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Abstract: Wireless capsule endoscopy is a medical diagnostic 
technique developed for the endoscopic examination of the small 
bowel. The encoder module is the core of the wireless capsule 
endoscopic system impacting on power and area requirement for 
the hardware implementation of the capsule. One of the 
remarkable features of the endoscopic image is that the 
neighboring pixels are highly correlated. Two predictive coding 
techniques are considered in this work exploiting the above fact. 
The first predictive coder i.e., DPCM coder is based on previous 
horizontal neighboring pixel, whereas the second predictive coder 
is based on adjacent horizontal and diagonal neighbors.  The 
performance of the predictive coders is tested with 41 small bowel 
type endoscopic images available in the Gastrolab dataset. The 
results show that the average compression rate and peak signal to 
noise ratio attained by DPCM coder and newly tested predictive 
coder are 66.37 % & 73.03 % and 32.17 dB & 35.55 dB, 
respectively. 

 Keywords: Compression, DPCM, Endoscopic image, 
Gastrolab, Predictive coder.  

I. INTRODUCTION 

Wireless capsule endoscopy is a medical diagnostic 

technique capable of examining the digestive tract and to 
detect various diseases associated with it [1]. Once the 
capsule enters the body, it passes through the digestive tract, 
captures real-time images and is designed to be excreted [2]. 
The capsule which forms the transmitting module comprises 
of an image sensor, compression module, transmitter as 
shown in Fig. 1 (a). The receiver module present outside the 
human body consists of a data recorder and a reconstruction 
module that performs the reverse operation as that of the 
transmitter as shown in Fig. 1 (b) [2]. The endoscopic 
examination may last 8 to 12 hours which generates more 
than 50,000 images per examination [3]. The comfort and 
absence of pain are boon to wireless capsule endoscopy 
compared to wired endoscopy [4]. The data generated due to 
this examination is enormous and demands compression 
within the capsule.  

The design of a compression module is vital in wireless 
capsule endoscopy. Many criteria need to be addressed in this 
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scenario [5]. Firstly, the bandwidth of the network which 
defines the level to which the amount of data in a video 
stream has to be minimized. Secondly, the process of 
identifying the redundancy and reducing the data with the 
help of any compression technique should take place with 
minimum delay and computational cost. The constraint on 
designing the capsule and its operating conditions indirectly 
affect the performance of the compression module. The 
major challenge at this point is choosing an appropriate 
compression scheme for the WCE compression. The 
synchronization between the transmitter and the receiver is 
keen to ensure real-time data transfer. The system complexity 
and hardware design architecture are carefully evaluated in 
consideration of power consumption, memory usage, and 
battery life. In addition, the design should be associated with 
system miniaturization in line with capsule size. Moreover, 
the compression module should uniformly achieve data 
reduction for a variety of images of different parts of the GI 
tract obtained from the endoscopic procedure. It is important 
that the quality of the reconstructed image is a major concern 
when it comes to medical diagnosis. A slight de-coloration or 
irregularity in the video may be an indication of some 
deformities or disorders that may be associated with the 
internal organ [6]. 

 
(a) 

 
(b) 

Fig. 1.  WCE compression (a) Transmitter (b) Receiver 

The main objective of this work is to propose a 
compression scheme suitable for endoscopic images using 
predictive coder. In addition, the possibility to replace DPCM 
coders in WCE compression is also discussed in terms of 
comparison results. The paper is organized as follows. 
Section II gives a brief review of related works. Section III 
explains the methodology and the performance measures 
used to evaluate the compression scheme. The results 
obtained are discussed in Section IV and we conclude in 
Section V. 

II.  RELATED WORKS 

A number of related works reported in the past for 
compression algorithms for 
endoscopy. 
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 The widely accepted image and video compression 
algorithms are not suitable for WCE due to high 
computational complexity and large memory demands.  

The prior works under lossy compression are based on 
discrete cosine transform (DCT) [7], [8], discrete wavelet 
transform (DWT) [9] and compressed sensing [10]. Low 
quality reconstruction and complex computation are its major 
drawbacks.  In addition, they work with pixel values in a 
raster-scan pattern which demands memory and thus, puts 
constraints on battery life and hence, overall WCE system. 

 The lossless compression, on the other hand, ensures 
quality reconstruction which is obligatory for medical images 
and therefore, preferred for WCE compression. The works on 
lossless WCE compression are categorized based on the input 
image type. The Bayer Color Filter Array (CFA) image is the 
image sensor output. A compressor based on JPEG-LS [11], 
[12], [13] is suitable to be implemented on endoscopic 
images. These algorithms need buffer memory to store image 
pixel values which increases the power consumption. 
Moreover, the algorithms work on Bayer format image data, 
results in interpolation and hence, an enormous amount of 
data.  The literatures on RGB endoscopic images are scare 
and it works on the endoscopic images available from the 
database [14]. There is a common approach used in literature 
to perform preprocessing and two-stage encoding.  It is 
reported to have developed a compression algorithm based 
on neighboring pixel correlation. DPCM based image 
compression algorithms [5] have lower complexity and do 
not need a buffer memory is highly acceptable. However, 
DPCM coders make using of immediate previous neighbors 
alone and this problem has not been given adequate attention 
in the literature.  Therefore, in this work various predictive 
coders are tested which effectively considers all the 
immediate neighbors of a pixel for prediction.  

III. METHODOLOGY 

Wireless capsule endoscopic image compression includes 
the preprocessing and encoding stage. The input to the 
compression module is the endoscopic image and the output 
is the compressed bit stream. The encoder is designed to be 
two-stage with a DPCM coder and Golomb Rice coder [5]. In 
this work, DPCM coder is replaced by a few predictive coder. 
The design of the encoder determines the efficiency of the 
compression in terms of power saving, low computation and 
data reduction. The proposed predictive coder is successful in 
imparting the above-mentioned outputs goals to guarantee its 
application in capsule endoscopy. The block diagram of 
WCE compression is shown in Fig. 2. The preprocessing, 
predictive coding and Golomb Rice coding are the three 
important steps in the WCE compression methodology. 

 
Fig. 2.  Stages of WCE compression  module 

 
 

 

A. Pre-processing 

The pre-processing stage involves converting the RGB 
image into YUV color space. The chrominance-based color 
spaces prove to be effective in reducing the representation 
and achieves data reduction [5]. The YUV model is preferred 
for the compression scenario as the variation of the 
component values in YUV representation is less compared to 
the RGB model [15]. The RGB to YUV conversion is present 
in some capsules and the process is reversible. The 
conversion involves simple computation and is highly 
recommended for the implementation inside the capsule. In 
YUV color space, Y is the luminance component, U and V 
represent the chrominance components [16] as given by 
(1)-(3). This model is suggested based on the remark that 
green color is relatively not visible in such images. 

 
                                               (1)          
                                            (2) 
                                               (3) 

B. Predictive Coder  

The homogenous texture patterns and the absence of sharp 
edges in the endoscopic images indicate the possibilities of 
utilizing neighboring pixel correlation for predictive coders 
[17]. The input to the predictive coder is the YUV converted 
image from the previous section. Predictive coding (PC) is a 
lossless technique, where the difference (error) between the 
component and its prediction is encoded [18]. The 
neighboring pixel correlation is large for endoscopic images 
and hence, the error value is of a small range which reduces 
the number of bits required to code them. This is the 
motivation behind using predictive coders in this work. All 
the prediction equations available in [19] are tested and the 
best yielded one is given in (4).         represents the 
prediction value for the pixel located at row x and column y. 
Z                                 denotes 
neighboring pixel in previous column adjacent to  current 
pixel Z     . The prediction error     is then estimated by 
subtracting original pixel value from the predicted value as 
given in (5). 

 
         Z                      
                                                                                      (4) 
 

    Z                                                                      (5) 
 
DPCM coders [20] utilize the previous pixels within the 

same row to obtain the prediction value. Therefore,         
in this case, is given by (6) as shown below. It should be 
followed by obtaining the error value with the help of (5). 
 
        Z                                 (6) 

C. Golomb Rice Coder 

The prediction error obtained is converted to bitstream with 
the help of Golomb Rice coder. Literature shows that 
Golomb coders are most preferred as stage 2 coders for WCE 
due to its ease for hardware 
implementation [21].  
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The prediction error is mapped to 
positive values and applied to the Golomb coder details as 
discussed in our previous work [22]. The resulting bitstream 
is a sequence of zeros and ones which are then transmitted 
wirelessly to the receiver end through the channel. At the 
receiver, the reverse process is carried out to obtain the 
reconstructed image from the compressed bitstream. 

D. Performance Measures 

The performance of the compression scheme is evaluated 
using namely compression rate (CR) and peak signal to noise 
ratio (PSNR). The compression rate is defined as the ratio of 
the total bits after compression to total bits before 
compression as given in (7) and it is expressed in percentage 
[5]. The total bits before compression is obtained by 
multiplying the height, width, and number of bits used to 
represent each pixel in the original input image. The total bits 
after compression is obtained in a similar manner from the 
reconstructed image. Thus, CR indicates the relative 
reduction in the size of data produced by the compression 
algorithm. 

 

 CR=   
                            

                             
 ×100            (7) 

 
The next parameter is the reconstructed image quality 

measured using peak signal to noise ratio (PSNR) [23] 
expressed in dB is formulated in  as in (8). The MSE is the 
mean square error which is calculated using (9) from the 
original and reconstructed image [24]. 

 

               
   

   
                                                            (8) 

 

     
 

   
                  

  
   

 
    

   

                 (9)       

 
where, Z (x, y) and Z’ (x, y) are original and reconstructed 
components, respectively. Here, M and N represent the image 
width and height, respectively.  

IV. RESULTS AND DISCUSSION 

The experiments were performed on an Intel Pentium IV 
processor of 2.4 GHz frequency. The compression scheme is 
implemented using MATLAB 2017. The experimentation is 
conducted on 41 images available under small bowel type in 
the Gastrolab dataset [12]. It should be noted that similar 
images are used in the literature. 

Table I illustrates the compression results in terms of CR 
and PSNR values for the entire images used for 
experimentation using DPCM and predictive coders. 
Compared to the existing compression technique using 
DPCM, the predictive coder proposed in this work is 
successful in improving the average compression rate from 
66.37% to 73.03%. This is a remarkable improvement as far 
as compression performance is considered. However, there is 
a slight deterioration in average PSNR value. The reduction 
in PSNR value is an indication on the accumulation of error 
at receiver end while reconstruction. However, it can be 
minimized by reducing erroneous pixel accumulation during 
reconstruction. It is reported in the literature that a PSNR 
value above 30 dB is acceptable [25].  

 

   

   
(a)       (b)      (c) 

Fig. 3.  Reconstruction results (a) input image (b) 
reconstructed image using DPCM (c) reconstructed 

image using PC 

The reconstructed results are demonstrated with the help of 
two sample images taken from the dataset as shown in Fig. 3. 
The visual inspection of a reconstructed image clearly 
indicates there is no significant quality degradation. The 
DPCM based coders produce a compression rate of 69.15 % 
and 47.49%, respectively and PSNR value of 37.24 dB and 
35.68 dB, respectively for those two images. On the other 
hand, the proposed PC result in CR of 75.21% and 61.48% 
and PSNR of 34.23 dB and 31.45 dB respectively for the 
same input image. It should be noted that using a predictive 
coder as a replacement for DPCM coder the CR is improved. 
The domination in terms of compression rate is quite 
promising for the application of predictive coders in WCE 
compression. However, some measures have to be taken to 
avoid deterioration in PSNR value. The graph shown in Fig. 4 
demonstrates the average CR and PSNR values obtained for 
entire images using DPCM and predictive coders.  

 

Fig. 4.  Performance Comparison  
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Table I: Compression performance of DPCM and predictive coders 

Image_
id 

CR (%) PSNR (dB) 
 

Image
_id 

CR (%) PSNR (dB) 
 

Image
_id 

CR (%) PSNR (dB) 

DPCM  PC  DPCM  PC  DPCM  PC  
Using 

DPCM  
Using 

PC  
Using 

DPCM  
Using 

PC  
Using 

DPCM  
Using 

PC  

1 
 

62.65 71.24 34.2 31.95 15 69.15 75.21 35.24 32.23 29 66.2 73 35.76 31.95 

2 69.87 75.13 34.49 32.02 16 66.56 73.85 34.18 31.67 30 74.75 77.94 37.64 32.35 

3 64.83 72.31 32.96 31.91 17 75.54 78.38 38.96 32.42 31 64.76 72.42 33.64 33.03 

4 65.75 72.75 33.34 31.96 18 77.7 79.61 37.44 32.67 32 61.59 70.36 32.56 32.36 

5 66.5 73.16 35.13 32.08 19 69.52 75.11 36.25 32.08 33 67.55 73.93 34.23 32.53 

6 51.13 63.51 33.46 31.55 20 77.17 79.4 37.3 32.6 34 65.13 72.55 34.09 32.73 

7 47.49 61.48 33.68 31.44 21 77.33 79.45 37.39 32.24 35 65.78 72.85 32.89 32.97 

8 43.45 59.43 33.7 31.61 22 76.28 78.73 37.6 32.46 36 72.73 77.17 34.57 32.27 

9 41.44 57.76 32.79 31.52 23 78.07 80.26 35.01 32.24 37 61.93 69 36.57 32.17 

10 42.75 58.66 33.02 31.47 24 77.17 79.33 35.97 32.41 38 61.5 70.12 36.76 31.97 

11 49.81 62.37 34.14 31.62 25 76.28 78.73 37.6 32.46 39 63.27 71.15 36.56 32.14 

12 74.55 77.87 39.37 32.79 26 76.43 79.12 35.94 32.07 40 61.7 70.46 36.56 31.95 

13 72.73 76.99 39.07 32.44 27 76.87 79.22 37.73 31.87 
41 60.07 69.41 36.72 31.97 

14 70.84 76.02 36.26 32.44 28 76.14 78.76 36.85 32.03 

 
The various prediction models tested in this work helps to 
arrive at the proposed predictive coder in which current pixel 
is predicted using several of its neighbourhood pixels. this is 
in contradiction to DPCM coders that depends on previous 
neighbors alone to predict the current value. This has a 
significant impact on improving CR. It is noticed that while 
estimating the error value for DPCM based coder, the value 
range is larger than the predictive coders. This burdens the 
DPCM coder in terms of data to be transferred to the receiver. 
Another observation is that in DPCM coders, the error 
accumulation due to false prediction in the first element of a 
row is high. The predictive coders are successful in 
minimizing this error as dependency on a single erroneous 
pixel is avoided. Thus, the predictive coders prove itself to be 
an alternate to DPCM coders in WCE compression with some 
techniques to compensate the reduced PSNR value. 
Therefore, the low power compression module design 
discussed in this work ensures its easy implementation inside 
the capsule with minimum load.  

V. CONCLUSION 

 This paper presents the performance of two prediction 
based encoders used in wireless capsule endoscopic image 
compression system. The encoder analysis for endoscopic 
images proves that the pixels are highly correlated not only to 
its immediate previous neighbor, but also to several adjacent 
pixels leading to desired amount of data reduction. Thus, 
predictive coders are good in exploiting the redundancy exist 
in the data. In this work, the second predictive coders is better 
than DPCM coder. On the other hand, DPCM coder is 
successful in maintaining better PSNR value. However, the 
PSNR value attained by the second predictive coder is well 
above the clinical margin, i.e., 30 dB. In future work, 
increasing the PSNR can be can be focused. In addition, the 
identification of appropriate neighboring pixels for the 

prediction of each category of the endoscopic image can also 
be explored. 
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