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Problems in and Practical Use of

Projective Transformation in Image Analysis
TsuroMu Sasaki, Kazuniko Tsunopa

Abstract

This study had two purposes. The first one was to use coordinate transforma-
tion practically and applicably for dealing with image data. The other was to
examine possible problems in those transformations. We examined some equa-
tions to find the optimum method for computing coordinate tranaformations.
We chose a projective transformation which was the optimum equation for image
analaysis. Then we applied two equations to find the coefficients of that trams-
formation. There were two methods of doing this the least squares method and
the dimensional simultaneous equations method.

Our findings were as follows:
1) The projective transformation fit the theoretical points better than the affine
transformation. The projective transformation made less erros than the affine
transformation when modifying the declination.
2) Using more than four contrcl points, it was necessary to use the least
squares method for the transformation equation. Then the errors decreased.
3) Using projective transformation, the errors increased in proporticn to the
squares of the distance from the origin.
4) Large control points on the display made accidental errors decrease.

Keywords: projective transformation, method of least square, image analysis,
practical use.
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Figure. 1 Diagram of an experimetal plane and camera position.
The real image was modified by projective transformation.
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Figure. 2 The projected picture shows actual data points on computer
display screen.
Legends : X,Y axis show the numbers of dot on the display
screen.
%,y axis shows on the piéture of actual data points.
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Figure. 3 Marks show the theortical points and transformed data which
were taken by projective transformation when using eight
dimensional simultaeous equations.

Legends: The marks (+) are theorical points,
The marks(l) are transformed data.
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Figure. 4 Marks (@) show errors.
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The line is a regression curve show-
ing the data of projective transfmation when using eight

dimensional simultaneous equations.
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Figure. 5 Mark show the theoretical points and transformed data which
was taken by projective transformation when using the least

square method.
Legends: The marks () are theoretical points.
The marks () are transfomed data.
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Figure. 6 Marks (@) show errors. And the line is a regression curve

showing the data of affine transformation when using eight

dimensional simultaneous equations.

0 ¥
-

S L L S S R i
s SR SR O
SERi I R S S e
P30 ps p+ x
3 2 1 1 2 3 4'
SRR TS S S S S

'y

399-

)

£39
Figure. 7 Marks show the theoretical points and transformed data
which was taken by affine transformation when using the

least square method.
Legends: The marks (+) are theoretical poents.
The marks (M) are transofrmed data.
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curve showing the data of affine transformation when using
eight dimensional simultanecus equations.
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renum 1000
save "mat2GAU",a
R M HerZAoigEik

u=F(x,y)
v=G(x,¥)

N=8
DIM A(N,N+1)

BRESKOEZED AN

PRINT " control-point™
PRINT
FOR I=0 TO 3
PRINT "no ™I
PRINT
[INPUT “"se¢reen x= ",
INPUT "screen y= ",
INPUT “real u= ",
INPUT "real v= ",

8ISl DT 2 1 3

=

K=sl#2+1 '
A(K,1)=X ¢OXxY
A(K,2)=Y '
A(K,3)=1 !
A(K,4)=0 '
A(K,5)=0 !
A(K,6)=0 '
A(K,7r=-Ux%X '
A(K,8)=-U»Y '

A(K,9)=U !

COO0 OO

K=1%2+2
A(K,1)=0
A(K,2)=0
A(K,3)=0
A(K,4)=X
A(K,b)=Y
A{K,6)=1
A(K,7)=-V*X
ACK,B)=-V*Y
ACK,9)=V

PRINT
NEXT 1

AOAOHEEERAVWTHERX RS

FOR K=1 TO N
FOR 1=K TO N
I[F A(1,K)<>0 THEN 1580
NEXT 1
GOTO 1980

W MO OO O
*
-

P=A(I,K)

FOR J=K TO N+l
Al=A(L,J)
ACL,J)=ACK,J)
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)

A(K,J)=Al/P
NEXT J

FOR I=1 TO N
IF I=K THEN 1710
Q=A(I,K)
FOR J=K TO N+1

ACL,J)=A(L,J)-Q*A(K, ]}

NEXT ¢

NEXT I

NEXT K

B 5hEREOER

FOR I=1 TO N
PRINT"x";I;"=",A(],N+1)

NEXT I

TS

INPUT "x=",X
INPUT "y=",Y

* BEEROTERA

GO
END

[

END

UsA(L,9)%X+A(2,9)%Y+A(3,9)/(A(T7,9)%X+A(8,0)*Y+]1)
V=A(4,9)*%X+A(5,9)%Y+A(6,9)/(A(T,9)*X+A(8,9)*Y+1)

BUOU77+ EBREBOEHRN

u=ACL,9)%X#Y+A(2,9)%X+A(3,9)%Y+A(4,9)
VEA(S,9)%X*Y+A(E,0)2X+A(7,9)%Y+A(8,9)

PRINT *u=";U
PRINT "v=";V¥
TG 1790

HEFZFOABVRIOBRVEOLE
PRINT "M MR v F & A"
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BRRAEHTIC 8317 B RHE LB OE ML & T OBRE

' renum 1000
! save "b:mat2QR.bas",a
' HEFH QRZL L DMK
' u=f{x,y)
' v=g(x,y)
’ BRIEROBOAN
CLS -
INPUT "number of control-points < “,NP
[F NP<4 THEN GOTO 1130
' WWMEE BA
N=2%NP
M=8
' y(id)=x(i,jr*b(jd
DEFDBL X,Y,B,Q,R,C,V¥,S8,T
DIM X(N,M) "R(N,M)=q (N,M)*r (M,M)
DIM Y(N)
DIM B(M)
DIM Q(N,M)
DIM R(M,M)
DIM C(M)
DIM V{(N)
' BRELOEZEOAN
PRINT
FOR I=1 TO NP
PRINT *"no ";l
PRINT
INPUT "screen x= ", X
INPUT "screen y= ", Y
INPUT *real u= ", U
INPUT "real v ", ¥
PRINT
K=1%2-1 ‘BU7 7 vERAROED
X(K, 1)=X txRy
X(K, 2)=Y ‘X
X(K, 3)=1 'y
X(K, 4)=0 'l
X(¥X, 5)=0 'O
X(K, 6)=0 '0
X(K, 7)=-U%X ‘o
X(K, 8)=-UxY ‘0
Y(X) =U 'u
K=1%2
X(K, 1)=0 '0
X(K, 2)=0 *0
X(K, 3)=0 'O
XK, 4)=X 0
X{K, 5)=Y f XAy
X(K, 6)=1 ‘X
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X(K, 7)=-VxX

X(K, 8)y=-vx*Y

Y(K) =V
NEXT I

<

BH XN, YN OEE

FOR I=1 TO N
FOR J=1 TO M
PRINT X<(I,J)>;
NEXT J
PRINT Y(I1)
NEXT I

FOR J=1 TO M
5=0
FOR I=1 TO N
S=8+X{(I,J)*Y(I)
NEXT 1
C{J)=8
NEXT J

8=0

FOR I=1 TO N
5=8+X(I,1)"2

NEXT 1

T=5QR(8)

R(1,1)=T

FOR I=1 TO N
QUIL1)=X{I,1)/T

NEXT 1
FOR K=2 TO M
KM1=K-1
FCR I=1 TCO N
V(1)=X(I,K>
NEXT I
FOR J=1 TO KMi1
5=0

FOR I=1 TO N
S=8+V{I)*Q(I,J?

NEXT I

R(J,K)=8

FOR I=1 TO N
VI)=V(T)-5%Q(]1,0)

NEXT 1

NEXT J

5=0

FOR I=1 TO N
5=8+V(I1)"2

NEXT 1

T=SQR(S)

FOR I=1 TO N
Q(I,K)=V(I)/T

NEXT [

R(K,K>=T

NEXT K

B QN,M OXFT
FOR I=1 TO N

FOR J=1 TO M
PRINT Q(I1,M),

Ll
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NEXT J
PRINT
NEXT |

FOR 1=1 TO M
$=0
FOR J= 1 TO N
$=8+Q(J, DIxY (D)
NEXT J
C(I)=S
NEXT 1

BMY=C(M)/R(M,M) :
FOR K=2 TO M

I=M-K+1

IP1=1+1

5=C{I)

FOR J=IP1 TO M

8§=S-R(I,J)%B(J)

NEXT J

B(I)=S/R(I,1)
NEXT K

RHsh®RE B OER

FOR I=1 TO M
PRINT B(I)
NEXT 1

E#ETRS

INPUT "x=",X
INPUT "y=",Y

HEZROTHA
U=(X*BC 1)+Y#B( 2)+B( 3))/(X*#B( 7)+Y*B( B)+1)
V=(X#B( 4)+Y¥B{ 5)+B( 6))/(X#B( 7)+Y+B( 8)+1)

BU7I7 v EBRBOEHRA
Uz XkYXB( 1)+X%B( 2)+Y*B( 3)+B( 4)
V= X*Y*B( B)+X*#B( 6)+Y%B{ 7)+B( 8>

PRINT "u=";U
PRINT "v=';V
GOTO 2560

127



