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Abstract— This paper presents a real-time biomedical data 

compression and transmission for remote patient monitoring 

system. This algorithm contains five compression and four 

decompression procedures. For evaluating the performance 

of the algorithm, EEG signal taken from MIT-BIH 

arrhythmia database, and compress and transmit signal and 

checking it’s performances using evaluation parameters, 

compress ratio, percent root mean square difference 

normalized, signal noise ratio, and quality score. Result of the 

evaluation parameter gets better at 15% window size with 

high compression ratio 18.36 and percent root mean square 

difference 2.25. Performance of this algorithm was found 

better than the similar algorithms introduced recently, and 

having better compression ratio than other proposed 

algorithm. This algorithm showed superior performance in all 

data instances where compression ratio is lower or equal to 

15:1 but it shows slightly inferior PRD performance where 

compression ratio is greater than 15:1. Similarity with the 

original data becomes meaningless when the PRD is higher 

than 2, this proposed algorithm shows significantly better 

performance compared to the performance l of the other 

algorithms. Moreover, because the algorithm can compress 

and transmit data in real time.  So, it can be served as a 

biosignal data transmission method for limited bandwidth 

communication for remote patient monitoring system. 
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I. INTRODUCTION 

Most of the people who live in rural or remote areas and the 

senior citizens who live alone not able to visit doctor every 

time for their personal health and those live in remote areas, 

there is no facility for hospitals and their personal health care. 

Take care and treatment of such people there is requirement 

of e- healthcare system, so that this type of patient can 

monitor from remote places. People having biomedical 

signals and data, in this paper considered EEG biomedical 

signals. EEG is biosignals and it is very important to 

diagnosis brain related disorder. EEG is 

electroencephalogram biomedical signals and it is related to 

brain activity. Telemedicine field require transmission media 

and compression technique for delivering biomedical signals 

such as ECG, EEG. but in reality transmission of these 

biomedical signals for long distance medical services become 

very challenging, it is necessary to compress this data while 

transmitting for the urgent treatment or ordinary healthcare or 

patient monitoring system it is also necessary for the efficient 

use of bandwidth.  

In field of telemedicine transmitting a large amount 

of data through limited bandwidth and compressed form 

become a challenge [1]. Real time biomedical compression 

and transmission method is required for effective use of wired 

or wireless communication resources. EEG biomedical data 

compression techniques can be divided into loss and lossless 

methods. For EEG data compression, the loss type has been 

applied due to its capability of a high data compression ratio. 

EEG data compression techniques can be divided into three 

methods. The first is the direct data compression method 

which directly analyzes data and compresses this data in the 

time domain   for examples turning point (TP) and amplitude 

zone time epoch coding and  coordinate reduction time 

encoding system (CORTES) , the delta algorithm and the Fan 

algorithm . The second is the transform method, which 

converts the time domain signal to the frequency domain or 

other domains and analyzes the energy distribution. For 

Example Fourier transform, Fourier descriptor, Karhunen–

Loeve transform (KLT), the Walsh transform, the discrete 

cosine transform (DCT) and the wavelet transform . The third 

involves parameter extraction methods which extract the 

features and extract parameters of the signal. Examples 

include the peak picking method, the linear prediction 

method, the syntactic method, or the neural network method. 

The algorithm proposed here is containing DCT. It is a type 

of transform method using DCT [2]. The features of the 

algorithm are to detect the peaks of differenced EEG data and 

then do transformations by DCT transform coding between 

the current peak and the previous peak of data stream for a 

real-time biomedical data compression scheme. The 

remaining part of this paper is organized as follows. Next part 

provides an introduction to the real-time compression method 

used by the proposed algorithm. Next we survey the 

algorithm’s performance by applying all biomedical signal 

EEG data recordings of MIT-BIH arrhythmia database. And 

the performance of this algorithm is compared to those of 

other algorithms and the results are stored. 

II. METHODOLOGY 

A.  Proposed Method: 

The algorithm for real time biomedical data compression and 

reconstruction is shown in figure1. This algorithm shows five 

compressing procedures and four decompression procedure. 

In compression procedure contains EEG signal measuring 

system, where EEG   signal is taken, then next step is sub 

sampling and signal difference. Where backward differences 

after 1/2 down-sampling of the EEG signal takes place. Third 

next step is transforming after peak detection. After 

transforming data filtering takes place and then apply coding. 

After that all compression procedure data is sent to the server 

or base station where compressed data is transmitted by 

suitable transmission protocol depends upon how much 

distance travelled and the protocol transmission range. After 

data is sent to the server or base station data is decompression 

procedure is used to get data like original. This 

decompression procedure contains inverse coding, inverse 

filtering, inverse transforming and then reconstruct the 
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original signal after calculating inverse difference and this 

decompressed data display or stored and by connecting 

monitoring system. 

 
Fig. 1: Block Diagram of Compression and Decompression 

B.  Sub Sampling and Signal Difference: 

 Signal is taken from MIT-BIH database, EEG biomedical 

signals used here. EEG biomedical signal is an analog signal, 

and is usually sampled at 200 Hz to 2000 Hz depending on 

the purpose of applications. Generally, the sampled data are 

represented as a 2-byte data. In this proposed data 

compression algorithm, the acquired EEG signal is first 

down-sampled by half and represented as 1-byte data after 

calculating the backward difference, it’s data size reduced by 

75%. Because s1-byte signed data represented in decimal 

from –128 to +127, the data for the original EEG signal can 

be stored in the format shown in Table I. The first two bytes 

are for the first sampled data of the original EEG signal and 

the following bytes are for the 1-byte difference data. 

However, if the signal is corrupt by impulsive or any other 

types of relatively high-frequency unexpected noises, we 

have to examine the effect of such an exceptional case 

carefully. Fig. 2 shows how to handle two exceptional 

situations. In these situations, the algorithm assigns 2-bytes, 

writes –128(+127) in the first byte, and writes the minus 

(plus) offset value in the second byte when the difference 

value is out of the range of –128 to +127. Fig. 2(b) and (d) 

shows the method of obtaining the minus or plus offsets. 

C. Transforming by DCT: 

The data which stream between the previous peak and the 

current peak is determined by applying DCT to the 

differenced EEG signal. After determine sub sampling and 

signal difference of EEG signal, DCT is applied to the signal 

to get a high compression ratio, the DCT window size is used 

to implement high compression. that is chosen to be 

proportional to the DCT result, and this window size is 

adjusted from 15% to 100%. After DCT compression, the 

data format will be changed to the 2-byte floating format. 

Because the given algorithm is implemented in a 1-byte char 

format (Float: 2 bytes → Char: 1 byte), the deleted parts after 

the decimal point are accumulated as errors and that errors 

will affect the very low-frequency components and become a 

serious impact on the PRD after signal reconstruction. The 

discrete cosine transform represents an image and that image 

is a sum of sinusoids of varying magnitudes and frequencies. 

When the discrete cosine transform is applied on a typical 

image, and that image contain most of the visually significant 

information that visually significant information about the 

image is concentrated in just a few coefficients of the DCT. 

DCT works by separating given images into the parts of 

different frequencies.  DCT also having step Quantization, 

during a step called Quantization, there parts of compression 

actually occur, the less important frequencies are discarded, 

so lossy compression is applied here. Then the most 

important frequencies that remain are used retrieve the image 

in decomposition process. Result of that, reconstructed image 

is distorted. Compared to other transforms discrete cosine 

transform has many advantages. 

1) It has been implemented in single integrated circuit 

2) 2. DCT   has the ability to pack most information in 

fewest coefficients. 

3) It minimizes the block like appearance called blocking 

artifact that image results when boundaries between sub-

images become visible. 

The Discrete cosine transform can be extended to 

the transformation of 2D signals or images. This can be 

achieved in two steps: by computing the 1D Discrete cosine 

transform of each of the individual rows of the two-

dimensional image and then calculating  the 1D DCT of each 

column of the image. 

  If represents a 2D image then it’s size is x (n1, n2) 

N × N, then the 2D DCT of an image is given by: 

 
      Where j, k, m, n = 0, 1, 2..., N −1     

 
Similarly, the 2D IDCT can be defined as 

 
The computation of the discrete cosine transform 

requires only real arithmetic. DCT is popular and widely used 

for data compression operation.  

In the Discrete cosine transform   compression algorithm 

 The image is divided into 8-by-8 or 16-by-16 blocks 

 The two-dimensional DCT is calculated for each block. 

 The Discrete cosine transform coefficients are then 

quantized, also coded, and transmitted. 

 The receiver (or file reader) decodes the quantized DCT 

coefficients, calculates the inverse two-dimensional 

DCT (IDCT) of each block. 

 Puts the blocks back together into a single image. 
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Table 1: Data format for original signal representation using 

sample differences 

 
Fig. 2: Figure of difference offset calculation procedures for 

making 1-byte data without loss 

D. Filtering by Adaptive Linear Prediction Filter: 

The usual method of estimating a signal corrupted by additive 

noise is pass through a filter that t end to reduce the noise 

while leaving the signal unchanged. The design of such a 

filter is the domain of optimal filtering. Adaptive linear 

prediction filters have the ability to adjust their own 

Parameters automatically and their design requires little or no 

previous knowledge of signal characteristics. Cancellation of 

noise is the variation of optimal filtering that is highly 

favorable in various applications. It makes use of a reference 

input signal is used.  Purpose of an adaptive filter in noise 

cancellation is to remove the noise from a signal adaptively. 

E. Adaptive Huffman Coding: 

The idea in Huffman coding is to assign short code words to 

those input blocks with high probabilities and long code 

words to those input blocks with low probabilities. A 

Huffman code is designed by merging together the two 

minimal probable characters and repeating this process again 

and again until there is only one character remaining.  Thus a 

code tree is generated and Huffman code is obtained from the 

labeling of the code tree. For this job a binary tree is created 

using the symbols as leaves according to their probabilities 

and paths of these symbols are taken as the code words. Two 

types of Huffman coding algorithm are exist: Static Huffman 

Algorithms and Adaptive Huffman Algorithms. Static 

Huffman   coding Algorithms calculate the frequencies first 

and then generate a common tree for both the compression 

and decompression process.  Details of this tree should be 

saved or transferred with the compressed file. The Adaptive 

Huffman   coding algorithms develop the tree while 

calculating the frequencies and there will be two trees in both 

the processes. In this   Huffman coding approach, a tree is 

generated with the flag symbol in the beginning and I this 

symbol s updated as the next symbol is read.  The basic 

Huffman algorithm suffers from the drawback that to 

generate Huffman codes and this Huffman codes requires the 

probability distribution of the input set which is usually not 

available. Moreover, it is not suitable to the cases where 

probabilities of the input symbols are changing.  Adaptive 

Huffman coding technique was developed   and based on 

Huffman coding. 

F. Wban Transmission: 

The Wireless Body Area Sensor Networks   is a wireless 

network used for communication among sensor nodes 

operating on human body or inside the human body in order 

to monitor important body parameters and movements. This 

study surveys the state-of-the-art on WBAN, discussing the 

major components of research in this area including 

physiological sensing and preprocessing, The Wireless Body 

Area Sensor Networks communication techniques and data 

fusion for gathering data from sensors. Data analysis and 

feedback will be presented including feature extraction, 

detection and classification of human related phenomena. 

G. Reconstruction of the Compressed EEG Signal: 

The reconstruction of the compressed data is accomplished 

by the compression procedures   in the backward direction 

and it is shown on the right side of Fig. 1. The first procedure 

for reconstruction is to apply the inverse adaptive Huffman 

coding, which refers to the defined data table, as frequently 

occurs. The second procedure is inverse adaptive filtering, 

and the third procedure is inverse DCT and the fourth 

procedure is inverse difference. Backward difference 

reconstruction is the last procedure Implemented. After last 

procedure data is display or store for monitoring purpose. 

H. Evaluation Factor of Algorithm: 

Various researchers have presented various compression 

techniques for EEG signals. In general, an evaluation of data 

compression algorithms uses the following six parameters. 

1) The Compression Ratio Formula Is: 

𝐶𝑅 =
𝑁𝑖𝑛𝑝

𝑁𝑜𝑢𝑡
 

Where N_inp is the original input signal before 

compression and N_(out )is the output signal after 

compression process. 

2) The Percent Rms Difference Is Defined As 

𝑃𝑅𝐷(%) = 100 × √
∑ (𝑋𝑠(𝑛) − 𝑋𝑟(𝑛))2𝑁−1
𝑛=0

∑ (𝑋𝑠(𝑛))2𝑁−1
𝑛=0

 

3) The Percent Rms Difference Normalized Is Defined As 

𝑃𝑅𝐷𝑁(%) = 100 × √
∑ (𝑋𝑠(𝑛) − 𝑋𝑟(𝑛))2𝑁−1
𝑛=0

∑ (𝑋𝑠(𝑛) − �̅�)2𝑁−1
𝑛=0

 

4) The Rms Error Is 

𝑅𝑀𝑆 = √
∑ (𝑋𝑠(𝑛) − 𝑋𝑟(𝑛))2𝑁−1
𝑛=0

(𝑁 − 1)
 

5) The Signal to Noise Ratio Can Be Represented as: 

 

𝑆𝑁𝑅 = 10 × 𝑙𝑜𝑔 (
∑ (𝑋𝑠(𝑛) − �̅�)2𝑁−1
𝑛=0

∑ (𝑋𝑠(𝑛) − 𝑋𝑟(𝑛))2𝑁−1
𝑛=0

) 

6) The Quality Score Defined as: 

𝑄𝑆 =
𝐶𝑅

𝑃𝑅𝐷
 

  Quality score is the ratio between CR and PRD. 

High quality score value indicates high quality of 

compression. Here Xs(n) is the original signal and Xr(n) is 
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the reconstructed data,  X  ̅ indicate mean value  and N 

indicate total number of data instances. 

III. RESULTS AND DISCUSSION 

In real time biomedical data compression and transmission   

system, first consider on biomedical l EEG signal and that 

signal is taken here from MIT-BIH database. After signal is 

taken sub sampling and signal difference apply on it. DCT 

transforming apply on signal to covert it in frequency domain, 

then noise is filtered by adaptive linear prediction filter and 

adaptive Huffman coding apply on it. Then this signal is 

transferred to the server or base station by using Wban. Also 

we can use Wban with other wireless network so that it can 

travel much distance and it’s range can be increased depend 

upon how much range  we need . After reaching data server 

or base station decompression process will start and this 

decompression process include inverse adaptive Huffman 

coding, inverse adaptive linear prediction filter , inverse DCT 

and inverse Difference .After inverse difference last step of 

decompression original EEG biomedical signal get and this 

signal is stored or display on  monitor. Stored signal can be 

used for future references. 

 
Fig. 3: Original EEG signal 

 
Fig. 4: DCT compression 

 
Fig. 5: Decompressed EEG signal 

 
Fig. 6: Algorithm performance evaluation 

 

Sr. no. Different techniques CR 

1 Proposed scheme (DCT, ALPF ,ADHC) 3.84 

2 Adaptive error modeling (AEM) 3.23 

3 Wavelet-SPIHT 2.046 

Table 2: Comparison of Compression results 

IV. CONCLUSION 

In this research, a real-time biomedical data compression and 

transmission algorithm between e-health terminals for an 

EEG signal was developed. It consists of four procedures: 1) 

sub sampling and signal difference calculation, 2) DCT, 3) 

adaptive linear prediction filtering, and 5) Adaptive Huffman 

coding. To evaluate the performance of the developed 

algorithm, the algorithm was applied to all of the MIT-BIH 

arrhythmia databases. To adjust the compression ratio, the 

window size was changed and the PRD with different CR 

values was investigated. To evaluate the algorithm, the 

window size was reduced up to 15%. The result showed that 

the CR was 18.36 while the PRD was 2.25 on average for 48 

data instances with a 15% window size. In terms of the quality 

score, the result showed that the CR was 3.86, the PRD was 

0.19, and the QS was 20.31 on average with a 100% windows 

size.  The advantage of the proposed algorithm is its superior 

performance of data compression, although the algorithms 

shows similar or slightly inferior PRD performance compared 

to other algorithms. This advantage stems from the fact that 

the algorithm applies the DCT and adaptive linear prediction 

filtering to the difference signal. In light of the fact that the 

similarity with the original data becomes meaningless when 

the PRD is higher than 2, the given proposed algorithm shows 

significantly better performance compared to those of the 
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other algorithms. It is believed that the algorithm can 

compress EEG data efficiently, even in the case of limited 

communication resources. In addition, the given algorithm 

can be applied to any periodic biomedical signal. A 

multichannel EEG device such as the Holter monitor for 

prolonged data collection can be an example of the 

application of the proposed algorithm. 
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