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matlab script findmat patent: simple algorithm, finds x,y,z rot
uitable for input to etouch alpha version, for a series of
ictures, used for the kitchen table example for the patent app

o 0

The algorithm does not use any crossover, so it might not be
officially an evolutionary algorithm: instead it is an algorithm
with a large random component, perhaps call it random hill-climbing
with teleportation. Any search algorithm that minimizes an error
function will do.

There is a population of 1, and during each cycle a new candidate
is created using mutation or randomization, and if it is better
than the currentbest candidate, then it replaces the current

best candidate.

G 90 G GF uf &0 b of P oF G GO of

% The best candidate is the one with the smaller sum of errors

% between the desired 2d anchor point positiops and the actual ones.

%

clear;

doX¥ZScale = 1;%set to 1 if different scale in x,y,z directions allowed
minScale = 1.00;%make initial guess here, change later if needed
maxScale = 4.00;%make initial guess here, change later if needed

cyclesLimit = 5000;%time limit to stop processing and print best vals

srandomCountLimit is used to specify in what percentage of cycles
%a mutate occurs, and in what percentage a pure randomization happens
randomCountDhimit=1;%-1=all random, 0=all mutate, l=alternate, 2=2:1, etc

%angle limits only used for random, not for mutate cycles
minXrot = 0;
maxXrot = pi/2;
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(14)

minYrot = 0;
maxYrot = pi/2;
minZrot = 0;
maxZrot = 2*pi;

numPoints=7;%the % of anchor points used
numPictures = 6; %6 images for kitchen app

points2d = zeros (numPoints, 3, numPictures);

JP

4199663 B2 2008.12.

%Input data printed out by eTouch.
%The goal is to find the best matrix (for each image) that
%will move all of the 3d points to positions that will
$project onto the 2d points.
points3d = [ ...

1:

192.285843 -2.626391 0.155567;

191.888973 -0.524172 -116.115759;
0.983776 0.355283 -116.163668;

170.254251 -85.511119 -24.442749;
168.142750 -87.777715 -93.153169;
23.948484 -87.682190 -94.730208;
24.281173 -87.216337 -23.443922;

points2d(:,:,1) = [ ...

1:

275.309455 83.214137 O0;
114.495779 132.510748 0;
-133.694809 77.261150 0;
221.094400 -102.363699 0;
99.524048 -38.445725 0; ...
-64.799203 -104.203411 0;
41.469303 -195.316705 O0; ...

if numPictures>1,
points2d(:,:,2) = [ ...

1;

points2d(:,:,3) = [

1;

218.867384
22.559875
-214.561817
169.072408
23.848657
-129.134379
25.711326

156.553207 0Oy
72.555549 05
-72.126085 0;
-19.373604 0; ..
-120.260106 0;
-204.334817 O;

132.273725 0;

112.764785

-100.259518 152.139467 ©O;
-285.674820 46.350370 0;
71.917498 -62.639467 O0;
-91.935666 ~29.969876 0; .
-200.345201 -145.243821 O;
-7.487394 -203.369369 O;

points2d(:,:,4) = [ .

-11.934047 131.148859 0;

-238.068751 136.507432 0;
~350.536852 7.968564 O;
~39.482138 ~58.823347 O0;
~213.230672 -52.077085 O;
-268.666024 -188.825387 O0;
-43.110497 -~-202.989492 0;

121.400738 0; ...

%3d RELATIVE==ABSOLUTE
%3d RELATIVE==ABSOLUTE
%3d RELATIVE==ABSOLUTE
%$3d RELATIVE==ABSOLUTE
%3d RELATIVE==ABSOLUTE
%3d RELATIVE==ARBSOLUTE
%3d RELATIVE==ABSOLUTE

%image 0 RELATIVE point
%image 0 RELATIVE point
timage 0 RELATIVE point

$image 0 RELATIVE point

%image 0 RELATIVE point

%image 0 RELATIVE point
$image 0 RELATIVE poinkt

2image 1 RELATIVE point
%image 1 RELATIVE point
¥image 1 RELATIVE point
5image 1 RELATIVE point
%$image 1 RELATIVE point
$image 1 RELATIVE point
timage 1 RELATIVE point

#image 2 RELATIVE point
%image 2 RELATIVE point
%image 2 RELATIVE point
Simage 2 RELATIVE point
%image 2 RELATIVE point
%image 2 RELATIVE point
$image 2 RELATIVE point

%$image 3 RELATIVE point
¥image 3 RELATIVE point

$image 3 RELATIVE point

%image 3 RELATIVE point
. %image 3 RELATIVE point
%image 3 RELATIVE point
%image 3 RELATIVE point
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(15)

1:

points2d{:,:,5) = [ ...
-113.480282 136.197889 0; %image 4 RELATIVE point
—-347.288771 120.585898 0; ... %image 4 RELATIVE point
-368.112180 -37.442752 0; ... %image 4 RELATIVE point
—129.718343 -56.009057 0; ... %image 4 BELATIVE point
-307.667502 -74.931466 0; ... %image 4 RELATIVE point
-298.063029 -228.241851 0; %image 4 RELATIVE point
-68.295322 ~200.561027 0; %image 4 RELATIVE point

1:

points2d{:,:;,6} = [ ...
-209.720635 166.568170 O0O; %image 5 RELATIVE point
-475.083841 129.589154 O; ... %image 5 REBLATIVE point
~402.766562 -84.181736 0; ... %image 5 RELATIVE point
—-214.845518 -35.085400 0; %image 5 RELATIVE point
-401.784099 -65.628429 0; ... %image 5 RELATIVE point
~345.100783 ~-281.616119 0; fimage 5 RELATIVE point
—-105.140724 -210.69%6301 0; %image 5 RELATIVE point

1:

end

4these are the values that we start with: the best so far for pic 1

bestTestScale = 2.2;%only used 1f xyz scaling not enabled

%5et a start point for the simulation here.
Frun it numerous Limes,

In this way, you can
each bime starting where the last one

Fleft off.
% for this start data, sum of errs: 1002.6
allBestRot = [ ...
0.26339 0.51611 0.24429; ...
0.24962 0.85072 (0.39854; ...
0.3.4894 1.1548 0.46844; ...
0.00036665 1.5033 0.32438;...
6.1839 1.6833 $.39488; ...
6.051%9 1.891 0.72959;...
]
allBestScale = | .
1.5527 2.2051 2.5669; ...
1.6882 2.5526 2.5443; ...
1.6355 2.6015 2.6763; ...
2.5705 2.4548 2.8338; ...
2.3443 2.6666 3.0994; ...
1.8202 3.4847 3.4619; ...
]
lgScaleMultiplier = maxScale-minScale;
smScaleMultiplier = lgScaleMultiplier/10;
smScaleMin = smScaleMultiplier/2;
sumOfErrors = 0;

for whichPic =

bestBErrorSum =

bestTestRotX =
bestTestRotY =
bestTestReoh? =
bestTestS8caleX
bestTestScale¥Y

1l:numPictures,

9999999999999; %big number

allBestRot {whichPic,1);
allBestRot (whichPic, 2);
allBestRot {whichPic, 3);
= allBestScale (whichpPic,1);
= allBestScale {whichPic, 2},

JP 4199663 B2 2008.12.
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bestTestScale? = allBestScale{whichPic,3);

thisPoints2d = points2d(:,:,whichPic};
newPoints = zeros (numPocints, 3}
bestNewPoints = zeros{numPoints,3);
randomCount=0;

for count = l:cycleslimit,

if count~=1 %22%%1if this isnt the lst Eime thzu

doRandom = 1;
if randomCountLimit>-1
if randomCount>=randoemCountlLimit
doRandom = 0;
randomCount=0_;
else
randomCount= randomCount+l;
end
end

if doRandom==1
YRANDOM MAT

if ~deoX¥YZScale,
testScale = lgScaleMultiplier*rand(l)+minScale;

else
testScaleX = lgScaleMultiplier*rand(l)+minScale;
testScaleY = lgScaleMultiplier*rand({l}+minScale;
testScaleZ = lgScaleMultiplier*rand(l)+minScale;
end
testRotX = (maxXrot-minXrot)*rand(l) + minXrot;
testRotY = (maxYrot-minYrot)*rand(l)} + min¥rot;
testRotZ = (maxZrot-minZrot)*rand(l) + minZrot;
else

%DELTA FROM CURRENT BEST MAT: MUTATION

if ~doX¥Z5cale

testScale = bestTestScale + smScaleMultiplier*rand{l) - sm8caleMin;
else
testScaleX = bestTestScaleX + smScaleMulbiplier*rand(l) -
smScaleMin;
testScaleY = bestTestScaleY + smScaleMultiplier*rand(l) -
smScaleMin;
testScale? = bestTestScaleZ + smScaleMultiplier*rand(l) -
smScaleMin;
end

testRotX = bestTestRotX + rand(l)*pi/8 - pi/l6;
testRotY = bestTestRotY + rand{l)*pi/8 - pi/lé6;
testRot% = bestTestRot% + rand{l)*pi/8 - pi/16;

I

if testRotX»2*pi, testRotX=testRotX-Z*pi; end
if testRotY>»2+%pi, testRotX=testRot¥-2+*pi; end
if testRotZ>2*pi, testRotX=testRotZ-2*pi; end
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17 JP 4199663 B2

if testRotX<0, testRotX=testRotX+2*pi; end

if testRotY«<(0, testRotX=testRotY+2*pi; end

if testRotZ<0, testRobX=testRoti+2*pi; end
end

elseSBREEeL%%

o

HEFHLLTIRBBHLELLRS AR

=
=

$first time thru, just recalc best error
if ~doXYZ5cale
testScale = bestTestScale;
else
testScaleX = bestTestScaleX;
testScaleY = bhestTestScaleY;

testScaleZ = besiTestScalelZ;
end
testRotX = bestTestRotX:
testRotY = bestTestRotY;
testRotZ = bestTestRotZ;

L D L0 O D SLOL s O 2 G LG e 20l ha D0
endEa eSS LRTESIHRRELSALLRBELSY

o
e

%consider the option here to let all the later images
tuse the lst image's scale: currently disabled

%if whichPic~=],

testScale = bastTestScale;

testScaleX = bestTestScaleX;

testScaleY = hestTestScaley;

testScale? = bestTestScaled;
end

o0

0

cf oo

a8

% the matlab function "makerobtmat™ creates a 3x3 rotation matrix
rotMatX = makerotmat (testRotX, cos{testRotY),0,-sin(testRotY));
rotMatY¥ = makerotmat (testRotY,G,1,0);

rotMat? makerotmat (testRotz,0,0,1);

if ~doXYZScale
scaleMat = eye(3)*testScale;

alse
scalaMat = eye (3}
scaleMat{l,1l) = testScaleX;

scaleMat {2,2) = testScaleY;
scaleMat {3, 3) testScaleZ;
end

¥

%totalMat is the final transform matrix!!
totalMat = rotMatX*rotMat¥Y*rotMatZ*scaleMat;

errSum = Q;

for i = l:numPoints,
newPoints{i,:} = {totalMat*points3d{i,:)')";
newPoints {i,3) = 0;

errvec = newPoints(i,:}) ~ thisPoints2d(i,:);
errSum = erxrSum + ...
sqrt{ errVec(l)"2 + errVec{2}"2 };
end

if errSum < bestErrorSum

bestNewPoints = newPoints;

2008.12.
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bestBrrorSum = erriSum;
bestTestRotX = testRot¥;
bestTestRokY = testRotY¥;

bestTestRotZ = testRotZ;

if ~doXYZ8cale
bestTestScale = testScale;

else
hestTestScaleX = testScaleX;
bestTestScaleY = testScaleY¥;
bestTestScaleZ = testScalel;
end
end

end

print out this picture's info
ThmdhkkhhrhhdriisT
whichPic

bestBrrorSum
str=sprintf(‘( %£, %I, Sf yr//rot\n', bestTestRotX,

bestTestRotY,baestTestRotZ )

if ~doX¥zScale
str=sprintf (' ( %f, %f, 3£ y;//scale\n',bestTestScale,

bestTestScalg,bestTestScale )

else
str=sprintf{"{ %£, %I, % );//scale\n',bestTestScaleX,

bestTestScaleY,bestTestScale? )

end

allBestRot {whichPic,1} = bestTestRotX;
allBestRot (whichPic,2) = bestTestRotY;
allBestRot (whichPic,3) = bestTestRotZ;
allBestScale (whichPic,1) = bestTestScaleX;
allBestScale (whichPic,2) = bestTestScaleY;
allBestScale (whichPic,3}) = bestTestScalei;

sumOfErrors = sumCfErrors + bestErrorsSum;

end

%print out the final results
sumQfErroxs

allBestRot

allBestScale
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