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ABSTRACT

We introduce a recursive block based decoder distortion es-
timation technique for video and present results showing
the accordance of the estimation results with the simulation
results. Each block in a frame with all its corresponding
blocks along the video sequence are modeled as an AR(1)
source where the correlation coefficient of the source de-
pends on the loop filtering effects and the additional noise
term on the motion compensated block difference as well as
on the quantization distortion of the block. The distortion
term for each block of each frame in the video sequence is
calculated recursively depending on the packet loss rate of
the channel.

1. INTRODUCTION

Hybrid coders employ inter-frame prediction to remove tem-
poral redundancies and transform coding to remove spa-
tial redundancies. Each video frame is divided into mac-
roblocks which can be coded in intra or inter mode. In inter-
mode the MB is first predicted from the previously decoded
frame via motion compensation then the prediction error is
transform coded. In intra mode, on the other hand, the orig-
inal MB data is directly transform coded. Intra coding is
used as an important tool to reduce the effects of packet
loss. To stop error propagation, for certain blocks the inter-
frame prediction loop is switched off so that the reproduced
blocks are not dependent on past frames. However intra
coding requires a higher bitrate than inter-coding. Clearly
motion compensation leads to spatial propagation beyond
MB boundaries since the pixels in the current MB may have
been motion compensated from pixels in different MB’s in
the previous frame, each with a different error propagation
history. In this work we are interested in errors occurring
due to packet losses. There are mainly two sources of packet
losses in packet switched networks: buffer overflow at inter-
mediate nodes of the network, and long queuing delays. The
packet loss rate in internet communications may reach 20%.

One application area for decoder distortion estimation is
designing a rate distortion optimized mode selection which
considers both the error concealment as well as quantization
distortion. The loss probability can be deducted from the

network conditions. Transcoding is another application area
for distortion estimation.

The work presented in [1] computes recursively the to-
tal decoder distortion at pixel level precision to accurately
account for spatial and temporal error propagation. The first
and second moments of random variables (pixel luminance
values) are needed, which increase the computation com-
plexity. Moreover the computation is applicable to integer
pixel accuracy only becoming impractical for extension to
half pixel accuracy or higher. Similarly the work in [2] in-
troduces an analytical model to capture the effects of error
concealment and interframe error propagation at the video
decoder. The drawback of this system is the inadequate es-
timation accuracy of the overall distortion.

Our recursive block based algorithm to optimally esti-
mate the overall distortion of decoder frame reconstruction
due to quantization error propagation and concealment is
presented in section 2. The estimation accuracy is shown
via simulation results in section 3. Section 4 concludes the
paper.

2. RECURSIVE DECODER DISTORTION
ESTIMATION

We assume that each frame whether I or P is transmitted in
a separate and single packet. Each frame is divided into 4x4
pixel blocks and the decoder distortion estimate for each
block of the frame is calculated depending on the packet
loss parameter pl. Block b in current frame f is supposed
to constitute a sequence with its corresponding blocks on
the other frames along the video sequence. We suppose
that the error due to channel impairments and error con-
cealment propagates only among the corresponding blocks
along time. Although this assumption does not hold for se-
quences with occlusions and exposures and also for high
motion sequences, the results achieved with the technique
are quite successful as presented in Section 3. Here we also
assume indirectly that the corresponding blocks along time
corresponds to an AR(1) source where a factor depending
on the loop filtering corresponds to the correlation coef-
ficient between blocks and the motion compensated block
difference as well as the quantization distortion of the block
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constitute the additional noise term, which will be shown
below.

For each frame f and for each block b given by coordi-
nates (bv, bh) in f two distortion estimates are considered:
Dl(f, bv, bh) denoting the decoder distortion if f and this
way b is lost whereas Dr(f, bv, bh) denoting the decoder
distortion if the packet containing the data for f and so for
b is received. bv and bh are the vertical and horizontal block
coordinates respectively. D(f, bv, bh) on the other hand is
the overall decoder distortion estimation calculated as the
weighted average of Dl(f, bv, bh) and Dr(f, bv, bh):

D(f, bv, bh) = plDl(f, bv, bh) + (1 − pl)Dr(f, bv, bh)

We assume that the first frame is never lost. According
to this, all blocks of the first frame have just the quantization
distortion at the decoder:

D(1, bv, bh) = Dr(1, bv, bh) = Dq(1, bv, bh)

The blocks in the following frames can be intra or in-
ter coded. If the block is intra coded using intra predic-
tion modes we estimate its distortion using the average of
the distortion estimates of its left and upper neighbours
Dleft(f, bv, bh) and Dup(f, bv, bh) respectively:

Dleft(f, bv, bh) =

{

0 if (bh − 1) < 1
D(f, bv, bh − 1) else

and

Dup(f, bv, bh) =

{

0 if (bv − 1) < 1
D(f, bv − 1, bh) else

resulting in

Dold(f, bv, bh) =
Dup(f, bv, bh) + Dleft(f, bv, bh)

2

Dold(f, bv, bh) represents here distortion component
coming from the reference block. The component of
Dold(f, bv, bh) due to quantization is calculated as:

Doldq
(f, bv, bh) =

Dupq
(f, bv, bh) + Dleftq

(f, bv, bh)

2

.
On the other hand, If block b is inter coded we have to

consider the distortion of the corresponding block b
′

in the
reference frame f

′

= f − 1 to calculate Dold(f, bv, bh). b
′

has the coordinates (b
′

v, b
′

h) in f
′

:

b
′

v = bv + round(mv(f, bv, bh)/16)

b
′

h = bh + round(mh(f, bv, bh)/16)

where mv(f, bv, bh) and mh(f, bv, bh) are the vertical and
horizontal components of the motion vector field at block
position (bh, bv). The vector components are divided to
16, first because we consider 4x4 pixel blocks and second
because of quarter pixel accuracy. If b

′

v or b
′

h lies out of the
frame it is clipped into the frame.

For inter coded blocks we differentiate between
Doldl

(f, bv, bh) and Doldr
(f, bv, bh), for the cases

that the reference frame is lost and received respec-
tively. Doldl

(f, bv, bh), Doldr
(f, bv, bh) and similarly

Doldq
(f, bv, bh), the quantization distortion of b

′

are given
as:

Doldl
(f, bv, bh) = Dl(f − 1, b

′

v, b
′

h)

Doldr
(f, bv, bh) = Dr(f − 1, b

′

v, b
′

h)

Doldq
(f, bv, bh) = Dq(f − 1, b

′

v, b
′

h)

To develop the recursive formula to calculate the de-
coder distortion estimate D(f, bv, bh) for block b we take
the recursion depth 1, i.e. we consider only the distortion of
the corresponding block in the reference frame (the previous
frame in the formulas) and we differentiate also between
the cases whether this one is received or not. To incorpo-
rate the block intra updates into the recursive formula we
differentiate also between intra-updated blocks and the rest.
Drr(f, bv, bh) gives the distortion of block b if the previous
and the current frames are both received and Dll(f, bv, bh)
gives the distortion if both are lost. Similarly Dlr(f, bv, bh)
gives the distortion when the previous one is lost but the
current one is received , contrary Drl(f, bv, bh) the distor-
tion when the previous one is received and the current one
is lost.

If block b is intra-updated and also received, the decoder
distortion is just the quantization distortion whether the pre-
vious frame is received or not:

Drr(f, bv, bh) = Dq(f, bv, bh)

Dlr(f, bv, bh) = Dq(f, bv, bh)

On the other hand, if b is received but not updated, Drr

and Dlr are given as:

Drr(f, bv, bh) = α(Doldr
(f, bv, bh) − Doldq

(f, bv, bh))

+Dq(f, bv, bh)

Dlr(f, bv, bh) = α(Doldl
(f, bv, bh) + Doldq

(f, bv, bh))

+Dq(f, bv, bh)

188



where α is a constant depending on the sequence, par-
ticularly on the scene activity representing the effect of the
loop filter in hybrid coders. Note that block b is given as:

b =
√

α(b
′

+ q
′

) + mcbd(b)

where b
′

is the corresponding block to block b in the
reference frame, mcbd(b) is the motion compensated block
difference and q and q

′

are the quantization distortions on
blocks b and b

′

respectively. According to this formula, b
can be considered as a AR(1) source where

√

α corresponds
to the correlation coefficient and

√

αq
′

+ mcbd(b) is the
additional noise term. The noise term is approximated as
uncorrelated with b, which is only the case if motion com-
pensation is ideal. Denoting the accumulated distortion on
block b

′

as d
′

and on block b as d, we have:

b + d =
√

α(b
′

+ d
′

) + mcbd(b) + q

d =
√

α(d
′

− q
′

) + q

If the current and the previous frames are both received:

d
′

= q
′

+ drem

where drem is the component of d
′

which is independent
of q

′

. The correlation between d
′

and q
′

is given as:

E[d
′

q
′

] = Doldq

resulting in the formula for Drr:

Drr(f, bv, bh) = E[d2]

= α(Doldr
(f, bv, bh) + Doldq

(f, bv, bh)

−2Doldq
(f, bv, bh)) + Dq(f, bv, bh)

= α(Doldr
(f, bv, bh) − Doldq

(f, bv, bh))

+Dq(f, bv, bh)

On the other hand, if the previous frame is lost, d
′

and
q
′

are uncorrelated to each other so that Dlr(f, bv, bh) is
calculated as:

Dlr(f, bv, bh) = E[d2]

= α(Doldr
(f, bv, bh) + Doldq

(f, bv, bh))

+Dq(f, bv, bh)

If the current frame is lost, the distortions Drl(f, bv, bh)
and Dll(f, bv, bh) are calculated as follows:

Drl(f, bv, bh) = α(Doldr
(f, bv, bh) − Doldq

(f, bv, bh))

+pow mcbd(f, bv, bh)

Dll(f, bv, bh) = α(Doldl
(f, bv, bh) + Doldq

(f, bv, bh))

+pow mcbd(f, bv, bh)

where pow mcbd(f, bv, bh) is the averaged sum of the
squared pixel intensities of the motion compensated block
difference.

Again considering b
′

when the current frame is lost:

b + d =
√

α(b
′

+ d
′

)

d =
√

α(b
′

+ d
′

) −
√

α(b
′

+ q
′

) − mcdf(b)

=
√

α(d
′

− q
′

) − mcdf(b)

If the previous frame is received, q
′

and d
′

are correlated
and otherwise uncorrelated to each other. The distortion is
again calculated as E[d2] resulting in the equations given
for Drl(f, bv, bh) and Dll(f, bv, bh) above.

Dl(f, bv, bh) and Dr(f, bv, bh), on the other hand,
are calculated as the weighted averages of Dll(f, bv, bh)
and Drl(f, bv, bh) and similarly of Dlr(f, bv, bh) and
Drr(f, bv, bh) respectively:

Dl(f, bv, bh) = plDll(f, bv, bh) + (1 − pl)Drl(f, bv, bh)

Dr(f, bv, bh) = plDlr(f, bv, bh) + (1 − pl)Drr(f, bv, bh)

The estimated PSNR for each frame PSNR(f) is calcu-
lated as:

PSNR(f) = pl
2PSNRll(f) + pl(1 − pl)PSNRlr(f)

+(1 − pl)
2
PSNRrr(f)

+(1 − pl)plPSNRrl(f)

where the individual PSNR values are given as:

PSNRll = 10log10(
2552

Pmaxi
i=1

Pmaxj
j=1

Dll(f,i,j)

total block number

)

where total block number is the total number of
blocks in a frame.

The remaining PSNR values are calculated by exchang-
ing the subscripts of the variables respectively.

3. EXPERIMENTS AND RESULTS

We assume that each frame whether I or P frame is trans-
mitted in a separate and single packet. The packets are
lost with a given uniform loss rate of pl. If a frame gets
lost, assuming that the exact motion information is known,
we use motion compensated error concealment, particularly
the motion compensated difference value for these blocks
is set to zero. We simulated the lossy channel with a ran-
dom uniform loss generator and sequences are coded and
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decoded with H.264 Codec (TML Version 9.0). For each
loss rate 100 different loss patterns are considered. We
used five QCIF video sequences coded at 30 fps: Foreman,
Akiyo, Claire, Mother & Daughter and Salesman for the
simulations and the estimations. Because of the place lim-
itations the results, i.e. comparison of the simulation to es-
timated decoded frame PSNR’s over the frame number N
are shown only for the sequence Foreman. We consider
three cases: 1- without any intra-updates, 2- with updates
of GOB’s, 3- with intra frame updates. To generate the
estimation values we needed four parameters: 1- quanti-
zation distortion, 2- motion vector field, 3- energy of mo-
tion compensated block differences (pow mcbd) for each
block of each frame and 4- α. All of these parameters are
calculated offline (at the sender side). Quantization distor-
tion should be adapted to the coding mode (intra updates)
whereas motion vector field and motion compensated frame
differences can be taken the same independent of the coding
mode to simplify the calculations. α is determined manu-
ally for each sequence. Figure Fig.1. (Foreman: R=189.13
kbit/s, PSNRavg=37.14 dB, 6.30 kbits/P-frame) shows the
comparison of simulation results to the estimation results
for the non-intra update case. Figure Fig.2. (Foreman:
R=264.59 kbit/s, PSNRavg=37.05 dB, 8.82 kbits/P-frame)
on the other depicts the same comparison for the intra up-
dates of GOB’s (group of blocks) and Figure Fig.3. (Fore-
man: R=261.76 kbit/s, PSNRavg=37.53 dB, 8.82 kbits/P-
frame) for the intra updates of frames. Intra frame update
period is 10 (Figure 3) and in each frame one GOB is intra
updated periodically along the frame (Figure 2). A total of
100 Frames are considered for each sequence. Experiments
show the good accordance of the simulation results to the
estimation ones. Although the simulation results are gener-
ated using uniformly distributed loss patterns the model is
applicable to all kinds of loss models.

4. CONCLUSION

We introduced a block based recursive decoder distortion
estimation technique for video and verified that the esti-
mated frame PSNR values using the technique show good
accordance with the simulation results. The low implemen-
tation complexity and high estimation accuracy of the tech-
nique makes it attractive compared to other decoder distor-
tion estimation methods in our knowledge so far.
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Fig.1. PSNR over Frame Number, Foreman, no intra updates
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0 10 20 30 40 50 60 70 80 90 100
33

34

35

36

37

38

39

40

N

P
S

N
R

Fr
am

e

Foreman (sim), p=0%
Foreman (sim),p=5%
Foreman (model),p=5%
Foreman (sim),p=10%
Foreman (model),p=10%
Foreman (sim),p=20%
Foreman (model),p=20%

Fig.3. PSNR over Frame Number, Foreman, frame intra updates

190


	Index
	ICIP 2004 Home Page
	Conference Info
	Welcome Message
	Techincal Program Overview
	Technical Program Committee
	EDICS Categories
	ICIP2004 Paper Submission Statistics
	ICIP2004 Paper Statistics - Final Program
	ICIP2004 Organizing Committee
	Sponsors
	Exhibition
	Venue Access
	Social Activities
	Other Information
	Call for Papers for ICIP2005

	Sessions
	Monday, 25 October, 2004
	MA-S1-Computational Radar Imaging
	MA-L1-Watermarking I
	MA-L2-Face Recognition
	MA-L3-Video Compression Standards I
	MA-L4-Biomedical Image Processing: Segmentation and Qua ...
	MA-L5-Error Resilience / Concealment I
	MA-P1-Image Segmentation: By Color, Texture, and Edge
	MA-P2-Image Filtering and Morphological Processing
	MA-P3-Image Enhancement I
	MA-P4-Video Segmentation
	MA-P5-Low-level Image Indexing and Retrieval
	MA-P6-DCT-based Video Coding
	MA-P7-Image Compression and Applications
	MA-P8-Distributed Source Coding and Others
	MP-S1-Deformable Models and Applications
	MP-S2-Media Security Issues in Streaming and Mobile App ...
	MP-L1-Face Detection, Recognition, and Classification I
	MP-L2-Video Summarization and Browsing
	MP-L3-Image Filtering and Partial Differential Equation ...
	MP-L4-Image/Video Indexing and Retrieval
	MP-L5-Watermarking II
	MP-P1-Video Compression Standards II
	MP-P2-Error Resilience/Concealment II
	MP-P3-Biometrics I
	MP-P4-Image Segmentation: By Multiple Features and Othe ...
	MP-P5-Image Enhancement II
	MP-P6-Video Object Tracking
	MP-P7-Biomedical Image Processing: Compression and Regi ...
	MP-P8-Video Coding

	Tuesday, 26 October, 2004
	TA-S1-Content-based Analysis of Multi-modal High Dimens ...
	TA-S2-Image Forensics
	TA-L1-Feature-based Image Segmentation
	TA-L2-Denoising and Deblurring
	TA-L3-Biometrics II
	TA-L4-Lossy Image Coding
	TA-L5-Wavelet Video Coding and Scalability I
	TA-P1-Stereoscopic and 3-D Processing I
	TA-P2-Face Detection, Recognition and Classification II
	TA-P3-Motion Detection and Estimation: Block Matching
	TA-P4-Feature Extraction and Analysis: Color and Textur ...
	TA-P5-Watermarking III
	TA-P6-Video Indexing, Retrieval and Editing
	TA-P7-Interpolation
	TA-P8-Geosciences and Remote Sensing and Environment
	TP-S1-What is the Latest in Networked Video?
	TP-L1-Super-resolution and Interpolation
	TP-L2-Deblocking, Restoration, and Enhancement
	TP-L3-Motion Estimation and Detection
	TP-L4-Image Segmentation
	TP-L5-Biomedical Image Processing: Compression, Registr ...
	TP-P1-Stereoscopic and 3-D Processing II
	TP-P2-Face Detection, Recognition and Classification II ...
	TP-P3-Video Streaming and Networking
	TP-P4-Shape Extraction and Analysis
	TP-P5-Watermarking IV
	TP-P6-Image/video Storage and Retrieval
	TP-P7-Wavelet Video Coding and Scalability II
	TP-P8-Image Modeling

	Wednesday, 27 October, 2004
	WA-S1-Content Understanding for Home Photograph and Vid ...
	WA-S2-Pattern Discovery in Real-world Broadcast Video
	WA-L1-Image Scanning, Display, and Printing I
	WA-L2-Image Formation I
	WA-L3-Stereoscopic and 3-D Coding &amp; Processing
	WA-L4-Image Coding I
	WA-L5-Source-Channel Coding I
	WA-P1-Motion Detection and Estimation: Optical Flow and ...
	WA-P2-Watermarking V
	WA-P3-Feature Extraction and Analysis I
	WA-P4-Image Segmentation: Level Set and Active Contour
	WA-P5-Transcoding
	WA-P6-Implementations and Systems
	WA-P7-Document Image Processing and Other Applications
	WA-P8-Biomedical Image Processing: Segmentation and Com ...
	WP-L1-Image Representation, Rendering, and Quality Asse ...
	WP-L2-Stereoscopic Image Processing and 3D Modeling
	WP-L3-Feature Extraction and Analysis II
	WP-L4-Image/Video Segmentation and Tracking
	WP-L5-Distributed Source Coding and Scalability
	WP-L6-Video Streaming
	WP-P1-Image Coding II
	WP-P2-Source-channel Coding II
	WP-P3-Stereoscopic and 3-D Coding
	WP-P4-Super-resolution and Mosaic
	WP-P5-Image Formation II
	WP-P6-Motion Detection and Estimation: Other Methods
	WP-P7-Watermarking and Cryptography
	WP-P8-Image Segmentation: Clustering and Statistical Me ...
	WP-P9-Image Scanning, Display, and Printing II

	Tutorials
	Plenary Sessions
	Special Sessions
	Table of Contents of Printed Proceedings

	Authors
	All Authors
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Papers
	All Papers
	Papers by Session
	Papers by Topics

	Topics
	1.1.1: Lossy coding
	1.1.2: Lossless coding
	1.1.3: Image compression standards
	1.2.1: DCT-based video coding
	1.2.2: Wavelet-based video coding
	1.2.3: Model-based video coding
	1.2.4: Scalability
	1.2.5: Transcoding
	1.2.6: Video compression standards
	1.2.7: Other
	1.3: Stereoscopic and 3-D Coding
	1.4: Distributed Source Coding
	1.5.1: Source/channel coding
	1.5.2: Networking
	1.5.3: Error resilience / concealment
	1.5.4: Video streaming
	1.5.5: Other
	2.1.1: Linear filtering
	2.1.2: Nonlinear filtering
	2.1.3: Level set and fast marching
	2.1.4: Partial differential equations
	2.1.5: Other filtering techniques
	2.2.1: Multiframe image restoration
	2.2.2: Contrast enhancement
	2.2.3: Deblocking / artifacts removal
	2.2.4: Deblurring
	2.2.5: Denoising
	2.2.6: Other restoration techniques
	2.2.7: Other enhancement techniques
	2.3.1: By edge
	2.3.2: By color
	2.3.3: By texture
	2.3.4: By multiple features
	2.3.5: By other features
	2.3.6: Active-contour / snake-based methods
	2.3.7: Clustering-based methods
	2.3.8: Model-fitting-based methods
	2.3.9: Statistical-classification-based methods
	2.3.10: Morphological-based methods
	2.3.11: Level-set-based methods
	2.3.12: Other segmentation methods
	2.4.1: Video object segmentation
	2.4.2: Temporal segmentation
	2.4.3: Video shot segmentation
	2.4.4: Tracking
	2.4.5: Other video segmentation techniques
	2.4.6: Other tracking techniques
	2.5: Morphological Processing
	2.6.1: Stereo image processing
	2.6.2: 3D modeling &amp; synthesis
	2.6.3: Other techniques
	2.7.1: Color
	2.7.2: Texture
	2.7.3: Shape
	2.7.4: Shading
	2.7.5: Other features
	2.8.1: Perceptual / human visual system
	2.8.2: Source modeling
	2.8.3: Noise modeling
	2.8.4: Other
	2.9.1: Face detection, recognition and classification
	2.9.2: Fingerprint analysis and coding
	2.9.3: Iris analysis
	2.9.4: Human activity, gait analysis, and gaze analysis
	2.9.5: Goal-oriented analysis tasks
	2.9.6: Other
	2.10.1: Interpolation
	2.10.2: Super-resolution
	2.10.3: Mosaic
	2.10.4: Registration / alignment
	2.10.5: Other techniques
	2.11.1: Block matching
	2.11.2: Optical flow
	2.11.3: Parametric model for motion estimation
	2.11.4: Change detection
	2.11.5: Camera calibration
	2.11.6: Other motion detection techniques
	2.11.7: Other motion estimation techniques
	2.12.1: Hardware and software co-design
	2.12.2: Embedded and real-time systems
	2.12.3: Paralleled and distributed systems
	2.12.4: Other system platforms
	3.1.1: Super-acoustic imaging
	3.1.2: Tomographic imaging
	3.1.3: Nuclear and x-ray imaging
	3.1.4: Magnetic resonance imaging
	3.1.5: Other
	3.2.1: Radar imaging
	3.2.5: Multispectral / hyperspectral imaging
	3.2.6: Other
	3.4: Optical Imaging
	3.5: Synthetic-Natural Hybrid Image Systems
	4.1: Scanning and Sampling
	4.2: Quantization and Halftoning
	4.3: Color Reproduction
	4.4: Image Representation and Rendering
	4.5: Display and Printing Systems
	4.6: Image Quality Assessment
	5.1: Image and Video Databases
	5.2.1: Low-level image indexing and retrieval
	5.2.2: Relevance feedback and interactive retrieval
	5.2.3: Content addressable browsing
	5.3.1: Video partition/shot detection
	5.3.2: Video features for retrieval
	5.3.3: Low-level video indexing and retrieval
	5.3.4: Semantic video retrieval
	5.3.5: Content summarization and editing
	5.4: Multimodality Image/Video Indexing and Retrieval
	5.5.1: Watermarking
	5.5.2: Cryptography
	6.1.1: Image segmentation and quantitative analysis
	6.1.2: Computer assisted screening and diagnosis
	6.1.3: Visualization
	6.1.4: Image compression
	6.1.5: Image registration and fusion
	6.2.1: Astronomy
	6.2.2: Geosciences
	6.2.3: Remote sensing
	6.2.4: Environment
	6.3: Document Image Processing and Analysis
	6.4: Other Applications

	Search
	Help
	Browsing the Conference Content
	The Search Functionality
	Acrobat Query Language
	Using Acrobat Reader
	Configurations and Limitations

	About
	Copyright
	Current paper
	Presentation session
	Abstract
	Authors
	Sila Ekmekci
	Thomas Sikora



