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 This work presents a new design of capsule slot antenna with substrate 
integrated waveguide (SIW) for wireless body area networks (WBANs) 
operating at the range of (2.5-4 GHz) which is located in the body area 
networks (BAN) standard in IEEE802.15.6. The proposed antenna was 
designed for WBANs. The substrate is assumed to be from Rogers 5880 with 
relative permittivity of 2.2, and thickness of 0.787 mm. The ground and the 
patch are created from annealed copper while the capsule is assumed to be a 
plastic material of medical grade polycarbonate. The antenna designed and 
summited using computer simulation technology (CST) software. A CST 
voxel model was used to study the performance of SIW capsule antenna and 
the ability of the band (2.5-4 GHz). Results indicated a wide bandwidth of 1.5 
GHz between the range of (2.5-4) GHz at 3.3 GHz as center frequency, with 
return loss with more than -24.52 dB, a gain of -18.2 dB, voltage standing 
wave ratio (VSWR) of 1.17, and front-to-back ratio (FBR) of 10.07 dB. 
Through simulation, all considerable parameters associated with the proposed 
antenna including return loss, bandwidth, operating frequency, VSWR less 
than 2, radiation pattern were examined. Regarding size, gain, and frequency 
band, the proposed antenna is located with the standards of implantable 
medical devices (IMDs). 
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1. INTRODUCTION 

The approaches of in-body communications (IBCs) are utilizing the human body as a transmission 
medium to interconnect devices in the biomedical wireless body area networks (WBANs). Such devices might 
be either in-body or on-body devices and communicate with each other and also with a central device via  
low-data rate and low-power consumption channels [1], [2]. Currently, decreasing the size of implantable 
medical devices (IMDs) requires a small implantable antenna for embedded applications. Therefore, a lot of 
implantable antennas that were suggested for various wireless communications and biomedical applications 
might not be excellent candidates for the WBAN implantable medical devices due to the fairly relatively large 
size [3], [4]. The human body as a propagation channel is not an adequate way of transferring radio waves 
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since it can be specified as one of the obstacles affecting the transmission system’s performance. It is a difficult 
task to design a good performance antenna to be used with a high lossy medium [5]. 

Antennas that have been aimed for applications of the capsule antenna were researched in many 
different works; such works indicated that conformal form is the extremely significant type and therefore was 
used by a lot of designers [6]-[13]. In [6]-[9], antenna’s conformal form has adequately large bandwidth since 
they were printed on the capsule’s outer wall. The capsule antennas indicated in [10], [11] were created on the 
capsule’s inner wall, thus avoid direct contact with the human tissues. Yet, such antenna’s bandwidth has been 
majorly extremely narrow. A simulated 8.99% bandwidth has been achieved via differential feeding [12]. A 
meandering dipole is loaded with a strip was suggested and reached bandwidth (37.8%) [13]. The important 
antenna is a component in the IMDs and requires to be small in size, providing enough bandwidth, and must 
have an omnidirectional radiation pattern to transmit signals. Recent research on IMDs antennas has shown 
embedded [14], [15] and conformal structures [16], [17] to be a promising antenna type. 

In this work, a new capsule antenna with substrate integrated waveguide (SIW) is proposed. It operates 
(2.5-4 GHz) band performance for biomedical applications. The Ultra-wideband performance shows the 
characteristic with-10 dB impedance matching from (2.5-4 GHz) helps antennas in resisting the frequency shift 
as well as providing a guarantee for the high-speed data transmissions. Therefore, this work is focusing on 
Enhance performance which is related to the subcutaneously implanted antenna with effective wideband 
antenna efficient implanted for medical capsule systems. Furthermore, the proposed antenna has a nearly 
omnidirectional radiation pattern. Because of its small size, support of Ultra-Wideband, and omnidirectional 
radiation pattern, it can meet the requirements for IMDs systems. 
 
 
2. RESEARCH METHOD  
2.1.  Antenna configuration 

The configuration of the proposed antenna with SIW structure has been implemented with the use of 
Rogers 5880 substrate with permittivity, εr of 2.2, and loss tangent of 0.0004. The height of the substrate is 
0.787 mm as in [18], [19] which is suitable for bending and wrapping around the capsule. The patch and ground 
are using Copper are used as conducting material. It is wrapped with plastic material of medical grade 
polycarbonate with 10x20 mm size (inside diameter, lengths) diameter. It includes two rectangular identically 
sized, each one is connected with a rectangular patch slot capsule antenna with the vias SIW structure prior to 
the wrapping process prior to and post its wrapping has been illustrated in Figure 1 and detailed parameters 
have been provided in Table 1. 
 
 

   
(a) (b) (c) 

 
Figure 1. The proposed slot antenna with SIW; (a) before, (b) after bending, and (c) proposed capsule 

antenna 
 
 

Table 1. Dimensions of the proposed capsule antenna 
Parameter Dimension (mm) Parameter Dimension (mm) 

l1 31.5 w1 15.00 
l2 30.40 w2 10.00 
l3 11.50 w3 8.20 
l4 8.40 w4 1.00 
l5 6.00 g1 0.80 
s1 1.05 ws1 32.00 
s2 1.05 Ws2 20.00 
d1 1.00 Ls 10.00 
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2.2.  Voxel models 
In this study, a simulated environment for the implanted antenna is a voxel model. Amongst which 

anatomical voxel models, Gustav has been selected, as can be seen in Figure 2. Gustav represents a  
normal-weight man with an of 2.08×2.08×2 mm resolution [20]. The voxel models thigh area cross-section, a 
3-layered model of the human body (skin, fat, and muscles) has been utilized for the sub-cutaneous implanted 
antennas. The voxel models’ cross-section thigh region, z-oriented capsule antenna has been located at the fat 
center. It has to be mentioned that the capsule’s internal environment. The suggested antenna has been 
simulated with the use of the computer simulation technology (CST)-MW.  
 
 

  
(a) (b) 

 
Figure 2. (a) Anatomical voxel model Gustav, (b) Cross-cut of the thigh area presenting the subcutaneous and 

visceral fat 
 
 
3. RESULTS AND DISCUSSIONS 

The proposed antenna has been anticipated for operating on (2.5-4 GHz) band simulated by CST 
microwave software. In addition to that, this antenna has been applied to a variety of locations in the tissue for 
observing its properties and response face to the human tissues. At implantation depth, d=5 mm, the S11 of the 
coefficient reflection is -24.52 dB at 3.3 GHz and the bandwidth of the main structure is 1.5 GHz started from 
2.5-4 GHz. Figure 3 illustrates the results of the simulation for the properties of the return loss of the proposed 
antenna versus the Frequency. The voltage standing wave ratio (VSWR) is the parameter describing the antenna 
response. Figure 4 it can be seen that the VSWR value of 1.17 at 3.3 GHz. The simulated gain proposed antenna 
inside the body Figure 5 indicates that the maximum gain achieved -18.5 dB at 3.3 GHz, and it is usually for 
the wireless-capsule antenna. Figure 6 shows the measured frequency dependence of the front-to-back ratio, 
which always exceeds the level of 10.07 dB at 3.3 GHz. The radiation pattern simulated of the proposed antenna 
at 3.3 GHz is illustrated in Figure 7. From the perspective of patient safety, the average specific absorption rate 
(SAR) per 1 gram of tissue should not exceed 1.6 W/kg according to the IEEE C95.1-1999 standard [21].  
When the input power of the proposed antenna is set to 1W, the simulated average SAR value in fat tissue is 
122.7 W/kg at 3.3 GHz. Therefore, the input power must be decreased to 4.42 mW. Table 2 summarizes the 
simulated results. Table 3 shows a comparison between the proposed designs with other work. 
 
 

 
 

Figure 3. The Simulated return loss (S11) with bandwidth of proposed antenna 
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Figure 4. The simulated VSWR of proposed antenna 
 
 

 
 

Figure 5. The Simulated gain of the proposed antenna 
 
 

 
 

Figure 6. The simulated front-to-back ratio (FBR) of the proposed antenna 
 
 

  

(a) (b) 
 

Figure 7. The radiation pattern of the proposed antenna; (a) E-plane and (b) H-plane 
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Table 2. The simulated results of the proposed antenna at 3.3 GHz 
Parameter value Parameter value 

Gain -18.5 dBi 
VSWR 1.17 
Reflection coefficient -24.56 dB 
FBR 10 

 
 

Table 3. Comparison of reported capsule antennas with the proposed antenna in this work 
Ref Antenna type (conformal) Freq. (GHz) Band. (MHz) Gain (dBi) 
[22] outer-wall loop 0.403 541 -31.5 
[23] outer-wall loop 0.433 795 -35 
[24] inner-wall loop 2.45 4900 -22.7 
[25] inner-wall dipole 2.45 150 -19.5 
[26] inner-wall dipole 0.4 31 -31 
[27] inner-wall patch 0.915 81 -21 
[28] inner-wall ifa 1.4 150 -25.2 
[29] inner-wall ifa 0.433 753 -9.2 

This Work inner-wall siw 3.3 1500 -18.5 
 
 

4. CONCLUSION  
In this work, the new capsule antenna with substrate integrated waveguide (SIW) operated at  

2.5-4 GHz bandwidth with a center frequency which is equal to 3.3 GHz, based on the standard of IEEE 
802.15.6. The performance of the implant proposed antenna inside the human body has been assessed using 
voxel and multi-layer models. Results and analysis indicate that the proposed antenna achieved satisfactory 
bandwidth and exhibited obvious advantages in gain over other previous antennas. In addition to that, its 
property of the impedance matching has quite high stability. On other hand, its impedance matching property 
has quite high stability in addition to a comparatively high insensitivity to the variations of the ambient 
environment, which is highly desirable since the operating environment of the capsule can differ drastically. 
The aim is for the results to be beneficial as references for the designers who are engaged in developing a 
similar type of capsule for the implant antenna. 
 
 
ACKNOWLEDGEMENTS  

The authors would like to thank all who contributed toward making this research successful. The 
authors wish to express their gratitude to Ministry of Higher Education (MOHE) (Fundamental Research Grant 
Scheme with reference no: FRGS/1/2020/TK0/UTM/02/64), Research Management Center (RMC), Universiti 
Teknologi Malaysia for the financial support and advice for this project (UTM TDR Grant with reference no: 
Q.J130000.3551.06G63 and UTMFR Grant with reference no Q.J130000.2551.21H64). 
 
 
REFERENCES  

[1] K. N. Paracha, S. K. Abdul Rahim, P. J. Soh, and M. Khalily, “Wearable Antennas: A Review of Materials, 
Structures, and Innovative Features for Autonomous Communication and Sensing,” IEEE Access, vol. 7,  
pp. 56694-56712, 2019, doi: 10.1109/ACCESS.2019.2909146. 

[2] S. Sukhija and R. K. Sarin, “A U-shaped meandered slot antenna for biomedical applications,” Prog. Electromagn. 
Res. M, vol. 62, no. November, pp. 65-77, 2017, doi: 10.2528/PIERM17082101. 

[3] J. H. Lee, D. W. Seo, and H. S. Lee, “Design of implantable rectangular spiral antenna for wireless biotelemetry in 
MICS band,” ETRI J., vol. 37, no. 2, pp. 204-211, 2015, doi: 10.4218/etrij.15.2314.0005. 

[4] C. Liu, Y. Zhang, and X. Liu, “Circularly Polarized Implantable Antenna for 915 MHz ISM-Band Far-Field Wireless Power 
Transmission,” IEEE Antennas Wirel. Propag. Lett., vol. 17, no. 3, pp. 373-376, 2018, doi: 10.1109/LAWP.2018.2790418. 

[5] N. H. Sulaiman, N. A. Samsuri, M. K. A. Rahim, F. C. Seman, and M. Inam Abbasi, “Compact meander line 
telemetry antenna for implantable pacemaker applications,” Indonesian Journal of Electrical Engineering and 
Computer Science, vol. 10, no. 3, pp. 883-889, 2018, doi: 10.11591/ijeecs. v10.i3.pp 883-889. 

[6] S. L. Cotton, R. D’Errico, and C. Oestges, “A review of radio channel models for body centric communications,” 
Radio Sci., vol. 49, no. 6, pp. 371-388, 2014, doi: 10.1002/2013RS005319. 

[7] S. Yun, K. Kim, and S. Nam, “Outer-Wall Loop Antenna for Ultrawideband Capsule Endoscope System,” IEEE 
Antennas Wirel. Propag. Lett., vol. 9, pp. 1135-1138, 2010, doi: 10.1109/LAWP.2010.2094996. 

[8] J. Wang, M. Leach, E. G. Lim, Z. Wang, R. Pei, and Y. Huang, “An Implantable and Conformal Antenna for Wireless 
Capsule Endoscopy,” IEEE Antennas Wirel. Propag. Lett., vol. 17, no. 7, pp. 1153-1157, 2018,  
doi: 10.1109/LAWP.2018.2836392. 



TELKOMNIKA Telecommun Comput El Control   
 

Implantable slot antenna with substrate integrated waveguide for… (Mustafa Mohammed Jawad) 

1455 

[9] R. S. Alrawashdeh, Y. Huang, M. Kod, and A. A. B. Sajak, “A broadband flexible implantable loop antenna with 
complementary split ring resonators,” IEEE Antennas Wirel. Propag. Lett., vol. 14, no. c, pp. 1322-1325, 2015,  
doi: 10.1109/LAWP.2015.2403952. 

[10] B. Biswas, A. Karmakar, and V. Chandra, “Fractal inspired miniaturized wideband ingestible antenna for wireless 
capsule endoscopy,” AEU - Int. J. Electron. Commun., vol. 120, p. 153192, 2020, doi: 10.1016/j.aeue.2020.153192. 

[11] Z. Bao, Y. X. Guo, and R. Mittra, “An Ultrawideband Conformal Capsule Antenna with Stable Impedance 
Matching,” IEEE Trans. Antennas Propag., vol. 65, no. 10, pp. 5086-5094, 2017, doi: 10.1109/TAP.2017.2741027. 

[12] K. Zhang et al., “A Conformal Differentially Fed Antenna for Ingestible Capsule System,” IEEE Trans. Antennas 
Propag., vol. 66, no. 4, pp. 1695-1703, 2018, doi: 10.1109/TAP.2018.2804673. 

[13] M. Usluer, B. Cetindere, and S. C. Basaran, “Compact implantable antenna design for MICS and ISM band 
biotelemetry applications,” Microw. Opt. Technol. Lett., vol. 62, no. 4, pp. 1581-1587, 2020,  
doi: 10.1002/mop.32185. 

[14] N. Nguyen, N. Ha-Van, and C. Seo, “Midfield Wireless Power Transfer for Deep-Tissue Biomedical Implants,” 
IEEE Antennas Wirel. Propag. Lett., vol. 19, no. 12, pp. 2270-2274, 2020, doi: 10.1109/LAWP.2020.3029848. 

[15] H. Dinis and P. M. Mendes, “A comprehensive review of powering methods used in state-of-the-art miniaturized 
implantable electronic devices,” Biosens. Bioelectron., vol. 172, p. 112781, 2021, doi: 10.1016/j.bios.2020.112781. 

[16] R. Das and H. Yoo, “Biotelemetry and Wireless Powering for Leadless Pacemaker Systems,” IEEE Microw. Wirel. 
Components Lett., vol. 25, no. 4, pp. 262-264, 2015, doi: 10.1109/LMWC.2015.2400920. 

[17] J. Shang and Y. Yu, “An Ultrawideband Capsule Antenna for Biomedical Applications,” IEEE Antennas Wirel. 
Propag. Lett., vol. 18, no. 12, pp. 2548-2551, 2019, doi: 10.1109/LAWP.2019.2942842. 

[18] Y. M. Hussein, M. K. A. Rahim, A. Rahim, and N. A. Murad, “Substrate integrate waveguide and microstrip antennas 
at 28 GHz,” Bulletin of Electrical Engineering and Informatics, vol. 9, no. 6, pp. 2462-2468, 2020,  
doi: 10.11591/eei.v9i6.2190. 

[19] M. M. Jawad, N. N. N. A. Malik, N. A. Murad, M. R. Ahmad, M. R. M. Esa, and Y. M. Hussein, “Design of substrate 
integrated waveguide with minkowski-sierpinski fractal antenna for wban applications,” Bulletin of Electrical 
Engineering and Informatics, vol. 9, no. 6, pp. 2455-2461, 2020, doi: 10.11591/eei.v9i6.2194. 

[20] N. B. Asan et al., “Characterization of the fat channel for intra-body communication at R-Band frequencies,” Sensors 
(Switzerland), vol. 18, no. 9, pp. 1-16, 2018, doi: 10.3390/s18092752. 

[21] R. Punj and R. Kumar, “Technological aspects of WBANs for health monitoring: a comprehensive review,” Wireless 
Networks, vol. 25, no. 3. Springer US, 2019. doi: 10.1007/s11276-018-1694-3. 

[22] M. W. Alam, S. S. Vedaei, and K. A. Wahid, “A fluorescence-based wireless capsule endoscopy system for detecting 
colorectal cancer,” Cancers (Basel), vol. 12, no. 4, 2020, doi: 10.3390/cancers12040890. 

[23] M. Suzan Miah, A. N. Khan, C. Icheln, K. Haneda, and K. I. Takizawa, “Antenna system design for improved 
wireless capsule endoscope links at 433 MHz,” IEEE Trans. Antennas Propag., vol. 67, no. 4, pp. 2687-2699, 2019, 
doi: 10.1109/TAP.2019.2900389. 

[24] F. Merli, L. Bolomey, J. F. Zürcher, G. Corradini, E. Meurville, and A. K. Skrivervik, “Design, realization and 
measurements of a miniature antenna for implantable wireless communication systems,” IEEE Trans. Antennas 
Propag., vol. 59, no. 10, pp. 3544-3555, 2011, doi: 10.1109/TAP.2011.2163763. 

[25] L. J. Xu, Y. X. Guo, and W. Wu, “Bandwidth Enhancement of an Implantable Antenna,” IEEE Antennas Wirel. 
Propag. Lett., vol. 14, no. c, pp. 1510-1513, 2015, doi: 10.1109/LAWP.2014.2374217. 

[26] R. Das and H. Yoo, “A Multiband Antenna Associating Wireless Monitoring and Nonleaky Wireless Power Transfer 
System for Biomedical Implants,” IEEE Trans. Microw. Theory Tech., vol. 65, no. 7, pp. 2485-2495, 2017,  
doi: 10.1109/TMTT.2017.2647945. 

[27] J. Shang and Y. Yu, “An ultrawideband and conformal antenna for wireless capsule endoscopy,” Microw. Opt. 
Technol. Lett., vol. 62, no. 2, pp. 860-865, 2020, doi: 10.1002/mop.32087. 

[28] B. Xing, Y. Zhang, H. Zou, and Z. Liu, “A conformal quasi-isotropic dielectric resonator antenna for wireless capsule 
endoscope application,” Prog. Electromagn. Res. M, vol. 99, no. December 2020, pp. 211-221, 2021,  
doi: 10.2528/PIERM20091901. 

[29] J. C. Wonbum Seo, Uisheon Kim, Soonyong Lee, Kyeol Kwon, “A Meandered Inverted-F Capsule Antenna for AN 
Ingestible Medical Communication System,” Microw. Opt. Technol. Lett., vol. 55, no. 11, pp. 2562-2568, 2013,  
doi: 10.1002/mop. 


