
Abstract--This paper presents an efficiently wireless ECG 

acquisition system with lossless data compressing algorithm. The 

proposed algorithm were evaluated by using all patterns from 

MIT-BIH arrhythmia database, and the analytic result shows 

that the proposed lossless algorithm achieves the CR value of 2.64 

in average. Therefore, the proposed algorithm has very 

outstanding performance. 

I. INTRODUCTION 

In modern wireless e-health systems, it becomes a very 

essential work to monitor the physiology of patients, for 

example, long time monitoring or 24-hrs nonstop recordings 

for electrocardiogram (ECG) and some other bio-signals. After 

acquiring these physiological signals, medical diagnostic can 

be further proposed for the purposes of telemedicine. An 

efficient data compression technique dramatically saves the 

memory space for storing these medical recordings, shortens 

the communication time, and lowers the power consumption of 

monitoring devices. 

In General, the compression methods could be classified 

into lossy and lossless algorithms. The lossy method for 

compressing ECG signals has been widely used because of 

high compression ratio performance. Previous approaches 

were divided into three categories: 1) removes the redundancy 

from the signals, and then achieves higher data compression 

ratio; 2) Uses the transform algorithm [2]-[5] that converts a 

time domain signal into frequency domain (or other domains); 

3) parameter extraction compression method using peak 

picking method, and the linear prediction method [6], [7]. 

For the lossless compressing methods, Chen et al. [8] 

adopted linear prediction and Huffman coding (HC) to 

compress the ECG data, and Dakua et al. [9] used Burrows-

Wheeler transform (BWT), move-to-front (MTF), and run 

length encoding (RLE) [10] schemes to obtain an excellent 

result of CR value. Chua et al. [11] also have a good CR value 

by employing differential pulse code modulation (DPCM) and 

Golomb-Rice (GR) encoding. To reduce the complexity in 

algorithm realization, Chen et al. [12] presented a lossless 

encoding method by using DPCM and a two-stage HC process. 

With different application requirements such as high-

compression rate and perfect reconstructed algorithms, we 

only focus on developing lossless compressing algorithms in 

this paper. 

 
 

II. PROPOSED ACQUISITION SYSTEM AND 

COMPRESSION ALGORITHMS 

The proposed system utilizes some commercial ICs to be 

key components, such as instrumentation amplifier, pre-

amplifier, operational amplifier, analog-to-digital (ADC) 

converter and digital signal processing circuits (Altera FPGA). 

Additionally, a Nios2 processor is built for data control and 

task management. To shorten the data compressing time and to 

avoid the Nios2 overload, a concept of hardware and software 

co-design is employed in implementing the proposed 

compression algorithm. Also, to avoid the data loss caused by 

channel interference during the period of data transmission, the 

proposed acquisition system embedded orthogonal frequency 

division multiplexing (OFDM) scheme. A high-performance 

recursive DFT (RDFT) chip [13] is therefore integrated with 

Nios2 to execute the operation of Fourier transform for the 

proposed lossy compressing algorithm and OFDM. Then, we 

program an Android’s APP for a smart phone which is 

communicated with the proposed acquisition circuit by 

Bluetooth. Figures 1 and 2, respectively, show the proposed 

architecture design and system materialization. 

The flowchart of the proposed method as shown in Fig. 3 is 

employed to obtain perfect reconstructed ECG signal. The 

steps are sequentially processed as follows: 1) Peak detection 

(PD); 2) QRS-wave difference; 3) Backward difference (BD); 

4) HC. The result shows that the average CR of the proposed 

method is 2.64:1. It can be easily found that there are some 

shared procedures between the proposed two novel 

compressing methods, and this implies that these two 

algorithms are compatibly run / implemented in the same 

system. 
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Fig. 1.  Architecture design of the proposed ECG signal-acquisition 

and data-compression system. 



 

 
 

 

III. IMPORTANT COMPARISON RESLUTS 

Table I results that the proposed lossless compression 

algorithm has a very high CR value compared with Chen et al. 

[11]. Therefore, the proposed algorithms have very 

outstanding performance. 

 

 

IV. CONCLUSION 

The proposed design presents a wireless physiological 

signal sensing system applied for telehealth system and 

telemedicine. Additionally, lossless data compressing 

algorithm is proposed and integrated with this prototype 

system. The proposed acquisition circuit embedded the OFDM 

and RDFT chip design is helpful to avoid the data loss because 

of channel interference during the period of data transmission.  

REFERENCES 

[1] K. Ranjeet, A. Kumar, and R.K. Pandey, “ECG Signal Compression 

using Different Techniques,” Communications in Computer and 

Information Science, Advances in Computing, Communication and 

Control., vol. 125, no. 1, pp. 231-241, 2011. 

[2] T.I. Mohammadpour and M.R. Karami, “ECG Compression with 

Thresholding of 2-D Wavelet transform coefficients and run length 

coding,” European Journal of Scientific Research, vol. 27, no. 2, pp. 

248-257, 2009. 

[3] S.-J. Lee, J. Kim and M. Lee, “A Real-Time ECG Data Compression 

and Transmission Algorithm for an e-Health Device,” IEEE Trans. 

Biomed. Eng., vol. 58, no. 9, pp. 2448-2455, Sept. 2011. 

[4] S.-C. Lai, W.-C Chien, C.-S. Lan, M.-K. Lee, C.-H. Luo, and S.-F. Lei, 

“An Efficient DCT-IV-based ECG Compression Algorithm and Its 

Hardware Accelerator Design,” in Proc. IEEE Int. Symp. Circuits Syst. 

(ISCAS), pp.1296–1299, Beijing China, May 19-23, 2013. 

[5] R. Khanam, S.N.Ahmad, “Selection of Wavelets for Evaluating SNR, 

PRD and CR of ECG Signal,” International Journal of Engineering 

Science and Innovative Technology, vol. 2, no. 1, pp.112-119, Jan. 

2013. 

[6] C. M. Fira and L. Goras, “An ECG signals compression method and its 

validation using NNs,” IEEE Trans. Biomed. Eng., vol. 55, no. 4, pp. 

1319–1326, Apr. 2008. 

[7] H. Kim, R. F. Yazicioglu, P. Merken, C. van Hoof, and H. J. Yoo, 

"ECG signal compression and classification algorithm with quad level 

vector for ECG holter system," IEEE Trans. Inf. Technol. Biomed., vol. 

14, no. 1, pp. 93-100, Jan. 2010. 

[8] S.-L. Chen, H.-Y. Lee, C.-A. Chen, H.-Y. Huang, and C.-H. Luo, 

“Wireless body sensor network with adaptive low-power design for 

biometrics and healthcare applications,” IEEE Systems Journal, vol. 3, 

pp. 398-409, 2009. 

[9] S. Dakua and J. Sahambi, “Lossless ECG compression for event 

recorder based on Burrows-Wheeler transformation and move-to-front 

coder,” International journal of Recent Trends in Engg., vol. 20, no. 4, 

pp. 120-123, 2009. 

[10] http://www.ieeeghn.org/wiki/index.php/History_of_Lossless_Data_Com

pression_Algorithms  

[11] E. Chua and W. C. Fang, “Mixed bio-signal lossless data compressor for 

portable brain-heart monitoring systems,” IEEE Trans. Consumer 

Electron., vol. 57, pp. 267–273, Feb. 2011. 

[12] S.-L. Chen and J.-G. Wang, “VLSI implementation of low-power cost-

efficient lossless ECG encoder design for wireless healthcare monitoring 

application,” Electronics Letters , vol.49, no. 2, pp.91-93, Jan. 2013. 

[13] Y.-S. Lee, S.-C. Lai, L.-Y. Chiou, and S.-F. Lei, “Low-Cost, High-

Efficient, and Hybrid Structure Design of Recursive and Radix-22 DFT 

Computations for a DRM Receiver,” in Proc. The 23th VLSI 

Design/CAD Symposium, S10-6, August 2012.  

TABLE I PERFORMANCE COMPARISONS OF VARIOUS LOSSLESS 

COMPRESSING ALGORITHMS 

Method Kernel Algorithm Pattern CR 

[8] HC All 1.9 

[9] BWT+MTF+RLE 
102-

104,117 
2.65 

[11] 
DPCM+Golomb-

Rice 
All 2.38 

[12] 
DPCM+2-stage 

HC. 
All 2.43 

This 

work 
PD+QRS+BD+HC All 2.64 
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Fig. 3.  Flowchart of the proposed lossless ECG compression. 

 
Fig. 2.  Materialization of the proposed ECG signal-acquisition and 

data-compression system. 


