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ABSTRACT 

 
Real-time transmission of high-quality JPEG images is 
constrained by time, bandwidth, and transmission power in 
portable devices. To alleviate this problem, we designed, 
implemented, and evaluated a strategy that can adapt to different 
compression and transmission rates. (1) It gives important parts 
of an image higher priorities over unimportant parts. Therefore, 
the high-priority parts can achieve high image quality, while 
low-priority parts, with a slight sacrifice of quality, can achieve 
huge compression rate and thus save the power/energy of a low-
power wireless system.  (2) We also introduce the priority-
driven scheduling approach into our coding algorithm, which 
makes the transmission of important parts earlier than other parts. 
Through a balanced trade-off between the available time and the 
image quality, this adaptive strategy can satisfy users with 
desired images quality and lead to a significant reduction of the 
important parts’ deadline misses. 

 

1. INTRODUCTION 
 
Real-time transmission of high-quality images over low-
bandwidth channels requires efficient image compression 
techniques. The most popular standard is the Joint Photographic 
Experts Group (JPEG). JPEG achieves compression ratios of 15 
to. With a slight sacrifice of quality, 40-to-1 of compression, or 
more, is possible [5]. Although these standards provide a good 
compression performance, some problems still plague image 
transmission in the low-bitrate applications, especially wireless 
image/video communications. Two of these problems are 
introduced in the following. 

The definition of the first international standard for low bit-
rate, the new H263 standard, is below 64 kb/s [8]. However, this 
is still not suitable for wireless, low-bitrate networks due to the 
nature of wireless channels, which are more limited in terms of 
bandwidth and bit error rates when compared to the public 
telephone network. Therefore, new, robust and highly efficient 
coding algorithms will be necessary. Generally, an image/video 
coding scheme in the range of 8 to 12 kbps is desired [14] in the 
real world of wireless channels. 

Obviously,    there   is   a  conflict   between   Quality   and 
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Compression for JPEG. However, we found that in most 
applications, users only care about some special objects in the 
image, while for others they just want to get a sweeping view. A 
good example is the image with a plane flying in the sky. Users 
are usually interested in the details of plane.  

A lot of previous works deal with an image (or frame of 
video) as a whole with the same quality, which result in the 
image being either highly compressed (very coarse) or of high 
quality, but one cannot achieve both. In the JPEG format, at 
most four quantization tables, which control the quality of image, 
are occupied by the components Y, Cb, Cr. This makes it 
difficult to obtain an image with different quality in it. Our 
priority-driven coding approach applies quality on data unit, and 
reasonably discards DCT coefficients. It gives important parts of 
an image high priorities over unimportant parts. 

We will apply priority-driven scheduling strategy [3] with 
Progressive JPEG standard for data transmission, which provides 
users with several levels of guaranteed quality of service (QoS). 
This provides a guarantee to users that the data transmitted is the 
data that they mostly desire to first receive regardless the power 
of the level. 

This paper is organized as follows. Section 2 contains a 
diagram, which give you an overview of our strategy. This is 
followed by the details of the various implementation issues for 
the proposed strategy in Section 3, 4, 5. We include results for 
our strategy and show an improved performance in Section 6. 
We finally conclude in Section 7. 
 

2. OVERVIEW OF PRIORITY-DRIVEN CODING OF 
PROGRESSIVE JPEG 

 
Figure 1 gives a diagram of our strategy based on the JPEG 
encoder. We will discuss the strategy step by step in the 
following subsections. 
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3. MULTIPLE-SPECTRAL THRESHOLDING 
 
For the part of image processing in our strategy, we employ the 
multiple-spectral thresholding method to divide an image into 
several subimages. The multiple-spectral thresholding method 
can easily be done in real time using specialized hardware. 
Figure 2 gives a result after segmentation for one part of whole 
image. 
 

     
 
 
 

4. COMPRESSION WITH DIFFERENT QUALITIES 
 
The fact that the JPEG standard only provides a limited number 
of quantization tables for one image, usually one table for one 
component, results in an image uniformly with the same quality. 
Now the question is how to make the image with different 
qualities for different subimages? The answer is, instead of 
scaling the quantization table, we keep it unchanged, while 
scaling every data unit after DCT according to their quality 
when we encode the image. The following equation is used to 
quantize the data unit.  
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Here, Quantum Value is originally from the quantization 
table and we will not scale it like convention. Quantized Value is 
the final data for every data unit and it is obtained after two 
times’ nearest integer truncation. This will lead to the same 
results with the approach of scaling quantization table after 
decoding, since both of them have twice the nearest integer 
truncation. This difference is that the original one applies one on 
data units, one on quantization table, but ours applies both on 
data units. 

We give an example here. We use the data unit after DCT 
from an image in Figure 3. Suppose we assign this data unit with 
quality 40. We now show the two methods at following. 
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(1) Conventional Approach 
• Encoding 
We first compute the scale factor = 1.22  = 2.3. After scaling 

the original quantization table, we obtain the quantization table, 
and the data unit after quantization which shown in Figure 4. 





























228237230258225218212166
232276278237200179147113
2112602391861471268055
177237251156129855141
14318420011767513932
1291581319255373032
1261381336043322828
140117925537232537

    





























−

−−
−−

−

00000000
00000000
00000000
00000001
00000022
00000011
00001034
000010816

 

 
• Decoding 
When decoding, we will use data unit to multiply the 

quantization table in Figure 4, then we obtain the data unit after 
DCT shown in Figure 5: 
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(2) OUR APPROACH 

• Encodeing 
With our approach, through equation (1), we directly obtain 

the data unit after quantization shown in Figure 6. The 
quantization table remains unchanged.  
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Figure 6: Data unit after quantization. 
 

• Decoding 
When decoding, we use the data in Figure 6 to multiply the 

unchanged quantization table, then we obtain the data unit after 
DCT shown in Figure 7: 
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Figure 7: Data unit after DCT. 

Figure 4: table after scaling and data unit after quantization. 

Figure 4: Original image and one part of the image after segmentation.

Figure 1: Diagram of the priority-driven coding strategy. 
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Figure 2: Original image and one part of the image after segmentation.

Figure 3: data unit after DCT. 

Figure 5: Data unit after DCT. 



We have found that the data in Figure 5 and Figure 7 have 
the same approximation to the original data in Figure 3. 

 
5. PRIORITY-DRIVEN SCHEDULING STRATEGY 

 
The progressive JPEG refers to the encoding of the DCT 

coefficients in multiple scans. It gives a good structure to apply 
our priority-driven scheduling approach. It makes the data units 
with high priority value send more data in the earlier scans than 
data units with low priority. For example, we can assign the 
spectral ranges of data units with high priority value 

0-3   3-8   8-15   15-30   30-63 
as the spectral bands for the scan, comparing the spectral ranges 
of data units with low priority value 

0-1   1-5   5-10   10-20   20-30   30-63 
as the spectral bands for the scan. 

We make every scan a round robin, and give each data unit 
a fraction of the data in one round robin. The fraction of each 
data unit is allocated according to its priority value. The data 
units with high priority value have been allocated more fractions, 
which means that it will send more data in earlier scans than data 
units with low priority. The user determines how many data 
items are encoded in every scan, but this is mainly determined 
by the bandwidth of the network through which the image is 
transmitted. With a high bandwidth, every scan can encode more 
data. We can make the amount of data encoded in one scan 
equal to or less than the bandwidth of the network. The 
following example illustrates three data units with round-robin 
scheduling. We consider coding these three data units coding as 
three sets of jobs,  

J1 = { J1, 1, J1, 2, J1, 3, … }; 
J2 = { J2, 1, J2, 2, J2, 3, … }; 
J3 = { J3,1, J3, 2, J3, 3, … }. 

Suppose that J1, 1 is the predecessor of J1, 2, and J2, 1 is the 
predecessor of J2, 2. 

Assume that J1 has highest priority among them and J3 has 
the lowest priority, then we assign the spectral ranges of three 
data units according to their priority value as 

J1: 0-4   5-9   10-63                            
J2: 0-2   3-7   8-15   16-63 
J2: 0-1   2-3   4-11   12-30   30-63. 

We find that these spectral ranges are just mapping with the 
task sets of J1, J2, and J3, finally we get the following job lists: 
J1 = { J1, 1(0-4), J1, 2(5-9), J1, 3(10-63) }; 
J2 = { J2, 1(0-2), J2, 2(3-7), J2, 3(8-15), J2, 4(16-63) }; 
J3 = { J3,1(0-1), J3, 2(2-3), J3, 3(4-11), J3, 4(12-30), J3, 5(30-63) }; 

 
6. EXPERIMENTAL RESULTS 

 
 We tested several JPEG files of different kind of sizes using our 
strategy in order to compare it with the existing algorithm and 
some representative results are presented in this section.  
Subsection 6.1 presents the results obtained for the part of 
strategy that deals with compression with different qualities for 
the encoder output, and shows the high compression ratio.  
Subsection 6.2 presents the results for the part dealing with 
priority-driven transmission strategy.  
 
6.1 Compression Ratio with Different Qualities 
 

After sub-dividing the image with size of 60 kbytes into three 
regions, we code it with three different qualities as shown in 
Figure 8.  

 

 
Figure 9 shows the resulting image with assigned qualities. 

After compression, the file size becomes 12 kbytes. The 
compression ratio is 5.0.  

 

 
The following table summarizes the performance of our 

approach for three representative images. 
 

Original (Kbytes) Final(Kbytes) Compression Ratio
Image 1 1772 198 9.0 
Image 2 365 63 5.8 
Image 3 60 12 5.0 

 
 
The size of the JPEG files that we generally use is around 

100 kbytes. With our strategy, we obtain a file with a size of less 
than 20 kbytes, thus a compression ratio of about 5 can be 
achieved, a good result. 
 
6.2 Phases of Priority-driven Coding 
 
Table 2 shows the jobs we have assigned to the previous image. 
We assume that we transmit the data in four rounds, then we will 
have four phases for displaying images with different qualities. 
 

 
 

Figure 10 shows the first phase of displaying image. From 
the above table, we know that only part of the data of the region 
with quality 80 has been transmitted. 

           Round
Job 1 2 3 4 

1 (q=80)  J1, 1(0-0) J1, 2(1-3) J1, 3(4-10) J1, 4(11-63)
2 (q=40) × J2, 1(0-0) J2, 2(1-4) J2, 3(5-63) 
3 (q=10) × × J3, 1(0-0) J3, 2(1-63) 

Figure 8: The qualities assigned to regions of the image. 

Quality = 40 

Quality = 10

Quality = 80 

Figure 9: The image with three regions of different qualities. 

Table 1: The compression ratio result. 

Table 2: Priority-driven jobs. 



 

 
Figure 11 shows the second phase image we displayed. 

This time two regions’ data have been transmitted, and the 
region with quality 80 is refined. 

 

 
Figure 12 shows the third phase image we displayed. This 

time all regions’ data have been transmitted, and the data of the 
regions already transmitted were refined. 

 

 
After the final round, all regions’ data have been 

transmitted, and the data of all regions were refined (See 
Figure 9). 

7. CONCLUSION 
 
Transmitting JPEG images under time, power, and bandwidth 
constraints requires deleting certain image details from the 
original image prior to its transmission. Our adaptive strategy 
assigns important subimages of an image higher priority over 
unimportant subimages. This leads to a higher compression rate, 
so fewer bits need to be transmitted for a given image, and thus 
saving the power/energy of low-power wireless systems. Based 
on the JPEG standard, our strategy further achieves compression 
ratios of about 5. Therefore, the combined compression ratios 
will be about 150. In general, after image compression with our 
strategy, the size of the images commonly used will be equal to 
or less than 20 kbyes. This is more suitable for wireless 
transmission when the bandwidth is limited. We also introduce 
the priority-driven scheduling approach into our image coding 

strategy. This strategy schedules the important subimages for 
transmission earlier with more data than the other less important 
parts. When it is impossible to transmit the entire image on time, 
our strategy will discard some data of unimportant subimages. 
Through a balance trade-off between the available time and the 
image quality when the available time is not sufficient for 
transmission of the entire image due to low available 
power/energy, our adaptive strategy can satisfy users with 
desired images quality and lead to a significant reduction of 
deadline misses of the important data, thus meeting a desired 
quality of service. 
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Figure 10: Image displayed after the first round. 

Figure 11: Image displayed after the second round. 

Figure 12: Image displayed after third round. 


