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1.1.-- IntroductionIntroduction

Objective: To estimate a high resolution (HR) video 
sequence (f) from a compressed low resolution (CLR) 
video sequence (y and v) using only observable and
predictable pixels (yo and vo) in the reconstruction (the
subscript o means ‘observable or predictable’).

There will be useful and unuseful (concept to be defined
later) pixels in the reconstruction process. How do we
identify them?
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2.2.-- AcquisitionAcquisition systemsystem..

We have a compressed low resolution video 
sequence (CLR) {yl of size MxN}, that comes from
the captured low resolution sequence (LR) {gl of size
MxN}. The original sequence is a high resolution
sequence (HR) {fl of size P·MxP·N}.

The sequence is compressed using a hybrid motion
compensated video compression method.
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2.1.2.1.-- LLowowRResolutionesolution ↔↔ HHighighRResolutionesolution

Objective: to estimate the HR video sequence f, where
f={f1, f2,…, fL}   (fl es (PMxPN)x1)

Images are taken in a fast sequence so they are related by:
fl(a,b)=fk(a+dl,k

x(a,b), b+dl,k
y(a,b))+nl,k(a,b)  ≡ fl=C(dl,k)fk+ ρl,k

During the acquisition there are two processes over the
sequence: downsampling (A) and blurring (H). The
relationship between a HR image (fl) and its corresponding
LR image (gl) is:

gl=AHfl+ηl

Combining the previous equations we obtain the
relationship between the l-th LR image (gl) and the k-th HR 
image (fk):

gl=AHC(dl,k)fk+ ςl,k where ςl,k= ρl,k+ ηl is the acquisition noise
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2.2.2.2.-- CCompressedompressedLLowowRResolutionesolution ↔↔ HHighighRResolutionesolution
There are several posibilities to encode a sequence: 
Intraframe coding; 3-D coding; Interframe coding; Hybrid coding
(extends the interframe coding adding spatial compression, it is also 
called motion compensated video coding).

The sequence is divided in groups of frames (GOPs), and
each frame is encoded as: I (intra), P (predicted) and B 
(bidirectionally predicted). We will use I and P frames.

P frames are predicted using previous frames; this is done 
by encoding the difference between the frame to be 
encoded and its prediction. This difference is transformed
and quantified and added to the prediction. It is also sent to
the decoder one motion estimation for each block.

l-th compressed low resolution image (CLR)

l-th low resolution image (LR)

l-th low resolution image obtained via
motion compensation

( )[ ]{ } llll TQT mmgy +−= −1
ly

lg

lm
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yl = T-1 { Q [ T(gl – ml) ] } + ml

If T-1{Q[T(gl-ml)]}  is approximated by gl – ml + εQ,l (where εQ,l
is the prevailing noise, the quantization noise) then:

yl = gl – ml + εQ,l + ml = gl + εQ,l

The quantization noise is due to Q, which is applied in the
transformed domain T, its covariance matrix is Ktransformed.domain.
As  nspatial.domain= T-1 ntransformed.domain then: 

cov(nspatial.domain) = T-1 Ktransformed.domain(T-1)T

The quantization noise εQ,l follows a normal distribution with
mean 0 and covariance matrix KQ,l:

εQ,l ~ N(0, KQ,l) where  KQ,l = T-1 Ktransformed.domain (T-1)T

KQ,l can be obtained from the compressed bit-stream.
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We had from the acquisition process the equations
yl = gl + εQ,l and gl=AHC(dl,k)fk+ ςl,k

then:
yl = AHC(dl,k)fk+ ςl,k + εQ,l

εQ,l >> ςl,k , so we can rewrite this equation as:
yl = AHC(dl,k)fk + εQ,l

And this equation relates the k-th HR frame and the l-th LR 
frame.

The probability distribution, P(yl|fk,dl,k) , is: 

P(yl|fk,dl,k)=exp[-½(yl–AHC(dl,k)fk)T KQ,l
-1 (yl–AHC(dl,k)fk)]
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yl = T-1 { Q [ T(gl – ml) ] } + ml

ml is the motion compensated prediction from gl.

Given fk and dl,k :
ml = AHC(dl,k)fk+ τMV,l

where τMV,l is the noise due to the prediction; KMV,l is the
covariance matrix that describes the error between the
uncompressed LR frame and its estimation via motion
compensation.
τMV,l ~ N(0, KMV,l) where KMV,l=T-1Ktransformed.domain (T-1)T

An estimation of KMV,l can be obtained from the compressed
bit-stream.

The probability distribution of ml, P(ml|fk,dl,k) , is: 

P(ml|fk,dl,k)=exp[-½(ml–AHC(dl,k)fk)TKMV,l
-1(ml–AHC(dl,k)fk)]
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3.3.-- RegularizationRegularization..
The distribution of fk reflects that images are smooth within
homogeneous regions and free of blocking artifacts:

P(fk) = exp [ -½ ( λ1||Q1fk||2 + λ2||Q2AHfk||2 )]
while Q1 and Q2 are high pass filters and λ1 and λ2 weights

controlling the influence of each term.

Assuming independent displacements between frames we
can write:

P(d) = Πl P(dl,k)

We enforce dl,k to be smooth:
P(dl,k) = exp [ -½ ( λ3||Q3dl,k||2 )]
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4.4.-- WhyWhy are are notnot allall thethe pixelspixels validvalid toto reconstructreconstruct
thethe HR HR imageimage??

Not all pixels are valid to reconstruct the HR image. We 
have two different problems:

Observability.

Predictibility.
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4.1.4.1.-- ObservabilityObservability problemproblem..

?

yl AHC(dl,k)fkfk dl,k

There are certain regions of yl (or ml) that 
are not observable from fk via AHC(dl,k)fk.

Should we use these zones in our HR 
reconstruction? yl -AHC(dl,k)fk

?
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4.2.4.2.-- PredictibilityPredictibility problemproblem

fkyl AHC(dl,k)fkdl,k

? ?

yl -AHC(dl,k)fk

If our motion estimation (dl,k) is not good 
enough there will be a problem with the 
difference between yl (or ml) and its motion 
compensation prediction fk (AHC(dl,k)fk).

Should we use the corresponding pixels in our 
HR estimation?
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Our aim is to determine which pixels of the compressed LR 
sequence should be utilized to estimate the HR images.

In the simplest scenario, to estimate the HR k-th frame we
make use of the previous l-th LR image. But there will be 
regions in the l-th image that will not be observable or
predictable from the k-th frame.

Not observable or not predictable pixels do not provide
useful information to the super-resolution method, so they
will be removed. 

From now on, we will denote observability and predictibility
as observability.
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5.5.-- CalculatingCalculating observabilityobservability mapsmaps..

Pixel observability:

If a pixel is not observable, it has to be removed from the
images yl and ml (they depend on fl). How do we remove
these pixels in the compressed low resolution images?

( )( ) ( ) ( )( )( ), ,, , , , , ( , )
l ll k k l k k yDFD m n m n C m n T m n observable= − < ⇒y yf d f f d f% %% %

( ) ( ) ( )( )( ), ,, , ( , ) , , ( , )
l ll k k l k k mDFD m n m n m n T m n observable= − < ⇒m mf d f f C d f% %% %
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Procedure to calculate the observability maps:

Once the DFDs have been calculated the observability
maps will be obtained from them. The procedure is the
following:

1. Calculate DFDHR (as shown).
2. Obtain ErrorsMapHR that contains ones if DFDAR>T (and zeros

elsewhere).
3. Downsample ErrorsMapHR using a mean filter to obtain a new

errors map but in LR (ErrorsMapLR).
4. If a certain pixel in ErrorsMapBR is lower than 0.25 it will be 

observable (predictable).
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1.- DFDHR 

Difference between the fixed image (k) and the l-th estimated 
image.
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2.- ErrorMapHR=[DFDHR>Ty ]  (ErrorMapHR=[DFDHR>Tm ])

A high resolution pixel with a value greater than a given threshold 
(Ty or Tm)  will not be observable.
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3.- ErrorMapLR =↓[mean(ErrorMapHR)]

Use a mean filter on the binary error map and downsample it.
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4.- ObservabilityMap =ErrorMapLR<0.25
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Once we have calculated the observability maps the
images yl

o and ml
o are available. These images come 

from yl and ml , selecting only the pixels that are useful for
the reconstruction (observable and predictable pixels).
We had:

And finally:

But we have to introduce here the observability notion.

P(yl|fk,dl,k)=exp[-½(yl–AHC(dl,k)fk)T KQ,l
-1 (yl–AHC(dl,k)fk)]

P(ml|fk,dl,k)=exp[-½(ml–AHC(dl,k)fk)TKMV,l
-1(ml–AHC(dl,k)fk)]

P(y,m|fk,d) = Πl [P(yl|fk,dl,k) P(ml|fk,dl,k)]     para l=1,2,…,L
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Now, we have
yl

o l-th CLR frame using only observable pixels.

ml
o observable pixels in the prediction, obtained via motion 

compensation from yl
o.

If yl is now yl
o the difference yl–AHC(dl,k)fk   will be      

yl
o–Al

oHC(dl,k)fk .

Analogously, from ml–AHC(dl,k)fk we have                   
ml

o–Al
oHC(dl,k)fk.

Al
o matrices are different due to the observability maps.

The covariance matrices are also differents:
KQ,l

-1 (KQ,l
o)-1 .

KMV,l
-1 (KMV,l

o)-1 .
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Quantizers (axb) Quantizer Variance

8x8 block
Quantizer Variance block (64x64)

diag T · QVb · T-1

Covariance Matrix

block (64x64)

Covariance Matrix

(a/8)·64x(b/8)·64

How do we 
construct the 
covariance matrix.
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Including the observability maps, the probability
distributions become:

P(yl
o|fk,dl,k) = 

exp[-½(yl
o – Al

o HC(dl,k)fk)T (KQ,l
o)-1 (yl

o – Al
o HC(dl,k)fk)]

P(ml
o|fk,dl,k) = 

exp[-½(ml
o – Al

o HC(dl,k)fk)T ( KMV,l
o)-1 (ml

o – Al
o HC(dl,k)fk)]
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6.6.-- Estimating high resolution images.Estimating high resolution images.
Our aim is to estimate the high resolution image fk and high

resolution motion vectors, d, satisfying:

lyf
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q
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Starting with an initial estimation and
Iterate until convergence:

om

oy

Method:

(where       and       are 
initial estimates of the 
corresponding high 
resolution images)

lyf
lmf
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7.7.-- Experimental Experimental resultsresults..

Reconstruction example
a) HR original image (cropped region).

b) CLR obtained by bilinear interpolation.

c) Reconstruction obtained using the
proposed method.

a)

c)b)
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Consecutive CLR frames (numbers: 8, 9, 10) of the sequence.

Observable pixel maps for the CLR frames  and 
LR motion compensated numbers 7, 8, 10 and 
11 using thresholds Ty=16 and Tm=7. 

HR frame number 9.
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Bilinear interpolation 
of frame 9.

HR estimation without
observability maps

(fig. A).

HR estimation using
observability maps

(fig. B).

Two details of image in fig. A. Two details of image in fig. B
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PSNR evolution using only
observability map for yl with
different threshold values. 

PSNR evolution using
observability maps for yl and
ml with different threshold
values.


