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Stereo images

Left image Right image



* DISPARITY

— Amount of shift needed
such that a pixel on left
image corresponds to
that on right image
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* RESIDUE

— The difference between
actual pixel intensity and
disparity compensated
pixel intensity

10> right image
0> ]eft image
v¥—>disparity vector

D(x) =I"(x) - I'"(x +v*(x))

d(a,b)>distance metric between a and b
D—>Residual image
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*Block matching algorithm for
disparity estimation/compensation

*Transform coder: DCT, DWT

*DWT is preferred for digital
cinema, HD images, medical images

*Normalized correlation 2 max,
block illumination shift
[Darazi09]



Proposed scheme-encoder
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Proposed scheme-decoder
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lllumination compensation
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lllumination compensation

Qopt
L *Global illumination compensation
—»{ LPF X
*Homomorphic filter
I —  log(.) exp(.) P> I
*Only one coefficient and two flag
I bits per image pair
R

Ilm,n]=L[{m,n] x R[(n&n]

Reflectance factor:
*Fast varying
*Represents object

arg min
o, . = KL(h,,h)
o

opt

1 h h
KL(ysh) = [2 h, logz(hi) + > h, 1og2( h,

llluminance factor:
)] *Slow varying

*Corresponds to
illumination level



Histograms of left and right images

Before After
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Results

Before Compensation After Compensation Flags
Bitrate KL Bitrate KL otopt
DV  Residue pigtance DV Residue pigtance -1 >end
RM) R() R®) R()
Apple 0.85 4.54 6.09 0.87 4.54 5.35 1 0 (0.9997
Shrub 0.13 3.45 1.12 0.10 3.27 0.07 1 1 [0.9867
J1 1.28 4.56 0.62 0.89 4.24 0.38 0 1 |0.9857
Walkerl 0.95 4.98 0.30 0.91 4.88 0.20 0 1 10.9692
Walker9 0.97 5.06 0.27 | 0.95 4.94 0.19 0 1 (0.9687
Fruit 0.54 4.08 1.31 0.49 4.05 0.10 1 1 10.9892
Tsukuba 0.35 3.51 0.44 0.35 3.51 0.11 0 0 (1.0003
HouseOf 0.72 5.37 1.09 0.71 5.36 0.01 0 1 10.9952
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Disparity estimation and optimal quantization
(Contd...)

e Optical flow based disparity estimation Z3<h0/

1k = arg:lin[ﬂVqu + )»ﬂ](”(x +U,y)— I(r)(x,y)‘dx]

— Regularization: TV-norm
— Data term: L;-norm

e Choice of A
— Choose A that minimizes total bit-rate



u(x) = [u,(x) u,(x)]

u*= u J(u
Jw) = [[Vuldx + 2 []ICx + u(x)) - 17 (x)|d x

u,=0=u=u
)=~ [ Vuldx+ 24 J 1) + u(0)1, () - 1" (x)|dx
J(u) = f Vuldx + )»f p(u,g)‘dl

1
Jw0) = [ l)»‘p(u)H%(u _v)? +\qud1



For fixed v, solve for u

arg min

U f[|Vu|+£(u—v)2]dx

u=v-06div(p)

k
k+1 B

+TV(div(p") - v/0)

1+ [eV(div(ph) - v16)

BO =0,7r<1/8

For fixed u, solve for v

arg min

V =1U+1

1
% f[k|p(u)|+%(u—v)2]dx

A1 if p(u) = -A601%"
201" if p(u) > A6,
_ p(u)

otherwise
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Choice of A
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Higher values of A

*More weight on data term
*High bitrate for disparity but low
for residue.

Lower values of A

*Less weight on data term

*Low bitrate for disparity but high
bitrate for residue

[f|Vu|dx + Aﬂl(l)(x +U,y)— I(r)(x,y)‘dx]
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Optimal quantization of dense disparity
mg Lossless

I, > ) L /()
) Encoding "
e Allows tradeoff between H , H
bitrate of disparity map and e
that of idual i ISPy | f quantizer » DV
at of residual image. Estimation
A v
* Optimal quantization is chosen Decoder |
that minimizes the overall (Feedback Tota
bitrate. v Bitrate
Disparity -
Compensation
* Not possible with classical !_ —
methods. I >+ Encoding » DCD'™

 No side information required.

 Compatible with JPEG2000.

Amit Kumar K.C., Rony Darazi and Benoit Macq ‘Optimal optical flow based disparity map estimation for lossless stereo image
coding,' Electronic Imaging, IS&T/SPIE, San Francisco, California, USA, 2011



Optimal quantization

Rates at which bitrates for
disparity map and residual
image vary are different.

Initially, RV decreases
rapidly, R increases
slowly.

After some quantization
level, RV decreases slowly
whereas R€ increases
substantially.

Bitrate

-

——

Residual image

\\ Disparity map

I\

Quantization
(Compression
ratio)



Results

Disparity map Rasidul image Total bitrata PSNR ve Bitrata for disparity map
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bpp= 0.35 bpp= 0.32 bpp= 0.30 bpp= 0.16 bpp= 0.06
psnr=Inf psnr=46.16 psnr=45.08 psnr=39.83 psnr=32.04

comp. ratio=10 comp. ratio=50 comp. ratio=100 comp. ratio=200
bpp= 3.51 bpp= 3.56 bpp= 3.55 bpp= 3.57 bpp= 3.74

comp. ratio=1



Results

Bitrates [bpp] Before Bitrates [bpp] After
Optimization Optimization

Disparity Residue Total Disparity Residue Total

Tsukuba 0.35 3.51 3.86 0.11 3.59 3.70
Fruit 0.49 4.05 4.54 0.06 4.10 4.16
Pentagon 0.64 5.11 5.75 0.06 5.21 5.27
Apple 0.87 4.54 541 0.10 4.72 4.82
HouseOf 0.71 5.36 6.07 0.08 5.45 5.53
Corridor 0.28 2.05 2.33 0.06 2.09 2.15
Birch 0.97 4.56 5.53 0.05 4.72 4.77
Shrub 0.10 3.27 3.37 0.05 3.27 3.32
Average 0.55 4.06 4.61 0.07 4.14 4.21




Optimized filter
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X[M,N] ¢ Disparity compensated left image

l

alk,!]

y[m,n] %_ > d[m,‘n]/

* Minimum variance =2 Minimum entropy

Right image

Residual image

[For residual signal]

* Design a filter a such that the variance of
residual image is minimized.



Yule Walker
Equations
Jf (@)
8ap’q
oga) _ _,
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p.q

arg min

a,, = |/ (@) +Ag(e)]

f(a)= gd2 Gouze04, Platt88

g(Q)=1_ZO‘k,z

Epenally 2 g (a)

G - Gf((x)_)t ag(a)—cg(a) dg(a)
pd da, do, o,
A=+g(a)

= -2y wlp,ql+ 22 a, Y xlp—k,qg—1]+ 2MX(MY - MXZ%)



X, =[x...x,]'" n=1...MN —neighbourhoodof current pixel atn
X=[X ..X TMN]T —all pixelsof inputimage
Y =[y,...vn] —all pixelsof outputimage

— filter coefficients

Minimum variance



Results

Bitrate [bpp]

Filter size . Linear Nonlinear
Unfiltered Filtering Filtering
3%x3 3.55 3.59
Fruit 4.15
5%5 3.50 3.53
3%x3 4.74 4.73
Pentagon 5.33
5%5 4.79 4.77
3%3 4.40 4.39
Apple 4.75
5%5 4.47 4.46
3%x3 513 5.10
HouseOf 5.50
5x5 5.16 5.13
3%3 4.27 4.30
Birch 4.70
5x5 419 4.23




Hybrid wavelet encoding
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Hybrid wavelet encoding
(Contd...)

/’\ .
B * Shorter filters around
Residual M Trasnsformed .
image 1 |9 Residue edges of the residue
Transform [
N — Due to occlusions and
mismatches
Disparity Edge . . .
Vector " Detector i — Reduces ringing artifacts
Disparity e — Haar wavelet transform
compensated — L,
image Detector

* Longer filters for
smooth areas

Ismael08
— 5/3 wavelet transform

Approximate the edge map by
*Edges in disparity map—>characterize occlusion
*Edges in disparity compensated left image = characterize mismatch




Results

Approximated edge Residue

Rony Darazi, Amit Kumar K.C. and Benoit Macqg, “Using Depth Map for Directional Adaptive
Lifting Scheme for Stereo Image Residuals”, Submitted for ISCAS11



Entropy [bpp]

5/3 Transform Haar Transform ng:;ifm
Fruit 244 2.64 2.38
Pentagon 4.31 4.29 4.20
Baseball 4.71 4.86 4.52
Tsukuba 2.49 2.36 2.31
Balll 2.94 3.33 2.89
Apple 4.09 3.98 3.91
HouseOf 4.22 4.28 418
Corridor 1.79 1.79 1.54
Pm 3.02 3.12 2.96
Book 2.95 3.11 2.80




Putting it all together

Vector Lifting Scheme
Kaaniche et al.

Proposed Scheme

Baseline Scheme

L 10, 1)
VLS-1 VLS-II J=2 J=3 J=4
Fruit 4.05 3.78 3.72 3.83 | 3.73 3.71
Shrub 3.73 3.81 3.63 3.53 | 3.45 3.44
Birch 4.52 4.44 4.37 419 | 4.01 3.96
Pentagon 5.37 5.12 5.04 510 | 5.00 4.99
Average 4.42 4.29 419 418 | 4.08 4.03




Test Images

Pentagon
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