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ABSTRACT

This project presents nondestructive testing using chipped and chipless RAD (Radio
frequency identification) sensors for quality monitoring of fruit based on the Friis formula and
the radar equation. Printed loop tags with a meander-line on both hard- and flexible-
substrates are employed as the chipped RHD sensor. The dual printed rectangular loop tag
printed on hard-substrate is employed as a chipless RFD sensor. The optimum parameters of
the proposed RFID sensors are obtained using the CST Microwave Studio program. Both RAD
sensors with/without 1C chip are used to improve the accuracy of dielectric material
determination:  this project, the relation of the maximum read range (Rn0<) between RHAD
reader and RHD sensor, the radar cross section and the real part of dielectric constant ))
are studied. From the measurement results, it is found that the RHAD sensors can be
categorized the maturity of coconut fruit and can be determined the coconut oil with the
nondestructive testing. Moreover, this sensor can be a candidate as a wireless sensor to

determine the quality of fruits.
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[1]

(Radio

Frequency Identification (RFID) System) [2]

(Supply Chain Management)
(Access Control) (Animal Identification)
(Food Traceability)
(e-Seal)
(RFID  Reader) (Tag)

(Tag Characteristics)

(Novel RAD Sensor)
11

(3]
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g - Y o 1Y v - = 3 1 v o v & v v
nastiluenasianubidmsunisidnunensfinyiviniu ldeugralnhluldusslevdiunis

lddnsdllas Nvdu Sansnuillvdaudauilon uagdeseeBatiadveaenarsynassniinmsiluly



15

Testing),

16

3 an\ta
agnant®

dy 1 dl Y o L v dl = 1 5 1 Y o ¥ €Y 14
wnanstluenashanulidwiunisldnuienisfinuwin eugrelnhluldusslovdmunisin

I =~ O 2L A Oy agvw & - - & A ° %
lmﬁﬂmﬂm NG @ﬂVNW'uJ@JELW@@LL‘UaQLu@VH LLaSG]ENE]’NEN@QL';\]’]GUENLaﬂa’]ﬁnﬂﬂﬁﬂmﬂiﬂ’ﬁuqiﬂiﬁ



2.1

(Destructive Testing)

(Radar)

(Ultrasonic Waves)

2.2 (Coconut)
[7]

2

(Nondestructive Testing) 2

(Capacimetry) (Electrical Resistance)

(Radio Frequency Identification : RFID)

(Sensor)

Cocos Nucifera L Palmae 21
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( http://mapraw302.blogspot.com/)
221
(Epicarp)
(Mesocarp)
(Endocarp) 3
1 1 1
1
12- 14
1 12- 14
2 (Recnis)
(Leaflet) 200 - 250
3


http://mapraw302.blogspot.com/

4, (Fibrous  drupe) " (Nut)

2.2
2.2
( http://www.healthtipsinfo.com/coconut-oil-health-benefits/)
1 (Exocarp)
2) (Mesocarp)
3 (Endocarp) (Shell)
5. (Seed of Kernel)
2.2.2
8] 2
2221
1
8
12
34 35-40
( )
2

20
5-6


http://www.healthtipsinfo.com/coconut-oil-health-benefits/

80 ?
2222 3
1 3-4
2 5-6
3 7-8
? 2
1 1 (Sawi Hybrid No.l)
X ? (MYD x WAT)
5 2,781 566
22 68 [9]
2. 60-1 (Chumphon Hybrid 60-1)
X 5
2,257 628
63
1 [ 1]
2 ? 1,084
374 59-60
2.2.3
pH 6-7

224
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2 1
2.3 (Radio Frequency ldentification (RFID) System)
(Radio Frequency Identification (RFID) System)
2.3 (Wireless  Auto-ID
System)
RFID Reader
2.3
231
1 (Tag)
2.
3.
4,
5.
2.3.2 3
L (RFID Reader Interrogator)
(RFID Reader Antenna)
2. (Tag Transponder) (Tag
Antenna) (Integrated Circuit: 10



2.3.3 (RFID Reader)

2 (Fixed Reader) [7]
(Handheld Reader) [8] 24() 24()
()
()
2.4
( http:/lwww.gaorfid.com/index.php?main_page: index&cPath=89;

http://www.alientechnolo8y.com/readers/ema-enterprise/)

234 (RFID Tag)
(Tag)
' 3
1 (Passive Tag) [10]-[11] 25


http://www.gaorfid.com/index.php?main_page:%e0%b8%b0%e0%b8%b0index&cPath=89
http://www.alientechnolo%c2%a7y.com/readers/ema-enterprise/

10

204
Antenna
C
25
( http://ukrfid.innoware.co.uk/hardware/rfid_ta8s
http://www.harlandsimon.com/RF_Tags.php)
2. (Active Tag) [12]-[13] 2.6
( )

2-7

2.6 ‘

( http://www.digikey.com/productdetail/en/ACTIVE%20TAG%20REFERENCE%-

20DESIGN%20KIT/ACT!VE%20TAG%20REFERENCE%20DESIGN%20KIT-ND/3828227;

http:/AA/vwv/.gaorfid.com/index.php?main_page=productjnfo&cPath=135&prodJCtsjd=1056;)


http://ukrfid.innoware.co.uk/hardware/rfid_ta%c2%a7s
http://www.harlandsimon.com/RF_Tags.php
http://www.digikey.com/productdetail/en/ACTIVE%20TAG%20REFERENCE%25-20DESiGN%20KIT/ACT!VE%20TAG%20REFERENCE%20DESIGN%20KIT-ND/3828227
http://www.digikey.com/productdetail/en/ACTIVE%20TAG%20REFERENCE%25-20DESiGN%20KIT/ACT!VE%20TAG%20REFERENCE%20DESIGN%20KIT-ND/3828227
http:///A/vwv/.gaorfid.com/index.php?main_page=productjnfo&cPath=135&prod%e2%80%98JCtsjd=1056

3 (Semi-Active Tag) [14] 2.7
2.7
(  : http://www.semiconductorstore.com/cart/pc/viewPrd.asp?idproduct=48377)
3
1 (RO)
(Factory Program) 1
2. (WORM)

Field

Programmable

3 (RW)

10,000-100,000
Flash
Reprogrammable
2.35
1


http://www.semiconductorstore.com/cart/pc/viewPrd.asp?idproduct=48377
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2.
[
(Back Scattering)
(Carrier Wave)
3.
2.3.6
ISM (Industrial-Scientific-
Medical)
(\\Y
6 [15]

1 (Low Frequency: LF) 135 khiz
2. (High Frequency: HF) 13.553-13.567 MHz
3. (Ultra-High Frequency: UHF) X 433.05-434.79 MHz
4. (Ultra-High Frequency: UHF) 4 920-925 MHz
5. (Microwave) 2.4-2.5
6. (Microwave) 5

LF HF

LF 10-20

( )
HF
100-150
UHF
UHF 1-10
(Microwave) 24 5.8

10



2.3.7

Global Class 1 Gen 2
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(Functional Test)

(Protocol) BPC
UHF

2. (Signal Strength)
FCC
ITU
. 5001-2550
( ) I[16]
3 (Electromagnetic Compatibility: BVO)
(Noise) CISPR22
3
4.

(Product Safety Tes't)

(Environmental Test)

(Electronic Product Reliability Testing)
.1956

24729 part 3. Antenna Installation

2.4 (Antenna)

(Antenna)

IEC 60950

(Field Test)

(Installation)

ISO/IEC
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24.1 (Antenna Type)

i (Wire  Antenna)

2 (Aperture Antenna)

1
3. (Microstrip  Antenna) 3
. 1970

4. (Array  Antenna) 0

5. (Reflected Antenna)

6. (Lens Antenna)
24.2 (Antenna Characteristics)

2421 (Radiation Pattern)

(Radiation Pattern)
(Power  Density) (Field Intensity)
(Phase or Polarization) 3
3
(Far-Field Zone)
2422 (Beamwidth)
(Beamwidth) 2 '
2
(Half-Power Beamwidth: HPBW) (First-Null

Beamwidth: FNBW)



2423

2424

(Isotropic  Antenna)

471

2.4.2.5

24.2.6

3

(Circular Polarization: CP)

2.5
251

(HPBW)
-3 dB

(FNBW)

(Lobe Ratio)
(Side Lobe Level: SLL)

(Side Lobe Ratio: SLR)

(Gain)

(Antenna = Gain)

(Pin)
2
(Bandwidth)
(Antenna Bandwidth)
21
(Polarization)
(Polarization) ( E )

(Linear Polarization: LP)

(Elliptical Polarization: EP)
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—__  Credder-IX reader-a r~4dg—ant/C*

(2.3)
rmx(reader) A_
4 ptag-threshold
25.2
Uplink Communication
(Backscattering)
Monostatic
Backscatter Radar
24
Preader-rx jDreader-txG  reader-ant (2.4)
cr (Radar cross-section: RCS)
(P =MD
25
_ "reader-lXGzred«yr-a 1% <7 (2 5)
max(Backscatte) :
(47 tfp Feader-threshold
2.6 / (Information)
(Barcode)
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Siden
2 1
. Kim
2.8
RFID Reader

2.8

[17]

[18]

[20]

RFID Sensor

.. Nguyen

(Specifically Design Tag: SDT)
2.8

18

(19]



- (Microwave

Studio)
31 (RFID Sensor structure)
2 (Integrated
Chip: 10 (Chipped RFAD Sensor) '
2
3.1.1 1
1 31
3 (Antenna)
(Substrate) { ,) 4.3
(/1) 0.8 (Integrated Chip: 1Q
(Input  Impedance) 16.5 -/148.7 922.5
(Conjugated Match)
1 31 (8)
1 4) L x
Mol

31 1



3.1.2 2
2 3.2
3 1
(Antenna) (Substrate)
{£) 43 » o1
(Integrated Chip: 10 (Input
Impedance) 91 -/119 Q 922.5
(Conjugated Match)
2 3.2
() /2)
L x
Ly
-Lr
ICT—
L3
3.2 2
3.2 (Simulated Results)
31
321 1
1 31 L 1)
39.5 25 0.8

3.2
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31
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(mm)

395
25
135
19.3
13.25
23.3

3.5
7.75

Gagntll (s
Tmg, (o)

15.7+ 148.6
-8.2
99.9

21

(mm)
3.75
19
95
2.25

0.5
0.5
55
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3.3
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125

3.
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— L=60

4
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]
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2
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9.7
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3, 1
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200
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80
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100
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2
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b, 3
8.6
8.4
920 921 922 922.2 923 924 925
— 3=2mm — 3=3mm ® 3=4 mm -* 3=5mm -* 3=6 mm
Hequency (MHz)
3.11 : 3
2
130
60
920 921 922 922.2 923 924 925
— 3=2mm — 3=3mm -® 3=4 mm -* 3=5mm ¢ * 3=6 mm

Frequency (MHZz)

3.12 3



Reactance ()

3.0

920 921

— L 1=20 mm

3.13

180
170
160
150
140
130
120
110

100

3.14
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Frequency (MHz)
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130
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8

70
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34

3.2.3
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2
60
34
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60
20
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20
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31
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35
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N
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34

— er=| —er=2. - . .. er=3 - er=4
Frequency (Hz)
3.24
3.24 (Radar Cross-Section: RCS)
(Maximum
Read Range: R,,,
2.0
30
25 E
20
0.8
15
0.6
0.4 10
0.2 5
0.0 J

25 30 35 40 45 50 55 60 65 70 75 80

er

3,25 (RCY)

{Rma.x)



25 30 35 40 45 50 55 6.0 65

er

3.26

3.25

{1 5

70 75 8.0

6.5

(Chipped RAD  Sensor)

(Chipless RFID Sensor)

2 920
2.4 25
1 (Sensor#l)
(}) "= 02 3.27
(})
4 65
1 2
1 } =55
2 }=55

3.26

925

2 (Sensor#2)

922.5
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(Young Age)

3 (State 3)
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(Maturity stage)

6
(Ripen)
1 (State 1)

40

3
(Early Ripen)
12
2 (State
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4.2

(Endosperm) (Coconut

(Dielectric Constant)

[22]
20

4.9
4.3

4.4

Water)

(Network Analyzer) [21]

(Permittivity)

Maturity Sate
(Exocarp)

42

(Exocarp)

200

4.4 -

(Maturity)
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4.5

Fequency (MHz)

(Exocarp)

Maturity Sate
(Endosperm)

(Frequency)

(Maturity)

43
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4.3

Maturity stage

Stage 1. Young
(6-8 months)

Stage 2: Early Ripen
(9-10 months)

Stage 3: Ripen
(12-15 months)

Frequency (MHz)

(Coconut Water) (Frequency)
( )
Coconut oil Dry weight Dielectric constant ( )
(%) ()
13.98 1.03 Exocarp: 6.05+j4.86

Endosperm: 52.63+j31.53

Water: 75.41+j22.01
15.30 1.10 .

Exocarp: 3.18+j4.10

Endosperm: 5.74+j5.01

Water: 76.10+J25.07
17.00 111

Exocarp: 3.41+34.17
Endosperm: 3.10+j4.05
Water: 76.39+j22.75
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4.10
(Nondestructive Testing)
3
(Transceiver)

(Transceiver Antenna) (Sensor)

()

)
4.10

(RFID Reader)
4.10( )

46
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(UHF)
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. Abstract—Chipped and chipless RFID_ (Radio. frequency
identification) sensors for quality maonitoring of I|?ht weight
concrete (LWC) using the radar equation are presenied. In this
paper, aFgrmted loop tag with a meander-line is employed as a
chipped RFID sensor and a dual printed perpendicular square
loop ta% is employed as a chipless RFID sensor. The optimum
arameters of the proposed RFID sensors are obtained using the
ST Microwave Studio program, Both  RFID  sensors
with/without IC_chip are used to improve the accuracy. of
dielectric material determination. In addition, the relation
between -the read range (umaxy and the real part of dielectric
constant (ty) is studied. It is found that it can be used to

determine the dielectric constant of LWC.

Keywords—chipless tag; dielectric -material;  light weight
concrete; radar cross section; RFID sensor.

1 INTRODUCTION

Recertly, the radio frequency identification (RFID) is
widely used in many applications. Although, the majority of
the RFID s the identification and tracking, however, It can ke
employed as an RFID sensar. The traditional RFID sensors
require additional specific sensars, such a  humidity,
temperature, mation, light and sound sensars, to be integrated
with RFID tags [l]-[6]. On the contrary, the proposed RFID
sensor does nat require additional specific sensars to determine
Qi'/ectric properties of MUTs and only specifically designed
tags are required [7],

978-1-4673-9749-0/16/S31.00 €2016 |IEEE
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In order to minimize cost, the chipless RFID sensor is
instead of the chipped ore. In [8], a chipless tag based on
multiresonators - with  integrated tenperature  sensor wes
presented. It is possible to decode the information by
measuring the magnitude and phese of the backscattered tag
signal and dso the RCS. The chipless RFID tag using the
polarization diversity technique to encode information wes
presented [9]. This technique is based on the versatility of the
rotation angle of split ring resonators. Furthermore, a hybrid
RFID strain sensor utilizing both chipped and chipless
approaches wes presented in [10] to detect an embroidered
RFD-enabled sensor. Both readrange extraction technique,
relying upon the detection of the threshold power required to
activate an RFID IC and the radar-cross section (RCS)-based
technique are reported. However, these techniques of the
chipless RFID sensors have been using a two-port  vector
network analyzer (VNA).

This paper proposes printed passive meander-line tag and
dual printed perpendicular square loops tag to quality
monitoring of lassy LWCs through their dielectric constant
using theladar eguation that it does nat require a VNA. Note
that "the RFID tag performances are affected by many factors
such & tag locations, size, especialy, environment o
properties of the material on or near an RFID tag.

This paper is organized &s follows. Section 1 presents the
theory and design of RFID sensors. Resuits and discussions ae
shown in Sectidn 111 Finally, Section IV provides conclusions.


mailto:rattapong.su@kmitl.ac.th
mailto:kpchuwon@kmitl.ac.th
mailto:danait@asianu.ac.th

. Theoryand Design of RFIDSensors

To monitoring a quality of material, a RFID sensor system
is proposed as shown in Hg. 1 It consists of two parts i.e. the
RFID reader with antenna and the other is the RFID tag placed
on the material under test (MUT). In this paper, apassive RFID
tag- with/ without IC chip, called chipped and chipless RFID-
sensars, respectively, are employed as a wireless sensor to
determine the dielectric constant of MUTS. The printed loop
tags are placed on the surface of an MUT which is alossy light
weight concrete (LWC) used in construction as shown in Hg.
2. For the chipped RFID sensr, the tag antenna is designed
sudh that its input impedance is conjugately matched with the
IC chip impedance of NXP UCODE to achieve a good

Fig. 1. An RFID sensor system.

'In addition, the received power (Pr) and the read range
(Rmai) of RFID sensars in the presence of an MUT ae
calculated by using the radar equation instead of the modified
Friis transmission formula in [7] due to using the low-
sensitivity receiver of the RFID reader to reduce the cost.

Using the radar equation, the received power can be
expressed a8

2 r
(~ 'reader—x ) X

p =(J-P ;
eader-Ix 4T xR

(1)

where Gis the RCS of the MUT with an attached tag, Preader-tx
is the input power of the reader antenna, Greader-tx is the gain of
the reader artenna, A is the free space wavelength, and the Ret
is the distance between the RFID reader antenna and the tag
antenma in the presence of the MUT. By manipulation of (1),
we can express the read range Rmax,mor 5

_ P (C M) \
Rmax,/ﬁIIJ _\4G p
\ rmin y 4n

where Prmin is the minimum received power of the RFID
reader. Using the same RFID reader, the read ranges of the
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chipped and cnipless RFID sensors (denoted as Rrexdhipped and
Rmax.Chipiess, respectively) are related as follows:

vmax.Chipped _ @Chipped \4 (3)

Chipless \ * Chipless J

where Gchipped and Ochipiess A€ the RCSs of the Chl[XHj RFD
sensars and chipless RFID sensor in the presence of MUT,
respectively. It should be pointed out that the ratio of Rmax in
(3) does nat depend on the parameters of RFID reader (Preader-txs
Greader-tx, and Pr.min), and it solely depends on the ratio of a.

designed and simulated using the CST Microwave Studio
program [11] based on the Fnite Integral Technique (FIT). The
printed loop tag with a meander-line is enployed as the
chipped RFID sensor. It is designed and optimized its
dimensions to obtain almost conjugately metch with the IC
chip impedance of 16.5/148.7 Q a 9225 MHz in the presence
of a lossy LWC, where RFID sensar is placed a the center
location of the LWC as shown in Fg. 2 Moreover, the dual
printed perpendicular square loop tag is employed as the
chipless RFID sensor optimized to obtain the maximum RCS
with the dielectric constant of 2.5y0.2 a 922.5 MHz.

To study characteristics of the RFID sensors placed on the
material, the lassy LWC that it has the dimension of 600 mm x
200 mm x 75 mm with the dielectric constant (£r =£'1- j £1)
of 25y02 a 9225 MHz for the dry state and 8y 108 for the
saturated State is used.

ty

Fig. 3. The chipped RFID sensor structure.



Fig. 4 The chipless RFID sensor structure.

Note that two RFID sensors are printed on the FR4
substrate with the dielectric constant of 4.3 and the loss tangent
of 0.025. The overall dimensions of two RFID sensors are 39.5
mm X 25 mm X 0.8 nm Only the dry-state LWC is of interest
in this paper for illustration purpose.

Fom simulations, the optimum parameters and the
characteristics of the chipped RFID sensor mounted on the
lossy LWC for the dry state are illustrated in Tables | and I,
respectively. In Table 1, Gtagmat and  are the gain of the tag
antenna and the power transmission coefficient of the chipped
RFID sensar in the presence of the lossy LWC, respectively. In
addition, the optimum parameters of the chipless RFID sensar
are shown in Table [11.

The RCS and Rrmax of the chipped and chipless RFID
sensors placed on the lossy LWC is shown in Hg. 5. It is
obvious that the RCS of the chipped RFID sensors is
significantly greater than that of the chipless RPID sensor,
except atf*=8. In addition, the rmax ae similar trend of their

RCS &siillustrated in Fg. 5.

TABLE I, Optimum Parameters of the Chipped RFID Sensor.
Pa(r:]"r;‘;ter Chipped RFID Pa(r;r:‘ne)ter Chipped RFID
L 39.5 h 3.75
25 b 19
h 135 10, 9.5
1> 19.3 In 2.25
1, 13.25 } il
J« 23.3 2 0.5
1n J 0.5
35 4 55

17 7.75 } 1

60
TABLE 1L RFID Swsm'ﬁ]ha[gacgeristics for The Lossy LWC
e

ry JState.

Characteristic Chipped RFID Sensor

Input Impedance (fl) 15.74)148.6
Giog.nuu (" 1) -8.2

Tmul (%) 99.94
Polarization Linear

tagLe . Optimum Parameters of the Chipless rrip Sensor.
Parameter  opilessREID D ATAMET o iless RFID
(mm) (mm)
L 39.5 2 2
25 | 5
[e]] 15 2 5.75
02 6 } 4.75
a 18 4 75
a4 6 ¥ 7.5
b, 2 6 15
St 1 7 15

(cm)

Fig. 5. The RCS and Rmjix of chipped and chipless RFID sensors on the lossy
LWC as afunction of £1 with £'=0.2 at 922.5 MHz.



Fig. 6. The plot of Rmax.chippeJRmax.chipkss versus f' oftwo RFID sensors with

£+, =0.2 at 922.5 MHz.

The relation between rRmax.Chipped/Rmax.chipiest! nnd £1 of two
RFID sensars designed for the dry-state LWC is plotted in FHg.
6 to determine the dielectric constant of the lossy LWC. It is
found that the ratio of Rnax tends to increase as
increasing£1until £1 is equal to 55, and is dramatically

decreased to 0.75 at £1=%$. After obtaining both plots of dry-

state and saturated-state LWCs, a straightforward procedure of
the dielectric-constant determination of the lassy LWC under
test can be readily followed as discussed in detalil in [7].

[V.  Conclusions

The characteristics of the chipped and chipless RFID
sensors in the presence of the lossy LWC under test are
studied. It is found that the read range in the presence of the
lossy LWC depends on the value of £1 Therefore, the quality
of LWC can be monitored through the dielectric constant besed
on the radar aross section of the chipped and the chipless RFID
sensars. In the future, relevant measurenents will be performed
aswell.
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Abstract—This paper presents the effect of the impedance
curved surface to_the characteristics of the RFID tag. The
proposed passive RFID ta(r;_ is placed on the elliptical curved
surface. From the simulation result, it this found that the
Bropos_ed RFID tag has a Hat g3in in the UHF RFID frequency
and in Thailand. Moreover, "the variation of the length. and
width of the elliptical surface is important effect on the input
reacjtance of the RF'ID tag.

Keywords—curving; impedance surface; RFID tag; UHF

I Introduction

In recent years, the application of the RFID hes been
increase on demand. The RFID tag is mounted on the different
object and some of material surface are the curved or flexible
su-faces. The different angles of the curvature of tre tag
antenna are reducing the performance of the RFID tag [1], The
wideband flexible antenna for RFID tag mounted on the curved
metal surface is presented in [2]. S.-Y Wei et al. [3] studied on
the performance degradation of RFID system due to curving in
tag antenna. For curved mulltilayer strip dipole tag antenna for
improve and perform stability "of the inpedance while being
curved is proposed in [4], However, the previous works
proposed and analyzed for the only one curved surfaced.

In this paper, the effect of the impedance elliptical curved
surface or the double curved surface is study on the input

impedance and the RFID tag gain.

Il. Tag Antenna Structure

The geometry of the proposed passive RFID tag is shown
in Hg. 1 The tag antenna is besed on the printed folded dipole
antenna and is designed to conjugate matching with the input
impedance of the integrate circuit (IC) chip of 9.1/119 Q a
92N5 MHz. From the simulation using the CST-Microwave
Studio [5], the optimum parameters of The proposed RFID tag
on'the flat substrate are tabulated in Table 1

Fig. L The geometry of the designed RFID tag.

”I RFIDTag ON Elliptical Surface

This RFID tag is designed on the flexible substrate for
mounting on the elliptical curved surface as shown in Fg. 2
The rectangular plate is mede from the 01 nmFR4 with the
dielectric constart (£ of4.3. The RFID IC chip is placed &t the
center of the tag antenna is shown in FHg. 1 In this paper, the
double curved surface hes < =2 and the length of major axis (v
axis: dy) ad minor axis (in x-axis: rfr) are 210 min ad 164
nm, respectively.

(a) 3D view (b) side view

Fig. 2. The impedance curved surface structure and RFID tag location.
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TABLE 1 The optimum parameters of tag antenna
Parameters Dimension (mm) Parameters Dimension (mm)

\L 60 35

20 , 75

L1 28 7 9

i7 198 } 2

Lj 24 h 0.1

IV. Results

From the simulated results, the RFID tag placed on the flat
substrate hes the input inpedance of 9+/T189 Q. For the
printed folded dipole antenna is bended on the elliptical surface
in the x>-plane is show in Fg. 2 The input impedance of the
proposed RFID tag as a function of length of minor axis (dx)
and major axis (dy) is shown in Hg. . It is found thet the
variations of the dimensions of elliptical material in X-axis and
>axis ae effect to the input inpedance in term of R+)X,
especially for the imaginarylpart or the reactance (x) of the
RFID tag antenra.

iX and dy (mm)

Fig. 3. The input impedance of the proposed RFID tag as a function of length
of minor and major axes.

Fig. 4. The input impedance of the proposed RFID tag as a function of
dielectric constant.
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Hgure 4 shows the input impedance of the RFID tag
antenna when the dielectric constant of the curved surface is
varying from 1to 4. It is found that the input impedance of the
RFID tag is tend to increase when the dielectric constant
increasing. In Thailand, the UHF RFID frequency band of 920-
P25 MHz, the artenna gain of the proposed RFID tag is flat
gain along the frequency as shown in Hg. 5.

— er=l —er2 er=3 - ver=d

Frequency wz)

Fig. 5. The gain of the proposed RFID tag.

V. Conclusion

A printed flexible RFID tag is proposed and analyzed when
mounted on the elliptical curved surface. The proposed RFID
tag not only hes a simple structure and but also single side-
layer therefore it can be used to place on the various inpedance
curved surface.
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Abstract

Coconut oil is growing demands for many applications such as food, medical and
cosmetic including in industry. The development of microwave sensing for the monitoring

and the quality determination of coconut with nondestructive techniques are necessary. This

paper presents the wireless sensing using the high frequency technique to determine the
percentage of the coconut oil with the nondestructive testing. The proposed sensing is based

on the wireless power transmission and the penetration of the ultrahigh frequency wave. The

system operates with the microwave transceiver that it generates the wireless power and
receives the backscatter power from the sensor placed on the coconut under test. In this

experimental, the transceiver is used the microwave frequency of 920-925 MHz with low
power level to avoid the effect on the coconut quality. From the results, it is found that the

proposed wireless microwave dielectric constant sensing can be determined the percentage
ofthe coconut oil. Therefore, this wireless sensing can be candidate to employ as a coconut oil
sensing with the reasonable accuracy.

Keywords: 'Mava' coconut, dielectric constant, nondestructive testing, microwave sensing

INTRODUCTION :
Coconut (C0cos nucifera L) is the most commercially important tropical fruit in the
southern part of Thailand, especially, Chumphon province. However, a traditional

measurement of the chemical and electrical properties of coconut fruit are performed using
the destructive of the material under test.

Recently, the nondestructive testing is increasing in demand for determination of the
electrical and chemical properties of fruit. Several researchers have been designed and

developed the equipment using various techniques to identify afruit quality. The polarization
diversity technique was presented to encode information (A Vena, E Perret, and . Tedijini,
2012). This technique is based on the versatility of the rotation angle of split ring resonators.
The radio frequency identification (RFID) was employed as a sensor to determine properties
of the material construction with a nondestructive testing technique (R Suwalak, C
Phongcharoenpanich, D.Torrungrueng, and M Krairiksh, 2012). Dielectric measurements was
made on some refined and unrefined edible oils at frequency of 1 kHz (T. Sankarappa and
M.Prashantkumar, 2014). The change in the natural frequency is used to determine 3 maturity
of durian fruit in the frequency domain (T. Tantisopharak et al,, 2016).

This paper proposes flexible printed folded dipole tag to monitor the percentage of
coconut oil using the RFID sensor. Note that the RFID tag performances are affected by many

factors such as tag locations, size, especially, environment or properties of the material on or
near an RFID tag.

*Corresponding author; rattapong.su@kmitl.ac.th
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Material and METHODOLOGYS
Coconut

‘Mava' coconut is used to material under test in this paper that it is planted at University
plantation of Prince of Chumphon Campus, King Mongkut's Institute of Technology
Ladkrabang, Pathio District, Chumphon Province, Thailand. In this work, the coconut is

classified into 3 stages i.e, stage 1 (young), state 2 (early ripen) and stage 3 (ripen) that it is
harvested after 6, 9 and 12 months of flowering the fruit, respectively. The maturity stage of
'‘Mava' coconut is shown in Fig. 1 After the postharvest, the quality attributes such as the

percentage of coconut oil, dry weight and dielectric constant of 12 coconut fruits for different
maturity is measured. Commercial, the coconut maturity is in stage 2 and 3 are used to make

coconut milk or cream because of the percentage of coconut oil is high.

(@) Stage 1: Young

(b) Stage 2: Early Ripen

(O Stage 3: Ripen

65



Figure 1. Maturity stage of'Mava' coconut.

Coconut oil determination

Figure 2 shows the nondestructive testing using the microwave sensor based on the RF
wireless communication. The system consists of 2 parts, transceiver and microwave sensor.

First, transceiver, it used the antenna to transmit and receive the RF signal to/from the coconut
fruit under test. The radio frequency identification (RFID) with ultra-high frequency (UHF) of
920-925 MHz in Thailand is employed to determine a percentage of coconut oil. Second, the

flexible printed dipole tag is used as a microwave sensor, called RFID sensor, which is placed
on the exocarp (outer skin) of coconut. Note that the RFID sensor is placed in 3 times

surrounding the coconut skin to measure the RF signal.

Wireless
Communication

Microwave
Sensor

L
Flgure 2. The microwave sensor system with a nondestructive testing.

RESULTS AND DISCUSSION

A nondestructive measurement setup to determine chemical properties of coconut
under test is shown in Fig. 3. The chemical and electrical properties of the ‘Mava’ coconut is

tabulated in Table 1L From the results, the dielectric constants of coconut components are
important and use to design the microwave sensor (RFID tag) using the electromagnetic
simulation program (CST-Microwave Studio, 2006). The relation between dielectric constant
(€r-rjs'r)and coconut maturity state as a function of physical elements i.e., exocarp (outer skin),
endosperm and water is illustrated in Fig. 4. It is found that the dielectric constant of the

endosperm is suddenly sharp decrease when the coconut maturity changes from stage 1
(young) to stage 2 (early ripen).
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Figure 3. Nondestructive testing of the coconut fruit using RFID sensor.

Table 1 Properties of'Mava' coconut for different maturity

Maturity stage Coconut oil Dry weight Dielectric constant
9 ©

Stage L Young 13.98 1.03 Exocarp:  6.05+i4.86

(6-8 months) Endosperm: 52.63+j31.53

Water- 75.41+j22.01 -
Stage 2: Early Ripen

(9-10 months) G 110 Exocarp: ~ 3.18+j4.10

Endosperm: 5.74+j5.01
Stage 3: Ripen Water-  76.104325.07
(12-15 months) 17.00 111

Exocarp:  3.41+j4.17
Endosperm: 3.10+j4.05
Water- - 76.39+J22.75



— Endosperm_e’ -“-Exocarp_e’ ater_e'
me- Endosperm_e" -“-Exocarpe” -X-Water_e"
Maturity State

FIgure 4. The relation between dielectric constant and coconut maturity state as a function of
physical elements.

Accordingly, the designed microwave sensor (RFID sensor) is employed to measure the
maximum read range (Rmax) between the antenna of the transceiver and the proposed sensor
that is placed on the outer skin of coconut under test. Figure 5 shows the relation between
Rmax and the coconut maturity state. Rmax is increase in the ripeness of coconut, especially, the
early ripen stage to ripen stage. Moreover, the percentage of coconut oil and the electrical
conductivity (EC) is experimented and is calculated for each maturity stage of coconut. It is

found that the percentage of coconut oil and ECis atrend to increase when the maturity stage
increasing as shown in Fig. 6. Therefore, it can utilize the microwave or UHF RFID sensor to

determine the percentage of coconut oil and ECthrough the RF measurement ofthe maximum
read range and the backward computation method.

0 20 40 60 80 100 120

R max (cm)

Figure h. The relation between rmax and maturity state.
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Figure 6. The relation between maturity state and percentage of coconut oil and electrical
conductivity.

CONCLUSION

This paper proposed aflexible folded dipole RFID tag placed on the exocarp (outer skin)
of the coconut. The printed RFID tag is employed to act as a microwave sensor to determine
the coconut oil. From the analysis and post-processing, it is found that the sensor can be

measured the chemical property of'Mava' coconut fruit with the nondestructive method using
the electromagnetic wave of the RFID technology. Therefore, this microwave sensor can be

candidate and usage to a nondestructive sensor for coconut and the various fruits.
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