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Abstract

The objective of this thesis is to develop an algorithm of AutoStitch for Camera
Calibration and to improve the speed of Camera Calibration. Because the technique of
Camera Calibration needs som¢ auxiliary pattetns to. do the calibration and the error
correctness of the machines, Auto-Stitch has been played an important part in the field
of Camera Calibration. In applications of Autestitch, it is imperative to consider the
speed of stitch and performance trade-offs. Traditional methods spend a lot of
execution times in order to get good performance. Because of this, it is not suitable to
use traditional methods in hardware. This thesis develops an algorithm to improve the
speed of Autostitch. In the step of Features Extraction, it deletes Feature Points from
small search range to broad search range and uses a special adaptive method to stop
this step. After this, we use adaptive method in RANSAC times and repeat proper
times to accomplish the performance that we want. We don’t need to do a lot of
RANSAC times. These two steps economizing the CPU time, higher speed but we can
almost get the same performance. Finally, we also find that if the angle, position, and
the distance of the multi-sensor are fixed, the rule of transformation can be fetched

through our algorithm just one time. After this, we can use the fixed transformation to
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do other calibration. This method is useful to realize in hardware and the speed of

calibration can be improved substantially.
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B FERE R nl BB BET L - wendRik o B 200 BRER AR g pE @ ¥ BREcb

e g gr 5 %P~ 200 B3 5 15 match = RANSAC 2 {2 2R & 53 7 11L& > B

(a) ni=200
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(b) ni=350

B 2-2.4 ni A o]

500 BLE AR BLEcH 5 ¥ RS H 5p 0 o u’ #r 3% match fo RANSAC 2 #& v+ 200 7 %
MR enBhficm M # s > F Bl BELT LG - ek L A Tk
(&3 - T &SRBy s > [27]# * ni=b00 k A & » B~ Response
FunctionR 4 & % 500 % enghie k > 4ol 2-2.4(c) ~ B 2-2.5~ B 2-2.6 > 24 ¢
EFMTHRPGA R E 2-2.2 B 2-2.3 § 7 ORI AT 3K <
Corner —'I;’K%;:s;a-i s AT BERCEE B S o ¥t e B E R e 2L A 4
e B 2-2.4(c) ~ B 2-2.5 ~ B 2-2. 6 % P~i&¥* Response Function R #2 & 4% gk

§ 0 P ni=500 o $h2 (e T RE G AE 4 e
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B 2-2.6 Corner Detector 3¢+ Bl > #® Z M2 il ~ Fi@HFIry £
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2-2.3 F B M2t I I (Adaptive Non-Maximal
Suppression)

Bt * Fisd & (AutoStitch)»Sp e chig B2 ¢ B8 ) £ 8 & et
1% %A F AT (superlinear) chBf o > Flut § o U el g AL
FERD & 2-2.2 % ¢ £T @ * B ¥ Boni=H00 kLB B Ec o g
et > APREZRLED A2 T RINE B 3K AT + ] e B (Search

Range) » #* P % 3 & 3| = B 43 ez (Feature Points)¥ 11 &

’”@

Ko ik B0t 3%3

(45 BT G AR TN AE R o R £ FL

WL F BT G A R E MR s P A gk £ A X PR PR
WMeI-L3APFERDN- BoFFLRmBFB2FLERDT L [2TIHRDTFR
(e S e (Adaptive :Non-Maximal. Suppression) f§ £ ANMS » ANMS < -&_
FEED - Eaw kel o R BrEE PR UREE B - Tl o X 2 B )
FenfF by VO T 00 SRR R R E 2 e B 2-2.7 TE - BH|F 0 (a)(b)
% & B¢ * the highest corner strength iz > & W B~#75 iz ¥ # #c2(candidate
points) ¥ ¥ & J& S #ic(Response Function)R 73 250 3 f= 500 3 7 corner &
ik o (c)(d)g * Adaptive Non-Maximal Suppression(ANMS)iz » B~ghendic ¥
Pk 2 B B~ 250 1 B8Efe 500 B gho 2 i ¢ 3 () (d) ehdF gk (Feature Points)
ve 42 (a) (b) e pcgt (Feature Points) e R B it e w353 57 > 24 - B
FEF 4T g o e B 2-2. T(a) 23V 0 e LA T S 304 g ek (Feature
Points)$f @ et 230> » T XN FEACEELY 0 o FlF G ¥ R E R
chd fpits (overlap) ¥ 2 B 2-2.7(a)en™ Lo &8> Pligs SRBl e fe b
Matching Points ¢ 2=% &7 » F15 7™ £ 385 g o fich & hgrf s » Bt i
394k Matching Flenghg 2R 30 > 4ot enfR e 2 A P en@lifd & o e 5
i@l e = 28 2-2.7(c) @ B2-2.7T(c)d (% ¢ » FIzXF S fAmiw
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‘iz (ANMS) ## &1

MY TG AR G 395 AT ﬂt%”’ﬁ ¥ —5RM & F e E g3t 4 (overlap)
HER 2-2.T(c)enT™ Z3maEdps 7 €= %~ fiif Fla ﬂ\l’/'fi%&fﬁf‘»
F 3 5 g T 03k ik 2 8 1 Matching frik & ahds 1T F) Rt i G R
2-2.T(c)(Diztkimg A m ¥ A ~ 4] a7 F L hs ) - B2EY 7

BEEFEAPEALAMS A9 FF a2 ApiegE et 8 2-1 foit 2-2 &
MR RS F R INART L] iR B A DKb Y st gy
Bk oo PP BT LR R XS T Ao LT F M s FART X
e EUAEE S 3k g RS PR B S i 0 B A T

|

r
[NG)
-3
| E—
A
A
T,

R

v

;¢ 2-2 e Response Function R A& ¢ — gL o 3 0L o pt 8L FlGULE + o) & o

i ¥ Search Range r & "+ B 4e L) 35w > § % B 25 ¢ Search Range =k
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[ Put all response points into a pool, ]

yE€Ss
[ Pick those points as the final matching point ]

LRt B ANNS e gl 3
B BhEcp -~ g ;]rgi’—]—i% DI é ,{- .

EmA by £ F]i - L AR

strength 2 ANMS &% Bt gBlg=b) - d B2V e & s ANMS v+ 42 The

highest corner strength iz » #Ficghens 5353 57 o

B 2-2.9 The highest corner strength iz &2 ANMS +* Bl 4 &) -
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¢ .
01] :!7..‘\ as}

B B E 0 LRI E A BAEEY Flh- @) g i SSD(Sum of
Squared Differences) -+ i = - & ff & (Threshold) = P F1% % & B &
ot A AR R H it Pixel @€ 224 T ot g SSDAR) o g AT S
B A B(x1, yDBE AT ¥ o A5 &3] B Bleh(x2, y2) 8L > 4e®l 2-3. 1 o3t 2-3 >
B2 x5 A i Nearest Neighbor i2 2 Closest Neighbor i2 » i&f6 = 2 8 5

HHEAcE B Birs 7 5428 AffteAP 4T o

5 2

S=> Y [FIXI+i,yl+ j)—F2(x2+i,y2+ j)]

—(3)2-3
i=-2 j=-2
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F1(x1-2,y1-2) | F1(x1-1,y1-2) | F1(x1,y1l-2) | F1(x1+1yl-2) | F1(x1+2,y1-2)
F1(x1-2,y1-1) | F1(x1-1,y1-1) | F1(x1,y1-1) | F1(x1+1,y1-1) | F1(x1+2,y1-1)
F1(x1-2,y1) F1(x1-1,y1) F1(x1,y1) F1(x1+1,y1) F1(x1+2,y1)
F1(x1-2,y1+1) | F1(x1-1,y1+1) | F1(x1,y1+1) F1(x1+1,y1+1) | F1(x1+2,y1+1)
F1(x1-2,y1+2) | F1(x1-1,y1+2) | F1(x1,y1+2) | F1(x1+1y1+2) | F1(x1+2,y1+2)
F2(x2-2,y2-2) | F2(x2-1,y2-2) | F2(x2,y2-2) | F2(x2+1,y2-2) | F2(x2+2,y2-2)
F2(x2-2,y2-1) | F2(x2-1,y2-1) | F2(x2,y2-1) | F2(x2+1,y2-1) | F2(x2+2,y2-1)
F2(x2-2,y2) F2(x2-1,y2) F2(x2,y2) F2(x2+1,y2) F2(x2+2,y2)
F2(x2-2,y2+1) | F2(x2-1,y2+1) | F2(x2,y2+1) F2(x2+1,y2+1) | F2(x2+2,y2+1)
F2(x2-2,y2+2) | F2(x2-1,y2+2) | F2(x2,y2+2) F2(x2+1,y2+2) | F2(x2+2,y2+2)

B 2-3.1

2-3.2 =it #8 B ;# (Second-Clesest Neighbor)
t 2-3.1 188D = ;% (& 4 Closest Neighbor i# ) - féf 2 i fj i e

e

SSD(Sum; of Squared Differences) & Bl

e B R e R AREEY A B SR R o & L BEHT A 7 AT R

Gw P oo T IEm Y KWy ¢ A2 Feaplatch AT R R 0 Flet SSD

¥ E_fdE e

& 0 [28]# 417 & T A8 A 2 (Second-Closest Neighbor) & 5 #%

BOPIE e 3% 4 Match e e -

= 3T #8 R 2 (Second-Closest Neighbor) chif f8 &+ - $f 4 ch 7 fe %
(Matching Points)4p ##* H & 7 fe 8 » W EZ R AHHFHF T2 5 %5l iE
(discriminative) - F]pt 2% i 4430 X i 43 gk Matching P > “,% 13 AT e
# (Closest Neighbor) dl » » 2 3+ 3 =t 17 e 3 (Second—-Closest Neighbor)
d2># 23" Bt 5| D=d1/d2 = >+ 0. 8 P % 7+ * ehMatching = & 48 i (d1/d2
FiT 1) R de iz Match 7 “,f BT fs L 4% Matching Points » 4p &
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# % & D=dl/d2 -]}t 0.8 > Rl % 57 ¢ e Matching A b # 3 & % |2
(discriminative) &% P flie™ B #FHcBt i — %4 chMatching Pointse B 2-3. 2
% =0 17 #8 B 2 (Second-Closest Neighbor) =i 42.8) - B 2-3.3 % & * 40000
ek (Feature points) R T 1T #8 A 2 » KT dh s dl1/d2 a6 35 b 3
false match e % > d B P w g my dl/d2 v &M > &7 4 e
Matching #3435 % %4 > B35~ &1 false match st by 229 <> & 2§
dl/d2 v &) ixB (< 30.8) » % 7 eepMatching * i 48 02> B35+ &7 false
match et bl 220 § 0 iz & PIng o [28] BAL AR 1E32 7 5 op 1 000 false
match > fe 5 § PI*£ # 5% correct match > ++ 4z SSD i EAApE EE - B
2-3.4~ B 2-3.5 5 A THE Z inde ) > (a)-(b) & F AP » (0)-(d) # #Fik

g e A g IR (C)(d) e § B S H BT -

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 2-3. 2 & i1 #8 & % (Second-Closest Neighbor) e 42
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!

1

PDF for Ratio
08 T T T T T T
—+ — PDF for correct matches
0.7:- -~ < - PDF for incorrect matches | |
0.6 - / i
0.5+ ‘ |
G 04f ’ .
o |
0.3+ % / .
*/ \ I
0.2+ / Sk / .
/ . ///®
0.1 9/ N 7 |
@—~~~@"”\“é/\ i
! ! _/F—G*T"e}fﬂw | | ! |k
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Ratio of distances(closest/next closest)
+
~

(c)
B 2-3. 4 5 HCBE 81 # HcBh ™ i i
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(d)

% f;’lj-—




(c) (d)
B 2-3.5 FHCBRREE 2 B BT fie g b =
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2-4 5‘1“$#§r¢%€¥rfﬁ"“ fie 2 (Delete The False Match)

&g gk pe(Feature Matching) #6 » 3V i € IR 5 3% 5 SRS A S
WD - @2 < ¥ 5 ™ fe(correct Match) > e &.d B 2-3.4 v @
2-3.5 F ¢ AL R PR ARG S Booh ARk i 0t g T4 35 40( T False
Match) » #7107 G BT fe2 (5™ — B iF q*fcﬁ AT REPIG A
(Delete The False Match) > [33]-[34]#& 417 B> 2 ki = - B I e
Ao E AU gt A KR G Ha e T pl(data) o ipd U A T A YR
dood FOUAE R S A TR T o @ B [36]-[37]¢R i * [33]aniviE ke
> Fr e A B Tﬁ‘fcﬁ' etk Bl o [33] 1% * %8P~ 42 5 (RANdom SAmple
Consensus) k2 = $23] 5| ‘,% #4557 o 5 A RANSAC - RANSAC(RANdom SAmple
Consensus) = — & & * Sg 8P4k Kk B3 il 3% S 8conip i B 4 - &
]+ 42 > RANSAC ¢ 42~ n B data X2 = — B> & * * $l45(N-n) # data
foplse st HOA)EFE Lo 0 L B A ABbn i data 3R ehdata poAAE S
WWRIAE TS ¢ BT A A et S e aad 0 RANSAC 308 3417 - T eh=i i
R A e APk i Fr datae IR EREAF S P Pl gt FAw ke

A2 a0 g 2R RANSAC #_ i+ 3ne .’rﬁﬁf}:i%”&{ii&‘?’ﬁ LR A AL E 4

Matching) % i ix + 384 4 35-cn™ feBh > T F1 T K7 fegh 4 300 3R AT FE e
(4 WM 2-3.4~ F2-3.55 s 7 rig 5]) - Flo RANSAC feig b & 2.4 $3g
* i 12T 5 RANASC 4 3 efai A2

(D4EH 5 5on B A A % -

() *znBkrFp S - BHAO -

(BDF HTH(N—n) B FHRE» ORI e H w2 L3

I FE
(DEHFRFK= -
(5)4s &+ 5 & cph 208E (inlier points) B! &k fad (4 ehi % o
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d 1 & HRANSAC /i A2 i & % g SR RANSAC /A2 @ 5 3% & Sl &4 #
P p L R bldrihe LA A TG 0 dof LA
doim T & 2 p %8k (inlier points) @42 F - LehE & o @
B OR A kAT o [36]-[3T]% ¢ #* AT &P n4 £ RRF I
k=500 = & P 3885 500 = F ¢ B X HR S H I daiR AT 29700 € 2k
TERARF] > APRFN 24405t 2-50 5% 2-4 5 A B 2D AR Ap i B %
E o N 2-5 5 E 24 e |5t o

P'=HP ()24

wx'| [a b ¢ || x]
wy'|=1|d e f y
W guwh, 1| 1] e
BN 25 A E BB 5 4rie2-6.e
WX '= ax by +c-- (1)
wy'=dx + ey + f - (2) ()26
W = gXx + hy + 1+ (3)
#382-6 eh(1)-(3)xx’ fe(2)-(3)xy’ # T3¢ 2-7
ax+by+c—-gxx'-=hyx'-x'=0
————————————— (7£)2-7

dx +ey+ f —gxy'-hyy'-y'=0

Bt 2T B B A pi 0] 5@ B3 28
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a 0
b 0
X, 0y, 1 0 0 0 -xX' -yX' -x'l¢c 0
0 0 0 X Y 1 _X1Y1' _Y1Y1' _yl' d 0
X, Y, 1.0 0 0 =-xX' —-y,X,'" =x,'[|[e|=]|0 (£)2-3
0 0 0 X, Y, 1 _Xzyz' _y2Y2' _yz' f 0
L 119 0
h 0
1

)

RN 2-8EF AT @AW o d N 2-8 AP T F R achihE S B S
ERHEAFTREBTAAA B3RS U TR ABHEATREREAS A B
BB EAPIRL 8 BATEE S ffk{a P -[36]-[37]1 * =RANSAC

FAP A RAR AT RS 2 H0AD FIL TSR S ARG 2 BT g 1

n-4 - £ [36]-[37]% » fj Wi

WAl 48 spenps 5o g e 105wy

hd e b0 9 B 5 547 B Matching=hig % > &2 d = 5 SBRANSACH A % >

A0 g g Rt Match#5® FEH ] 7 o Bl 2-4.3 5 RANSACin 42 ]
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Calculate H by picking 4 feature
points randomly

Test candidate feature points by
testing H

|

|

|

|

|

|

|

. |
@ 500~1000 tlmesﬁ |> I
|

|

|

|

|

|

|

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

B 2-4. 3 RANSAC(RANdom SAmple Consensus) flow chart
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2-5 &2 % (Warp Image)

e 2-4 %38 RANSAC 7 ‘ﬁ% P T g e pEs 220 mAEefe A H 2 18
- ﬁff‘ﬁ{iﬁ # Bz A (Warp Image) @ & 1-2 8§ SHPIA P ¥ a3k
T rp e HiaEsd s P f(Automatically Absolute Coordinated Image
Stithing) » # 2 E:2 3@ EZ 9+ % (ground truth)p 7 - eni & > #1120 4p
il sy - o BRAPASensor ¥ kI HBImET(AEH? FAot
Bk) > RBHEAERP G- TR B - RPGREHA S FIZ B PR DM T
kT H ﬁvj‘u'ﬁ MED X TF FREPOME D NP ERLP
(Perspective Projection) *» BB GE T 254 2-5 FIM A PO Ry 2 & FE

B ARG 2-5 T FRRTE AR o 4oB 2-5.1 - B 2-5.1 0 ZiF

S EHREATE L F

Bl 2-5.2 FAR o b=
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SEAA P T LT - BER K Fdok L v RANSAC g PR ens
% 0 B 2-5. 3 {c R 2-5.4 &7 ix 7 % RANSAC 4 ZrenE A % i (Warp Image)frid
ERfe APV UAIEAERGR2LE 0 0 §F BROEF LT LLT R
* RANSAC % JI'f 4148 380 e Bh o i€7 1€ % 3 4 30607 e Bh R 9 45 38 H -

foxs BAR e s BRI BA

Bl 2-5.4 x5 & * RANSAC ek & 2 1
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2-6 % & 82§ (Blending)

FE 2D FAR G IS AR AP E R 2 5 S (LR 2-6.1) 0 &
(- Hp AL 3 R AER S (Blending) - B HRF Ladp el i - &
EER TP REAERES EEEY FECE E 1Y Bl S
B) AT RGIAFT I RRBSER A Aca A (FE BT R EF L

T 2bdept > AP iEARE ¢ 0 W@ f_multi-sensor I ¥ I FEB- B oo

B 2-6.1 Rio®iifs 2 AR Guntpstei ¢ g 2

WREFIZARDT D APHR G EEL ‘5!‘?13’%‘]261%!?“#-4?*5]%%‘4
TR B MR - B F AR SRR 6 % ﬁ*»é;?« ST Tagh
RV IF“Z%*’ e R kSR Ad > el 2-6.2 B 2-6.20 APV
FRFERGR R DA B ARG REHEIROR L i R s g

R A ERRAL o FI G - BAFRE g s R F E & o
Bt ok F L ehs R £ (Linear Blending) k s & » [39]4% ) iR
R & (Linear Blending)®®#% # * pedpaig 7 2 # £ S #ic(Weight function)
KRR A H IR A R s B 1 F T hends (£ §) 2-6. 4
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SETAROH @R o Hr 5+ @R E > ART AP P
PRI EARE AR Y RPN R LA B 2-6.4 ¢ B E iR
W 0~1 22/ B 87 3 2 (5vTaad it B 2-6.5~ 8B 2-6.6 5 5 5E @A 5
Wik € (Weighting) > AP € FMARBER LT - i FARGEE
Bl» £ 345 R g £ Blir &L > 25 R F]T L F] L 8 P e 6d 2
el A 4 g E Sk Pixel enfBdgd v < ZRARITR R £ 4% % > FEAEAR
FREEAR] > T EEF A0 2 F A4 R 2-6.5 B 2-6.6>

A FAF RS REE BARLY S BEARR > T LT R PR AR o

Weight Function
T I T \ T PR ¥
— I .
~+ o —+—H[)
5 . 0 Hrf)
=) g
205 s 7]
g - “'H-.._\_H_\_
T
& MHH
o & dee | | | anpeny | 4
0
) Distances
- <" o -
= [ 1 s = >
Bl 2-6:4 Veight Function 7= & #
- 5 1896 B -
e s TEIE
d_i_._v. . . ¥ O

X r
TERRANT

B 2-6.5 & AR ok b chiE € o i
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B 2-6.6 R 4o ot £ o e

A4 L S#ikcz 4 B s—?sﬁﬂ? H TR e SRk it s o

R 2-9 v @35 B E ﬁ'% 2 mPlxel Wy & A iﬁ"‘f B 2-6.2 ~ Bl 2-6. 3 7

LRMBEE I B ATiE R i‘:g i} e Qﬁ: .

o n_ | )
= b i
| linear _ .’E,—.",l'{. o -. "{-‘; Y
- i ()‘ >2_9
'Z i I‘IW' i
i=1

B 2-6.7 @ &Bejp =% &L SHchf %
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RRIAPFIZE =

FiEs 2-9 e ED=E B E e S o0 Pixel

Strategy #7

A

4 g sl

4 hd B o f o

& > B 2-6.8 % %iF Blending

oo T AR F 0 g W 2-6.2 A
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$=% @7 BUMS # PRSC # ks foid W B 2 R 3

sn

B FA50 - MY RGME PARTHL U BT R AEH Y L
o AL T ARV AR EERY Y T 4 RGN A s

KRG 1L 2 F R PR o

3-1Bottom-Up Maxima Selection(BUMS)

3-1.1 & e:f i 2bde < v R Mgt 225~ 3t

B 2-2.3 % P A AR A EtEbE < i R 5572 (Adaptive Non-Maximal
Suppression) eF & % o & & 2 i & a4 ANMS 3% AutoStitch erifat BE % RUF
R AT e

AP LT RE- T A B EFP (Feature Extraction) s Zx iz * ANMS
2o 2 712 ¢ j¢_the highest. corner strength :&E 3| ANMS » 2 & 0 %7
0% — ~ ANMS #7H P~ cngd gt 42 the highest corner strength # 11T
AETRERB LY Y 0 - BERE AN > FL AW E S R iR
P i A SRR e E it s (overlap) 2 b o B ERAFIL G B B
SRR G E G PSS S ¢ X A X P REE B 3-1.1(a)(b) = A
SRR Y B EnGy o T XN AR D 0 B G Y RS R
E 384 (overlap) 2 22 B 3-1. 1(a)en™ L 30a & &> Bliz s 5% Bl Matching
Points ¢ 2% e> » F] 2 T L IR 3 hendF g A Ik;ihm N et R 2 F
FAPTA PR RS o R A R eOBlFE % > AR 3-1.1(c) 0 Fla Ty ik
B G 33 A G T E G ¥ R E B e E 304 (overlap) .2 Bl 3-1. 1(c)
AT LN A H A S L R TG A DT SN i S AT

vk 2 18 1% Matching fesd & e v > F]pt i 3 4B 3-1. 1(c)(d) izt »
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(c) ANMS 250

B 3-1.1 z

TR RS 1S S R B A A o § o - B kEL

BT URA A - T hfcp U o R AT EE G R E RSN
(superlinear) B % » Fpt ANMS Fe 5+ 3o 43 @b B #5412 ni=hH00 » i B 4%
MRl D 2 INE IR FHFRFEZNEL RS - FSFPFLEES B
2o ANMS P~ ac@benit * Apy 4 b o

BFAPLT - B ER KGR S R (ANS) it 20 B
2-2.3 % ¢ G I ANMS 50 E R FERPGTIDLF Gk > Flptd F
#z Response Function R eh3# §= [ r €@ "+ JL S5% > § & B B 5 ¢+ Search
Range = < & pF > ﬁ‘ué stk s ANMS sndE gl o § Search Range €& P2 < jip
HEW R o G HCERECR g AR EH e o 5 FPACIRED B DA B & gl ni B
(12714 ni=500) » ANMS 4 i b #5528 © 4o 3-1. 2 -
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Put all response points into a pool,

Test Max. condition of every response points

no
# of points=500 SR =SR-1

yes

Pick those points as the final matching point

Bl 3-1.2 ANMS /4218

e §_hiz4 ¥ % Search Range r h|# épfaz&;m L HF > (e F AR ir (%
SR Y, ¥ YR Erl FrpcBE R P AR RS o i} k8 2k B 4> Search Range r
o FE BT S CRGIFE DR A S (TS Tk A

U Bt o AP R PR ) 2R A BEOR R L KWy A

-

FEFIRE ARG R R RIE LR AR Sk o i LANNS &
AArhlEAR F R ALY § o A B D ko hgE jrgbirb g b o ¥ 2
et > B AutoStitch indzd ¢ o Ficg#pP it < i 5§ > 4 )’j&{ANMS
B EITEL Gk o R r AR L o AR eA AT F] 1T

Pgonted ¢ B Critical 9tz » 5357 FB PG LE T E 2 99T o 4o
3-1.3 - B 3-1.3(a) & 7+ ANMS =% % > @B 3-1. 3(b) & 7+ Search Range r j&_& *2
* HEw P frcEbdic® & Search Range r M AR 0 AP E BFIRKIF 4 T
AP BB fERE Y 0 Bl r WA T 20 M FrikEEE B
SRR S R ARIBATE TR o TR pE A BB R A Bk

dApg A R e (Rt A R =R R Bk B 10 R r=R s 0 B
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Number of Feature Points V.S Search Range
700 T T T

600 -

500 +

400 -

300 -

Number of Feature Points

200 -

100 +

O 1 1 1 1
50 40 30 20 10

Search Range

(a) (b)

Number of added Points V.S Search Range

120 :
(4]

g 100

[a

=

(&}

g

& 80t

2]

£

1=

2 60Ff

c

S

o

i)

(&)

B 40t

@

5

]

o)

E 20

>

=2

0 |
50 40 30 20 10

Search Range
()
Bl 3-1. 3 ANMS £ Search Range r 2 /% » & 17 = & -
(a)ANMS =% %
(b)Search Range fiie *U+ I 45w B i BT o e £ 7 4%

(c)Search Range f4<& FU % JLP 5w P& i gl 4 el ]
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% 3-1.1 SR & "~ jip %”ﬁ‘?” Eﬁ#iﬁxgéﬁﬁ’»ﬂziﬁi‘a do el it A& gjt’ &) —

SR >50 50 49 48 47 46 45 44 43 42 41

Points 0 31 31 33 33 34 35 36 40 | 44 | 45

add 31 0 2 0 1 1 1 4 4 1 1

40 39 | 38 | 37 | 36 | 35 | 34 | 33 | 32 | 31 | 30

46 48 50 56 60 63 65 69 70 74 78

2 2 6 4 3 2 4 1 4 4 6

29 28 27 26 25 24 23 22 21 20 19

84 91 96 | 100 | 105 | 110 | 119 | 129 | 149 | 156 | 168

7 5 4 5 5 9 10 20 7 12 24

20 19 18 17 16 15 14 13 12 10

156 | 168 | 192 | 215 | 243 | 280~/ 317 | 365 | 413 | 608

SR r=g AR, LREE ERELF N o At IR G TR Y
—> 5 % > i @ Worse Case =03 &) - B 3-1.3(c)% = Search Range r &
P SE T pF 0 B 4o BB & Search Range r ¥t IEM RE o A s T U g
FREBEEIY ¢ BB e iR 22 0 0 - 8] r Bl 120
PUT o P HCEER Ae B o BB e o et R R AR R A E B g o &
3-1.1 Li— Hapm 7 ANMS szt fim » FI8% i Bk r K3 kR B i) i 4
1210 B s AP Hgo ¢t Pattern < ] 5 T52%500 #7041 3K 5 L0 B AP Mo
A3 B0 ABIK S 00 AP EHMY 1 AE TS AP HRY 0 FHRERA e iR
FLF D horfg) 19 2w o PR e licR I ATE 20 0 2R Bt
FAEPME > =49 S0 AP IEFE G F B pixel wiTen 99%99
FRAART A FrRRA PR S BERES R ALY AN R348
# 3-1.21* 7 ¥~ i Pattern» 3 — eI g AP I F P BB PRE
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712 mehPattern $8F - eI g o TR A AAP Y 3L FlGL oy r ik &

U R 0 FI A BB D AREE D RS o T R R o A T e
HeBEp AR d

Number of Feature Points V.S Search Range
600 T T T

500 -

400 -

300+

200+

Number of Feature Points

100+

L
50 40 30 20 10
Search Range

(a) 23 g‘ (b)

| - %
Number of addeo ow&s— m‘\%;
100 i AR it

90 -

70+

60 -

40 -

30+

Number of added Points in this Search Range
al
o
T

10

1
50 40 30 20 10
Search Range

(c)
Bl 3-1.4 ANMS £ Search Range r 2 i# » & 474 &) =
(a)ANMS g %
(b)Search Range # & *T+ AP 5% PF e e BL3F P~ £ ] 4 )
(c)Search Range &€& *2 % jLp HEw P e A E A e e R
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% 3-1.2 SRE "X JLP S5w PR BB E 2 B So e B S A R ) S

SR >48 | 48 47 46 45 44 43 42 41 40 39

Points | 0 30 31 33 34 35 37 38 41 43 45

add 30 1 2 1 1 2 1 3 2 2 1

38 37 36 35 34 33 32 31 30 29 28

46 50 54 56 58 60 61 64 64 68 70

4 4 2 2 2 1 3 0 4 2 4

27 26 25 24 23 22 21 20 19 18 17

74 81 88 98 108 | 120 | 131 | 154 | 187 | 215 | 249

7 7 10 10 12 11 23 33 28 34 27

16 15 14 13 12 11 10 9

276 | 307 | 333 | 368 | 404 | 442 1 488 | 582

31 26 35 36 38 46 94 0

3-1.2 BUMS /= #2(The flow efsBottom-Up Maxima Selection)

i 3-1.1 B AL ANMS s » A 452018 > 2N i 2 S T B s ANMS J7 5 2 s
R T G EFRPGIREL R AR RS EE R T A PRS- R
Poig e B2 > fi % Bottom-Up Maxima Selection - f§ £ BUMS o BUMS ‘4= i@
SCANMS i B2 > v ud D - Henp ey REH E AP X B TEM o

@ 2o ANMS % & 2 5] 5 BB 4> Search Range r 3 &3+ » & §_ i $gBF|en
P fcp ~ (0 0 3 B EEFEAE > F LA PRE B BRI Search
Range r € h LM 4H5E » TP r=] B4R 0 % rAR S P L T 3R D kg
BcBEAXT o AR A%S o F HcEh i p Pl ##17 500 1 Bhpe o B E ik
AR B A B iS e BUNS & A ) e B W ATEEAL S 2 2 2] ANNS -
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Put all response points into a pool, SR=1

Test Max. condition of every response points

no
# of points=500 SR =SR+1

iyt

Pick those points as the final matching point
B 3-1.5 12 i 3| ANMS /% & % in 42
B 3-1.5 5 i3 1 A ANMS eiis & 2 Jn A2 B> 24 i v o2 5 ) 8 2L ANMS € _Search Range

-
ros &K BN HEr o0 AP f iEE ofie iz A ANMS i & 2 K r=1 At
PEoE > LA ANMS § AR & 4 g 585 & o

EFg o A ANMS 2 18 o 2v i AP S A ANMS A r=1 At iEsR 0 e A
WETuEALE ¢ 0§ F - L LA A SRR T ko < BT 8 OF R
b= B r g P oerdpEe A kg E Bk (candidate points) ¥ 0 Fl i FE A r=A

g AR R A LT R s 0 PR B r= =A" > Am'fi/‘iriﬂ fo ™ & fF K
gh0 o B ANNS 2 #r0r F & EAFHIETE TG rod PP Ry o T g r=B 3 A

FHCBLRET 2 - T A& =B B - A A EFHRE o TU R R AT KT F S

\

e 4RI A E - T8 P ni=b00 i TRk B % A_ni<h00 ¥ & {8 m s

(i}
Yo

‘\}q

20 & A ni>h00 - TLESIREE BT APRFIR 3-1.]1 i 2 R
Search Range r # r=1 /Lo 43 P iF g fcBbap - e {rib e PIf 2 & 1
TR B 0 4cB] 3-1.6 © Bl 3-1.6(b) & 77 r=1 L7 3 5k 5 i e BERE P B
S M GR > AP EFIREE LY =] B R S gk F o 2 8

B UL AR BACEERE (AR TR R A S DI 0AQE 20 2 1 > A
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Number of Feature Points V.S Search Range

6000 ; ; ‘ ‘
5000 -
‘g 4000 -
o
o
> 3000+
[N
3
E 2000+
=
1000 -
0 | | | | |
0 5 10 15 20 25
Search Range
(a) (b)
800
700 |- i
2 600} i
5
[a
(]
5 5001 4
©
(]
[T
T 400+ -
k]
[J]
©
%5 300 i
)
Q0
E 200t i
pz4
100 - 4
0
0 5 10 15 20 25 30 35

Search Range
(©)
B 3-1.6 BUMS £ Search Range r 2 7% » » 17§ &] -
(a)BUMS 1% %
(b)Search Range j€_r=1 i ¢} ¥ 5k P % fcBLIF B~ B & B
(c)Search Range i_r=1 i ¢ 3§ 38 pF e Bt 7 F #E B
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% 3-1.3 SRE_r=1 /¢t Bk P2 B3 e & &7 7 fﬁ’zg i ¥

SR 1 2 3 4 5 6 7 8 9 10

Points | 5018 | 4819 | 4068 | 3296 | 2616 | 2071 | 1673 | 1336 | 1093 | 902

delete | 199 | 751 | 772 | 680 | 545 | 398 | 337 | 243 | 191 139

11 12 13 14 15 16 17 18 19 20

763 | 653 | 566 | 494 | 438 | 383 | 354 | 305 | 279 | 262

110 87 72 56 55 29 49 26 17 20

21 22 23 24 25 26 27 28 29 30

242 | 229 | 208 184 | 174 161 147 138 132 126

13 21 24 10 13 14 9 6 6 10

31 32 33 34

116 | 108 98 93

Tt 4 MR AR S e o B 3=L.6(C) B T % r=1 Lt IHRPE 0 B eE R
“fﬁ—ﬁjﬁt:&—%ﬁ Search Range r et b 0% » 2V 9 ¥ r0i 8 TIRI R 4 r=1 42 %
RIS r=15 pF > F‘J‘fﬁﬁﬂ%ﬁ&é‘%ﬂzi‘fﬁ"?b# ozt rARE 152t F‘J‘,fﬁ—
S LR A ABIT N B re B0 i AP e g by 73] 5 © A BUMS
oLk B ANMS # g Ap g feiEE F > F] 5 BUMS BIR 41 f%) Eﬁi&:}%ﬁﬁx g g
SR o E BT A E B o B ANMS BB S T 1%k PEREEE | chd fcEl
BB ARy et > TR AP E F B E > Tt BUMS p 227 12t i3 5L ANMS &
BAnE SeEE R oB3-1.74c4 3-1.4 % * ¥ - B Pattern~ 7 D 4pF eh%
oo AP aTT F P BEPIET 12 2 Pattern ;WG - ARG 0 R TR
SRIBE AT (] AL HGEPE 0 F) A B AREEIR S o T B ELT H W g BT (A
Vg B AR BT R TR P BT ARG b aniE gk g AR P A F
[JNEERY: R = el fﬂ;m; e HCEE > (e F N S ACERAR KA D o RS9 AL
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Number of Feature Points V.S Search Range

5000 T T T T T T

4500

4000 -

3500 -

3000

2500

2000 +

Number of Feature Points

1500 (-

1000

0 5 10 15 20 25 30 35 40
Search Range

(a) (b)

Number of deleted Points V.S Search Range
800 T T T T T T

700 -

600 |-

500 -

400 -

300 -

200 -

Number of deleted Feature Points

100

0 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45

Search Range

(c)
Bl 3-1. 7 BUMS & Search Range r 2 /% » & 474 &) =
(a) BUMS =2 %
(b)Search Range i€_r=1 i ¢} ¥ 5k P % fcBLIF B~ e & B
(c)Search Range #¢_r=1 i ¢ 3§ 38 pF e Bt 7 F #E Bl
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% 3-1.4 SRIE_r=1 A ¢t 5k pF F B3 P~ 88 & 7 ",ﬁ% SR

SR 1 2 3 4 5 6 7 8 9 10

Points | 4672 | 4450 | 3710 | 3035 | 2420 | 1795 | 1371 | 1098 | 873 | 716

delete | 222 | 740 | 675 | 615 | 625 | 424 | 273 | 225 | 157 92

11 12 13 14 15 16 17 18 19 20

624 | 558 | 486 | 445 | 411 382 | 357 | 323 | 284 | 238

66 72 41 34 29 25 34 39 46 38

21 22 23 24 25 26 27 28 29 30

200 174 | 156 140 | 126 114 109 105 98 92

26 18 16 14 12 5 4 7 6 3

31 32 33 34 35 36 37 38 39 40

89 86 &3 82 74 70 65 63 61 57

41 42

53 50 50

IR0 P B R DS S RAR 0 LS SR AR P § Jh g P
FIE AR G 455 > BACERTINCD R P D AR b e

%

Ay

& 2+ 5 & Bottom-Up Maxima Selection (BUMS) % ¥ » 2% i ez £ 4s

N

Search Range r #%_1 B 4o/ h3gsk » & 7 ARGy ¥ F 4% 0F:8 2 4
(Candidate Points) & @5k » % {ﬁ%sjg’#%j{;fg\bﬁﬁ&z A FohApEL 2@
* ni=500 #ad (s ek » @ §.4 & B Search Range r % ",ﬁ?ﬁ-mﬂéj 50 »
BUMS T i% ik » ¢ ig 4k tcp F1E_F 5 % #acEkp) i BB <50 pF o BB Fgke &

ApIT T a4 3-1.3- % 3-1.4 AR FEEEBZI M bley & 3-1.4
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Ir=13 pF o FRCEEPIE OBR BT AL B0 2 (8 AR RARART e PN E T
HEF A PR o BB P i § A8 K AE S > Search Range %+ i ik PI'f
TR RCRE R ATAR RAR Y 0 7 g R kS B S P Ly BREP R

50 F# > BUMS T iz 0k » 2 Jopb a2 ¥ i et e E 3 B E 0 B ALK
2L ¥ ) > 500 B 0 H2 (S e Matching » F % ehflet > 4o@ 3-1.8 -

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

Bl 3-1. 8 Bottom-Up Maxima Selection(BUMS)i= 42 @]

3-1.3 #FHucgkin3 » w5 % (Verification of the Uniform
Distribution of the Feature Points)

SR I LRI S IR S S Byl S = E AT 59 - Ak
EF A F o FIASHFEE RN - BH S D BB 2 kR
%o B 3-1.9 Ao Hach s s B¢ hifR s B P o #ngk(Inlier Points)

BEG AR X2 APL YA RR GO e Y gl L > B 3-1.9
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(b) &4 8 - ()Lt # i
B 3-1.9 HacEhi i & ¢ PR bl

(a) ¥4 B i 7 peg-(Matching Points) » =4 = % p rgk(Inlier Points)
(b)) B&B T
(c) &R
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(b) 348 - ()Lt # i
B 3-1. 10 HacBhdi 5 A ST g b

(a) ¥¢ B3 7 pe®(Matching Points) » = = 5 p #%2:(Inlier Points)
(b) 2 A
(o) st ¥ ik
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sstd_x 4 %W & 67.493 22 67.723 > std_y 4 %] % 39.431 £ 38.896 » 2 i ¢
WY e X ] > Ty dhs R 23 0 TRl 3-1 9(b)fr(c) i r hEA
Flfed s B BT 0 FEPFHEEA DI L GHEL PR FELE LD o o
i kg B 3-1.10 » F2i? eop fRg(Inlier Points)&+ 3 15 % » £ 2 i3
E S RPN X i Y iR L o B 3-1.9 hstdx 4 B 5 72.914 &
72.642 > std_y # = 5 104.67 £ 101. 31 » 2 i1 ¢ % R X ghfe ¥ fheiif 2 £ 50 %
< 0 o w] Y shiR 2 £ 5 35~40 3 4r 3] 100~105 2 B0 E L 22% < > R 3-1. 10
FHcgE s TR a2 > AP e FRE 3110 fr() s mERA R Ird & B
Gr e s o d BB OIS AP T F R o FRBEE A R A
B - BL¥ W andEe > @ BUMS %t b B cmo g 4 F AR

oA ANMS * it < < & 4 EEE 0 Fpt BUMS - B2 4 ehiuE -

3-2 & A "E ¥ B~k 42 B(Polarized Random Sample Consensus)

3-2.1 RANSAC # i7 =tdic 2. 3455 (Discussion of RANSAC Times)
A 3-1 % ¢ g0 BUMS Biigs i o u,f =¥ 3 SSEVESE WA RS 51 -4
[ R fw;;%@j%{? " ek A 500 B0 BB A A e
o T BB A ) 500 B T LGB o TG 5 A PRTg R
[36]-[37] % ¢ @ * &R AFH 8P n=4> £ B 7B k=500 =& p 825 500
TF PR AHEIH IEOR AT S ARZEAPEILET T N R RS
P % s enRANSAC? £ F#P &7 12eno [36]-[37]3# N3 7 k=500 © &4 7
BREATT P4E R e BRASaE RANSAC 2 16 23R4 7l “fﬂ" ¥] 5 % 518 RANSAC 2
2F P IR Bt R S - g 4 R 4o 3-2. 1 B 3-2. 1() (D)4
i 538 RANSAC 2 % 5 = B false match e % - B 3-2. 1(c) %+ %15 false
match #7ig & chP H L 2 o

Fuipr g LB &4 RANSAC = i 500 = "2 3] 50 =x - B] 3-2. 2(a)Bg w4 7
500 =x RANSAC % p 312k > B 3-2. 2(a) &+ 34 {7 50 =t RANSAC 7 p 38 8L > N i ¢
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(a)
B 3-2.1 % p RANSAC 22 % prenid & B ik

(a)(b) 5 RANSAC 2 14 34 & @ false match =i %
(c) #1% false match #7id = ch@i k4 2

49
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(c) 347 500 == RANSAC ek & B 1 (d) #47 500 == RANSAC ek & B 1

Bl 3-2.2 #4772 Ip = # RANSAC shp 3RBE G S 1 L & B0 ik
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FRA BRRR 2 R FI A e =2 - o GRS 'FB‘T&? IR -

%% & 500 = S RANSAC it % 4 58 B e o

3-2. 2 & it A P~k 42 5 /i #42(The Flow of Polarized Random
Sample Consensus)
[36]-[37] % ¢ @ * %A FH 8P n=4> £ B 7B k=500 =& p 825 500
TF PR SHESH BN ATH T H00 KPR FRE & DI R REELSR
B FRF HcBEes € 32 B 0 Flut RANSAC =t dick 4 AR HAR R A% > S BoAR 4538
i g AXE o T A N [36]-[3T]hiiE > A PR IR A S EAR
(PRSC) > PRSC # & * 3 & 41 (Voting) % #Ast i $u {8 B IR BL N2 0] > e d
3-2.1> % 3-2.1 %7 2 &% 5000 =x RANSAC & i&¢ * L L 84 % » 4ot st
PrEe it Voting ke %+ 2.3-2. 1 =4 {7 Match X1 £ Match
Y1 5 % & Pattern 426 # ¢ = 5k o™ gl Acit > Votingb000 4 & & B A%
2L 3% 5000 = RANSAC 2 {& & ip ghat-Voting F|eo=i fic o & & 3-2.1 § ¢ AP ¥
Vo EE R 3E 24 B 7 e gk i85000 —t FaRANSAC 2. #2034 B 24k Voting T
et b F - BAEEEH I R E P22 5 1T 20 B &R E4 Voting
HESES SRR R S S VIR S S A S S E RS T
(Polarized) e % o 4o % H_it Fren™ fe2(Correct Match) » PG iE - 2 =% $ceh
RANSAC 2 t5 4k Voting Flen=c #ic € 224 7 > Ap ¥ > 4% 2453507 fegh(False
Match) - - == 8 RANSAC 2 644 Voting Fle=c #ic g 224 > > &4 - B
PEH R RS T USRI o Bt 2-5 ¢ A S B AR i e B T

FH N X R BT S FAPE - BrAROECA e oAt

~

FREEHE Y ARSI BT S LT fe gk FRE A e & Voing b 4
te b 1o A PR R]A deo F]pt I Ar 0T fe BRI - Tt #ioeh RANSAC 2 f6 4% Voting
Flenscdic 6 24 5 0 B enT fembak Voting Flehs e g 25F 0 o 2 414 iR
T peBEimy b #eeh Voting 0 R F] et B AN P 2 et d H B4R R Bl R
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% 3-2.1 T peBki i 5000 =x PRSC 3k & 5 % 2 B % 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
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

T Bk § A iEA g T AR

FenT fe Bl o ) v ARG

FioRR A2 N 'lﬂq}u? R F

> #eh Voting  § P

» % RANSAC =t #cd|id - A2/ » R F97F 7

fe 2k Voting B % 3 4& i (Polarized) & % (404 3-2.1 1 Voting = &

it) > RANSAC ¥+ i1t > 2 % & 44 {7 RANSAC 3] 500 = 4 & 1k > F] & & H IR

o Ao LR feBhe GH T 0 3 G R E T

5 8 ki 4 RANSAC

Toe FR A hipE - B E 0.3 § #TF T el Voting iR A ¢ g
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5+ Voting 0.3 & » & 57 Voting & % 3o/ & {* IR % - RANSAC iz i >
PEERLNAEEFLE RS A5RANSAC T -

R A2 b o PRSCaB ¥ 5 3 m ca 2 o @ SL RANSAC i B 2 2% =
SER PR PR R AT TR B Y R R AP HREHE S £ B
Eo F G i h iR S R T i L T R BR RN 4 e T e Bk FI R
TV U - BRG] R BRSPS (o AP ER- BIRAE 0.3 =
fa— = RANSAC /& & t& > £ E 4R T eh7 feBhiicp E | #7F ~ fe b8P 10.3 &3>
£l R A B RS 0 RIS PRSI O RANSAC B 0 A P T in
RANSAC /6 7 B £ 374854 » @ H_8_F — = RANSAC % ¢ Bl # kA B2
BEOR PR At DRGE T O A X i A B FRBE 0 1L A H
wmVoting R £ 287 W { &% RANSAC =t i % w F AP € 8 I & &

R o B 3-2.3 5 E 1 AN IR 5 (PRSC)H A2 -

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 o %ovotes > 30%

yes no
Put passed feature

Std (Voting) >

Xy

Pick top feature points as the final matching point

B 3-2.3 1& 1* | sE B~ 42 & (PRSC) ;= #2. 8]
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PRSC fe s ts FF B BB~ B o et g7 e 2L L 98k (Inlier Points)p » 24
PEFREAT TRk K TR i § Voting AZE T T e BEen MR B A
s ¥ Z(Inlier Points) - 42 RIAR = *h 388 (Outlier Points) - @3t
RANSAC 2 & ¥RBE 5 500 =t % ® B~ = # S feenfh A 8> F] 5 UL 3 Rk
L] cde (T m A B g MR R T35 0 & PRSC B~ MR d Bt TRl & 0 R T

Fla AP P TR R ] B2 S FREELPE Y > T Voting B R
B it RG> — AR OF R F SIS DT R E A o D HhE R E X
o R E R A TR EER N k> AR P U MERE ETRR E o
A3 AR5 R 0 B RHe 0 kgt Voting g e An ¥ v o
e hopt P2 fr oy b T HRBEECP 2 g2 S h e FIS BB R E P F B

FEOP FBES PR 23 ZF SR g o 4e] 3-2.4 0 B 3-2.4(a)(b) & TRR

=
A1

PR HhehT B AN % 0 A6 ) cp 2R BALE 0 A 3L e

p %‘Kf%b?a’ﬂ SRS F RS E # 3-2. 4(c) e 3-2.4() §

ot TR 0t 284

(a)(b) ™ fizBhgz b 312k
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(0) R (d) st T
] 3-2.4 PRSC T&f‘ BB B RS %

RFEPF ARy TR E- R ’“iﬂp a*“ “'Un\ FEOP IREEPIE AT o R A PNE
T g R Fl i P fﬁ-rru_ p’«l Kﬁ;hl‘,‘a@ﬁ R SVE - S L NS
7o B APEOT S q;ﬁk 3 %Mrﬂ PRSC REFTH e FEAPEART W
»iE o ﬁ 0 g AR T R 4T x\i { fé ﬁb,mg 1a o FREEL 2RI LN IR ELAIHS
€ oim PEI T 2t E gk 0 T Lbﬁfﬁ%z - B2 o £ 3-2.2%
B4 PRSC % ¢ @ # MRt 3oiE A ¢ e 5§ » A g PRSC = 3R 10

CEHPBFEE P AR d £ 3-2.2F ¢ AT g B a7 10 = PRSC PF
B MRS RS R R SR L F S ot e T
T O98%h A M E A o gt TP @5 RANSAC B 2 R Tk E
FLEAZEHED H00 Sy FLEAPR L 4] kA RANSAC » # #4 1
F#P| T - Tk (S ( T T peEE R LA & pF) 0 & ar T e 2h(Correct Match)
£ fEp #88(Inlier) s Eﬂiﬁk SRP Ak > RANSAC # 2 ik > e g
7o REA] > & arT fegk(Correct Match) & fip 382 (Inlier) i 42 I“ii*u
EERP DK A A b 4e RANSAC X St g i S B 4o D22 § 0 Bfe g
PR EAET e 6 1 € Fm- % > @ PRSC £r7 F & 4ot i F)pt G A
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PENT - ARG 6 RSP P T e BE R A R 1 IR & 82 PRSC TR
EfeB R E RS PR T AF e R ¢ APs g e PRSC & g
% RANSAC A { i&— # e 45

# 3-2.2 3417 10 =t PRSC M ARAriofh =t 24 48 F 1 i

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

F-F &P oA 20 5 B¢ * BUMS(Bottom-Up Maxima Selection)#
PRSC(Polarized Random Sample Consensus) &g ihid & 2. ik it Bk 3t o
AR AP REHEA B 2 S e Bk ks A ok ) e
FOFROATL R APOLEERIFEZE G RGFE I AFWE Y S
kot g P y‘jf;ﬁggg@;g PrFm AT ART UK K ik

PAL ESkE D S B Senosor 4p ¥ R B w7 o ke | o0

ek
T
N

FRFOURNRTERE - AP HERRREFEZ T T AR R &
B ] A ] B ik T o ot g e L S e BRI S

CEEEE T SRR A i B S

4-1 BUMS i# & »c & 4% (Sumulation of Computational Efficiency
for Bottom-Up Maxima Selection)

AHEZFF P APA L BUMS(Bottom=Up Maxima Selection)&é= & » &2
BT B 07 e LR AL ANMS Jo B AR NROR B R UL LN R o
o R B0 R Tk P BBl f 2 0 T EE R
FIp - B ANMS i 52 F1 S H0F SRR F 405 20 3s > Fpt b0 BRI
PER IR hpE R Fpt fds 0 & BAE B s S - BUMS(Bottom-Up Maxima Selection)
$o P B PHOF o BN L0 H5E 0TI BI R R nBOR ROl AT g5 3
o f I E B T2 B B RS E R BROF L iR
"FHCP 1>t 50 BEE 0 BUMS ik b o eyt ehiEE 3 E 0@ gk - 2 i 500
2L B A2 500 B BRI el s F o anfler > F A 540500 B0 F
i iR ok ] E R G e 58 Tt apat ki g0 @A AMNS { 4w

FoB4-1.1 12 e B i s AP 12 2 Pattern » * %2 Pattern 3 = 36 &
F

B

=t

oo 32 AR AINS BRIF dod0F o] 5 U< che 2 > AP Tr 2 FLikk
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Bl 4-1.1 RlFE#cEE 12 2 Pattern
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Fo 4-1.1 ¥ & 5 & B i@ s ANMS 22 BUMS &3t B st i

Pattern 1 2 3 4 5 6 7

BUMS/ANMS | 0. 25 0.25 0. 27 0.24 0.51 0.18 0.21

8 9 10 11 12 Average

0.23 0.20 0.32 0.36 0.33 0.28

g B 100 et RS T H 4 BUMS 0% & & Vorse Case 7% £ - 4
4-1.1 &g 7 35 12 %= Pattern 7eid o ANMS 2 20 i BUMS i@ & st e o 24
§# M 12 mehPattern I » 48 #iT 4 Bt donk > Tl k@R LS ¥
F17 0.28 0 &7 BUMS A= @ 5L ANMS s TApg S8 B £ > oy AApd 6
thig % > F15 B ANNS 30&F 272 r Ut AP 5w > 80 & p 2 fx > 24§ BUMS
WF LT r AR D @ RNt 8] FEE g AR o £
4-1.2 81 & = F B 1P ANMSZ BUMS i@ B st i o AT € F IR S = 3R
B E sy T3m b & [ 4ulpg — B0 o HE8 AL FIRG S #ea Pattern

AL E = SRFGPE S G R aptai SRR A - BERE 0 2 & F] 5 BUMS AR
LR YR s T T PR Ep s L 2T RS U 2 B SRR SUNC IS L Ul
BUMS ,1*2 € ik o Tt b e Pattern et S F 2RIz E &
R B R RE R A T KR A A A RPE -
FHERF o F R ABAANNS FEEA T - XSG E Rk o W 4-1.2
S S Z SRR e b o

%04-1.2 s& = % B 50 ANMS 22 BUMS £ 5 oot i

Pattern 1 2 3 4 5 6 7

BUMS/ANMS | 0. 21 0.22 0.21 0.23 0.41 0.17 0. 20

8 9 10 11 12 Average

0.26 0.17 0.36 0.34 0.41 0. 267
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" -

Bld-1.2 s = i

4-2 PRSC i# & »x & ##2(Simulation of Computational Efficiency
for Polarized Random Sample Consensus)
Amom SFE Y APL 450 33 RANSAC 0 2 22 50 i 4o 33 A e PRSC
% B BARANSAC 2 2 3 e 3 3 B A A PR F LD ] FlEEHFx
BT - ARR P FI R R P LW E R TG T RBEELPE R
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A & (¢ (Polarized) sk % » oRat § 1 pren™ feBhe 5 80 7 0 deig o F]pt A
PR i BEATRR BT Y B H BB SRR R S g pRBEB R R T
oo e F @ RANSAC i 02 F1 525 @ % R E ] 0 Flpt g T8k -

TR R P IRE R A R (G T oA AL RS T A e FREL s B F G R R o R
RANSAC i& & =t #ic k 48 = 3] 500 =t r 4= 4535048 € B Tl & M > ¥ R 1 % RANSAC 7

- BRAEF 2 o 2 4-2. 1 Bgon B e A ERBIAFR ¥ @ 2L RANSAC £ 24 i PRSC
FEE AT F A o AP EF AN IS TEEFFT 0.43 BEEE 0L
LAt PR S R 2 TR L gt S PR FIE TS AR i b en
Bk ]k ok PRSC Bt 4R K R 41RL G 08 B0 I B IR §
o F R > RBREGPN B T AN EFRIE - B Pattern
BSHBBEAEE ARG FPENE & 422 s kR AR
RANSAC £ 3¢ i PRSC 738 & s pb e & o (€ % ch Pattern m R 2R 4-1.1 % *

GO E B IR BB AR ARER 0 LR PR TS PTG R
i R WU PO A <6 A S B S SR IR R ) eI I
fj‘%gé%ééﬁi {7 PRSC » F]gt § Pl k@ il § S8 D B ok ks fgfjﬁﬁi e
LB RANSAC kit v AR E A gk &4 85 F > d B 4-2.1 38 v g
g E £ 77 500 =t RANSAC » f2 PRSC ¥ #4737 99 =t RANSAC > ]}t 55 &

FOF LR

% 4-2.1 % & & 56 B @ 5 RANSAC 7 PRSC &3t B st fi

Pattern 1 2 3 4 5) 6 7

PRSC/RANSAC | 0. 33 0.08 0.17 0.08 0.10 0.60 0.74

8 9 10 11 12 Average

0.32 0. 40 0.93 0. 56 0. 82 0.43
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% 4-2.2 & = 3% Behih 58 RANSAC 0 PRSC et & st i

Pattern | 2 3 4 5

[@p]

7

PRSC/RANSAC | 0. 42 0.09 0.51 0.09 0.08 0. 37 0. 46

8 9 10 11 12 Average

0.26 0.13 0.45 0.63 0.67 0.35

. . . . . Filename File Type Calls | Total Time % Time ' Time Plot
Filename File Type Calls  Total Time | % Time | Time Plat
computeH h-function 99 | 0.031s 05% W
numerics:rtimes Bultinfnction 51801 01%s  213% e B Buitinfunction 392 | 0031s  105% (M
1l h-function 93 | 0.031s 05% W
computed Mncton 401 D0G3s Ba% M = ’
nurmerics>size Builtin-function ' 91 Os 0%
i o
@M Hfunction 003 43% ! librwbuilting=_colonok Builtin-function | 1 Os 0%
umeics=iny Bullinfunction %00 0016s | 21% | tandgem oo o CE -
numerics=ing Builtin-function 98 Os 0%
AUMERE S>30t Bultinfunction 2 03 0%
numerics=mtimes Builtin-function 8429 0Os 0%
nurencs st Buittin-function 1 0s 0% numnerics>length Builtin-function 98 |0s 0%
NUMENcs>max Builtin-function 98 | Ds 0%
BN Mmction |1 Os 0%
numerics-sort Builtin-function | 1 Os 0%
numerics=eye Buiinfunction | 1 0s 0% mean WHuncton 1 |Ds 0%
. ™o nurmerics=eye Builtin-function | 1 Os 0%
Belftime (built-ns, overhead, etc ) 04895 |63y | NN
Selftime (huilt-ing, averhead, etc.) 02035  G.4% |
Tatals 0745 100% Totals 027 100%

(a) @ %L RANSAC (b)PRSC
Bl 4-2.1 & 2 RANSAC &2 PRSC i& & £ +* 2

4-3 # 18 :F 5 »x & #o % (Simulation of Total Computational

Efficiency for the Algorithm)

BB SAPERE MR- THMRFEZEAPEEREFE 2 AEHGD
FEE P R FO A 43 I LS RRFBAFEZSAPLERD FE
AR RS o AP EFMT VP FEFIHT 0,445 BeiER £ 2 g
&_Worse Case > %15 t 4-1 Vi g 3E 3]0 i R B 540 F 0 ) 5 B2 06k B ek
PESE 100 Bl A BT B D i F R LS R RAR e 0 F o S D
BREFHZEA EFFL 5B R -2 4327 -4 2R RAFE

FEAPREERIFRFAaIE RSOV AT E G & Pattern ¥ 1 5421 @




1D B EGR A AR

EARE 5 R R

‘mL
f“

15T A T 4 5 BUNS 2 PRSC £ 40 o

ARl ARR T §ARIT o B 4-3.1 2 BAHE F H R R R RE]

#4-3.1 LEARBFBIRFEZEAPLEFE I BT R

Pattern 1 2 3 4 5 6 7

Ours/Tradition | 0.45 0. 47 0.48 0.43 0.62 0.34 0.39

8 9 10 11 12 Average

0.42 0.42 0. 56 0.74 0.65 0.455

#4-3. 2L Z RBIFBIRE 2 B APEE TR 2 ot B et )

Pattern | 4 L 4 5} 6 7

Ours/Tradition | 0.42 0. 44 0.43 0.45 0.59 0.38 0. 40

8 9 10 11 12 Average

0.51 0.40 0.5 0.79 0.75 0.50

Eunction name Calls | Total Time | Self Time* | Total Time Plot Eunction nams Calls  Total Time | Seli Time®  Total Ture Plo
(dark band = self time) (dark band = self tima)
slitch 1 137 016 s797 3 I
stitch 1 WISI6s (92035 | — Flie
1 0391 % 38203 8 —
Extract_Feat 1 2519845 | 237.734 - | E—
MG M4 WM R
takesample 342676 36953: | MYs3c W
& A 530 s —
subsample 3 309 45945 (W
1 FEIE w 33 406 = —-—
positelmar 1 21313 21141 L}
compositelmages s s ) P I
Al 20821 | 4625 s 2265 |1 reose | 2891 = eas |8
irvfilter 70 2350 s ogres || f— 0 2158 & 0047 5
warglmage 1 2047 & 0703 s ] 2109 s 0031 s
images\privatelimiiter_mesx (MEX.function) | 70 1813 ¢ 18138 |1 4 1766 5 1625 |
numetics=norm (Builtin-function) 440885 1734 ¢ 1734 s | L (Pusltin-function) S047 (1.9 . 179s |
interp?. 4 0.008 & 0031 s . g, (MEX-funetioen) 70 1641 a 1641 & |
n [Euitin-fu n; 1049 859 s 0031 =
numericsinu (Builtin-function) 32660 0.906 & 0.906 5 o (Rritin funetien) =
lr (Builtin-functsan) 273a05 O s 0 s '
times_transpose (Builtin-funct 53098 | 0.891 ¢ 0888 s
W} 150031 0719 s 0719 = 1
numerics>mtimes (Builtin-function) 257204 0613 s 08135
1 0641 s 0.000 s
m_interpreter=feval (Builtin-function) 1048 0797 s 0031 s X X
im: chpiate s Teing 1 0B 5 0,000 5
Ransac 1 0734 ¢ 0.458 5 o 5 — f—
colonobj (Builtin-funct 164863 0678 s 0578 s i 2 (MEXunction) 3 04Ea s 0.469 &
imagesciyprivateiunitejpy 1 0531 0031 s pase (Buillinfunction] 29244 0453 5 0375 s

(a)i® soiw & % (b) Bt 7 & 2
Bl 4-3.1 BAis iz &Pt 752 i)m
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4-4 e Heag fit * (27 (Reusability of Homography H)
Rz AT B E A P R B ATE 8 st i A A
P #-2e  R 2 B 4 3 42 L (Homography)shE B i@ * (25 - 2-4 ~ 2-5 3P 7 &
SLE SRR o - R BB 5 T i X 48 RANSAC % P a8 e
TR R Bfs S R o P R - BRI EAT S Y - R
WA e o L e 2L (Homography )H » 4ot 4-1~ 5% 4-2 - @ pt i d& 4
'L Trde B AR ot A ® B T AV R SRR R B B T - ik
R REEEEE | R SRR o P AP REE & F Sensor I ®

Sensor fp¥t =8 M HE T o B EE HE TV EAHFR Y ?E T L AT

53

|-

Btk T o APPSR E R FEZ T ERGE - A REEREL ] 2 8k
I fjf‘ufe. FEir e | ki o FlE A Sensor Ap¥H =B M F el
ToREA YRGBtk BET B e

P'=fBati\e (#)4-1

WX a. b= e || x
wy'|l=|diTe f y
W g h 1 1

A R R kS de Bl 44 B A L) A Ap i
HrAE e F R X P AR b (T F e g 2 (5 Myri kT B - vk B (%
SAREHEE D 8 0 hAdEL T1 8 Biehl oWl A4 1(a) 0 FIAL G 4
PP R P it - i d Y S - SRR LR KT B
SR ELE Y R S SRR oW 44 1(0(d) ) et e T o [ H
5 Multi-Sensor ftp#hm % B2 2T » BHL BRSPS FL 5w

Bt 2 B g B B (540 ELE e o

BEAPLYHE Y - 2 Pattern 2 (7 A P chfig ) H e dof] 4-4.25 @

FIHEEER AN 558 4-30 2 15 &8 8 wehPattern KR E ¢ oo A rF“’T}W #+
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(C)Fp s - =P Gohiz i (DB EHrE | ¥ — miug v

Bl 4-4.1 Multi-Sensor 4p$fi= % H T2, T » @iFeL L4717 % I

Bl 4-4.2 @i | £45 12 F 04 & Pattern
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FEEEFER TR FE 20 om £ 2% N 4-3 e RN k2 AR o
Pattern % ¥ > & PR S%iEALE ¢ RrdpiE0 b el B4-4.3 54

¢ s BB R LR B H BN GR R TB 6 R

0.8098 0.0548 204.0689
H =|-0.0939 0.9509 9.0957 | o
-0.0003 0.0000 1.0000

FrHcBT fie gt RANSAC PItf 45387 feBhenh B> @ L F 45 % 5% 4-3 chi gk med
H(Homography) % iz & ehfe i » F15 fhot 2 B R &4 cnff (2 5 rsg o 97 Y
AR &R AFY 2 E AR G (Warp Image) 2278 & (Blending) F+ » i&feh

SETUAIEE SEEE RS A A MY EEY o d MA4-4.3F ¢ AP

(= E

B BAPARH R U B RO T o TR D R G B
HcBE™ fie $2 RANSAC J1% 4 38 f »&m#?f W R iy 5 4 enig e

{.-’

H(Homography) % ftafe i » i {ikfa JI?*«EJ;J "'}B % %rﬂ “5% > 4@ 4-4. 3(a)(b) >

£ i ”
| L -

Aorgme g 1-3 B Pixel mfs‘f‘ ZJE

.{1—_

{r] kT m o B A AT

.* .'

=l

ﬁ.’

o
SRLEENC EEL R o Sensomf ¥ Sensor fa ¥ = ¥ i A P

TlE
3L

%T’ﬁﬁ%@ﬂﬁw.k{qﬁmo

(a) & * 4p Ip e He 4m 0L 1 T4 gl e b -
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$I% HBEAKFEE

WTEORAPPS R PNTF] S R RE S SRR ol G F
PREL it E B RIEAAR GG AARARE L PP = o AR H2 T D
BUMS(Bottom-Up Maxima Selection) 4= PRSC(Polarized Random Sample
Consensus)P-ig iff 31 i > Fl 5 (AP~ 45 fcBhenps i o poh 2 AT s ' o 5
DR e R RIS BB 0 32 PR Pl B i
FEFEARBF > B ETREF S ERA & (Polarized) I % > L fﬁﬂﬁ%‘f}’?
<~ s &4 CPU time > 4cPeid B 2 4r® M7 3] — e RS o 302000 A
4L & (Auto-Stitch) et it » #j 4p§ ~ enfles o F b AP FRE S
© Sensor £k B o~ =¥ - R KR TSR T o Bt 2 B enid ik
GAER A FR AR R i o = B O 2 T R Bt 2 i 3k B
o fTr 2 eI N BB iEE H Rkl T Rr o dopt g b 3 )
AP AR LRk o
A KRR G PE S R AR R T S T AR K
¥~ #F k% - Scene Motion ~ #ALEB % % > 4o@ 5-1 - 4B b-1(a) B+ fI* 4p
WS T - PaE 0 B 5-1(b)E T @ AL R HATEARLE G nP i

PRBHATEEF YT B CRE A A T R A s B

ek

—'(—'\éf—:/é‘ » TF] L _‘E’}}—s'\k—g%ﬁ-ﬁ IF’#\j\i\'IFBJ’ ;;2,_1 q+ Lblﬁ‘g ‘L‘“H%’?T%J %

J.v‘: 'l‘,( ?K o

(a) (b)
B 5o-1.1 BHRB(AR KR DA [44])
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Bl b-1.2 52— 1 % sensor T = 4  E BRI R B2 BApie 30 B

L

v

& By R 2 R4~ - @ Sensor > HiiefE S R T 2 ek R

FRAPREDFTHM G 5 Sensor Rt ip R RS §F F RMGE
Ao Fp gt T oG e A chz BRI O-1.3 2t F TR NE Y - e
RGPl Btd > AN PANFEZ Y ARG U BcPattern AL g M & & preh
AeBl5-1.4 - AP EFMARP DL E SR A SF o L EZ RPRDEES
AL RT3 A Rh R BT G AT S AR B B e B EEE T TR O B S
ERE{RITR > 33 4R 1845 & - «&»4»@* ¢ ® BR fhPixel B 1 ? > R AARFEE T
SRR B AR A B LT R A AT ety Ak

Fiten e

(c) (d)
® 5-1.2 % Sensor T
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