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3D model retrieval based on hand drawn sketch

Abstract

With the rapid development of CPU and GPU, 3D models are not only
becoming more and more complex and rich in details, but also widely used in
animation, machinery, medical and other fields. The number of 3D models is also
increasing. The classification and retrieval of 3D models has become an important
research direction. Although many scholars have done different researches on 3D
model retrieval technology and proposed many different model retrieval
algorithms, there are still many problems to be solved.

Through the research and analysis of the existing 3D model retrieval
technology, this paper finds that the inherent complexity of 3D model and high-
dimensional calculation seriously affect model retrieval. In this paper, the three-
dimensional model dimension reduction method is used, and the two-dimensional
view is used as the retrieval condition of the three-dimensional model to reduce
the retrieval cost. This paper presents a 3D model retrieval method based on hand-
drawn sketches.

In order to improve the accuracy of retrieval, firstly, the 3D model is rendered
according to the appropriate spatial position change, and then the 2D view set is
obtained according to the fixed projection method. Each model selects 6 2D views
as the feature view set of 3D model. Secondly, feature vectors are extracted from
sketch and 2D view sets, and weighted sets of global view features and D2
descriptors are constructed by Zernike moments and Fourier descriptors as
integrated feature descriptors. By integrating feature descriptors to serve as
feature vectors of user's hand drawn sketches and 2D views of the model,
similarity evaluation is performed to retrieve 3D models. Experimental results

show that this method can effectively classify 3D models.
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CARZH iz R (Y e L B B o AR mT REAL 3 FH P B R AR PO R A 1) [
I, U AL IR i 22 0 Ax Tt s R B T L RO 3O 48

N T R AR YRR NG —, SullNEE AR T [ e A0 A )
Jiike GOTIEN BRI RE R, A RS APl L, AR A E b
TR R IR R =4, fEHOKCP I R 30 AL E, &
B% 30 BEBCE —DMRBHL, SEHIR R =R R P, AR —
SRAZIEA ) ZAERLE . IR 3-30 AT LA 12 SRALEL.
G, X T AN AL ELALIA AR, RS f B %) 1 A R i AT
s ETCEANL. FFLUORSRIGILE . FF 4Ll AL I 4R

A

= - ] K

o

¢ \ LB
" Hk/f; <

7&1 3 :

5

K 3-3 =4ERIRIF R
Wi 2 3E 7 —Fp T BRI B B = 4R R 77k, i 3-4 Ao,
© T s R AN T R ) /8

o =]

(@2

90° 120°150°

90°

K 3-4 ERIAFLRS
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I R TR S22 22 AR

H— ik S WA # ) 3D B A FERER, ERXAIMERIA K]
9K PA— 7€ B 1) B T80 — A RE A S BB o FESDLH S AR ML R AT 1 B AR I
G, ROl 30 1%, REEE AR, B3R EIHIEGNE. /£ L
BT R 5, 385 B B RIAN [F] 455 R 1] ) 9% 2 SR M 3 o 5 1) 70 28 4%
B Je AT A 2R 1 s AL A

Christopher M. Cyr!3VA&EDIHEITEIRE (5 %) XPULSEERHEAT AL, W
Kl 3-5 Fios, iz BEg T 0 GO e BRI R 20 ot AN X, A Xk
XN — A T YERL . FFAEIE AR A, A b AR UL EC ORI B AR BURE 2H oK
SCTARFRABLEE S A0 I ZH 5 &N T T o S R 45 280 AR S B N80
H,

===

e
w4

K 3-5 WA MER A W]
TEXAR T AT BT, SR BRI 22 b R A R, —2%
FIERHE , TR B . WRRE I ZE A R B
3-6 7N

AN
8%

FATRHER#®) HD B (E LB
K 3-6 IEAZBGEAELIY
BEUBCE RN RZ K — M R 2B AR A E . T B0
HE B AL R, BB O AR L. AL R Y
YRR, IRz, BMRZRYIRIISEE N /N BIJ0 55 m K A 2

-12-



I R TR S22 22 AR

B, R T DR K A SR, MY, SikE—
PRI R . B0 R R — B8 JLE T 8 SO AT L) B o
B ARE KOS EE . W 37 P, R E R
BT 0T RRIET. A FGE, SRR, BR—ARE A

PR R U, E AT R R T 8 — . DR A A £
AR G B SR A AR A A (L, (EIK PRI, T (0 A 18
AT, RFATHEAE, TR A 0 TR A A A e B — Ay
25 6] o BT AT B 5 TEAE B«

\ /)/;\‘:‘ Y
3-7 BT HIGIT
[FE, & 3-8, £ EIRHFETRIB T, B T K
RNIEA . AU EE R, Fra TR — R, ARAIEK
WNHIRR, REGEWEINIEZHRHIRR, SECRE TREM, B
ST K.

3-8 IEACHFEHIBIT
-13-



I R TR S22 22 AR

ARRGRH LB, BLEMEE, Dy LB A 2 il 5 IR I S A
IR ARSOITR I 0 € SO B AR, £ Su A Lt
AT IR et o B RF BRI = SBR[ 2 T b R B, SRR IE T
PR [ € 1A AN [ BV AR REAT 0. X R =4, S
KPR 30 FER MR E, DAyt SRR 60 FEAERCE — R
B, SAGHIE ] =R p b, B T DU R 6 TR 1X 6
SR P (58 2 Bl iz A 2 ) A (AR P £

3.3 ZHE AR B g SE BB R4 BN

KRG, FEREAN Object File Format 54! f5, 2 HATHEIZEA &
AT S EERE. FHERE, R ORISR . KA
Phong AR . Phong Y RERIAY (1 32 B i = /ANASFIF GRS o0 sk L E: 34
EE R, 206 DL BT THIG B . Phong ' R 1 21 Al &5 SR (]
3-9 Fi7R o

ambient diffuse specular combined (Phong)

] 3-9 Phong J't; IR 7Y

WG KARTIGIET ARZMNACKE TR, makE
HATTERRATT B B 2 AR R GUE, B EAIA LB WA G ag4r
R, JGAT LUEATHOR ARGERAE 2 AN FEI T W) b, I RAA HRETT
DL R BRIG, Sen] DLFE HAR SR b s, FRMRER s R AR . Ak,
A] DATE X G2 1) f 2% B 24 B E FR VR I — PP R /N IR 1B PR € R 78 24 3R 550k
DAl RS 7RV OB RS BB T, WA RE RS af — i
e, MM IE AR TESL bR . R b — i P IIREE S SGERL, 7] PAR IR N

Ie = kaIa ’ kaE[O,l] (3'1 )

L ARAR A BRSNS 58, ke MBI EE S5

18 S BT XS G BT PR . AR RS EEAE
VAR L TR SN G SR FE 5 0 NS O3 A 7 1 5 0 et AR T R 3 AT T
ML B I RHRTE . 240 = O I, Wb R T IR 4F 3 B TOLZT 1, X
I SRAT B E ISR B K 240 = 90 IWIIRRIZ HC A 7147, &4
IR SC LRSS A K, SERITE ISR B85 Best, P iIRIZF N EDE
ZRHOTIH, SRR BRI A AN BEIE . Wi Bl PRGBS
gﬁh%%ﬁ:

-14-
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Iy=kql,cos0, 6€[0,2n]. k€[0,1] (3-2)

L GRS IS G, kg M BHTE SO &, 0O NG 5Pah R
R AT Z (RIS, RN A
Bl SR BE s AR I A 2 R I BB, TS 7E L
BOGH AN R I — . 8E 2 GHEGe—MEI. Pk
b RUP BB R GG RI AT AR IR A :
I= kI cos"a, 0<a<2mkye[0,1] (3-3)

L NN 68, e JIMF BT B T B 2, B I SO D60t 58 5 cos o i
1ELE.

BHEE R SEHDEA SUSsr fe g, B REME R, Flut
PRI AL B 2 A A A& Ly VA & Ny 5 M40 A0 Ry WA
AT BARG, B 2 (B & V2 A AR R . LR B 55150 -
I, Phong JEREBIAv] LLgh 2 XM :

IzkaIa+f(d) [kde max(N-L,0) +kslpmax(R-V,0)n] (3-4)

f(d) LIRSS, AT LLE X O:
f(d)=min(1l, —— 3.5
(d) ( c0+cld+02d2 (3-5)

o NHECERI T o NS T oo USRI d SRR
BEWAE LA P RS
5T Phong JEMEAAL AT . I 2 SLE, 15 REdR IR 3-1 Fiow.
% 3-1 Phong Y& HEAM (A4 i
(LY Wtz H BRN 8 BEOkHSH & %t & &

(rgba) (rgba) (rgba) (float)
HA R:0.329412, R:0.780392, R:0.992157, 27.897400,
G:0.223529, G:0.568627, G:0.941176,
B:0.027451, B:0.113725, B:0.807843,
A:1.000000, 1.000000, 1.000000,
4 R:0.212500, R:0.714000, R:0.393548, 25.600000,
G:0.127500, G:0.428400, G:0.271906, 0
B:0.054000, B:0.181440, B:.166721,
A:.000000, 1.000000, 1.000000,
% R:0.250000, R:0.400000, R:0.774597, 76.800003,
G:0.250000, G:0.400000, G:0.774597,
B:0.250000, B:0.400000, B:0.774597,
A:1.000000, A:1.000000, A:1.000000,
4 R:0.247250, R:0.751640, R:0.628281, 51.200001,
G:0.199500, G:0.606480, G:0.555802,
0.074500, 0.226480, B:0.366065,

A:1.000000, A:1.000000, A:1.000000,

215 -



(8% 1)
MR 44 R WEDESH BRI SH BRSNS mties
(rgba) (rgba) (rgba) (float)
35 R:0.021500, R:0.075680, R:0.633000, 76.800003,
G:0.174500, G:0.614240, G:0.727811,
B:0.021500, B:0.075680, B:0.633000,
A:0.550000, A:0.550000, A:0.550000,
MmN R:0.053750, R:0.182750, R:0.332741, 38.400002,
G:0.050000, G:0.170000, G:0.328634,
B:0.066250, B:0.225250, B:0.346435,
A:0.820000, A:0.820000, A:0.820000,
3.4 ZHRBIPN T E T
FEVE YRR, — AR ) DY Re S o A R 1R AT 25 1A B el

o B 2 — A RSB AL B R . EEGY R A
FIRA TR — ML EE SR 5 — DMLE, K AR R, 88
7 B2 ) A TR RUR AR MR R AN AE

PR BT REE ORI — 5 B A s A% Sl AR [ PR A3 .
PRI, i 5 RS 5 A% AR 5 ) DA I R B E — LA AT T R 5E R
AT BN AR R A A B AN AT, AR AN R R AR B R
WO o A e B, Bk AR AL 70 AT [ B () Atk 22 1 R 3 iR 20 ) e ) e i
Feo BARAAN:

1 0o 0 Tx
IRV I «]0 1 0 Ty 16
XY Z 1]=[XY Z 1] 00 1 T (3-6)
000 1

TR o AR IROE — PR AENIPE T S A8 e, AT D& ik B8 PR A
TEREWIH T, USRI (5 5 A8 e o 78 AR 3 o 1 Al LT X ¢
ARBAR N A NAFIE DL . — PRSI S 4 Os . 57—
b B — 7 1) L I 4E iR e

TR AT — AN A, BRI 8 C— NS, B, A
EJLNEE: —ANEE S — DO LRSI To. X148
AT E, o>, XTRULIRATE DG IR K WHafE(0,1) 2
[E),  USS G SR 46 T R AR /N s R yath, TR IR DL E
RIS AR O TR S AR e, RIBE, #E T — AN e AR S A B A 3
ANPSLGEUR 7, IR4EcE 6 NMEBE, BEERBA8:

Sx 0 0 0
' ' ' 0 Sy 0 0
= * 3_7
XY zZi=xyzu<| o Voo (3-7)

0 0 0 1
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I R TR S22 22 AR

AR o e 2 — A B E XIS, ERERZ NS, Bl
THRRTE R HEA W L. FFFEHE 3 MeE: —PMEER, — i
Fefty, hekehh. (ER =M%, e MAE, LA a e
BN — A e SR R R OB AL 8 A L2 1 5% pR AR (sin) A1 AR 52
BRI (cos) I B A AN G RAF IR . 7E 3D 20 A3 IH), ek o An A Ry L
B AL A AEAH R 2 S e 0 AAER, M RARIia H5 20
N

4% X Mg
1 0 0 0
v 1] 0 cos® sin® O
XY zi=Xxyzi» 0 -sin® cosH O} (3-8)
0 0 0 1
Y Mk
r cos® O -sinf® O
v 7 1] 0 1 0 0
XYz 1=xyzi» sin@ 0 cosH 0} (3-9)
0 0 0 1

5 Z Sl ek -

r cos® sin® O

0
X Y Z 1]=[x vy z 1]« | S0 cost 0 8‘ (3-10)
1

0 0 0

3.5 ZHRIRBIRFERGER

ARSI = AR 852 240K OpenGL A1 OpenCV L& - &,
KH ImGui 4 UL i, i/ C++iEEWE. L7 — AR aERS, +
BRI DR RO SR ek, 460 BahBA XTI IS TE
PR CPAT G, s, ek ARIPM TR =4 ni
5o LA SR AR S W ] 3-10 P

Kl 3-10 V8 Jeas P HE 22 57 i 1A
-17 -



I R TR S22 22 AR

R SORCT I IVF

AUR 1 R EE ) = e

DU 2. A B RIER,, HE8, Rosh =4,

SRR 3 FTOLIECR, AR, ROGIE, ROUIT, WL
RIS EI I, 18 SR BT T S S 't s

IR 4 AT = YEBIRL M 5

AURS: fZNEAE a M s DLEE KT TH 60 BER e Fs = 4ERiRY

DU 6: 15 N ORAFIEHL,  DRAFZIEARL ) — 7Kk eI 5

ZURT: N BB, MR =R, DIREUAN R = 4
R —HERL 2

AR T ModelNet40 1R RN A o 12 B0t e 1 8 0 i R AT
HEGe, EGRRIER A 3-11 fos.

-%"n‘%.q’
Wimit¥me
R {vme
B 4 m
grtem | F= g
wye | Fm
—tem t Y=
Kl 3-11 oAl
3.6 RE /NG

AEEENH TR AT H B EESE ModelNet-40, Bl 1 i
figBr Object File Format B SCAF% 20, FFHE G HINAZE T Phong Jt I
BFATO, ROGIRAIZRGAT AR AR . 1R TR T HER R EEN
MEEIR BT S, R R R R R A B E BT, KRR 6 9k
PR N — AL —ERL R4
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it

FAT EERVLFI A TE

T
o

RIEH TR 22 RS

N

BEUE— AN 5 1 4k EER, AN R0 g ok 1 R 2z i
HREMI TR o AP S AR/ T A FI3RAE R GE LA R K2 H
ERIATN 800 X 600. Fidwon )t — sk MO S, ATLE L, s
PUbT AT B L 2 B A TSR B, A AN A 22 I Dl g LA SR AR D RE
SAREEMHI TR (0 T A, B, Bk, =MF, B, #k, e
28y SEMBBIBOR; EAEE KBS RE(E S 7R EROR, IR
FFHAR)

4.1 EZ&RKRER %

Bresenham &AM T22HI HZ& K, ZEERE MBI W B8 —IKER
B — AN A A RS PRIE R, FEIXHAME], H—ANa AT e BB %
AN B A RS s R 2 BOZ AP G — AN B PR R R . X e TR R
S AP AR 2R [A) ) REPRIE S, IR RSEPRIE S E N d.

W N/~ E B 4-1 Bresenham BELZIZH TVEMT/R, ZEARIZFEAEXE 0-1
i, B X TR E AR T . ABRRP (x; Ly, ) WA ETR R, Q(xi+1.,d)
NEEELS T —EEMNEMAZ S JFHRBOZE LR S AP, AT M
Fmi b, FrPART BUE Xd; IR N 0.

4-1 Bresenham F.2& 512
WE X J7RaEsE — A RAL, BIAT RS Bllx =X tle N Mgk R
Pa(xitLy )HEP, (xHLy 1) 4R Q A AL BRI PSP, o 115 Q A
FERBAELANRRIRERN. Q HEBRESPMIRET NG, =k. %
dis1<0.50F, (RFRP S Q T, WEHPy, KRZIEFEP,. #7 Q RFEIXMA
BRSPS, G AR LEEREP,.
PRI, AT RAAS 31— 1] B R A 41 A 2K

-19-



(4-1)

Forb, A R SCHRE T AR ZETd, . WY X 7 Tt —
B, Adp=ditk. —H Y i LT —5, s 1. BT ARER
FRETUOFS . B, & Lein=di-0.5, RIERNHITH KA L. X
B R 20 U DA E

y 1 .ei1>0
yiﬂz{ Y; o€y <0

ey = —0.5. W X B EH —AEAL, W e =etke. e A
INT O (I, F— MR A E AP, (x Ly, +1) o I e B 5 ey -
Lo RZ, F—AMREAHEH NP, (x+Ly,)-

4.1.1 BE%

(4-2)

M HETIReMZ g, e EmR b, Sl H& R Thae, 165

BRI E LR, IER SR E . AR IR A %, B2,
AN R E, B2, BRI AT SR A AL B AT
Ao IEE - MRBUH IR

4.1.2 5B/

MR izlE, e EmR L, SCHlEE I ThEe, 15
R BB PR 24 B AR B R — AR AL BN AR, H% N A A R S e
BARIIAL B B, R NMEE . S RARR B R A, R AR
AN R, FEAE RN, AR 2 A bR AL B AT
Ao KB MRBIHHIRER . BARKIPIA s A B R R A 4-2 FoR .

©

BTSN R

BARBR

D

B 4-2 FETR 2Rl A7 B O &

-20-



I R TR S22 22 AR

4.1.3 =Bk

Py =ML Rt R, AL Bk L, j&fﬁ' =AM HITIRE,
fE B B RS AT il — B, BB bR, MR TR RS
BARALE I RATIE, B A= M. SRR IR RHE, L
%, B, HEARESIIRE, =MBA R, ERYE 5 E AR A B
BATHOR o IEB| MR RO . AR R AL E R R AT 4-3 i
No

BTSN

Kl 4-3 =i hl RN B G &

4.2 FRZEfZ4a )

P R 2R F2 1 AT DATE B S bl i bR s AR R I SR — B =
Ul T ZE R Hh 2k .
25 %€ n+1 AMEH EP;L,i=0,1 2, 0, ) n R DL ZE R 2R e

p()-= ZPBIH(t) t€[0,1] (43)
Hor, B,n(t)jjm%mfl%%aﬁﬁ H, HARIEA] B SO
n!
B; (D= e )'t‘(l )" =Chti(1-4)",i=0,1,2,-+,n (4-4)

2 n=3 BIRHE, DFERMZREH 2 I0EA 4 N, iS5
NPPP,Py, UIZEIR 2R 2 =k 2 Tl an i 4-4 Fiw
Bz T ZE R M 2R R HoN = {AW%A\H%% B SUN:

—

p(H)= Z P;B;5(1) (4-5)
pary

POy IF, EATLIAE 3.
(1-t)°Py+3t(1-t)*P, +32 (1-0) P, 3P, (4-6)
221 -



B R PR XN -
-1 3 -3 17[Po
3 42 3 -6 3 0of|P)
p(O=[t3 t tl]l_3 30 0‘ P, (4-7)
1 0o o ollp,

Bezier %8 _F K&
K 4-4 =k DIZEIRHMZR

4.3 ElfzeaH

T REEREH], A =M1 B—ME KA Bresenham 7 /5
H [F R — A3, BAREES S Bresenham 22l HZ6AHML. 55 —Fh ik
FERAMA W, B IEZ AR T RERNM S, M2 EE
Wz, ZUEKRDLK LS/ NERHE, Er7 A2 — M E . 5 =77
AR A R R h 28— B [N, ¥ 2 BRI pH ek, (Hn] LA5 3] —
AN SEFEII I
KR RGCR B RS = Ry ik, i A — B = Ik D28 R il 28 m] AL
14 b . i 4-5 Fios. BEPIIARHE J9(0,1), PYfRIALKR HN(m,1), PY
(AR AR R (1,m),  PfRIAAER H9(1,0).
%

P} P

(1,m)

0 P x o
K 4-5 ULZE/R Ah 24l 1/4 [R50
X F—B =R IR, HSHERIAEA N

-2

(1,0) *



I R TR S22 22 AR

p(O=(1-t)’Py+3t(1-t)*P,+3t2(1-) P, +t3P; (4-8)
Fepg PY PY PYARN, TR b sk, B t=0.5, NIA:
Iy 1 3 3 1
p<§)=§PO+§P1+§P2+§P3=\/§/2 (4-9)

Rz R A AR, TS B m (ILUE 0.5523, FRHOVEEAR
A
s [ Pl Sh RE A% AL e 2z TR b, S B 2 o 2] Pl /AW 162 ) B e
fE B BRI AT izl — B, BRI RS
BARAL B RATIE, TR e AR R B SRR A, R AR R
AN R BIE, BN, BRI 2 A7 bR AL B AT
Ao JER| MR BB RCR . RYE BARIIALE, R NI B . Bbs
IS AL B % AR N 4-6 P .

BTHE—TR

IEEARBRIRR

| -—— —

K 4-6 B2l iR B 5 &

4.4 SREELRIRH

MR TIRE LS, R B IR L, SCELBLSEARTE P EAE T e
2 B 1) SR 1 A R AL B — N RS, BBl e, XEEE s E
BAEEML, WL EL, Wl U2 i,

4.5 FLEERMMKL

i ERTNEL I BRI RN, S RIHE - SELT, BLE
MR R PE L, B GFria A, il 4-7 Prox. X/l Tis DG
H B33 s e it L GO 8 — R R — BN AR T SE B A R AR
HRANHA R 00 B B ) P AR R R A o BRI SR R L R« Ay S
&, ARFLEN S RLEIG, BEROvER. EREET R
MG BEBOVE &R SR RS, AR EEERAT . el &

-23-



I R TR S22 22 AR

FERE M E Bh 330 R B B (0 — ST M SEPRIL R, ERE R RENE IR,
AT e R BRI

HAT, MRoRERRR R 2 R — Rl 5 BT SR BE A B -
WSR2 LA DA YA T 3 R D TR, R B S 7m0 3 A5 ) LA
AKX FEFEILR . HOIRUL, 250K B AT Son 8t B AHRR T T 1
A, XA, PR BE— N6 A i R 6 23 A X A% D D R
IR AR, £ X AT S Y 204677 A AU KRR AR A — K, il
FERETILSA PTG, bkis B H 8.

K 4-7 HLRERE
BIRREAEA AL B 7 v Pe AR T B, R O v (R4 L ] e 1 e PR
PE: B IR S E R BOR 23 52 3124 4 i3 T 2T 7K-F BRI LS T AR 72 (R ik
AR . PR ERUE, AT RN R AR = o Bt DR Xk 21 BEAR
IR
Wu & H T —MOEREEE . WKL, X2 — PN TR EE AR R A
AT DL 77k IX R — PO B i 7. Wik 4-8 B

Kl 4-8 BEL [ EFRE
AR RGERE, SNFERBE s ENERAEY, @dERERR
PR IS N DHOREE R 18 %R, Retl 24 NS 21 F i 9 8 98 S ol A Mzt ik
LI M PR iz, A AR PRIBR AT DK F IR 2 AU g s il & ke ok, gk
MR T 5P i 5 FR
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4.6 EEILEHIFIEER

A = AR R R G K ] OpenGL Al OpenCV L& RSF &,
KA MFC 4 UL L, i C+HES RS . K7 — AN S ERER, +
BThRE A . AL H (S, Bk, Bk, =M%, JE, e, &
L) MR BT P UG R R, B ER AR AR ) 12 17 2 1] 1 AR (1) AE
PR ANEE 4-9 s . AP S BAREI T L5

IR 1 il 2 R A

IR 2. AT E DR, HERLH]

IR 3. RSO, SR ARSI, FREBRESH R,

B 4. 28|,

IR S ARSI, dEN LRGER, RS EGERRER,
ZSilp

HIR 6: 5 NRAEAZHL, (RAEFTEHI R .

L 13

] 4-9 i S i Pl FCTREE 24
4.7 KRE NG

AEEFENFTRRRGHH BN S R E R, B R4
BN T ER o L E E R TR, B T EL, B, Ak, JE,
2k, HYEZE, YT Bresenham HVEAI =k D1 ZE/R R H VAT T HES .
A X IX AN VA AT TR, LanffH Bresenham 575K i BLZE K1Y
R G M = AT, WX DL ZE R i 2o Byt 47 1 B R an sl FH 22 B DL 2K
2 ket — AN T .

-25-
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E5TE BEE K = 4R AR FHIERR E

R PR EN =R M R A, 5 EH A IR RS H by
TR AR AU, AR RS A AR S AR IR A . B = A
MR, XA GE B IR AR F AR . sl ied, JATK
BB R A 5 = YRR B = 4R ) e R S AT BRI &
SCHT o BT A 2 R RENS ik — AL AR R M HR 1T . O T REVS R
R T AEAL N [ 2 TR A AE T B A RUBE KNSR, AR S5 B A ARFALE S i
FER BAT TS RE e AN TR . AR TSN A B Y K
EFFARRIEFF, FEAE: HOG. Zernike HHEMIEAR 1T CEF#HAE
BAF. ABETEEHI Zernike FIRRT ML HIRRT . —4EAR A0 15
JRARIRAT AT P B At IR A RT DU SR AN A 5 AN 52 SRR A SR I )

i

5.1 £ R B R 1T

2= R SUER IR BUE SRR JE 4, @ 5 B DL IR e AR 4 SR R R
BE: PSS BREER: S5 BIARTIREE S, BlUERRE E T A E
K%, ROV AR BREEMIRET IR, B, 2R RS RIE
Ve BHEE S REREWERHE, (HEfra o maiis. eFEeH
HAnss . BRIt Ah, ERR SRR EAE SN AERGIRS S AR
[ SEBRIR L -

A B4 R E T AL 2 Zernike HEA1 Fourier #5857 . 46, &
SR AERL B Zernike HH, FERAARHER 7R IH—F](0, DIEHE.
W, B 4 E MR AR, SRS B —4E S 5, BRUAE RS
AL E0, 1) JE . FT 5 B ) = 4ERI ARG R AN 1% 52 3 5 K 2 i A7 E
JRUBE R /IN A % e 471 FE ) 52

5.1.1 Zernike %8

&R, —diid Rk T EBRR SRR, JFEMN TRE
fRxt T XA B A R R SR8 T U Ry S 5 2, Bk, Riksr
B, AT AR AR TR

FEET TR =R RICA, — Mo in) 8or & 52 B
IRy R, ] By iR R il 2 9 ] — 2L P e ] By (R 08l £ 2 R iR R
IEEAEMGR, RARIEE R kS mHERgammly. — MR AR
RAARIEE, M, JUTIA T

-26-
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Zernike HiE—NIERRH, RRYE Zernike 2 Fh U IEAZ AL I8 B pR 2K
Zernike Hi E AU N 2 AMRRIE: sEENE, B, REAT A . Zernike
i —NEEGE, B Zernike I HIBL, A NEE SURRIR R IAY) i 1 BAk
TEMR e — AR HARK SRR s Re W% F — 4 AE % /NP Zernike FERF 5350 AR
SRR . KB o A FE P e s 23 A7 ) B b 2R IR 1) & — 1 MR K J
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RJRL
Towards 3D VR-Sketch to 3D Shape Retrieval
Abstract

Growing free online 3D shapes collections dictated re- search on 3D retrieval.
Active debate has however been had on (i) what the best input modality is to
trigger retrieval, and (ii) the ultimate usage scenario for such retrieval. In this
paper, we offer a different perspective towards answering these questions — we
study the use of 3D sketches as an input modality and advocate a VR-scenario
where retrieval is conducted. Thus, the ultimate vision is that users can freely
retrieve a 3D model by air-doodling in a VR environment. As a first stab at this
new 3D VR-sketch to 3D shape retrieval problem, we make four contributions.
First, we code a VR utility to collect 3D VR-sketches and conduct retrieval.
Second, we collect the first set of 167 3D VR- sketches on two shape categories
from ModelNet. Third, we propose a novel approach to generate a synthetic
dataset of human-like 3D sketches of different abstract levels to train deep
networks. At last, we compare the common multi-view and volumetric
approaches: We show that, in contrast to 3D shape to 3D shape retrieval,
volumetric point-based approaches exhibit superior performance on 3D sketch to
3D shape retrieval due to the sparse and abstract nature of 3D VR-sketches. We
believe these contributions will collectively serve as enablers for future attempts
at this problem.

1. Introduction

3D model retrieval has become an important topic due to a growing number
of free online 3D repositories. It finds applications in CAD design, 3D printing,
3D animation and movies production, where the time required to model a 3D
shape can be strongly reduced by relying on retrieval from existing 3D shape
collections. Various in- put modalities have been tried — images and rough 2D
sketch at first, with latest research focusing on 3D to 3D, i.e., using 3D scans or
existing 3D shapes.

Despite great strides made, two salient questions still re- main (i) what
constitutes the best input modality to initiate 3D retrieval, and (ii) under what
usage scenario can such retrieval be best facilitated. For the former, 2D sketches
and images are both in 2D, therefore can not reach the level of details desired, and
the 2D-3D domain gap can also be counter-intuitive. The 3D-based paradigm on
the other hand dictates existing 3D models to be readily available, which to some
degree forms a “chicken-and-egg” problem (i.e., where/how to source the input
model at the first place). As for the latter, apart from 2D sketches which are freely
de- fined by the user, all other usage scenarios do not offer flexibility in terms of
the input desired — one can not easily alter an image, not to mention a 3D
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model/scan.

In this paper, we offer a new perspective on 3D shape retrieval — we advocate
the use of 3D sketches as a new input modality. This new 3D-VR sketch to 3D
shape paradigm not only enables detailed retrieval as per the common 3D model
to 3D model setting, but also simultaneously offers a degree of flexibility found
elsewhere in 2D sketch-based retrieval. Our ultimate vision is as follows: with a
specific 3D model in mind, one emerges into a VR environment, roughly sketch
out the model using handheld controllers, press retrieve and then relevant models
would start populating the VR environment.

Our first contribution is therefore coding a VR environment for the said
purpose. With this VR environment, we collected the first human VR-sketch
dataset. 10 users with no artistic background were hired to produce a total of 167
3D VR-sketches from the two categories from ModelNet: chairs and bathtubs.
Some examples are shown in. Since the collection process is both time- and cost-
sensitive, we additionally propose the first 3D model to 3D sketch generator, and
construct a synthetic dataset of 3D sketches. A key trait of our generator is that it
can produce 3D sketches of different abstraction levels, effectively simulating that
found in real-human sketches. Through training a series of deep 3D VR-sketch to
3D retrievals model using the real and synthetic datasets, we drive out a few
important insights (i) retrieval performance drops with an increasing abstraction
level, and (ii) models trained with synthetic sketches can already reach a decent
performance level when tested on human sketches.

At last, we experiment with different shape/sketch representations, and state-
of-the-art losses commonly used in 3D model retrieval but re-purposed for our
problem. We focus on investigating the domain gap between 3D shapes and 3D
sketches, due to the two key properties of sketches: sparsity: full 3D models
versus sparse sketched lines, and abstraction: 3D models are geometrically perfect,
while sketches are subject to deformations. In particular, we examine multi-view
versus point-based 3D representations, and show that the later is more robust to
both sparsity and an increased level of abstractness. We further propose an
architecture with a reconstruction path to explicitly allow for change in
abstractness.

In summary, our contributions include: (i) a new perspective on 3D model
retrieval, where 3D VR-sketches are used for the first time to conduct retrieval,
(i1) a dataset of human 3D VR-sketches, collected using a purpose-built VR
environment, (iii) an approach to generate a synthetic 3D sketch with a variable
level of abstractness, (iv) comprehensive evaluations using recent 3D shape
retrieval models re-purposed to the task of 3D sketch-based retrieval, to drive out
insights, plus a novel regularization track to address the sketch-model domain gap.

2. Related work

When dealing with 3D shape retrieval from a single image or a 3D shape,
existing work is divided into two large groups based on the shape representation
used: view-based or volumetric. The volumetric representation can be further
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broken down to point-cloud or voxel-based. In this work we show that on the task
of 3D sketch to 3D model retrieval point-cloud representation beats multi-view
approaches due to better handling of the sparsity of 3D sketches.

2D image- and 3D shape-based retrieval. The retrieval problem in a multi-
class setting is closely related to the shape classification problem, where the
intermediate embedding of an image or a 3D shape is used for retrieval. A vanilla
approach for multi-class shape classification is to use a soft max cross-entropy
loss. Others works specifically tackle retrieval , where the triplet loss and its
variants have become a common standard. Amongst these, represents the state-
of-the- art for 3D model retrieval. It combines triplet and center losses , to solve
for their respective drawbacks by using the class center as a positive sample. In
this work we evaluate both the triplet and the triplet center losses on the task of
3D sketch-based retrieval and combine them with an additional Reconstruction
Loss, tailored to the 3D sketch-based retrieval problem.

Due to a domain gap between images and 3D shapes, or target and query 3D
models being from different distributions, Siamese or Heterogeneous network
architectures can be more beneficial for a certain problem. In this work, we
compare these two types of architectures for our multi-view baseline, and show
that due to a strong domain gap between a 3D sketch and a 3D shape, the
Heterogeneous architecture by far beats the Siamese one.

3D sketch-based 3D model retrieval. So far there was very little work on 3D
sketch-based retrieval, especially in recent years. Most of them work with
sketches collected using Microsoft Kinect, which not only has limited tracking
accuracy, but the collection interface is also counter-intuitive, where 3D sketching
is performed while visualizing 2D projections. As a result, sketches collected
mostly have low fidelity and exhibit less details. Our VR-sketches are completely
different: (i) visualization and sketching are both performed in 3D, and (ii) the use
of the latest VR technology offers a high precision. Together, they ensure our VR-
sketches are of high-fidelity and rich in de- tails, thus more fitting for retrieval. A
notable exception is the work by Giunchi et al., yet they address a different
problem of 3D model retrieval for dense-color VR sketches (and optionally base
3D shapes), while we target at a more simplistic and abstract shape representation
— a sparse set of single-color lines. Note that we can not find the said dataset in an
open access, thus can not offer a direct comparison. Our NGVNN baseline is
however already superior to the state-of-the-art used by and Non-photorealistic
rendering (NPR). NPR is an old graphics and vision problem, for a detailed
overview of existing methods for generating 2D NPR rendering we refer the
interested reader to a recent report. The only at- tempt to produce the
representation that resembles a 3D sketch automatically form a 3D shape was
proposed by Li et al. as a concatenation of the shape views from six canonical
viewpoints. They use this representation to show that the performance of their
non-learning method on out- line to 3D model retrieval task significantly
outperforms the performance of the 3D sketch to 3D model retrieval. This
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experiment indicates that such simple shape representation is not sufficient as
training data for 3D sketch-based 3D shape retrieval. Our experiments support
that: The network trained on sketches with higher abstractness values significantly
outperforms the network trained on clean sketches. To the best of our knowledge,
we are the first to propose a method to generate abstract 3D sketches from 3D
models.

3. Datasets

Collecting a full dataset of 3D human sketches is a labor intensive task. We
collect a small dataset of human sketches that we use to guide the synthetic dataset
generation. We as well use it as a test set to validate that the network trained on
the proposed synthetic data generalizes well to human sketches. To obtain the
training data, we reside to a common strategy of generating a synthetic training
data.

3.1. Selected shapes

For training and testing our sketch-based retrieval mod- els we use the
repaired clean manifold meshesl from ModelNet10. We use all 10 classes from
ModelNet10, with the total of 3958 shapes. We split the dataset into train,
validation and test sets, which contain 2847, 317 and 792 shapes, respectively,
ensuring a proportional split of shapes of each class between three sets.

3.2. Human 3D sketch dataset

Task. We are targeting 3D sketches created by novices, which can be viewed
as an equivalent of the quick 2D sketches from the QuickDraw dataset. To enable
the usage of the collected sketches for fine-grained retrieval evaluation we built a
dataset of paired sketches and 3D models. We experimented with a setting, where
one can observe a 3D model in VR for an unlimited duration of time, and then is
asked to sketch from memory. We observed that under this scenario the
participants were sometimes omit- ting features important to accurately testing
fine-grained retrieval, and instead let the participants to sketch over a reference
3D model. We provide in the supplemental a qualitative evaluation of the sketches
from memory and the retrieval performance on such inputs. To mimic the level of
detail that can be expected from the 3D sketches from the imagination, we opted
to use wide ribbon lines, but do not pose any constraints on sketching style or
level of detail.

Participants. We selected 139 chairs and 28 bathtub shapes from
ModelNet10’s test set, and hired 10 participants, who have no art background or
3D sketch experience. The shapes were randomly divided into 10 subsets,
consisting from 13-14 chairs and 2-3 bathtubs each. Each participant was assigned
with one of these subsets. There is no duplicated shapes between subsets.

Interface. Although there are general-purpose VR painting and design
software’s that enable users to draw directly in 3D (such as Google’s Tilt brush2 ,
and Facebook’s Quill3 ), they do not serve our purpose in full: (i) we would like
to record detailed stroke-based information, (ii) we require the option of
displaying a reference model for data collection, and (iii) we want a fresh code

-44 -



I R TR 222 22 AR ST

base for any additional functionalities in the future (e.g., sketch-based 3D editing).
We implemented our custom 3D sketching environment based on Oculus Rift
platform and Unity engine.

3.3 Synthetic training data generation

As a first step towards obtaining a synthetic sketch representation of a 3D
shape, we extract detailed curve-networks with the method of Gori et al. This
method is de- signed to produce a curve network that preserves well shape details,
which are, though, uncommon for human novices sketches We observe that
novices not only omit small details, but tend to represent thin volumetric de- tails
with single lines and moreover often omit subset of feature lines. To obtain human
sketch appearance, we focus on two aspects: level of detail and mechanical
inaccuracies. We first perform details filtering and lines consolidation, followed
by lines filtering. We then break the long curve chains into shorter strokes, to
which we apply a set of local and global transformations .

3.3.1 Curves network extraction.

FlowRep method requires an input to be a curvature- aligned quad-dominant
mesh. For processing efficiency, we simplify original triangular meshes by
decimation before converting them into quad-dominant meshes using Blender, but
the quality of conversion does not always comply with the requirement of
FlowRep. Thus, in this stage, we filtered nearly 20% of original dataset which
failed to be processed by FlowRep. This can be alleviated in the future by replying
on more advanced quad-meshing algorithms.

3.3.2 Details filtering and consolidation.

The code by Gori et al. returns networks of curves in a form of chained edges
of an input mesh. We first break these chains into several if the angle between two
consequent edges is smaller than 135 degrees. We then remove all the chains those
length is smaller than 10% of the smallest of height and width of the bounding
box of the original shape. We re-sample all the chains using Ramer- Douglas-
Peucker algorithm with an accuracy parameter set to 0.02dmin. Finally, we
iteratively go over all the chains and compute for each chain the closest,
tangentially aligned chain. If the distance between such two chains is smaller than
5% of the largest length of the two chains, the chains are substituted by their
aggregate curve. These steps allow to remove small details and close to each other
lines. Yet, the simplified curve networks contain many more lines than can be
found in majority of 3D sketches by novices.

3.3.3 Abstraction.

In this section we describe our approach to obtain a 3D sketch with different
levels of detail and mechanical inaccuracies, which we jointly refer to as a level
of sketch abstractness la. We constraint la to be between 0 and 1.

Level of detail (I) To reduce the number of lines we first compute the
similarity matrix using a discrete Frechet distance among chains. When
computing the Frechet distance we first align the strokes at one of their end points,
by translating one of the strokes. We then perform the grouping according to this
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similarity matrix with Agglomerative Hierarchical Clustering, where the number
of cluster ncluster is a function of la and the number of chains in the sketch
nchains : ncluster = max(nchains (1 — 0.8la )/2, 10). (II) We next for each cluster
iteratively select a pair of two most distant lines in terms of their absolute
positions and compute the mean distance from all the lines dmean in the cluster
to these two lines. We remove all the lines in a cluster for which the distance to
any of the two selected lines is less than dmean. (II1) After getting the reduced set
of chains, we break long chains into several shorter chains, which we refer to as
strokes. We split each chain at vertices, where the curvatures are twice larger than
the mean curvature of an original chain. We further filter out short strokes whose
lengths are smaller than 0.2smax to avoid tiny details, where smax is the largest
dimension of an input network.

Mechanical inaccuracies To mimic mechanical and perspective inaccuracies
of human sketches we apply to each stoke a set of global and local deformations.
We first ap- ply a global translation, rotation and scaling, depending on the given
level of abstraction la. To achieve this we de- ploy an auxiliary parameter t, which
is randomly sampled from the range [0,1.51a]. The rotation angle for each axes is
then independently randomly sampled from the interval [—-10t, 10t] degrees. The
scale factor for each axes is in- dependently randomly sampled from [1 — 0.1t, 1
+ 0.1t]. To obtain a translation vector we randomly sample from the surface of a
sphere with its radius value randomly sampled from [0, smax t], where smax is
the largest dimension of an input network, as before. After a global stroke
deformation, we apply a random translation for each stroke vertex. The translation
vector is randomly sampled from the disk with a radius rvi, which lies in the plane
orthogonal to the stroke direction in the vertex vi. The radius rvi is randomly
sampled from the range [0, 0.1lalstroke], where Istroke € [0, 1] is the length of
the current stroke. We extend both ends of each stroke by p which value is
randomly sampled from [0, 0.1smax ], to reproduce human strokes appearance.

After global and local stroke deformations, we apply 3D spline interpolation,
which results in smoother strokes, matching the appearance of human strokes.

For our experiments, we generate 5 synthetic datasets with 5 levels of
abstraction, [0.0,0.25,0.5,0.75,1.0], and obtain two mixed datasets by mixing
sketches of all abstraction levels or only the sketches with 3 abstraction levels in
the middle. shows example sketches obtained with different settings of la
parameter.

4. Evaluations

We adopt the following common evaluation measures to evaluate the
retrieval performance: Mean Average Precision (mAP), Normalized Discounted
Cumulative Gain (NDCG), Nearest Neighbor (NN), which evaluate the ability of
a model to discriminate between shape classes, and Top-k ac- curacy, which
measure how many of the retrieval tasks have a ground-truth within top k
retrieved results.

4.1. Sampling and rendering strategies
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We experiment with two rendering styles for NGVNN and two sampling
strategies for PointNet++ .

3D sketch rendering for multi-view network. We generate 12 224x224
orthographic views of each 3D shape and 3D sketch by placing 12 virtual cameras
around it every 30 degrees, as was proposed by Lee et al.. The cameras are
elevated 30 degrees from the ground plane. For both 3D shapes and 3D sketches
we experiment with two types of rendering styles: Phong Shading and depth maps.
For 3D sketches we represent each line as a 3D tube.

Point cloud sampling. To get the point cloud representation, we first sample
10000 points from shapes and 3D sketches. For shapes we use Monte-Carlo
sampling4 and for sketches we use equidistant sampling. We then adopt two types
of sampling from the initial 10000 points to obtain a sparse set of 1024 points:
random sampling or uniform sampling. The uniform sampling is obtained with
the farthest point sampling. The sparse sets are obtained on-the-fly and thus might
differ from one iteration to another.

4.2. Effect of sampling and rendering.

We compare different sampling methods for PointNet++ and rendering styles
for NGVNN, when training with the classification loss and the triplet loss on the
pairs of 3D shapes and 3D sketches rendered with la set to 0.5. the uniform
sampling for PointNet++ and depth rendering for NGVNN perform best, so we
use these settings for the rest of the experiments.

It can be seen that point-based representation (dashed lines) by far
outperforms the multi-view representation (solid lines) when we use the Siamese
architecture for NGVNN. We thus for the rest of experiments use the
heterogeneous architecture for NGVNN.

5. Conclusion

In this work we proposed the problem of 3D VR-sketch to 3D model retrieval.
We first introduced a purpose-built VR environment to collect VR-sketches and
conduct retrieval. We then collected a set of 3D human sketches for a subset of
two shape classes from ModelNet10. We further proposed an approach for
generating synthetic 3D sketches with different levels of abstraction, and
demonstrated that the methods trained on our synthetic data generalize well to
human sketches. Via a series of comprehensive evaluations, we find that
compared to 3D shape-based retrieval, point-based shape representation is
advantageous over the multi-view representation. At last, we propose an
architecture with an additional sketch regularizing branch that leads to a superior
performance over all the considered baselines, demonstrating the benefit of
directly tackling the abstract nature of VR-sketches. We hope to have offered a
valid first stab at this new problem.
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