B
SR AR o D M, R M, RS RL A SRR B A
fRLPE B k pR ECH

Dis(M, ,M,) = z D myy = my 1 (4)

izl j=1

0 SURE NS % LB Bk R B T 327 CAD A 7
A TE IR 22 534 O, T 3 245 SR B BRI 9 A
W 22 S5 B0 K, 13 A0 T 42 2 T A A R 2 ) Y 22 S
MR, B B IR R AT DDis(4,4) =0,
@Dis(4,B) =Dis(B,A) . QFEIHHHZIRERT
2R, 0 oA R 220 R K IR SR 3 R I (]
PR

Microsoft Visual Studio 2008 Fy 4 i I & ¥F &, LU
Open Cascade" ™ N JUIT W IF & F & . R RS E
BT W AR A BIA A LA ARG R A
Xof A [v) BB AR 1Y G Sl Sl S ) 4B IORE B 7, N P A
VE T SR RS RY R AT R AR SR I, SR )5 LA SCAR SO 1Y)
T AT RAE LR AT, BB KSR I3 AR R AR
TR B8, AR SORT R AR A R EA T IR o

B8 AR R A I

Fig.8 Interface of software results

A I 3 R B A R Ay B T I Ko ESB
BERYPE T30k B TG WOR ML W3k e B A% e
B ATERE DA B — RIVH R, 6
I 300 AT FREEL

AR TR A SCIIE ML RE , 5 3CHR[ 16 ] 2 1
AT AR 93 A1 S0 35 SCHR [ 14 ] v 9 3 — e o B30 3k ke
FT I, e A A R ANTA 9 181 10 3% 1 o

P i 50 R A% 3l AR I SRR S A LA S
W B 2 1 2 R IR R AR e MBS 14 TR i S e
FEZRBRN 6 A AF i, B9 Bros i 15 3h & P38
T A SCEILRE S 0 BIRE B4R E) S A F1 S Y
R R RAR L2 T R o0 A Bk e 4R 21 3 A
34 BB e SR RERE UL L B 4 SRS A A%
B & b AL A AR 2R R 08 AR SO T I R O
A 3 RS B L DR DA 3 A R 0 A A A AR B
SOk A P RO B 2 i B 2 AR s AR SC A
T BURFAE B2 BG40 RE 46 52 70 % B0 Fh 22 S, TAL I A
UGBTI R o WOR R PR Fe AR 8 3 5
KL JERD AL B AR E] 3 A3 A AR
SCREARE] 4 A4 A BB A SE B E 3 A
3o AR [l 45 ROKs BE RO R, A SCR A Bl . 3 Fl



408 £k Bl M ¥ i

2016 4

(a) SRR IR R R AR

v
¢
b
@
¥

b= @ ek

&

(b) STER16] R R AR

(©) MR IR R EE R

\.

&
h: |
%
| |
&
= |

(@ A EDRER
KO R AR BUR XTI A

Fig.9 Demonstration and comparison of results A
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