'G0ZZ "ON Hoday Yoreasay VIYN| 0S|V v66T ‘169-689 dd
'Y6ddD | J0 SBuIPss00.d 'SR IA [eIUBLLIEpUNS pue sefew | Jo uon
09|00 B Se UoIRIuSsaIday auads < ‘Meane] 'S pue seebred 'O

'/ 262 "ON Hoday Uo1easay VIdN| 0S|V '866T ‘S6T-TOT
‘dd ‘()2 ‘uosIn JBINAWOoD JO [eulnNOr [euOlT_URIU| ‘MBINY Y
:AurereouN s1 pue Alvwoas) ejodid3 syl buluwereq bueyz -7
'SJaded

pIeq |lud Ag pajuesaid

SO LR A
[elusLepuUn- bunndwo) Jo spoye A 1sngoy



'S3O1ITeW [elusepuny Buisn uoiieuasaldal auads s
"X1UJew [ejusuepuny ayl ul Ajureneaun

'S90UBP
-U0dsa4100 uiod wod) XuUew eswepun) ayl Bunndwo)

'XLJew [ejusliepun) sy} Jo UolieAlsq

‘Aewoab anndsfold :eeeW punoiboeg

au1INO



1Y
/A

N — >

X

/|

"UMOUY| S18USJS 3Y] IN0de UoIewlojul JBylo ou Usym
'SMBIA OM) Usamiag siulod afew ! Bulpuodsaliod Jo suonow a|q
-15s0d 8] U0 SJURIISU0D Y] Sa1j10ads AN} XUfew [eiusuepun) ay |

XU\ [eiuewepund ay |



'3UBJS B JO SMBIA AMBU JO UOIRBUSS) 4
'SOUBJS JO UONONIISU0dDl S 4
‘uoIreIUBLIBSS puUR UOIRUILLIBIBP UOIO N 4
‘uoljeiqijed eswed +

210J swiyiLiob e ul pasn

‘Sjulod Bu IpPUOASS.1102 10J Yd.seas ay) SMOLRN

UOISIA JBIndwod MBIA-IINW Ul sssn Auew sey 1|

SXURIN ewuswepun4 e aindwo) Aymn



(M (T

‘0 =M J0} [ Am X sulod affew |

b
>
X >
———
b

\ XMW \ X/
(MY (T
M ! (7))
ZMN\ Z
‘0 # W\ 10} — & Al = X swiodsusog
AN A
\ X/
\ XM/ \X)

'S91RU IPJ00D T+U YlIM
PoIUSsaIdal S| ulod (Ueapljong) snosuabowioyul [euo ISUBWIP-U Uy

S91eU 101000 SNo3UBBOWOoH



0O = Xh_
0 #S Jo} (39S ‘gs es) = |

0 = (M Am Xm) (9s ‘gs ‘es)
0 = (T4A%),(0q%) I
0 = 9+AQ +xe

'Soul ]
0#M oS (M AM XW) = I
(T ‘A ﬁxvﬂkg X) = X /
SIUI0d 0 = 20 +AqQ + xe

"JUS [eAINIIS PaJap ISUOD a.ke afdew | awres ayl aney eyl
(-0 ‘ssue|d ‘saul| ‘syuiod ““69) s108lqo | ‘Aswoab aandsloid uj

AlBwoas) annlold reued



" XXX = |SI X pue xsiiod om) ybnoayrsul|ayL

LIX | = X0s',|pue |yloq ol
re[noipusdiad si X JOIBABYI 0S ‘0 = ,| X pue 0 = |, X :Jooid
| X | = Xuiodayisi ,| pue |Saul| 0M] JO UO11daseIul 8y L

'0 = X,| = | X yl[suleuossal| xwiod v

AlBWwoas) annlold reued



'SUOITEaU |00 pue ‘Sa11IAIS |
-0.d ‘sa1yde Jbowioy se umouy| OS[e afe suolrew.ojsuel) aAnRloid

"(X)H = ()Y ‘. d > X Julod
Aue JoJ Teul yons H Xurew € X € renbusuou e sisixe apsyl JI Ajuo
pue }1 uoirewosuel) aAnRoud reueide si d < .d4:y buiddew v

\

\Vq y T

N

‘BuI| swes ayl uo al| (5x)y pue ‘(¢x)y *(*x)y }1 Ajuo pue
J1aul|awes ayl uo al| & pue ‘°x ‘Tx sjulod saiy) eyl yons buiddew
a|qienul e sI d < ,d:y uolrew.ojsuel) ann®foid reued v

suolrewJojsuel | aAndlold reue|d



AN

PPOIA
eRwe) ajoyuld

AY



oT

(1)
Z
A

\ X

mmmE_X V_ — _mx_o_x

mbEmovAﬁO : — mmmE_X
_o:o\sXcmmc__o:m_ L

elowed
X

X[ "I =

0TO0O0l[T 0 O
00TO|I’A™MI— 0O

O00T||IX 0 ™i-

(T

\X/

suo1renb3 uonoalold anndads.ied



T

1Y

‘Aewoab rejodids pa|eo
S1 leym Aq porp.s ale auads pibl e jo sabew! aAndadsied om|

Alwoa9) reodid3



45

sajodide _

\ f®

soul| rejodida

aue|d rejodide

Alwoa9) reodid3



€T

/ _
\Ob’ w

/ Ol — .0

'Seul| Jejodide Puipuodsaliod uo al| Isnw sulod bulpuodsaliod

JuUrRJISU0D ejodid3



Example Image Pair

14



aT

/ o
/

X4 =l

'Soleu
-10J009 PXId 10U ‘SOTRUIPJO0D BIBWRI JO SWB] Ul USAID aJe SJUlod e

afewl | »BUY10 ay)
ulsaul| sejodids Buipuodsallod ay) ojul affew 1 auo ulsjuiod sdey

XUEW ENULSSSH 9yl



‘eue|dodare XY pue 1°,X ‘0S
Xd U =
LU+ Xd U =
1+ Xxd) U =
0= .,X,Uu
usyl ‘1 pue X Ag pauueds aue|d 01 [ewiou ayl sl u J|

I L R

Org)

(S10100A-E |e)

1+ Xd = X

“jeueldodare XY pue ‘1°,X



LT

AAUe J0) A

0 M M-
X..._.I O N“_.
190

albym X3, X = (X4)X1,X =0 =

= AX] QUL Y

9

xu—l 0 NH
1710

0o M "

u,x ‘veyl

(Xd) X1 =u
S1aue|d sejodids 0] [eWION

‘eue|dodare Xy pue 1°,X

1+ Xd = X

XUEW ENULSSSH 9yl



8T

(1
0=[A13(C) A X) ‘0

\ X
( U_J
£ 7.7
A 3GLZ/ AL 27, X)) BONnoA S b Agaidniniy
Z
X}/
\NH\A \NH\X mH\A mHX
X3 X3 A} X}
(7)
0=|AR(Z'AX) < 0=Xx3.X
\ X/

XUEW ENULSSSH 9yl



61

'S9]eu 1pJood affew | Jo swe} Ul ‘a1] Ishuwl X julod Bulpuodsa.iod
9U] Y2IyM Uo | Ul aul| syl JO S9RUIPJI002 Snoausbowoy ayl SaAID | |

0=..X
Uay |

X4 = ||

pue ‘, | abew ul julod Buipuodsaliod ayrag X

‘|aBew 1 ul julod e aq X
P
2%
0=x3,xlo0=[A[3( A X
\ X/

JureaisuoD fejodid3 ay L



(074

0 = Xd,.X
WY M3, M = 417

0 = vMﬁlv‘_MP|\V_._.\vM
SAAB O = X3 X oWl Bunninsgns

.\VMHI\V_ — \x U% V_M._Hlv_ = X
XA = Xpue XM = X
'0S

XY = P |eoey

XU [eiuswepund ay |



TZ

'S9leuIpJo0d pXxId Jo swiel ul ‘8lf Isnw X julod Buipuodssliod
3U1 Y2IYM UO | Ul aul]|ayl Jo SS1euIpI00d shoauaBowoy ayl SOAIB | |

0=.,.X
Uy L
X4 = |
pue ‘, | afew ul iod Bulpuodsa.liod aylaq ,X
‘|8few ululodeaq X
©7

0 = Xd4,.X

JureaisuoD fejodid3 ay L



ac

'Sejewed Jo Jed Jeyl JoJ XITew [enuasss auy
0] Ul pawLiojsued S1 saffewl Jo Jfed ayy JoJ XLjeW felusuepun)
9U] ‘UMOUY aJje Selowred OM] Jo sepweled [ruLIUl Yl UBUAA

L d Wy, | i )

JSO| S| Wopsal) Josalifepauo ‘0 = ()P Salsiles 480uss ‘Ing
11010e) 9Rd2s e 0] dn Ajuo paulPpP SI 11 3d2UIS WIOP3SJJ JO S9.6apP
g Sey X LIew snosusbowoy € X € B :Wopaal) Jo ssa.bap /. sey 4

‘¢ Auelsey 4

'0#0 AUe Joj 0 = X(40) X
Uyl ‘0 = Xd4,,X }I !loye} aeds e 01 dn paulep SI A

XU\ [elusliepund ay) Jo saisedold

T



X4

XH = X

:Aydebowoy e Agq uaAib s1sjuiod

affew | BuIpuOdsa.1102 10} PaUIWRIBP 80 Ued eyl Aswoab rejodids
Bulu e 1suod 1Sow 8yl ‘@rsuel] 10U SSop pue uondaloid jo Jeusd
S11 JNOQe Sa1r10J BiRWRI aY) USYM aSed ay) u| ‘ejewed buleloy

'S9OLITeW eluawepun) ayl 96 OM]3Je ¢4 pue '4 alsym

X4 XXM =
:uoIrew o jsuel) o_ﬁh_um:_um Ag perepl Aledij10ads
alow ol suiod afewl Jo SIS 0M] 3yl ekep ayl yiim ajgired
-LU0D SV 1ITeW [RIUBLURPUNJ JUSJBJLIP 9941 ©q Aew akey) uay) ‘uol
-09l04d Jo sieusd oMm) 8yl ybnouyl buissed adeuns J1ipenb e uo al|
Sjulod suads 8yl JO | UBYAA @2e)ins alipenb e uo sjulod sausds

Suo1eINb 1Juo) areusbag



ve

.C (4

..nlﬂ

140} 0 = 'n4,,'n Y1 Yans 4 Xuew € X € 3yl puly

.PQ ‘AC'n) = 'npue PQ ‘ANn) = 'nPwT

(T (T)
.C?..?_”H_ ; \_> | A
\, N/ \'n/

Sjulod snosuabowioy ay) 01 puodsali09 asay |

/

'saffew 1 o) Ul spXId Bulpuodsa.llod U JO 18S e UBAIS

XURA [eluswrepund ay) buirenoed



|14

SINT -sa.enbs Jo Ueips |\ 1Se9]

JVSN VY - Snsussuo) a|duwes wopuey
Spoylew snqoy ‘¢
Spoylewl feauljuoN ¢

SpoyeW Ul T

XN 43y} buirende) Jo Spoyr A



9c

2YM
0=}, (TANUASNALSAN NS N'A S nn)
Se uanmaq ued siy L
= F4+E4 N+ 4N+ N+

NNH_\_>_>+HNH_\_>_3+MHH_\_3+N._”H_\_3_>+H._”H_\_3_3
4 Josluewep syl ul lesul|siQ = ‘N4 ,'n

wy1ob |V ulod-8 3y - POyl N Jeaul ]



Ll

‘g uel sey yy U@U_>O‘_Q uoiNn|os 0lZuou wj_u_CD eao(q ||IMak.yL

'S90UBPUO0CSS.1109 Julod g 1Sea| e pasu
am ‘(pa2Jojud 10U 0 = (4)1BP) Wopaal} Jo SsaIbsp g sey J aduIS

‘T = ||4] Pyraiinbal ‘ssnou Josi 0 = } JUIS

.A._H ‘In ‘N m_> m_>_> h\_>_3 @_3 @_:_> h\_s_sv
S1V JO MOJ Ul-13Y] pue XILIJew 6 X U Ue SI vy aleym
0=
Se us)1 UM aq Aew suo 1renba
eauljusayl ‘u T = 14,'n <> 'n ‘'seouspuodsaliod ulod u UBAIS

wyyoB |y ulod-gay L



8¢

(@NS) uonsodwodsp anfeA e nbuis Ag paindwod Ajses sisiy|

'Y,V JoaneAushie 19 fews ay) 0]
Bu1puodsa.l102 J1012AUBLIB 11UN 3yl SI wejgqold sy 01 uonn|os ay |

(T = 4l orwelgns ('ng,,'m) i)
T = L[4[ 0relons | 1v | 8z iwiuiw ‘pesisul

‘0 = JV¥ 01U0NN|OS 0JazZuou

©3aQ 10U |[IM3BY] ‘aSeaSIYl U] ‘6 Yuelaney |[IM Y XIirew ay) ‘sjulod
BulpuUOdsa.1I0D JO SUOIRI0| PaINSEaW 8yl Ul asiou SI aByl Usymn

212 8} Ul 3SION



6Z

N = (A%)Bpuep = (AXBAY-(A X)IA
N = (A %0 pue (§ X)IBAY = (AX)IA
N = (A%)6 pue (£ %X)OA 01 plereds! (A X) 1A

2(A X) 12 UoNN|OS © J0J SUONIPUOD AMESSSBN

\\A

1= (K% \&\\\\.

N

Wesuod = (A'X))

M = (A%)bo1109igns (A %)} 8ziwndo

sRIdnnN abue.be



(0

*10309/AUB0 IB Bu Ipuodsai02 pue
aneAusbB 1S9|ews ayl asooyd os (T = } 4 busn) v = N__%q__

A4

anfeAusbiB 01 Bulpuodsaliod v | JO Jo1eAusbie Ues! |

A4

Y
1Y = JV V100 = Y-}V ,V BUIYONS Y pUB | >SS 9\

- WV = 2;:% J AN+ W V= ()T

J 4 =4 pue v Vv, 4 = v, (V) = | Iv]amnsans

4 pueo = __:_ )T _:<__I BA|0S

410 6@58 v mN_E_c__>_



1€

[l
eX = d|v| ‘wiousniusgoid sy

N (0% T0)ep-Nn=.,47C

((to “o To)feip = @ ‘uonisodwodsp anfeA rnburs)
ANANAN =47

0 = (,4)1p
pue paziwuiw st A, 4—4| Tyl yons ,4 yum o adejdey

'PD0J0JUS JoUSeM Z = (4)>uel Jeul JUessuod ay |

JuleISUOD Z Muey



Performance of the 8-Point Algorithm

The unnormalized 8—point algorithm, no outliers
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Performance of the Normalized 8-Pnt. Alg.

The normalized 8—point algorithm, no outliers
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Comparison
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