A S

o A¥ T baf sa DLT &l alea)
S ol 3 olaa Jlid e it -
10 Coordisate Transformations Lo 0 \‘\;_‘T_u.‘ll ey
ak ray va

Sy dvby withr conadnaies —— —Iﬂl-wﬂ"?ﬁ';

(Space Intersectinn ) pudess b=l

TR T
gl sl s e
L ), T g,
o | -
o e
- —
e
£
Wl
. £

1

= h &
{Absolute Orientation) o e
‘}Q d (““ i Coplanarity Condition )
Je 6 o A
. o " ‘H—’r
Wanra ——
? "". g e

— 5 .-'l
- ‘!4’ [ |

#ilgT,] § oeaS
Reenfication and Ortho-photo

(Self Calibvation )

B

lami.66@gmail.com d

Page 1 of 208




w3 S35 3 il slias V'
o) (5)lgenl 1 (iU slas v
oo 0ligd 3l (b s v
el 5 (U slas v

Ry (SoaieS gl v

EW )l i i1 50 plidio i’ (glas v
oy

(Interior Orientation) 51> au>gi v
(Exterior Orientation) = ,l5 du>g¥
Relative ) i du>gd  ©

(Orientation

Absolute ) 3lho 4u>g7  ©

(Orientation
(Space Resection) o Lad a8 )5
(Space Intersection) o Llaé ablis
(Rectification) guwo ,¥
(Ortho-photo) gxdg5
(Self Calibration) ¢yguw! 5" il

NN

S0 oS i

S0P gl Gamwasn

(Frame type) b grosioiow

(Point type) s glyovsoiw
(Pushbroom) eg g3 ©
(whisk_broom) pg mSKuwg ©

(Line type) glakdi sbdosiiow

Ultracam 098, cyu598

S (5 w0

o0 &b

Syl 5 gid iy y2i

)l 5l (B 9590

S ol 5 98 50 Sliasio (L i
Slao b poiwaw (o OIS
G233 (ygawlo ygiumil i WY oleo
= S Ge 0 — pBl— Jloysiils
Slakoz ol

Olyed oyl e lw

(Q,0.K) ‘5}]5| ‘50:‘31.0."

(o,8,t) sl ylodl

S S S

S 9 3509 welze s Yo
Ol soleio (g ylo

Gordw (ygmmlo gl i WY Lro
= S Ge 0 — Bl — Jlo oS
Slakoz ol

Rational Function
DLT oYoleo

e ey 5l
s glagel slas
oS 35 yo Gldail pus glas
oo | LSS glas

Page 2 of 208

LN N N N N NN

\

v
v
v
v



(Analytical Photogrammetry)

(Chapter 1)
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Three different transformation primitives for the Similarity transformation:

Translation- origin is moved, axes do not rotate 1.e.:
Xn = X, + DX Y, =Y, £ DY,

Scaling - both origin and axes are fixed, scale change

Rotation - origin fixed, axes move (rotate about origin)

(Chapter 1)
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Least Squares Adjustment Review

n: # of observations L=4 -A+V
m: # of parameters

L: 1s a vector of given observation

V' : 1s the vector of residuals

A 1s the matrix of coefficients

p: it the matrix of weights

A or X: 1s the vectors of parameters to be estimated
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Number of observation is larger than number of parameters
(redundant observations). The solution that minimize the
least-squares criterion (viwv) is:

A=UAT -p-4)" 47 -p-L
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Coordinate transformation results

The error in the adjustment from one set of coordinates to
another is called the RMS error. Results are reported as root-
mean-square (RMS) error and average error.

e:\/(xr —xd)2 +(yr _yd)z

RMSE =[S ¢’ I

In manual digitizing, factors contributing to this error can be
human error, shrinkage or physical alteration of the paper map
and projection differences.
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Point No. X y X i
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2 111.734| 114293 113.001 112.989
3 -114.289( 111.699| -112.997| 113.004
4 114.280| -111.749| 112.985| -112.997
a 74.794 12.202

b -67.123 53.432

Page 25 of 208

(Chapter 1)

=
.
2
o
©
e
O
—




Hai 0 S g (RS e 90 ;0 (FLMLS) (6)LS oDl laizhe 10y pod

oyl o Jhaadl® s a8 ndla bl clglie o (il

(S g J S blascalises sloss 4 leaus) alisee gl Cdl> 0 905759 0
Y Y
T T R
7Y A1 U . | + -~
[+ | 20 Carlesian transfomation ‘+_‘ 1 ..}..3)3—1 C.......:Jd._:l)vj\'.\ Llas 8
T I.' 1 T "_I 1 _’ 1 + 1 1 ':T:IL
5 T T T U (conoma, afioe T 5
J A polynomial) |59 O
s T Gl Y I = | 4 |*
Unknown Projection -
Compgronor Coordintates (mm) Calibrated coordinates (mun)
_Point X ¥ X Y
A 228.170 129.730 112995 0034
B 2.100 129.520 «113.006 0.008
C 115.005 242625 0.003 112993
D 115.274 16.574 0.012 =113.000
| 206.674 123.79%4
2 198.365 132856
3 91.505 18.950

s ailicia/anly Jyag
(3D Conformal/Similarity Transformation)

il gl W Slatise piwww 90 40 ¢l alals Slaiss (X,Y,2) ¢ (X,Y,Z) 51 ¢

Wl oo e S S 50 S gy e 90 bLI,1 B yme 55 (6 alal,

X =ARx +X,

—
2
o
©
e
o
=

AZ

Page 26 of 208



(.D,K) rslgl ild yloll musgi R gyl i

e oo pll g0 sla ledl awgs R 5le cslas e 5 @

IS 2 e s (K Y) gomin plae S0 85 g 0
WS Glhes (Slidie cgm) Celu gl @ jie BN Sy 0 355 slaame
iylo

(2) X 920 Jg> o550

(D) Y j92e Jo> oly5%

(Chapter 1)

(K) Z jome Jo> o395+

nadir o J

........................................ ’.‘_ [#4 _,-'“‘.I
...................... nort / 1
.

B wilo olgadd a9l y SV (519 Jol y9ow0 Joo ol 599

z Zz
‘ \Zﬂ ” +
\
X "" yﬁ; ~
\ n\ G =
NS L~ g
v 1 .-)'\/ g
No# - ’_B’ L2
»-y « - )
By %, 48,
/f) Rotation about Looking fm positive
A x-axis through end of x-0xis
A/ angle B,
X e 8 0 X
X=M,x—>|Y |=(0 cosfl sinfl]|y
Z 0 -sin coS z
il Al I

Page 27 of 208



(Q) X j52e Jo> l)90%%

Sl jee s o e gl g Y slaygme ol l90 opdgl wdel a5 ol y90 ol

Nss oo Zg s Yo

XQP :XP
Y, =Y ".cosQ+Z" sinQ
Z, =Y "sinQ+Z" .cosQ

o Pasils elgsds gl alais oyl ol
Olaides piv ;0 Cowd 5l )90

s aalys  Slaise iz Wy

10

1 0 0
=10 cosQ sinQ
0 —-sinQ cos Q_

P wiilo olg2dd 439l ) 9 (515 Pod y92m0 Joo (il 599

4 %8
‘B, \xﬁz
\
\\ . 28,
N\ L € \} ‘f
Bz 'V\ 5 + B‘?
ﬂ P —-— l 2 o Zﬁ!
W/ ’3, Yg,» 78
Rotation aboul Looking from positive
g, ~0x/s through end of yg, - axis
g ongle B :
' X cosg 0 —sing||lx
X =M 5 x =Y |=| 0 1 0 y

Z sm¢g 0 cosg ||z

Page 28 of 208

(Chapter 1)

-~
L
@




DY 3 Jg> o)y9o%
5 Ko sl j37e & Joad i S 4 Zg 5 Xg sla sz (U190 ees®) Olgs onl w25
P . P e P : ""L,}M’-L_‘;DZQG
X qp=X"q.cos9—2" .s1n¢
yP _y? Olsd Gmasd 5 o P s alait 0l 1l
o — 14 0

<%
g

Z" =X qsing+Z" . cosg
adlo aales  Slaise i

"f»';@ ‘XQ
(cosg 0 —sing |
10
M,= 0 1 0
y sing 0 cosg
Z B )
P wilo olgdo a1l 9 10 Pow y920 Jo> 099
4.‘\ 7B
4482 » /B3
\
DB \ _ LTH -
¢ L= 1N =
T 12
NP ﬁlBJ =
- - XB
’B, 28, +4B3 )
Rotatron abou! Looking from positive
2g, -0xis through end of zg,-axis
s,  angle B; .
X cosK smK O «x
X =M,x —>|Y |=|-sinkK cosK O]y
Z 0 0 1|l z

Page 29 of 208



K) Z j3e J5> o)y52%

Yook s Xaok s 5 4 b «oiy & Yog s Xao slejsme po Olysd <5
= _ P L P - Sogl oo
o P aai cnl b

P P ; P
Y " ==X 481K +Y " .c08K

P P
Z Q¢K=Z Q¢

o )3 poas (4l )90

<%
g

il wales  slabwe i o Olaibw

P Yoo

> [ cosK  sinK 0
o0

M, =|-sinK cosK 0
; 0 0 1
Xao i ]

(S (B9)) G 90 Sl )0 Z jeoee Jg> ()90 LSl

u =XPQ¢.COSK | ., .
5 B Xox =X ,.c0sK+Y " ,.sin K
v =Y "5,smK |

r=Y Pw.cosK

FEPE) Yo =X "o sinK +¥ 7 cos K

(Chapter 1)

- P
=7 &
abafy 4 opl 5 I
=

ZSAQK

[ cosK  sinK 0
M, =|-sinK cosK 0
0 0 1

Page 30 of 208



(pgs R9)) o 99 Sl 13 Z jemee Jo> (90 Sl
x'y = rcos(6 — B) x'y = rcos@cosf + rsinfsinf
3 => ’ <
y', = rsin(6 — B) ‘ y', = rsinfcosf — rcosfsinf

"

I y —‘_
& x'y = x,c05B + yysinfs
y'y = yic058 — xy5inf

(Chapter 1)

-5 2B

cosf | “sinf 0\ /%1
=|—sinf cosf 0]
0 0 1/ \&

(Chapter 1)

Page 31 of 208



S e J5 (X7,Y7,27) Slaisews 4 5538 5lyeo aw 5l s (X Y,Z) Slaiss ©

Ed Ed Ed
Y'|=M M,My|Y |=Mqg,|Y
¥ Z | 7

(Chapter 1)

my, My My
Mo =|my my  my

My My Mgy

COS(QCOSK  COSMSINKFSINMSINECOSK  SINMSINK-COSMSINQPCOSK
M o, =|-cOSQSINK  COSMCOSK-SINMSINQSINK  Sin®COSK+Cos®Sin@sink
sinQ -$INMCOSQ COSMCOSP

S (o0 et Gz 08 & 9o M s sle 09 (Bse b (50 o azilin

MT = MY sl oo JUsS's5 0] et sile S M a5 Lol 51 @

b (%,Y,2) i 555 S350 sl MT 51 X = ARZ + X (s alad, o °

i 7 oS slizwl (KLY, Z) osmanw
M ha Ns A ( ) "
5 3 " -
| T Ty T3 <

I M G ple Gl @ (lg oo (295 @ b il So68 lyeo (sLls5 (84 °

1 K —¢ 2,8 oaliidl ()1 (g B o
M=l-k 1 0 sinf = &
s O 1 cos@ =1
) ) sin =0

Page 32 of 208



Dol ) 2 SOl Sose ] 5 e ple Coma i) 0 ed

COSPCOSK  COSMSINKHSINMSINQCOSK  SINMSINK-COSMSINQCOSK
M o, =|-€OS@SINK  COSMCOSK-SINMSINPSINK  SIN®COSKFTCOSMSINQSInK
sing -SINMCOSP COSMCOSP

a0 b ol geS g lade kapa 4 phi omega glgldl gl :Y o e

Dyel Cews A M Jlies e sile (g302 Jlade g 00,8 Sl

JARMT= M7 dlal, LT solss (- 38 Sloslona )b 5| ¥in e

¢ -

f Sl

(us,t) il loll bmaugii R il Silaa

g )l A e 99 Augi 50 Ailg o 5

kol 4o 5 (Jlod) e) Y 950 le gl gy 311
e @l szl 5 (Slgi jgme e 5 g s
ol b g Se Y jeme lee iy t..f.ujs..m'J

PP AL e el glo 4y i C5 > Cg> o

v‘ §

o
o, //‘
|

Ny #\‘

\ ; }\
' ,
~ / ~\,
5 Rt
-

p L

.,
.,

l 4 NG ;/',
\\ g

Page 33 of 208

(Chapter 1)

-~
L
@




.\'A*“" * ; (a51) bl o e S5 o

N "
///// rooj el \

(Chapter 1)

n !
/
A .
/ ,P" Y (north)
: SNV / %
,// &Pd‘
Na
&MM
‘7 % : .
#Q
| : «%\%& (Azimuth) Sges;l o,
-7/\—\)Q Xa cosa —sina 0\ /x
2 ,2 P/—L——--x ( a) = (sina cosa 0) ())
b Za 0 0 1/ ‘2 =
S L3 / 2
St N 2
RN Ko Mq =
o Tz., (Tilt) Ls ole0
Optical\ | Plane of tilted Xat 1 0 0 Xa
el "A'\ 'Mlo egropi? Yar |=|0 cost sint || Ya
e r""’“' Zat 0 -—sint cost/ Zq
l| e "'-1 ya —V-—
Xa , Xaf Ml

Page 34 of 208



&A.:jjm ul)su) .

X ats —coss —sins 0\ /Xar 8 =180 — s
Yats |=| sins —coss 0| Var
Zats 0 0 1/ \Zar g =s5s—180
9 J
'
Mg

(Chapter 1)

Sgarjl g g oods gla Sl ol £S5 0

M, =M M.M,

X ats —coss -sins 0\/1 0 0\ /cosa —-sina 0\ /X
Yats |=| sins -coss 0|0 cost sint]|sing cosa 0]V
Zats 0 0 1/\0 -sint cost/ \ 0 0 1/2

S5 o 0 M o ibe *

—(0SS5.COS¢ — SiNs.cost.sine  CoSS.Sina— sins.cost.cosa  —sins.sint

M =\ sins.cosa — coss.cost.sing  —Sins.sina — coss.cost.cosa —coss.sint
—-sint. sina —sint.cosa cost

ksl vy 1, 398 alal, Como i) 1y el
Do les ducwlons i)M o= ple olgZds polie glil s Y oy el

-~
L
@

tilt: (0° to 180°) omega: (-180° to 180°)
swing: (-180° to 180°) phi: (-90° to 90°)
azimuth. (-180° to 180°)  kappa: (-180° to 180°)

pled dolio pa b (920 g g 2el)h Bld a2l 55 Condg glo e 5ile V(5 i
Mg, =M M ;M
My=MagM M,

Page 35 of 208



(ast) g (LD,K) il ,ga ylell acgera g awslda

Soonl 2 dcgars oS Platform coasy 9,5 sasein ¢l Y

S $Pp @Y X slayge J3>) s J5l sy ()90 asgere

ety it a3l AICS O AT 518 50 oS M B e B B B i o3, S
(PP- Ak Uy oL abaiis

et ol abali CoaBge 40,5 asie 4 53k (6 el (sledl 90 o 4o

(Chapter 1)

R=MT &5 5,5 adss |, M Jlys0 s ile ledice (oiy90 osloll dcgone 95 o 5l oolizul b ®
raile 005 O yge0 WilgS oo 5 (6,500 dalazie (gld s jile Loyt R s jile csles

kS 9 752,99, delae sl Sle 3 sla ugiemsS  plo

d‘.l!i-alf!

oy © 20T mt

Lad o I e 5S> gl Gk

Sl ol Jleo <8, ¥ g s cS > ¥ aT o olil az 0 £ Lad o I e 0V
395 oo odlilul p& 1 Sges jeome ¥l Lad 0 I e )90 S > 3560 atie

K5l yemme? g € 0,8 jeme bz j90? Kb jeme b g, jemee i aljle oS

-~
L
@

o Joy &S 9 9l oo Jgy jeme |y e — gl jeome b Jab j9ome 1 )9y jexes®
(353 Job jemme Jo> S ole ()])90

Jo> S e )))98 g €5 > 50085 e yeoe |y i b 2050 e 1 H 9o

bl (g0 o y5t0 1 O30 5 Canl (S (53700 45 el JBOgE (5550 9700

B jeze ol Jo S axie ()))90 5 ol g 9 5b jeme 59 9ges 9o 19l Hexe®

s sk olhge )

Page 36 of 208



,9) awss boro sight angle |, (Roll, pitch, yaw) 5 (Q.0.K) Ll o s °
(0,05 0929 (WS [T widl ol oS oo 4 MalS Loslan o (i yg0 o5 >

The Three Axes Pitch (rotx) 4
of Motion \—/
I _ Yawy (roty)

<%
g

Roll

T ‘r\ Longitudinal
o Roll (rotz)
Pitch

(orthogonal matrix ) naleia gl juspeila gmlgd

ol ST SS e bos cos b oy, Jsb a5 col aelate S8y o Jas SV
el 3 olem hilo g solo LFj.iu_Le;.iR. o ple awgs Jios

RT=R™ RRT=RR1=1]v

X x EL
X2 +Y2+ 22 =x*+y* 422 05l |y |op|y| S 5
Z z

Page 37 of 208



2 2 2 2 2 2 ) . !
My oty thy =+ = =] sl G g 9 sl 58 Ol o ggane?’

(1 71,) + (7)) + () = .= 0l Ao jalxe giw g Hlaw g0 e (3 O yalol> v

2 2
5s) =l =) - ;
(r3,)" = (1153 =1y 1733) ‘o)l paie o glaY

(Chapter 1)

Ol b3l 55185 (sl ool 0550 (samdns (ly90 e ile M &S S50 30 (003

Ol s ladl 8590 50 5 8)lge 5l SCelaS (ll  piw) Sl piiew g wSe (gLAS

_ A -
mi, B my; Wbl oo Sy a yilo
NG
. 1 1
5 M, 0 m“=E : mu=5 (o m“=% . m:z=% (&l
m m 1
31 32 . =£ . =£ . N . _\/37

L | 11 2 * 2 2 (é 11_3 E 22‘7 (C

Jiald gld jugiwu=

S e sbles b a5 (gole glo uginS cuz i Ol [ R Glgs o ile
o sl gl Ll Sl el 10 0,5 Lo ol bl e s 90 0 o gl jems

i o0 Ol ) Dyge 4 (50l 5l LuginS cw R

-~
L
@

O

cos Xy cos Xz |
cosYy cosYz

cos Zy cosZz |

Page 38 of 208



anil Jhyss sbls; (0115 012, 013) &5 550 o
9 QJ:,L.; s X g0 LgX,y,Z &Lm”.?u as
g sl o Y 5ome LXYLZ slajgome a5 anily Jly90 sLly; (821 . 032, 023)

iyl adjle < Z 3620 LXY,Z slojgmme a5 ol us‘“)s‘: sbls; (931 5 932 5 933)

X cosXx cosXy cosXz\ /x
(}Zr) s (cos}’x cosYy casYz) (}r) =M (;)
cosZx cosZy cosZz/ \Z z

X cos6yy cosBy, cosBz\ sx X
(;) = (cos&n 056,52 605623) (}-‘) =M (}-‘)
cosfy; cosbz; cosbyg z

Sl )85 5 all, LT apled () g0as Slelons 3ayb 510 (2 e
Mt=M"1

Slaiduw b phvaw dcgoms lo bLS )1 gola glo juginS olud iV 50
TM s i) gl coss a1 5

X — y Z4
2 ‘X‘_/ |
ZHTeg A
1z

J
<t J’/ 1!’2 : x
e ae o { b 2R
.,/ ‘ -—'X ",

r...m_r"

. e

e/ (5)
{(c)

Page 39 of 208

(Chapter 1)

~
o
o




e g 1 5,0g) naleia guila

:anl dalaio o jlgad 123 o Sle a5 8ls ylis (cayley) LS L gl
R =(I-S)(I+S)"

il 25 JS5 4 5l a8 5 Sy e S T 5V

; 0 v — I 0 0
S=—2——v 0 A I=10 1 0 =
U —A 0 0 0 I s

(I-8)" =(I+5)
(I +8)" =(I-5)
R'=(I-S)7"(I+S)

ol JBgS 555l 105 IS 4 5 o S g o cnl plis Y

(IFS)(I£8)" =(1£S)7(I%FS)

0,0 S L ile oly> 4 4z LY

(S el Az 0

o o)Ll (Rodrigues) 5,05, lawgs a5 15 dulate ousile p,8 4 R il LY

T -

I ] ! Sy o
P i A P s -
3" ¥ 7 Ta?
R, = }—v 1 A —}—v 1 }—A
2 2 2 2
I ] ]
2 2a 1 |2 -2a 1
24 2 11 2# 72 I

il atie oo lo LS Loy (e jeme Jso (lye0 0 a5 Shge oV

(Lmn) o500 4 50 gola glo Loy 5 4l cnl 51 adlss (LILY) sl el

A [
7 =2.ran% m
v n

3y o Plez 4 LSS SL L s wdli ool (o 8 AT Sl 0l 555,09, (g Sy

A8 oo Joo Coloin 4 (ML) 4w ;0 L s adlge 51 (S0 wigh G035 YA+ 4,0 1

Page 40 of 208

v

=
S
o
@
o
=




Calaul maleia jupila

conlin odlizwl (g1, aloles il O=T0 45 5 50 ;0 muud B Ceond ;3 a5 jghailen?’

b Jo (schut) clbewl s yile slpsin b JSKiee ol il oo
R,=(dI -8 )7 (dI +8§)

§ =u & 139 sn i paS 9139 Dy900 4 S g 4y e il SOI a5V
S =|c¢c 0 -a =
-b a 0 il pules L8 alolee jo o WKL L aS ;_L
d c —b =4 d - b O
‘R: =|-c d a 4 d —a
b —da d —b a d
I a’ —b’ —c’ +d’ 2ab —2cd 2ac +2bd
R, = 2ab +2cd —a’ +b? —e’ +d? 2be —2ad

S @ +b? +c? +d?
o a 2ac —2bd 2be42ad  —d® —b? +o? +d?

Jrasuda Guldl Jungi
(3D Affine Transformation)

pled )o olhe Gamdnw glad ;0 &5 o (pl p B8 Gomaw § osle has (o

Slaie i b jaoe sladel jo whde a5 Jge )0l LSS Sl

el Sy sk gomihia bl i it pLuSs
oL x X %
uniform - — 3 ~ %
X =ARF +X, ¥=|v| ¥=v | |8
z Z
—__'., )
nonuniform boog aalgs ol b cnl o L‘“;:AIJL:} Slass ol plis
A x
A=1 , ¥=[Ax Ay A2T=|4yp
Az

(RS p Slaiwe gleygoe vels 6,9 L) ulide aw— JUisl a1 90 4w

Page 41 of 208



el as (8=2) cunl 00g ;0050 p Slaite sloyaoe vwlas o (0,8 00l S5 Sl yo all
2S¢ o «i5 55 Helmert L Orthogonal affine -, Lo ) o5 >
oygme S 0 lbde o098 o 2 ogdle Ul o 0 (pegee Sl

)0 3529 i (fx fy fz)Lm)gsu dalai pac ol 45 Ko il a4 ‘(/lx fly Az)

(Chapter 1)

Jols (gamans pll Los IS cdl> o a8

392 dales 55 2el L)Y
JG el b 4w

RUT L
lsin 2y >

e gm0 dealad pac 2l )l 4w

Affine transformations on
the 2D plane can be
performed n three
dimensions. Translation 1s

done by shearing along over \j

the z axis, and rotation 1s

-
I‘:‘f‘.
a
o

performed around the z axis.

Page 42 of 208



30 i B s b e aiile Shear st

L(ED) oot S e iy

el (2D)  gos 30 Slaize phaaw Sy 40

y . ,
[ ‘ JUES S5 Jlosl azmes 3o )8 joibew g9, JS3 50

il B3 ik 29y 00 SEAT
'—X — t\x
Z

(Chapter 1)

Z

y e
Ik{x, y) X'y x'= : i x’. = cotd
A ? =y
T \\&H . .Zr = Zf =z
* Shear in the x direction
x'=x+ycotd
7 ,0)
Y=y
z'=z
_ —. shearing matrix
1 cotd O
H =0 1 0
0 0 1
* Inverse of a shearing matrix B 00
=0
H(0)=1.(-0)= "2 > H'(0)=|0 1 0
0 0 1

Page 43 of 208



(3D Projective Transformation)

ol e Rational Function ;) _ols cll> gamdn 5085, °

3 Gamoir dolos b

'x: 2 _ 0 2 3% w2 ¥ TXa = oay)
pilyz) Lz 9y x . 2 ¥y 2N By s By ¥ s dynamic
_pxyz) Az y x .. 2 ¥y ¥Ng . ) elad (5 5l Sy
p4(x>ysz) (]- T 23 ys x3)(1 dl d}?)T ES alg SYolas
= Ps (x=y:z) - (1 z )y X .. 23 y3 xs)(eo 919)'? £ 3l &5 wilouds zly
pxyz) Az yx .22 ¥ 2N f .. f,)F i
el et 14

L 5 pi(xay ,Z) Gy tax +a,y +a,z
P (‘xa_y ,Z) 1+box +bly +bzz

Dyl Jatoee el il (A a0 alolae TV A+T%Y ) 1VY 495 alolne

_Bx.yiz) e toxtey ez _ )

- - VG A0 goled (cdmds
p4(‘x > ._.Z) 1+d0x +d1y +d22 . 2 AT00 O S 5*‘5}9)"
o ps(x.y.z) _e tex +ey +ez PRI n .

Psx.y,z) 1+fpx +fiy +fz

Tl e i JSh 4 Ces a0 s glalaais () (g S Sl S Sl g

e aX +a ) +a,Z +a, y _aX +a )Y +a,Z +a, 3 _ayX +a)f +a,Z +a,
a, X +aY +a,Z +a, a X +a.f +a,Z +a, a, X +a,Y +a,Z +a,

ke & (PP S (oo 2 sb Ol 1y L 2 5ee SVl fpl b 5 adbs (6l
1 Sgas Bl el gn |y gy M ol 1S i g ool S2alls VP LY, L s DS )
Vol oyl @5 Ol oy Jsezme S84 1) ) 5 o5 8 G

Dgd oo 580 e yiel )b V0 b labad s bl ol ol .ol aalgs (singular)

» :auX +ta )t +a,Z +a, _aX +a) +a,Z +a, 5 :aSIX tayl +a,Z +ay,

a, X ¥a ) +a.z %1 a,X +a,Y +a,Z +1 auX +a Y +a,Z+1

Page 44 of 208

(Chapter 1)

=
S
o
@
o
=




e :allX +a12Y +al3Z +ay,
v =a, X +ta, ¥ ta. .z ta,[ > petlsd soman il & ay=a=ay;,=0 31~
z=a.X ta )y ta.Z ta,
o A1 T . T_\ - * ® . @ . K J}Q_’?:g oo)'13.> (Somd .;)-E.Lél » a5
;,u,- 5 ibs s érﬁ 4 A ﬂ,}_ s 2

bl o 25 D590 &1 il e ile bl XEAXFAG S50 41 s ol (5 dolae 517

q, 4, G 38 g0 Lk b Jg 298 gos Lad> Ll IS AT - 5
A=a, a, ay; 9 g0 55,5 S |APT # %;
Ay Uy gy Sg o0 pSaeS J5u |Al<] >
9 g Sle pled jo wlide cupd g ol Sl aules 5 Sl gonuns olas ATA=KI 315
k 0 0 fer el LSS
AT4=|10 k& 0 ,é'x},=§xz=§}z=0 . ix=/1y=/lz=k
0 0 % s ik . 5 2 .
b e 2l dae can 4 b ol b olaws Sl ol o

Ol 18 5 cal clo plnl ogass a5) il oo 2lS sae 28 4 bl b olaws ATA=T 515

omles A L) Cdls G yile a5 s 50 0 a5 ae ) gamdns (bl SYoles (Jle

Xya = AysXyy + T3y Tl oS Zazno 4035 outd

Sgiga ol gan ¥ =55 S¥olna w3 jlaicd o Lald 51 (K pges oy 51 45 5590 8 ()

Wil o0 Gl 1 4y SY ggone oluas wldl 00 5 g0 b jema ¢ (Cull H,J:-K)ATA=KJ S e o (¥

WS o ook o] Sl Jg 1292 oo Ol S led b g O¥olas 3)ls oSS ol [AJFY a5 j90 50 (1

a0 ¥ SV apra s a9 e ol s 5 Wi (53 e 1) sty ATA =KI a5 00 5 (F
_

33,5 suleie A 86 i ile &S )90 ;0 BD affine) gomaw Ll OYolee 5o (Jls

(Chapter 1)

] Tus aalgs o3l a4z Jogame Jitus sla ol b slass (ATA=I)
S e (0190 Fal )l am JUsd 2l an) 24 7 Q)

(e vty 2l ¥ aphyys yally 4o JURd bk ) ) Y (T
(Non-orthogonality) ta,yma (j3ges 3yae ek 4o alyyd 2l dor JU el 4) 2L A (7 0
(e e 5 e ol 2 ity 0 vt )

Page 45 of 208



DLT cufalea

0 55l S5 Jin 9 oS bl i 1 S, o
8 Bl e el VY L ey slad 4

Spoas slad 5| DLT o¥ole Sile 4 aiS o

x :allX +a12Y +a132 Ta,  HEp bl sdies jeb a4 Jue) slad 4 pls

(Chapter 1)

a X +a,y +a,Z +1 ZA ,
41 W +a WS o
3 _aX +a) +ayZ +a,
aX +a +auZ +l1 //ﬂ (X.Y.2)
Image //"’/
Plane e /
Object Y
X Space
Projection o
Center "
oo
b e 50 2uiily palys alolas VY (GCP) o) J 8 alais # L alslas ol ;0 #
L a5 ool aislgs cews 4 DLT sla,mel b (dFE12-11=1)60l5] a0 S
sl az s ol WGCP el
.4
RGN LIV PEY PRG- KA - "
y 5
Object
% Space
:-?:"“_’:-::._; o S99 )0 @olas pl 35,15 3)lge 3 e
PC AE = uu==
ot i P : n ; N .
—S | il oo olisS 0 (65l S58 50 S e
w LU Image
Plane
I

Page 46 of 208



L plalsasnis jl anldiul L goeigw Jong
( 3D Polynomial Transformation)

G Joe S 50 Seoledinn IS4 pnd b ool 0olo jLail glalas o)y jelaie 4
iz 3 ooldiwl Yoens dlngn Joo gaiucdie 0 cods LSS Sl SO 4o o Jow JLail b
g oo Sty colia Ghy) S plgie 4 lagglalen
D)8 4 ilise sla IS8 4 Gl oa ) laglaben iz a5 0,90 0 )5 5 4z g L
X =a, Ferges S sbaglaler wix
+ax+a,y+a.z
+a,x’ +ay’ +a,z’ +axy +a,xz +a,yz+...

Y =b,+bx +b,y +b,z +...

Z =c,+cx +c,y +Cyz +...

b il 38l Wilgd o 99l g0 4 b el yly ooy

First order polynomial (4 coefficients per coordinate)

* X'= Kyq +koxtkgy+kyaz

© y'= kg Hkoxtk gytk sz

* 2'= k,1 +koxt+k,3y+k,,z

Second order polynomial (10 coefficients per coordinate)

o x'= ki +koxtkay+koaz +HkexHk exy+hoy? +hgxz+k,oyztkeoz?
° y'= kg + kox+k sy +ko,z +~§ky5x2+ky5xy+kwy2 +kygxz+k oyz+k, 102>

Third order polynomial (20 coefficients per coordinate)
Fourth order polynomial (35 coefficients per coordinate) and ...

Page 47 of 208

(Chapter 1)

—
2
o
©
e
o
=




il gl Jaa

g b o ol 5l golami b bxsl a4 U conl ool al)l 55 0ulds aizlils gla Joe 51 (nad aldl (o

b 3l )l yd med des el o Ll 5l Koo S el oud LidT abogs e dalg

2D Mathematical Models
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3D Mathematical Models
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v' Point-Wise Polynomial » Interpolative Models
v’ Multi-Quadratic Transformation v' Rational Functions
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2D -Prjective Transformation
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3D projective Transformation
3D Affine Transformation
3D Similarity Transformation

Direct Linear Transformation
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Relief Displacement

A. directly proportional to the distance of C. Inversely proportional to flight altitude above the datum.

the displaced image from the photo nadir I

(!
where N 1s the photographic Nadir s
'ﬂ_ If h‘.l a hz
and 1f "Tz = 2T,

then d, = Zdl

2

r\,,T
&
T 4
h
+ A
Lt Lx i
B. directly proportional to the height of !

the displaced image above the datum \._r-v—\_/ \__\r—)

{or its depth below the datum). d, dy

where N is the photegraphic Nedir Topographic displacement varies inversely with the flying height
By ™. R of the base of the object. As a result there is little apparent
! topographic displacement on space photography. The reason for
small relief displacement from space is that to achieve a given
_T‘ scale a shorter focal length lens requires flying at a lower altitude.

The effect of using short focal length lenses is to increase

topographic displacement, distortion and the apparent depth of the
; J{ third dimension (vertical exaggeration) in stereoscopic images). -
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accompanied by a nine page user manual called “XYRectify.pdf",
For more information, refer to the iWitnessPRO CD,

www.iwitnessphoto.com
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