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Abstract. The effect of the Joint Photographic Coding  Experts Group (JPEG) digital data compression technique on remote sensing image classification and accuracy is evaluated using two digital images of the town of Bishah taken in 1995 and 1997. The Earth Resources Data Analysis System (ERDAS) and an  ALCHEMY software were employed for this purpose. Various data compression levels ranging from 10.8% to 18.2% were attempted.  The results show that, for the 1995 image, GIS maps resulting from compression at the different rates are almost  similar to the original uncompressed image. This is evident from comparison of standard deviation values at the various compression levels. However, there were noticeable differences between the 1997 original image and the GIS maps obtained from it after compression. Again this is clear from standard deviation of the various compressed images.  It therefore seems that the effect of the JPEG compression technique is scene- and possibly time-dependent. It also seems that, for application areas where high accuracy of classification is not of paramount importance, the JPEG data compression technique allows data compression of up to 18% of the original scene without much affecting the overall quality of the data. This can serve a useful purpose on computer storage and data analysis for a wide range of earth science applications.





Introduction





Digital data compression is a recently-introduced technology to solve problems relating to digital data storage and transmission. With the remarkable advancement of the digital technology over  the last two decades, especially as regards techniques for image data acquision, storage, transmission, manipulation and display, many applications of digital mapping have been employed. Unfortunately, these applications tend to be directed towards small groups of users. This is mainly due to the respective high costs of implementing these techniques. With the appropriate exception of facsimile, digital image data sets are not commonplace in computing systems as texts and graphics are. Hence, it is noted that the majority of current applications of photographic and  nonphotographic images is directed towards the more traditional, and essentially more �
mature, analogical means. In this respect, the main stumbling block for many applications is the tremendous amount of data required for the direct representation of the digital image. As an example, a digitized version of one single color image on a TV screen could possess one million bytes. Thirty-five millimeter resolution may require 8 to 10 times that figure [1]. 
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Fig.1. Concept of the JPEG technique (after Algarni, 1997).





	Another example from the remote sensing area: A color image with 1000 by 1000 pixels at 24 bits each will occupy 3 MB of storage in an uncompressed form. This will definitely not fit onto a high density floppy diskette which can hold just 1.4 MB. So, in everyday life it seems acceptable to claim that use of digital image data is not often viable due to high storage and/or transmission costs, even when  image capture and display devices are quite ubiquitous [1].


 


	A possible solution for this makes use of modern digital image compression technology. Information derived from literature on the subject states that present techniques can compress typical images from 10% to 15% of their uncompressed size without visibly affecting image quality [2-4]. Although image compression alone is not likely to solve completely this problem (because of the need for a standard image compression method to enable interoperability of different equipment from different manufacturers), it will no doubt contribute towards possible dissemination of modern digital mapping technology.


The JPEG Compression Method





	For the past 5 to 8 years, four organizations namely, the Consultative Committee on International Telephony and Telegraphy (CCITT), the JPEG, Moving Picture Experts Group (MPEG) and International Standards Organization (ISO) have been working jointly towards creation of a number of standards for digital data compression. Several attempts were made on still-picture encoding, video teleconferencing and full-motion pictures, all being built on both redundancies in the data and nonlinearities of human vision [5].





	Generally speaking, these efforts seem to have reached the conclusion that methods that achieve high compression ratios (10:1 to 50:1 for digital images) are of “lossy ” nature; in that the decompressed image is very different from the original image. On the other hand, “lossless” techniques, with essentially much lower compression ratios (perhaps not exceeding 3:1) can be used in delicate and sensitive applications (e.g. in digital image diagnosis in medical applications) (see e.g. [2-4]). 





	It seems that lossy algorithms with reasonable compression ratios (e.g. 8:1 to 10:1) are preferred in less critical applications (e.g. in earth resources remote sensing) for, they save much on storage; and they exploit aspects of the human visual system which are appropriate for this range of compression ratios. In this respect, Ang et al [5] comment that in many subjective tests, reconstructed images that were encoded with 12:1 compression ratios are hard to distinguish from the original.





	The JPEG standard in part has found wide acceptance from the remote sensing community worldwide since it takes advantage of data redundancy (a basic characteristic of remote sensing image data) in the encoding process.  Generally, the technique comprises transformation of 8x8 arrays of pixels from space domain to frequency domain. The situation is as depicted in Fig. 1. The Discrete Cosine Transform (DCT) function is actually the conversion of time-domain into frequency domain; its inverse being the IDCT function. The quantization process shown on Fig. 1 is vital to most remote sensing applications since it relates to down-scaling of data bits to a lower-precision value requiring less bits. Once the quantization process is complete, the resultant data is coded using the famous Huffman representation [6]. This operation leads to a compressed image. For the interested reader, the detailed mathematical underpinnings of Fig. 1 can be found in [2, 3, 7, 8]. 





Purpose of the Study and Description of Test Area





	Most earth scientists (e.g. geologists, geographers, agronomists, cartographers, etc) prefer remote sensing data with less bit values [9] simply because of the constraints imposed by data storage, transmission and manipulation besides the complications sometimes faced with certain clones of hardware. Two main procedures are normally used for classifying remote sensing data for earth resources surveys, the supervised and the unsupervised classification techniques. Both algorithms take advantage of the statistical characteristics of image, and each divides up the image into a number of classes depending on these spectral and statistical characteristics. The result is usually a map requiring no further interpretation [9]. The accuracy of classification could then easily be computed in order to have an insight into the effectiveness and usability of the derived map [6] and [9]. 





	The purpose of this study is therefore to evaluate the effectiveness of  the JPEG data compression technique for earth resources surveys using remotely sensed data. For this purpose, two Landsat-5 Thematic Mapper (TM)  color composite images (bands 2,3,4 for image 1 and bands 3,4,5 for image 2) subscenes covering the town of Bishah was made available to the authors by the Saudi Remote Sensing Center of  King Abdulaziz City for Science and Technology (KACST) in Riyadh. The imageries were acquired on March 28th 1995 and  May 1997 respectively and were supplied to the authors in the form of computer-compatible tapes (CCT). Later on, the images were processed and analyzed using an ERDAS software on an IBM PC computer, both owned by the Surveying Engineering Program of the Civil Engineering Department, King Saud University.





	The test area itself is a 180m high plateau formed of igneous and metamorphic rocks in most parts of it. The Bishah Valley, a prominent feature of the test area, is mainly an alluvial soil plain with small, and often insignificant, scattered outcrops. However, seasonal heavy rains from Assarawat Mountains create  running surface water to Bishah Valley thus bringing with it different types of soil e.g. sandy/silty loam and clay. Such a deposit is suitable for growing different types of crop [10].


 


	Generally, the climate of the test area is of the desert type with average temperatures ranging from 37o C to 44o C . These high temperature ranges cause much of the precipitation to be lost in evapotranspiration. This fact lead the regional authorities to build the newly-constructed Wadi Bishah Concrete Dam, inaugurated a few months ago, in order to serve as a reservoir for the running surface water coming from the surrounding mountains. 





The test area is also characterized by its agricultural importance; it being one of the important producers of dates in Saudi Arabia. Other agricultural commodities of the area include vegetables (lettuce, cucumbers, tomatoes, water-melon etc.) and fruits (e.g. oranges and lemon).


The various characteristics of the test area mentioned above (which reflect the heterogeneous nature of the area) are believed to be suitable to serve the purpose of the present test. A number of investigators (e.g. [2] and [8]) have reported that adverse effects of data compression on image classification tend to be less severe with scenes having heterogeneous surface or topography. Another factor contributing to the selection of this area for this test relates to the fact that the two authors possess good reference level (background knowledge)of the area; it being the test field of a number of remote sensing studies concerned with assessment of human impact on the agriculture of the area [11,12].


 


Methodology





The unsupervised isostatic image classification approach was adopted in this study. The images were first converted to JPEG format and back to ERDAS format by using the ALCHEMY software; which is a computer package for conversion of image from one format of a system to another.





The 1995 image of the test area was converted using ALCHEMY programme to JPEG file with quality values of  32, 30, 24, 21 and 18 corresponding to compression rates of 12.8%, 13.2%, 15.2%, 16.4% and 18.2% respectively. The corresponding compression rates of the 1997 image of the test area were 10.8%, 11.1%, 12.8%, 13.8% and 15.3% respectively. Then all compressed images ( 5 for each source image) were returned to ERDAS file using ALCHEMY program. 





Each image was classified into ten spectral classes and the output images (after compression) were displayed as GIS maps.  The choice of this number of classes was based on the previous experience gained by the authors with the thematic content of the test area [11, 12]. Essentially, these constitute the aspects of land use, land cover, bare soil, and outcrop features.





Results of the Test 





The results of the present test are shown on Figs. 2 and 3 for the 1995 and the 1997 images of the test area respectively. The percentage areas occupied by each class at the different compression rates for each image are shown on Tables 1 and 2. Storage requirements after compression at the various rates are shown on Tables 3 and 4. Figs. 2 and 3 and Tables 1 and 2 are largely self-explanatory. However., it seems appropriate to augment them with some remarks:
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Fig. 2. GIS map (a) uncompressed 1995 image, (b) compressed 12.8%, (c) compressed 12.3%, (d) compressed 15.4%, (e) compressed 16.4% and (f) compressed 18.2%.
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Fig. 3. GIS map (a) uncompressed 1997 image, (b) compressed 10.8%, (c) compressed 11.6% (d) compressed 12.8%, (e) compressed 13.8 and (f) compressed 15.3%.


Table 1. Ratio of classes for GIS maps before and after compression (1995 image)


Class�
Compression ratio (%)�
�
�
0.0%�
12.8%�
13.2%�
15.2%�
16.4%�
18.2%�
�
1�
  7.86�
10.31�
  9.90�
  9.65�
  9.49�
10.60�
�
2�
  6.25�
  6.65�
  6.39�
  6.28�
  6.32�
  6.70�
�
3�
  8.80�
  8.28�
  8.37�
  8.52�
  8.46�
  8.16�
�
4�
  8.04�
  7.76�
  8.11�
  7.97�
  7.99�
  7.55�
�
5�
  9.76�
  9.57�
  9.45�
  9.87�
  9.49�
  9.41�
�
6�
  8.46�
  7.88�
  6.99�
  7.91�
10.02�
  8.72�
�
7�
11.41�
11.00�
12.08�
11.40�
10.44�
10.43�
�
8�
15.23�
14.90�
15.70�
15.20�
14.67�
14.50�
�
9�
14.15�
14.74�
14.35�
14.45�
14.48�
14.88�
�
10�
  8.37�
  8.54�
  8.34�
  8.42�
  8.42�
  8.65�
�
Unclassified�
  1.67�
  0.37�
  0.32�
  0.33�
  0.22�
  0.40�
�
Sum�
  100�
  100�
  100�
  100�
  100�
  100�
�



Table 2. Ratio of classes for GIS maps before and after compression (1997 image)


Class�
Compression ratio (%)�
�
�
0.0%�
10.8%�
11.1%�
12.8%�
13.8%�
15.3%�
�
1�
  7.68�
  9.91�
  9.93�
  9.93�
  9.97�
  9.93�
�
2�
  6.08�
  5.81�
  5.76�
  5.80�
  5.87�
  5.94�
�
3�
  8.38�
  9.41�
  9.41�
  9.40�
  9.39�
  9.44�
�
4�
  6.49�
  5.08�
  4.77�
  5.06�
  4.70�
  4.70�
�
5�
  8.64�
  9.23�
  9.31�
  9.33�
  9.16�
  9.08�
�
6�
10.85�
10.27�
10.01�
10.05�
10.46�
10.28�
�
7�
13.19�
13.32�
13.51�
13.40�
13.47�
13.37�
�
8�
15.74�
15.68�
16.13�
15.89�
15.91�
16.08�
�
9�
12.94�
13.36�
13.30�
13.19�
13.22�
13.27�
�
10�
  7.63�
  7.65�
  7.61�
  7.65�
  7.65�
  7.58�
�
Unclassified�
  2.38�
  0.28�
  0.26�
  0.30�
  0.33�
  0.33�
�
Sum�
  100�
  100�
  100�
  100�
  100�
  100�
�



Table 3. Amount of reduction in image size at different rates of reduction (1995 image)


Image ID.�
Compression %�
Size (KB)�
Reduction in size (KB)�
% Reduction�
�
a�
     0�
1,402,880�
0�
0�
�
b�
12.8�
   109,596�
1,293,284�
92.19�
�
c�
13.2�
   106,206�
1,296,674�
92.43�
�
d�
15.2�
     92,313�
1,310,567�
93.42�
�
e�
16.4�
     85,363�
1,317,517�
93.92�
�
f�
18.2�
     77,273�
1,325,607�
94.45�
�



Table 4. Amount of reduction in image size at different rates of compression (1977 image)


Image ID.�
Compression %�
Size (KB)�
Reduction in size (KB)�
% Reduction�
�
A�
    0�
1,425,920�
            0�
      0�
�
B�
10.8�
   132,329�
1,293,591�
90.72�
�
C�
11.1�
   128,238�
1,297,682�
91.00�
�
D�
12.8�
  111,453�
1,314,467�
92.18�
�
E�
13.8�
  103,022�
1,322,898�
92.28�
�
F�
15.3�
    93,376�
1,332,544�
93.45�
�
For the 1995 image, the derived GIS maps for the different compression ratios are very much similar. It is hardly possible to notice any significant variations between the original uncompressed image (Fig. 2a) and the resultant GIS maps obtained from the various compression ratios. This is true for virtually all ten classes of the imagery and at all levels of compression. These findings are further confirmed by the contents of Table 1 where the percentages of the different classes at the various compression levels change slowly and rather insignificantly. Also, one notices the small variations in standard deviation (�symbol 115 \f "Symbol" \s 10�s�) values of the ten images after the various compression rates (see Table 5).  





Table 5. Standard deviations at various compression levels (DN’s) (1995 image)


Class�
Compression ratio�
�
�
0.0%�
12.8%�
13.2%�
15.4%�
16.4%�
18.2%�
�
1�
26.2�
25.9�
23.4�
22.9�
24.0�
22.8�
�
2�
41.3�
38.1�
35.9�
39.4�
37.5�
36.0�
�
3�
18.0�
19.9�
22.8�
16.8�
18.1�
17.2�
�
4�
31.2�
34.3�
30.1�
36.2�
33.5�
32.7�
�
5�
29.3�
29.2�
30.3�
29.5�
29.0�
31.7�
�
6�
35.3�
34.2�
35.5�
34.0�
34.1�
34.9�
�
7�
19.7�
17.3�
20.3�
21.1�
19.5�
21.4�
�
8�
32.1�
32.9�
32.6�
32.0�
35.0�
36.3�
�
9�
28.8�
24.5�
28.0�
25.6�
25.6�
26.3�
�
10�
19.9�
19.1�
20.8�
20.1�
19.8�
19.4�
�



(i)	For the 1997 image of the test area (Fig. 3), most classes have shown noticeable differences when compared with the original image of the test area (Fig. 3a). This is particularly true with the yellow class. The black and the blue classes showed the same phenomenon albeit to a lesser extent. Again, this seems to be reasonably reflected on Table 2. Standard deviation values of the compressed images at the different compression rates also vary to a noticeable degree (see Table 6). 





Table 6. Standard deviations at various compression levels (DN’S) (1997 image)


Class�
Compression ratio�
�
�
0.0%�
10.8%�
11.6%�
12.8%�
13.8%�
15.3%�
�
1�
31.9�
36.2�
36.7�
39.0�
40.2�
40.3�
�
2�
45.5�
49.3�
50.1�
45.3�
48.1�
47.8�
�
3�
29.9�
29.8�
29.9�
34.5�
36.6�
40.0�
�
4�
20.9�
29.3�
20.8�
26.8�
28.4�
32.7�
�
5�
39.1�
25.6�
28.3�
29.7�
36.4�
34.4�
�
6�
29.8�
28.1�
25.3�
30.5�
28.8�
35.4�
�
7�
26.2�
21.9�
30.5�
29.3�
20.1�
25.6�
�
8�
41.9�
43.0�
43.1�
43.8�
39.8�
38.7�
�
9�
18.1�
25.6�
22.2�
24.5�
18.9�
18.9�
�
10�
26.7�
25.6�
24.9�
21.3�
20.1�
20.9�
�
Conclusion 





(i) 	The findings of the present test may immediately bring us to the conclusion that the effect of the JPEG image compression technique is a scene-dependent matter possibly with a contributing factor related to temporal variations of  data acquisition. However, as depicted on Figs. 2 and 3 and Tables 1 and 2, if high accuracy of feature identification is not of paramount importance, the classification parameters can easily be adjusted to accommodate minor changes in pixel values thus creating more similarity between compressed and original images and saving at the same time on computer storage, manipulation, computation and analysis of data.





(ii) 	Table 3 shows that when the 1995 original image is compressed to 18.2%, the saved storage amounts to 1.325MB. The same argument applies to the 1997 image whence at a compression rate of 15.3%, the savings in storage reach 1.332 MB. A quick glance at the other contents of this table confirms these findings. It therefore seems that for application areas where high classification accuracy is not of paramount importance, the JPEG data compression technique, as used in this experiment, allows data compression of up to 18% without much affecting the overall quality of the original data. This may serve a useful purpose for a range of earth science applications. 





(iii) 	It appears that by reaching the figure of 18%, the present study seems to conclude that the JPEG compression technique is a scene- and possibly time-dependent software as far as remote sensing applications are concerned. 





(iv) 	Since the present experiment is concerned with only two images, taken at rather contiguous times, of a relatively small test area, the findings and conclusions of the test may pertain to this area only. Further multitemporal and different sensor images are therefore recommended in order to reach firmer conclusions on this matter. 





(v) 	The accuracy of classifying the test images after all levels of compression ratios and the accompanying statistical tests together with the possible effects of multidate and multisensor data set merging on the compression process will be the subject matter of a separate paper. 
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ملخص.  جرى في هذا البحث اختبار تأثير ضغط الصور باستخدام تقنية الـ JPEG على نتائج عملية تصنيف صور الاستشعار من بعد، وذلك بإجراء تجربتين متشابهتين على صورتي  TM ملتقطتين بواسطة القمر الصناعي الأمريكي (Landsat 5) لمنطقة بيشـة في عامي 1995م، و 1997م.  وكان من لوازم هاتين التجربتين، استخدام برنامج معالجة الصور الرقمية وتحليلها المعروف بـ ERDAS  إلى جانب توظيف برنامج الـ ALCHEMY المحتوي على  الـ JPEG  المعني بضغط الصور.  لقد أمكن ضغط الصورتين بنسب تتراوح بين 10% و 18% . ومن خلال فحص النتائج، والنظر إلي بعض الإحصائيات خاصة معيار التشتت (standard deviation)  تبين لنا أن التأثير الناجم جراء ضغط  الصورة الأولى (1995) أقل من ذاك الناتج حال ضغط الصورة الثانية (1997). وعليه، يمكن القول أن نتائج استخدام تقنية الـ JEPG  مرهونةً  بعوامل منها وقت التقاط الصورة، ومحتواها نفسه. كما يمكننا القول أنه في حالة التغاضي عن الدقة الحسابية العالية في النتائج، فإنه بالإمكان ضغط صورة الـ TM  إلى حدود 18%، وهي نسبة ليست بالقليلة، وذات جدوى عظيمة من جهة طاقة التخزين، وكفاءة المعالجة. ولذا نرى أن الـ JEPG  ليس تقنية بلا جدوى في مجال ضغط صور الاستشعار من بعد لكن يجب استخدامه بحذر في التطبيقات العلمية المختلفة. 
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