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An Image Stitching Technigue with Inward image Acquisition

Student : Hong-Cheng Wan Advisor : Lan-Rong Dung

Institute of Electrical and Control Engineering

National Chiao-Tung University

Abstract

This thesis aims to explore-the efficiency of two approaches for dual-camera
image acquisition. There are two setups for dual-camera system, considered in this
thesis. One is the inward image sensing (I1S) and . the other is the outward image
sensing (OIS). Recently, image stitching is more-and more popular. Everyone wants to
get image which has wider view angle, so we discuss and compare the result of two
arrangements by their distance of focal point, the disparity after stitching, the widest
view angle, and overlapped area. We found that 1IS can decrease the phenomenon
“ghost-effect.” Otherwise, 11S has wider overlapped area, it can increase the matching
point of feature points, and increasing the accuracy of image stitching. Besides, there
is a problem when we stitch image at short range in previous algorithm. Because there
is different brightness in two images when we take pictures at short range. It will
make mistake when we are matching feature points in previous algorithm. So, we use
some different method to solve the problem. We mainly use “correlation
matching” ,”pixel ranking” and “edge enhancement” to improve the problem. And
also, we compare the effect and speed between the three methods. Finally, we choose
“edge enhancement”, because it has two or three times speed than other method and it

can stitch most photos.
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Put all response points into a pool, SR=1

Test Max. condition of every candidate points

no
# of deleted points<50 SR = SR+1

yes
Pick those remainder points as the final matching point

B 8 Bottom-Up Maxima Selection(BUMS)ix 2 1)
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— #5 % 385 SSD = i (& fEClosest Neighbor iZ) & = fa s B b fj { > % »
e BA T BT U] B P R & BB A T TR
ﬁf v IR P R R A ¢ B2 2 4k enMatch AT R R R > Fet SSD
T B _f4Feh % > Lowe 4% 110 soaf 48 B 2 (Second-Closest Neighbor) & 5
- 7l f#fmeﬁ % 3% 73 4 Match 3 pceh[28] -
= i #8 R % (Second-Closest Neighbor) g 8 £ % - $4 7 fe &
(Matching Pomts) A E B T g AR CEVE TR g 7% H
(discriminative) - F]pt 2% P30 X i 4 42k Matching P > "f 13 BT R
#(Closest Neighbor) dl:» 2 3+ & =t i1 8 (Second-Closest Neighbor) d2 -
FA3ea Bant b D=d1/d2 <t 0.8 > Pl 77 ¢+ eh Matching ~ 3@ #8 12(d1/d2
FiT 1) PP i Match 7] “$ #H I FEw 5 4 Fh Matching Points © 4p &
# & & D=dl/d2 -] » 0.8 » A % 7t ¢ & Matching %9 3 3 % &
(discriminative) - 2 Pflies B HcB 5 — 24 Matching Points - ®] 10
% =t 17 MR B 2 (Second-Closest Neighbor) v #2.18) - B 11 2 & * 40000 =3 pc
gh(Feature points) k (T i 48 A % » kT dh i d1/d2 0 6] » &35 #h 5 false
match e % > d BAPw g Ry dl/d2 v o)™ pF » & 57 ¢ 29 Matching
A RBM o BA5- Bor falsematch et blw 289 > £F d1/d2 v b
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gt ble 22 B iE & PG H [28] B4 4R 1T 5 H 90% 5 false match
(LN P1% #- 5% correct match > v A2 SSD i®i2 > EEARE R oMY 5 =17
B R E g b)) (a)-(b) 5 AP (0)-(d) 5 Faeg fer A ¢ #F R (c)(d)
SE G ERFN S HH T -

Ca ) HHcs4me (b) e
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Get Feature Point <al> which is in Image A

Put all the Feature Points in Image B
into a pool

Compute the Closest Neighbor distance d1 &
the Second Closest Neighbor distance d2

no yes
d1/d2 > 0.8
Reserve this Discard this
Matching Points Matching Points

B 10 =% 17 #8 2 = (Second-Closest ‘Neighbor) i 42

PDF for Ratio
0.8. |5 T L |5 5 L T 5 5

—#%— PDF for correct matches
0.7~ ~ ©% PDF for incorrect matches | .|

0.6~ -

0.5~ o

PDF

0.4~ -

0.2 / s -
/ 0)

0.1 vy .

0 01 02 03 04 05 06 07 08 09 1
Ratio of distances(closest/next closest)

Bl 11 =t i1 #8 & % (Second-Closest Neighbor)=s =4 % & @] &

-13-



24 P e e 8

2-4. 1 TP RALE

BT pe(Feature Matching) 8 - 24 i € 3 G 3% 7 o fegb g ol
WD @2 < fRe Y 5 g™ fe(correct Match) > 2 2.d B 2-3.1 7 &
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A1 A R P A T (data) ootk 2 E A R TR
AT ONLGE R ONTE A PR T o @ B [36]-[3T]F0 * [33]eniTiE ki 2 1
FEefic A v P “ﬁ% H4s 28 fic Bl o Fischler and Bolles & * % #$ B~k #2 % (RANdom
SAmple Consensus) % 2 = #- 3] 7 %% 445 3550 7 - ff 4= RANSAC[33] -
RANSAC(RANdom SAmple Consensus) = — % i * BB 4k & 53+ 0 i 4% S
5 e 34 0 B Hehb] S 429 RANSAC € &858 P~ n B data ki = - BHA] -
EUSEEE fﬁé’ﬁ(N—n) ® data RopIoket A E o fg e £ T 2ER St Bdfin B data
WA ehdatar p oS SERGR B A 2 8- B4 CA] AT F RANSAC
IE AT Hehs e w P B AP TE S Aedatac 2R EAF S 0
Rl 2 % FIoR LTI d Lo BT RANSAC AL &~ R4 ch R R 2T F
Rt T IR A o e AR 2-3 AP e A ek
2.7 fe(Feature Matching) kg A N 3WA ™ fe @b Flyt T ke fe gl
PO A E L Fren(d B 2-3.1 24 iPx ¥ rrg £1) o Flpt RANSAC iz B = 2.9 4
¥ o T 5 RANASC A 3 it A2

(DAE s Prn Bk & TR EX -

(R *EnBHRrFH LS >- BRAO -

QFEFTH(N—n) BHEAFTHEE > ORF] > PRES gz 2 £ F
I FE ©

(DEAFREFK= -

(5)3s & = B g e 282k (inlier points) B~ k fadk 18 el % o

d 6 cHRANSAC /A2 2% 10 £ 7 ¥ 3f SRRANSAC /n Az g @ 5 3% 5 Sdicgnild #
PHP AT blhede AR A TR SOED n P TR LR T
4o T & @ 5 P F88L (inlier points) > iz ?;K/;i’ﬁ - ThE ko oA A RgpAP
PR B kL2 [36]-[3T]% ¢ @ * $h & TP n=4> £ B 7 =% #Kk=500 >
AP IREES 500 T F ¢ A HE S H sk A TR 2 000 € ek TR R
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5o AP A RB) R (4) ()5 A B 2D BT A M BB > 2 (4)
LR (3) e A 5 o

WX a b X
wy'l[=|d e f y
——————— (4)
W g h 1
BN DM BENBER - 408 (5) e
WX''=axXx+by +c---(Q)
wy'=dx +ey + T ---(2) e
W =9gxXx+hy+1---(3)
#30 (5)(1)-(3)xx” Fo(2)=(3)xy’ @ 5|58 (6)
ax+by +c=gxx'—hyx'—x'=0
dx+ey+f —gxy'—hyy'—y'=0" (6)
£ 430 (6) B B = e end) 58 1 DS
.1 o7
b 0
(x ¥, 1 0 0 0 -xx' -yx' -x'[c| |O
0 0 0 X Y1 1 _lell _y1y1| _yl' d 0
X2 y2 1 O 0 0 _X2X2' _yZXZI _XZI e |= O (7)
0 0 0 X Y 1 _XzyzI _)/2)/2I _yzI f 0
L 19 0
h 0
_1_ _O_

ARN(DEF L™ @t i g d J(DAPF EF MG a-h B2 ~ B S
* ‘ﬁﬁi;ﬂim FALABEIAN DO FRAGRATRELAL N B

F P4 BERATRE RS2 HOA[36]-[3T] 0 Fl A FOREEPAR S AR E S BTl
-15 -



B IR E 2 R L A L P AR R E N B A e S
Arrlig * n=4 o I ® Brown, etc» * @ H S I A R B F £ TSIk
k=500 P#[36]-[37] » #Al48 serf e g > 10" Tt ig * k=500 s 2
#Rgk(inlier points)ena fdi k2 18 > B do o0 R IMBEA X (T H &
[35]direct linear transformation(DLT) 4 ¥ 3| ts st rmenticdl He B 12 5
RANSAC irde &) » 7 Bl 5 (584 % Matching shig % » &= ¢ = % 518 RANSAC
B Mg WIATy Match pot ¥t B3] 7 - B 13 5 RANSAC i A2 ]

Calculate'H by picking 4 feature points
randomly

| |
I 1
I 1
I 1
| |
| ‘, 500~1000 times 4P !
: |
I |
I 1
I 1
I 1
| |

Test candidate feature points by testing

Pick top the collection of max. feature points as
the final matching point

Bl 13 RANSAC(RANdom SAmple Consensus) i #% 5]
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2-4.2 & i A g P~ 42 5 ;42 (The Flow of Polarized Random

Sample Consensus)

[36]-[37] % ¢ @& * %A FH &P n=4 > & B 7= #k=500> = &P 385500
= %J PEBRAHBESH I BROR AT c L F500K R FlRE & R AR
FEFFHCBEES € 48 3 > F1etRANSACT fick § 2R AR B A%47 > =0 BoA® 145 35
g A%B o F]p 2 3t [36]-[37] a2 > Chuang and Dung#k 7! 4& it ) SE 4 B~
#2 A (PRSC) [38] > PRSCE £ %?iim%#%Wﬁh@)%%ﬁdé%pﬁ@%ﬁﬂwy
drde = 0 F = B B E#D000xRANSACT @ * R 4] % o dopt Vi 2§
B Apzid * Votinge ¥ a2 M % » 2= 2#a FMatch X122 Match Y15 % &
Patterni@ o # ¥ — & ifen™ fe g A 4% » Votingb000 % -7+ i A &85 165000
= RANSACz. {¢ = B g4t VotingF|en=x e o & F = F » AP v 12 ,Fi *{f« 5 Fliz24
7 pegk 55000k HRANSACZ t¢ » 7 4 Bk Voting®| ek 2t 4 > > 5 - B
AR 3 R AR 22 0 17T 20 B R B Voting Bl ek Byt i W B o B
3 1441=% > » IT.JL{—LFF en7 Fe B § Juddkit (Polarized) s % o 4ok £ 57
17 fie 8L (Correct Match) » RINGE - 2 =% HcerRANSACZ {4 4 Voting ¥l éh=x #ic €
¥ o o ok E4E T peEk(FalseMateh) » G- =% #RANSAC
2_tsaVotingF|en=t e § 2o Lo A = B2EF A R 7 I g 24
LSRN A Ffuﬂ‘*ﬁ»*“’ l%\mﬁﬁl"aé o pE B ST R B E e 5N S
FAPE2 0 - B Al S vy BRRGEHF P 2 RREM BEE T S D
7 ek %”iﬁ'léég\r‘f‘ug tVoing Fm s F 1> ZA TR 7 4v 0 F|pt I frenn™ feBh
5 - %= B RANSACZ 18 4k VotingFlehclic g 244 7 > 45307 fe gt Voting
Plent o g 2LF 0 o 2 AT s T Bl G b Boeloting 0 R F R E E AP
i 2 cc A HE 4 b RIS SR
4 T FRBRiiE 5000 = PRSC 4L & 2 % 2 B 14 4

Number Match X1 Match_Y1 Voting5000
1 80 84 1638
2 81 84 1598
3 82 84 1590
4 238 101 254
5 106 134 1450
6 129 134 1443
7 130 134 1441
8 269 280 1878
9 269 281 2056
10 267 283 1861
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11 228 289 1975
12 228 290 1991
13 336 301 22
14 200 311 2154
15 201 311 2183
16 302 317 412
17 301 318 438
18 193 336 2074
19 193 337 2053
20 193 338 2025
21 94 373 1549
22 91 379 1717
23 92 379 1733
24 94 380 1640

7 feBhe @ ARERL € Al Fe T Rk o F P 2R 5 0 e Voting e é i e
FioBm 28 RN IF“,T*JF" o g RANSAC e F)id - T2k » @ (7975 7
fegheh Voting & % 35 &t (Polarized) sk % (44 = ¢ Voting & &) -
RANSAC ## ik » 2 3 & 34 7 RANSAC #1500 =x 4 &ab » F] 5 F SRyt 7w > £
RS e BEC AT A A GBI BB ks e RANSAC 1 ¢ 7]
PP e T - BERA B 00303 73 T feBk Voting iR E @ G s A
Voting @7 0.3 & » %77 Voting E R IR & 4& 1 IR % > RANSAC izt » 2 7 &
4B E R K A RANSAC 7 o

%R R 8412 PRSC B 5 31 ek S X RANSAC i B % 2 F =
MRS PR PR iR R TR BEE Y BB R S R A PR IRER G A B iR
Fl o i d PFiE e Ko vl ¥ AL fa T e Bh e 4 R enT gl Bt i T
Ao R FER BRI HE R BRAE 0.3 FF - =X
RANSAC & & 16 » # L BT P fe Bl p 7975 7 B p 79 0.3 B> &7
RIE % o4 chope A AR ER {0 B P ALEE = HRANSAC 5 560 @ ¥ T % IRANSAC
KB EATEPIHE 0 @ A - = RANSAC 3 # iRlE S o ik Ak kBB
RSB R 0 ot SRR T A R i S IR D AR VBRSO A H B R
Voting 82 £ i 8% 2 § & %4 RANSAC = dco ] 14 % f&1* ) %¢ 4% 5~ /2. A& (PRSC)
AL o
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Put all feature points

Calculate H by picking 4 feature points from the pool randomly

Vote candidate feature points by testing H

Put failed feature =S %votes > 30%
Nnninte intn tho
yes no
Put passed feature
Std (Voting) > points into the
yes

e ~——— -

Pick top feature points as the final matching point

Bl 14 & i 25§ B tedz B (PRSC)V A2 B

PRSC fee 8 P B BB (6 el T Fe BE 2 L 9% 8 (Inlier Points) pF » 3¢
P EFREG T R BN R FR & 0§ Voting AR YT T e B iR B R
#ii p¥ng(Inlier Points) - A23@RIAR 5 ¢t 388 (Outlier Points) - i 4t
RANSAC @ & pr #R2E5 500 & § ¥ S HR S # Bk A8 0 F1 5 7 LG Wik
L] ods (Torrl @ E B g MER Tio s v PRSC B AR ¥ B S TR B 0 R F1E
Flao AP EHBEETHRESY > 2 P REELLPE T > T Voting &5
R i DI G o - AR AT F SIS AT E RS o S HDT R E
oo AR E g XA TR EMHE N k> A P U MERE BTl B F
AP-F iRy Rl & sREEE- 0 kg A Voting B i L7224 7 4o
dopt Bt fr g b R TR P 4 (T S  FABF e f ik
FEEON 388 FIRH 0 23 o g o 4B 150 B 15(a)(b) 3 Tkt 53 1
ST R BEET N IRBELE S 5 AP € BTl e REEZE Y L 0 & IR el FEPN FRER
ﬁﬂéﬁ%@ﬁ$%ﬁﬁﬂ%%ﬁ’fﬂﬁlﬂdﬁﬁlﬂ®éﬁﬂgﬁmgm
FRBLELEC: P A A R T c FEAPRBEFREE A ISR AT

e B 7 PRSCH Foxdic b A= MR TRl B3 & { J =0 g 7 =0 dc o
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(c) AR I (d) &%
B 15 PRSC &/t @ B~ B thenid %
RFlE AR R B o AT A DA IRERPIE AT 0 B AR

, =

K

fert BB AR i FI 5 PIF LA REp JRBRILE AR F 0 AT A PSR 19 R T
R APPSR TR B R L R 0 hPRSCHR 7 X e 7 AP0 4R TR B
F gt AR R A o R RN ERT € G de hINERY SERR G P INEL € 0 B
PR 2 8Ltk o FIU PSR B - B 3 o £ Z %P A& PRSC §
P MR R A F s K B 3o PRSC A MEE MB F A 10 X X BRRR W P A
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Blenigkod £ 2§ ¢ AT g B4 10 = PRSC pFie * iRy TR B a0
Bl @ H B3R F s dopt MR Fdidre 5 98%h b F
dopts FOUR D B RANSAC iF B2 e kT A7 F & 75 500
T Tl F AR #»’i?%ﬁﬁ'??' | % @ RANSAC » % 34 7 c #cP| 7 — 5oz 6 (F
TR GRS AR ) = e 8L (Correct Match) & #p 2% g8:(Inlier) sh &
Vi)?w B A% > RANSAC ¥ sz il > e mil o r B 0 LT e
2t(Correct Match) & fip “K%(Inller)rm_ r]%,]mn ER LI R R g
4v RANSAC =k #c12 F i =% B3 4o 3 S B HEERTILAET R € 4 ¢
T - % 0 (e PRSC AP A F B 4ryt Rl TN GEAA P ENT - FEP e @
PR AR P T fe B R A HR 1T % 27 PRSC ol BB AR B 18 P R
] o

B -M’;

PRSC PRSC
(average filtering) (lower-average filtering)
#Correct trials 78 98
#False trials 22 2
Correctness 78% 98%

= 3417 10 =% PRSC MAEA=Ioih it 74 4% 5L i

2-0 FARIK

e 2-4 538 RANSAC 71 “,f PAEFenT g R s 227 0

o HRRARRPGREA (Warp Image) -~ ww & 2p >3 AR & P2
(Automatically Absolute Coordinated Image Stithing) @ # ¥ E:ED|& e
F+ B (ground truth)p % - $henig % > #rufpdt =8 & L0 - o BR AP &
Sensor % kKT H I f T OoRMEASKRP - LhPF HY - RPHREA
F] & B 0kt Bk TR 2 ﬂ;’lii%%frﬁ-%? MEd T FAER M R AP
% A B (Perspective Projection) » HM GE T 58 2-4, Flpt AP &
PEERFACEGAELEE N 247 TR E AR o 4oB 1608 2-5.1
LR B H AR T L LS o
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B 16 F A o b1

ARG B > A RBleAp R © g £ RS- 7‘5#&3&
G S @(Blendlng) PR E LR G kR L e
B PR - SRR R R (AT FREBOP BARR S - R G
ZE VU E KA EET A - Aad A TR Rend (T R T F b 2ot s AR
PR ARy ¢ 0 TR Amulti=sensor &2 RHMEF i IR g Fls AR
PR EA s FRL “‘ﬁ%"v‘mﬁb%ﬁ“‘fiﬁ’g%*%
fhen B & A7 :?{:*? D e B R A e AT U F LT SR R
*REH o F AL %&ﬁ#fim/ EWRBEREE TS R kA B
AL o TG - BAF R EORuRs A2 & o
At AR § LR £ (Linear Blending) &k % & > [39]3% o eha
8 & (Linear Blending)3@# ¢ * §EdfcnigiT 5 £ £ S #ic(Weight function)
yiﬁ LERRAIBF ORI A RPN EPFT LG Tiaad it B 18
LB Hl 5 28 0enigd Hr 2 - B8 » RF 372 L B ikn
CPIELARE o AR R TV —R PR L AR @176W€@mﬂuﬁf%
0~1 2% 2 A7 > Q2tirltampit > B 18 L3 RBABHRDEL
(Weighting) >0 € M RiEE B A3 - e }ﬁ:i%f‘g»\ﬁvﬁg_ e 234
0 Fde @ ke £ BlAr £ & 2 A RFITA TG B P E L Bd 3 R A2
g € e § Pixel crESap Rl i o BRAXIT R £ A% < o FEHANE PR £ 4%
o B REF A 01 2B Flpt A2 0B 18 Ay TS kL B
AR CEEARR > LT AT P E AR o

n-

-
,EL

ETIRN

—\\
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Weight Function
t = \ \ ¥ i
— 4 Lo —+— HI(i

- HR& =& Hrfi)
205 e S

ok & e \ | \ T I

0
Distances
B 17 Weight Function 7+ & B

AL S

U SHORGEHEN 3£ TRED STONEE LR L1 FET Ey SR
G\'Wi_,:si{:érﬁ—\;:gt o
n

linear

Bl 18 & R Rlerdp$in 8 &4 € Sk 1%
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B 19 5% Blending Strategy #72 # hx & ik

$2-8 T EFE B E AL 3 Pixel &0 B 19 % 5iF Blending Strategy #1
B2 i SALE B AT BB A SIEEY T 4 B0l -

2-T BFPHELE

bk B HLE 360 B B Y PR EIRHF AL o F A B E D] 360 & ik

BRSSP PRI P G R ADE R G S d R EHEE PP
2[36]-[40]" 387 RIIBF PG s > F15 3 b & RATHhEDRY > B2 E
BREFIAABEPIRLE IR PFHMAER G AR ERY BT R R
fIEH AL T - P R GL A ARE LI - BREs (AT
2o B A 2 ATR b (T2 L R4 F (Cylinder projection) < Bl 20

{&%%%ﬁgmﬁﬂ@’wwﬁﬁﬁﬁiﬁiﬂ—%@ﬁ,?iﬁﬁ&%
(Cylinder projection) %

5 55 (91003 5

-t

e

o 4R T s 3 R R 21
S TS IR EE E

Gl RN R W22 fp iz R KRG oyt Y BT

=24 -



im
LS

FlpE o

74(10) o

Cylinder projection

Extract features

I

Match features

'
RANSAC

I

Stitch images

ARAE: 2 5 X Lo me A

S0
6= tan 1(—) (9

X
y'= [*tan ™ (<) (10)
F21 Fe Bk T o

_],»’T:f:k . (11)

Bl 22 Pl f40e & e




B23°  ()LR4F > (DLGERERPZ EOH > APe g @k §
R0 G B LR 25 0 RSP 360 R R fRik b - SRR
g 360 R R R BRI 20 Rei ST Fl RSB

] 23 ]?]‘%j_:f;’i;%% ]
Bl 24 AoRBH & hfe b] » TP AT chg k3 AR S g h s o] 3 ¢
L3 BEE PRI - Fo R ARLL L P LI B T G AR S
PIL AT > @ 2w 2 g AP i 8 o

B 24 BHB-F L § b
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CEE N SN IR L S LR

AR - MRS A REHL G RT KA HY TR
o LA BERTHE N SRR g L R PR B AR
VR R AR T OH S R T4 R i B R B 0

=k
c' r
-3:‘}:
&
v
"
=4
B
T

3-1 p @ 8ot P thF £ EE(disparity) " &

3-1.1 k% ZiE

kA o RR A R R BMERR SR IE T
LA A RATFIZRTLR G AT § A RPIRE &R R BT

A

B R T (natch) i BRAsh R e g - 7O RTRER DR PR g ] AP
A2 odpE ¥ énti*mﬁ%$m§#ﬁ’Nw$m e LRAD -
R RSE YL ’»T*ﬂ—\ﬁ 7 prenifor B2 B ZiE(disparity) o 4Bl 25 ¢ 0 Fl G
BB & Pre RANSAC > 5 7 sv 12 & A300r cnifs B > #7I0iTEEd i X B
ik By R T pea & 2 e R o B2 B en L pE(disparity)
AE AP R RARE AT -

Rl 25 %7245 0| ]
BT ORPAGTH S ARMAK T S HRP T LR P AR S
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P 5 4RDNR 26 cnth g i BRI 0 A AP TR £ RO T - R
FLE 2T ¢ o S A RS 2

optic axis
optlc axis

Camerd

B126 AR

optic axis opticaxzis

focal
point

CAlfnera

B 27 P AR HE

BRSPS G ok Bl enifk Eehdisparity kg g ies AR S SN i

-28-



> PR R 26 fo®) 27 2 g Egh(focal point) Tk fetp w5 » A
SARW L B R TRERE k5 S AR T A G A B L PR E - B
28 A AR o Pl v P2 AR R ¢ iz s g KT RS r] o L3 §E
12> & KI~K2 K3 K4 A 52 P1 P2 & Sdpiht ok oo Rk %
BARS TS S 0 R AR 29 R R AL MASH o R AR UL
EER LAGENZ AT BE L e S FOPRLI L S o A
VOl TR T E senpEdg b oo Fpt > K1 K2 ~ K3 fr K4 f]*—ELLm s 4B e o
dl 24 H{oip s cnpedp o f EApS O EFE - 01 002 4 B A3 SpishE gt o 6
1{r 02 L4 MERIA o ApiBinsk & o x1 LApts £ BNl - TRF L S
FeT LT R S o Ap e e Sk E R e R i) ik B disparity o

/' P2
/
P1 r1 f r2
\_\ /
\ f
\ L at
d1 \ /
"~ Y
\\ / I \"\__ // g
N1l \&2
\\ / \ // f
e S N
\if 1 o
01 02

Bl 28 hahatAn s i
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object

image equivalent

image

Bl 29 = RE

B 30 H B 28 #P~1 %k » F] R AP 8 & vif ffoF @endisparity o AiE Ap
WhEIEf Ry WL &2 150 ﬂ“ﬁfu? Rl 30 7 3 g E Eerdisparity
f%0 30 ik B e Bt eriEdg > GRS PF o KL o K3 & T - A2 K2 e
K4 & 7 pe o deo Pl e R g &4 K1 K2 8- B (X0 1 fr K3 K4 - £ %02
TR EREL A - A RES R - LT t“if‘ué_i disparity=f*61- f*x02 -
gk A & 4 disparity SRR s PXO1- PRO2 kLT L
R Flt i g o R 01 020 S ARG RR O] fr02 ARgiE o A
disparity ﬁf‘ugiﬁfl‘ o FRE-BdrmE O 1= 02 % | A& ﬁifé‘szﬁf‘uiX e RN
IS B BEEDEEAE o AT LSE BAR S B BARERAT 0 O] fr 02 £ARRIT > T A
BT RREFER

P « K4

/ \
01/ \ g2
f{ | P ..\'x_\
v —e—

X

B 30 kBT g

4ok BRI 28 I O01- O24c X chhf VT 2 EIRAE 5 o A p
FH 28 {2 i s kT rdd 2 e ks o B 31 AUKT 2 e LR Tl
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KT 2 e fEES > ¢ £ 2 APt en B ghfo L B F k8 ehpedg » 01 ~ 02 4P 1%
Eoe RARAPRaE T Ol w02 hipe LEIZALE T 2 {3 E > e
FO3fc 04 LI = AP RIEY A O1+403=02+04> 71 O1- 60
2=04- 03> FIAPET IERI 3 EEFP O3 O4fox b Tk o

r1
Q1 < Q2
® o o
™ /N
\ - .Y\
03 SN
Y ” [
II\-. - - \
\ ~./ : \
d1 \ PN ! \
Y A N '
\ / ~ \
\ “mx_\
\ 1 82
\ X=C LT
b . ' b
o1 e >
X 02

Bl 31 kg ]

KR 31 ¢ = 435 Q10102 70299 5158 (12) o fe i e+ 6= 25 Q20102 7 11
@RI (13) > 03~ O4RIATERAFFLR > v P L E¥ 001 f002
L Fup 04— O3%&> a0 4ot (14) -

03 =tan™ r1d+10 —tan‘lrltj# (12)
C X—C
04 =tan ' —+tan "t ——
i1 i1 (13)
03-04=tan = _tan T gt S gt 220
dil dl dl dl

FOOREF el 28 FRELE S e AR 327Y 0 r2 £45E
Cc ook T 2w ch- R A4 IR B AP 48 £ 2R dl © - R AL REEAEAR 18
L 0 O5+ 06— 07 — 98:7&5'\5‘ i {8 i e disparity ° T o A B3 T
Fedi koo = £ 25 ROMO2 1 358 (15) » = &35 R2MOIL # #]54(16) » = & 25 RIMO2
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EFT) = &35 RIMOL 8 354 (18) -

d1+r2

d1

B 32/ &5 = vt B

65=tan*

di+r (15)
06 =tan dX1_+Cr (1)
07 = tan‘li an
08 = tan‘l% 08

F 7 NUBFI(18)1 > b 5 P EEm- T F5]58(19)
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07 +08—05-06=tan"' = +tan ' > _tant_C nt *=¢

- a -
dl dl dl+r2 dl+r2

(19
Bfe > B 3l fe® 32 £ B/ 33> £ kT {eE > » Hdisparity 48

fedz ko V(1) e (19) 440 2 18 FFI = 554 (20) > %A%E’I“'J?‘ MELDTBEDER

% o ied {83 disparity ?jﬁ{ffﬁlﬁ 2L APt = pF i & e disparity o B 33
v 011=0T+08 > 022=05+06=04> 033=603 -

d1+rz

d1

Va X-C c \\'7'\
v Al

Bl 33 kLT L2 > & HH

03-04+07+608-05-06=033—-022+022—-011=033-011

|6’33—6’11|=|—'[an_lrl+c+tan‘1—rl+c_x+tan‘1 ¢ ltant X%
dl dl dl+r2 dl+r2
(20)
|633- 011 ~tan™ rleC+tan‘1—rl+c_x+tan‘1£+tan‘1—x_c|=A
dl d1
(2D

BROACDZE KEFAPFTRFFNEARL R LAPT IR T
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DAL NP S - SN ?ﬁtbﬁ’?ﬁ“; s it AP d R d1=200cm ~ R T 2 e eh
PR EEdr r1=100cm ~ 2 340 % & BhAe L iF 5 88 cnEEdE c=-50cm » &5 B F 8

T2 {50 i& * MATLAB B> X dh 2 4p 4 & BLyE3 Y b &% 2 £ je(disparity) »
A0S B BEEEH K 2 6 SR o Tt 0 R3] 200 0 200 B E 2L sk ehpEay
oo R EAP R A g kR BN 0 F ORI AR 34 T g ik
disparity %€ ¥ 49§ £ BEEEZRAZ < @ 8 % o Y71 4R 8 K BEEEARAR < > ATdp iR K
TRt R EARP A Y F T EFIEE ML AR o i T A
g ghpedp{o disparity b (218> X PR kIFF HF N fop NS R ip s
EBEEEHE < ] o

0.25
0.2

0.15

Disparity

o
-
T

0.05

0 r r r r r r r r r

0 20 40 60 80 100 .-120 140 160 180 200
HR & B
X

Bl 34 4p1% & i3 fo disparity B % B

3-1.2 AppAL &1t 1

it B BREEAE 2 W o AP P A B TARISARL & 0 AR AP iBARL & T
WA KR BLEEAE o F £ Bl 35 AN v S AR R o ke ERE R A &
Wl o EH - e A Sl i 0]l MPBET LS afrbo
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B35 P ApaR &
B AP o i 2 (50 AP g N AR R S B B s i & -
o B 36 (a)? BRI AR S02, AL w2 B 36(b)¢ o

w2=62+g+g=62+¢ A 3¢l =180+ ¢ 61 > A P A e ARk

R A - R ,Tfu{wl Rrw2 0 BGN(22) T 02 - 01 o T o Flpt g A
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