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Three-dimensional shape measurement techniques of shiny surfaces
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Abstract: There are a large number of three-dimensional (3D) shape measurement requirements and
applications for objects with shiny surfaces, such as ceramics, ancient artifacts, and metal workpieces. However,
the traditional fringe projection method cannot accurately measure shiny surfaces due to the large range of
reflectivity of the objects with shiny surfaces and the limited maximum gray level of the camera. This paper
reviewed the recent developments, application fields and future research directions of high dynamic range 3D
shape measurement technologies of shiny surface. First, according to the principle and measurement method, the
existing 3D measurement technologies of high dynamic range were divided into the following six categories:
multiple exposures methods, projected patterns intensities adjusting methods, polarizing filters methods, color
invariants methods, photometric stereo technology and miscellaneous technologies. Then, the advantages and

disadvantages of these technologies were compared in detail and their adaptability was summarized. Finally, this
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paper summarized the application fields of shiny surfaces in 3D shape measurement technology and prospects the

future research directions. It can provide users with the optimal 3D measurement method according to the

different application requirements and the different measurement conditions, eventually the 3D shape of shiny

surfaces can be reconstructed more accurately.
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Fig.1 The measurement results of the car door by using methods

[41]

proposed by Chen'"" et al; (a) captured single intensity fringe; (b)
absolute phase map from (a); (c) 3D data calculated by using a
single intensity fringe pattern; (d) captured adaptive fringe; (e)
absolute phase map from (d); (f) 3D data calculated by using an

adaptive fringe pattern
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Fig.2 The measurement results of the car door by using methods proposed by Chen'*® et al; (a) captured patterns at the uniform gray-level pattern

sequence ranging from 255 to 55; (b) calculated mask pattern separately; (c) composited image; (d) optimal projection pattern; (e) projected

adaptive fringe pattern; (f) captured adaptive fringe pattern; (g) absolute phase image; (h) constructed 3D data
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2R BN Gk, R T — e (8 IE A7 AR A 5
19 % 52 SURFAE R I 4%, AT IR B AR MG . (R,
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R AR A 0 e B AR AR 35 5 AT R B AR 3
SO AURE BLHOR M A A Dl HE AR AN B AR AL, JRfETH
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GO SR A A S B AR 1R 25
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PE, W RBORAL, AN6E A IS4k, — 2R T2
B B AT e 22 b R R S OGIR A, PRI IS B AR L
i, {HJ& Waddington fll Kofman** /)24 T — f ikt 4z
1o S B T USR5 1%, B T AE R ZE Al
FAA AR 4 f5 25 MIGL, BT LAAE MG 240 0T AR5
=1 SNR, Jf HAVFFEA 2 R A1 0 T #4745
i 2 07 FH ot A R4 5 A R AR AR D8 O R Y
J7 W, (BB I i 8O 1 59 T 18 RO OGeR, R

T SNR, [F]If B FEEF RGE LR A, . IR Ss
Bl i 9 08 R 9 HDR F2 AN i B, 38 2o
IA AR UE ' F T A2 B3k v O IX IR 2, L[] e
L3 A SNR A AR LA S BE AF R GRS B 2% o AR LE T
&, B E AR HDR $OR, AN 5520 B
JE IR, PR TR A, HRXFMEARRE S
32 B RO NS R SO B, RS AR DL AL
PREAR T L SE B mob Bk, ks ol T RGeS M 1Y
BIR ], BRI Y 2 T AR /D, PR, 0 B3R
i ZARA I 8], AT A R AR

& 1 HDR AR EEFGHRRIMER S
Tab.1 Advantages and disadvantages of various methods in HDR technology

Advantage

Disadvantage

Method Ref.
Multiple exposures [28][30]
AdJustmg pl‘O_]('?(?ted pattern [40][41]
intensities
Polarizing filters [51]
Color invariants [61]
Photometric stereo [65]

High SNR. No a priori needed

High accuracy. Possible online applications.
Measuring mirror like objects

No priori step and postprocessing. Online
applications

High accuracy

High accuracy. High SNR. No additional hardware. Lots of fringe patterns-Low efficiency. A certain
Complex textures and colors

blindness for unknown scenes

Low efficiency. No auto- prediction of parameters.
Offline applications

Low SNR. Complexity of hardware. No measure
dark surface

Low accuracy. No complex textures and colors

Offline applications. Additional hardware

F 2 gE—A5 T HDR $ AR W45 2 iRy B AE
Jit s R B UG B RO SORT B By Xt be . Hor,
Jiang 5 AP $i 4 AR AT DL Ste Il 2 3% T HA 5 I
SRR EE RS =B . FIA RSB S
TS, 3 I R A T 9 R B e 1 LA 2R BUIR
2R, I AR O B 1R RN LA K Sk SO B A AR IR
BB 55 BB K & 9 I 46 2k 80 EHR LU G i HDR (K]
B B, ATt R B S 2% . Chen 58 A1
ot A BT A N AR BB BRI DU & R R A &
il B R ORI, I HLAT LASkE S R 16 L, 7
TG DB A B 2R SOR I . IR R R R A
BACR D, BT I 2ok AR v A R 0 A B R
T3 b, Feng % NPV A 407 — B T 50 S5 B0 52
P HDR =458 450 00 o5 1 38 FH ek 28 o X% T
() A I 7 32 , A 0~ T B/ 1 Al P S e v, T A
FHR AR08 AR T A SR SRR BB, 3 T
BCARAY SNR, PG SRS A o T D s o 201 0, i
#538, Benveniste 1 Unsalan'® £ H {4 501k dx a7 7 EL

e R A B B b o SR, BT R A IR,
DA BEKS BEAS o AH L Z T, Meng 88 N & 1
gonio-plenoptic R RG] LA BIR & ks B . 1
=, ABATTAY R G — R R BRI — /NS A R, PRk,
A T EARA T ], Nl A AR

% 2 HDR # AR #A T X AT LE
Tab.2 Comparison of typical methods in HDR

technology
Method Ref. Nur.nbe.r of Accuracy/mm
projections
Multipleexposures [30] 7x3x3=74 0.016
Adjusting projected - 5515 gg 0.025
pattern intensities
Polarizing filters [28] 1+4x3=13 0.045
Color invariants [61] 4 0.506
Photometric stereo [65] 30 0.005

3 NMARI=

W 5 Rk 3 25 T IR 28 U Y % %, HDR R T8
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Ak AT TR, TS
7 S AR T MR AT, R R RE i e ik
il 3 UK SR L IR H . HRTIF 22 1E SKER H B Y
i 3 Ml 1] 58 A e SR, % ] Y Sl ol ol el 2
W) 7 A< Tl 4.0 TR AN H AR ik
B AR DA, rb [ QAR g T erp [ i 20257 B
WY 41t RE A il 2 BT — AUE B R S g s
il K R AE A L, P I B RO i
REALTHIE P, = 4EBUE 2T R R w45 b E 1 R
AL, T AE IR L B T LA SN 2 B 2 W) 4
F B TAEERE, o B2 e SO AR = e A
TR RE T i o e PR SR, AR Ol B )™
AR 3L B OR ™ A I SR o 53 AR A S i =l
1) SO A JEE, N TSR, AR B, LA KB AT A
14 22 77 THI A28 55K, AR S AL 1 A1 22 44 T Bok
i SR R T 2 N e RO AR R,
B FHORE KA BT, BT IT A e BOE R
HEHR) 0 B, — S0 S R TH AR A5 B4 e BOC A B
LA ik, IF B )iz B T i RS AR

J37 ] HDR AN [) A AT 58 106 A ) 377 357 14 i B
JCYIPR I B IN R T A . (930K 22 EE RO AY HDR £
AN TR S A 22 EIBOL I RE RV RS APL L, R ARAL
S5 B AR BB 45 K 016 22 48 T 52 BN s SO R
AT B G BE I A o 5 — TR AT B A A A X B
T — 516 PR B P 0 DX A, 3B B k45 PR B 22 R0k
PR E S

TE T RSB b s SO A R IR, 1L
WSS ae. S BEln T 2 )5 68 E T,
VARBRE . o SCaE ik . ENTM R e, &
BRI 7 v R R AR R PR SR B vk, AT B
AR L . XA Z W TS LR L 114
PR Tk KRB | Wi PR AT

BT I 41 386 7 (19 HDR $ A B R T 76 26
o AR Foal A RH BR e BOL Y A T 1
FIDK S, UG I B 4 Wy AR AL i, 0 75 R — £
BASKEAER . EHTEES T P emESET
PRI, LA AR TE AT vh e A R G

BB T B TR R AR L A
Ty =434, BIRh A A TR AR, Z Rl
P OIS R S8 R A o XA RN 2 8 2 g
e, T N AT, X i BOG A A Pt i b — 4
I AR IC N, B A AE P HDR ARt A]
L T, (RIS & L B 2 20 80l
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TER REAL AR, O 1 DR BRE TN B 22 4 DA i £
N TSA e S TR, g oK 7 N TR0 5K, B =
A RO MU, AR AL & NPT LA 4 2 T AF
TR B — S, 5 T IR RIS 8 1, Horh e B
JEFAF B AR AR SR O JE B AR AR R I i . 2
505 % NN E 137,35/ W % NN o)1 S L 5 NS S
HDR £ AHR o] DUAR G 14196 A2 X0 <52 a8 -4 11 v A 32 0
TR OO0 R RO TN R SR A AN BT I o —
A A FHEATL AT A = 240 S S i R

[ f PR BEE T2 KF 09 H i 5 R R VAR A Jig, A
AT 28 Al A 7 il B 5 SR UL AN BT 48 g o 4 IRB i
G, A SR A B LB A B A e RO TR Y
I AN AR R ROL TR AR N A
SR, FL T A 4 VRS 2 B B L™ b
Jot i LA S LA B9 A5 i o AR A5 LR S 4 v,
TAFAEAT SR B AR A AT RE I ML AL S PR RE S [, 2
M 7 it B4 (0 P P 2 i AR R 22 el AR 2 R
AN R, TR SRR A T RS A R A A
KB, R T 0 el IR, DRIt X e O T 7 i
FRRG B 0 B A O TS RN X R R RO TR =
2R AT IR — R A PR

4 & it

AT AR A A [ 195 0 58 56 52 B s S e b B it 4
SRR SO TARRIAZ L, R o T 25 5 22 )k
Ao AR BT SR T i B A Tk B A TR S A
HDR HARMERA 73 2150 A BBk o I
AR AN [ 0 6 2% 17 R P R 6k ) A AR DN 2 1
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A
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