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BASIC PRINCIPLES

@ Two coordinate systems: U,V and X,Y
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BASIC PRINCIPLES
# X-coordinate of X =de+eP
point P is P
@ But, tan o = E c. de= YP fan o
YP
Cosa:& c.oeP= UP
eP cosa
;;;EetCenter t%?&
BASIC PRINCIPLES
- UP
®Then: Xe =Y, tana +
CoS o

_Yosina N U,
cosa  cosa
Xpcosa=Y,sina+U,

U, =X, cosa—Y,sina
;I;I:eCenter %

Photogrammetric Training

Coordinate Transformations
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BASIC PRINCIPLES
®For V,: Vo, =ab +Pb

@ But, tana:% = bc =Y, tana

p

ab
X, —bc

sino =

= ab = (X, —bc)sina

@ And ab becomes
ab = (X, - Y, tana)sina

H
e Center . SIN™ o
o oo ) = X,sino—Y,
Photogrammetric Training COoS oL
#Pb can be shown to be
Y Y
coso = —- = Ph=—F
Pb cosa
@V, becomes _ sin“o Y,
V, =X, sina-Y, +—
Cosa cosa
. [ 1 sinzaj
=Xpsino+Y, | ———
cosa cCosa
o Semer - 4] = X, sino+Y, cosa
Photogrammetric Training

Coordinate Transformations
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BASIC PRINCIPLES

@ Conversion from U,V to X,Y can be
developed in a similar fashion
Xe =U,cosa+V,sina
Y, =-U,sina+V, cosa
@ Or in matrix form
Xp| | cosa  sina || U,
Y, | |-sina cosa ||V,
chr;ecenter %

Pheotogrammetric Training

GENERAL AFFINE
TRANSFORMATION

@ Normally shown as

X'=a,x+by+c,

y'=a,x+b,y+c,
®Unique solution if |a, b,

a, b,

The Center
for %

Photogrammetric Training

Coordinate Transformations
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GENERAL AFFINE
TRANSFORMATION

@®Used in photogrammetry for:

= Transform comparator coordinates to
photo coordinates and used for correcting
film distortion

= Connecting stereo models

» Transform model coordinates to survey
coordinates

chr;e Center %

Pheotogrammetric Training

GENERAL AFFINE
TRANSFORMATION

@®Property
m Carry parallel lines into parallel lines

= Does not have to preserve
orthogonality

The Center
for
Phetegrammetric Training

Coordinate Transformations
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GENERAL AFFINE

TRANSFORMATION

\< v

AX

The Center
for T
Pheotogrammetric Training

GENERAL AFFINE
TRANSFORMATION

@ Physical interpretation:

X'=C,(x)cosa +C, (y)sin o+ AX'
y'=—C, (x)sin(a.+¢)+C,(y)cos(o + )+ Ay’
@6 parameters: C,, C,, a, &, AX, Ay’

The Center
for
Phetegrammetric Training

Coordinate Transformations
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model
a, =C, cosa
b =C,sina
c, = AX
chr;ecenter %
Phetegrammetric Training

GENERAL AFFINE
TRANSFORMATION

a2:

@ Can be related to linear form of the

—C, sin(a+¢)

b,= C,cos(a+e¢)
C, =AYy’

GENERAL AFFINE
TRANSFORMATION EXAMPLE

e Four fiducial marks (1 - 4) and two image points (a
and b) were measured on a comparator. The
comparator photo observations and the known values
from the camera calibration report are given in the
following spreadsheet.

Photo Coordinates

Known Values

X y

X Y

-111.734| -114.293

-113.007| -112.997

111.734| 114.293

113.001| 112.989

-114.289| 111.699

-112.997| 113.004

114.280| -111.749

112.985| -112.997

74.794 12.202

-67.123 53.432

Point No.
1
2
3
4
a
The Center b
for
Phetegrammetric Training

Coordinate Transformations
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GENERAL AFFINE
TRANSFORMATION EXAMPLE

6-Parameter Coordinate Transformation Program

Input Values: Note that lower case values represent observed comparator coordinates while the upper
case represents the known camera calibration coordinates for the respective fiducial values

% :=—111.734 y1:=-114.293 Xy :=-113.007 Y, = -112.997
% :=111.734 y, == 114.293 X, :=113.001 Y, := 112,989
X3 :=-114.289 y3:=111.699 X3 :=-112.997 Y3 :=113.004
%4 = 114.280 Y4 :=-111.749 X4 :=112.985 Y, =-112.997
The measured points are: %, = 74.794 V= 12202
X :=—67.123 Yp :=53.432

GENERAL AFFINE
TRANSFORMATION EXAMPLE

Solution

Forming the B-matrix and f-matrix:

¥ Yy 10 00 X1
0 00x y,1 Y1
X ¥y, 1 0 00 X
0 00xy1 Y,
B e ya1 0 0 0 =1y
0 0 0xvy31 Y3
X ¥4 10 00 X4
0 0 0x vys1 Y,
N=(s"8)

Coordinate Transformations
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GENERAL AFFINE
TRANSFORMATION EXAMPLE

The variance-covariance matrix is: Qux =N

19.573E-006 —1.603E-009 44.019E-009  OE+000 0E+000 0E+000

—-1.603E-009 19.573E-006 244.661E-009 OE+000 0E+000 0E+000

44.019E-009 244.661E-009 250E-003 0E+000 0E+000 0E+000
0E+000 0E+000 OE+000  19.573E-006 —1.603E-009 44.019E-009
0E+000 0E+000 OE+000  —1.603E-009 19.573E-006 244.661E-009
0E+000 0E+000 OE+000  44.019E-009 244.661E-009 250E-003

Qxx =

The Center
for T
Pheotogrammetric Training

GENERAL AFFINE
TRANSFORMATION EXAMPLE

t=Bf
51079.018 The solution vector is: A=N-t
583.52
T 0.99977
~o78.0%2 0.01134
51078.353 000211
000 4| 01140
0.99977
0.01222
The Center
for
Photogrammetric Training

Coordinate Transformations
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GENERAL AFFINE
TRANSFORMATION EXAMPLE

The resisuals are V=B -A-f
0.001
0.016
0.001
0.016
V=
-0.001
—-0.016
-0.001 The reference variance for the adjustment is
—-0.016 -
YV o = (0.001)
f‘l;l;ei:enter % 2
Phetegrammetric Training
GENERAL AFFINE
TRANSFORMATION EXAMPLE
The Transformed coordinates become:
vaZAl'Xa-f— Az'ya-i- A3 Xa=74913
YaZ=A4'Xa+ As'ya-l- AG Ya=11359
Xb 2=A1'Xb+A2'yb+ A3 Xb:—66504
YbZ=A4'Xb+A5'yb+A6 Yb=54197

The Center
for
Phetegrammetric Training

Coordinate Transformations

10
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ORTHOGONAL AFFINE
TRANSFORMATION

@ Impose condition of orthogonality (¢ =
0) yielding 5 parameters: C,, C,, a, AX’,
Ay’

X'=C, xcosa+C, ysina+Ax’

y'=-C,xsina+C, ycosa + Ay’
f‘l’cr;ecenter @&

Pheotogrammetric Training

ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

5-Parameter Coordinate Transformation Program

Solution
Forming the B-matrix and f-matrix:

cos(a) sm( ) —Cy - xl-sin(oc) + Cy-yl-cos(oc)
cos(a) ~Cy-x - cos(a) - Cy -y - sin(a)
s(a) \ZE sm(a) —Cy- % sm(a) +Cyryo- cos(a)
X n(a) Yo+ cos(a) —Cy-%- cos(a) -Cyrya- sin(a)
S((x) y3- sm(u) 7CX~x3-sin(oc) + Cy~y3-cos(a)
(a) ~Cy- 6 cos() = €, ys - sinfc)
X4 - cos(a) e sm(a) X-x4-sin(oc) +Cy s cos(a)
=Xy - sm(a) Ya- cos(a) —Cy- %+ cos(a) -Cy-Ys- sin((x)

10
01
10
01
10
01
10
01

Coordinate Transformations
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ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

Introducing some intermediate values, a, ¢ and d

a:=Ay- tan(a) — AX C:=AX- tan(a) + Ay d:= cos(a) + sin(a) . tan(a)
X, -Y;-tan(a) + a
- ———
Cy-d
Y+ Xg- tan(a) -c
y1-— c,-d
Xo-Yy- tan((x) +a
X - ————
Cy-d
1.273
Yo+ Xp- tan((x) -C _1.296
Yo-—————— i
‘o G- d -1.267
’ X3 - Ys-tan(a) + a (| 1304
8 C-d | —1.202
Yy + X3 tan(a) - ¢ -1.305
Ya - o4 1.295
X4 - Y, tan(a) + a 1248
%o Cy-d
Yy + Xy- tan(a) -C
Ya— c, d

ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

t:=B - f
11.85
11.932
t=| -1161.611
0.009
-0.049
The solution vector is: A=N-t
0.00023
0.00023 Updating the Estimates of the Parameters
A =] -0.01137 Co=Ci—A;  Cy=09998
0.00211 =Cy-A =0.9998
001222 =Gt G0

a=o—Ag o =0.011368

Ax:=AX—-A4  Ax=-0.0021
Ay :=Ay —Ag Ay =0.0122

Coordinate Transformations
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ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

@ 2nd |teration (abridged)
= Solution converged

The variance-covariance matrix is: Qxx =N

19.573E-006 —65.674E-015 —801.884E-012 44.026E-009 -498.717E-012
—65.674E-015 19.573E-006 801.893E-012 2.791E-009 244.647E-009
Qxx =| —801.884E-012 801.893E-012 9.791E-006  122.1E-009 —23.404E-009
44.026E-009 2.791E-009  122.1E-009 250E-003  —-258.227E-012
—498.717E-012 244.647E-009 —23.404E-009 -258.227E-012 250E-003

ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

The solution vector is: A=N-t
-0.00007
—0.00006 The parameters are sufficiently small enough
A =| —0.00000 to assume that the current estimates are

~0.00000 correct” based on the discripancy values.
0.00000

The Center

for

Phetegrammetric Training

Coordinate Transformations
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ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

The resisuals are Vi=B-A-f

0.003
-0.013
—-0.004
-0.019
-0.002

0.02
0.004
0.013

The reference variance for the adjustment is

= = (0.000)
The Center ° o=(

e Center [T}

Pheotogrammetric Training

ORTHOGONAL AFFINE
TRANSFORMATION EXAMPLE

The Transformed coordinates become:

Xa:=Cy - %~ c0s(a) + Cy - ya- sin(a) + Ax Xa=74.908
Y,:=—Cy- %-sin(a) + C -y, - cos(a) + Ay Y, = 11.361
Xo = Cy- %- cos(a) + C, - yp - sin(a) + Ax Xp, = —66.498
Yp = —Cy - % - sin(a) + Cy - yp - cos(a) + Ay Yy = 54.191

The Center
for
Phetegrammetric Training

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION

@ Impose additional condition of equal
scale (C = C, = C,) yielding 4
parameters: C, a, AX', Ay’

X'=Cxcosa+Cysina+AXx'

y'=-Cxsina+Cycosa+ Ay’
fTurlr’exi:enter %

Pheotogrammetric Training

ISOGONAL AFFINE
TRANSFORMATION

#®Recall Ccosa=a,=b,
-Csino =-b, =a,

@ Then, dropping subscripts, the
transformation is:

X'=ax+by+c

The Certer y'=-bx+ay+d
F?I:otogrammetﬁc Training

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION

@®Back solution

a(x'—c)—b(y' —d)
= a’ +Db?

_b(x'—c)+a(y'-d)
a’ +b?

The Center
for @&

Photogrammetric Training

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

4-Parameter Coordinate Transformation Program

Solution

Forming the B-matrix and f-matrix:

X y1 10 Xy
y1 % 01 Y1
X ¥y, 10 X
Yo % 01 Y,
B:= % s 10 f:= Xq
Y3 % 01 Y3
X ¥4 10 Xy
Yg % 01 Y4

Coordinate Transformations

16
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ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

N:-(e"B)

The variance-covariance matrix is: Qxx =N

0E+000 9.787E-006 122.332E-009 —22.02E-009
22.02E-009 122.332E-009 250E-003 0E+000

9.787E-006 0E+000 22.02E-009 122.332E-009
Qxx =
122.332E-009 —22.02E-009 0E+000 250E-003

T

t=Bf
102157.371
¢ 1161.611
The Center % “| -o018
for
Pheotogrammetric Training -0.001

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE
The solution vector is: A=N-t
0.99977
A= 0.01137 The resisuals are V:=B-A-f
—-0.00211
0.01222 —-0.002
0.013
0.004
0.019
V=
0.002
-0.020
The Certter -0.004
f@;,I:ett)grammetn'c: Training -0.013

Coordinate Transformations



SURE 440 - Advanced Photogrammetry

O =

Xa::Al'Xa-f- Az‘ya-f- A3

Yai=—Ap- X+ A1-Ya+ Ay

XbZZAl')(b+A2'yb+A3

Ypi=—Ay- X+ Ar-Yp+ Ay

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

The reference variance for the adjustment is

o = (0.0003)

The Transformed coordinates become:

X, = 74.913

Y, =11.361

X, = —66.502

Y, = 54.195

[ox,
oc
A
oC

B=|ox,

oc

Vs
ES

X,
3
A
oa
ox,
e
L7
oa

X,
OAX'
oy,
OAX'
ox,
OAX'
o,
OAX'

ox, |
OAY'
o,
OAY'
OX,
aA_y'

o,

OAY' |

Y4

X1

A

X,

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

@ Another approach where the model is
not linear

X, -y, tan o+ Ay'tan o.— AX' |

C(cosa +sinotan o)
Y1~ X tana+ Ax'tan o — Ay’

C(cosa +sinatana)

X, —Y,tana+Ay'tana - AX'

C(cosa +sinotana)

y, — X, tano + Ax'tan a. — Ay'

C(cosa +sinatana)

Coordinate Transformations

18



SURE 440 - Advanced Photogrammetry

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

Forming the B-matrix and f-matrix:

cos( ) +VYp- sin(a) —C- X - sin(a) +C-y;- cos(oc) 10

—Xq - sm(a) + VY- cos(a) —C-x - cos(a) -C-yp- sin(a) 01
cos(cx) +Yy- sin(a) —C-x%- sin(a) +C-y,- cos(cx) 10

X n(a) +Yy- cos(a) —C-x%- cos(a) -C-y,- sin(a) 01

8= s(a) +Y3- sin(a) -C-x3- sin(a) +C-y3- cos((x) 10
—X3 n((x) +Vys3- cos(a) —C-x- cos(oc) -C.y3- sin(a) 01

Xg cos(a) + VY4 sin((x) —C-%- sin(a) +C-y,- cos(a) 10

(a) (@) 01

Q

% - sinla +y4-cos(a) —C-x4-cos(oc)—c-y4-sin

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

Computing intermediate values

a:=Ay- tan(a) — AX b = Ax- tan(a) - Ay d=C- (cos(a) + sin(a) . tan(u))

X1-Yy- tan(a) +a
d
Yy + X+ tan(a) +b

X =

Y1-— d
%o X, - Y, tan(a) + a 1.2730
d -1.2960
Yo+ X - tan(a) + b -1.2670
2= d 1.3040
fi= f=
X3 - Ys-tan(a) + a ~1.2920
T4 ~1.3050
Ys+ Xg-tan(a) + b 1.2950
Yoo 4 1.2480

Xg=Yy- tan(a) +a
- d
Yi+ Xg4- tan(a) +b
d

Ya—

Coordinate Transformations

19
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ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

-1

N::(BT B)
T

23.781

t ~1161.611

| 0.009

-0.049

t=Bf

The solution vector is: A=N-t
Updating the current estimates of the
0.0002 parameters:
A —-0.0114
| 0.0021 C:=C-Aq C =0.9998
-0.0122 a=aoa—-A, o = 0.01137
AX:=AX— A3 Ax = -0.0021
Ay =AY — Ay Ay = 0.0122

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

@ Second iteration (abridged)
= Converged to solution

-1
N:=(g"B)
The variance-covariance matrix is: Qxx =N

9.787E-006 0E+000 23.409E-009 122.074E-009

0E+000 9.791E-006 122.102E-009 —23.414E-009
23.409E-009 122.102E-009 250E-003 0E+000
122.074E-009 —23.414E-009  OE+000 250E-003

Qxx =

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

The solution vector is: A=N-t

Updating the current estimates of the

—0.0001 parameters:

A —0.0000
| 0.0000 C=C-4A, C =0.9998

0.0000 a=a —A, a = 0.01137
AX:=AX— A3 Ax=-0.0021
Ay = Ay — Ay Ay = 0.0122

The Center
for T
Pheotogrammetric Training

ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

The resisuals are 0.003

-0.013
—-0.004
-0.019
—-0.003
0.019
0.004
0.013

V=B -A-f

The reference variance for the adjustment is

o = (0.0003)

The Center
for
Phetegrammetric Training

Coordinate Transformations

21
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ISOGONAL AFFINE
TRANSFORMATION EXAMPLE

The Transformed coordinates become:

X,=C- % cos(a) + C- y,- sin(a) + Ax X, = 74.913
Ya=-C- % sin(a) + C-y,- cos(at) + Ay Y, = 11361
Xo:=C- % cos(a) + C-y - sin(at) + Ax Xp = ~66.502
Yy i=-C-%-sin(a) + C- yp- cos(a) + Ay Yy = 54.195

The Center
for T
Pheotogrammetric Training

ISOGONAL AFFINE TRANSFORMATION —
ANOTHER EXAMPLE

& Measured:
Xy = 70.057 mm
Yy = -40.014 mm Reseau s, 19 +

X r = 80.067 mm
Yr = -50.026 mm
Xpr = 76.0985 mm
Yor = -41.9810 mm

@ “True” + (17, 20)
X'y = 70.107 mm
Yy = -39.843 mm
X' g = 80.133 mm
Y g = -49.820 mm
Lr:e(}enter %
Photogrammetric Training

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION

@ Differentiating transformation formulas
with respect to the parameters:

oX'yL _ OX' L _
aa UL 6b UL
oX'yL 1 oX'yL 0
oc od

The Center
for @&

Photogrammetric Training

ISOGONAL AFFINE
TRANSFORMATION

@ Design matrix:

oX'yL
d(a,b,c,d)
oYy, Xo. Yu 10 70.057 -40014 1 0
8- o(@b,cd)| |[Yu -Xu O 1| [-40.014 -70057 0 1
| Xk | Xk VY 1 0| | 80067 -50.026 1 0
oabed)| |y, —x,. 0 1| |-50.026 -80.067 0 1
oY'\r
| 8(a,b,c,d)

The Center
for %

Photogrammetric Training

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION

@ Discrepancy vector and vector
containing the parameters are:

X'y | [ 70.107 ] a
c_|Yu|_|-39843 A |P
X', 80.133 c
Yir ] [—49.820] d
chr;ecenter %
Phetegrammetric Training
ISOGONAL AFFINE
TRANSFORMATION
# Normal equations: N = B™B
[15422.429 0 150.124  —90.040 ]
N 15422.429 —90.040 —150.124
- 2 0
(- 2 -
The Center
?I:etogrammetﬁcTraining

Coordinate Transformations
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ISOGONAL AFFINE
TRANSFORMATION

#® Constant vector and solution vector are
computed as:

1514.068 0.999051 | [a
e | —33776 o, |-0.002547| |b
t=B"f = A=N7t= -

150.240 0.014579 | |c

~89.663 ~0.045424 |d

The Center
for T
Pheotogrammetric Training

ISOGONAL AFFINE
TRANSFORMATION

#® Transformed coordinates become:

X'pr=aXpr + DYy +C
=(0.999051)(76.0985)+ (— 0.002547 )(— 41.9810) + 0.014579
=76.148 mm

yIPT = _bXPT +aYer +d
—(~0.002547)(76.0985) + (0.999051)(— 41.9810) + (— 0.045424)
~41.793

The Center
for
Phetegrammetric Training

Coordinate Transformations
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RIGID BODY
TRANSFORMATION

@ Condition: orthogonality and no scale
(C,=C,=1)

X'=XCcosa + Yysina + AX'

y'=-Xsina+ ycosa + Ay'

# 3 parameters: a, AX, Ay’

The Center
for T
Pheotogrammetric Training

RIGID BODY
TRANSFORMATION EXAMPLE

3-Parameter Coordinate Transformation Program

Solution

Forming the B-matrix and f-matrix:
—Xq - sin(a) + Y1 - COS
—Xq - COS (oc) —yq-sin
X - sin(a) + Yy, - COS

X - cos(a) —Y,-sin

(
(a)
(a)
(a)
—Xg sin(a) +VY3- cos(oc)
(a)
(a)
(a)

01
B:=
10
—x3-cos(a)—y3-sin a) 01
The Center —x4-sin(a) +Yy4-cosla) 1 0
for
Photogrammetric Training —x; - cos(a) —y,-sin(a) 0 1

Coordinate Transformations
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RIGID BODY TRANSFORMATION EXAMPLE

n=(eTg)"

Computing intermediate values for the computation of the f-matrix:

a:=Ay - tan(o) — Ax ¢ :=Ax- tan(a) + Ay

X, - Y;-tan(o) + a
d

Yy + Xq- tan(a) -c
- d

X, - Y, - tan(a) + a
d

X —
Y1

X —

d
Yy+ Xy- tan(cx) -C
d

Ya

d:= cos(oc) + sin(a) . tan(a)

1.273
Y+ Xp-tan(a) — ¢ 1206
yp- ————
o d -1.267
’ X3 - Y- tan(o) + a 1.304
¥ - ———— f=
d -1.292
Y3+ Xg-tan(o) — ¢ ~1.305
Ys~ d 1.295
X4 —Yq-tan(o) + a 1.248

RIGID BODY
TRANSFORMATION EXAMPLE
-1161.611
t=B . f t=| 0.009
—-0.049
The solution vector is: A=N-t
~0.01137 oi=o —A o =0.01137
A =| 0.00211 AX:=AX—- A, Ax=-0.0021
-0.01222 Ay == Ay — Ag Ay =0.0122
The Center
for
Photogrammetric Training

Coordinate Transformations
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RIGID BODY

N=(gTB)

The Center
for T
Pheotogrammetric Training

The variance-covariance matrix is:

TRANSFORMATION EXAMPLE
@®2nd |teration (abbreviated)

Qxx =N

9.787E-006 122.074E-009 —23.409E-009
Qux = | 122.074E-009  250E-003
—23.409E-009 —291.994E-012  250E-003

—291.994E-012

RIGID BODY

The resisuals are

The Center
for
Phetegrammetric Training

The solution vector is: A:=N-t
—0.00000 o=a-A;
A =| 0.00000 AX:=AX— A,
0.00000 Ay =AYy — Aq

0.022
0.006
-0.023
-0.038
0.016
0.001
-0.015
0.032

TRANSFORMATION EXAMPLE

o =0.01137
Ax = -0.0021
Ay =0.0122

Vi=B-A-f

Coordinate Transformations

28
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RIGID BODY

TRANSFORMATION EXAMPLE

The reference variance for the adjustment is

Vv

5

The Transformed coordinates become:

= o = (0.001)

Xai=Xg- cos((x) + Ya- sin(a) + AX
Yy =X sin(a) +VYa- cos(a) + Ay
Xp =% - cos(a) + Yy sin((x) + AX

Yy =% - Sin((x) + Y- cos(a) + Ay

The Center
for @&

Photogrammetric Training

X, = 74.926
Y, = 11.363
Xp, = —66.513

Y, = 54.204

POLYNOMIAL
TRANSFORMATION

#® General form

X'=a, +a,X+a,Y+a,X> +a,y’ +agXy +--

y'=b, +b,x+bb,y+b,x*+b,y* +b.xy +---

@ Alternatively,

X'=A, +A1X+A2y+A3(X2 —y2)+A4(2xy)+...

The Center
for
Phetegrammetric Training

y'=B, —A2x+A1y+A4(x2 —y2)+A3(2xy)+...

Coordinate Transformations

29



SURE 440 - Advanced Photogrammetry

Bilinear Polynomial Coordinate Transformation Program

Forming the B-matrix and f-matrix:

1% Y1 %-y1 00 O 0 X1
00O 0 1x Y1 %Y1 Y1
1% y, -y, 00 0 0 X
000 0 1 X% Y % Yo Y,
B s ya%ys 00 0 0 =1y
000 0 1 x5 Y3 X3-Y3 Y3
1% ys %y,000 0 X4
000 0 12X YqX-Ys Yy

Bilinear Polynomial Coordinate Transformation Program

Qxx =

N=(gT8) "

The variance-covariance matrix is: Qxx =N

0.2500000 0.0000000 0.0000002 -0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
0.0000000 0.0000196 -0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
0.0000002 —0.0000000 0.0000196 -0.0000000 0.0000000 0.0000000 0.0000000 0.0000000
—0.0000000 0.0000000 -0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000000

0.0000000 0.0000000 0.0000000 0.0000000 0.0000000 0.0000196 —-0.0000000 0.0000000
0.0000000 0.0000000 0.0000000 0.0000000 0.0000002 -0.0000000 0.0000196 -0.0000000
0.0000000 0.0000000 0.0000000 0.0000000 —0.0000000 0.0000000 —0.0000000 0.0000000

1
0.0000000 0.0000000 0.0000000 0.0000000 0.2500000 0.0000000 0.0000002 —-0.0000000

Coordinate Transformations
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Bilinear Polynomial Coordinate Transformation Program
t— B f -0.018
51079.018
583.52
—455.444
=l 000
-578.092
51078.353
340.545
The solution vector is: A=N-t _0.0021
0.9998
0.0113
A -0.0000
0.0122
-0.0114
0.9998
-0.0000

Bilinear Polynomial Coordinate Transformation Program

The resisuals are V:=B-A-f -0.000
0.000
0.000
0.000
-0.000
0.000
0.000
0.000

The reference variance for the adjustment is

= o = (0.0000)

Coordinate Transformations
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Bilinear Polynomial Coordinate Transformation Program

The Transformed coordinates become:

Xo=Ap+ Ay %+ Ag Yot Ag- % Ya X, = 74913
Yai=As+ Ag X+ A7-Ya+ Ag- %" Ya Y, =11.358
Xp=A1+ Ay X%+ Ag-Yp+Ag- %Yy X, = —66.503
Yoi=As+Ag- %+ A7- Yo+ Ag- X% Yp Yy = 54.201

PROJECTIVE
TRANSFORMATION

@®Frequently used in photogrammetry
@ General form:

_a;x+a,y+a,

- dx+d,y+1

_bx+b,y+b,
dx+d,y+1

The Center
for %

Photogrammetric Training

Coordinate Transformations
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PROJECTIVE TRANSFORMATION

[OF(x), oF(x),  oF(x) |
oa, oa, od, -
W, oy, ) o
oFly), OFly), oY), —
a_| 0 o, o ad, . £ F(y)l
4 2n-1 F(X)n
oFly), oFly),  oFly), | (5 —F(y),
| Oa, oa, od, |

PROJECTIVE TRANSFORMATION
EXAMPLE

Initial estimates of the parameters are given as follows: The vector of observations
ag = 1.0 xl
a,:=0.0
2 Y,
33 =0.0
X2
bl =0.0
Y.
— 2
by:=1.0 Lo
bg:=0.0 X3
dl =0.0 Y3
dy:=0.0 X4
. . . Y,
The denominator of the functional model is: 4

dlxl + d2y1 +1

d1X2 + d2y2 +1
den :=

d1X3 + d2y3 +1

d1X4 + d2y4 +1

Coordinate Transformations
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by + byyy+ b3

deny

PROJECTIVE TRANSFORMATION EXAMPLE
The design matrix, B, is formed as follows:
[x y1 1 o o [apxg +ayyp +ag | [apxq+ayy;+ag| ]
den; den; den; 7 2 " 2 Y1
1 1 1 (deny) (den,)
o o 6 41 _7 byxq + byyq + b3ix [ byxg +byyq + b3i_y
den; den; den; (denl)z 1 (denl)z 1
% Y2 1 o o o [agx+ayyy+ag | [agx+ayyy+ag |
den, den, den ] 2 %2 2 Y2
2 2 2 (deny) (deny)
o o . % Y2 1 [ byxp+byyy+ byl [ byX+ byyy+ by ]
den, den, den, | 2 % 2 Y2
2 2 2 (deny) (deny)
B:= - z - Z
8 vz 1 o o o a3+ ayyz+ ag agXg + ayyg+ ag
deng deng den ] 2 ' ] 2 RE
3 3 3 (dens) (dens)
o o 6 8 Y3 1 [ byXg+byys+ b3 [ byXg+byyz+ b3
den; den; deny | 2 8 2 3
3 3 3 (dens) (deny)
4 Y4 1 . . . : agxy + ayyq + a3_lx : ag Xy + Ay + a3_Ay
den, deny deny (den4)2 4 (denA)z 4
. . . i & 1 : X+ byys+ b3_<x : byXg + boyy + b3_Ay
deny deny deny (den4)2 4 (den4)2 4
PROJECTIVE TRANSFORMATION EXAMPLE
al'Xl + a2yl + a3
den;
b1~X1 + b2y1 + b3
deny
al'Xz + azyz + a3
den,
b1X2 + b2y2 + b3
den, -1.273
Fy = 1.296
al*Xs + 32y3 + 33 1.267
dens FeboFx 1304
f=
byx3+byyz+ b3 1.292
deng 1.305
agXg + Yy + a3 -1.295
deny, —-1.248

Coordinate Transformations
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PROJECTIVE TRANSFORMATION
EXAMPLE

N:=(g"B) t=B f — N

—0.00023
0.01134
0.01409
-0.0114
—0.00023
0.01348
0
0

PROJECTIVE TRANSFORMATION
EXAMPLE

@ Update estimates of parameters and
iterate towards a solution

The transformed coordinates are:

ag-X, + ag Y, + a
X o La T 2% % Xq = 74.92187
dyxg+dyya+ 1

by-% + boyy, +b

1%+ by

v, Lat P2%a T3 Y, = 11.35877
dyxg +doyg +1

X oL 82Y 83 X - _66.49273
b dyXy + doyp + 1 b
b1-% + boyp + bg

Yp=—T—————— Y}, = 54.20205
dyXy + doyp +1

Coordinate Transformations
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TRANSFORMATIONS IN
THREE DIMENSIONS

@® General polynomial approach
s transformation is not conformal

X'=a,+a,X+a,y+a,z+a,Xx> +a,y> +a,2> +a,Xy+a,yz
+agZX + XY’ + 8y, XY +a,X2 + -

y'=b,+b,x+b,y+b,z+b,x*+b,y* +b,z* +b,xy +byyz
+byzx + by xy? + by, X°y + b, x2° +---

Z'=Cy +CX +C,oY +C3Z+C X2 +Cgy? +CeZ” +C XY +CgYZ

chr;ecenter mn +CoZX +CipXY’ +Cy XY +Cp, X2 + -+
Phetegrammetric Training
TRANSFORMATIONS IN
THREE DIMENSIONS
® Alternative that is conformal in the
three planes
x':AO+A1x+A2y+A3z+A5(x2—y2—22)+O+aA7zx+2A6xy+~~-
y'= BO—A2x+A1y+A42+A6(—x2+y2—22)+2A7yz+0+2A5xy+~~-
z':C0+A3x—A4y+Alz+A7(—x2—y2+zz)+2A6yz+2A52x+0+~-
The Center
for
Phetegrammetric Training

Coordinate Transformations
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TRANSFORMATIONS IN
THREE DIMENSIONS

@ Polynomial
projective
transformation

B dx+d,y+d,z+1

. b x+b,y+b,z+b,

- d,x+d,y+d,z+1

o X+ CY+CZ+C,
d,x+d,y+d,z+1

The Center
for @&

Photogrammetric Training

Coordinate Transformations



