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ABSTRACT

Consistently collecting a variety of vital signs is crucial in u-Healthcare. In order to do so, IoT is being considered as a top solution
nowadays as an efficient network environment between the sensor and the server. This paper proposes a transmission method and
compression algorithm which are appropriate for IoT environment. Results were compared to widely used compression methods, and were
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compared to other prior researches. The results showed that the compression ratio of our proposed algorithm was 11.7.

Keywords : u-Healthcare, loT, Vital Information Transmission Method, Compression Solution
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1. Introduction

Advancement in the development of ICT(Information
Communication Technology) and Convergence Technology
has enabled u-Healthcare related machines to freely
communicate via wired or wireless network. Along with
this kind of technology tiny sized devices that are able to
sense health related data of humans rapidly developed to
actualize the realm of u-Health(Ubiquitous Healthcare)[1].
u-Health makes possible all kinds of health monitoring
services for individuals to efficiently manage their health

status.
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In order to do so, basically the technology of IoT
(Internet of Things) is used to intellectually monitor the
status of any users from normal individuals to elderly
and chronic patients. This concept automatically does
practically any process needed for health or medical
providing service. For example, in times when the season
is rapidly shifting, or in times when the weather is
particularly cold, cases of people who suffer from sudden
paralysis or muscle stiffness in the hands or feet occur
[2], or maybe even a heart attack. According to the
WHO's(World Health Organization) estimation, cardiovascular
disease are the causes of death of nearby seventeen
million people each year around the globe[3]. The critical
point is that when the time of feedback is delayed the
symptom could progress to much severe conditions[4].
The speed of response time by medical experts is highly
likely to decide the life of the patient in emergency[5] so
in order for appropriate feedback to take place, the
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medical expert in distance must be informed of the
patient’s vital signs such as ECG(Electrocardiogram).

Therefore, there is a need for an efficient ECG
monitoring system in real-time cloud network situations
for medical experts to swiftly act to patients. Among
many efforts of advanced emergency system[6-8], first,
our research team chose to apply cloud network to our
solution, because ECG data brings about the need for
large amounts of mass data for storing information of
interest[9]. Second, we applied our proposed ECIoT(ECG
Compression for IoT) compression algorithm to maximize
the transmission efficiency of the ECG IoT environment.
Also, the compressed data is envisioned to increase the
amount of ECG data to be stored in already vast data
storage system of cloud servers. This technique is useful
for minimizing data storage and transmission requirements
for telemedicine applications[10-17] where multiple channels
with high bandwidth data are digitized[18, 19], such as
our proposed ECG monitoring system.

This paper presents ECIoT which is an optimized
compression algorithm for ECG data, and the overall
system architecture of the real-time ECG monitoring
system in IoT environment. Results showed that the
ECIoT was more competitive than widely used compression
algorithms and other related researches.

2. Related Research

2.1 ECG Applied Service in loT

In this section, the general concept of ECG applied
service in IoT environment is introduced. The overall
service architecture of ECG applied healthcare system is
shown in Fig. 1.
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Fig. 1. The Service Architecture of ECG Applied Healthcare System

Wearable ECG sensors are widely being developed to
comfortably fit to the user without intrusion, and senses
ECG signal. The ECG sensor sends the data to ECG IoT
device (usually nowadays, a smart phone or smart device)
usually through OTG(On-The-Go), Wi-Fi, Bluetooth or
Dedicated RF(Radio Frequency). The ECG data is
computed in the ECG IoT device and then sent to the

mobile network through mobile networks such as Wi-Fi
or cellular network, towards the ECG IoT server. The
data server is where numerous servers will exist to
aggregate and store data. The healthcare center server will
be placed in medical institutions to directly communicate
with medial specialist when needed. The three ECG IoT
server, data server and healthcare center server, interacts
with each other within the internet.

2.2 Related Researches in ECG Data Processing
An in-depth comparison of notes, pros and cons
between the methods are shown in Table 1 and Table 2.

Table 1. Notes of Related Researches

Compared

Researches RIS

Wavelet based ECG data compression system with

Kul20] linear quality control scheme.

Differential pulse code modulation quantizer adaptation
method for efficient ECG signal compression.

Proposed |Proposes an algorithm based on LZW coding method
Method |combined with applied differential calculus.

Peric[21]

Table 2. Pros and Cons Comparison Between Related Researches

Compared

Pros Cons
Researches

Such lossy approach could
corrupt critical points of
raw signal needed for
diagnosis. Not appropriate
in real-time transmission
situations.

Relatively high PRD
(Percent Residual Difference)
compared to recent
Appropriate for store researches. Such lossy
Peric[21] |and forward of stationary |approach could corrupt
ECG data. critical points of raw signal
needed for diagnosis. Not
appropriate in real-time
transmission situations.

Appropriate for store
and forward of stationary
ECG data.

Kul20]

Appropriate for real-time
ECG transmission. No |Low compression ratio
data loss, leading to no |compared to lossy
chance of raw signal techniques

corruption

Proposed
Method

All in all, related researches do not support real-time
transmission, Wwhereas our proposed method supports
real-time transmission. Second, related researches heavily
relied on lossy approaches. The problem of such approach
is that omitting signals without approval of clear clinical
evidence could be quite dangerous. On the other hand,
our proposed algorithm is lossless, that is, there is no
difference between source and destination.



2.3 Digital Data Compression

Digital data signals are signals that can be thought of
as an array or matrix. Transforms can be used for
analysis, and are often used in compression applications
[22-24]. Approaching medical data in such way is widely
being recognized because of its great potential to improve
the treatment quality and efficiency of hospitals and
increase the services for patients[25]. The most representative
methods that are applied in digital data compression
applications are Huffman coding and Lempel-Ziv Welch
(LZW) coding.

Huffman coding algorithm is a probability coding
method which decides the code size by the probabilities
of individual data symbols[26, 27]. LZW is a dictionary
coding variant of Lempel-Ziv compression[28, 29]. The
proposed algorithm ECIoT will be compared and evaluated
in the results section.

3. Evaluation

3.1 Method to Evaluation

In this paper, we analyzed the ECG data called the
European ST-T data provided by Physionet[30]. All analysis
process was implemented using C language and was simulated.
Statistical analysis was conducted using SPSS 21.0.

We looked at the distribution curve of the variable
delta and found the following characteristics of the data
as shown in Fig. 2. After computing the delta between
previous and proceeding samples, the differential value did
not exceed the threshold of -128 to 127. Also, 97.74% of
the values had a threshold of -50 to 50(Fig. 2).

Note, 15 data were randomly collected from European
ST-T database from time sequence 500 second to 1,500
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Fig. 2. Distribution Curve of European ST-T Data
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second, a total of 250,000 samples which was obtained by
a sampling rate of 250 per second.

The main ideas of ECIoT algorithm are separating
channels and LZW compression for the delta.

Original ECG data is not classified the data into
channels which could not have the consistency of data.
ECIoT separates the channels according to the channels
of ECG data thereby increasing consistency. This led to
an increase in redundancy of the data and enhanced
compression efficiency.

Also, since each ECG data have a waveform, when
they change to be expressed as differential, its
redundancy is even more increased and the compression
efficiency is more enhanced. In original ECG channels,
samples have to use 4 bytes each, but it is changed to
delta form, it only needs 1 byte.

To confirm this idea, we investigated similar distribution
curve in the 15 samples of data collected and implemented
led to the
conclusion that most of the delta variable would no
longer have to be saved in large bits, and should be
saved to 8 bits. If any data over or below this threshold
is found, save it to 16 bits data, with a header attached
to it containing the information that this data is over the
threshold. This is one of the critical points found in this
paper, which points to the fact that not all of the data
have to be saved largely and cause inefficiency in
compression.

the same analysis. This investigation

3.2 System Architecture of ECG loT Device

The system architecture of ECG IoT device of the
proposed ECG data
environment is shown in Fig. 3.

As mentioned, when the ECG data is sensed by any
sort of ECG sensing device, it is sent to the ECG IoT
device (refer to the overall figure in Fig. 1). The ECG
IoT device is consisted of ECIoT and NIM(Network
Interface Module). As a sub, ECIoT is consisted of CSM
(Channel Separation Module) and DCM(Data Control
Module). Explanation will be given about the role of each

transmission system for IoT

module.
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Fig. 3. System Architecture of the ECG loT Device
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Fig. 4. Function of CSM

1) CSM

CSM is the first step of the ECIoT algorithm. CSM
separates the ECG data stream into n channels. The
number n is decided according to the number of ECG
leads attached to the user (e.g. 12 ECG leads, 3 ECG
leads etc). The time sync information is excluded because
it is easy to reconstruct time sequence by incrementing.
The overall function of CSM is shown in Fig. 4.

2) DCM

DCM receives the separated data from CSM. Then it
computes the differential in each channel of ECG data.
Lastly, it compresses the data with ECIoT algorithm. The
overall function of DCM is shown in Fig. 5.
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Fig. 5. Flow of DCM Procedure

a) Compute Delta

DCM computes the delta of the ECG and reduces most
of the bytes into 8 bit. If the delta exceeds the threshold
-128 to 127, it is written to 16bits(Fig. 6). Delta is
computed using the following equation (1).
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Fig. 6. Function of Computing Delta.

Into 1 Bytes Each——

bn = an - an-1 (bl = al, n=2) (1)

The differential transition function executes the following
process: First, read the 32 bit ECG information and save
it to cur. Save the previous information to old. Second,
subtract old from cur and save the value to diff_temp.
Third, if -128<diff temp<127, save diff_temp to 8 bits
diff. If diff temp exceeds 8 hits, save it to 16 bits by
saving it over two 8 bits twice. Fourth, hand diff over to
ECIoT compression function.

b) ECIoT Compression Function

ECIoT compression function is coded by modifying the
code word of original LZW algorithm to be optimally
applied for IoT environment. The size of code word was
set to 8192.

3) NIM

When the two steps computing process is finished by
the ECIoT algorithm, NIM receives the data and
packetizes it in order to make it appropriate for network
interface. Examples of network interfaces are Wi-Fi and
cellular network. NIM also supports error correction
methods like FEC(Forward Error Correction), in case of
network failures.

4. Results

4.1 Comparison to Widely Used Compression Algorithms

Huffman compression algorithm and LZW compression
algorithm were selected as ECIoT’s comparisons because
they are the most widely known lossless data compression
algorithms. 15 data samples from Physionet were used to
compare the mean of compression ratio between the three
methods. The name of the database is European ST-T
database[30]. CR(Compression ratio) is calculated by
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dividing the uncompressed size by the compressed size as
in equation (2).

CR = Uncompressed size / Compressed Size 2)

Table 3. Mean Compression Ratio Comparison
Between Huffman, LZW, and ECloT

Huffman LZW ECIoT p-value

European

ST-T Database] L7507

241+0.14 | 11.70£1.12 | p<0.0001

The average compression ratio of Huffman was 1.75,
the average compression ratio of LZW was 2.41, and the
average compression ratio of ECIoT was 11.7. ANOVA
(Analysis of Covariance) was used for comparison and
the fact that the three of the compression ratio were
different from each other were statistically significant
under 95% significance level.

A point to notice here is the large difference in
performance between LZW and ECIoT. This is because
first, after channel separation and compute delta, the
needed bytes were decreased from 12 to 2. Original data
need a total of 12 bytes; 4 bytes for time sync, 4 bytes
for channel 1, and 4 bytes for channel 2. On the other
hand, the data computed through ECIoT need only 2
bytes time sync bytes are not transmitted and is
generated automatically by the receiver's side, 1 byte for
channel 1, and 1 byte for channel 2.

Second, the LZW algorithm per se provides
approximately 2 times of better compression outcome.
Therefore, multiplying the first outcome and second
outcome (6 x 2 = 12), approximately 12 times of better
compression ratio can be calculated, which corresponds to
ECIoT’s outcome (CR = 11.70).

4.2 Comparison to Related Researches

algorithm with other
researches under the condition that other researches’

We tried to compare our

compression ratio is computed by the lowest percent

residual difference value shown in the researches’

literature. This was for a fair comparison, because our

Table 4. Results Comparison Between Related Research

Compression Compression Types of Real-time
Methods Ratio Databases Used| Transmission
Ko 6795295 (PRD MIE;:IIIHGST Real-time
2.99+0.08) 8 Transmission
Database.
8.28 (PRD 7.21, .
Peric[21] lower PRD not Obtame.d real Impossible
. ECG signal.
available.)
Proposed 11.70+1.12  |European ST-T .
Method (PRD 0) Database Possible
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algorithm is lossless, meaning that technically our
algorithm’s PRD value is 0%. PRD value can be computed
by the following equation (3).

E-z; = \Z
[Ep=glxln]-&[nl) e
Vo 100% 3

“n=o

PRD =

5. Conclusion

is highly expected to dominate
In this paper, an
ECG monitoring system in real-time IoT
environment was proposed to increase the transmission
efficiency of ECG data without loss of data during
network transmission.

Compression of ECG data in healthcare fields is
important because of its vast amount of data size. If the

IoT environment
u-Healthcare related applications.
efficient

data size is too large, it will take longer time to transmit,
making it prone to transmission errors. If ECG data is
not sent to the medical expert at the right time, it may
cost his or her life. Unlike prior researches who did not
consider the characteristics of the target medical datal31],
we thoroughly analyzed the characteristic of ECG and
applied the most efficient lossless algorithm possible to it.
Experimental results showed that the proposed ECIoT’s
compression ratio was 11.7. This was approximately 6.7
times better than Huffman (CR=1.75), and 4.9 times better
than LZW (CR=2.41).
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