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Compact Monopole Wearable Antenna for Wireless Body
Area Network Applications
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Abstract

In this paper, a compact planar monopole wearable antenna is presented. The
proposed antenna is designed based on the conventional rectangular microstrip
antenna. The overall size of the antenna is only 16x24x0.5 mm3 or 0.134,
x0.1961 x0.0044, where A, is the wavelength in free-space concerning 2.4 GHz
frequency. Furthermore, in this design, a partial ground plane and defected ground
structure techniques are also used to improve the antenna's overall performance.
More than 84% size reduction based on the conventional rectangular microstrip
antenna is achieved for the proposed design. The proposed antenna has a fractional
band width of 6.2%, a gain of 1.08 dBi, and, total efficiency at 2.45 GHz is more
than 73%. Furthermore, the antenna's performance over a phantom model of chest
tissue is examined as well, and the antenna showed an acceptable performance.
Finally, the proposed antenna's scientific absorption rate (SAR) value is
determined and the result is declared a safe performance.

Key words: Wearable antenna, Monopole antenna, Medical applications,
Defected ground structure, Scientific absorption rate, Wireless body area network.

Mohajeri@shirazu.ac.ir :Jgiwme odiuws s Jusy)



Ca @ "0 JES18 Ut sledlaid 3] o b (S 2 )b Sl
09y o) 5l ool andl V] o o ool Sanbgy o] (g jloSosS
o 5 ol ol (£l L 10 o 5L S
Fogme opoj Jblo SUSS I AY] p aidb o |y s5YL ause
4 it 2Sles & i 35 9 by (58] (gl Sa8 e (DGS)
S5 I DGS 3 09Me [VA] 5> ocunsl 005 03l w3 sl Blod jloss
dwdity (o3 o b oS o oalaiol ol dwiin S b 30 g 005 ST
acgion b (sl Bl 3l odlatel p] amd S 3 ad 03905 s |y 5]
ol oty ploige 4255 (S <ot  (EBG)Y unbolitog 551
2o Shby gl sl [YOVA] Cud edgel s dgh &
o 591 3, Slas IS 390 0gde oS o o3l lis EBG sl bl
e 10 500 J5S (o0bj sy S B 3y G ) e Olradinds
D9 (g0 S el

0 oS g SargS MolS slal b Siegn ol o eallio oyl o
Gl 0ads &3l)) 9 o1, WBAN 059> ;0 (S sbad )8 can
SeySliss cols) ROA003 a1, 4 5 el (52l 55
ol b o Lo v Cwlbs b (v VY Lol colpl o Y00
O iyl Ceosd 35 9 9w yiwdyd byo Ol ol s el
oalaiw! Ji..u LSL.ELM DGS C)J" ;i.s }‘ u'”l)L’ u;l 2 o] 03¢
PRI VY0 Luild)8 0 e wlin Guiligel gulai SG lioa i
o> Lyl u‘-" CutsS b DGS 2435 09Me &5 255 Juols
U.KDLU‘ (Y U”I ct)wl 0J3d UT .bl.» dL.Qe (J"‘“")BI [y kY] 9
L conSoyin (Ao VOXYFxed Loas (oolgi iy ol
z9o Jdsb Ag ol > 4 e3gn < NYAgxe NAFAgxe . - FAg
SIS 0 Sles Cpimen el 5,085 VXD Wl ol cLas
il pgsls Jao S g5) 2 30 5 Ol3T sl )3 ool 53
e o 5 cowlio alold > (ool oyl 48 il 0 03l
ool g e Cwd b ) peul 5 Sles g il S548 SAR
Slgi o clio 3o i3 9 395 w2 05 9 g8 Sl b i
Al WBAN o5 (slad )5 (6l canlio (63500

ol b Y
IS5 L Ballas pgusyo (ilatne g b sl Solo il S Izl o
il aYpiaby RS TE (Soj ab 0 Slee caa )
Oy de )8l odd Sk e L+ culbus L RO4003
o) caslie ains g ol dauly 4 RO4003 5,1,
Ol 93 ceslio SB35 9 (1392 ) S 4 bl Cond (Sdgy
o o8l ol S ol el a3 13 eolil 3y90 Sk

5 Fractalization
6 Defected Ground Structure
7 Electromagnetic Band-Gap Structures

Aodko—)
st S1aSed (Sl GlgiSS ) yid dawgi L opdl and 93
SolSind ojg> & Gl jl Gie Qe 4258 (WBAN)® gy o
059 oy (S glad 8 ohg 4 [V] ol 0dd CBglane  Jiude
Oliies 5 Glodize 4295 3)90 (Ol (il 5 ey (s Cax
(15509l (sS4 plgicee abox ol 5l & ol wib S 18
3939 b a8 lismad 503 o)Ll [¥] wae aSiis slaodly laus o [V]
ol yide Cligis g WBAN I oslitul ool dg)S sosil
2 polis npenlS Sl (S 2gd o0 o o | 5T e
9 Cdl)d aiby o o dius Sady clagi] obbaSid owia
bl Sade sl (b Ll .l oage 4 1) baosls s
Pt Ao Sl Cuns (S0 ol 4o 3io5 LS 4S5l g5
b [F] casl Gy o8 0292 020 5 0092 S8 Ll
2 L g ond olyer WBAN Giliee (slaolSiwd b wlgny sly 4
JRally (oo sl (p a8 S G 69y 2 3518 )90
DS o yl8 b Sodp byl ol &S el egMe 4 S
B 1t y90 50 Al e ot (S035 3 gyl o ,Slae 1l
Ty e Sal CpaS Golulyy o3l el 551 rmen 35
S yganeS bawgs 005 e sbadllil b gllas 1L (SAR)
1 [540] 3L ICNIRPY 5 FCC™ (sl lusbil iy ¢ Mol
logas ads bl ojs > ol slaiags, buly e
SR )5 wiged plgis a [AV] cosl 485 @50 (S 059>
G50 b by b yerd GUI by g zgete S il ol
Shppyas B jb 4 g (b Sbap)lS Cua gy
ol 005 1)) 299,55l

S50l 00 1) o ey (ol do g (b 5
e Sb o b 8 o Y] 3 N9V ] S eoe b
Y5590 3 5 @ 9 J (Ahb o 2l 0ad Al by slaoy)
3Sas néy o 5 0 aslisi YU b (sligy 4 obiiwd Ca S ySUled
o Cadd CaSogio o V- ADXVAYDXENY ] IS sl ksl Cogs
b Bl el clagingh | (Sp ol Syir g me sl
o 4B)S 5 g 3,00 sy SIS 055> 3 sl B (sl
CublB b (60,Slee WBAN clbls)l 3 loguas: ailg o byl 4657 o)
obisS il (gl e 1 5550 o0l Bl a3 hid s &y YU ylisalo]
b o 9 whie e (Siem p U5 e i ol Sl
b 2 by o1 S V0] 0 VIV )5 glaidl cos |y of o
ol g el 01 g g b aswslio woe g3l b Ly yiunlg Solo 43l
o oo 09 &Sl 0 o3zl oS’ il (clayy 5 S

aly )5 Gy oy 5856 a8 5 g auie (Wl csle g b

Iwireless Body Area Networks

2scientific Absorption Rate

3 Federal Communications Commission

4 International Commission on Non-lonizing Radiation rotection



s> 03 iligs) 8,3 A 5l el bl ord Juols uiligs; S
S (S L sl LY oyl ol g osel cows 4 35,085 F.0
ool oad Job 50lRS VOV ulS)8 5 uibysy ()8
ligg JS L sl | 5T (gl 355 o atnlie 45 jlailen
odol Cowd @ b o yinly Solo oyl 4 s (gyin s AL

Ll

L4
-
e memmmde=
——mETETTTT ]
- [}
-'-"-""""-L
-

=== Conventional rectangular patch antenna
m——-Antl
—Ant2

1.00 148 197 245 294 342 390 43% 487
Frequency [GHz]

b cilises Jalye 1 11 85131I3905 —Y ISl

-30

50 3l 3,8 VXY b se uils )8 p0 0, Slee cpiily (ly
ol oxd odlitwl y5l e dmio 3 SooS  ibate GBI
oliS 58l 31 G 398 oo s JSS lulatine DGS (] 1 oolil
iy opl g ond adlsl oyl Pl e 4 dislas Sj5 g
15 i 393 0313 JS! 55y o S 3 e 4 iy
QIS e e .l 0 03l L5 ¥ S ) (oolout oyl
23,5 oo ool el B yiwlg ol ks G 5l ooloitn 3]
Wl 0a 035l V Jgan )3 (ooloig o] (slae il g slal
Wp

L1 Lp
Wd Wil
Ld

2| |
5‘ ‘ P L

Wit

&gt gy 53T IS dwwiids — ¥ S5

Wby (Funbgy oyl sl Y Jgu

[mm] 215! yalyl [mm] 211 sl yl
2 P Y Wp
5 Wd \$ Lp
Y0 Ld £A L1
Y Wif A w1
s Lf Y L2

Silwdinge 5 [YVVF] )3 003 il glo g 50,8 (ol dloes
ol odel Cowd a4 CaSayio uo FOXOOX.D CST l38le 5 5
S5 WBAN (sl )l8 )5 by o5l 6 sl oled ol 0og2
TN 4 (S8 bl cass a8 3 5] (oilecSs oS can ol
'Rl (e domiuo ST 5l s 9 Bl ol 4yl (5T ola
i opl A g oo sdalie LY S p0 A5 ] ol odldiu]
oS BSilan sl cSinyto o VEXYEX- D o5 oyl olag kel
Cuosd 55 (bay g yd GBS dlol il oadd 031y uudgi [YA] yo
Sl b sl 55l gilo SosS cas ool S
8 SegSN Jgb i 3 5 i e @ 5 (IS
Sy ol 5 3y90 alS 3 5o 2,Shae 1 5wl il
9 Jh bl ol » @sdoe stalie oV SIS 3 &S jshalen
Slad S )15 Sou blie 50 Hlgain] g 4 a8 IS5 L GBI
i g wslSaul 3l daBlSs ] vy Cawl s oolitul
ibasy il 3 10 g o3ges adlsl il Jolee Jlae @ 1) dcliae

g g0 030 Jasl ool sl pwils B o 4 u*’l
38 mm 45 mm

(s o 2ty e )
<
. 12mm | 16 mm

g =
2] g
: §

;

| N li

¥ oz O =

(shbine g1 U s il ySale (T () HUd Lo ot - JSCad
b o () aBU (o aoniuor b G yiwly Sule (551 (00) ogms yo
JSG L bl
2 bl dole g al qopmls)Sole ol (sl Saq ojlusl loges
u,‘:j Sy 298 o osmlive a5 jalailad .l o 03> L Y JSS
So PR VN0 (ulS 853 pgu e (Jelaituns g b o piwly Sole
Sy oSt L glacslSs b Y ol el g ool s & 35,0188
sl ok ol a8 YAV LS 5 uibsg) LulS s
Slig JS5 L slmblSis b ol (gl 3985 oo odnliio a5 yghailan
odol Cusd 4y ol ool Solo (55T & Ced (g o L
b Ul 5 4l o toly Solo (551 gl S 0jluilloges
Sy 2505 o0 anliie &S jolatlon .l o o3y L5 ¥ JSS jo
F IS VX0 (uilS )8 )3 cpgusyo bt g L g sl ol 53

1 partial Ground Structure



as )5.|a.3l.o.(a el 0al oolo ULW.» <9 A LgLQ:JSw; 59
bl o Clueis ain E asas 0 05d o0 cdnlin
G S H amias ;0 90,0 J18Z jamme i g Cudie
E.‘a.w ‘og)LC O w0l J.@L> LUE ZON TP I WA
Ol 00 5 Yhwl) oo e g Yhl) oo slo (gl D
05....4‘54 o lie C}.@} LE) as 4.75§.>L0.Q o] UQM gJ&w
9 E axan 99 B O kJ—"SAAJ\b Yo éjd} e U?"’“"yjfl s.i;
Lewly oo ef 5 Loly o2 slo Ggeml e D zobaw le H
4.‘4....1‘5 O as MQ‘SA ULM.AJ Al Q"‘ ol oo J@l}
75 DGS S92y 5 5 (51 SzsS Jln e 5 ol

o] 0392 )-"-"L’ )Lw ‘57(.’4_...4 C‘j,q‘ )‘ ‘SMJL) Oladaris 9

— Co-Pol
-== Cross-Pol

2 8Ny o1 (ams o ol 5 () - 0 U
3ty 5T (4% 93 aabiadi (58135 ,2IKS V/E0 uilS 3
H () & () a3 55,188 /0 3 53

iy 51 slyy IS ool e o 335 (oo s

@ axgi b aS ol Cawd 4 ZYY/AY (5,885 V/FD Ll
S5 il o5 4 sl conlin jlour 51 (1] S5 3Ll
2 IS olesly e ol 3,Slee w8 )d L -5
Sl 3 Slee 51 L5 4 w03 €l L5 (udlS 5 51 by
2 b > U pledily aidin i 31 (ol o8]
51 6l At 0,40 -Canl ool Cawd 4 ZVD I i 3 Shes
ool 05 Lol Vo ABI 55,0158 VX0 LuilS 3 )5 (ooloii
o ok ooF JSB ) il B e g A o (ke
D ySlas il 8 Bl 53 0y40 Cusliy &S jolailon g
ot 0,Ses (adlS)8 WL 50 0yp0 dinds )b col (g)lude
o) o5l canle iy opl 4l osal s 4 V.0OVABI

3 Cross-Polarization

dorto sl ST (S L gl 5939 b sy cpl &
TAE 5 i U ol IS sl cogame (e doxiiojud g yadl cyuo

g el GhalS pguye (s g b o2l Sole (5] & o
bLocaSopie o VEXYFxed L ol was olel 1Y

2 zee Jsb Ag ol 3 &S o3 + NYAgxe N AFAgx- e+ FAg
@ b cose ol el ol 0 Slee LuilS,3 0 Sl clas
Sz 455,05l o)le (ool 5] S dwsin oS sl cowd
@Mty (551 (] Sa g8 s 20 5 Sars dlal 4 25 Ll
by Obli)l g bory o BaSed lp cuwlie (63500
O3 5 b eolerin o5 S1q ojlailloges ¥ SE g als
el ptica g0 ol 5145 slilen ad 00 s s DGS
a5 5,885 V. Sop wib e 5l o,Skee DGS 0459 L
Cosl (ISM) O o —ale Sip sl s atio
CobeS upo DGS 3925 Lo 4 odle 4 098 (o Jol>
b 4y s (10l sl i 5 opl 4 g a8l Grals (]
o5l o ol & el ail nl53 780 b DGS sy
21 3, YOV B Y.YVA ol )8 ooguss ool )b
YXAOY LY. )ISM 5,085 V.F Sy aibaS o ,5 o p

B3 (oo g (97 4 ], (55,8505

B .

-15

11 [dB]

-20

—W/ODGS

23 —W DGS

-30

200 211 223 234 245 1257

Frequency [GHz]
DGS (9 9 b (g3lauing il S1q 0515115905 — £ JKS

268 279 290

o131 slad jd Fawdgr oyl 3 Sdes—Y-Y

35 8L e Ao e SISl eslatul 4 4z L
rintd 658 Sy ol o1 gere (e amio
G A ordonld oSl il ools s @ | aip> den
il 695 oyl g o sdmlie IO i o o]
sl g ol oass Lias o, Slae uslS )8 b wlipw o
Slojguin g Lolliws ;o (095 4 Wilgioe soleiiny
058 15 eolinul 550 YU pliebl culls L WBAN

2 @bty o1 Gamge adants 55Nl (pizeen

L Industrial Scientific Medical
2 Co-Polarization



dniB CBl Jao Bliseo gy S pSI) lbanascive - ¥ Jgds
[YA]5 58 Y/l 58,0 dips

Ol amdle (g Cwy
WELOYEY DY VR S sl 65 el
(G
< IAY \IVY < ve S "
E1(0) 5wt
VoA .. .. .. kg -
\ VeofF q Voo ﬁ] ‘;llS:
W \g I Y [mm] cebks
sl
Sl siial
dlgiy o A
iy

SIS slad

340 sl

g dand CBL Jo (59 2 (3 (85T (65518 - ¥ UK
S alen Vb glaguils ;3 50 plul o &Sl 4 229 L
PR 13 (o S (o0 Jos (pmblisn il lgal (gl )l il Laomo
szen ol 53, 8kas (sl oy (ool el (So335 5 o (6553
o 5 iS55 o3l il sl < pibissy 0
Sy ey odloiiy oyl & bl 55,5 o )5 b cow s
s Joolgd g3 o1 1 ool L Conl dtprden admis (goX]
@t 51 g g il il s Wlge o 4 S5
ol 0 (b WBAN (cla jguiow g olKiws ;3 odldiw! s
Amd o il ) o] lieddsl cubl aipsdon abnds (6631 1Y
G0 59y p SxSB o > 5l S ojlulylogei A JSs o
0 dulio O3] (oliab 5l alols l3ges b dimw dudd cél pgiils Jso
Bl 4 S5 sl Jolgd )3 095 oo odalin & jghailen .l
ai3)S 15 o )b Gl lase 45U cov s 4 o3l (e e V)
13 a5 sl 03 )5 353 walats LuilS8 5 ] Mol 5 ol
O (S iligy pilS 2 Bl Jae 5l (st (o ¥ aliole
YL S slisd cob g )b il Capb cde 4 ol (ol &S 00l
Lalie s Ol3 L o,Slas dold pl 3 pisron Cawl oLl
ol I3 b sl onal Cans & Ofj] (gl ) alols s
O 55 5V el puilS 5 4y ] uilig)) oS 29 0 odalis
93 3 (ool 3l d*-‘: 90 (ordindd (6651 IS5 p> Ll 00l
SxSHE s g0 0 5 alKS VX0 LulSys gy H 5 E axan
ol 00 dunlie i (cLad g i dud Jio ;I calisce Juolgd )
J3o 595 3 55l 658 P )3 g o nlite &S yslailen

S s8 slasl 4y 4385 L 5 035y L3 by g calio MolST aslS 5 3L,
D9 43,5 IS 4 WBAN (sla ygunias g ool 13 15 o

L]
20
70

Cuciency | ve)
[P LF Y
c 22828

=]

242 245 248
Frequency [GHz]

260

all

230 242 245 248

Frequency [GHz]

2.60 290

1 il 2,581 1903 () S o laged () -1 Yo
3wy

OM 89y2 SO o551 5 Slos-Y-Y

psils Juo 5l el g9y 32 ooty o8] 5 Slas () Car
5 odd odlatwl patld Jio .l ol odlatwl diw dwsd cdl
w2 Aazuble (ol Jold 50395 oYL € (gl dllas )
Ll 51 Sy s 5 ey slaciasitn &5 Cosl Cangy 5
dulime Cg 45 ool S5 LLs [YA] Caslods 03,91 ¥ Jod> )

2 oo odlazwl (V) alaly 1 S SUl Susle,
o= E (\)
9 L?d‘}'“) WBLQ.A pS S/m UT A>|9 9 L;J“"L") o 4]4:‘) L)"l » &S
oy (Saiiboy ol ply 2l o o3l culses g B/, T sl
Sl b ials Cuglio a0yl odaw Cuwglis b wSe
5 ol 4 g Mb oo il (S SIS e ) g aidly al 39l

A dundd Jdo diged [IV] Wb o Liul33) ol miinis ool
o V0 alols > Sawsgr il S eus ool lis V¥ JSs

ol 48,8 )15 5l s e

1



£
=
=3
S
il
Ant 1 Ant2
6.00 mm .00 mm =
£ | i1.0[I mm 5
1.00 mm E I3
£
£
= ]
=
Ant3 Ant4

Pl (o3 dxiio (Sl iliden (GLramssid (o2 = ¢ JSG

FRAES VL0 (il ;8 13 5,Sos Cua ¥ o)l Sy
Al Gl e axdio 3 plyr al Sl )Y S
slp cdds p> om0 Ll g 4 ] el 2Lk Sudy
ool S5 90 4 b b sligs L3l s DGS cuwlio 5)Sas
Sl 4 (Solo cpe 5> GlGS dwsin g5 L aSST Jgl 2,8 o, L]
crl 9 039l dgmg dr IMB] byn yume 5> Wlgn a5 39 Lol
s 1L 4Y 5 osle aSST pgs (VY S5 aiilo)and il 381 1y yoao
P &S shailed dges lais @ Al K Glal 5 S Slgn el
a5l oolitwl u sdalie dlie fped ;3 ude sla sy

B Cauwd dy (6 i Ll (gl Blg5 oo 03 b dod yozmed Zomin

—Ant 1
=== Ant2
— ANt 3
- = Ant 4

200 211 223 234 245 257 2.68 279 290
Frequency [GHz]

1817 851050 51 VY UK ooy rlmis 51 Sy 51— UK
SRy (g

." . PR d9§‘” 410? ).1 s ae ‘-ng LEY ‘_{Olﬁj wb‘
V0 dgas b e leinds e o holsd plos clyy Loy 5 ol
YL S xSl gd ol s 4 alie (ol ool adly jials” b awd
L:.wy UJ.: Oladianis u;l d))" ub [V UL..» &S 039 d)[g,.w.u

ol slades > Cladiads ‘J.Aolyé wobod o Jb plly Cwol oM
ol 0dds Laas u“i

|Su|

= Firee space

200 215 230 245 260 275 2.90
Frequency [GHz]

é‘ji slas yo u.uT &y 811 03105051005 dws Lo — A Sl
o s €3l Jtn3! il oty 59 5 5 5 o153 33

e Free space
—— d=imm
——d=8mm ]|

-== d=15mm

YI£0 (il )8 55 oyl (gumy 95 (cruirnis (5o5) duanyliio A JSS
S} ilisn Juolyhy5 (68 1,8 ol8ing o1 Ui 55 5 28
H axtuo 13 (&) E aoxio yd (A1) s dund

Jao 595 32 6S)18 i o ol (el U5 ol ol
IV 5 @l 5 S ye (o VO g AP Juolgh 5 dis dudb il
abawlg 4 511 (oliab b auglio y3 4 ol ol Cawd 4 YA ¢ VYA
o500 Oyljee ek Cuwl 00l Capnal a4y 8L b el lae
2 A ddd o g9y p 55518 o > ool 5T ol
& ~BXBI 393> (gyio o ¥ alols )3 3,088 YD Luils 3
5 ool ol cUad dy o 0,00 s ialS ol canl odel Cawd
Om Obj Hlees OB L 4 5l UL 5 ola slapjlse
Ol 42,8 Y]l €l g lon S pslligs gloaascio
ool Cuwd 4 YYABI cdb Jao jl (oo oo VO alols ;> o400
Sy o8 & amde (L5 58 adlas iy ) 4 ol
F98 JB g cuslio 3Shos Wl oo J o (S35 ) el
> 4 Wlg o (IS sS po g bl 4 s gr L 1 Laad casy o |,
255 31,8 odlatwl 3)50 WBAN (sl jguiias 5 olSiws 5o



905 sl a5 ool Cawd @y p,SolS p lg ¥ g VFR o AVD L5 )5
51 sl SAR sse cpsizmads aol ICNIRP 3 il L 3ollae
g i CEL o I gt (ko A alols > (5515 plSn >
oS ool Cawd 4 p,S9lS p Clg VEF s il 5l a5 Ve pa
51 iy o ol pSelS Sl ¥ 3l s ) iSesS
Ll Slgilee VYO S e 53509 Ol9 Ol ST ool
do le @ier WY USS p el daled el MelS (60 ,Sles
Sloj 9 FlRS VX0 Juil)8 ) i st Bl Juo Lawgs 05
o o3> ylis 3,5 )3 T 5 o yte Lo VO g A Jolgd > oyl o
J3e bwgs oyl 350 53 (o5 5 (oS a0 45 39 o odmliie o]
5 0dg cunlio 0 )lg7 J988 Goc woMe & .Cuwl oad Lls il
o3lisul 3,90 52990ke Slaisyl 905 (y92 (23 ) )3 Wl oo
25 )l

0.875

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

S gl

95 %95 sled

o iy 5l e b 05 0z Ol i VY UK
o A (1) dold )3 (5T (1 35,0185 ¥/€0 (il )8 4 i
o o 10 () o5
A Coslio Juolgd 1> (oolgidiy oyl 45 395 s odmlie cud i oyl
e Cawd a1y el 0 Sles Wl o b 3l gyte (Lo VO g
2 ol elas s i Mol 5, 8hos s oM oyl ol cpalplis
Jb o 2 5 0 cuwns 4y Jod LB 5 Slas 5 o (Sedp
e ity o8l e ol 4l o bais 5 )8 e
Sz gldyylS o Tom 5l 2B g N g slaglus 5 Wl
Slalio ¥ Joaz 351,38 03latul 3590 (D925 w2 SASS
IS ploily olel Ll 511y oy slostimgy b ool o3l 5l
o] 295 o oanliie a5 39Silen amd o L (oamd Lb sl g
5 AL (et Sl img3 4 Cunmd (655585 sl dlal (ooloiiiy

ol 021 Cowd 4 1y awolio 5,8 lojor

2 Off-Body

;—v—--&.-”"""""”«w-o—- A s
-t d=p e guaiaiht A
ARSI RS .
4 . i - b bt e A m
t’ & 252
f‘l"f'”\’ #;-\-@ qx .
the @ xﬁ’#&?%x 200 —
% an ‘,iﬁx[/?%g" i
':1 4 4 T’x}ﬁ }: 160 —
» v t ]
120—"
80 —

1.1 = -
PSR s S M i irdiod |
PR - 2 -
O \k‘»ﬁu’v‘ el 1

aa e o p— . o e

o 4o g g ololl )3 (b by (B @598 VY IS
F &S Y.£0 [uils,8 45 ol

o8l el 2 8les l Jolb ekl cax Bl e
Ol o (S35 5> odleid
alsel 5551 o Glie Sial SAR Jlaisl 4 | oy il Sal
MR8 Elsel ol (o pme ) aSeoliin Canl (3 b curbliseg Sl
e olg oo o] Alwg 4 45 cunl (wlide SAR glg 45 3,5

Ll 045 dwlxe OT d‘)’. SAR

SAR iy cpl s 1) G ol 3550 ol (Sl )0
Ol o baogs 0l Gl (publisng ySUI (6558 (50 028" (s
A5l YL SAR do yb ibbe pySobS 5 cly 5] asly 45 ol
STls oximd ()i 5 ol yidin o bwgs 55 ol @l Gliee
FCC s,k 5 .03l o bl b ly o o dgr 5
Cly V2 ((Sjlom <L 5l )5 o lawgio sl SAR jlade gl
&y SAR Jliia yS1as dCNIRP 3,lkal )3 g ol p 5ol
0 Gigss p S 3 Sy ¥ oSl 3l )5 63 o Luwgia
Sy o Cawl SAR iy yx5 I diwsled  lawduuno aS” (V) alayly L]

LVY] 5y ) 4 o s dnoloes ol

SAR =< (S2) = (50) [W/Kg] (v)

dt \dm pdv

P gl 13 03,5 3985 (cublineg ySII (6551 W (358 dlaily 53 o8
Bl (oo 8L o g JBe c 4V

2 &S A awdd poil Jio 5l SAR e apule Coa

Jeolgd (6l SAR l5ue 5 00 ool W 031> sl Cpdiny yiou

ool b calisee (63959 (sl )lgi b e dundd Bl diges 3| calizes

Oliwe &8 23 oo i Olalllas sl o0 duwle CST l58ls 5 5

0l bl 3l (st e 10 alolé > (ool 551 (sl SAR

1 On-Body



[2] M. Séresténiemi, C. Pomalaza-Raez, Ch. Kissi, M. Berg, et
al., "WBAN Channel Characteristics between Capsule
Endoscope and Receiving Directive UWB On-Body
Antennas," IEEE Access, vol. 8, pp. 55953- 55968, 20
March 2020.

[3] A. Sharma, E. Kampianakis, and M. S. Reynolds, "A dual-
band HF and UHF Antenna system for implanted neural
recording and stimulation devices," IEEE Antennas and
Wireless Propagation Letters, vol. 17, pp. 722-722, 28
June 2018.

[4] M. El. Gharbi, M. Martinez-Estrada, R. Frenandez-Garcia,
S. Ahyoud, et al., "A novel ultra-wide band wearable
antenna under different bending conditions for electronic-
textile applications,” The Journal of The Textile Institute,
vol. 112, pp. 437-443, May 2020.

[5] IEEE Standards for Safety Levels with Request to Human
Exposure to Radiofrequency Electromagnetic Fields, 3 kHz
to 300GHz. IEEE Std. C95.1. 1999.

[6] ICNIRP (International Commission on Non-lonizing
Radiation Protection), "Guidelines for limiting exposure to
time-varying electric magnetic, and electromagnetic fields
(up to 300GHz)," Health Phys., vol. 74, pp. 494-522, 1998.

[71 A. Smida, A. Igbal, A. J. Alazemi, M. I. Waly, et al.,
"Wideband Wearable Antenna for Biomedical Telemetry
Applications,” IEEE Access, vol. 8, pp. 15687-15694, 17
January 2020.

[8] A. Y. I Ashyap, Z. Zainal Abidin, and S. H. Dahlan,
"Inverted E-Shaped Wearable Textile Antenna for Medical
Applications," IEEE Access, vol. 6, pp. 35214-35222, 14
June 2018.

[9] X.Lin,Y.Chen,Z. Gong, and B. C. Seet, "Ultra-Wideband
Textile Antenna for Wearable Microwave Medical Imaging
Applications,” IEEE Transactions on Antennas and
Propagation, vol. 68, no. 6, pp. 4238-4249, 3 February
2020.

[10] A. Bouazizi, G. Zaibi, A. Igbal, and A. Basir, "A dual-band
case-printed planar inverted-F antenna design with
independent resonance control for wearable short-range
telemetric systems,” International Journal of RF and
Microwave Computer-Aided Engineering, vol. 29, pp. 1-8,
13- April 2019.

[11] J. Wu and K. Sarabandi, “Compact omnidirectional
circularly polarized antenna,” IEEE Transactions on
Antennas and Propagation, vol. 65, no. 4, pp. 1550-1557,
April 2017.

[12] E. F. Nor Mohd Hussin, P. J. Soh, M. F. Jamlos, and H.
Lago, "Design of a Microstrip-based Wideband Wearable
Antenna for the 2 to 3 GHz Band," in 13th European
Conference on Antennas and Propagation (EuCAP),
Krakow, Poland, 31 March 2019, pp. 123- 128.

[13] G. Gao, C. Yang, B. Hu, R. Zhang, et al., "A Wide
Bandwidth Wearable All-textile PIFA with Dual
Resonance Modes for 5-GHz WLAN Applications," IEEE
Transactions on Antennas and Propagation, vol. 67, no. 6,
pp. 4206-4211, 17 March 2019.

[14] S. Yan and G. A. E. Vandenbosch, "Radiation Pattern-
Reconfigurable Wearable Antenna Based on Metamaterial
Structure,” IEEE Antennas and Wireless Propagation
Letters, vol. 15, pp. 1715-1718, 11 February 2016.

[15] C. Mao, M. Khalily, V. Singh, and P. Xiao, "Low-Profile
Vertically Polarized Wearable Antenna with Omni-
Directional Radiation,” in IEEE International Symposium
on Antennas and Propagation and North American Radio
Science Meeting, Montreal, QC, Canada, 5-10 July 2020,
pp. 34- 38.

[16] R. Jothi Chitra, V. Nagarajan, and D. Mukesh, "Design of
Wearable Pentagonal Fractal Antenna for Soldier Location
Tracking," in International Conference on Communication

b po comibay (SRR 3 b (63l (58T dmglie — ¥ Jou>

g plsly s alal LT Y
b [%] aYy; [mm?3] 5,os
o [GHz]
[%]
O/f \Y el Dexdex# OIS [vy]
o> £0 Sl Yoox)eext \ACIEAL !
_ Q€ RT Qe x¥ox).OY Yies [l
5880
V0 va Rves FoxYoxeY vie o [Al
VIV Yo RT  vaxvax-/b-Y AT LYY
5880
YA qy RT YYxYOx+ YAY Yif vl
5880
JA - RO4  fAxFAx)OYD vies Vol
003
V.4 Y./a5 -sb Yoex®exe.0 Yie o [al
sl
#IV  YrAY  RO4 VExYxe.0 Yifo ol
003 e
C 5 A€

Al b oS g SosS s Gy o8 S dlie ol
ol g2 a8 L AYAgxe VA X s FAG L o io uo VEXYEXD
FRES VE LS 3 50 5 ol glad 5 o,8kae zge sk Ao
ol 04 S ISM 35,283 V.Y (S5 Gb 50 0 ,Sles Caps w2y
3 ol oxd b RO4003 jaly 4Y 5 abp ooloidin oyl
4 &S odd odlatwl JS& Juatue DGS 2)b Sl Sl oyl
%;Cxlgwmyb)m,\pwlf)éxb)n)ﬂwOTc\]awla
VX0 (655 0 plS B LTFY (oo 8L (sliag gl (ol 5]
—don (uidindl (80| Sy ol 3l imen ol § 0SS
Oljee 0gMe & ol 03y Cawd 4y (63, 5as Bb ol 1y dips
VoA dBi cuy 4 58 VX0 LulS,8 0 IS lessly g 0y
&9y 2 i oyl 3 Slas asldlyd ol 0390 VY 5l i g
3 das &S 8)S )18 (pwyp )90 5 Al dudd L pgils e
Cond a5l eyte (deo VO 9 A cawlio Jolgd 3 1) Jod LB
oL g dubre (goloiing (55l (gl SAR (500 Lol 53 sl 02l
iy opl ey e cand 1) yenl (63 ,Shas 5T ol 4S5 0l
Pl 35 5 Sas bl o8 070 4 a5 b ol Sandy; 55l
Sl omolio Hlaws 2500 Wlgh o g5 Canlio MolS” 5 Slas g 00l

255 WBAN (sl )8

&1y

[1] D. M. G. Preethichandra, L. Piyathilaka, U. Izhar, R.
Samarasinghe, et al., "Wireless Body Area Networks and
Their Applications-A Review," IEEE Access, vol. 11, pp.
9202-9220, 23 January 2023.



[25] A. Y. I. Ashyap, S. H. Dahlan, Z. Zainal Abidin, and M. H.
Dahri, "Robust and Efficient Integrated Antenna with EBG-
DGS Enabled Wide Bandwidth for Wearable Medical
Device Applications," IEEE Access, vol. 8, pp. 56346-
56358, 19 March  2020.

[26] D. Mathur, S. K. Bhatnagar, and V. Sahula, "Quick
Estimation of Rectangular Patch Antenna Dimensions
Based on Equivalent Design Concept," IEEE Antennas and
Wireless Propagation Letters, vol. 13, pp. 1469-1472, 1
July 2014.

[27] M. Mathur, A. Vats, and A. Agarwal, "A New Design
Formulae for Feed Line Dimensions of the Rectangular
Microstrip Patch Antenna by using Equivalent Design
Concept," in 2015 International Conference on Signal
Processing and Communication (ICSC), Noida, India, 16-
18 March 2015, pp. 56-60.

[28] J. Dong, Q. Li, and L. Deng, "Compact Planar Ultra-
Wideband Antennas with 3.5/5.2/5.8 GHz Triple Band-
Notched Characteristics for Internet of Things
Applications," Sensors, vol. 17, no. 2, pp. 349, 10
February 2017.

[29] Z. H. Jiang, D. E. Brocker, P. E. Sieber, and D. H. Werner,
"A Compact, Low-Profile Metasurface-Enabled Antenna
for Wearable Medical Body-Area Network Devices," IEEE
Transactions on Antennas and Propagation, vol. 62, no. 8,
pp. 4021-4030, 2 June 2014.

[30] Z. Hamouda, J. Wojkiewicz, A. A. Pud, L. Koné, et al.,
"Magnetodielectric Nanocomposite Polymer Based Dual-
Band Flexible Antenna for Wearable Applications," IEEE
Transactions on Antennas and Propagation, vol. 66, no. 7,
pp. 3271-3277, 13  April 2018.

[31] S. Yan, P.J. Soh, and G. A. E. Vandenbosch, "Compact all-
textile dual-band antenna loaded with metamaterial inspired
structure,” IEEE Antennas and Wireless Propagation
Letters, vol. 14, pp. 1486-1489, 12 November 2014.

and Signal Processing
July 2020, pp. 167-171.

[17] A. Dolatchah and B. Dorostkar, "Analysis of a microstrip
antenna with an incomplete ground plane structure that can
be used in electronic defense systems," Journal of Modern
Researches on Electronics Defence Systems, vol. 5, no. 2,
pp. 22-27, March 2024. (In Persian)

[18] A. Arif, M. Zubiar, M. Ali, M. U. Khan, etal., "A Compact,
Low-Profile Fractal Antenna for Wearable On-Body
WBAN Applications,” IEEE Antennas and Wireless
Propagation Letters, vol. 18, no. 5, pp. 981-985, 27 March
2019.

[19] Z. Soltani and Sh. Asadi, "Spurious Mode Rejection in an
Oversized Dielectric Resonator by Microstrip Metallic
Pattern," Journal of Applied Electromagnetics, vol. 7, no.
2, pp. 9-15, May 2020. (In Persian)

[20] H. K. Nie, X. W. Xuan, and G. J. Ren, "Wearable antenna
pressure sensor with electromagnetic bandgap for elderly
fall monitoring," AEU - International Journal of
Electronics and Communications, vol. 138, no. 8, pp.
153861, August 2021.

[21] A. Y. I. Ashyap, Z. Zainal Abidin, S. H. Dahlan, M. 1.
Abbeasi, etal., "An Overview of Electromagnetic Band-Gap
Integrated Wearable Antennas,” IEEE Access, vol. 8, pp.
7641-7658, 6 January 2020.

[22] A. Y. I. Ashyap, Z. Zainal Abidin, and S. H. Dahlan,
"Highly efficient wearable CPW antenna enabled by EBG-
FSS structure for medical body area network applications,”
IEEE Access, vol. 6, pp. 77529-77541, 25 November 2018.

[23] G. Gao, B. Hu, S. Wang, and C. Yang, "Wearable Circular
Ring Slot Antenna with EBG Structure for Wireless Body
Area Network," IEEE Antennas and Wireless Propagation
Letters, vol. 17, no. 3. pp. 434-437, 15 January 2018.

[24] P. Sambandam, M. Kanagasabai, S. Ramadoss, and R.
Natarajan, "Compact Monopole Antenna Backed with Fork
Slotted EBG for Wearable Applications," IEEE Antennas
and Wireless Propagation Letters, vol. 19, no. 2, pp. 228-
232, 25 November 2020.

(ICCSP), Chennai, India, 28 30



