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440= .\q% + 34—+ Ye
377w = 4323-.963 + %t
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37w = 432 + L™
439w = 504 8+ Xt
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107-—371»‘
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Y= M (L22)—8%2 = .&
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% new program which will compute bilinear transformation given point pairs

clc,clg;
clear

%do the X coordinate

P 1=[62,85];

P 2=(77,128];

P _3=[125,134];

P_4=[140,106];

A=[P_1(1) P_1(2) P_1(
P 2(1) P_2(2) P_2(

) 1)*P_1
) P 1
P_3(l) P 3(2) P.3(1
) P 1
1;

) (2)
)*P_2(2)
)*P_3(2)
)*P_4(2)

1; ...
1; .
1; ...
4(1 4(2) P_4( 1];
[70 70 130; 130 ;
COEFF__l inv(A)*B_1
X_PRIME=COEFF_1(1)*P_1(
X _PRIME=COEFF_1 (1) *P_2(
X _PRIME=COEFF_1 (1) *P_3(
X_PRIME=COEFF_1 (1) *P_4(

)+COEFF_1(2) *
)+COEFF_1(2) *
)+COEFF_1(2) *
) 2)*

2
2
2
+COEFF_1 ( 2

1 P_1(
1 P_2(
1 P_3(
1 P_4(

%do the vy coordinate
A=[P_1(1) P_1(2) P_1(1)*P_1(
P 2(1) P_2(2) P 2(1)*P_2(
P 3(1) P_3(2) P_3(1)*P_3(
4(1) (

0];

2) 1; ...
2) 1; ...
2) 1; ...
P 4(1) P 4(2) P *P_4(2) 1];

B 2=(80; 140; 140; 8
COEFF_l=inv(A)*B 2
Y_PRIME=COEFF_1(1)*P_1(1
Y_PRIME=COEFF_1(1)*P_2(1
Y_PRTIME=COEFF_1(1)*P_3(1
Y_PRIME=COEFF_1(1)*P_4(1

) +COEFF_1 (
) +COEFF_1 (
) +COEFF_1 (
) +COEFF_1 (

*P_1(
*P_2(
*P_3(
*P_4(

DN DN

2)
2)
2)
2)

) +COEFF_1(3)*P_1(1 (
) +COEFF_1(3)*P_2(1) *P_2(
) +COEFF_1(3)*P_3(1 (
) +COEFF_1(3)*P_4(1 (

) +COEFF_1 (
) +COEFF_1 (
) +COEFF_1 (
) +COEFF_1 (

)*P 1

)*P_3
)*P_4

3)*P_1(1
3)*P_2(1
3)*P_3(1
3)*P_4(1

)*P_1(
) *P_2(
)*P_3(
)*P_4(

DD DN

2
2
2
2

)
)
)
)

)
)
)
)

+COEFF_1
+COEFF_1
+COEFF_1
+QOEFF_1

+CCEFF_1
+COEFF_1
+COEFFE_1
+COEFF_1

(
(
(
(

(
(
(
(

4)
4)
4)
4)

4)
4)
4)
4)



2/19/96 11:18 BM Comand Page 1

Commands to get started: intro, demo, help help
Commands for more information: help, whatsnew, info, subscribe

COEFF_1 =
-0.6121
-1.2889

0.0141
143.2663

X PRIME =

70.0000

X PRIME =

70.0000

X _PRIME =

130.0000

X _PRIME =

130.0000

COEFF_1 =

-1.1554
1.0366
0.0071

25.8815
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Y_PRIME =

80.0000

Y _PRIME =

140.0000

Y_PRIME =

140.0000

Y _PRIME =
80.0000

>
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2/20/96 7:59 AaM Spherical mirror.m

% geometrix spherical mirror transformation
clc,clg;
Clear

$radius of sphere, inches
R=36

%do the x coordinate
X=-20:1:20;
%do the v coordinate
y=-20:1:20;

thetax=asin(x/R) ;

dx=(R-sart (R*R-X.*X) ) . *tan (thetax*2) ;
Xprime=x+dx;

thetay=asin(y/R) ;

dy=(R-sart (R*R-y.*y) ) . *tan(thetay*2) ;
yprime=y+dy;

for m=1:41
for n=1:41
z(m,n) = sart(dx(m)*dx(m) +dy (n) *dy (n) ) ;
end

ed

mesh(z)

Page

1



2/20/96 8:00 AM

Command

Commands to get started: intro, demo, help help

Commands for more information: help, whatsnew, info, subscribe

36

Xprime =
Colums 1 through 7

-34.6449 -29.9763
v{") \0\
Colums 8 through 14

-15.2132 -13.6638
\’1) VL '

Colums 15 through 21

-6.1752  -5.0998
. g 9
Colums 22 through 28
1.0008 2.0062
Colums 29 through 35
8.4328 9.6325
Colums 36 through 41
18.7993  20.9374
yprime =

Colums 1 through 7

-26.3538

-12.2319

-4.0505

3.0211

10.8941

23.4116

-23.4116
VA

-10.8941

(O

-3.0211

4.0505

12.2319

26.3538

-20.9374

N

-9.6325

-2.0062

5.0998

13.6638

29.9763

-18.7993

—~
\S

-8.4328

-1.0008

6.1752

15.2132

34.6449

-16.9110

|

~7.2836

7.2836

16.9110

Page 1



2/20/96 8:00 AM

-34.6449

Colums 8 through 14

-15.2132

Colums 15

-6.1752

Colums 22

1.0008

Colums 29

8.4328

Colums 36

18.7993

>

-29.9763 -26.3538
-13.6638 -12.2319
through 21
-5.0998  -4.0505
through 28

2.0062 3.0211
through 35

9.6325 10.8941
through 41
20.9374  23.4116

Cormand

-23.4116

-10.8941

-3.0211

4.0505

12.2319

26.3538

-20.9374

-9.6325

-2.0062

5.0998

13.6638

29.9763

-18.7993

-8.4328

-1.0008

6.1752

15.2132

34.6449

-16.9110

-7.2836

7.2836

16.9110

Page 2
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- |

Treacone & equahiono Un Il unknowns e will mud od laast b pains
lenourn poirts To soloe this eguation.

Problem & that sw()s'l‘em is over dedervumned .
Ja =X



. . s B S,
......... Dl L SN Pl
= | ! : . P b SR R A A L
R p O O O [ A [ : [ -
. [T S N ! | | i t .
i H o T .
: | b N S N R O %; - . :
: 4 g4 Lol L BENNEEN i
. “ G S S A Y A O :
: e i
| 1
|
i
L - §
- —
P < oy —]
{
-~ N s o=
IBEEN ; 0
P [l P
- : J
| ™ =
Py 7
T Ny {
L
43 -\)' Sl
;
\
— W

1
lame 1ol

'\
=]
¢

‘c:)‘4
i

| % 5
I - d
m \ 1B ) 2T :
m ' =+ 3 ) Nl
: N o Y | )
m N [+l N LY R
] 4 '\ e
0 . } nw ) 3
[ Simp = PTERY 3 m
.-U L - 4 i i i
- N 5 p - > 1| T
y N < C— HEl
r A) < - ..W IS ( i
_ @ 1 Q. rT ! I
} ~ P * T Ia P! ,m
. 5 R ) RITEe T w
i _. :
: Sroe - 3 9 > an :
] - -AL\ i w,_ MNU _ $ . .
1 P4 ¥ T Al N pﬂd l..-l uM m~ ”
{ , ) = A 5RO = - E i W
C : w i i * ! H
L = =d S~ ) “m , i H
~ y 3 9/ H
C Fanmgy o 3 . i
T DS T s N =
2T et RS adriter— = w
- i ; lallld [ i _ ! T i
LIS SO P ] Tt
] <Hl SILET O T
M _ 1 5 STRET ! T
; ; ~ - N / I
m “ SO e :
_ _ — o 5] — i
> | | = = + = : _ !
Vi — ! MJ\.-
RE 3 O TR ST
i < l
. 5
;
: S § 1 - m
S e i BENE IR EENERDN e i RN
o L RN NE. . L T T ) ( .
; i . NN S O 0 U O A AR NN LU T .




o NI
[ ,.,.WQJ " r vt
i lwwmmw,f,. NN
HREN )
! — -1 = T b fep - -
T e
gl .
S G _.I\“O ,er
T Q)
S ==
i ol > ‘
T m (23
i i A - b
i i d >
' o
B > =NEEEPSO
[ Q
T _ ,r&

.

N1=t]

e’

_—

T
~
1

&
1
&,
2
}
)

Faip)

\
o
>

+
0.7
\NSpeC
)

A
Av
<
/

@

|
L

J 3 "

Z
{
=l

&
T
STV
+ >~
J

&
+

vng
!

SR
{

i . 3 .Mu A ~£
S : 3 = ,
! ] < ° S kel :
1 ! T §ioT WP T
-l ~ ..v‘m B - ||w| Qi —
3 ! = 1 | M i =
i T L ERnS
gty g &
=13

L |
4

|
e
\OMND
\2
|

hodt
x'\!‘ll

<! P

LU RRREN
O \ " et~ —
DA o e IR = v -
— ¢ = : =0 - d

i
)

T
i

1

/
vt

BARS SARNE T EREnN

:
! M 1 - s;‘xlvrvAvvr - r B S A 1 r r !
. vy -+ - - - b t

..... I ' ot —ly|— - r P

| - . | B O O

........ : i <L [ i ! [
i bt 1 t . ! oo i tor t

: i " oo ' pob oy [




P

+0

AT

et

a;

AN
i

o b

1M

e

N

V)

\

W61 JLB(Y

Hf

N

==y

e m

AP Wt

aoni
N\
LXOA N

1
past
\%4

1)

T

oirfs ek

| 'L—P

i
Xlal 7T

a

A

et

p———
—

——

-

>

]
(4

14

[
MY VNS
n

L4

b

i

Ap)|

-—

UA I
A

-

7

;SC.‘_.LW_* T

[0/

l'!

[

o e
\

<L

:‘.iiigr"




:
T

$
i
i1
T
m
In
1@
1
i
T
i
i
T
|l|v1

o
o
il

}
Z

U

e
NAN
|

!

e e

Vo .

:

!

a2
N
U

{
I
G

Fa

<
,

“
d
N

ld
CORTIN

-
Py
NEERNEE 4
= | 3 i <
rN ) ; J b N - [V
w =11 & A i} J & =
IN Pl & = b= ‘ R ¢
) D ()] l= Y S . 1 . Py N
Fl ..-H R A e |- - Ry P NS [
: 3 _ Ll 0 - o ) TTiE
; : = — ~ R =
Q| Y] o M ! be hs | Kwr. NE \
3 rY R f ! ¥ = o0 ] e 1 9S S
= L1 ; e < ] () 4 Qe
& H L{
: i = \ - — R ) Y %I B4 LY
ol 1 < b o S 4 (% T |
i i R 8} S - < P W : {
i XY L = Y — - | + K
H | ' »T-m i i 31_“— \J -— W | .l. = \l‘ \ T Q J\ 7 r,u
: : fa VI : o= y = fay o4 b . i :
DRSS RRR: ) = y RENC = NERIIBIs SR ST -
i : VI N = Y] N | > RSN [v@ E APl .
i IR L] EEEEYE 7 PRV 1aq | YOS n
SEELTS : ot ; 5 \ - L £ SIe i
S SN N E - S dJ : - ANP < 1 = T ey N R ——
) < = —~—t I lan Q I\ - R
i} “_Mi allld ] 'S SAREgEc S g i R 2! j
— e B o eyt icras-hniiaass
- ' i . N D B i I X, ! T o
1 - oA — il f o L\n i | .ln\. P 3 m b
i £ a2 INEERES I W= ¥ \ _ 5 N PN _ .
1 3 - > L o) I3 D= | g Y L A I
I IR 4 i P . N - ~ P A ! md/ i
. IR ra) 31-1S- o @iz P ]
JO o U O B Sl P pE=t 2 N s ;
_ LS U A = (& [ Ped f U [ 2 iy
L SR IS Ol 8 JT = [ _.. T 1
o ; | rIAMl L _ me < 7 S T 4 ? t b
: + Lol I = A 21 it I EN i
o \M ) N L _d & vl ! Q| ! » -
SNSRI coat i s i Y -l 3 ) M )
T H :  — e < T
ISR W . — p= ¢ ) i R — .
BEAREEdHARL Bin) = SD ] = AL - "
” i S v | o : || e :
L SO DA T Sa Ta) o ! 2 c.
I (litl.l\\dli»_‘,w L. Q o S o
T T : 7 T - O M»1 <
L - N\ B Q.uni C Ny ‘ 2 =
— , : ] N d
: . LR 5
} PR NS S . am S S S a Alm
‘4‘ - — — —
1!_# - - +Q:l la:
. T - VP:!; - .
,,,,,,,,,,,,,, | D ; L i ;w WL
R O ol FOR, L L HIES !
....................................... L -t A 4
O . Plouon [ L L
, C i ! il i ‘ W !




i

fatd

& L o
Q9 ghy mm - , ) :
[ lmw MIW“ v E &. - I H - m s o l..|r|..n. -
L =T : [ ﬁ “y vy‘: oo .. VJ ‘ﬁ<‘ NN D I = N S o
: i1 RErIs 3 L
gl s s el
o IR e o g T ST .
Db RS T S , =
o ST 1. Ll | oLl 3 -
T et S Tpm 1 14
B u,\ | 9 L+w11\l&\.\ )= 1Y S ~ -
i el [ P
. ') <
S ANl 3 3 W) Y
T = £ - . A ! ) .
- 3 S e hd -;& ) 3 >
- == } ™ ” e A L \
i Y e 1 o ] <
: _ﬁ 1 4 X : . S > o 1
; Dy
—+ o mu“v % M 3 3 1o =!
T 1A h 9 -
: 3 1 = 5 3 EAREARE 3
. ! < S .u ; ) — < ol AHWIJ; 2
. =TVl 4 J le J t N
, S AN S 5 _ famm T ]
e TE g % : : 5 .
] ) < a T t 3 =
9 < H g : T o [0
Q11 A AT S 153 %
wU m Ly. . i\ Feal {
=) - ST ; N Y ) <H]
RIVER W) ”_l 0 i1 i N/ ~ ) TTriT S
e e e S e S SR INEK | e =
43 FEM I SO S OO N s 7 s S TS gs
g ol < g < H .
QO 5 1S BERE G 3 )
: 'WO ol <9 _ ] “ i m .W < ! Ll e e
i T ! . ' / ! ; ! Loes
SRR S SRR ARRE AR 5 I s
ETARNEES mw SEEVERE BERERENE
,?Wlld ;.y Llwﬂ 1 F.IS..: rm > _Mv w;,.fm!ﬂ nEa
N el et L rrr - _m = N
g 0 N mﬁ LS = T =
—~ ST AT - ) =R I R
L TR T TRy A S RAB e
H t i - 1
L o ! & Q- Lot T R t . i
SRS el 5
TR PEENAREES o 2o
8 - } .m.rQ LS A T ] LT =
3 . Wl:r - : [ 'J = b4 S8 N O S G 2>
REGERRARE 3
aEERERER ]
Tt v
S S S O .ﬁ e A ¢ H\ 4
T Tw ,vy®w i [/Q! b HM'\\ N ww,,r -
BERRRRLS 4N « IRRED
i |
P BN Phbr 1L L
“, Tn 1~ _ Tt 4 -
i T R P
; SR b s I R 1 -t -
. B cob SR [ sobt :
N N ! |
Pl .




wn .
el o\ o
. 5 f*Iu m i roe ! ! Pt
nw LUy I i it
sali ) A S O O A
o ! ! ~
o i W.‘;_r__
LIl INaRS ﬁ
R +\i!l§ll o b
e : Wi
i A T @ N 9]
1 : i .H (V4 - : .ﬁ
] i v ] [
R ] WL < i ¢
=TT I 0 A -~ I .
— : T v - m u ¥
T ! ﬁ %] =H 4
NI S : < + 5
. L i ) H P, F L ps /)
T T L [ 10 D Ry v \52 ) . < O i
(R B WEPS ~ < i = o 8
—h e | =t Ramma®
T Qe i } §i D= MW 4>
R = _ £ 18 £ 7 z + ‘
- b 0 . 1 _ I\ﬂv + { . _ _ !
) TR = -+ 15 U= LV < O y - B
i e ] AR - 2 ES IE S < \ ‘
i T o i ] (4 ] b ” [ad Y
T 3 i H Tl 14 g T =1 (1)
i e s d i i |- LUER Fo B h | N
R -] -) - Y, 0 I A Ul : : s ;
= o -2 Ol " s l.dl\u . . : =
—— 7 ; a C EEASEEEES m
- T (¥ i B _
o - : CanuE 5 SE
C

¥
|
.
i
YUMNSY

N A

i

n

yStn

LA iy a
Qe

" N S
A e di

-+
iy

i
'

P
i
.

| .

oo
b

'
i
¢

|
|
i

i

i
i
'

b -t —J it i
N 0\ S0 5 o T
M i A T s B/ :
hae sl Tl - 1
- =Y ei [}
i lp < .V 5 | h
A I = c -
T E + pbs Q
‘X 7] A4 - £
5 D ® P
| : 'y Y !
- RS Y ) Ty "I
oL S 0 R
..wN,T.‘ — < Y K7 - e <
R T ] R g |
\m‘ T < ol BEES
-8 y i B
i _ D od t
% - B BEE ] )
o T I Wi | _w
o0 9 P i MRS N
S S 3 , AT - =B -D1
£ x| lal ] U SN ||A. e 4
T QT 7 N il 1 =
B > T ?
: 07
)
-t 3 1
T -
1 - Aere g T et
. 8 : i - P
A S I - ) . 4o
, ‘ _ . P
..... : 2k R 1 L «
C R Pl L A A T
v oty BN v :




. P .,.‘ ....... _,,..u—h ﬁ,..‘h‘.‘A..$...‘m,w
i ' A Cod | P . N
F S S + v G, '- HMv. H vt : i . ' 4 SRS -
g #ag R e HANS aas SRNN.
i c i - ! ! ! ‘ -} . [ S N S | REES
V) L 11 BERUBREL RN REN - mn L RN RRE
bl - R T T TR - B S O O S U O O
— B O T O O - 4 Lol m B N I O o -
Y N I [ - oy
i
_ [ - MUI? . et b |
- > L
. ) t Ivg
~ .
n L u ~— l.._l +1
C - I.A— _ N

I

t

n
)

|

|

¥
<r\'f)
1-‘
{

rc'*"" E#\ .U’U/l'} 3 _C‘*’AL-L, q!

4 X 2y
_ 9 D -~
% u's a7l o
- [?) ~
9 D
o rYEERES D r e
) o r rJ BN i
R4 P
iees e EiERey % =
< h o3 4 - “ O
] v . p e T
n -f.ﬂ - g ﬁ N
v v ] g . RES]
; T (o > [ et 1M
= e e A ia i |
0 {® ! > C e i
2 J T =4 \iv f S
F PR SBESARESE

&
C
el
:

adii | | | . ) m
I L i 3N : M : MJD !

[ 'R 1

. - “ A : : P\UJI?W&I Tt B‘F
T T T h 1 - b ! liu; D
! + < < TRV { Tt
- 2 | e T P
- LIt b 1 P _,“

mad

It
e Aoy

-
\




Bank Robbery Project

The above image was taken by a security camera at a surburban Houston, Texas branch bank during a daring
daylight robbery. It shows the reflections of two of the suspects and two hostages in a decorative silver ball
that is 30 cm in horizontal diameter. The camera was 30 feet away.

The Chief Investigator, Texas Ranger Captain Billy Clyde Pucket (pucket@texas.rangers.org), believes he
knows who the suspects are, and he is trying to get an arrest warrant to bring then in for questioning and for a
lineup in front of witnesses before they spend all the money they stole. State Superior Court Judge Roy
Whaptner (hanging.roy @frontier.justice.tx), however, refuses to issue the warrants because he cannot identify
the suspects by comparing their mug shots (see below) to the picture, due to the geometric distortion produced
by the spherical mirror.

Your job is to "unroll" the image so that the four faces appear relatively undistorted, and Capt. Pucket can
convince Judge Whaptner to issue a bench warrant for the arrests. First try modeling the mirror as a sphere and
using a mathematically-defined warp. If that result is still distorted, try using fiducial markings in the image to
square it away. Click on the images to download GIF files. Send your results to

ftp.texas.rangers.org/robbery/bank/bad-guys.
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