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DESIGN AND IMPLEMENTATION OF 3D
RECONSTRUCTION TECHNOLOGY BASED ON
PSEUDO-RANDOM CODED STRUCTURED LIGHT

ABSTRACT

With the continuous development of computer vision, vision-based 3D
reconstruction technology has attracted extensive attention from academia and industry.
It is widely used in 3D inspection, intelligent robot vision, 3D printing and other fields.
The three-dimensional reconstruction of pseudo-random coded structured light has
certain improvement space in terms of precision, real-time and robustness. Therefore,
it is of great significance for the research and analysis of three-dimensional
reconstruction technology based on pseudo-random coded structured light.

In this paper, three-dimensional reconstruction of close-range objects is carried
out. The three-dimensional reconstruction system based on pseudo-random coded
structured light is analyzed and designed from three aspects: algorithm, software and
hardware. The system uses the projector to actively project the pseudo-random coding
pattern, and the binocular camera acquires the image and reconstructs the object in three
dimensions. The optimal working distance of the system is about 350mm, the frame
rate is about 15fps, and the fineness range of the three-dimensional reconstruction point
spacing. It is 0.2mm to 3mm. The main work of this paper includes the following four
aspects:

(1) The generation method of pseudo-random coding is studied, and the pseudo-
random coding conforming to the requirements of this paper is designed and generated.
The pseudo-random code size designed in this paper is 320147, which is composed of
7 pseudo-random codes with a size of 320>21. In a pseudo-random coding region of
size 320 =21, any 5 x5 region is unique. The scheme of splicing multiple pseudo-
random coding patterns is combined to ensure that the gray value of the image block is
unique in the pole line while the pole line search is performed, and the difficulty of the
pseudo-random coding is reduced.

(2) A high-precision camera calibration plate was produced, and the binocular
camera was calibrated multiple times to improve the calibration accuracy. The
reflective markings are attached to a glass plate whose surface material is diffusely
reflected to form a high-precision calibration plate. Based on the MFC framework, the
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camera internal reference comparator software was developed to visually compare the
difference between the two camera calibration results.

(3) A set of hardware and software systems for 3D reconstruction was designed.
The hardware system consists of two industrial cameras, LED fill light and projector,
which are light, flexible and portable. The software system developed based on MFC
framework realizes camera calibration, hardware debugging, real-time display of 3D
point cloud and other functions, which facilitates the verification of 3D reconstruction
algorithm.

(4) The three-dimensional reconstruction system of this paper improves the
conventional 3D reconstruction algorithm and has significant improvements in
accuracy, real-time and stability. In the process of stereo matching, the methods based
on pseudo-random coding pattern, image pyramid and template matching are used to
improve the accuracy and efficiency of stereo matching. The image preprocessing
method using bilateral filtering improves the stability of the 3D reconstruction
algorithm. In the implementation process of the algorithm, in order to improve the real-
time performance of 3D reconstruction, multi-threading and GPU acceleration methods
are adopted.

KEY WORDS: pseudo-random coding, structured light, camera calibration, stereo

matching, 3D reconstruction
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2T DU 5 A SR FHWRFR AR AL . FRATTIX BT Ue IR AR AL 1 A& T ARML, RN T
WAHLE G T A E AT 58, AT T BRIMGAR B, 1 B R AEATIAS B &R R
2.1.1 AN A E L5

FINLIAZ O EE sk (lens) « FMRAL/2S (image sensor) . ¢
S5 AbEESS (digital signal processing) FIJEYE H Coptical filter) 541k A% )i
BEEZE k. BGE BN G55 5 BRI = A7 M

Bk FER A YS/MLBUGR B R /NL, A Bk R R AL, %
B2 Rk, (AR R IR ] N SR1G A IS FI RO A T NIE W G RR . — &
KUK IMIE R E 2, RAGEEE, MRS, T AL A 28
% Es (plastic, P) S5I%ii%4E (glass, G) MRk, WHHEEME, B
TRy, MR . % LM 1GIP. 1G2P. 2G2P. 4G Ml 5G %.

B AL B 2 R B B S R B D & e B 15 B %% . HATH H
IR GRS A PR, 4 NS e (charge-coupled device, CCD) Al H b
R& BB S TG £ %K% (CMOS Active pixel sensor) . CCD Jif%
MR LF, HRRAR. CMOS i FHE A, M.

BPE TR RS T U7 T AR R I B R 4%, AL R THE
He o R MG AR IR A8 SR B 1 B 347 A FR S AR N
2.1.2 BN EH

HHERZ S5, BRITXERBRAN =4 R @ BN LS8, T8
SHAPRITRAL, B R, WiER. FiR. M. GG, SRR YLAE B
M,
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PRI AL R ] P 5 Al e AT BRI Ta] O AL o BRI S H AT 2>
NEHRIIMERRIT. EHRITHE RS, mERRITE PR R
BROG . FTRA BRI Tk s R s MY R s, 2 LR R L
%, MERRIIASHIIXFE I HEEERITBMAREE, EHRN. A3
Fe T O BEN LYW A Z5 R UL A DR EAT = 4E s, ORAEMNIEE), iRk
FEMHRISMIHZE, oA Rk R/RT. HaTETE0
RTINS, 2RI

ML B RERE S BG4 H @RS A 7. B BB 5
AW, h, =4EBEERIREE Na, BEp, BABREKKADA:

I

X - (2-1)
a

GEHE, RELEERGFREBE, R T BRI 5w
MR ESR . =R BRI EIBRSARERAD, ST BRI AT =4k E
AR R = RE, PrblA EEGR T ER AR K, X Hik# 150150

(mm*mm) , FEERYEEZ 0.1mm 3 1mm, 4 EGE G RERTEREZ 22.5
JigER ) 225 18R, PrUAIRATTEEE 130 TR Z HIAHL.

FEALA i 2R ACR AL AP BhFa s I 7 Aok 3, ik, AARAHNL R RD o
REAZ O IR BB 2 o AL MR — 8 R T ORR I K T B2 o 0T mdis
BEEcoR UL, WIZE E R, 3K RIS R T AR R 0 A% A s ) RN v R B
JTER . HTRATFFEMAI S TNk =4 EE, F8 M%) ®EEE
300mm/s fity, W EE N 15 Wi AR RBON T, I 6E SIS b 2 4
o ELFRIEFANI ISR T, WiZR T4 T 15 Wigh vl LL.

SRR B2 B ST S VA T YE B . AR S BRI A M AR AT S 4R
i, AR EE B R E AR 350mm Aih, SRS B E AE 300mm F| 600mm 2,
| 53 9 300mm.

Mz (field of view, FOV) FRHZAHNLAMEEE, M3 LA M. i
Wi AERR RO, AR ALY M T AR O R AR

FOV = 2 X tan™! <£) (2-2)

2f

Horb h 2 BURAR RS 7K RN, fONEERR . (HRZ XA A FE,
EUFE A A AR M7, LS WA B EE S R KT R B R
LM R M . X EIRATH 600mm fE 8 TAERR S, /K-F4li 00 345mm, il
(2-3) T LI AT ZIFOV = 60°

K (mm)
2 X WD(mm) )

FOV = 2 x tan™! < (2-3)



He T DR B2 A5 45 K4 't 1) = 4k 5 1 RGeS S

T I AL AR 2 — Wl — Wil B, R B S B B
R, Wik R AMNL, FOARIFE S PR OB AN, B E AL FE L
FEMLE, R BURLEMEHE, BAMEISERE R .

FREEESE, HMS BB T, SERE, DErGEseR, B
P, FAERE B IE A I E T AL A, AR AR IR B Sk 1 & F 35 R B Rz 1)
Yot . FRANIX B X — Lok i AT = 4E s, FRIEXT— I E SR AR K )
RHET =4e g, PR IR R M ST L T .

fEAE 1, IXRAMRIEAL I EE B . AR M DA A B e, BATX IR
USB3.0 BRI EE I,

213 fENES

MRS A SO AN — 2T 5K, LR EF A EFEEMEEAN MV-VDM /N3l
USB3.0 £ 11 sl TARECHEML, AALWTE 2-1 Frow, ZAENLE R ESE R 2-1
NS

& 2-1 MV-VDM130SC/SM #H#1
Figure 2-1. MV-VDM130SC/SM camera

£ 2-1 MV-VDM130SC/SM KL S%k
Table 2-1. parameters of MV-VDM130SC/SM camera

ZH 4 Hidhw
AT ES 1280 x 960
el AR CMOS
N RES AR RI
HL TR 1/10000-1/4s
gz 60fps
B |

w70 USB3.0
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2.2 POBEHLAIDLE I O

BRI R ERESHDEII R R R, i DL TS50 £ — R E N
SRR FEBR A 4 T AR Z U A5 RN A BETT T 25440, (H2 1R 2 I 54406
HAE A ER . A A BRI GAERIG S EREMS a5y, JFHAE =4
AR R EARE—E RIRRE VEARE B, BT RLIR R 1 DA BEAL RS S5 K. T
Dy BB G 5% 25460 ' R A2 BB A AR 2 405 [ AL, 3R SRt B AR i i IR s B O BE AL
TS E S
2.2.1 fRFEHLFFIRYE BY

Dy BENL T 512 [ i BA BEHLT 5 i) — 2o G bRk, SO T8 5 = A A b
o HAMERENLE IR0 A, SGE S T BENLFP SRR sl DhBENLA 21 B B
T 20 tH40 60 FFAX, W] T AE i

Dy BENLT 5138 5 S 585 6 27 47 2 A R 07 s 7 AR, IR AL 27 A7 2%
Ao NP . FHE AR TR, w7 LB afds, mLmEBis
TR AEETCON m A, SRR KK R A . B
P AE R AR Z WA h(x) = x™ + k2™ + o kyx? + kyx + kg AERIDY
BENLF S KA HINT = q™ — 1, m RZAFaiN AL g e as RS s, &
JRZ T R BUEGF (q) = {0,1,4, A%, , AT 2\ e &, A AR,

FEALH, m=40,q=2. BT HAm =404 FEHLF 51 1) i FE o %
B, N Hm = 4RO BENL ARG A R . AR 22 IO

h(x) =x*+x+1 (2-4)

niEl 2-2 s, B ANBALEAAE, BB FEAE 0M L WNARE, &
et PP SR AN [ RS 2D HE, BN aga, aya5 -+ @ m_y o

(T)e

2-2 MR F A
Figure 2-2. Linear feedback shift register

AR m T A T ERAL A AR VIR, BEWIARIRESA(D,, D, Dy, D,y) =
(1,0,0,0), & —XKESMKIE, SANBAFAERIPRE MR 2-2 Fin. 55
ORI 2 g%, BHEHMIA1G0=1,1H1=0H0=0, 5 3tHIFH
e R BE EROAHE . W 2-3fR, SEABIE Sk, B3 TREER
B, —JLHH 154RE, B 16 ANREME LARSMHE, EEN 15, B4R,

10



He T DR B2 A5 45 K4 't 1) = 4k 5 1 RGeS S

WIHEIREARES N 0, 55 —IRAE5(0,0,0,), F—IRA5(0,0,0,0),FE AR IRAT]
MES R R, A 2-2 FrH f O BENLF #1125 : 000111101011001.,

R 2-2 BUFHFHIPRS
Table 2-2. state of shift register

EAVARER K&
D,’ D,®D,=1®0=1
D,’ D,=1
D,’ D,=0
D,’ D, =0

& 2-3 REHBHE

Figure 2-3. State transition diagram

2.2.2 ThFBHLEEZIE X
Y DA BEML 7 5138 ik SR HES J7 AL — 4ES0A, 1% 4R BUEH A I R 51 L
A SEFPBEALME, A ) 4R SO BT 5131, B 15 ) S P I 371 PR 44 B R
ny X ny, HAYER T x o)1 FESILE AN BEHLRE S B ME— 1
S BEHLIE B AEE Ay X ny = nlng « g A2 1996 R s
n=2m—1=24%_1
n,=2"-1 ,n,&ny > 1 (2-5)
n, =n,/n

AP R, n, TR

11
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M m=4kf, n=15=2"% -1, Mln, =22-1=3, n, =5

ASCIEF RIS RENLEE S 78 7 O MRS 22 BT R, i EXS A2
HIJ7 F3HTE, ARSI AT GRS, N — SIS — AT T IR P R 1R
FETT MRS HIE B ATA NS, AT — AT — ST IR U & F
FTEXN ML Mgk HET. WWhm=4q=21, hEHFI AN
aya,a,05 - ay,, WOVEEHLEES Y
a, a, %2 3 aw

a, a;3 a
a, a %7 %3 U

as a;; % 9 Gy

YA AT VIR Y 1000 B, PABENLFF)24: 000111101011001, Jfh
BEALEES A -
010 1 0
100 0 1
110 1 1

m TR AE BRI FER AT LR Y, 7R 0 KON 2 x 278 D BEALRE 51 o 5 A i —
PE. 38 0 O BEALRE 1 R 2k 07 KA -

bo, bos " bop
p=| bro b7 blﬁz‘l (2-6)
bnl—l,O bnl—l,l bnl—l,nz—l

PABEHLEE S R ) e 2 SORBENLT FII R RER IR N

(a, = by,

a; = by
Ya, = b,, (2-7)
\a; = bii

(a; = biliz
JI=10y (mod nl),O S sSny (2-8)

kL'Eiz(modnz),OSi2 <n,
(n=qm—-1=q¢""2-1
{n, =¢1-1 (2-9)
\np, =n/ny

INARGEEER) m EARK, AR OY BEA LS X R A E— 1 B AR AT AT, (HfE
SIS IR . RO R EZRIER G RS AR, B F W& T rihbE
PSS X3k, 7 XA M — PR RIAT . IR SRR 5 T — %A 5 i B Dy B LAY
INARAAE, WA RULEC RORCE R . AR SCR A FVE R SR BOE AR, AL

12



(2-10)
¥

Y E ARG R 55

TP BEHL RS 45 H I
WIEIRAS N: 1000 --000, A LA Bl K& 1213 — 18908 BENLF 51

Dy BENL F1 9w AS R/ u320 x 2105 BENLIES1, Gt g R 2-4 s, HA

=z
=]
SN

17,q = 2. AL RN

h(x) =xB +x*+x3+1

SAHPLZ KAy 60 FL, AR5 BT i T i) S A2 AOK, BT b $% 1

m

SILRIEES S AR LR m e
S
S A R e
Fraaha e R T
R .ﬂm.m..._...am.nﬁ....ﬂ o

N A A R o S A v F R S uu....u-..a#n I
S
.

... .-mﬂ-ﬂ...u...—r.—-—n—#.“.r o I
R 7T it R EE L SRR LR T T

Sads s
e T
e e S e
et

LH

uneere

R D s o e g i A
S
R R

e e
o b b
-
e

Wos EASEER

Figure 2-4. Pseudo-random coded pattern

U R G, SRR B O BE AL 2 A 18] 58 75 W] REARRE P
f A& A R D BE AL 5 B SR 1 /320 x 147, A

L e et e
SR e e
Shten e
S e

i *HRW,++M+.W.W.W_W.¢ .......m.WW 3
.Hwﬂﬁwwwmwmm”ﬁm. ; n%.mmmﬁmﬁww."...Wmﬂw"
Sannaa e
e e

|.-..-u...| o S e .-W.-W.-.H..\M—.ﬂﬂ.—r \.ﬂ._ﬂ“r.-...

=4

o AR D RE AL g A5 2

AR CBei
GEDINIDE =g e

/.

5 X SR/ T AR 25 5 P 5 o B e —

2-5 il

=]

M)

AR SR 2

E 5]
4) TR ERNE. HES

A

S

=

v

)

R

2
[=]

) HEAT#

s
=

/3
WEHE

2

JERIAT S JE

7

13

.

=

2) IR BB RCR

¥ LED (k)%

x

’

.
%)
.
’

N

B 2-5 PhREHLoR L S

Figure 2-5. Pseudo-random coded pattern

4

KA A UL S AT R P e 1) B

RgH
5%

El
o

2

2E T 7 F) e e PR B A

ﬁlé
Egcdi

f

=}

L, 5HRE
R 3) ARABDEHITI, Rk 1 EBRFE;

pd

LED BB A K. Wk,
s, ASCRFZGIE TN,

FEARL

2.3 LED %}
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LED JeIf KM@ SHe T e DDA SR g A TR 52, A R IR
TR J7 3, RBERSE I — A R EE I LA R AR E A F R R
BRI T A BEIS R g iR i, o AN B AR .

LED JeIR B R B0t . ASSCRA T Dy BEAL S A% 25 44 e 552 BI040 4
P, 35 R A B (eI 2 R R i &, I HLA SO 7 R
RIS, (T RN B,

K AR IR 7 3. WAL B 1 05 22 L T B e U 1 7 5K

il 2-6 o, 4 LED SHCKHIALE R AR R E Bl SR B R
T8k, SFAK 4 WIR VR EIERINEAR 1 LED, X 4> LED #[H & £ 1
BIPRY T L.

)
B 2-6 LED 58k BXRFHE

Figure 2-6. Schematic diagram of the position relationship between LED and lens

2.4 BRI R

BET- O BE N LG RS 45 #4061 = 4k 55 2 2R 48 O R 45 40 32 e AN AR L
Bl P LED. N AH. BUAEE. hub A F48id k. —4iHmE RS
fRE RS ks = i 2-7 Fios o

FA AN T AHALAN — AN BERE AL R 22 [ e 72 B A 40 L, st 2R 40 i 82 2
hub b, FREEEIHMG . X B Y2RS5 M2 B fm 2 8 5 Atk i .
L R OB AL AL 5440, TRE T A AN A E . REE
HPAE AL B BE A5 e A o 2 S ROST LU A T e il 1 o AR AN AE AL
FRESZ)2N 200mm, AENLE BRI ERRII A L0 30 . SERREE SR K an ] 2-8
Fime AN L G B 403k 2-3 i

14
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&4

E*HM s W H AR

#@

AN\ HLfigi

EA

B 2-7 ZHER AR LSRR R E

Figure 2-7. Hardware structure diagram of 3D reconstruction system

B 2-8 =4 ERRANBELEHE

Figure 2-8. Hardware structure diagram of 3d reconstruction system

AFBEF R E AR ERK, Bl A A S . AN AN
CPU. GPU MfiR%5 s, EATHSAT LAALBEE S, (H2 e RIHERE AL P BE ) A 2
ER. AKX BEIEFKTET G2 DB, BBy Nk i it eeaE
T REMSTT A SCHTHELZOR, LA NN EL R WL, SR s e i
NN =4 BRI PR T A .

15
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R2-3 MNHERKEE
Table 2-3. PC configuration
S 4 BH
RS i7-8750H
JOSEIE
B 2.21GHZ
iess GTX1050
TS
K 4G
eyt DDR4 2400
WAF
K 32G
BAE RS = Windows 10

2.5 HENR

BT Microsoft Visual Studio 2017 fi A< () MFC #EATIF K 1. L
Ihie 5 MFC 1ty Button 3= -3 47 5CHE, AT AR J7 (B 14T B R A o —2k
g A5 B 5 MFC W1 Edit # R TOCHE, PTLUH — 25 5, AT DLZEAE A 4pF
BB P ATIRE . FIHAE— N 0 — L Thaefcsl, Bt
BHEE 2-9 s .

A BT RS S SR SN G SER ®

ZABHLE HHE A ET

B

B A BRI, BN BLED

L A AR, L BLED

Ea EAREA #FILED

E ]
=2 eEMiAS OBEIAS ONfs
THARESN M %7 —sER fE8ieT
B am Es 3

HnsinE .

G A B S FrA2ingl L.

[T taiE

p— T S

& 2-9 A E

Figure 2-9. Software interface
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AR E N 6 X, AN, bR AN A
=4EEGE. FERASNERS AR B,

B A 0 4 DX 3 X B A0 iR AT IR, 32 0 KA e AR A A 2 S IR
W B RES IEH TAE. 2 DR AL L. LED BEATIIAE, Rt
1350 7 BEAT B Ok b 55 B A o BRIl R R ik — Ik, AELERE— IR ER
BN —IREIR . LED =K. EiE G, MPLDESIRIEAG . $il
—HEZE. LED —HAM.

P i€ DX R A BLBEAT AR 5« L 4 D IhRetRsE, a8, A
B KU HEARESH. B s 7TES AN S ES ik LED. #T
BB G AR AR ML S R, SR sh B & & KA B, il T
AL BRI ENMR . EARE Al 7R EIRBhr e XM, A =MMEM, nl 8L
Z, HHILNZ. 42,

ML S HO B XSS XAV S EO0E T R E . =g E @Rt A
i 75 EEAR 4 A W0 P Ak () S8 Y i B AHALI — 26 240

= g XA S AR AT = 4 A T B B e Th e . XX
WA 5 NIhREREE, AN ES. SR, JENE. SHAs. RE R . B3
HEAE RSN B, LED =AM, Jash g AT ser S A B . 45
JE AT, S B E . RAE T #R IRAE% N HRBX — % e A A AL 3R
| B

GRRAMEBR S s B Xgud f th = 4E s @ i 1) — L5 8. AE=4EH
I R EREIEG M RG R E. SaNERRRE. B —WaAsE. L
i . FRic SR N EOR — e H AR RS R

2.6 INE/\2h

REREGE 7T IR =4 E R RS X RGNS
AR B I3 5 B X AR AL (0 3k 2 A0 Dy i B G 6% 193 358 20 6 AT 45 2 1) 20 B A i
e =4S R AR A M = 4 @ AR TP G .
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B8 ETRENREEHCN=HERE

MR AT =4 T E LM E . BESRIG SRIURFAE . LA L
M. Rzl RefHEESNPE, § - DPRETIE = 4gHEIHES
FasE M. A B L IE 75T 0 BEAL G A% 45 M6 1 = 4 5 AR G0 AR LAR
SE N SLARUUHC AR = 4E @ M M se . A= Em @ fk i A RErt S
BHETE, AZHYIERRIBEIE . TEAR LIRSS 2R R

3.1 BIERIE

( Tt ) ZiR

h 4

WL 2
A
Y
S22 A AT B Fogk B2 4
1% P
A
Y
Eiégwm S I
A
Y
WS BRI SR A%
A
| g L B
> X,
K 3-1 HERE

Figure 3-1. Algorithm process
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He T DR B2 A5 45 K4 't 1) = 4k 5 1 RGeS S

ARSI T Dy B AL B 225 46 e 0 I A R AT = 4E E A, Wt AR B
M. PR TAE, BUAENSR . 3 DR NS =4 s A
R, JeIRECE A AN EG, RXHE A BENLAD I X S AT = 4E s, 4 E)
O BENLAS B R IX . AR5, 4G O BENLAS 55 A FE A BLAE A 2 45 2R 5 40 B
Mo ZHYEEEEHRIRILES. N T T S s ARG RS SRR, B S B
WK R E A EMA T AERT S B, TR NIRT =i EdE. —
Y dE @ LA i 3-1 F s o

3.2 tHHFRE

3.2.1 IR ESH

ML EMZBANSIINZ, ASTRNEER () . Fil AR
(av B) « PERE (cr ¢y) « BIRSHL (k. p) 5 SSIRAHUARXS T B
PIRBIAERIAL B R R (Ry ©) o RAZ3 x MTERAERE, t/23 x 1 PRI E.
fREE. ACREL PR R B BGEMEREK,  KAERE R R 2ON:

a-f 0 Cx fr 0 ¢
K= 0 B-f ¢ |=|0 f ¢ (3-1)
0 0 1 0 0 1

%A S, p LI T 8 AMEL Ak, Ky Kye Kye Py

Py~ D3> Pyo

VLI N ESH o AR, B AT AL o Py 24 ik = ZE 1t 57 A i
YA 2N LB R AR ok & o WA RS 2 AR AE R N LR Y, W2
R EIFENLE . 1P LRI ARROR, RS T8I RT 7 I 13
B, SR HERN AT, A AR R AR BT B CRAE R R R AR
ABEFAANLRUER T 58 44T, 724 T V) AR o AHALE A2 2R B 2 ARBL
AADR Z AR E MR HIAL 2R R

VI NS HEEAR LA KA, R ZEbrE — ol AR .
ZREZYEERBEEM, ASHEE R, Z4EE @R G BrDRE A
NURE S SRAFAHILA 2, BT ARSES RGCR AR S EH AL, & A5 E
XUH AHBLZ 8] A B G R
3.2.2 HEHRE

FAMURE Y 42 R 15 B M AR S 4, AT DA A 2RV R AR 2 Ve AR Y . et
AL AT DR AR AL B 2 A5 Al i B O BT LA . ] 3-2 P
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Bl Sip e = T 3 — o5, BAE IR AR THIAF B Sp s AT AL
S M= . BB p EARNLARAR 2R N AR N [x, y, 2], Rip (EVI PR
P ARAR F N AR RR A [X, Y, 2], AT AR 2

X =f2
7
-’ (3-2)
'z
14 7T b Rouv X. o
//////4//’0 i
u i o
v |
-z
Jo )

WE AR FIO'XY'Z X —
Y z ) X

FHBAAFR Z20XYZ A=

& 3-2 £HFLARPIRR
Figure 3-2. Pin hole model

1 T 8 Ja 19 2 AR AL bR AR AR Z T T AR AR & B AR KR [w, v]T, P AR IR &R
ARBR AR RSP H AR bR REEHOR R WY . RE ALl B4 e, T cys fEv
EAETEB, Py BT, ABEASR[u, v]" Mip' I ALFR IS R AT -

u=aX + Cy
{v =BY + ¢y (3-3)
R (3-2)RNF(3-3)15
( X
u= af? + c,
i Y (3-4)
V= ﬂf} +c,
Laf = fer Bf = f,» fRAEI(3-3)13:
( + Cy
i (3-5)
fy Z +c,

HG BRI AT 15
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(11) 1 <fx 0 Cx> X 1

vl==0 £ ¢ (Y) 2 —Kp (3-6)
Z Z

1 0o 0o 1)V

It LU B (AR R K /e A € /5 2R E MRS . ESCPRiE it mp2=
AEHE SR AL R, ORI ARARE R AR S AR R NS 2. tHEFARBR R R (1
BRI EDy, W4T

Y1 1
(117) = EKp = EK(Rpw ) Kpr (3-7)
K i A8 Z 407 FE BRI 2 v, AT A3
¢ 1
<v ) _Kp - _K(Rpw t) = EKTPW (3'8)
1

B (1 + kir? + kyr? + k3r©)

U T T T kyr? + kot + kor®)
(L4 kyr? + kor® + kar®)
v (14 kyr? + ker* + kgr©)

o, (up,v,) SR T AR AR . T AR R = 4 28 2 (R P
A ERER, FriEESHIIESE T 84, AR ERINS —4LF 12 4
ZHL N f fyr €xr €y ka, Ko 01,02, k3, Kay s, K o
3.2.3 FREMRFHIIE

FHNLR & RS BE & = 4E 55 GRS B B0 Al o A 0 RS FE E U T AN 7
i, PREVIAbRE B L. &5 THEREMHM T hr e ik ik s, AT Bk
G RIbREiE. — MG, PrEWBIREEME, W IZR E 1 8R4 il
o EYEAREN T, BOH WA I BLEAR AR B . AR BT A K
FMALAS AR E BRI SR A AN T U 55—, R RS AT ENE T8 1) A4 4RE# A
Ak, BAREAETTE . ARG, BN EM RS ICERIE: 5=, RHM
BATERR 7 20, AHVAE AT A e B RE b, AR AR e i AR S8, X bR &
s REEMAECR: BB=, KM HIEAE G Bas b, BIERO, AR .
9 1 IR St iR i '55522!-‘?35/\75@ AN 8 DI E T7 58 R AE 18 I 5 B T
RS EAE Y 6mm A1 8mm B ETE SOtARIC . 6mm FRic s R EHUR UTHC I £
B A B O 150, 12mme ARic s0FH SR AE VT E o B A 0 7 A e AR 7 1], PAER
VL RIER P . PRIR BRI B AR .

i 3-3, ZIE SRR 2 AR RS & 230mm X 350mm, ARl A H S EE
6*7=42 4, A 34 12mm PIFRIE A . FRER B RSTAREABNL R 4, b
SE MR TR 22 /0 AR ET 11 /3

+ 2p,u'v + p,(r? + 2u'?)

(3-9)

v, = + p1(r? + 2v'2) + 2p,u’v’
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R bR, & E e ML AR (LB o B
BAERHA IR~ w14 R 35 WA (MSCAND SRR FR 1e k15 4 F1) 44

B o
e o o TN 1
o o6 0o 0o o o8

(o] (0] (o} (o] (o] (o]
& 3-3 H SfrER

Figure 3-3. Circle points calibration board

& 3-4 &RBENE
Figure 3-4. MSCAN

324 FREE L
AN A A, FebrgBRASTL, £ ey UKIMZHIRE, B
RGITAE S H0 . FINUIRER B bR e iR S, AT DA B R RN

p =sHP (3-10)
Rp:
x X X
[}’] =sK[ry T2 T3 t]|g[=sK[r1 72 (t]|Y (3-11)
1 1 1
FirbA:
H =sK[r1 r; ft] (3-12)
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;H;‘EFI’ P = [x,y]TiEé/T%%‘%gé*/f\" P = [X, Y,Z]T%ﬁﬁé[é*ﬂf\" S%REH:{?H’ H

x 0 ¢
faxsmﬁmﬁﬁ@,x=h £y eyl Tae Tae T ANEREEIER AR R A0
0O 0 1

=R, e TR E.
W N RS s m e, WA

H=[h; h, h3]=sK[rA 712 t] (3-13)
sriE, 1330

(o _ I
hl = SKTl or 1= ;K h]_

1.4
Yhy, =sKr, or rp;= ;K" h, (3-14)

1.1
Lh3=sKt or t=;K h3
j\jrl N rz*ﬁfﬁﬂiii7 ﬁﬁuﬂ U\?Efiuz

T =0
{ Tz = (3-15)
rirq1 =1or;
4 20(3-14) A 3 (3-15) 7] LATS 2 :
h{K"TK"lhz =0 (3-16)
h]K"TK*hy = KK TK 'h,
4B =KK™, BIF/ERLASE:
_ 1 _Cx -
— 0
fxz XZ
1 —cy By; Bz Bis
B=|0 2 f2 =|B21 B2z B2 (3-17)
c _J; .2 ZZ B3y Bs; Bss
x y X Yy
— = =+5+1
N R A
KA (3-17)RN(3-16), i#f#Hy: hiBh;, NAH:
hiihj 1 1Bt
hilhjZ + hiZhjl BlZ
hTBh; = vb = Puizhy2 Do (3-18)
i R hi3hj1 + hilhj3 Bl3
hi3hj2 + hiZhj3 BZ3
L hizhj3 B3]
T, (72 AT A 2R
T
V12
b=0 3-19
(W11 —v22)" ( )

R ASFLL B Bbr e i EME, BAFEREVRIYERE Z2nx 6, XH n B
20, PAPRAERR & AR B H BRI HLALET 1 2Nty o MARBL 2 AR EU# Y -

23



/TR BN N1 T e VA 798

fx = vV 1/sBqq
fy= JB11/S(B11322 — BY) (3-20)
Cx = —5313fo
Cy = (B12B13 — B11B23)/(B11 B2z — 3122)
Hrr,
s = Bi1/[Bss X Byy — Bfs — ¢, (B12B13 — B11By3)] (3-21)
FENLINZ A
ry =1/(sK 'hy)
r, = 1/sK 'h, i
r3 =19 X r, (3 22)
t = 1/SK_1h3

B3 (3-5) P 1, ZBSAHNLIG AR R, (A AARR S R AR RS R . ]
B (up, vp) NRIIALE, (u, v) AN E, WA R(3-9), MARFTE MR R AR
K FR, IS 2R AT DR R R AR S 4
3.2.5 FRAE LI

VLSRR BRI, BB R PR AU M hn e R B O o X BB ST S
ITUENE . YR, K. ELL, AT ARG BGOSR, wE 3-580
Kl 3-6 Fione bric s OEIRSE 2 5, whnl DU (3-19)H ki 2 4~
2, HHATHRERIRME, BIRTA3 20k g 3.

A 3-5 frElREE

Figure 3-5. Raw image of calibration
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(a) 3L ke )
(a) Edge detection

K 3-6 FriE B b7

(b) B A&

(b) Circle center fitting

Figure 3-6. Calibration image processing

3.2.6 FRELESRITM

R FNUHAT T 2 A€, KIS E EE & A 2. B — A5
A 12 40N, TEBEWM B e g R ER, T KA T 7 SR k.
AL HTF Microsoft Visual Studio 2017 H1() MFC FF & T — /NN S L EAE, K
FH 03 P S BRI Ja Vb 8 4 SR 22 5o P SRR a5 il s i 0 X3, T A
BN GRTR MR R AR AR ZEE, R 3-7 AR .

% 3-1 AN IRAR E H P

Table 3-1. Two calibration results of the left camera

SR, PRESAIR 1 PRIE R 2
fx 1713.66 1712.68
fy 638.13 638.09
Cy 1713.63 1712.59
Cy 514.64 514.22
ky -0.014438 -0.017892
k, 0.221141 0.252948
ks -0.003268 0.002389
k, -0.002013 -0.000207
(2] 0.377024 0.015804
p; 0.019474 0.018005
P3 0.081797 -0.061831
Py 0.356338 -0.067625
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R 3-2 FEAPLEIBE U e 45 R HIX L

Table 3-2. Comparison of two calibration results of the left camera

RE AR WEME (A BF
s 0.058886
JiE 0.001035
PN 0.099981

3% 3-1 o, AUJE PRIRAAHPLIO AR E 8l , BF4L 12 . Wk 3-2
B, RO AILER E BRI 0S E, Herh B K77 A 22 0. 099981 143K s
JiEER T RBRARES RN ZESE, BEy 0001035 R, RUEBANR IR
Mo WE3-7 s, NS LRGSR EAE, BB oR 1 RS PR ARPLE br E
a2, Wil 3-7hR, DEIEE R B R S MER A E R E R, X
iRz RSN 0.1 &%

1 B A TR 2 3 (3-9) MoK 1Y, foe i B e e L ME R 2 IR EL . £
I BB AR R R, BB IR ZE R/ o X BB R R fe A
XHE . DU 1 al i A8 AR DL v B A MR, X BRIk i A R
ZEAHEAT UL

& 3-3 EMNHAS

Table 3-3. Intrinsic of two cameras

S FEARHL AL
fx 1713.14 1712.45
fy 639.84 686.32
Cy 1712.86 1711.31
Cy 517.88 481.31
ky -0.024631 -0.018253
k, 0.044351 0.114411
ks -0.001273 0.001572
ky 0.002398 -0.000189
121 -0.569129 0.392475
p; 0.025461 0.018376
p3 -0.159491 -0.002133
Py -0.409842 0.307753

W2 bR E LK N AN S H, & e X H IR Z, LR A AL
HIARXS AL E O AR
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o RS X
EfRRT RE R =14
[1280 960 Jox [s0
BRITESH(121418) B 129848)

1713.66 1712.68

0:356338 -0.067625

HRE
BEEE gy 0058886
ez 00003

RERAME 0.099981

RERE

BERE

Hh [r BEE 0.079326
Ly ,F "
B
& 3-7 NS &S
Figure 3-7. Intrinsic comparator
XH BN Z 5% 3-3 B, BH NSNS
0.888061 —0.00125292 0.459724
R = (0.00433001 0.999975 - 0.0056391) (3-23)
—0.459705  0.00699847 0.888044
t =(—204.265 —0.252961 50.1539)7 (3-24)
FAFERET S 2 AN B A PR Aok &, B
R t\_, '
Pr=Rp +t= (OT 1) pP=Tp: (3-25)

Horp i AR 2O

Xy X X1
Pr = (J’r>.pz = <yt>,p2 =7 (3-26)
Z, Z 1l

WHMPL NSNS EAR B2 )5, THEARBLR B R 2 LR B LS € /Y
Ko . AR 3-3M NS M1(3-23) 5 (3-24) A i HARNL B iR 22, HHY

WZEN: 0.028314 %K. FFEaARLER,

3.3 M AR
fE=dE AT R, SARITERM S B EE NS, HFHBEBA=

4B R BOR AR 7y o SLARULEC Y H A2 AL A BB IR R S i — b
Rk & o M —E IR, LI — H .

27



WL Tl R =2 Al 22 A 1S

(a) 7= EI& () HER
(a) Left image (b) Right image

& 3-8 HEHLEE

Figure 3-8. images of the cameras

Nk 3-8 fra, SR A ARDLI BB . e SLARILSE VL i 2 iy 5 24 Ok
SRECEN 2 A AL G R [F — B 20 T ANHRSR B, SEARDTHEC & — R IR 2
SIS, BFOUNIR S NI R s RS, R R s LBk, T8I i 2 XA
VIR = e . (B R IXAFH G XA T NSO AR S 3. BROSGIRANY
51, WEFE T MMM ZE R Bk SR R, WS MR LA RIS . B
A AMEER T AR, (EHRER R TRk AR AP A ESR, A
A GER AR IR AL Bl T, JF B M AT 2= 5. BBl #ERRJEIR (1 L
LB o N X

WA E Fn ik p =4 i, i 24 ALK Rl fe 2 &
&, FTUCRA TIERAMERA . K 3-9 R, AXRAHRER. XTEH
HIZH U IR 3-4 i

B 3-9 XHRLIER

Figure 3-9. Epipolar constraint
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% 3-4 B 3-9 IR SR
Table 3-4. The symbolic interpretation in Figure 3-9

Ginc) X
0,. 0, F A FHL G
Di~ Dr Ko R AN
0,0, HZ0,p 5HZ0,p, /AL
P NIELLQ QK AT
'~ v BB AR

PR A b R I ST A 30 B, DAJE B S NIE AL X BT, Y B,
Z ST, R S B £ PTE AT AR DL B R I 82 2 A R, . TfEL
Kip (018 5 ALK, I R 2% 17 VAR B, . 7 LU AL b 0 i
SRR, A bR 7 T 5 VR AR R bR B T — B, R L A TR 4
ol 1

{Qer ;=0
QQ;- ;=0 (3-27)
.
([ @r—p) b= (@r—p) L) (- 1)
{%‘ 1= (- B)? (3.28)
_ (pr—p) L) - (L-L)—(Pr—pP) -1,
"2~ S RAE
e
P = Ql ‘lz' Qr (3_29)

bl LAEZO0Q, 0.Q-HHAIE: Q@ Q5P Prv a1y @ISR
AN:

{Ql =pi+aily

Q =prt+al;

Wk BT, BT LA B S PE G AHNLAR R R T AR ER . R PARBR I AERA
PEXT 5 WA = 4 B ROR SR K, 1T i PAS bR R HEBf 12 A0 115 3= A bp, 1) IE
Mtk ESEPREL R, BN . BEME RS RE, #aimp, P IEf
PE, FTLLRZRAR L SAAAE, TULAPEBEZE, o' v/ 5o o AE5E
SEE, FAEEREIRZE. U7 2OHER . TERKILE, FEEILR KT
A IMASMEHBEARKLR, FIHPEWRELLR, EL R, ML,
IRFEARAME L0 LA 2o 622 F A LR B 2

WAL PRI R O BUREIO(n), W HE N Z4E-F 148 R JuH
AR T — 4 R . WK 3-9 FiaR, p XA NI Ne,p, . AAHNLEH FIE—A

(3-30)
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P A AL P AT AR — — 25 2R, W fp b SR 2k . BTRL, i FAR
LRAVHIEA R — ML, & T IERRILED 1R .

LR E R I D R RIS . s PIIREYVERITE 0 BIT655 T
b o IXANRFEJCEEX N B ZE b, SRR R K. A IREEREZ B
R, KRG AL — R ARSI 0BG 5 3R RN A
1280 x 960, B2 MALIMIE— %A 1639 M, WERAMEMLAR, &
I OL R 22377 1639 MEEE flo 0 B IR BE AR TR AT R 1137 S5 2 5o a0 Ak 1)
YIAEAT = 4e s, BT AL S8k IR B E 350mm A4, TN B2 4
79 300mm 3| 500mm. JLI AR HE R K AR R T 546 MEER, 4% 12/3.

ME— P2 R 0 e B B — MR R e A B HRE — N B R
FEHEATUCEC I, 3t mT DAGE B AH DG 1 R B K I TRAS o A BE AR Ji J0) T DA
PR UCE SR AIEMME . B TR, BEgFERES SR —
AN AR e A A HL D OB T R AR SR K FEAE A — 3, (H2 A 2 AH ZE 5
K B LART DLE ik 2K R A P Yo b S0 ok AR DA AR 22 B0 R, AT P DC TR ) 288 2
IR

HF KA AARNL R Al e LR —FERI 45 3, N T IR & UL &4
PE, 1R DL UGS K BEAE AR R UERC A4, B AR L A4 L T BN 52 2K 38 A 2 4 1)
oW, AT VTS M IE AR 1 . ASCRA 7R E 3 — 140 B AH K R HL
(ZNCC) 1EANUCHE MG, ZNCC Mt 5 AR -

Yoo T u -1 - 1))
\/Zl'=—lzl'=—l(13j - 1_0)2 Yoy (1 - I_r)z

TR R, A EE AT, KBHEPR - RREET R, K
SHEERAIDE'S R/

Cznec(x,y) =

(3-31)

1Y = Lpj(x + i,y + ) (3-32)
I = Lop(x + i,y + ) (3-33)
Io = Iop,(x,y) (3-34)
I = Les(x,y) (3-35)

Hb Ly + i,y + ) AR H AR K R AN (x + iy + D IIKIE
o Top, o, ARF HARX I A LLCe, y) by, RANN(2L+ 1,20 + 1) BB
IR PEARLI T 20 8o

RE=gEHEER GRS, KM TEERIERNT5%, BIER AR AR IR
NPAT AR . ASOF AR XA TE A =4 2 5kt it
JEA: 1) K TIERIE. PONA SRR ZSL I mfs I =4 B, $OURER
M RBGY, ARESRREETES 2BV IEZJa R, XA EG
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TR RBEREGRMER DM CE T RE MR, Pl InEA
WEAI; 2) AFHINIH R . SRIE 2R ) E& P R — MR R A
W MRIE AR R IEZ A I EHR . RRXATE A — i, i
i AR 248 2R ) IR R 2l OIS TR) BE 2D, BE SRR . RSO = 28 B AR 2 N A
FEWR, B RMBOUAE T % .

34=HEE

3.4.1 fABEHAD S B 2= Xt 5 E

AT = e E I TN RN S5 R e, O T R M IS AL /2R
Bt AT rE, RO EEAT DR LA 2544 06 B = X I T = 4E s . nfA] 3-10
B, WEHUERAG AANLR B, 5] WA A B R AR 0 Dy R LA 2544 0t B 5
X4

SEAARVGE FRAS BE AN G 7 IX S AR BEAEL 7 A A e, 1 X8 5 R ) HoAl
DI X 70 2Bk vy, S7AAR DG IS B A4 08 2k ARG BBk v o A ST vt B Dy Bl AL A 12
%, VLH A S A O O 8 B 7 s BB A B A O BEALAS P S RO ASAR L A e
— 1k, SHABXIE A EAREAR, AT RN AR . 155 XK E
A AR AN AR, 73 WO T = 48 5 2 (R 2 6753 R e X K AR AR AL
NULRREAT = e, XFERAN S L. SERPERRAR. Wil 3-10 B
s R AHEGRRAT = 4EEE, RAOMGRES A A0, KNG
IR JEAE 73 A LS

Figure 3-10. Partial image of a human statue
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B EHREY B XIS R R REED

300
250
200
150

100

wwwwwwwwwwwwwwwwwwwwwwwww

EANBEHLAIKEE  —— 47 Dy BHLIT X,
& 3-11 RGKEHE S

Figure 3-11. Image gray value distribution

nfE 3-10 o, NARBUIRECE) AARBEAR I 2K S B 03B I v, DB LS
SPGB RITEZMG b, G0 XGRS S5 1B 25 3, &Ik
o —H7 X5 H e E . FEF RS, KRR XIRR s —E
BELL BT, a0 FAH 2 0 LB IR e AT R R AR B A X Lk A AT o 3k
T PO BE I X 8, Wi 3-10 A 20 EHE AL R ) PR IX 45, Ik A B X dk
KANE N30 x 30, 7238 HT Xk A b A 45 2 AR KR N (110,435), A R A
B bR N (140,465) ;s AL X 76 A 48 3= Ak bR 9 (234,435), 4 R
FR 2 A8 9 (264,465) o IX P B DX K BEAB 53 A an 1] 3-11 o o

B 3-10 %0, XPHRIXEEERRIT, NEONRMHEA & &AL B, Aril
IKIEE R A NZAH R . B 3-11 FTRAE H, 6 G B2 2 Db LA 7 55 1)
DX 35k P AR BE A 23 A TR, 3 8 1) i 26 2 I P B AL RS 253 2 14D X 338 100 A FE AL 1) 3 A1
sk MARARE NS, X B R 900 AN s, PAERKREKEAE. WL
A, A O BENLAD 7 55 DX 3800 K REAE 43 A B 5 2 TR, 4 AT S B2
(128,255), I ANLHm/MEAZ 127; JothBEALRSZE 55 i DX I8 0 K BEARL 73 A7 1 7
ERUN, AREE E(115,124), RKSHR/MEMZEICNY 9. WTUEH, HH
BENLAS7E 76 1 DX et 57 AR oo vE R B R KR s, B D BE MRS 78 26 1 X
AR AT RETCVEAR B VTR £

AR H BMG ZABAGTT 5 BN A DY BENLAS I = 1 X, o T B b i
—MEER R, %E%ﬁmdﬁmﬁ$%H@%EﬁﬁF¥W§A&

25 z Z g v) =~ Z Z 9w v) (3-36)

—2v=-— —2v==2
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() RIEE B (b) 73 Py BEHLAD X 35K

(a) Raw image (b) Partition pseudo-random code region

& 3-12 PABENLAD X 15535

Figure 3-12. Pseudo-random coded region segmentation

B RIBIE A, R SATME R A ADE KT T AR, 183 i
R AARFRNUR AR, TFRZ B R R K B B i 255, RIZR R mAEBENL
R REXIRA; R MAEE S AD /T AR, 28R S ATENBENLIL A
FIXHA . ELRPRIES T, BURRIKEE S KA, r&IBE A AREXaE
HE LR IR B B BIRCR, R LR BE R e BE A, DA DR T
REfE LR IT 1 40 B2 . Wk 3-12 Fo, 430 P BE MRS el = DX 38 1) %
R
342 WM BEIEE

SR FH 25 T P BEATUA 25 44 S R AH S8 7 VR A 2R B i, 6 T 28 B g 5 —
EAERFAEME —— WA SR . IHEXERETTES - MEEAN

e
it ML S

% o
bk L TR T

(@ ZR#& (b) A E&
(a) Left image (b) Right image

Bl 3-13 ZA MR RL R SR

Figure 3-13. Corresponding points and epipolar lines in the left and right images
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INCCHZXHRE

& 3-14 ZNCC A%t R
Figure 3-14. ZNCC correlation coefficient

WEl 3-13 B, EHCT A EUR I R s, RN EI R R, At
W RMAHRINKE . AR I RIFTE ZNCC MRS, ZNCC
KU REANE 3-14 fion. ATLVE HmEERA 4, IFH 5L E8EMHEZR
K, B T B AR 2R At st B 3 R AR B A

108 I B A ) Dy B ATL A P8 5 X A7 0 B i 4 2R, B R R ) =4 R
AR B RAE A% RS A Geomagic Control 77, w1 3-15 s, (G =4
Mz WEIRATLE Y, HEEH 7HERREURIR, (B — SR ILE 1S .
BARFESTARVCEL I FE P IO TR 2901 IR ME— M RS2 R 4%
i, AHRAREN 52 ATHRIRICAC R DL, 75 B0 — 20 5 B iR DU AC DAk B 48 SC )

& 3-15 NMEMBH=%K =

Figure 3-15. Three-dimensional point clouds of human statues
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3.4.3 HIBRIRTAC

BE T 25 Sk S R AR MU IC o = 28 2 18] o (R A A A 552 B AR WL A5 T T £
AR, Ak EARARI A UG B R ARAR Y, BT DAEE R = 4 S s R
AR, BIALZEESL. XA M%ﬂlmmﬁﬁﬁéﬁ,ﬁﬁﬁﬁ%@
BCI A EE, K3 TENRRULES 55 o X AR, AT BAGIBR 55 2 — AR I
L=

ST BB A RRRITE . A I AR A ﬁﬂt~Aﬁmwﬁ
NS IR S ZE R R R FEA SRAERA R 1 8, midb 2
WEAE 5 AN, AT DAHENT R AN SR — N ESEEAL, TR &%OE%
BRI R IRATR I, R BEN 5 MER, AN M SRy 8 i LUA R
U HI R

B MG I 25 [ A0 AR R AE AR 5 FR IR UL . [R5 R A = 1) =5[]
GRS KEAEIE, R IR, Hﬁﬁmzﬁﬁ¥P%ﬂ%o

EBRRILE AR W 3-16, HEPT LA, A B 7 EBRREELH

B 3-16 ZBRRILEN=Z£K=

Figure 3-16. Remove mismatched 3D point clouds

3.5 BniHE

FIEAT AL, BATA R E2A MRS iR E R, AR PR =
AEE G . X BEXT DR AT —4E R, &m*ﬁﬁ%A%%ﬁﬁ:EE
e ESERAR, K ARMA N AR S8 RSB TR RS
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JREANYME R . AT EY LK VR A s AER, X/ FEilas
FoHES e

AR AR EG R EE, Wl 3-17 . —MLELZREEA
YR 43i, & EAAR A ERBEG . BRagaums. Mol sothric

\\\\\

& 3-17 ZEA R B EE

Figure 3-17. Obtain images of different positions

351 MERTHRINRR

W R SRR R, TR MW, Rl 2 A s iR 2RO,
FUITSE MR AN K RYUE T RE T SL 4R E . MM S s RN R R
A )\XBEE K-D L8 i Abi% . Voronoi EVEM, RAGEBOISE, f—Fh
JHEAAIER S, Blln R MHEALE m4E 2 [ R s R BR , (HRH
ST RVEALF . REBHERE AW AR, & 2AWR CA 1R = 8 s
W R8s, HEABENSEY R, rUazii A E &40 K-D Wik
FEXT B BT K-D BRI DU IR BT R, BN T REMN R EK
Ui, WA R s B AR K-D ATEFERI K, I U2 AN E & R
ERE NSRRI KR, TUAGE SR AR R R, Rk
FEE MBED F A 8, EERR, BAREEREP AR 8, HEA
WA R R . TR R BdE AL 30 /A, P UsdE 1)\ SOk
MRk R\ WA R A 3-18 fis.

ke 3-18 N, RSLTRIEAT ], BRI EIR TR BN
ANALTTHER, BRI FIRIRT G HER I ESR, 1k E]. AT 3-18 1
AL B EH 8T A, EEIRJA M
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& 3-18 \XHrEE
Figure 3-18. Octree diagram

35.2 Rl

Mo B HE TR BN I 7 s T /i Citerative cloest point, ICP) %
%, BNEIEET AR maCHE. RS E Al 72— WIeE .. YItEHE
PIUFIR, XTF ICP kit de s EE . KON ICP Hikth g TIR& it &k,
WILREA AR, RGN RIEIL. YMERIZRIE 7 23T B = A BCHE

FHRCHE S H 7B R ek, MEBEREE . R SCRH T ARZER
M RRFAE . B GOEH TR EBNAE L, I 5 BT B R i BT
JOBWRBI T TAE, SAXMEEEAR, MEFX—TE. WWSEEDE
RIMEARIC A, W ARC VTR S B e . B TR R4 X 2 55 e it AT
SR, SFIETTDCRA . B SRR R T KA B R T AT AR S R AR
AR, BRI 7208 o0 3R LR AR A B B B I I AT = 4 2
PTG . MUASSE R 2= A BC HE DT VRl B R A A il 2R R R

WP RS AT, AR 5EA S Mphpl, Ho{i=
1,2,3,..n}, NWAABCHESRGIIR, €2 1R RAN:

Pt =R-pi+t (3-37)

MR Tz IR EL K ASREE A, SRFE S Z A — e R, X B 3E RN
BRECHEE 2 KT 10mm. 3@ Pkt k N, iR RA 2 FPRFHBYERIE, FPFH
A R R FR
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1v 1
FPFH(p,) = SPFH(p,) + Ez —SPFH(py) (3-38)
k
i=1

FERMR R T K A SIEASX N RTHE FPRH L. Ferfi 2 iE
AWFEEER tHIME, {£4530(3-39) KMH F /o

n
1 , . 2
f(RD) = ;ZIP% —R-pi—t| (3-39)
i=1

2(3-39) H HIpt, pi gkt i s o o G K (3-37) i R eI A A B
S S ZHITMALE, FAXEMR, tAEREH, it s siAR EAS
S, HEFNESKESCEB/NT . E—/NEHE T )\ SRERE S
MR NG R, FEFIXARE AT DU RIS K OIEAR VA R B0 N .
THEX R R FPRH RRAE. X E FPRH, W SRAR B230 i B R 2 i B2 1) A2 1E
UERCHT, LRRILAHZER RIS G TR A2 E, EHMAITR. tMEHE
. RN (B-39) 3k A %R IE X WE AT IER, R (3391 T
0.05mm, NM{E1EEAY, RERERIR, to 5z BRI W5 1 i 5256 ¥

T

3.6 A MR

RETHHEPZE, CLRG 7RAR =45, I =4HRIERE 1
NRAR JCEN T =BT 2 AT, F R R AT AR AL . RATIX
R FH A L) = A RS AT IR AL . = RS 1 2 I s, Bl R e 1k
oF WA TR A Bl TR AR EAETY

3.7 RE N

AN B = Y B @ SRR AR AT T AR A SE e, RARA AP AR
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Figure 4-4. Schematic diagram of sampling points
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