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Muscles play an important role in the movement of limbs. They undergo
contraction to straighten or to bend a joint for the limbs to move. There are
many factors that can affect muscle activity. Age could be one of the possible
factors affecting muscle activity. The purpose of this study was to investigate
the lower limb’s muscles activity during performance of salat between two
age groups. The lower limb’s muscles investigated were Gastrocnemius
(GAS), Biceps Femoris (BF), Tibialis Anterior (TA) and Rectus Femoris
(RF). The postures involve are standing, bowing, prostrating and sitting.
The electromyography (EMG) signals of the muscles were measured using
the technique of surface EMG (SEMG). The signals were acquired by using
Delsys Bagnoli™ Desktop sEMG system and EMGworks®. Ten healthy
subjects from two age groups were recruited in this study. The first group
consists of five males aged between 20 to 29 while the second group consists
of five males aged above 40. The raw EMG signals acquired were analyzed
and the EMG envelopes were developed using MATLAB. The averaged
RMS values of EMG for each muscle were also calculated. Analysis of
variance (ANOVA) of the EMGs was obtained by using F-test.
Further investigation of the variance was performed by using Tukey
comparison. From the results, the most active muscle during the performance
of salat is BF while the less active muscle is GAS for both age groups.
The statistical result show that there is no difference in the muscle activity
pattern between the two age groups but there is significant difference among
the muscles investigated.
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1. INTRODUCTION

Allah Subhana-hu wa Ta’ala has ordained for all muslims to worship Him by performing salat
(prayer) five times a day. In addition to spiritual act, salat comprises of prescribed physical postures that are
obligatory to be performed. These postures are standing, bowing, prostrating and sitting. However, it may be
permissible for those who are sick, disable and old to dispense with such performance of the prescribed
postures, nonetheless, being devoted muslims, they have this innate desire to strive for the perfection of such.
Salat has many benefits for body health, among others it can improve blood flow and muscle fitness of
disabled geriatric persons [1], heart rate and blood pressure [2] as well as standing balance control [3].

Salat involves performing specific postures which in turn requires coordination between muscles
activities and limb motions. Relationship between lower limbs motions and muscles activities were studied
by [4], [5] while [6], [7] reported results of upper limbs motions with muscles activities. In addition, [8], [9]
analyzed both upper and lower limbs muscles activities in association with limb motions. These studies
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studied the muscles activity during postures and movements in salat and compare it with the specific physical
exercises, for example, takbeeratul-inram and stretching exercise [6], prostration and squat exercise [5] and
bowing and unilateral plantar flexion exercise [4]. These postures and movements in salat if carried out
regularly can give the same benefit as performing physical exercises. It shows that salat not only limited to an
act of worship, but it also includes physical movement whereby it could be adopted as alternative to
rehabilitation program and daily physical exercises.

Muscle activity can be measured when a skeletal muscle undergoes a contraction. There are three
types of muscle contraction, namely concentric, eccentric and isometric. During a muscle contraction,
an electrical current is generated which represents the neuromuscular activities that can be measured through
electromyography (EMG) technique either using surface electrodes (non-invasive) or needles electrode
(invasive). The muscle activity can be analyzed by using raw EMG signal. Sometimes, the raw EMG signal
is further processed as rectified EMG or EMG envelope to enhance the signal to facilitate the analysis. The
EMG signal obtained can be processed into a muscle envelope by using root mean square (RMS) calculation
[4], [5] or rectification and filtering [10] to smoothen the noisy signal. Spulak et. al [11] have developed
EMG envelope to detect muscle activity onset and cessation during walking and cycling while Zhou et. al
[12] have developed EMG envelope to analyze tibialis anterior muscle during walking in different terrain.
It shows that muscle envelope has been used for analysis of various muscle activity in various movements.

Age could be one of the possible factors affecting muscles activity. Schmitz et. al [13] investigated
lower limb’s muscle activation pattern during walking between healthy young and older adults. While Franz
and Kram [14] investigated lower limb’s muscle activity and coactivity during uphill and downhill walking
for various walking speeds in young and old adults. Many studies have investigated whether age factor has
any effect on muscle activity, but none has investigated this factor in performance of salat. Therefore, this
study focuses on investigating lower limb’s muscles activity namely Gastrocnemius (GAS), Biceps Femoris
(BF), Tibialis Anterior (TA) and Rectus Femoris (RF) during performance of postures in salat between two
age groups. The postures involve are standing, bowing, prostrating and sitting.

2. METHODOLOGY

The method for this study can be divided into three major parts namely data acquisition process,
EMG envelop development and statistical analysis as shown in Figure 1. In the data acquisition process,
the EMG signal of the desired muscles was acquired and recorded from healthy subjects during performance
of salat. Next, the EMG signals obtained were high pass filtered, rectified and then filtered by using a 4th
order Butterworth low pass filter by using MATLAB to develop EMG linear envelope. In the statistical
analysis part, the analysis of variance using F-test was performed and Tukey method was used for further
investigation of the variance of the muscles activity.

RMS calculation
Data Acquisition & EMG Envelope  Statistical Analysis

High Pass Filter (10Hz), Analysis of Variance
Hea_lthy N EMG signals ] Rectificationand  |— (Anova)
Subjects Sampling freq=2kHz Low Pass Filter (20Hz) and Tukey Method

Figure 1. Methodology of the lower limb’s muscles activity study

2.1. Data Acquisition Process

Ten healthy subjects were recruited in this study. They were five males aged between 20 to 29 for
Group 1 and five males aged above 40 for Group 2. The subjects were briefed on the study protocol before
the data collection was carried out. A surface EMG (SEMG) was used as a technique to measure and collect
the EMG data from the subject’s specified muscles using Delsys Bagnoli™ Desktop SEMG system powered
by a 9V battery and EMGworks®. The laptop was disconnected from the main AC power supply during the
data collection. The lower limb muscles involved were Gastrocnemius (GAS), Biceps Femoris (BF),
Tibialis Anterior (TA) and Rectus Femoris (RF). Firstly, the skin surface was cleaned up by using an alcohol
swab. The skin must be clean and in a dry condition before electrode placement. Next, the electrodes of the
SEMG were placed on the skin surface of the desired muscles to collect the EMG signal. The placement of
the sensor electrodes and the reference electrodes are as shown in Figure 2.
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Figure 2. Placement of sensor and reference electrodes (left: anterior and right: posterior view)

After the electrodes have been placed at the desired muscles, the subjects were asked to perform
postures in salat namely standing, bowing, sitting, and prostration as shown in Figure 3 to measure the EMG
signal of the muscles. These postures were performed in sequence which complete for one rakaat in salat and
each posture was performed for about five seconds. The sequence of the postures performed is as shown in
Figure 4. The EMG signals during the transition between the postures were also measured. Frequency
content of surface EMG measurement mostly lies from 400-500 Hz [15]. Therefore, the minimum sampling
rate is 1 kHz (twice of the maximum frequency content). In this study, 2 kHz sampling rate was used to
obtain more information from the signal. The subjects were asked to repeat the same procedure for three

times to obtain the average EMG signal.

Figure 3. Postures in salat: 1) standing, 2) bowing, 3) prostration and 4) sitting

standing

start— (5 seconds)

bowing

| (5 seconds)

prostration
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A 4
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Figure 4. The sequence of postures performed for data collection

2.2. EMG Envelope Deevelopment

A few steps were taken to develop linear EMG envelope. Firstly, the raw EMG signals were filtered
using a high pass filter with a cutoff frequency of 10 Hz to reduce the noise and motion artifact in the EMG

signals as shown in Figure 5.
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Figure 5. EMG signal of TA muscle after high pass filter

Next, the filtered EMG signals were used for the RMS calculation of the EMG and rectified by
taking the absolute value of the signal. The rectified EMG signal is as shown in Figure 6.
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Figure 6. EMG signal of TA muscle after rectified

Finally, the signals were filtered by using a 4th order Butterworth low pass filter with a cutoff
frequency of 20 Hz to obtain the muscle activity envelope as shown in Figure 7.
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Figure 7. Linear EMG envelope of TA muscle for the postures and transitions in salat
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2.3. Statistical Analysis of the Muscle Activity

Analysis of variance (ANOVA) is a useful method for judging the statistical significance of the
factors in the investigation. Minitab software was used for the computational of the F-value. As discussed by
[16], [17] the primary assumption in applying ANOVA is that the response is normally distributed.
The variance of the response is divided into the variance that can be attributed to the investigated
characteristic or factor and the variance that can be attributed to the randomness in the response. These two
assumptions may be validated.

After the EMG envelopes of the signals were successfully developed, analysis of variance was
employed to compare three or more means in the study. Hypothesis testing was used to evaluate the possible
differences among the means. The null hypothesis (HO) for this test is that the means are all alike using the F
distribution. The alternative hypothesis (Ha) is that at least one of the means is different from the rest.
With the F-test, all the means were compared simultaneously. Even though one is comparing three or more
means in the use of the F-test, variances were used in the test instead of mean [16], [17]. The test statistic F
was computed as follows:-

. v 2
Mean square between, MSB = sZ = WXZ+"” (D)

GM denotes the grand mean of all values in the samples. X represents the measurements of muscle
activity  (voltage) according to the four different types or groups of muscles.
X; is the mean of no. i group, S? is the variance of no i group, k is the number of groups and n; is the
sample size of no. i group.

Y(n;-1)s?

I ez

Mean square within, MSW = Sz, = YD) 2
SZ

Fstar = S_ZB (3)
w

With the F-test, two different estimates of the population variance are made. The first estimate is
called the between group variance, and it involves finding the variance of the means. The second estimate,
the within group variance is made by computing the variance using all the data and not affected by
differences in the means.

The Root Mean Square, RMS value for each signal was calculated. The equation of RMS is as
shown in 4.

2
RMS = [EXn (@)
N

The standard deviation, S and variance, S2 of each group according to the respective muscle were
calculated. The equation of standard deviation is as shown in 5. Where [ is the mean of the population and N
total number of sample sizes of the group, N =n; + n, + ---n,.

S = ’Z (XI:'I—_Ii)z 5)

3. RESULTS AND DISCUSSION

The results are presented in two sections. The first section presents the EMG envelope of muscles
activity during performance of salat for the two age groups. While the second section of the results presents
the statistical analysis of the muscles activity during performance of salat between two age groups.

3.1. Results for EMG Envelope Development

Figure 8 and Figure 9 show the muscle activity envelope of all four muscles TA, BF, GAS and RF
during the performance of salat for Subject 2 (Group 1) and Subject 3 (Group 2), respectively. From the
figures, its show that all the four muscles are involved during the performance of salat (one rakaat), but the
muscles activity varies between postures and the muscles activity in Group 1 is more prominent compared to
Group 2.
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Figure 8. TA, BF, GAS, RF muscle activity envelope during performance of salat (Subject 2-Group 1).
(i-standing and transition between standing to bowing, ii-bowing and transition between bowing to
prostration, iii-prostration and transition between prostration and sitting, iv-sitting and transition between
sitting and prostration and v-prostration and transition between prostration and standing)
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Figure 9. TA, BF, GAS, RF muscle activity envelope during performance of salat (Subject 3-Group 2)

RF is active during standing to assist the knee extension (the first six seconds in Figure 8).
GAS becomes active during bowing to maintain stance in the bowing position (between eight to twelve
seconds in Figure 8 and 9) while BF is active in order to prevent hyperextension of the knee during bowing
(between eight to twelve seconds in Figure 8). TA is active throughout prostration and sitting to dorsiflex the
ankle. RF and BF are seen to be slightly actived during sitting to flex the hip and the knee, respectively.
All four muscles are active during the transition from bowing to prostration approximately at 15s and from
prostration to standing at the last few seconds.

The RMS of each muscle and its equaivalent In for all the subjects in Group 1 and 2 were calculated
and the results are tabulated in Table 1 and 2, respectively. As can be seen in the tables, some of the RMS
values (in bold) have a big difference within the subjects of the same group of the same muscle. Variation in
resistance of individual subjects that depends on the skin and underlying tissue [18] may be contributing to
this difference. Skin preparation is very important whereby the hair should be romoved and conductive gel
should be applied to the skin before electrode can be placed on the muscle for EMG measurement. Other than
that, variation in joint angle may displace the right electrode position along the muscle fibers with respect to
innervation and tendon zone and resulting in large bias estimation of EMG amplitude and spectral [19].

Table 1. Voltage RMS and The Ln Equivalent for Each Muscle for Subjects in Group 1

Subject
Muscle  Voltage 1 2 3 4 5
TA Vs (UV) 3192 11979 2965 2196  16.33
IN Vi 1035 903 -1043 -10.73  -11.02
GAS Vims (LV) 563 1746 1761 7.50 5.20
IN Vi 1209 -10.96 -1095 -11.80 -12.17
RF Vims (UV) 1416 1361 2497 1269  14.96
IN Vi 21117 -11.20  -1060 -11.27  -11.11
BF Vims (UV) 21630 1415 1345 1791 1517
IN Vi -9.03  -11.17 -11.22  -1093  -11.10
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Table 2. Voltage RMS Aand The Ln Equivalent for Each Muscle for Subjects in Group 2

Subject
Muscle Voltage 1 2 3 4 5
TA Vims (UV)  61.37 2982 2636 3575 27.70
1N Vims 970 -1042 -1054 -10.24 -10.49
GAS Vims (UV) 1440  17.00 859 1840  14.00
IN Vims -11.15 -10.98 -11.66 -10.90 -11.18
RF Vims (V) 1570 13.30 4790 13.90 17.10
IN Vims -11.06 -11.22  -9.95 -11.18 -10.98
BF Vims(UV)  37.70  36.90 87.60 1040 12.30
IN Vims -10.19  -1021  -9.34 -1147 -11.31

The averaged RMS values of each muscle for each group were calculated and plotted as shown in
Figure 10. As depicted in Figure 10, the muscle that is the most active during the performance of salat for
Group 1 is BF. Meanwhile, the less active muscle during the performance of salat for Group 1 is GAS.
The same results obtained for Group 2, the most active muscle during the performance of salat is BF and the
less active muscle during the performance of salat is GAS.

Interval Plot of Response
95% CI for the Mean
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% 3 k23 $ % %
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Group 1 2 1 2 1 2 1 2
muscle BF GA RF TA

Figure 10. Mean RMS Value of Each Muscle for Group 1 and 2

There are many other factors that may be affecting the results of the study. One of the factors is that
the transitions between postures of a person are different from another. It may affect the reading of EMG
signals during data acquisition. The height and weight of a subject may also affect the EMG signals during
data acquisition. Another factor that might be contributing to the difference in the reading of EMG signal is
the physiques of the subject. Collecting data from a muscular subject might be easier than collecting data
from a non-muscular subject. The muscles of the non-muscular subjects can be hard to be detected and the
muscle might be enclosed by fat that causes unwanted noises and motion artifact. Therefore, a futher study
that considers all of the factors mentioned above needs to be conducted to obtain a set of data that is
more accurate.

3.2. Results for Analysis of Variance

A natural logarithm transformation of the data was made to meet the assumptions of normality and
constant variance. The standard analysis of variance (ANOVA) result is summarized in Table 3. Since the F-
critical value f 0.05,1,35 = 4.08 is larger than the F-statistic, there is no evidence to reject H, and its p-value
(p = 0.289), this indicates that there is no difference in the mean outputs between the age groups at the 5%
level of significant. Examination of the ANOVA Table 3, the muscles revealed that there is very strong
evidence that the different type of lower muscles is statistically significant. They significantly influence the
response (voltage). Since p-value (p = 0.002) is less than o = 0.05, the null hypothesis is rejected. Thus, there
is a difference effect among the mean muscles. The F-test statistic shown in Table 3 is 6.06 with, dfl =3 and
df2 =35 degrees of freedom. Using the critical value approach with a = 0.05, the null hypothesis is rejected
when F-statistic exceeds the critical value of 3.84. We have sufficient evidence to suggest that at least one of
the four means is different from one of the others. The F-tests showed that the muscle activity pattern
between the different type of lower musles is statistically significant. BF appears to have the largest effect as
compared to the rest of the effects.
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Although all the four muscles are involved during the performace of postures in salat, there was
statistically signifant difference among the muscles. This can be seen in Figure 8 and 9 whereby different
muscles activity are needed to perform different postures in salat.

Table 3. ANOVA for Ln Mean (Voltage)

f}’a“rfgf]:ef DF  SeqSS  AdjSS  AdMS  F P
Group 1 04257 04257 04257 116 0289
Muscle 3 66613 66613 22204 606 0002

Error 35 128307  12.8307  0.3666
Total 39 19.9177

DF=degree of freedom, Seq SS=Sequence Sum of Square, Adj SS=Adjusted Sum of Square, Adj MS=Adjusted Mean Square

The R2 and the R2 (adjusted) values are 35.5% and 28.5%, respectively. This mean that the model
could explain about 28.5% variabilility in the response about the mean voltage. Approximately about 64.5%
of the response variability is not explained by the model. This may be indicating that factors not considered
in the experiment are important. Potentially, if these variables or factors are added to the model, the model
would describe more of the variability in the response. Some of the factors mentioned earlier might
contributing to this response. In addition, the actual time taken by the subject for each posture may be a
potential parameter, psychological state of the subjects and which salat is concerned need to be considered.

Next, further investigation was conducted to determine which means are different from the others.
Pairwise comparison was selected by Tukey Method and 95.0% Confidence. From the results GAS differ
significantly from TA and BF but GAS and RF does not differ significantly from each other so is TA and BF.
These results are shown in Table 4.

Table 4. Tukey Comparison

Muscle N In Mean Grouping
TA 10 -10.30 A

BF 10 -10.60 A

RF 10 -10.97 AB
GAS 10 -11.38 B

Where means that do not share a letter are significantly different. Therefore BF gives maximum
response whereas GAS mean is less. The adequacy of the fitted model for response EMG voltage is assessed
by plotting the residuals against the fitted values as shown in Figure 11. The figure shows that the residuals
are met. Although the normality is not quite met, the samples have equal size and sample size is 40.
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Figure 11. Residuals versus fitted of In mean(voltage) and normality test
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4.  CONCLUSION

All four lower limb’s muscles TA, GAS, RF and BF are involved in the performance of salat.
Different postures in salat requires different muscles activity involvement. Age does not affect the muscle
activity pattern during performance of salat.

Further studies can be done to ensure the accuracy of the result by considering the other potential
factors that might affect the reading of EMG signals and more subjects should be recruited and replication
principle to be adopted in the experiment.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the Ministry of Higher Education Malaysia (MOHE) for
funding this research project through Fundamentals Research Grant Scheme (FRGS) [Ref.:FRGS16-067-
0566].

REFERENCES

[1] Reza MF, Urakami Y, Mano Y. Evaluation of a new physical exercise taken from salat (prayer) as a short-duration
and frequent physical activity in the rehabilitation of geriatric and disabled patients. Annals of Saudi medicine.
2002;22(3-4):177-80.

[2] Doufesh H, lbrahim F, Ismail NA, Ahmad WA. Assessment of heart rates and blood pressure in different salat
positions. Journal of Physical Therapy Science. 2013;25(2):211-4.

[3] AlAbdulwahab SS, Kachanathu SJ, Oluseye K. Physical activity associated with prayer regimes improves standing
dynamic balance of healthy people. Journal of physical therapy science. 2013;25(12):1565-8.

[4] Safee MK, Abas WW, Osman NA, Ibrahim F. Electromyographic Activity of the Medial Gastrocnemius and
Lateral Gastrocnemius Muscle during Salat’s and Specific Exercise. Lateral. 2013 Jun 27;57:86-24.

[5] MK MS, Ibrahim F, NA AO, NA AM. Electromyography activity of the rectus femoris and biceps femoris muscles
during prostration and squat exercise. World Academy of Science, Engineering and Technology, International
Journal of Medical, Health, Biomedical, Bioengineering and Pharmaceutical Engineering. 2015 Jan 1;8(12):860-3.

[6] Ibrahim F, Ahmad SA. Assessment of upper body muscle activity during salat and stretching exercise: a pilot study.
In IEEE-EMBS International Conference on Biomedical and Health Informatics (BHI), 2012 Jan 5 (pp. 412-415).
IEEE.

[71 Ibrahim F, Ahmad SA. Investigation of electromyographic activity during salat and stretching exercise. In IEEE
EMBS Conference on Biomedical Engineering and Sciences (IECBES), 2012 Dec 17 (pp. 335-338). IEEE.

[8] Khanam F, Islam S, Rahman MA, Ahmad M. Muscle activity estimation through surface EMG analysis during
salat. In International Conference on Electrical Engineering and Information Communication Technology
(ICEEICT), 2015 May 21 (pp. 1-6). IEEE.

[9] Ahamed NU, Sikandar T, Rabbi MF, Ghazali KH. Time and frequency domain features of EMG signal during
Islamic prayer (Salat). In 13th International Colloguium on Signal Processing & its Applications (CSPA), 2017
Mar 10 (pp. 139-143). IEEE.

[10] Harun H, Nasir NM, Salleh AF. The study of EMG signals during sitting postures in Muslim prayer. In IEEE
EMBS Conference on Biomedical Engineering and Sciences (IECBES), 2016 Dec 4 (pp. 722-726). IEEE.

[11] Spulak D, Cmejla R, Ba¢ikova R, Kraémar B, Satrapovi L, Novotny P. Muscle activity detection in
electromyograms recorded during periodic movements. Computers in biology and medicine. 2014 Apr 1;47:
93-103.

[12] Zhou H, Wang Y, Ji N, Zhang H, Wang H, Chen S, Li G. Investigation of tibialis anterior muscle activation
patterns during walking on different terrains. IET Conference Proceedings, 2015, p. 4.-4.

[13] Schmitz A, Silder A, Heiderscheit B, Mahoney J, Thelen DG. Differences in lower-extremity muscular activation
during walking between healthy older and young adults. Journal of Electromyography and Kinesiology. 2009 Dec
1;19(6):1085-91.

[14] Franz JR, Kram R. How does age affect leg muscle activity/coactivity during uphill and downhill walking?. Gait &
posture. 2013 Mar 1;37(3):378-84.

[15] Clancy EA, Morin EL, Merletti R. Sampling, noise-reduction and amplitude estimation issues in surface
electromyography. Journal of electromyography and kinesiology. 2002 Feb 1;12(1):1-6.

[16] Elfaki F, and Wahid Z. “Computational Methods And Statistics”. 2015. ITUM Press, Gombak, Kuala Lumpur.
ISBN 978-967-418-318-9

[17] Wahid Z. An alternative approach to experimentation and data analysis. In: 2nd International Conference on
Mathematical Applications in Engineering (ICMAE 2012), 3 - 5 July 2012, Kuala Lumpur.

[18] Hewson DJ, Hogrel JY, Langeron Y, Duchéne J. Evolution in impedance at the electrode-skin interface of two
types of surface EMG electrodes during long-term recordings. Journal of Electromyography and Kinesiology. 2003
Jun 1;13(3):273-9.

[19] Farina D, Merletti R, Nazzaro M, Caruso I. Effect of joint angle on EMG variables in leg and thigh muscles. IEEE
engineering in medicine and biology magazine. 2001 Nov;20(6):62-71.

Indonesian J Elec Eng & Comp Sci, Vol. 14, No. 2, May 2019 : 608 — 617



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 d 617

BIOGRAPHIES OF AUTHORS

Noreha Abdul Malik received her BEng in Medical Electronics from University of
Technology Malaysia (2001) and later pursued her MEng in Communication and Computer
Engineering at National University of Malaysia (2004). She later received her PhD in
Electronics and Electrical Engineering from University of Southampton, United Kingdom
(2011). She is currently an assistant professor at International Islamic University Malaysia
(MUM). Her research interests are in biomedical signal processing and biomedical
applications. She is a member of Institute of Engineers Malaysia (IEM) and Board of Engineer
Malaysia (BEM).

Zaharah Wahid is currently attached to the International Islamic University of Malaysia.
She is teaching computational methods and statistics to Kulliyyah of Engineering students.
A graduate from the University of Newcastle Upon Tyne, Phd. in Chemical and process
engineering. She was formerly an industrial senior principal consultant with the standard
Industrial research of Malaysia. Her specialization is in design of experiments, statistical
process control, halal and quality management systems. She has presented papers at
international conferences and published them in International journals.

Ahmad Faiz Zulkipili his BEng degree in Electronics-Computer Information (Honours) from
International Islamic University Malaysia (2018). His research interests include signal
processing in biomedical field.

S. Noorjannah lbrahim has a PhD. in Electrical and Computer Engineering from the
University of Canterbury, New Zealand. She specializes in micro-nano fabrication technology
particularly in pattern transfer technique, metal deposition, microfluidic design, BIOMEMS,
MEMS and biomedical application. Currently, her research interest is in the area of respiratory
(biomedical) sensor and loT applications. She has been an academic since 2001 and has
considerable teaching experience in undergraduate level and postgraduate, ranging from the
fundamentals course (electronics) to the more specialist topics such as wireless technology
and MEMS. To date, she works as an Assistant Professor at the Department of Electrical &
Computer Engineering, Kulliyyah Of Engineering, International Islamic University Malaysia
(INUM). She is a senior member of IEEE, Secretary of IEEE Electron Devices Society (EDS)
Malaysia Chapter and a member of Institute of Engineers Malaysia (IEM).

Teddy Surya Gunawan received his BEng degree in Electrical Engineering with cum laude
award from Institut Teknologi Bandung (ITB), Indonesia in 1998. He obtained his M.Eng
degree in 2001 from the School of Computer Engineering at Nanyang Technological
University, Singapore, and PhD degree in 2007 from the School of Electrical Engineering and
Telecommunications, The University of New South Wales, Australia. His research interests
are in speech and audio processing, biomedical signal processing and instrumentation, image
and video processing, and parallel computing. He is currently an IEEE Senior Member (since
2012), was chairman of IEEE Instrumentation and Measurement Society — Malaysia Section
(2013 and 2014), Associate Professor (since 2012), Head of Department (2015-2016) at
Department of Electrical and Computer Engineering, and Head of Programme Accreditation
and Quality Assurance for Faculty of Engineering (since 2017), International Islamic
University Malaysia. He is Chartered Engineer (IET, UK) and Insinyur Profesional Madya
(P11, Indonesia) since 2016.

Investigation of lower limb’s muscles activity during performance of salat between two ... (N. Abdul Malik)




