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Abstract Three-dimensional (3D) scanning based on optical principle is a technology of scanning the object’s spatial
shape by optical system, which can acquire 3D information of the objects. The technology has the advantages of
non-contact, high precision and high resolution. To our knowledge, the structured-light 3D scanning accuracy is up
to 0.01 mm, and the point cloud contains millions of points with the working distance less than 1 m. Texture
reconstruction can further present the color, material and other information of the scanned objects, and improve the
verisimilitude of reconstructed objects. Due to the influence of camera error and illumination environment, it is easy
to produce seam, blurring and ghosting in texture images after texture mapping. By introducing the camera model,
we derive the relationship between 3D space point and two-dimensional (2D) image, and then analyze the causes of
texture artifacts. The methods of eliminating residual artifacts in texture construction are reviewed, and their
advantages and limits are summarized. At last, in view of the shortcomings of texture reconstruction, the
development trend of the texture reconstruction method for colored 3D model is prospected.

Key words three-dimensional sensing; texture reconstruction; Markov random field; composite-weight texture
blending; color correction

OCIS codes 000.2190; 150.6910; 110.6880; 110.3010

Wim HE: 2018-04-24; 1E[E HHA: 2018-05-29; KA BHI. 2018-06-04
EL&mMB . BEESUF AR (2017YFF0106400)

“ E-mail: clc@ mail.tsinghua.edu.cn

110004-1



55, 110004(2018)

ANSHBIFHRE

www.opticsjournal.net

1 51 7

SRR RO WL BN R S —
NSNS RS AN R SR TE 3 NG ) & e N €=
THEMLIETE 2 55 Z A~ 22 B, 3 2 H T % 9 4k =5
B S JE RN Z5 G Je 6% AT 44 . DA R4S 9 1R 3% T 1)
AL bR . B E B AR T RE A SE W 1 AR
B T HLRE 14 A B BT S o S B
FALSRAE TR 24 5 B PR Y T B, B LA L
THEAALEDE 5 DL KOG 2% I 2 5 R 1Y 6 & e 4 5]
ST AR S HEAT EDBOR (9 26, B ] = 4 A FooR
O H g = AR H TN S AR B R . =4
P AR 2 T ok LA A S 28 — ARy e i =0 000 52
3 AT ALARAR S BRI T A 3R 18] A 3 T 1) s
It S BRI X R SR TR A R
I = WA T i R ik el 5% T AR O L 5 B0 = A e
AU B AR DU R AR AR AR B
fil X = HOR 55— BOR A B AT AR 42 fik
TCA s K i BE S5 RE i TR S BB L AT L
FEATSSR LB . 55 — AR 1 2 AR 2 3 T Aok 1)+
AR R, B T 4 4 R0 3 B8 PR i e A, H R
EL Tz N FH T M 005 5 R it e il AR 3 e TR K
SR AP S AR

= YRR B9 ] AT S8 B B LT AR T, R
B NATAE FH 7K A 5 — 26 {7 ) T 5 DAME LLE {5 1R
JEA R T I R A i . AR S AR —
A AR BT = e R R b K2
Sutherland % F 1972 4548 9 1 4 (19 K AR A S
) = HE R HOR AR SO 7 R A A B N
FH B 3524 0 A ST AR A7 W OKRFF RS I H 7,
1994 48 AR K241 Levoy S5 R T = Ay J5t B Y
WG SO = 43 HER 0 R UG AR BOE S 8 T oK
T I 1 A0 45 2 24 1 K TUREARAE Y 10 A8 e 2
o R TR A AL 55 2 A2 18 R A 7000 8% (@
MA IR T — R CH AR, I RED
Zhang BB B T 450 6 R U B T —
RO S G SRR, MEEANE
JE TNV A /NI = 2 49 1 BOR B A 5 ) 9 0T
Y. 2010 4, 36 E A wE Y Kineet ZEAMR
TN A o AT SR AR WA B TR BE AR B . 2011 4E, UK
FEBEM 2 F Kinect JF & T Kinect Fusion = 4 5
FAR AT AZEALAS ] Kinect 4% ML IR B 504 19 15 0
AT S e E . 2017 4R, EEERA R KA
() iPhone X PN 1 MR B AR A0 3k L 4 45 48Ok

SHEFMBEARE R T TP H X =g
AR TE R A BE W o AH AR 38 7 6 b AR DGR 5T
5 PRoRP A A BB A ST 5T Y
HLAS L SE R L) i T 4 07 (L B8 R 8 5 i 40 Bk
ARMAIHLIE B 1 RS R ILAT 5 S 2R 46 L O 1l
Tk SE R (Y I v S T4 D R e il T R S
Lo B HERHOC S AU BRI A R
Gy = A A SCTIT 451 9 R ST A G A5 T AR T I
AWFFE . AESE KOG AR J5 T, DU )1 R~ 95 St 3 42
DRAZR T e LA [ P R R TR 0 A AR 1
S YEFE A DN BT ST, R T O b B A SR R R 4 X
FH B 45 4 D' BRI RS O HOBE I R R K
FURR =R BT T IR A S TRIIR 4 2
HORZRA L Y BT AR AL B Dl = 4k PR
Bl 1) = 4807 R 5 1 B ERBEFE . 2017 4F 9
B E BRI 2 = 4 B R @ R A ]
FHE R BUR & = R HOR R
ROKEEH R R G E 2, A R e
8 7 1) 52 Jo , A T == A ASE L A AR Ry — ol e 4 B 52
A T 5 R AU S A0 B i S T S T 4 = HEAR R
TSI A0 A5 2 B R b i Jit 1 ) R ) L S ) B
o fof A5 7 B L L S SR A R B

TEAS BN YR B = HEBERL S off R 4R W) 1 1) S0
FIGT AR SO AR B 00 i, RE A AR AT S LS 4y .
R B 14— AP T 2 PR R e ad s B B
SRR T T AR RS R B = S ]
W IR O AR e A R A LSRR R (8 = R Y
T 7 52 B IS FH P o 3 Al SR 5 2R T 1 52 BB RURS JEE
FHAILER 25 55 DR 3R 9 52 W) G 1 2 A 04 19 230 2 Ik
K IO AR S O BRI 10 22 5, DA Je Wy Ak ok
T A 50 D' 18 IS S 6 2% r) S P 2 i ol 0 B ) 22 [
BREFBER X LEHNRME FHOBEE TR T
W, PR 4 A SO R A R R A BT SR
YRR A B e A SR TE ML AR B @
—YEREAL S o R A A BN A

2 LUMEHEEEATNIL

2 P o A P A0 A DR SO S, SO i St
S ST A ) A 3R R 4 R 3 AR R AR A [
NGRSO B B L i Catmull ™
1974 AR AL E S0 5L T A Cu s o) 378 9 XL B
SEH S (] (SO 5 R FI LS50 Cs o) o 19 = 4 i
TH 2 [5] B 08 B2 56 2R (B OG22 o Blinn 45778 1976
AT M) R4 5 Ak LR gy T K TR £ A G B e

110004-2



55, 110004(2018)

ANSHBIFHRE

www.opticsjournal.net

HET Catmull (120 3 e 56 55 3% L i 75 20 3 e 55 &5
WA AR, Bier Z27 AR 1986 4R 2 T ¥ 2 gr H i
Sk TSI A T S EO I A i R A O 4
A5 0 380 vp A il T L DA A T B S0 PSR 1 e S A
T SEBL N AE 2 5000 A 70 1 S B e S, A T Y
J2  BEA AL 12 AR 1 K R, S0 3R B I 9 A 8
WINTEIZ AL GE N SR W WE AR 1 48 AT S ML v Y
DR TP G T 38 = A TR 3 TR 1 R LT e X
RKZ I8 BT EATL AR B, SRS Y B S OC R AT
DIARFEAE T By 8t B ep . T 5 v 9T 1 FH 19 &
PR F AR N S S R = B ES AN,
SR AR 24 A S BRFA SR IR R A s SRR A R L AR] A
TR 22 ) 14 T 7 [ 0 S B e B 1 S, HL B e S H
s 0 A P ST JRT — AR (1 o R L

T 1) SO i T A A RS = A
TR WIS O R L TSR ARG Y T AR S I LA
e RN TR AL 1 11 20 3 TR A5 FH VR S0 B B 3 o ik
BEFR R R A5 AR 56 1 S0 B S (VDTM) 550 5 8
Ji vk AR T R AP R 45 R B TC Tk oy = R A A
5 B 1) SCHR S L A TG 1 8030 S B s 2 b R R =
HERTAY, UL, 25 [ AF 5T P ARG AF 5T O i R AE R
HL TR0 1) e 5 B S 1 SO RS
2.1 fAMIEER

ARALAS B 2 Xof 52 B B A 3ok R ) — A3 AL, R
AEALR Y ATRE = 4 23 1] o 5 4RSI Rk
FOrp BE FLAHALE RY CEAR Ay 375 AL AR HLASE A o2 — Fh ]
BELR Tz R e R AH AL — A T R A
R 1R TR R N = 4 T A b R B 5 B 4 A
QAL bR Z B B0CF G R L XA g o AR S A
U A AR bR R Bl = AR AL AR AR R L RN = 4E
FHAL AL bR 22 5 o] — 4 R As bR 2 o FHALAR B 3R 19 DI
SOBCAER NGO AL E R Z B2 TG (COP) L Z il
WAy i, 25 a4 — & P B A p # 2 COP
P RSB sS L E 1R,

B AL AH BIL A5 2 AT 4 34 Sk — R 90 A A AR
TR R R AR AR R B AL A AR R AR

A ¥
~H
c i iz iz b
¢ a1 T2 Tz Iz |
Z.

Y31 T3z Taz L

< e

X,

Y.

Z.,
1

1 B fLAR DL Y

Fig. 1 Pinhole camera model
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Fig. 2 Causes of the artifacts in texture image. (a) Camera parameter errors; (b) low model accuracy;

(¢) inconsistent illumination environment; (d) texture aliasing
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Fig. 3 Greedy algorithm diagram. (a) Triangulation texture distribution map obtained by texture quality optimal criterion;

(b) triangulation texture distribution map redistributed by greedy algorithm
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Fig. 4 Composite-weight schematic. From left to right:

angle weight, depth weight, border weight,

and composite-weight
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Fig. 5 BDS function diagram. Left: source image; right:
target image. s, ,t; and s, ,t, are two pairs of
patches between source and target images which have

minimum Euclidean distance, respectively
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Fig. 6 Comparison of reconstruction results of different

naive Waechter Zhou Bi

texture reconstruction methods
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Table 1 SSIM value of different reconstruction methods

Texture set Naive Waechter Zhou Bi
Inaccurate Region 1 0.392 0.523 0.523 0.680
geometry Region 2 0.559 0.693 0.646 0.737
Inaccurate camera Region 3 0.411 0.365 0.680 0.682
parameter Region 4 0.423 0.366 0.533 0.601

y=4
7 SRR S0 SCRRL73007 MBS o 5 —47 45t — R 92 36 v 0 J5t s S0 B PR A5 A B s g LR 8, N A T Dl IR 22 5 8 T 49

Fig. 7 Influence of illumination disagreement on the method in Ref. [73]. Each row gives the source texture image and

the target texture image in the experiment, and the illumination disagreement increases gradually from top to bottom
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Fig. 9 Seam levelling on a circumference. Function values are shown as the height above the circumference.

(a) Original function; (b) levelling function; (c) sum of original function and levelling function (minus a constant)
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