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In recent years, with the rapid progressing of the healthcare technology and the 
increasing of public demand for personal health management, there’s a great evo-
lution of the IOT (Internet of Things) in the world [1]. As a special branch of the 
IOT and the wireless sensor network [2], BSN has been widely employed in the 

 

Abstract. The applications of BSN (Body Sensor Network) require the wearable 
computing system’s power consumption as low as possible. Compared to other 
components, the wireless communication link is the most power demanding part 
of the BSN. While effective compression algorithm can sharply cut the data vo-
lume down and then reduce the wireless transmitting consumption. Based on this 
consideration, we studied the improved rapid LADT (Linear Approximation Dis-
tance Threshold) algorithm and develop a BSN platform based on FPGA (Field-
Programmable Gate Array) to detect process, compress, record and transmit the 
ECG (Electrocardiograph) signals. Experiments showed that the improved rapid 
LADT algorithm can reduce the total number of occupied slices in FPGA system 
and efficiently compress signal data without change the feature of the ECG sig-
nals.  
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areas such as healthcare, telecare, disability aid and so on. Though BSN has been 
developed quickly in the following years since the concept and the model of BSN 
first proposed by Professor Thomas of MIT in 1996, but there existing many chal-
lenges, such as reducing the date volume of BSN node, realizing low-power dissi-
pation. 

The application of FPGA in the ASIC design can shorten the design cycle, 
sharply reduce the design cost and has the advantage of high reliability, flexibility 
and convenience to verify the various modules and algorithms. Nowadays, FPGA 
are powerful enough with some kind of suitable soft–core processor and a perfect 
set of peripheral interfaces, many BSN platform based on FPGA have been devel-
oped like Nokia’s NWSP (Nokia Wrist–Attached Sensor Platform)[18], 
SHIMMER™ (Sensing Health with Intelligence, Modularity, Mobility and Ex-
perimental Reusability)[19].  

The method of LADT [7-9] provides a way to reaching the maximum compres-
sion ratio in time domain by applying polygonal line to fit a given curve. LADT 
algorithm compresses the data by the approach of keeping the distance between 
each point on the curve and the polygonal line under a limit value. So the LADT 
makes it possible to get a higher compression ratio and keep the original curve 
shape. 

This paper proposed a novel rapid signal compression algorithm for BSN ap-
plication and realization of FPGA system. This algorithm is suitable for compress 
the data from an ECG data acquisition node in BSN system based on FPGA plat-
form. We designed a FPGA signal processing system and added the LADT signal 
compression algorithm to this system, achieved highly data compression rate of 
ECG data from the ECG signal node, simplified the FPGA hardware configuration 
and the reduced the slice occupation and the wireless data transmission volume, 
finally, accomplished the aim of low power consumption of BSN system. 

2 BSN and its applications 

BSN is a special branch of wireless sensor networks; aim to transmit various 
physiological parameters by the implanted sensors in the human body. The bio-
medical signal consist physiological signal (e.g. heart rate, oxygen saturation, 
pulse wave, blood pressure and heart sounds, body temperature), daily activity in-
formation and environmental parameters. These signals detected by the wearable 
sensors will be transmitted to the remote medical cloud server through the weara-
ble internet node after the processing like filtering, compressing, or encoding. 

The technology of BSN is a fusion of software, hardware and wireless commu-
nication, including the physiological signal acquisition, processing technology and 
wireless communication technology. Particularly, the physiological signal acquisi-
tion and processing node usually contains signal processing, physical sensory data 
feature extraction and lightweight data fusion algorithm. Obviously, the 
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lightweight data fusion algorithm can reduce amount of the calculation more or 
less, and then reduce the whole system energy-consumption, and match the re-
quirement of low power consumption which almost the biggest bottleneck of BSN 
applications [6, 11]. 

With the rapid progress of healthcare, especially for the continuous monitoring 
and health defense, many constructive BSN applications had been studied [11-13]. 
Pattichis C.S. has studied wireless transmission technology and success applied it 
to the Telemedicine System (e.g. electronic medical record, emergency remote 
expert consultation, tele-radiology and home monitoring) [4]. Chris Otto designed 
a wireless sensor network monitoring the body activity and the heart activity [14]. 
Hong J.H. developed a three channel ECG transmission system, which can moni-
tor the physical condition of old people, patients and disabled through the PDA 
mobile phone [15]. 

3 The basic pr inciple of improved LADT algorithm 

Decreasing BSN node data volume and reducing the power dissipation are the 
two challenges for the BSN data fusion technology. To resolve the two problems 
above, this paper propose an improved rapid LADT data compression algorithm, 
which can compress the node data volume and lower the wireless network power 
by reducing the transmit data volume.  

The method of LADT can get a very highly compression ratio in time domain 
by using a serial of polygonal lines to fit the original curve. The basic principle of 
LADT shows in Fig 1. 

 
Fig.1 The basic principle of LADT algorithm 

The approximation procedure can be described as follows:  
Here, Let parameter ( )E i  as the begin point of polygonal line, and search the 

end point ( )E i k+  by repeat compute the distance between fitting curve and origi-

nal curve  fitting method and keep the maxd j ε< ,. where d j  defined by Formula 

(1) below [9]: 
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And ε means the admissible distance error, the maximum distance 

max{ }, 1, 2, ,maxd d j kj j= =  , and T  represents the sampling time interval 

and usually is 0.001s. 
LADT algorithm obtains good compressing results and decreases the distortion 

rate remarkably, but the calculation is very large. The similarity principle of trian-
gle makes it possible to deduce the rapid LADT algorithm[7],and the distance 
computational formula is: 
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Here, ( ) ( )E i k E ik∆ = + − ， ( ) ( )E i j E ij∆ = + −  

Due to the Formula (2) still exists square calculation, we simplify the Formula 
(2) according the features of ECG data. In Formula (2), the parameter k stands for 
the detection step length and usually ranges between 0 and 10(include 10). There-

fore, we can use the formulas 2 2 40 10k T −< < and 2 1k∆ >  to obtain the formula 
2 2 2k Tk∆ >> .Thus the simplifying distance formula is: 
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Comparing the Formula (1), Formula (2) and Formula (3), it can be conclude 

that the calculation of LADT algorithm can be greatly reduced and then save the 
FPGA’s hardware resource. 

4 The FPGA implementation of improved LADT Algor ithm 

We choose the cheap and low power dissipation XC2S200 chip as BSN design 
and simulation platform, which consists of a ECG signal extraction module, a 
Zigbee wireless module, and a AVR software MCU core, show in Fig. 2. 

 
Fig. 2 The architecture of BSN system based on FPGA platform 

For saving the computing resource of FPGA and accelerating the computing 
speed, we optimize the program as follows:  

(1)While calculating the absolute value, we should compare the value of the 
two numbers before calculation. 

(2)Using the integrated IP in the FPGA’s ISE development tools to design the 
bits multiplier, we select the Multiplier Generator’s IP core which is convenient 
and efficient. 

(3)Calculating the maximum by applying the bubble sort method (Attention: 
the algorithm must be realized in one procedure statement in the FPGA.) 

(4) Quantifying the coefficients. As the coefficients ε and T in this algorithm 
are float, and each ECG data is demanded multiply with parameter T, so the calcu-
lation is very large. Therefore, we can transform the two parameters to integer 
(e.g. amplify the two coefficients N times) and use the quantified coefficients to 
calculate. Because the two sides of the discriminant maxd j ε<  are all multiplied 

by N, the result is not being affected. 
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4 Exper iment and discussion 

According the Fig. 3, it can be concluded that both of these two algorithms can 
keep the features of ECG very well. Though the two algorithms are capable of 
compressing data, the time they spend are very different, just as Table.1 has 
showed. 

 
Fig. 3 The comparison of the rapid LADT algorithm and improved rapid LADT algorithm to the 
ECG signal  

Comparing the Fig. 3 and Table 1, it can be conclude that the two algorithms 
are suitable for the ECG signal compression and modified rapid LADT algorithm 
costs less time and make the low-power dissipation more efficiently. 

(a) Original ECG signal 
 

(b) ECG signal compressed by rapid LADT algorithm 

(c) ECG signal compressed by improved rapid LADT algorithm 
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Table 1 The comparison of the time cost and compression ratio of the rapid LADT algorithm 
and modified rapid LADT algorithms 

Algor ithm Feature Data Volume Compression  
Ratio 

Time 
Cost/(s) Or iginal Compressed 

Rapid LADT compres-
sion algorithm 

750 161 4.7:1 0.7174 

Improved rapid LADT 
compression algorithm 

750 161 4.7:1 0.2663 

5 Conclusions 

This paper explores the application of developed rapid compression LADT al-
gorithm in ECG signal in the BSN and realizes the utilization of the rapid LADT 
algorithm and improved rapid LADT algorithm for FPGA system. The experiment 
confirms the improved rapid LADT algorithm could facilitate the FPGA hardware 
configuration, consolidate the algorithm’s real-time performance, and increase the 
ECG signal data volume in the BSN. Thus the algorithm can achieve the aim re-
ducing the BSN node volume and save the BSN’s power to some extent finally. 
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