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ABSTRACT: The presence of harmonics are undesirable in many applications as the overall system performance will be
significantly degraded. By employing the fractal technology into an antenna, it is possible to provide reduction on the
physical size, increment of its operating bandwidth and directivity. However, the technique can cause significant undesired
harmonics problems associated with higher order modes of the antenna. This paper presents the design of a reduced size
Koch fractal meander dipole antenna that has tunable capability of a reconfigurable operation within the observed range
of 400 MHz to 3.5 GHz. The work involves both simulation and measurements. Each undesired harmonic is removed using
one or two stubs. A microwave switch-able dipole antenna concept using Koch curve integrated with open circuit stubs is
presented. The structure employed fractal technology that can eliminate higher order modes. With the utilization of Koch
curves, it is shown that the antenna size is reduced, but the number of higher order modes has proportionally increased.
The size of the proposed antenna is small with regards to the operating frequency. The incorporation of the stub has
improved the antenna performance as desired.

Keywords: Harmonic suppressed antenna, Frequency reconfigurable antenna, Fractal dipole antenna, Stubs-flter

Received: 19 December 2010, Revised 26 January 2011, Accepted 31 January 2011

© 2011  DLINE. All rights reserved

1. Introduction

Future wireless systems such as cognitive radio (CR) are placing demands on antenna designs. Recently, CR system has been
introduced as a new feature for radio communication system such as mobile handset unit [1]. This enables users to share the
spectrum frequency that is allocated from other sources such as unused TV spectrums. Several techniques have been used to
develop reconfigurable antenna for CR applications [2]-[9].  Among the reported techniques are two antennas with wideband
and narrow band features of omni-directional and directional patterns for sensing and frequency agile purposes [2]-[3]. L-
shaped monopole antennas were designed with interchangeable interband frequency using a PIN diode, while DC voltage is
used to control the reactance of a varactor diode for frequency tuning purposes covering UHF band, mobile radio and wireless
LAN [4]. A single patch antenna integrated with parasitic elements via RF switches to create tunable feature from 550 MHz to
1500 MHz has been proposed [5]. Recent studies of reconfigurable antennas include vivaldi antenna [6], log periodic dipole
antenna [7], and monopole antenna [8]-[9] which can operate in wideband and narrowband mode.

Harmonics are undesirable in many applications. The incorporation of fractals into antenna structures can cause significant
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undesired harmonic problems associated with higher order modes of the antenna. This paper presents the simulation and
measurement work of a reduced size Koch fractal meander dipole antenna as shown in Figure 1. It has tunable capability of a
reconfigurable operation within the observed range of 400 MHz to 3.5 GHz. The structure is an  integration of Koch fractal
dipole antenna, stubs and wideband taper balun as explained in section 2. The results are presented and discussed in section
3, while concluding remarks are given in section 4.

Figure 1. Geometry of the proposed reconfigurable fractal antenna. The ideal
switches are ON and OFF to vary the radiating arm length e.g. Band 1 (all switches
are ON, Band 2 (Sa2 to Sb27 are ON) and Band 15 (all switches are OFF) while
?Stub1 and ?Stub2 are changed from 19 mm minimum to 42 mm maximum, and 16
mm minimum to 30 mm maximum, respectively

2. Proposed Fractal Dipole Antenna Design

The configuration of the proposed planar antenna is illustrated in Figure 1. It has advanced features of harmonic suppressed
and reconfigurable [10]. The antenna is first designed to operate at 0.9 GHz as a linear Koch dipole on a low-cost lossy FR-4
substrate. The substrate has dielectric constant, εr, of 4.6 and substrate thickness, h, of 1.6 mm. When the Koch fractal iteration
is zero, the antenna is the same as a conventional linear dipole. Then, it is iterated until N = 2 which has input impedance of
34.78 Ω + j6.249 Ω. The antenna is then fabricated. The proposed antenna consists of a double-sided Koch curve radiating
element that operates at a lower frequency and higher order modes as expected. It is verified by measurement that records
operating frequency of 680 MHz and two higher modes, within the observed range, The modes are named as first higher order
mode, 1st HM and second higher order mode, 2nd HM. The radiating element has length = 124 mm and vertical width = 20 mm)
with indentation angle of 60o, and line thickness of 1.5 mm. It is fed by a parallel terminal (length = 74 mm, width = 3 mm) and
triangular tapered balun (maximum height, H = 64 mm and maximum width, W = 64 mm). The feed line and tapered balun are used
to locate the stubs-filter for filtering the antenna's higher order mode and impedance matching purpose, respectively. The
balun has 1:1.47 electromagnetic transition with linear structure. To suppress the higher order modes of the antenna, one or
two open-circuit stubs (stub 1 with length = 19 mm minimum to 42 mm maximum and width = 3 mm, and stub 2 with length = 16
mm minimum to 32 mm maximum and width = 3 mm) are used as depicted in the figure. The length of the stub depends on λ /4
of a higher order mode in free space while the width is approximately 3 mm. The line width of the parallel terminal, and stubs-
filter is equal to the width of the 50 Ω microstrip line. The total dimension of the antenna is equal to a length of 132 mm and width
of 97 mm.

For achieving reconfigurability, the antenna needs to be able to change its radiating arm length  so that it can resonate at the
desired frequencies. The optimized dimensions of the single band antenna are tabulated in Table I while Figure 2 presents the
antenna photograph for band 1 and its equivalent return loss response.

The length of the resonant elements are found to be 128 mm, 120 mm, 112 mm, 104 mm, 96 mm, 88 mm, 84 mm, 76 mm, 68 mm, 60
mm, 52 mm, 44 mm, 36 mm, and 28 mm. Each is controlled by removing the ideal switch. Twenty-eight switches are located on
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its arms at the middle of each Koch section. The bands, switches condition and the stubs length were reported in [10]. Besides
that, the terminal length, stub width, and stubs location need to be optimized for better performance. These parameters could
provide sufficiently small reflections and avoid the appearance of higher order modes. The configuration is proposed since it
exhibits omni-directional radiation pattern with very low level of cross-polarization, as well as it can suppress higher order
modes, although with a simple structure. The fractal technology applied allows minimization of the antenna size. Open circuit
stub has been used to trap the higher order mode that acts as stub-filters. This antenna is simulated using  numerical
simulations, and  cross-checked by using the FEM (Finite Element Method) based simulations. Good agreement is observed
between both simulation results obtained [11].

Parameter                Value                                      Parameter                 Value

Total size              128 X 97 mm2                       Terminal                               10 X 3 mm2

Dipole arm Length =124 mm, width =1.5 mm  Transmission line               70.5 X 3 mm2

Stub 1                                42 X 3 mm2                      Tapered Balun                               64 X 64 mm2

Stub 2                                32 X 3 mm2                      Indentation Angle                      60o

Table 1. Optimized dimensions of the single band antenna

3. Simulation and Measurement Results

3.1 Harmonic Suppressed Fractal Dipole Antenna
Three antennas have been successfully simulated and measured. These are antenna without stubs, antenna with stub 1 and
antenna with stubs 1, 2 (Figure 2). As can be seen in Figure 3, the return losses of the antennas are plotted using three different
colours (blue, red and black) for comparison purposes. The blue colour is for antenna 1 while the red and black colours are for
antenna 2 and antenna 3, respectively.

The first simulation results showed that there are three operating frequencies from 0 to 3.5 GHz. The antenna operates at 689
MHz, with two harmonics at 1855 MHz and 2814 MHz, having low return losses of -18 dB, -16.3 dB and -17.3 dB, respectively.
The results agree well with the second simulation results. The fractal structure has successfully reduced the first resonant
frequency to 710 MHz, but at the same time produced two harmonic frequencies as expected. Stub 1 (length = 42 mm, width =
3 mm) is used to eliminate the undesired 1855 MHz frequency as shown in Figure 4. However the new 2nd HM resonates at 3209
MHz with higher return loss of ~ -8 dB. Stub 2 of 21 mm length is then added to remove the 2nd HM as shown in Figure 3. The
antenna hence operates at 710 MHz with very low return loss of -43 dB, indicating minute reflection at the input, and
suppressed higher order modes.

On the other hand, the second simulations showed that the antenna without stubs exhibits resonances at 705 MHz, 1910 MHz
and 2915 MHz. When stub 1 is added, the antenna has eliminated the 1st HM and has a new 2nd HM at 2989 MHz. Finally, the
antenna operates at 731 MHz with very low return loss of -26.2 dB after the insertion of two stubs. The measurements were
done using Agilent’s ZVB14 network analyzer, which operates in the 10 MHz to 14 GHz range. There are three operating
frequencies observed from 0 to 3.5 GHz. The antenna operates at 680 MHz, with two harmonic frequencies, 1916 MHz (1st HM)
and 3008 MHz (2nd HM), having low return losses of -13 dB, -22 dB and - 16 dB, respectively. The results agree well with the two
simulations. The fractal structure has successfully lowered the first resonant frequency to 673 MHz, but at the same time
produced two undesired HMs as expected. Stub 1 (length = 42 mm, width = 3 mm) has effectively eliminated the 1969 MHz
frequency. Despite the elimination of the 1st HM, the new 2nd HM with wideband feature resonates within 2.9 GHz to 3.2 GHz
with lowest return loss of -32 dB. Stub 2 (length = 30 mm, width = 3 mm) is then added to filter out the 2nd HM. The antenna with
the two stubs is observed to operate at only 673 MHz with sufficiently low return loss of - 22 dB, and absence of undesired
higher order modes.

Corresponding simulated and measured VSWRs are shown in Figure 4 with good agreements observed. Besides the factor of
efficiency, the increasing appearances of higher order modes indicate that the selection method to reduce the antenna size (e.g.
fractal technology) is a critical issue. In this work, simple antenna design has effectively produce good harmonic suppression
as well as good impedance matching. Notice that the effectiveness of the open-circuit stubs to suppress the higher order
modes (suppression level) in this study is proved based on the realized gain, total efficiency and 3-D realized gain patterns,
comparing before and after the incorporation of the stubs. These are plotted in Figures 5, and 6 , respectively.
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Figure 2.  (a) Photograph of fractal dipole antenna with stubs 1, 2 for band 1 and (b) return loss
(a)                                                                                            (b)

Figure 3. Simulated and measured return loss responses

3.2 Harmonic Suppressed Reconfigurable Fractal Dipole Antenna
The VSWR performances of the antenna that exhibits tunable feature and presence of higher order modes are presented in
Figure 7. Operating band is referred as fr. The operating bands are divided into three groups. The first group covers bands 1
to 6, having 1st HM and 2nd HM. The second group consists of bands 7 to 10 having single higher order mode, 1st HM, while
group three with no higher order mode.

The bands in group three are colored to indicate that they are considered to be single operations which do not need any stub.
Only their first resonances exist within the observed range of frequencies. Besides that, the figure clearly highlights the
objective of the work that relates to avoiding higher order modes interfering with the upper band frequencies (e.g. fr13 to fr15).
All resonant frequencies and their equivalent higher order modes are given in the figure. To eliminate these higher order
modes, one or two open circuit stubs are used depending on the λ/4 wavelength. The results obtained are shown in Figure 8.

Table II presents simulated and measured return loss and corresponding VSWR performances of the antenna for each band.
It can be observed that the antenna can be tuned at 732 MHz, 756 MHz, 787 MHz to 2971 MHz, at a time. The stubs have
effectively reduced the input reflections and thus corresponding VSWRs. Channel operating bandwidths obtained are 2239
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MHz. The length of stub 1 obtained is from 19 mm minimum to 42 mm maximum, while stub 2 is 16 mm minimum to 30 mm
maximum to eliminate higher order modes. It can be inferred that the proposed reconfigurable antenna works well in the CR
standard frequency regulation which is allocated by FCC in the TV band, cellular radio band and ISM band (e.g. 400 MHz to
3.5 GHz) with return loss better than -10 dB, and corresponding VSWR of < 2.0. In addition, Table III gives the bandwidth for
each channel, % BW, E-HPBW, realized gain and total efficiency. The channel bandwidth is from 54 MHz (band 1), 58 MHz
(Band 2), to 670 MHz (band 15). Corresponding acceptable BWs are 7.65% (band 1), 7.9% (band 2), to 21.5% (band 15),
respectively. The realized gain is fairly flat for band 1 to band 9 while the value is slightly high for other bands. In fact, they vary
between a minimum value of 1.563 dB and a maximum value of 3.515 dB.

Figure 4.  Simulated and measured VSWR responses

Figure 5.  Realized gain (RG) and total efficiency (Eff.) as a function of frequency. The
effectiveness of the stubs to suppress the higher order modes is highlighted

The antenna exhibits near ominidirectional H-plane (x-z) radiation patterns and figure-of-eight for E-plane (z-x) patterns as
presented in Figure 9. Bands 1, 2, 3, and 15 have wide beamwidth of 87.7°, 92.5°, 90° and 50.9°, respectively, as tabulated in table
III. The qualitative results by means of E- field patterns have been computed with the higher bands of 11, 12, 13 to 15 to be
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slightly different than the measured radiation pattern ( bands 13, 15, and 15) as  reported in [12] - [14]. This might be due to the
tapered balun size that is relative to its operating wavelength.

Finally, Figure 10 depicted the realized gain of the 1st HM (band 1 to band 10) and 2nd HM (band 1 to band 5) for the antenna
without stubs and the antenna with stubs as well. This figure clearly shows that the stubs have successfully eliminated these
unwanted frequencies by means of reduction of the realized gain and the efficiency to a low value, and the antenna is not in a
radiating mode at these frequencies.

Figure 6.  Realized gain patterns of the fractal dipole antenna in the passband mode and stopband mode. (a)
Perspective view of the antenna without stubs (top) and perspective view of the antenna with stubs (bottom)
in spherical coordinates system, (b) resonant frequency (without stubs), 689 MHz (1.2 dB) and resonant
frequency (with stubs), 710MHz (1.61 dB), (c) 1st HM (without stubs) (1.4 dB) and 1st HM (with stubs) (-2.77
dB), and (d) 2nd HM (without stubs) (2.87 dB) and 2nd HM (with stubs) (-1.24 dB)

Figure 7. Simulated VSWRs of the tunable antenna with higher order modes
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Figure 8. Simulated VSWRs of the tunable antenna with suppressed higher order modes

Band                                   Return Loss                                             VSWR

        Simulated                             Measured                 Simulated       Measured

              Frequency           dB             Frequency            dB

1 732 MHz           -26               673 MHz              -21 1.10          1.21

2 756 MHz           -26 712 MHz             -24 1.11          1.33

3 787 MHz           -31                712 MHz             -26 1.06           1.11

4 837 MHz           -38 760 MHz             -26 1.03           1.08

5 889 MHz           -42 792 MHz             -22 1.02           1.13

6 956 MHz            -19 798 MHz             -22 1.27           1.13

7 1012 MHz          -18 858 MHz             -19 1.30           1.25

8 1113 MHz          -17 858 MHz             -17 1.34           1.32

9 1211 MHz          -17 930 MHz             -20 1.33           1.25

10 1330 MHz          -19 1146 MHz            -24 1.24           1.13

11 1470 MHz          -10 1306 MHz            -42 1.88           1.02

12 1656 MHz          -14 1446 MHz            -9 1.53           2.16

13 1900 MHz          -19 1674 MHz            -9 1.26           2.16

14 2485 MHz          -20 1892 MHz           -12 1.24          1.66

15 2971 MHz          -19 2462 MHz           -20 1.26          1.19

Table 2. Return Losses and VSWR Results
4. Conclusion Future Work

A reduced size reconfigurable fractal dipole antenna has been successfully designed, simulated and tested. It operates in the
400 to 3500 MHz band of the future cognitive radio system. The antenna reconfigurable performance has advanced feature of
harmonic suppression capability. The fractal curve is used to miniaturize the antenna size through the reduction of the first



    62             Journal of Multimedia Processing and Technologies  Volume  2  Number   1  March 2011

Figure 9. Simulated E-plane (z-x) and H-plane (x-z) radiation patterns for bands 1 to 15. Red indicatesH-
plane co-polarization, blue indicates H-plane cross-polarization, green indicates E-plane co-polariza-
tion and purple indicates E-plane cross-polarization
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resonance frequency. In summary, the optimal design of the reconfigurable harmonic suppression antenna has been studied.
The design is feasible for frequency SDR/CR applications. However, its performance can be further enhanced by minimizing
the size of the taper balun as well as implementing it on a low loss material such as RT/duroid. The work has shown that the
number of bands selected to achieve wideband operation and tunable stubs-filter has a critical impact on the antenna’s
performance when realizing it using real PIN diodes.

Bands    BWch, (MHz)    BW (%)    E-HPBW ( o ) Realized Gain (dB)    Total ηηηηη

    1            54                  7.6       87.7                        1.611 0.8898

    2            58                  7.9       92.5                        1.601 0.8842

    3            61                  8.0       90.0                        1.587 0.8783

    4            66                  8.1       88.1                        1.573 0.8707

    5           69                  8.0       87.3                        1.563 0.8651

    6           74                  8.0       87.4                        1.567 0.8599

    7           92                  9.5       86.3                        1.626 0.8601

    8         100                 9.4       84.8                        1.790 0.8513

    9         110                 9.4       84.1                        1.964 0.8361

   10         120                 9.2       80.0                        2.430 0.8238

   11         150                10.7       80.4                        1.920 0.7096

   12         150                 9.1       71.1                        2.467 0.7447

   13         330                17.0       76.7                        3.515 0.7913

   14         270                11.1        54.4                        2.977 0.7809

   15         670                21.5        50.9                        2.463 0.7604

Table 3. Simulated Bandwidth, BWch, Percentage BW, %BW, E-HPBW (°), Realized
Gain (dB), and Total Efficiency, η

Figure 10.  Realized gain (RG) of the 1st HM and 2nd HM as a
function of frequency for the reconfigurable fractal dipole antenna



    64             Journal of Multimedia Processing and Technologies  Volume  2  Number   1  March 2011

5. Acknowledgment

The work is supported by Universiti Teknologi Malaysia. The authors are grateful to Universiti Tun Hussein Onn Malaysia for
supporting PhD studies of S. A. Hamzah. Simulations were done at the Radio Communication and Antenna Design Laboratory
(RACAD), UTHM. Measurements were performed at Radio Frequency (RF) Laboratory, UTHM.

References

[1] http://www.nict.go.jp. NICT's Cognitive Radio Terminal Device Supports Frequencies from 400 MHz to 6 GHz. Date ac-
cessed: Jan.2010.

[2] Hur, Y., Park, J., Woo, W., Lim, K., Lee, C, H., Kim, H, S., and  Laskar, J. (2006). A Wideband Analog Multi-resolution Spectrum
Sensing (MRSS) Technique for Cognitive Radio (CR) Systems. Proceedings of ISCAS 2006, pp. 4090-4093.

[3] Ghanem, F., Hall, P, S., and Kelly, J, R. (2009). Two Port Frequency Reconfigurable Antenna for Cognitive Radios. Electronic
letters, vol. 45, no.11, May 2009, pp. 1- 4.

[4] Ligusa, K., and Harada, H. (2009). Antenna Composition and Technology for Cognitive Wireless Communication. Springer,
vol. 51, no.4, Jan 2009, pp. 843-854.

[5] Zammit, J, A., and Muscat, A. (2008). Design and Reconfiguration of Low Profile Reconfigurable Antenna for a Cognitive
Radio System. Proc. of IEEE conf. on WICT 2008.

[6] Hamid, M, R., Gardner, P., Hall, P, S. (2010). Reconfigurable Vivaldi Antenna. Microwave and optical technology letters, vol.
52, No. 4, April 2010, pp. 785-786.

[7] Mirkamali, A., and Hall, P, S. (2010). Wideband Frequency Reconfiguration of A Printed Log Periodic Dipole Array. Micro-
wave and optical technology letters, vol. 52, No. 4, April 2010, pp 861-864.

[8] Kelly, J, R., and Hall, P, S. (2010). Integrated Wide-Narrow Band Antenna for Switched Operation. Microwave and optical
technology letters, vol. 52, No. 8, August 2010, pp. 1705-1707.

[9] Ghanem, F., Hall, P, S. and Kelly, J, R. (2009). Two Port Frequency Reconfigurable Antenna for Cognitive Radio. Electronic
Letters,vol. 45, no. 11, pp. 534-536, May 2009.

[10] Hamzah, S, A., M. Esa and Malik, N, N, N, A. (2009). Reduced Size Microwave Fractal Meander Dipole Antenna with
Reconfigurable Feature. Proceedings of ISAP 2009, 20-23 Oct., Bangkok, Thailand, pp. 1-4.

[11] Hamzah, S, A., Esa, M., and Malik, N, N, N, A. (2010). Reduced Size Harmonic Suppressed Fractal Dipole Antenna with
Integrated Reconfigurability. Proceedings of APACE 2010, 9-11 Nov., Port Dickson, Malaysia, pp. 1-4

[12] Hamzah, S, A., Esa, M., and Malik, N, N, N, A. (2010). Reduced Size Harmonic Suppressed Microwave Fractal Dipole
Antenna with Reconfigurable Feature. Proceedings of APMC 2010, 8-10 Dec., Yokohama, Japan, pp. 1-4

[13] Hamzah, S, A., Esa, M., and Malik, N, N, N, A.,  and Ismail, M, K, H. (2010). Reduced Size Harmonic Suppressed Fractal
Dipole Antenna Integrated Reconfigurable Feature. Proceedings of SITIS 2010, Kuala Lumpur, Malaysia, pp. 1-4.

[14] Hamzah, S, A., Esa, M., and Malik, N, N, N, A., and Ismail, M, K, H. (2010). Experimental Investigation of Reconfigurable
Harmonic Suppressed Fractal Dipole Antenna. Proceedings of ISAP 2010, 23-26 Nov., Macau, pp. 1-4.

Author Biographies

Shipun Anuar Hamzah was born in Perak, Malaysia in 1975. He received the Bachelor of Electrical
Engineering from Universiti Teknologi Malaysia (UTM), Malaysia in September 1998 and Master
of Engineering in Communication and Computer System from National University of Malaysia
(UKM), Selangor, Malaysia, in 2000. He is currently working towards a Ph.D. degree at the
Department of Radio Communication Engineering, Faculty of Electrical Engineering, Universiti
Teknologi Malaysia. From 1998 to 2004, he worked as a lecturer at Kolej UNITI Sdn. Bhd, Malay-
sia. Since April 2004, he has been working as a lecturer at the Faculty of Electrical and Electronic
Engineering, Universiti Tun Hussein Onn Malaysia (UTHM). He is a student member of IEEE.



       Journal of Multimedia Processing and Technologies Volume  2  Number  1  March  2011                       65

Mazlina Esa was born in Johor, Malaysia. She received the BEE (Hons.), MSc in RF Engineering,
and PhD in Electrical and Electronics Engineering from Universiti Teknologi Malaysia, Univ. of
Bradford (UK), and Univ. of Birmingham (UK), in 1984, 1987, and 1996, respectively. She is attached
with the Faculty of Electrical Engineering, UTM, since 1984. She has served several key administra-
tive posts, and is currently a full professor. Her research interests are RF/microwave and antenna
engineering, THz/PHz technology, wireless power transmission, CAD/CAE, qualitative research,
and quality engineering education. She is a co-founder of IEEE Malaysia AP/MTT/EMC Chapter
and IEEE Malaysia Section, and has served various posts of Executive Committee in the Chapter.
She was the Chapter Chair from 2007 to Jan 2011. She is currently the Counselor of IEEE UTM
Student Branch. She is an active Senior Member of IEEE. She has also served various key portfolios
in international conferences organized by the Chapter including General Chair, Technical Program
Chair, and Tutorial Chair. She also serves as Int. Steering Committee member of Int. Sym. on Anten-
nas and Propagation (ISAP) and Asia-Pacific Microwave Conference (APMC), representing Ma
laysia. She will lead APMC 2017 in Malaysia.

Nik Noordini Nik Abd Malik was born in Kelantan, Malaysia in 1980. She graduated with B. Eng
(Electrical-Telecommunication) and M. Eng. (Radio Frequency and Microwave Communications)
from Universiti Teknologi Malaysia (UTM), Malaysia and University of Queensland, Australia, in
2003 and 2005, respectively. She worked as an electrical engineer with Motorola Technology Sdn.
Bhd., Penang in 2004. She has been a lecturer with the Faculty of Electrical Engineering, UTM since
2005. She is currently pursuing her PhD study in Universiti Teknologi Malaysia (UTM), Malaysia.
She is a student member of IEEE.

Mohd Khairul Hisham Ismail was born in Terengganu, Malaysia on August 31, 1979. He received
the B. Eng. (Electrical-Telecommunication) and the M. Eng. (Electrical). degrees from Universiti
Teknologi Malaysia, Malaysia in 2001 and 2004, respectively. He is currently pursuing Ph. D at
Universiti Teknologi Malaysia, majoring in radio communication engineering. From January 2005,
he joined department of space systems and operations, as a research officer of Malaysia Space
Agency (ANGKASA). As a research officer, he has been involved in satellite design projects such
as RF system and electrical power system. He also conducted research and design on Electrical
Power System for CubeSat project. In 2006, he joined a research project called MAGDAS (Mag-
netic Data Acquisitions System) to expand Global Monitoring of the Earth’s Magnetic Field along
Magnetic Equator with Space Environment Research Centre, Kyushu University, Japan. He is a
student member of IEEE.


