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Abstract— This paper presents a scheme aiming at trans-
mitting real-time video to wireless channel with vigorously
varying quality, which is in practice the norm rather than
the exception. Region of Interest (ROI) is an efficient ap-
proach to making the video more adaptive to the wireless
channel because ROI is the region that human eyes tend to
put more attention to than the Remainder Region (RM) . In
our proposed scheme, we will adopt this feature. The real-
time source video stream is divided into two regions, the
ROI and the RM regions. The two regions will be encoded
using H.263 standard codec such that the video transmis-
sion is adaptive to the current channel state, which is char-
acterized by the effective data rate that varies from tens
of kilobits per second to hundreds of kilobits per second.
Channel state parameters are fed back to the source coder
to adjust the compression ratio as well as the intra/inter op-
tions of the encoders. Results including frame loss probabil-
ity, compression characteristics, Peak Signal the Noise Ra-
tio (PSNR) against channel states are given, indicating that
the resulting adaptive video codec can respond judiciously
to time-varying channel quality. Our scheme is evaluated
together with a ROI-enabled moving picture coding stan-
dard JPEG2000. Using the features provided in JPEG2000,
we have made the JPEG2000 codec adaptive to the vigor-
ously varying wireless channel and then compared it with
the H.263 scheme. Our technique is suitable for a broad
area of applications including real-time news reporting and
video conferencing.
Keywords: simulations, network measurements, region of
interest (ROI), remainder (RM), channel adaptation, real-
time video compression, H.263 (DCT), JPEG2000 (wavelet),
PSNR.

I. Introduction

It is known that human perceives the outside world in
a rather complicated manner [17]. The human visual sys-
tem (HVS) is dramatically different from camera sensing.
Specifically, our visual stimuli do not behave linearly to
the physical properties of the stimuli such as intensity and
color. Some information in the scene is inherently more
important than other. For instance, when viewing a scene,
human eye will focus on an area while letting the other ar-
eas blurred. Video conferencing is a case in point—people
will focus more on the participants rather than the back-
ground. Thus, the area on focus, the Region of Interest
(ROI), should be allocated more resources, so that the per-
ceived quality would be better than the area that is not in
focus. This approach could also utilize the bandwidth us-
age. We believe that this approach performs better than
using fixed quality throughout the whole scene.

This research was supported by a grant from the Hong Kong Re-
search Grants Council under project number HKU 7162/03E.

On the other hand, by gathering channel state informa-
tion (CSI) for the current channel characteristics [10], [15],
[16], a more judicious resources allocation can be achieved
since we have a better understanding on the available band-
width in the channel. CSI can be collected in the physical
layer of the mobile device or through indirect inferences
(e.g., monitoring the ARQ activities) at the link layer. Re-
cently, there have been quite a few research attempts on
the idea of channel adaptive wireless transmission. Bhag-
wat et al. [1] developed a downlink channel adaptive ap-
proach for enhancing wireless TCP performance. There
has also been other work done on adaptive scheduling on
the downlink and uplink directions. For instance, Kwok
et al. [9] proposed a novel channel adaptive uplink access
control protocol for nomadic computing. However, these
previous contributions are not targeted at the application
level, as in the wireless video considered in this paper. In-
deed, link adaptation, albeit not a new idea, has not been
applied together with the above mentioned ROI concept in
adaptive wireless video.

Through joint source-channel coding, we could have a
better allocation of resources to source and channel coding.
There are many novel joint-source channel video coding
approaches suggested in the literature [2], [3], [5], [6], [7],
[8]. In [4], the rate-shaping joint source-channel coding that
allows a portion of the video stream to be dropped before
sending so that more resources can be reserved for channel
coding. There are other approaches for joint source-channel
coding like distortion-based. Kondi el al. [5], [6], [7], [8]
have developed numerous effective models on joint source-
channel coding and have conducted studies of those models
using multi-path fading channels. However, none of these
previous work are based on the ROI concept.

In this paper, a ROI-based channel adaptive source cod-
ing scheme for real-time video is introduced. Our pro-
posed scheme is effective in that given a particular amount
of source coding resources under the vigorously changing
channel states, the compression quality is dynamically ad-
justed such that the source coding can still provide a high
quality presentation for the ROI. We also use the ROI and
layer-progressive organization features in JPEG2000 to cre-
ate an adaptive rate video transmission scheme for compar-
ison. In Section II, we provide some information concern-
ing CSI. In Section III, DCT-based channel adaptive video
transmission will be introduced with our proposed scheme.
In Section IV, Wavelet-based channel adaptive video trans-
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mission will be introduced. In Section V, extensive simu-
lation results and interpretations will be offered. The last
section provides some concluding remarks.

II. Channel State Information (CSI)

In a realistic environment, the quality of the wireless link
is characterized by two components, namely the fast fading
component and the long-term shadowing component. Fast
fading is caused by the superposition of multipath compo-
nents and is therefore fluctuating in a very fast manner (on
the order of a few msec). Long-term shadowing is caused by
terrain configuration or obstacles and is fluctuating only in
a relatively much slower manner (on the order of one to two
seconds). The combined effect is that the channel quality
varies continuously. Specifically, the channel quality stays
constant for a short amount of time (called the coherence
time) and then changes to a different quality level (e.g.,
the goodput can degrade from 1 Mbps to 750 Kbps within
20 msec for a wireless LAN connection). Using channel
adaptive physical layer (i.e., multiple-mode channel coder
and modulator), the channel state information (CSI) can
be obtained and used by the upper layers (e.g., the appli-
cation).

III. DCT-based Channel Adaptive Video
Transmission

Figure 1 shows the block diagram of our proposed chan-
nel adaptive transmission scheme, which consists of three
major components—splitting and encoding, channel adap-
tive transmitter, and feedback control.

Splitting

video packets

source video

ROI

RM

feedback information

encoded stream

stream

encoded

Transmitter
Channel Adaptive

Encoder
Video

Encoder
Video

Fig. 1. The proposed channel adaptive video transmission scheme.

A. Splitting and Encoding

In this component, the source video data is split into two
regions, the Region of Interest (ROI), and the Remainder
Region (RM). The two regions will be separately encoded
using two independent video encoders. The compression
ratio of an encoder is defined as the ratio between the en-
coded data size and the corresponding encoded data size
at maximum quality (i.e., ratio one). For instance, the
data size of an image sequence at ratio n should be n times
smaller then that of the same video sequence compressed at
ratio one. Moreover, when feedback information is unavail-
able, the encoder will generate one intra-frame followed by
four inter-frames. This is defined as one cycle.

B. Adaptive Transmitter

In general, for image sequences composing a video, there
exists temporal redundancy, and hence an intra-frame is

usually larger than an inter-frame. Thus the following in-
equality holds:

Intra ROI + Intra RM > Intra ROI + Inter RM (1)

If intra ROI and intra RM are sent under the same frame
period, the available bandwidth (obtained from CSI) may
not be enough and that will lead to RM frame loss. To
avoid this adverse effect, the intra/inter frames selections
are independent for ROI and RM. For instance, under the
same video timestamp, an intra-frame in ROI does not im-
ply an intra-frame for RM and vice versa. Initially, the
compression ratios of ROI and RM are set to maximum
with poorest quality (in practice any starting ratio can be
set). As human viewers typically focus more on ROI, ROI
should have a higher priority than RM. Thus ROI is sent
first under the available bandwidth for each frame. If ROI
is sent successfully, the remaining available bandwidth is
allocated to RM. This leads to three cases:
Case 1: Within each frame period, both ROI and RM can

be sent. If the ROI frame is an intra-frame (intra frame
is usually larger than inter frames), a GIFT (elaborated
below) is given to try to make more efficient use of available
bandwidth.
Case 2: Within each frame period, both ROI and RM

cannot be sent due to insufficient available bandwidth. A
PENALTY02 (elaborated below) is given in the hope that
the next frame can be sent successfully.
Case 3: This is the last case. Only ROI can be sent. That

means the RM frame is lost. In this case, a PENALTY03
(elaborated below) is given in the hope that the RM frame
can be recovered in coming frames.

C. Feedback Control

There are two independent feedback paths from the
channel adaptive transmitter to the video encoders. There
are three types of feedback messages: GIFT, PENALTY02,
and PENALTY03.

C.1 GIFT

When an intra-ROI frame and an intra/inter RM frame
can be sent successfully within the frame period, a GIFT
message will be fed back to the two encoders. The GIFT is
a decrement in compression ratio (better quality) in ROI
and RM such that a better use of channel bandwidth is
achieved. Firstly, residue is defined as follows:

residue = available bandwidth−ROI frame size−RM frame size
(2)

and the new ROI compression ratio is as follows:

new ROI compression ratio =
(ROI size × ROI ratio)
(ROI size + residue)

+ 1

(3)
The above equation is formed based on the inversely pro-

portional characteristics between size of ROI frame and the
compression ratio. The “+1” acts as a relaxation such that
the new compression ratio will not exhaust the channel that
may lead to subsequent frame loss. Since there is not much
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significance in RM, the scheme slightly decreases the com-
pression ratio by 1. When a GIFT message is received at
the encoders, the compression ratios will be updated in the
next cycle.

C.2 PENALTY02

When both ROI and RM are failed to send within the
frame period, a PENALTY02 message will be fed back to
the two encoders. The PENALTY02 is an increment in
compression ratio (worse quality) in both ROI and RM
such that in the coming frame period the video transmis-
sion can be recovered. The encoders will also be reset im-
mediately when a PENALTY02 message is received, i.e., a
new cycle is forced to begin. That means the next frame to
be encoded must be an intra-frame for both ROI and RM.
This could avoid error propagation to the coming frames.
The new compression ratio will be adjusted as follows:

new ROI compression ratio =
(ROI size × ROI ratio)
available bandwidth

+ 1

(4)
The increment of ROI compression ratio will be two or

by the above formula, whatever larger. A fixed compres-
sion ratio increment of one unit will be enforced for RM to
further lower the required bandwidth. This is done in the
hope that the next frame can be transmitted successfully.

C.3 PENALTY03

When only ROI can be sent with RM lost within a frame
period, a PENALTY03 message will be fed back to RM
encoder. The RM encoder will be reset immediately when a
PENALTY03 message is received, i.e., a new cycle is forced
to begin. That means the next incoming RM frame to be
encoded must be an intra-frame. As a result, there will be
four possible combinations of inter/intra ROI/RM frames.
For instance, when an intra-ROI can be sent with intra-
RM lost, the next encoded frame will become an inter-ROI
with an intra-RM. As the inter frames are usually small,
the intra-RM frame could be sent hopefully following the
inter-ROI frame in the same frame period. There is no
adjustment for compression ratio for this case—since most
likely frame loss is caused by a transmission of intra-ROI
plus intra-RM. Resetting RM encoder will lead to sending
intra-RM again in next frame, which will accompany with
inter-ROI. By Equation (1), the resulted total size will be
smaller and hence the probability of success will be much
higher in general.

IV. Wavelet-based Channel Adaptive Video
Transmission

A. Evaluations on Features of JPEG2000

In our evaluation, kakadu implementation of JPEG2000
codec will be used [13]. Each picture will be encoded as a
JPEG2000 picture with one tile.

A.1 Layer-Progressive Organization (LPO)

This feature will divide the JPEG2000 picture into lay-
ers. By adding one more layer, the picture quality will

be improved. In channel adaptive video transmission, it is
desirable to be able to transmit frames at different sizes
and JPEG2000 has this feature—you can truncate the file
size into any length (of course it needs to have a minimum
length for the decoder to decode the minimum informa-
tion). Without layer-progressive organization, the trun-
cated picture will degrade very rapidly as more portion is
truncated.

TABLE I

Characteristics of a sample picture.

Sample Picture A PSNR ROI/RM (dB)
Encoded at 1 bit/pixel 24.699/17.673
1 bit/pixel → 0.25 bit/pixel (no LPO) 19.111/17.616
1 bit/pixel → 0.25 bit/pixel (LPO) 20.49/17.627
Encoded at 0.25 bit/pixel 20.538/17.624

As can be seen from Table I and Figure 2, the PSNR
of those truncated graphs with LOP enabled shows a bet-
ter performance than that of those without LOP at the
same bit/pixel. The performance of truncated graph with
LOP enabled is very near to those pictures encoded at the
truncated rate.

A.2 Max-Shift Method vs. Cost Function for ROI Process-
ing

Details of Max-shift Method are described in [13], [14].
One drawback of this method is that the shifting coefficient
cannot be too small in order for the decoder to recognize
[11], [12]. For instance, for a reversible compression of a
8-bit color images requires a shift value of at least 12, i.e.,
the scale factor of ROI becomes 212 = 4096. That means
the quality of ROI will be improved all the way to loseless
when adding quality layers while the RM will remain poor.
Thus, there has been another method in which a selectable
scaling factor or Cost Function is used to allocate code-
block contributions to quality layers in accordance with
ROI.

TABLE II

Characteristics of the max-shift and cost function.

Sample Picture A PSNR ROI/RM (dB)
1 bit/pixel using Max-Shift 24.699/17.673
1 bit/pixel using Cost Function 23.949/18.806

As can be seen from Table II and Figure 3, the Max-
Shift Method provides a better ROI PSNR but a poorer
RM PSNR. It seems the Cost Function method makes the
transition too long from clear to blur, even though the ROI
is sent at right half only. In our case, Max-Shift method
is chosen since ROI has much more significance and hence
the maximum possible resources should be allocated to ROI
before RM.
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(a) sample picture A—without LPO

(b) sample picture A—with LPO

Fig. 2. Two sample pictures.

B. Scheme Used for Creating Motion JPEG2000

In our case, a four quality layered JPEG2000 encoder
with Max-Shift ROI processing is used. The same set of en-
coding parameters is used throughout the whole real-time
video transmission. Under a frame-period, packets will be
sent from the beginning of the encoded picture whenever
a CSI is available. This will lead to a case that the trans-
mitted size of different frames will be different.

V. Simulation Results and Interpretation

In simulation, a 131 frame real-time video will be cap-
tured and processed. The video has 5 frames per second or
with a frame period of 200 ms. Due to space limitations,
we can only present a small set of results here. For the
complete set of results, the reader is referred to [18].

(a) sample picture A—max-shift

(b) sample picture A—cost function

Fig. 3. Two sample pictures using different methods.

A. Frame Loss Probability

Figure 4 shows the ROI frame loss rate in a frame se-
quence of 131 frames. Loss probability for ROI is lower
than that of RM due to higher priority of ROI frames. In
general, the loss rate increases as the time-coherence in-
creases. For instance, if the time coherence is 1000ms, 5
frames will be sent within that coherent time. It is because
in high time coherence, multiple frames are sent within the
length of time coherence. If the channel state in that partic-
ular time is poor, multiple frames will be lost in one burst.
In 50 ms time coherence, the loss probability is high due to
a long period of low bandwidth. In general, small time co-
herence will likely mitigate the effect of burst loss because
during a frame period (1/frame frequency), channel state
has changed several times. For instance, if the time coher-
ence is 10 ms, the channel state will have changed 20 times
after a frame is sent. That means low and high bandwidth
are likely to happen within that frame period and hence
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the overall bandwidth for that frame is averaged.
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Fig. 4. ROI/RM/JPEG2000 frame loss probability against time
coherence.

B. Compression Ratio

Figure 5 shows the compression ratio results of our pro-
posed scheme at a coherence time of 10 ms (for results on
other coherence times, please refer to [18]).

Interpretation on some instances of the compression ratio
graphs with time coherence 10 ms is given as follows:
• Initially, the compression ratio of both ROI and RM are
set to 31 (although in practice it is recommended to set
the ratio to 1 which will be explained later). As the band-
width is enough, a GIFT is fed back to the encoder and
the compression ratio is decreased. So in next cycle, the
ROI compression ratio becomes 23 and the RM compres-
sion becomes 30 (in frame 6).
• The good condition continues and the compression ratio
is further reduced.
• In frame 11, when the compression ratio of ROI is 11
while that of RM is 29, the RM frame drops. PENALTY03
is fed back and the compression ratio of RM is increased
to 30 in frame 12.
• In frame 21, both ROI and RM are lost due to insufficient
bandwidth. PENALTY02 is fed back and the ROI and RM
encoders are reset with new increased compression ratio (in
this case the result of ROI is the same as before while the
ratio of RM is increased by one).
• In frame 31, although there is a GIFT sent, the result of
the suggested ratio is higher than before, it shows that the
bandwidth is tight and so the relaxation relieves it.

At the beginning, the ratio is set to 31 for both ROI
and RM, this will maximize the probability for a successful
transmission. You may use a more optimistic way by set-
ting the initial ROI to 1 and RM to 31. This will likely
introduce frame loss, but in the second frame it would
likely to recover by the PENALTY02 feedback message.
The other compression ratio graphs show similar charac-
teristics as in above description.
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Fig. 5. Comparison of compression ratios (coherence time = 10 ms).
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C. Compressed Video Size

We have also obtained results on compressed video sizes
generated by different approaches [18]. These results in-
dicate that the overall compressed size of H.263 is smaller
than that of JPEG2000. It is due to two reasons:
• Motion JPEG2000 does not explore temporal redundan-
cies and hence all are in fact intra-frames. On the other
hand, H.263 has inter-frame coding and hence under a par-
ticular compression ratio, the intra frame may be as high
as that of JPEG2000 while the inter-frame is much smaller.
• The transmitted data size of JPEG2000 is the total
amount of bandwidth available and the final frame size sent
could be of any value. On the other hand, within a frame
cycle (unless a PENALTY02 is called in which everything
will be reset), all frames are encoded in the same compres-
sion ratio and the intra-frame size is bounded by discrete
compression ratio values. The relaxation will further lower
the frame size although it is necessary since if the frame
size is too tight, frame loss is more likely to occur as the
channel state changes.

D. PSNR

The performance of different approaches in terms of
PSNR are also obtained [18]. We find that the PSNR of
JPEG2000 is higher than that of H.263. This is due to the
smaller encoded size of H.263 plus the fact that JPEG2000
uses wavelet transform which performs better than DCT-
based H.263.

VI. Conclusions

In this paper, we proposed a scheme for region-based
channel adaptive source coding scheme. Channel state in-
formation (CSI) is obtained through the physical layer of
the mobile device and then proper resources are allocated
between source and channel coder. Our scheme focuses on
how the source coding reacts with known channel infor-
mation. The channel state is accurately simulated by us-
ing realistic physical models with channel bandwidth vary-
ing at different speeds, modeling different user mobility.
Based on the available channel bandwidth for source cod-
ing, Region-of-Interest (ROI) and Remainder Region (RM)
are sent or dropped accordingly with compression quality
varied in each of the regions. Feedback messages are sent
from the channel adaptive transmitter back to the encoders
of the two regions to adjust the encoding parameters so that
the resources can be used more efficiently. The scheme
is compared with current standard JPEG2000 with ROI
processing capability. The JPEG2000 codec is made chan-
nel adaptive and then compared with H.263 channel adap-
tive scheme. Results show that the flexibility and quality
(PSNR) of JPEG2000 is higher than that of H.263 with the
sacrifice of ignoring temporal redundancy which can greatly
reduce the video stream size. The loss rate of JPEG2000
is zero while the loss rate of H.263 is not high at all.
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