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ABSTRACT

This paper introduces an advanced approach to the hardware implementation of lossless
compression for electrocardiogram (ECG) signals, combining Content-Adaptive Golomb-Rice
(CAGR) coding with Adaptive Trending Prediction (ATP). The CAGR technique dynamically
adjusts its parameters based on local signal characteristics, effectively optimizing compression
efficiency. Simultaneously, Adaptive Trending Prediction analyzes and predicts signal trends
to further minimize redundancy before encoding, enhancing overall compression ratios. The
hardware architecture presented in this study is meticulously designed to leverage these
techniques, ensuring efficient utilization of resources while maintaining real-time performance
suitable for medical applications. Design considerations include algorithmic complexity,
throughput, and resource utilization metrics tailored to meet the stringent requirements of
medical monitoring systems. Experimental evaluations validate the efficacy of the proposed
method, demonstrating substantial reductions in data size while preserving clinical fidelity
crucial for accurate diagnosis and monitoring. The findings underscore the feasibility and
practicality of integrating advanced compression algorithms into dedicated hardware
platforms, thereby facilitating more efficient data transmission and storage in medical
environments.

Keywords: ECG compression, lossless compression, Content-Adaptive Golomb-Rice coding,
Adaptive Trending Prediction, medical monitoring, real-time systems.

1 Introduction

The heartbeats are captured during an ECG test, which generates electrical impulses. Data is
produced in vast quantities by the widespread usage of digital ECGs. Effective methods for
compression are employed because it's essential for keeping and transferring ECG recordings
[1, 2]. Transmission time and necessary storage space are decreased by employing effective
compression techniques. An average Compression Ratio (CR) of roughly 2:1 to 50:1 has been
reported for various ECG compression algorithms that have been used in recent years [3].
Cardiovascular disease (CVD) is estimated to be responsible for about 31% of all fatalities
globally and has emerged as the leading cause of death in the past few decades
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[4].Cardiovascular disease and many other disorders are diagnosed with the use of ECG
signals. The ECG signal is a biological signal that provides information about the health of the
heart. It is the most widely used screening method for cardiac disorders [5]. An ECG signal
monitoring system produces enormous amounts of data for the detection system.

The two subsequent distinct frequencies can be used as examples to better understand the
volume of data produced throughout the ECG monitoring procedure. Typically, each sensor
generates data for one minute at the sampling frequency of the ECG [6, 7]. Thus, a method to
compress the ECG signal data is needed in order to save this enormous amount of data. In this
situation, ECG compression is carried out as a remedy to conserve storage space [8]. Waves,
segments, and intervals are some of the components that make up an ECG signal. A long-term
ECG recording is frequently performed on individuals who are hospitalized for heart issues.
With monitors designed for mobile patients, ECG data can also be continuously recorded for
longer than 48 hours [9]. As a result, during this period of time, continuous ECG monitoring
systems collect a significant amount of data. A real-time data compression algorithm that can
sustain storage space is required to reduce the volume of data [10].

Numerous studies have been conducted in the past on the VLSI implementation of lossless
ECG compression. In [11] combined signal VVLSI design for the ECG compression that uses
entropy coding and predictive modelling to provide a clever analog-to-digital converter (ADC)
and lossless ECG compression. This architecture is not appropriate for the low power devices
of today, despite being meant for low power applications because to its relatively high power
consumption. In [12] have presented another VLSI implementation of ECG compression that
makes use of wavelet transform and Run-Length Encoding (RLE). However, the design's
disadvantage is that it requires a rather high working frequency, making it inappropriate for
use in real-time ECG data compression. ECG equipment samples at a frequency between a few
hundred and a thousand hertz [13, 14]. Therefore, the architecture suggested by [15] is helpful
when compression is applied after ECG data is currently captured in a storage medium.

Thus, this paper presents an efficient hardware implementation of a combined approach using
CAGR coding and ATP for achieving lossless compression of ECG signals. The CAGR coding
method dynamically adjusts its parameters based on the local statistics of the ECG signal,
enhancing compression efficiency. Concurrently, ATP predicts signal trends to further reduce
redundancy before encoding.

2 Proposed Methodology

This work proposes employing the VVLSI technology shown in Figure 1 to develop the lossless
ECG compression approach for devices with low power consumption.
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Figure 1: Proposed System Block Diagram

The predicted value, X (n), is determined in the first phase by processing the ECG data input.
The loss-predicted data, x (n), is subjected to adaptive trend prediction in the second step. This
technique may predict the waveform's location and subsequently lower the prediction error. An
entropy-based dimensionality-reducing approach called Golomb coding is applied in the
management information training module. The projected error distribution of every window is
used to determine the k variable.

3 Modelling of Proposed System
3.1 Technique for Compressing Data without Loss

Entropy coding is characterized by typically recurring patterns or values being provided with
few binary bits and occasionally happening ones being shown using numerous binary bits,
constitute a crucial coding approach in data compression. The program's implementation is
based on the work of the reference programme, makes use of the Golomb-Rice code, a low-
complexity entropy encoder.

3.2 Adaptive Trending prediction

Predictive coding is a lossless compression method that encodes the error among the data and
information “predicted" derived from previous observations, enabling an easy comprehension
of the data. The prediction algorithms use previous samples x(n — 1), x(n — 2),x(n — 3), to
generate estimation x'(n) for a particular sample x(n) of the signal. PD = x(n) — x'(n) Is
the projection difference that takes position of the sample x(n). The biological signals are
distributed predictably in nature and are somewhat sluggish. Therefore, the prediction
methodology is applied to enhance the encoding technique's effectiveness. For the purpose of
to enhance forecasting performance, the present value of the biological signals is estimated by
transferring two values through a first order forecasting strategy centered around linear

prediction and a second order forecasting technique that relies on slope prediction [1]. By
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combining two values of x(n — 1) and x(n — 2) using the formuladiff — 1 == diff — 2,
the present value x (n) is derived.
[aldiff — 1 =diff — 2[b]ldiff — 1 =2 (dif f — 2) — (dif f — 3)

This is made up of 4 substractors, single shifter, single multiplexer, single adder, and registers.
For the purpose of storing and calculating the outcome of the prediction difference, four out of
the five registers are used:x (n),x (n —1),x (n- 2) and x (n- 3). Another pipeline
register for enhancing the efficiency of the suggested encoder design is registerPD(n). By
using two substractors, the values of dif f_2 and dif f_3 can be obtained. Using the acquired
values of diff_2 anddiff_3, a shifter and a substractor may derive the value of
diff_ 2and 2 xdiff_2 — diff _3.

3.3 Content-Adaptive Golomb-Rice code

The most intricate and computationally demanding component of the entire compression
technique is the colomb rice coding. Furthermore, because data processing is ongoing, the
hardware design maintains the lowest possible latency for Golomb Rice coding data
processing. Furthermore, area-saving measures were taken to prevent the chip area from
growing. To cut down on processing latency, processes in the computation section have been
split up into separate clock cycles. The division, mod, and multiplication operations have all
been carried out via bit shifting as opposed to the built-in division and power operators. The
design can benefit from a reduction in the number of gates and power usage by utilising this
small adjustment. For instance, moving the value one bit to the right or left, respectively, has
been used to divide and multiply an integer by two. Additionally, division is carried out
following the summing of one window's values; the possible values fall within the range of 1
and 127. Therefore, a log table containing the log values of these parameters is retrieved each
time a log operation is needed for the design. To cut down on resource use, data reading and
storing are managed by a single counter. Additionally, having a single counter for both
controllers saves switching power because it requires less activity than utilizing two counters.

4 Results and Discussion

This article proposes an effective hardware implementation of a combination strategy that uses
ATP and CAGR coding to achieve lossless ECG signal compression. The CAGR coding
technique improves compression efficiency by constantly modifying its settings in response to
the local statistics of the ECG signal.
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Figure 2: Testing Block

Figure 2 shows a block diagram of a Multiple Input Signature Register (MISR). A MISR is a
type of linear feedback shift register (LFSR) used in built-in self-test (BIST) mechanisms for
digital circuits to compress multiple bit streams into a single signature.

Figure 3: Schematic Diagram of Testing Block

Figure 3 shows a detailed schematic diagram of a MISR. The schematic includes various
components like XOR gates, multiplexers (labeled Mxor), and feedback loops, illustrating the
internal logic and connections within the MISR.
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Figure 4: Simulated Outcome 1

Figure 4 illustrates the results of the simulation to completion. The bit-stuffing block's input
data signal (data_in) and output data signal (data_out) are identical. The count value is
increased if the input data (data_in) are high. The status is altered to 10" since the count
number is 6. The bit is regarded as invalid and the count value is set to 0 when the valid bit is
indicated as 0.
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Figure 5: Simulated Outcome 2

Volume-I111 | Issue-04 [April]

Page 59 of 61



ISSN (Online): 2583-7052

P
sf\n

International Journal of Advanced Trends in Engineering and Management (IJATEM)
Vol. 03 (04), April 2024, pp. 54-61

Article Title: Circuit-Level Realization of an Adaptive Trending Prediction Algorithm for Lossless ECG
Compression

Figure 5 displays the simulation's results and by analyzing compression codecs, the proposed
approach approximates human comprehension of restoration efficiency. Although a greater
PSNR typically indicates a higher-quality repair, this is not always the case. One needs to
exercise extreme caution when dealing with the validity range of this metric, as it is only
considered decisively accurate when applied to results that share the same codec and content.

5 Conclusion

In conclusion, the efficient hardware implementation of CAGR coding and ATP represents a
significant advancement in the field of ECG signal compression. Through this study, feasibility
and effectiveness of integrating these sophisticated compression techniques into dedicated
hardware architectures have demonstrated. The combination of CAGR coding's adaptability to
local signal characteristics and ATP's predictive capabilities enables substantial reductions in
data size while maintaining clinical fidelity, essential for accurate diagnosis and monitoring in
medical applications. The optimized hardware design ensures that the proposed solution meets
the demanding requirements of real-time medical monitoring systems, offering enhanced data
management capabilities and facilitating faster transmission of ECG data. This research
contributes not only to the technical advancement of compression algorithms but also
highlights practical pathways towards improving healthcare delivery through efficient data
handling in medical devices.
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