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Abstract - Automatic ECG QRS complex detection has been 
widely studied and used over the past decade. Although QRS 
complex is the most prominent feature in ECG and can provide 
useful information about the heart status, other parts of the 
ECG (P-wave, T-wave, etc) are also significant in determining 
the health status. Recently, researches for P-wave and T-wave 
detection algorithms started to appear but a parameter 
extractor in obtaining most essential ECG parameters (PQRST) 
is still not very popular. Considering that all these can be 
integrated together, we propose an Intelligent Home Health 
Care Embedded System (IHHCS) with essential ECG 
parameters extraction that can provide diagnosis about health 
status of patients directly at home. Inconvenient visits and 
precious time spent in health checking at hospitals or clinics can 
be saved. 

I. INTRODUCTION

utomatic ECG analysis is one of the hot-topics in the 
research work of biomedical engineering. Over the past 

two decades, various types of ECG analysis algorithm were 
proposed and being improved. Most of them concentrate in 
QRS complex detection as it is the most prominent feature in 
ECG and can provide basic and useful information about the 
heart status of patient [1]. As QRS complex detection became 
mature enough, detection of other parts of ECG signal (like 
P-wave and T-wave) were gradually proposed to provide 
more detail information about the operation of the heart [1]. 
Recently, algorithms which consist of delineation of all 
essential ECG parameters start to appear [1][2][3]. Similar 
approaches were adopted in detecting various parts of the 
ECG signal in one algorithm which enhances the processing 
speed of ECG detection.  

In order to provide higher level of care to patients, we 
propose an Intelligent Home Health Care Embedded System 
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(IHHCS) [4][5][6] that can provide diagnosis about health 
status of patients directly at home. Our proposed IHHCS will 
integrate with the robust parameter extractor using the 
promising ECG delineation algorithm for our specially 
designed expert system in an ARM-cored structure embedded 
with µClinux system to provide medical diagnosis.  

II. SYSTEM ARCHITECTURE

The IHHCS is developed over the ARM-cored structure 
embedded with µClinux system [4]. The ARM-cored 
developing board, which is equipped with a Samsung 
S3C44B0X CPU using an ARM7TDMI core, serves as the 
most important component of our system. Although an ARM 
CPU is more expensive, considering the computational power 
required by our expert system and the total cost of the 
platform, it is preferred for its powerfulness & 
cost-effectiveness, especially when comparing to low end 
MCU like 8051 series (even with its advanced module). For 
the embedded OS, µClinux (a kernel-reduced micro Linux 
system) is chosen because of its fitness for the home 
healthcare application. It can provide a small kernel for 
limited storage space and abundant functions inherited from 
the pure Linux system such as network proficiency and 
memory management. The µClinux publishing edition cannot 
directly support our S3C44B0X but with suitable 
configurations, the µClinux kernel has been revised to make 
our core working normally. 

Next, biomedical signals are fed into IHHCS through the 
signal acquisition system which adapts biomedical signal to 
our biomedical signal parameter extractor. In analyzing the 
biomedical signals, the embedded parameter extractor will be 
executed to perform characteristic points detection and 
parameter extraction.  

Afterwards, all related parameters extracted will be read by 
the expert system to produce diagnosis. Our expert system 
includes a rulebase and the related inference to emulate 
humans’/experts’ judgment based on experience. To 
implement it in our system, a new algorithm for expert system 
was proposed [7]. This new method can sufficiently reduce 
the huge resources required by traditional expert system as 
well as their accompanied rulebase.  

In our initially built front-end platform of the intelligent 
home healthcare embedded system, the rulebase was set as a 
file formatted structure and integrated into the main kernel of 
the software part. Although this method is easy to realize, it is 
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not easy to extend and update our rulebase from outside the 
whole system since its revision required the whole kernel to 
be recompiled and burned. Therefore, in our recent research 
[5], a fixed part of the whole flash rom space was set as our 
dedicated rulebase space and the dedicated ROM file system 
could be imported directly to here to solve the problem. We 
only need to update our rulebase to a newer one to cope with 
new syndromes and need not to modify the kernel arithmetic. 
And we only need to recompile the kernel if it has some 
problems and leave the rulebase intact. This makes our expert 
system much more adaptive. 

The system architecture is shown in Fig. 1. 

I. METHODOLOGY

Once the ECG signal has been processed by the transducer, 
our parameter extractor will start the detection of the ECG 
waves and complexes, followed by parameter extraction. 
Before detection, the ECG signal is pre-processed to 
eliminate baseline drift for better handling effects at the 5th

level of wavelet transform which occurs later. 

A. Baseline drift elimination 
Baseline drift elimination can be done using two median 

filters (200-ms and 600-ms) [8]. The 200-ms median filter is 
used to remove QRS-complexes and P-waves while the 
600-ms median filter is for removing the T-waves. By 
subtracting the filtered signal from the original signal, a 
signal with baseline drift elimination can be obtained. The 
process is shown in Fig. 2. and a corresponding sample result 
is displayed in Fig. 3.  

Theoretically, the discrete and inflexion points of a signal 
can show different obvious characteristics in multi-resolution 
after wavelet transform. With this advantage, the high pointed 
waves in the ECG signal, after wavelet transform, will be 
transformed into pairs of positive maximum and negative 
minimum. Among all types of wavelets present, Quadratic 
Spline Wavelet is known to detect ECG well and so our 
parameter extractor is based on Quadratic Spline Wavelet.  

B. Quadratic Spline Wavelet 
The discrete Fourier transform of Quadratic Spline 

Wavelet )(
^

w  [2][9] is defined as in (1). 
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The symbol ^ represents the discrete Fourier transform. 
The filters H(w) and G(w) are (2) and (3) respectively. 
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We perform the discrete Fourier transform of wavelet 

transform (D1(w), D2(w), …, Dj(w)) and get the transform 
functions of the corresponding equivalent filter (Q1(w),
Q2(w), …, Qj(w)).

The most obvious part (with highest amplitude) of the ECG 
signal is the QRS complex. Therefore, after Quadratic Spline 
Wavelet transform, QRS complex will be the easiest part to 
detect. R-peak will be found first followed by the Q-peak and 
S-peak. The details of QRS complex detection can be found 
in [6]. 

P-wave and T-wave will be the other two important 
components in the ECG signal. After locating the QRS 
complex, the list of found QRS complex will be taken as 
reference in locating these waves. According to a normal 
ECG signal, P-wave comes before the QRS complex and 
T-wave comes after the QRS complex. By locating 
appropriate size of search window to the ECG signal, P-wave 
and T-wave should be found. 

C. P-wave detection 
Through observation, P-wave is seen to locate closest to 

the Q-peak. Assuming P-wave is located at the last 1/5 
portion of each QQ-interval, a search window of that size is 
set to locate P-wave in each interval. Although P-wave does 
not have high amplitude, a positive maximum-negative 
minimum pair can still be seen after Quadratic Spline 

Fig.3. ECG signal before & after baseline drift elimination. 

Fig. 1. System Architecture of IHHCS. 

Fig. 2. Baseline drift elimination method [9].  
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Wavelet Transform. In QRS complex detection, only the first 
four scales of wavelet transform (D1(w), D2(w), …, D4(w))
are used, since the energy of the QRS complex is very low 
and the effect of baseline drift is serious in scales higher than 
24 (i.e. D4(w)) [1][2]. However, the P and T waves have 
significant components at scale 25 and baseline drift has been 
eliminated before detection, scale 25 (i.e. D5(w)) will be taken 
in P-wave and T-wave detection. Within the search window 
at D5(w), maximum/minimum points are firstly searched. In 
order to determine if a P-wave exists, the absolute value of 
these points have to be over the threshold value P [1], which 
is chosen as follows:

))((02.0 5 wDRMSp     (3) 
where the RMS is measured in each interval between two 
consecutive QRS complex. To know the morphology of the 
P-wave, the polarity of these points are checked. We basically 
classify P-wave as positive (+), negative (-), and absent. If 
P-wave is detected to be present, the zero crossing point 
between the two detected local peaks at D5(w) will be taken as 
the corresponding peak of P-wave in the original ECG with a 
shift [2]. After locating the peak, the onset and offset of the 
P-wave will be defined in the next procedure. For P-onset, 
starting from the corresponding zero crossing point of the 
detected peak at D5(w), take a backward search to locate the 
nearest position where D5(w) changes direction. With the 
same left shift as for the peak, the P-onset can be found. To 
locate P-offset, the same procedure is applied but with a 
forward search instead of backward.

D. T-wave detection 
The process for T-wave detection is very similar to that of 

P-wave detection. Since S-peak is closest to the T-wave, the 
SS-interval will be calculated for locating the T-wave search 
window. Since T-wave is observed to locate at the first 4/7 
part of each SS-interval, a search window located at the first 
4/7 part of each SS-interval will be used. Similar to the 
threshold value [1], T is selected as follows: 

))((2.0 5 wDRMST     (4) 
Similar to P-wave detection method, T-peak can be located. 
We basically classify T-wave as four different morphologies: 
positive(+), negative(-), only upwards and only downwards. 
After knowing the morphology, the onset and offset of 
T-wave can be found using the same method as for P-onset 
and P-offset.  

II. RESULT AND DISCUSSION

The ARM-cored structure embedded with µClinux system 
and the expert system for processing the extracted parameters 
have been tested to have good performance [4][5][7].  

Twenty-three excerpts (each lasts for 10 minutes) of the 
MIT-BIH arrhythmia database [10] have been taken to 
validate our QRS complex detector. Its overall accuracy was 
99.7%. Detection results of some ECG samples can be found 
in [6].  

As the MIT-BIH arrhythmia database only provides 
annotations of QRS complex, to validate the P-wave and 
T-wave detectors, another publicly available database – the 
QT database (QTDB) [11], is chosen. Although this database 
is manually annotated by two expert cardiologists providing 
two sets of manual annotation, only the first set of annotations 
was taking for validation as it includes more annotations (at 
least 30 beats) per recording. In validating our QRS complex 
detector, we have taken the more popular MIT-BIH 
Arrhythmia database (MITDB). As a continuation, the 
excerpts of MITDB which were taken to form part of the QT 
database were taken to test our P-wave and T-wave detector. 
There are 15 records of MITDB with up to 673 beats of 
annotations [12]. Fig. 4 and Fig. 5 show some sample beats of 
ECG signal with the detected P-waves and T-waves marked 
in small triangles; the vertical lines mark the manual 
annotated position of onset, peak and offset by the first expert 
cardiologist.  

In validating the detected waves, the time differences 
between our annotations and the cardiologist annotations are 
calculated first. Then the mean which is the average of all 
these errors, and the average standard deviation which is 
computed by averaging the intra-recording standard 
deviations are calculated. Moreover, sensitivity of our wave 
detector was also calculated using the following formula [13]: 

Fig.5. Detected T-wave and the annotations in comparison. (legends 
are similar to Fig.4) 

Fig.4. Detected P-waves and the manual annotations from cardiologist 
in comparison. (Left triangle presents onset, upward triangle presents 
peak and right triangle presents offset; the vertical lines show the 
manually annotated onset, peak and offset respectively) 
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n
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where n are the correct detections and f(-) is the number of 
manual annotations that cannot be found in the detected list of 
waves from our detector. However, given the format of the 
QT database, it is not possible to establish the sensitivity and 
specificity corresponding to the comparison between 
cardiologists. When a cardiologist does not label a wave in a 
determined beat, we do not know whether this is because s/he 
does not consider such a wave being present, or because s/he 
believes that noise or other reasons prevent her/him from 
correctly establishing the significant points [14]. For this 
reason, we were not able to establish the positive predictivity 
of our algorithm, and give only the sensitivity. These results 
are shown in Table 1 together with the accepted 
two-standard-deviation tolerances given by the CSE working 
party from measurements made by different experts [15]. 

The result shows the detection performance on the studied 
databases (with sensitivity(S) up to 97.8% for P-peak). Since 
the detection of the presence of waves is limited by the 
threshold value, by making some adjustment, better result 
could be achieved. On the other hand, the standard deviation 
obtained for the T-offset lies within the expert tolerance limits 
(< 30.6ms) while others are near to the tolerance limits. This 
can be improved by considering locating the on/offset of a 
wave in a lower scale of Quadratic Spline Wavelet Transform 
(i.e. D4(w)) since the loss of time resolution grows in higher 
scale. Moreover, biphasic waves are not considered in our 
algorithm. By further classifying the waves, the boundaries of 
the waves could be better detected. 

III. CONCLUSION AND FUTURE DEVELOPMENT

In this paper, we have briefly discussed our IHHCS system 
structure and presented the embedded medical transducer 
parameter extractor of the IHHCS in which Quadratic Spline 
Wavelet Transform has been adopted to detect P-waves and 
T-waves, and QRS complex(discussed in [6]). Since P-waves 
and T-waves are also important components of the ECG, a 
reliable P-wave and T-wave detectors may assist in more 
in-depth ECG diagnoses. Our system – IHHCS will help in 
providing patients with diagnosis immediately at their 
residences when they feel in discomfort. In the future, the 

development of the system will focus in improving the 
accuracy of the parameters extraction, reducing the size of the 
system and increasing the diagnosis speed.  
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TABLE I
COMPARING OUR DETECTOR RESULTS WITH DATABASE MANUAL 

ANNOTATIONS. (IN MILLISECONDS)
 Beats mean SD Tol. S (%)

Pon 463 9.946 12.937 10.2 93.7 

P 463 1.52 13.616 -- 97.8 

Poff 463 2.22 15.107 12.7 97.4 

T 673 8.259 16.3 -- 92.9 

Toff 673 21.72 25.1 30.6 95.4 
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