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Chapter 1

T U &I

ABEDOHFOKRE SIZEETH 120 ETH 525, KFICBWTITEBRE TH 240 EL Kk
FREORSSLERUEZRL TS, —7, v a—s2ufy POREELTHYS
NBEBEOET A A AT DOREFAIL, FRITHL T60 BEITHEHARV. F07:0, FiZaRy
FDFEF—a yEEHNE LEBEAL Y E LT, EB 360 EXRETRELEHM
ﬁﬁtyﬂﬁﬁ§<ﬁﬁ,ﬁ%énf§t.éﬁ&@ﬁﬁ%ﬁéﬁﬁ?ém%_u#ﬁwu
BERETHHELAFRETIRT AMAICKINSINS. §iFICE, EEIXTEHVDEH
(f [Sarachik 89, Zheng 90, Ishiguro 90] R <)V F# X 72 & % F# it 96, Tanahashi 00] ¢

5. ®REIZIE, AL Y X% 25 1 [Cao 86, Morita 89] 2 &M [/UK 91, Yagi 95]
'?’Iifiﬁ [Hong 91], M HHTH [Yamazawa 95], B [Peri 96, Nayer 97) £ o 7/-(MHE X 7 —
rHAWIFENBTONS. ¥/, MBXHAEDLELTVFART }:ﬁé’ﬁ: 7—I2& 5
FEITE 97 bREEA TV

METIE, UT/F@B&LT@f%@&&B?%wﬁ EfEFBLT, BERIAT
LRFLVTVEY AV AT AR LTI ALHERRPEARERD DALY F Y ¥ 72k
AN TE2RREBMOICAICDEAICHVONTWE, ZDXH 7%, AB~NDIRREHT
BREFMBELVHFIZRDL ) 2 BEHIERENS.

o & ERMEE
EHNHEE LV FICE—EICEE360 ExHZET 55178, BENISHT THRET S
YATHDH 5. am/—/%zgafa%A i, Aﬁuﬁ% IZEEEOPD S v —
BEIZEE 360 EXHRETHHOMFBEL T3

B IRV VX, 2 VFH AT, MEIT—
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o B0l L 2BEHRREONFRFN
EFMARE LY ¥ TIREE 360 EDFHRE EEMOFEREEBGI ST 57, EHiEE
EOTIHMOEBRIZND HLENHE. Z0EE, £@FVHEELVVOBEHEICL-T
i, DEODEAESS R0 ELIHRET ALV ) EREEOREFEL /22D
DOHH5H. B—HEIC L 5 ERZEORFRFER, HE SN -2 VEED L EEFR
KOF A ATV A - A7) = VENOIEREZ: L EEO LR EE D S RO EMRY
BEDHEBELEELT .

Bl: WEmA A7, EI T (NHE, fYE, HA%m)

o V— AL AREBER
EHUHEELHIZIE, EREDOHI XTI VEABOELRETLIINE, 1ED
HAFIZEVBETLE00HE. W ATF Y )T L ayOL EhH, BEE
HATHPLEBLNIEBROEE SO EIZIIMEIRS.

Bl BlERH A Z, MEI T —

o SIREE
SHURELFICIE, BHEEOI AT L YEHIOEZRETLIDDE, 1HD
HAGILEVBRETHOOND S, BRENL, BEEDOH XFIZX B HFEDHH,
—BH- ) OREEHDEVDY SBEENEY. T, EREEZEDTHERIIND S S
A7 T, BRFPOPNEIHRREENELL LV )REFD 5.

Bl: BIEZ A X5, VFH AT

B 2 &HFNRE L~ OFTREEFEE A V72 HyperOmniVision(Hyperboloidal Om-
nidirectional Vision Sensor: MM H RFFEI & FH MR E L >~ ¥)[Yamazawa 95] i, ThHD
) LBBRELNOEROREEERLEDE, ANOIRREHDIEAICEL 2LV E
W2, LPLLAS, —H® CCD Te&FEHET L L IitEEL, BEEFRVE
W) BIEE D > TWV5. 22T, KRX TR ZDEHNHEELY Y ¥ HyperOmniVision D&
BEEMELRAET 2 -OOEREEIFEIIOVWTHL 5.

2EIZBVTELFMNRE L 3 HyperOmniVision DEKREE, SoietE, HBFEFMHIC
WTHRNR5. KiZ3ETEHEE L > Y HyperOmniVision (2 &L L 7-ERMEEILL L T,
MEBFEOAL HTERERFOY VT, U9 hEEE, o VREHes B IUREL
IZDOWTHERS, E5IZ4FET, EFV V7B 2BHBEBENEL T, @RS Y
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HyperOmniVision 12 X 5E7 ) ¥ FFhE 7 7 A F ¥ OEHEEACFERIZOVTHENRS,
COFERIETIV Y ZEVH) BTS2 LT, LU BEEZHEIETTANY -4
7o BEGEEALEIT) TEHNTES.



Chapter 2

2 HURE LY HyperOmniVision

2.1 L£HAREEEGER

HyperOmniVision (2 2.1, 221IRT X912, SAETHMEONMEE L EME DT X7
PoEREINS. RBEEINX(2.1), 22)0LHicEksh, ZoDEH(0,0,¢), (0,0,—c¢)

HIVEBENTVS. ZOIIHIEETAILT, Uy OFH360 Kz —EICHET
BIENTESL (M24-(a)). Tz, H220RT L) ICHHMEFED I 7 —ERIIHPE > T
AoTL A%, RHMEOHEICLY I S—ICRER, d)—FoELZEY»). Tib
b, HEig L CTOREDES S p(z,y) L WA o, Fiifso BRI, X (2.3)-(26) »5—FE
kTS, ZORDS, EHMLANER (K24-(2) FH 23R/ THEFKICEY, I5-F
AxREEL L BHEHRERS (K2.4-(b) 28/ 5 <EE (K24-(c) CEBHIIERTED
L) REE LD,

X*+y? 2?2

T - -1;-2— = —l(Z > 0) (2.1)
c=Val (2.2)
tanf = -;% = % (2.3)
Z=vX?2+Y?tana+c (2.4)

b? + c?) siny — 2bc
I |

a = tan [ = ) cosr (2.5)
v = tan™? - f+ - (2.6)



2.1: HyperOmniVision
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Hyperboloidal mirror

Focal point of the mirror

The coordinate of common
perspective image
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2.2 {ERUGE & IVERIE

2R L &L 9 1C, &FMEE Y V¥ HyperOmniVision (& A& F T EEIZEEA
Ty =LV ARERERPN FIEBIIERTEL 2D, ANORREHOIODILE
FAakELt L L TELTWA, LaL, M23IIRL-L )T, 72o/—HD CCD £~
Y TEHUZHRET 5700, BATHEESESFNIIELEVIRAE LD, E5ICH2.4-(a)
DEHITAS f%i?ﬂif%ﬂ'%’i’fﬂ%’lﬁ WZHRBET 570, H2.5100T L) IClAICHES THE
FATRERENEC 2 5. H253 ANEROBEAE L BESTHAIIBNT, HACHTAEA
BERECERIIIDIRLIZLDTHS. Thbb, N F7RERERICLDFISETE
h, ZREGTHOBGEOKIEIHIZEEII LS. AHETIE, &h0OBEE+RLES
THILEBLHADIE, ZOWABIIHT LBEEDECEBMSELI L EELL.
72, HyperOmniVision 32 H % —FICHRE T 5 L FKIC, KELEERFAT LD
CHERORZZRHEELZHVTVS., COMEI S—%A4L TRET SN RITFEE
I7-LEERY, —RIIEBGEzEITRIEZELS. ZOEREL T, HEANREB IV
FESNENDH A, RENELIZ, B2.6 IZ7T LD ICAS SN L # oL USEEN
LIFEERPIEL LY, BEREANTNDI-DICELLNETH L. FIRELE, 35—
DEEEKFHRIOMBARLZLTHDELIWETH LS. M2TIIRT L IICEELKES
MOFEBERB TN B 7012 '?'E?Ef%&ﬂ‘f#’i’iﬁ HyperOmniVision'f“&i, IhHE 220

F»Abﬁ'f’l‘“@ljj f%@ﬂ@ﬁl‘]c‘:ﬁﬂlgfﬁﬁkib\/‘f%tﬁ 2T 5 PSF(Pomt Spread
Function) D RKE S ZENEFNETRIZL D RLADDOTHS. TNOLDNEILLHELR
BYBHELLTE, AXSOBVEKATE, IT-MFBE/NSLTEILIEZILN
B, LPLaHb, RN EMAIERIASAEZROTILEERL, EBENVF 4TIy
VY UHRP O DBREND S, T, IT-MBEAELTEIEE, EEHTFAOR
PEERLEAKICI —F A T70OBBRTH Y, ERICEIELLRBREIFRTEETH L.
INLDZ Erb, EHNEREY Y HyperOmniVision D HEEE/LICBVWTIE, &>
YOFOHEBIUREREEZERTLILIEETH 5.
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Chapter 3
2 HMEE L Y OERSEL

KETI, @HMNHEE+E Y Y HyperOmniVision 558 DKM EE B L UHAIIH T 2%
BEDEVE BREELIZI VRETLIFEICOVWTRRS. RET 5 5REELTFEIL,
HyperOmniVsion |2 X 2 &G RIRER], 2 & I EREBZER /8 T Y BEAO LD §E

ThdLw)FERELERFLOD, 2FUHFAOHMEZERL 2V AT ARG B LUL
BEETHS. £/, ERERDP LEFEORD, EHICOVWTERET 2.

3.1 WROSWRGETE

—iRIZ, BEEFOSRELS—EDERE, BEELM LS HEEL T, £ FHEKE
ORE T 2IIEE T TR TA2RA L BBLAEFREICL S ZAPEIAONS. 2L RIE, —
SDTTFA—FE LT, KFREIHRESNL T AT % HEME Y [C[BlEE X & 5 5k [Zheng 90]
PRESN, FML N ITEBRERLILOTEITENH LAY, HE60E/ /) T
BEFOME % EETLOCEEI P25 L 010, N THBLRIESHETLILIET
Xk WwIRENH S, /2, Barth 5 [Barth 96] 17 1V AF v ¥ & ¥ 2 E&EICH
EXELVATLRBEL:. OV AT LRMEBEETOEHTNEERBRENTTRETH 5
7%, 37500 X 256 MEDEMEE /S FYEBELBLHCEEKCIISZEL, EEREE
PENEWIRESZHED. 4, JIBCONAHEIT—LIAT6EPORLINVTA
A5 AT & [JITE 97] 13 3000 X 330 EED/Y/ T YEEEETA L — FTHLILNT
X205, WATHOF YU TV —LavOMBELY AT LARBO A THRENRD. Nayer
5 [Nayer 00] i, MESFEKEAFEROEFVEEL Y FEHICKEL, SHEADICHIES
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TAHI LT, 640 X 480 EFED CCD # X 745 4000 X 2000 EFED/S) T <HEE % £
TEHVATLAZMEL. LIL, IATEEKIZIIFSEEL, ¥/ I ~HBEBRORR
Bl z 7)) L TE R\,

—77, BRABFEICI VFHEEZMETHRAAIE, I ATOBHIIZLIEERThEZHE
ELCEEFE BT, |ESNTCEGEFOLERBRE L SO TEGLEIC LI VETT LS
& T, BRI CCD Dfffe T iz 5 G % B3 5 F M SH 5. Tsai & Huang[Tsai 84]
&, LHESTNOBEEY % V7 BEBERIC B 2 BREHELIREL /. ¥7:, Keren &
Pelg[Keren 88] 133k % BfFEEOMMEES, S, ZAFREEIN L LFEBELT S I2L —
MLTHEON-HEEHRBE G E ERRE SN ERIOBRETR/MMIT S L) ICEREE
Bl % RIEHEET 5 HEEIREL 72, Irani & Pelg[lrani 91]1%, FEZ T 7 417Ny &
TV ayFHEICLY, $72 Cheeseman 5 [Cheeseman 94] i3, ?\“JX‘T&%%%%V)Z,
CLTBREGREERL. 7., BROLFESROBETIIZELT, BERENICEROBEERT
NER T AT 5 2 L2 X kM bRk =i 87, /MA 91) BRRES N T35, LAaL,
EDOFEDIBEDOTLE N AT EMFE LS DOT, XFHEMHI %% HyperOmniVision
REDEFNBREL VY EHREL-FETIIRL, 20FETRIEATE 2.

3.2 HyperOmniVision O S &RE1L

EHNHEE L ¥ Y HyperOmniVision D EfFEEZELIL, EETLEBGFZRAEhELT

X 01T . EFMRE L VY HyperOmniVision (B EDEF 4 A 25 L ER Y, 28
TN X ) ITRBR AR SRS T 0. BREE/ICB VT, BARICIZEREIX
EREENEIL L 5 ANEGROKR T PEBRBEEALHEET AL VIMEEZ LD, /2, K
ELAETH A HNOERBRECEEOHNEER L TERICT 5 BREEORFEME A
TbeWEYFBEPLEL LS, SHILHL 2 2BERREEZ S, —KRIC2—
FIIRENBERIZ, ANPFERMICERLRTVEED D A TG (EHEHE) X/ T
< EfE (HEEHE) Th Y, ATEGEC ﬂ%@ﬁ%? CERLI-ZRECOEELZE
TLLENDS. ‘

Doz Etnrb, 2FMNEE L Y Y HyperOmniVision (28 L 72 BFREELICOWT
33EITY v RIE, SAETTHFERM L &#fl, 3SEHTT VT Y X AICOVTHRRE, |
BUIHETINTY XL LBIEEE L EOGRERT.
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331EETSL
3 33t HEE
l l 332mTH5L
v
4 1ETEEARAICE T 3 &E1L 342ZBEAIC 34%FH
BT 5mE L
v Y 4
35.1EKS (| 3.5.2/8y 77O 35.32EERE 35 7INdY XL
B ERE x7¥ar BIIRIEENRE _

XK 3.1: &7 VT XL ELAEIER

3.3 tLHVEER

3.3.1 EETSL

2.2127RF & 9 iZ HyperOmniVision (3 BIELXFROXFERTH H. £D720, £ HD
7 BEEEEIC BV T, HFEMLRZE{LIE CCD DRIFEZROATH D IRBH A +c 3Bkl %
V2728, HyperOmniVision DD VLD TH L2 EREEORFERFEZH I V. T,
HAF85 A— 7 DEALIE CCD DEERA ¢ DATH Y, EFRFIBOMEESDLEINEST
HBHEWIFIEEFD., S50, ANERIEREREROLD, FERIEEIC X ) HER
FOh S OBEFELT S, 230, HEICL ) EEOThSEDEROKFERE (AT
FEAERAERR) 2T, EEAHA (ANEERBEAR) KBVWTHERIAZ L
5, SREEE Y OBEIC L ) I RORMEEDM EAMTR 5. LD HyperOmniVision O
LU S, SREELMOLDOBMETNEEL I ATSOBE L LTI O ZH#EEET
RALZ. K3.2iC 7 8RR X 2 EETHERY] & Z20RBRE SR, LDHEGEOBRER
. 2B, ANEGEOSNELEEL L, BOHEBOBEY A X% 2rr xn EEXETSH. 22
Tn R ARERL, EREGFAABICABIEZRLIEIRILICRTLICES. U
%, AETREBCHO VWY BEAESZ /S T ERERE L, BAOBERT A X2ER
EEHEAER Il o TRYT. 22T, BEROEVPLn=1DHETH->TDH, K250
B LD HDERO TS it > THHREVS KBICARL TW A Z EITEES W,
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©

Ao o0& &
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input image plane output image plane
3.2: ANVEZFI L BABEBICBIT Y27 7 S0OMEE

& 3.1: WOERY A XL A EEHL

panoramic image | input/panoramic
B size [pixels] pixel ratio
1 1282x165 0.674
2 2765%330 0.168
3 4146 %495 0.0749
4 5529x660 0.0421

Transformed pixels on input 142518(/512x440)[pixels]

3.3.2 E£XR¥F5L

HyperOmniVision N CCD ETOHENEZRIIIHERTEYT. DL, LV HEFFOIL

ZHETAZOPRENVERECBFAREI N —FF 70BRICH Y, ERHc LY
BIWNHETHLZ L2~z T7:, EELBEIC X 5K EIL0ONEIE, HyperOmniVision

tttttttt

tttttttt
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382 IT5—LLVANG A—¥

Hyperboloidal a 63.8mm
mirror b 88.4mm
Lens paraxial
CCD F 1.4
camera CCD cell pitch | 15 micron
CCD cell size | 7.5 micron

910

[S N~ " SEN]
N O @
S & &

2 3

o e ; ' ‘, o . , , |
2 10 0 0 22 30 4 50 2 -0 0 10 220 30 4 50 2 10 0 10 20 30 40 50

spatial frequency [cycle/frame]

depression « [degree] depression o [degree] depression o [degree]
(0] 20 40
< focal point of lens >

(depression o)
[X] 3.5: CCD HT® MTF %% (JAB 1)

BT EIZ BN TIB R R 2 Ry, CORTICL WV BEEORENHIES S -0
HyperOmniVision DNFFFMRCL » XE LA E, THRWFREG ETOSREELZY, BiE8
HERTORMUFMIF T EREE 2 5.

TIT, AETR, HSAIRY &) CREBEZYEET VICL Y EEL, FEFLVO
FHERO L L THRERORSEZHA. BIRMIZIZ, HyperOmniVision 3 L UL ¥ X
DIEF%, CCD DZNHFHE, HOEGE L ToFREEEE EF ML, 4EOERTH
WY EFIILTY I ab—v a3 ic k), BEER EORROFE L BBl E17.

ZIT, FEPHETE LV CCD AR ETFTAF ¥ FF v K —FEn7FusBEx
L (K 3.4 KB ER )iﬁﬁtfw% FI2IFMICHV VY ROIG A —F %
N I

T3, HyperOmniVision DWHEHFE L 7 A T DEKL > XOEHLE LA ML -2 v 7IC
L0V 3ab—1 L, BELMEIZBT 2 MTF(Modulated Transfer Function) % K 7-.
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cell pitch

cell size

>
cell size

cell pitch

X 3.6: CCD D&

ESfE ﬁ%ﬁ0°,m°,w°@t:éuAbﬁt%émLﬂT@M%E35K%T.m

ﬁﬁ&ﬁ# < Ly ADESANE @kaﬁwhﬂFﬁﬁéfﬂT% t#ﬁf&né

E£BEO CCD DEREIERICIATIRR L, M36D L) II—EDEEZROOAR
DREZERED. F07510, BONEIZOERNOTFHEEL 257200327 1)V
yLLTHELE, ZOEREHRSNS. M3TCEETSLICX S COD OEEEEE
BUYRYT. BETOLLLZ LOBOBEBRRIV YT Y FEBIE->T, TAFAMRR
TH5 33cyle/mm TH5H. ZRIIHLT, BRTLLEAVWSLILIZLY, K3.70 CCD
Oy b+ TEEE TS S 80cycle/mm &2 1), FA4AFAMRFIIHL TH 25 /FOMEE
PITZ B LT 5b

it,E3m:amfﬂ4€v%mﬁiﬂﬁﬁ3M¢MmD%mwtﬁwﬁifabu
IAEREENEERTREYT. ThiD, ELVE Yy FIIHL TEAF A BN EVIEEE
BRSNS L (, BETICX 2EBEEMCm I EFRINL.

SEIZ, BEEHRICED BEROECIOWTERL S, H39CHAICBI2RKEKE
BBEOATBRERHE L CEARAIICOWTRT. M24-(c) IORLA L) %3/ 5 <HE
EREITIBE, M350 LHHEZETRALEHEAREKTH 7L LT, WAIKEVAT
TOERBEBSEL A ENa0 5. Thbh, H—LBEEOHNEEREZRAZD
i, WEMA-20 °IZxTL 50 ° TRANEE LT IO LORBESLELRI L LR S.
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contrast

Nyquist limit cutt off

0:3 \
0.2 \
0.1 \

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
spacial frequency [cycle/mm]

3.7: BETS LIZ X5 CCD AEisn

oo \ cell size/cell pitch
- \ — /4

08 12

\ ------ 3/4

0.7

o \ \

05 \ \

0.4 \

0.3 \

0.2 .".. \ et = S,

0.1 ’\ /

0 50 100 150 200 250
spacial frequency [cycle/mm]

3.8: CCD &V /¥ v FH & BRSNS
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3.9: HOEBEY A XiZxtd 5 AN ERERE

3.4.1 EBETERICHITImEL

ERO=D 08 (MTF, CCD EHENEE, BEEROMK) tZRBL, BEkacs
F AR ORELEITY. K3.10, 31UV ADESNEZHAE0, 20°, 40° 124
b1 BEOREREEOTEHMBEEIEEE K AERO x 8, y#AmConT, Yial—
2y LTROERY FNPIURT. s, SEEIALnICBT 5 HAESZD
BAEEK (F 4 XA N EER) v R, S s, BAEEGY A XL ) BEsL Y X0
B REROREEOEREMIGEVERONE Z 25, KD HITEBROBBEI
Yo TRBESSRELEDZENBEODE ol INIE, FHEED EX B ICOMKFAOK
XHPLRFUSET o Th S, HENAEREORLIE, TREGIE K =25
) ThrILdFbhr b, Lk, I 3.10, 3. 1173%3*‘%&7*?1%##% n=2 @B—ir0>§3 20

& Z AT, KD HyperOmniVision @Exﬁ'l”(“@i ?fﬁ(@%‘/‘ﬂ@ﬂ EQAdPLe UE@:@@;
T MTF B5HEFEARE LA LR ENTEL. LAL, BETHIL2EHEELE
%%Lt%%tﬁi%ﬁ@ﬂTﬂﬂT@&L(MD%U@E@kaVZ?Aéwwﬁﬁ
oW 20 ° HRELBE L LTREINS. T/, 3.0, SUTRTHEMEES C ETH
RO TEHERYETLIOTH A, F0O7-0, BRERDO L HIZ, EREO—IOAZ R
LT AHAICIE MTF €— 2 2 BHRFICADELZONF I WEFR 5.
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Y 702 F v EREEL
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4.4 Z=ZXRxHEMRETVT

4.4.1 EEI vy TRH

KFHEIIBWT, EFY 70005y FT—2 b d2REFOFEREL Y VIIEIR
SRR D &S A S EE RO LIcBh D . {42 ISRT LI, ADER T BEEE
B, BAAMSEFICLICEy, BEEIy YV ERBTS. Iht, H4200RT L)
rAEICTEY 27 av L, BETEWAZLIZLY, BHIIEEICEET v VL 6(t)
ABLIENTED. ZOZHIy YEMOE () & AV THRFED = RITMEHEL
Bwb

4.4.2 WRFENMEHT

A3CART IV — At I BT AEEEERTOLy HBLLTICHFFRLY Y iD
EY (°X,%;), (°X.,°Y) &5, 7L — 4 I8 5y FEEROEEEERICH
TRAEY $(t) T H. TOLELVTEERPLRALT V- L IZB AHRFEL Y
T OBEIFALA 6,(t) 171, K (4.1) DEEANK Y Lo, LT, BRFIMTHETFEL
TRBHET LI LT, FEHOBRIME (°X,, Y:), £F ¢(t) LTI i BORNRFEL Y ¥
I8 (°X;,°%) i3, X (4.1) OBEHFRREMCI L LV FEOR 2 (FEL < I330H [#=H 00]
ZH).

Yi(t)
Xi(t)

tan(6;() — 4(t)) = (4.1)
X;(t) =°X; - °X,

Yi(t) = °% - °Y;

R (4.1) CRTHEFEOREL v VILE (OX,,°%) LHEEHCHE OX, %) 25, 7
L— At i2 B Bk v FEBERTONET v VHMLE (X, V) &, R (4.2),(4.3) TEH
TE D, ETHNE I, £FMHEE Y Y HyperOmniVision 13 ERIXE D LF R
REOD, (X,tY;) £ (24)-(26) L IVHNBROBEERDBILENTES. LIAT,
B ANEGE, SRECEEL Yy VOMEEZRD, MBIy VOES /LI LITEL

. X 4. 40_T'9“l 312, MLy VERIEEFNTOEH IV —LIlbZ)Eflsh Ty
2. 72T, 450X CANE Rt LORRT v ¥ i OBEFHRE (*X,,'Y:) ILLnT
WEETS. ZLT, ZEACESL, ShE tEARMCRELY -2 2 RIET AL
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XY, HRFEZ Yy VOLTRENES ZEZF cH#ET5. K463, EBEOTT Y =
7y a VRERO—BITHL. TIT, X (42),43)IBVT, FEVHTEERTOIY Y
8 (1X;,tY;) &, HTHEE R(t) RU 6,(t) L W ROTWB., Thix, Tv Y OEHEEM
B (Xi(t),Y:(t)) RUE LS ¢(t) CREEBRENSEEINL10OTHSL. ZDXHIL, T
RTOMEFEESEE (°X,;,°;, ZE, ZH) % ROHI LT, ZRTRMET ) ¥ 72479

TENTEAS.

£ X;(t) = Ri(t) cos(:(t)) (4.2)
Yift) = Ri(t) sin(6:(2))

Ri(t) =  X2(t) + Y2(t)

object

Iobserved edge i

t
i X
\Gil(t)/
. _|_l¢(t)

43: £V H ERBFET v VOB

44



4.4: ANERF L HEFEL v ¥ OBk

i Zi t
Zi (1) A()

differential
processing

—>
t

——
1D projection

X 4.5: 70727 aviliAESORE

45



1D projection
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4.5 T XAF v DEEEEIL

ADEEROT 7 AF 1 iEHuE, EBEROBEMNEICL->TE%L 5. $72, HyperOmniVision
ERETRICBE R RIS T 570, WAICKHLTORELBEBELEZDLD. T4bb, AN
EEPICEINETF 7 AF BRI TV —-LTLICRR S, £2T, EEFIEO~Y F
TRERGEACBVAIEEORRIGEL L TREBEEAT -7 VE/ERL, EEFIOML
BEALERU SR EELLZIT.

4.5.1 FUXF vEEEOSE

NBEEBINEI YV ii+ 1 AHELTAFEETHY, 44HTROONIT v VA
(tXi1(2),tYirs(2), ZE,, ZE ) J(Xi(2),PYi(t), ZF, ZF) W X Y N - FHEOHEEO LR,
# (4.4),45) 2O ANEREMEFFONE. THICXY), ANERICHEZTLILTT
y AF X EENFBELNE. £V —ATOFHEAERICRIEEREFEINS. £IT,

—ZELARL -EBE DBEORBTIIAVWSL I LIZT 5.
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4.5.2 FFBEEAT—TI

SERFHEDEED K (u,v) 133 (4.4)-(4.8) DERY b ATEERORIE A (z,y) ([ §HE
SNb. ZOBRLY, (u,v) BT SBUNEE) Au, Av 23T 5 ATTEEERIC BT 5 EE)
B Az, Ay DL LTHRBESAZROLZENTES (R (4.9). XFERZ, ZOBEE
AN L YRR A BT E WA O iR SN AN EBR O GFE@mIZ BT 5 o REGEREE
T EEMICFHE L 2BBEEAT —TVET S, Thid, SEOCBEISEEROLNS
728, & e RFROMBEG? T Tk { &FM > % HyperOmniVision §54 D
WA T 2 REEEORELFRMFICEIN TV, M4TOL ) ICES 51 (P1,P2,P3)
POBBLIEBEOEESHOREZRT. CThE< v FrIRUNy 2 FaY 23y
WCHWRERNRG A= LT 5,

ty., ., _tYX.
X = ——-“T:X_u +X; (4.6)
ty, .ty ;
Y = Yin -V Y;'v +tY; (4.7)
w
w = \/(tXH—l_ i)+ Y —tY))?
Z=-—v+2H - (4.8)
Azx2 2
W(u,v) = YOI T2y (4.9)
vVAu? 4+ Av?

4.5.3 FTUIXFvEIEBEDOD~YYFLT

45 1HDFEIZL DY B EN/T 7 AF v BIE, SRTEFVRES A5 DOECHE
BICHERENEINL 2D, 77 AF Y EGFIBICMNNELSSETAYPEL S, 22
T, 77 2AF v 2{ETINEFERLETET 7 AF v HEF ZHIEFGHLTF 7L —}
RyFUTEFHIILET, HRFHL LV OMMNEZEZHET L. LI AT, ekl
EPCBRESNI-EEFHLL/BONE T 7 AF Y EGIZ, MO X VBEEIEVED D,
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4.7: WG BN T HREEEALT — T VDB

2D, REEDOBNRERL Ty F U7 2i7) L, BEEETSICFETON, 5fF
BRI O~y F v THEENE L. $72, ASABOBREREICIBVT, SHREER
RAELEMICBAVLN A0, BREERNEZERL v F U727 ) LEFDHA. £
ZCHIBOBGEERT — 7V W(u,v) & VT, K (4.10) DEAN SMBIC & Y iRikiE
TRy F VTR . BEDTDOOBNEF /T A — 513, K48IIRT T 7 A F M
du, HEHW dv, 05 O dr, 18dw, Z WA de, EHRBRBEd & L7,

C =3 (Waluy) 2= %(wv) ) (4.10)

N —
o= Z Wer(fi(u,v) = f2)
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. de dr>
=

N -
0 = 3 Warlfo(r0) - )
- 1, N
fe= N‘uz’;ft(“,”)
S .
fr = Nuz’vfr(ufv)
I/Vtr(u,'v) = I/Vi(u,'v) + VV,.('U«, 'U)

ZIT, filw,), fi(u,0) 37V — At RY 77V Y ADT 7 AF X EHE, Wy(u,v), W, (u,v)
BTIV—AtRUV I 7 VY ADRBEEHRT =TIV, NiZ7F 7 AF v EEOLEERT
H5.
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CHATIIRENT WA L)L, MRFEE,SDEHIZ L ) ADEEISEOF 7 AF+ 0
BHREFELSL. BEFPTEROBEENBEONL 7L — A3 SRS LFATOPL O
IV FFEMEVEALrLRIEENT TV - LT 5%, HHEANKT LD ETH
RIFTLEoTWE, ZIT, EFA XV I7DEZHIZLY, BTV —LOBEENSV
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BIEETFECL YV ER 2EREELEIT). M49IRT IO, &7V - L0MBEES
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REFEICHAVE IV — L BN REEEAT T VIILDERT LI LT, FHEICA
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4.6 B
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Chapter 5
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EERANERS

Frame 00: fy, 0.0[{deg.] Frame 01: fy, 0.13[deg.] Frame 02: fy, 0.26[deg.]

Frame 03: fa, 0.39[deg.] Frame 04: fa, 0.52[deg.] Frame 05: fa, 0.65]deg.]

Frame 06: fo, 0.78[deg.] Frame 07: foo, 0.91[deg.] Frame 08: fyy, 1.04[deg.]
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Frame 09: fy, 1.17[deg.]  Frame 10: fy, 1.3[deg.]  Frame 11: foq, 1.43[deg.]

Frame 12: fy, 1.56[deg.] Frame 13: fy, 1.69[deg.] Frame 14: f5, 1.82[deg.]

Frame 15: fy, 1.95[deg.] Frame 16: fa, 2.08[deg.] Frame 17: foq, 2.21[deg.]
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Frame 21: fyo, 2.73[deg.] Frame 22: fy, 2.86[deg.] Frame 23: fy, 2.99[deg

Frame 24: fq, 3.12[deg.]
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B. ZE& A ANEIRS

Frame 00: fs, 0.0[deg.] Frame 01: fo, 0.13[deg.] Frame 02: f_;9, 0.26[deg.]

Frame 03: fy, 0.39[deg.] Frame 04: f4, 0.52[deg.] Frame 05: fio, 0.65[deg.]

Frame 06: f, 0.78[deg.] Frame 07: fq9, 0.91[deg.] Frame 08: fy, 1.04[deg.]
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Frame 09: fi, 1.17[deg.]  Frame 10: fy, 1.3[deg.]  Frame 11: fio, 1.43[deg.|

Frame 12: f_yo, 1.56[deg.] Frame 13: fy, 1.69[deg.] Frame 14: f4o, 1.82[deg.]

Frame 15: fs, 1.95[deg.] Frame 16: fyq, 2.08[deg.] Frame 17: f49, 2.21[deg.]
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Frame 18: fs9, 2.34[deg.] Frame 19: f49, 2.47[deg.]  Frame 20: fiq, 2.6[deg.]

Frame 21: f49, 2.73[deg.] Frame 22: fy, 2.86[deg.] Frame 23: f4o, 2.99[deg.]

Frame 24: f9, 3.12[deg.]
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C. EFU LT85T 3 AHEES

Frame 09 Frame 10 Frame 11
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Frame 21 Frame 22 Frame 23
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D. 77 2 F v EGI EBGEEH T —T IV

Frame 00 Frame 01

Frame 02 Frame 03

Frame 04 Frame 05
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Frame 06 Frame 07

Frame 08 Frame 09

Frame 10 Frame 11

7



Frame 12 Frame 13

Frame 14 Frame 15

Frame 16 Frame 17
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Frame 18 Frame 19

Frame 20 Frame 21

Frame 22 Frame 23
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Frame 24
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