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Intro to Image Processing
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- MathWork's Matlab product: wa
The Image Processing Toolbox

- Applications in computer vision,

motion analysis, biometrics

- Segmentation & edge-finding

Dr. Lai's mission for us:

Find the boundaries of similarly patterned areas in noisy
pictures and output them for denoising by spline triangulations.



Common technigues for segmentation

L

e Histogram-based Gradient-based regions

e Clusters Contrast peaks and valleys
e Region-growing

All such techniques are not directly intended to be used in
noised-and-denoised images.






Whereas we are dealing with this:
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What's the best way to find significant
regions in a noisy image?
Image requires additional cleaning

Boundary point-collecting

- Crawling (edge-finding)

- Box-centers (region-growing)

- lterating over both black and white thresholded images

Remove redundancy in boundary chains
Remove isolated points

Order the boundary points



First attempt - Edge crawling

funcrtion [X,¥] =hasNeighbor (&,D,x,v,C1l,C2]

% hasNeighbhor takes a binary matrix L and an ordered wector of
% points around the current point in the crawl.

SQ=size 4] ;
Z default X, ¥ wals in case no neighbhor iz found
X=[xl: ¥=[¥]:
test=0; % bhreakout walues
% check for black points in list of I coordinates
for c=1l:1length (D]
index—out—of-hbound=s test
if [(Di1l,c)=<=1 || Dil,=)1=>=3(2) || Di2,21<1 || Di2,2)1=>=23(1))
else
if A(Di2,2),,Di{l,z2)1>1
tcest=1;:
Tor i=1:length({C1) 2loop checks for hitting prewvious point
if (C1l(i)==Di(l,cz) L& Cz(i)==D(z,c)]
test=0; % prewvent breakout, point has already heen found
=nd
=1l
if (test==1)] % not a repeated point
=[x, Dil,c)1] % store coordinates
¥=[¥, Diz,z)]
=1cl

Enmeshedness, recalculating slope, forking directions; it
was generally a mess.




Trial and error - Edge-crawling
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Trial and error - Cleaning the image

Thinning
- How?
- How much?

Setting thresholds

- Handpicked

- Automatic

- Both black and white thresholds

"Compressing"” each 5 x 5 macropixel
- ldentifying solely white areas of the image
- Form regions from these adjacent white areas



Original Lena image
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Noised, then denoised Lena
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Lena after thresholding
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"Compressed” image of box centers
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"Compressed" image of box centers (inverted)



What do we do with these?

Clearly we use these to find the boundaries of the white areas.

We programmed an unseeded region-growing method, where
we iterate through every white pixel in the compressed image,
initiating a crawl for other white neighbors.
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Removing redundancies

function C = cleanChains(C)
 removes redundancy in each chain of cell array C
Gchain=size (C) ;
for i=l:3chainiz)
chain=C{i}:;
G=szize(chain); count=1;
while (count<=3(2)]
J=findichaini(l,:)==chaini(l,count) & chaini(Z,:)==chain(Z,count)]);
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First step of the chain-aggregating process




Clean isolated points from the chains

function E=sremovelsolatedFPoints (C)

*ohemayre: ignlated bhoundar - points: 1 eanh ohalrr ot
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chain=c{i}:
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SChain=size(chain) :
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for j=1:3Chainiz)

[
|

if [(hasNeighborsichain,chaini:,jl)

chain(:,31=[0;0]:
erd
end
cl=nonzeros(chain(l,:)):
cZ=nonzeros(chainil2,:11:;

E{ij=[el': =2']:

If a point has one or no white neighbors, it's irrelevant.



Ordering of boundary points

function finalChain=orderChainz (chain)
¥ orders the closed boundary coordinates of each cell
= i, EHE sesll SErsssr s hisim)
cells=1; SC=size(chain):; IfinalChain={}:
while [(cells <= 3C(21)
C=chain{cells}:;
orderedChain=ci(:,1):
initPoinc=Ci:,1):
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point=[-1;-1]:
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count=1;
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alreadyChecked=1initPoint; % for backtracking

=
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mChain=size [C):
while [count < SChainiz])]
if [count==1)
Cl:,1)=[1-
point=initPFoint;
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*

5 down
J=find(C(l,:)==point(l,1) & C(Z,:)1==pointi2,1)-1); 3find neighbor
if (isempty(Jd)==0) % neighhor exists?
orderedChain=[orderedChain C(:,J)]; % add neighhor to orderedChain
point=C{:,J): % set new point
alreadyChecked=[alreadyChecked point]; % add to list of checked
G ady=r 5 delete feund poift from uwherderedchziin €
25

isntNew=0; DOTEE"s bEsEn fended. HE feed L0 cHEEE oLlier HeTElibons

end

if [(isntNew==1)
zdownright

J=find(C(l,:)==point{l,1)+1 & C(&,:)==point(z,11-1] ;
if [isempty(J)==0]

orderedChain=[orderedChain C(:,J)]:
point=Cil:,Ji;
alreadyChecked=[alreadyChecked point]:
Eliid)y=[13
isntNewy=0;
end
end




if [(initPointil,l)==pointi(l,1l) && initPointi(Z,l)==point(Z,1])
nrEalk;
end

% should we go back?

if [isntlew==1 && izemptylalreadyChecked)==0]
GChecked=size (alreadyChecked) ;
point=alreadyChecked|:,SChecked(2) ] :
alreadyChecked(:,3Checked (2))=[]:

glae
count=count+1;

end

end

finalChain{cells}=orderedChain; % add chain to cell array
gellascallatlr - inarement - tell Qrray counter

end

End of the while loop, crawling around boundary




Thin Chains

function ©C = thinChains(chain, poilntspacing)
thinchain=i{}:
sChain==si=ze(chain) ;
for i1 = l:sChainiz)
c=chaindiy:;
thin=[:]:
for J=l:pointspacing: lengthic)

Chid={Ehite: b1 s

el
thinchain{i=thin:

el

C=thinchain:

We look at every other point (representing a five-by-five
section of the image) in the chain in order to make the
triangulation process faster.
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Resulting regions from both thresholds
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Demonstration of our method
on F-16 photo,
extra-noisy Lena



What more can be done

e Better thresholds (completely automatic)
e Better clean

e Circles, as opposed to blocks

e Different block size

e Color images

e 3-dimensions



Who is it?
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Thank you, Dr. Lai!
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