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ABSTRACT

An implicit link adaptation technique based on hybrid
automatic repeat request (H-ARQ) using a soft-combining
algorithm is considered for image transmission over wire-
less channels. Instead of the conventional link-level metrics
such as bit error rate and frame error rate that do not
correlate well with the quality as perceived by the end
user, adaptation is carried out using metrics obtained from
models that take the human perception into account. In
this paper, a novel reduced-reference hybrid image quality
metric (RR-HIQM) is proposed and used as a criterion
to terminate the retransmission request in link adaptation.
Numerical results show that the use of RR-HIQM in link
adaptation provides robust link performance while meeting
satisfactory quality constraints.

1. INTRODUCTION

In recent years, there has been an increasing demand for
multimedia communications involving voice, image, and
video over wireless channels. These services use com-
pressed data in order to reduce the storage requirements
and the bandwidth. Furthermore, the time-varying nature
of the wireless channel caused by multipath propagation
and the changing interference conditions make the chan-
nel very unreliable. Therefore, the multimedia services
over wireless channels are impaired not only by lossy
source compression but also by burst errors associated with
the channel. Additionally, limitations are imposed by the
available bandwidth. These have led to extensive research
aimed at achieving reliable and spectrally efficient wireless
multimedia communications.

Link adaptation in wireless communications has gained
a great deal of attention due to the significant performance
gains that it provides [1]–[3]. Explicitly, with link adapta-
tion, the transmission parameters are modified to compen-
sate for the variations in channel conditions, which may be
estimated based on feedback from the receiver. Currently,
link adaptation techniques for wireless communications are
based on conventional measures such as signal-to-noise

ratio (SNR), bit error rate (BER), frame error rate (FER)
or combinations of them as the quality indicators or the
metrics. However, in case of multimedia communications,
it has been shown that these metrics do not necessarily
correlate well with the quality as perceived by humans
[4], [5].

Therefore, in this paper, we aim at link adaptation
techniques for image transmission over wireless channels
focusing on the use of objective perceptual quality met-
rics, which take into account the characteristics of human
perception. This requires identification and development
of novel objective perceptual quality measures along with
the suitable theoretical framework, methods and algorithms
for exploiting these measures for link adaptation purposes.
An implicit link adaptation technique based on hybrid
automatic repeat request (H-ARQ) using a soft-combining
algorithm [6] is considered in this paper to provide robust
link performance while meeting objective quality con-
straints.

This paper is organised as follows. In Section 2,
link adaptation based on H-ARQ is discussed. Section 3
presents an overview of the objective perceptual image
quality measures. The proposed hybrid image quality met-
ric is detailed in Section 4. Numerical results are presented
in Section 5 and Section 6 concludes the paper.

2. IMPLICIT LINK ADAPTATION

Link adaptation methods based on H-ARQ have been
frequently used in wireless multimedia communications
to improve the quality of service. H-ARQ is an implicit
link adaptation technique, which uses an error-correcting
code to detect and if possible to correct transmission
errors. In this case, the link-layer acknowledgments are
used for retransmission decisions. With conventional H-
ARQ schemes, whenever a codeword is to be retrans-
mitted, the initial codeword is discarded and replaced
by its retransmitted copy. Thus the decoder ignores the
information gathered through the failed decoding attempt
leading to largely reduced throughput efficiencies over
noisy channels. This is avoided in this paper using a
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soft-combining algorithm, which preserves the information
obtained with each decoding attempt and incorporates it
with the retransmitted copies of the codeword. With this,
the reliability information is included in the soft-combining
algorithm using the soft values on a symbol-by-symbol
basis.

Since all the transmitted blocks may not need the same
number of retransmissions to achieve reliable decoding,
a performance measure, which characterises the channel
variations, is required before terminating the request for
retransmissions. As the commonly used performance mea-
sures such as BER and FER do not necessarily correlate
well with the quality as perceived by the end user, con-
siderable attention has been paid on the development of
objective perceptual quality measures.

3. OBJECTIVE PERCEPTUAL IMAGE QUALITY
MEASURES

Most of the available objective perceptual image quality
measures focus only on errors introduced by compres-
sion algorithms. However in wireless communications,
additional errors occur due to the time-varying nature of
the channel and the multipath effect, introducing further
perceptual artifacts. The mean square error (MSE) and
the peak signal-to-noise ratio (PSNR) are among the most
widely adopted statistical metrics for measuring the picture
quality. However, quality results based on both of these
metrics are poorly correlated with subjective test results.
For example, in some cases, even though the decoded
image would provide a high PSNR result, the subjective
quality could be perceived low by the human eye providing
a low mean opinion score (MOS) [7]. Moreover, these
measures are not suitable for real time monitoring as
required in link adaptation techniques for wireless mul-
timedia communications due to the unavailability of the
reference image at the receiver. Therefore, major emphasis
in recent research is given to the measurement techniques
that do not require a reference, and provide high correlation
with the results of subjective measurement methods [8]. In
this paper, a suitable objective perceptual image quality
metric for wireless channels is developed and utilised in
link adaptation.

4. REDUCED-REFERENCE HYBRID IMAGE
QUALITY METRIC

Objective perceptual quality measurement techniques
based on the availability of the source signal can be
broadly separated into three categories as full-reference,
reduced-reference and no-reference. The full-reference and
the reduced-reference systems require the knowledge of
the original signal as an exact copy or as an extracted
version of the source signal in calculating the quality
metrics. In contrast to that, the no-reference system does

not require a reference signal. Since the reference signal
is not naturally available at the receiver, the no-reference
systems are more practical in communication systems.
However, the quality measures obtained using no-reference
systems may not be suitable for link adaptation schemes,
as the benchmark used for retransmission termination may
not always be reached. Therefore, a reduced-reference
hybrid image quality metric (RR-HIQM), which takes into
account the artifacts related to blocking, lost block, image
activities, blur, and contrast, is proposed in this paper. The
algorithms to measure these individual artifacts are selected
considering the computational efficiency to minimise the
delay associated with them.

The blocking artifact is measured using the algorithm
proposed by Wang et al. [9]. The lost blocks are also
captured in the proposed RR-HIQM using the blocking
metric (BM) given by

BM = α + βAγ1Bγ2Cγ3 (1)

Here, α, β, γ1, γ2 and γ3 are the model parameters
that are estimated using a subjective test. In this paper,
the values of α = −245.9, β = 261.9, γ1 = −0.024,
γ2 = 0.016 and γ3 = 0.0064 are used as suggested in
[9]. Moreover, A, B and C are the average differences
across block boundaries, the average absolute difference
between in-block image samples, and zero-crossing rate,
respectively [9].

The activity measure that indicates the busyness of the
received image based on the structure and the approxima-
tion of the spatial gradient amplitude, are obtained using
the methods in [10] and [11]. This metric has also been
used in the RR-HIQM to acquire the artifacts relating to
blur, ringing, and lost blocks. In this measure, two types
of activities, namely, the edge activity measure (EAM)
and the gradient activity measure (GAM) are employed.
For an M × N binary image having M number of rows
and N number of columns, the EAM and the GAM are
respectively given by [10]

EAM =

[

1

MN
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]

· 100 (2)
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1

MN









M−1
∑

i=1

N
∑

j=1

|I(i, j) − I(i + 1, j)|

−
M
∑

i=1

N−1
∑

j=1

|I(i, j) − I(i, j + 1)|









(3)

In Eq. (2), B(i) denotes the value of the detected edge
at pixel location i and | · | and I(i, j) in Eq. (3) denote
the absolute value and the intensity value at pixel location
(i, j), respectively.
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Next, the contrast measure (CM) based on the standard
deviation of the first-order image histogram, which indi-
cates the distribution of the image data values, is obtained.
With this method, many insights into the character of an
image can be acquired. The histogram of an M×N image
is defined as the percentage of pixels within the image at a
given gray level. For a 256 gray level image, the histogram
hi at gray level i is given by

hi =
ni

MN
, for 0 ≤ i ≤ 255 (4)

where ni denotes the number of pixels at gray level i. From
the histogram information, the image perceived brightness
can be measured using the average gray level given by

brightness =

255
∑

i=0

i · hi (5)

The CM can now be obtained by estimating the average
gray level variation within the image given by [11]

CM =

√

√

√

√

255
∑

i=0

i2hi − brightness2 (6)

Finally, the proposed overall quality measure RR-HIQM
is obtained using a weighted sum of all the aforementioned
quality metrics. Here, each individual metric behaves as
a visual sensor. Since human vision reacts differently to
various artifacts, the perceptual weight factor allocation for
these individual sensors was based on the impact of the
output of the sensor on the overall perceptibility of images
by human vision. The fine-tuning of the weights was done
empirically and was justified by requesting opinion from
a group of unbiased test persons [12].

Initially, all the sensors were given the same weight
and were then adjusted based on the contribution of each
sensor to the perceptibility of image by human eye [12].
For example, in joint photographic experts group (JPEG)
images, the output of the blocking sensor is given a higher
weight compared to other sensors. This is because blocking
is the most frequently observed artifact in this particular
image format and can be easily perceived by human vision.

In utilizing the proposed RR-HIQM in Hybrid-ARQ
using soft-combining scheme, the baseline, which is the
quality measure of the original image, is incorporated with
the first transmission. The baseline, which provides the
receiver an idea about the transmitted image is used at
the receiver to compare the quality of the received image.
The retransmission of the same image is requested until the
received image quality reaches the baseline. In some cases,
where quality degradation is tolerable, the comparison is
done with a predefined threshold from the baseline. As the
retransmission termination in the H-ARQ scheme solely
depends on the baseline, it is recommended to use a strong
error control coding technique to protect the baseline. If a

retransmission of the same image is requested, the soft-
output values of the received image are incorporated in
the retransmitted copies of the image as suggested in the
soft-combining algorithm [6]. This process is continued
until the received image reaches the required quality or
the chosen maximum number of retransmissions.

5. NUMERICAL RESULTS
The performance of the proposed implicit link adaptation
scheme based on H-ARQ is obtained using computer
simulations. The developed RR-HIQM is used for retrans-
mission termination. In the simulations, a test JPEG image
“House” with quality baseline of 1.32 is transmitted 50
times over an uncorrelated flat Rayleigh fading channel in
the presence of additive white Gaussian noise (AWGN)
with an average bit energy to noise power spectral den-
sity ratio (Eb/N0) of 5dB. A (31, 21) Bose-Chaudhuri-
Hocquenghem (BCH) code is used for error protection
purposes and modulated using binary phase shift keying
(BPSK). The maximum number of retransmissions in the
soft-combining algorithm is set to 10.

For this test scenario, the perceptual weights of the
visual sensors BM, EAM, GAM, and CM were selected
empirically as 1, 1, 0.5, and 0.3, respectively. The results
obtained using the proposed RR-HIQM are compared with
that of PSNR as it is the most commonly used quality
metric for testing image and video communication systems.

Figures 1(a) and 1(b) show the average performance
comparison between PSNR and RR-HIQM of the received
image, obtained by averaging the individual measures
considering fully openable images. The PSNR and the RR-
HIQM values corresponding to the images that are not
openable are defaulted at 0 and 100, respectively. It is
observed from the figures, that the quality metric provided
by the RR-HIQM is inversely related to the PSNR. That
is, a better quality image is represented by a higher
PSNR value or a lower RR-HIQM value. Furthermore, it
is observed that the quality measures based on the RR-
HIQM reach the quality baseline within a tight margin
after the 3rd retransmission. Hence, the retransmission
request in the given example can be terminated after the
4th retransmission. On the other hand, it is observed
that the PSNR value never comes close to the reference
quality. Thus, the termination will never occur and the
link adaptation will continue until the maximum number
of retransmissions allocated is reached, leading to a very
inefficient scheme. Furthermore, the proposed RR-HIQM
provides a better quality measure as perceived by the end
user that can be incorporated into link adaptation as a
method to more efficiently terminate the retransmission
request.

Fig. 2 shows the progress of image quality improvement
with each retransmission. The images presented in this
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figure represent the ones having the worst performance
after the 1st retransmission. It is observed that the H-ARQ
scheme using soft-combining provides a large improve-
ment in the image quality with each retransmission. More-
over, a further improvement in the quality is not observed
after the 3rd retransmission. This gives an indication to the
system of when to terminate the retransmissions. Again,
the proposed RR-HIQM constitutes an extra criterion for
stopping the retransmissions.

6. CONCLUSIONS
A novel reduced-reference hybrid image quality metric that
takes into account the human perception was proposed.
This metric has been used as a criterion to terminate the
retransmission request in link adaptation based on H-ARQ
using a soft-combining algorithm over wireless channels.
Moreover, the RR-HIQM provides a good quality estimate
of the received image without needing the reference image
at the receiver. Also, the numerical results show that the use
of proposed objective perceptual quality measure in link
adaptation over wireless channels provides more efficient
use of the limited bandwidth while meeting the satisfactory
perceived quality constraints.
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Fig. 1. Average performance of link adaptation for image
“House”: (a) Using PSNR and (b) Using RR-HIQM.

Undecodable


Original image Initial transmission 1
st retransmission

2
nd retransmission 3

rd retransmission 4
th retransmission

Fig. 2. Quality improvement of image “House”.

2322


	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
	Tubagus Maulana Kusuma
	Manora Caldera
	Hans-Jurgen Zepernick



