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Measurement of Dielectric Properties of Bio-resources

using Microwave Free-space Transmission Technique
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1. 48

vloja e Fugs Aoz 1GHz~30GHz BEEA F3471 WS £7) gEd Zx% of
Uzt daAst 37 FAME HFF 525 RS Zed ARFFNNMY nlojagsE dAvtn
E S 2 &5y ¥ £59 YUY AFFAAN lem~30cm FHF HYE AR MEgeEn
X #o. HAWAHelectromagnetic radiation)® EF7+E& T A7t wel @3E AR Alelectric
and magnetic field)o] <% ol x]9] A s}(propagation)o)® I}F 0|23} (wave theory)$}t W gzlo|2
(corpuscular theory)el 98] A" 4 glch. H=xpsh o] Z(electromagnetic wave theory)d 7]1&E
18649 Maxwelle] A z7] @de] @3t oA T2 AYH Ao 1838d Hertzol
o wpojaRute] EAVL APHoR2 FHIAJY. ol F vlojazs 7|¢& 2 4 AARAL AXNAA
aA BHAew 2719 Heolul £ F4 57 2& & NEoA wlolazg Ax 2 AN e
FEEE ZIER THIA FHJvh 53] vto|azn AAriE D ME7ES Y B AERok 8
ol ulo]aZ s FEAFE ArolA AU (1, 2]

o] A2 5te) HRAASF 7E2AMY SFLoBAE BAUASY A7)t wf$ Folol Fy) wf ol
vfolag s AME o 7k EAS 7HAR qth HHE - g9 E e g BAE BAE F
Qow, A &5H7F 7] WEd FE7F Axnse, 43 FFHANAE A =
obdet WA Bi LAHAAY B4 FHM -55~125T €= ZAAME &Fo) shssin, ¥
Apll 2|7} w9 Z3 opdoln} AFAzle] g BFEdbe] gy wWE F24 #A w¢ #83tch
TG ZAAIE 25~45000 mm FEE W 2w, AN =rs vinF o FPL An Ao
[2]. 53, vle]zzae A4 EA9 73 A we S5 B8-S veiez [3, 4] ojst 22
S0 o3 vtolazE ol &5 i ARE WAHSEZ R ¥FAHoR HHY F U

ofol A2 E o] &3 vidH AZVIed 2&7 4o AF S 2L V&Y gy g
71e9 HEo] TG Eopdl ¥ HE E & Ut violaRd WIS E HESS FE5A8 XY
dxe] #dES HE] AT A7V FAHL doy 57, FEAE WA AFoly ¥E HE
[8-11], IC package W da] H&[12], ¥ AR 3% F%9 R4S A&y 948 AF[13] Tl +
g a gk

can

+ GREZHGATA VYSAREE Y ASIE
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sholazhE o] &% Bt AZ & P BeeA $4HD Ax Boke AEAY Y 52
F% 2A0IM[14-19] 711N B BAS AATA 54 TPl BAol olH e XA 54
oA REAUEH B2TAS] dod YPALS HTALY BF FAEE ABAN T
A BUR & e 0 BEAUS fAEe ATIN FAERT & €T o7 ¥4
9 2% % FAAR, Fo4 S o8 B wuoh maN AL qE &
He 84 W S8 9 O 4 AR AZA S FEIA 189 5 ST, 200

2 mrolazE o &8 Mk AZL F AW WA EFBL S clolazTY
g o488 ATV RRolni(s, 7, 12, 13, 22-23] A AR AP AHeA vlo|2 oy W}
A%E 5480 952 ABAEY 43 A 544 P54 23Ee AYHA %& Ao AR

Aok W, AHEE AN WAl vholAz e YA wHAA EHse] et AEE A
St AHBUAE7E06, 19, 241 o)Az 54 FEUE ASHEZ GAAS AY HE A
@x A FAPYls] WRol FEALY BAVIH BHSAA NS 488 Ao AZHET

2 AFME wlolAZRE ogatd ABAYY AAVH 54 39 duUA §ASHE A8
7l Asted FgHon ol Aste] HAE 2L usy FRYW vholaR AFIRASIEL
448

]
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2. 014 WA

BEALR ZE FAAZ A el dg A BE2H7H8S 4189 4 )Y 2 AsR
52 it d45E FAASFEA FAAZL A7duAE Adse 78S JEga, 5y
A EdATE FAA WolMg A7z &4& usin g2 dgd

E=¢-jE” (N
el BARAE, o & A4S, ¢ & 44, j= V-1 & 47 dgad.
AFEFLES FAAN 2 194 Bevtsh o] wlelazay FAoz JAY | AFF3
FRAA Aol ABAA He] ARE FREL #He AR E WAEA HY FHsle 5o B 2
< -‘:’4"“" o] 7} &A%},

7}
2

AEHol A FAANAN Pz s Freespace  Dielectric medium  Free space
B e Ze] Fo4A4 [21).
v, - a,+jB, @) E
047]}\_1, v & B A o, = & AA7 4 Incident electric field o ET
£€,¢ _—
& ueo] ZAHAT (Neper/m), 8.+ FHA} E, Transmitted electric ficld
gl.ga— {L“_O,] _‘H)g— A B Z_]-Z_}' 'q.E].\«“q. Reflected electric field
oldf, AAFFE HAAAEE ] &3t9 o d
«—»
% 2o 28 F ¢

Fig. 1. A general schematic diagram of the

) electric field and dielectric material interaction.
a,+j.B= (C&O)Z(ez_jzu)z'_’:,fsf_jsu (3)

ATNM, o AFFAANY AR} SE(=BX10Pm/), AoE AFBXAAY B3, o & Fae
e

i
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AERAAY AYPFE T 4@ 2ol B Hek
_ 2%
BO_ )\0 (4)

AWE AQ)E gAstel Fue AFH F AR AR Yol FAA5t $4E2 oz
77 Aelaw 46) 2 6% 2o

¢ = = (p2-a?) (5)
B5
£ = %2(1 B (6)
BO s¥s
FH, AFEFHAA FAAN QS W gle W 4A (ae) v tE3 2.
Ab =9 -9, = (B, - By)d (7)

q71H, o, & FHA & W 9’6‘%";0](radian), 9, & A & e 4 ol(radian), d
t FAA FAE 44 g
(& B, ol Bt A oE AFeE o @) Zo] At

2
B2 = (< *Bo) = Bier+al ®

“’)—1——(&) )

. A% ey
= 1+(gq) *2(5q )5y - (5
ol AEALY B URE OE A O 2e 2AE FHILHT)
a, )
( 5 )<<1 10)

"2, 4 @ 4 (109 23¢ 4O RAHE FAIFE T AADF ol APAe Y2
s Ba9y,

AdA, 2
%0d )

A, AFET el FAAZ A Wt glg W B F] HdB)E 445 (Neper/m)et # A=
FAWMEZ Yty E dBe} Neperd] TAZRE thg3 Zo] ZAdAT
M =A,-A,=868(a, -ayd (12)
471N, M & FAAZE S Wt Q& o] FHF Fo] (dB), A, & FAA A& WY vlo]z
23 34 (dB), 4, & A 1€ W welazs 4 (dBE #Z vepdch
HFHoR 2 (1), 12)F 4 B9 YT 3 4 (1009 2HE o] &3 FAEHEE e 2
o] o} Zch,
AMAryV e
8.686nd
w2t 4 (12)9 4 (13)& o83t ARTHFAA FHAAE FHstes vlo|zzdte] #4e 944
25 FRToEN EAY FHE&E 7 5 A ok

g = (1+ 5}

(13

3. 438 3A 2 34
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31 A A=

B Ao Algd FAAESE dEAHQ FAE F9 Ul FEM, dv, B)E dgdos
sggoen A8 24 ¥ 104 Revlel 2u /e vz $8 dud @43E A 5o
2 FAH Qow E3 g2 #AIRE MR FAHARAY FAHLE 9@ o)Ll vuF A{EA §HY
F AE AHFF FdYedMe= } olzg o] 93 #=A3]A(dipole rotation)® )& F(ionic
polarization)o] WAEH ol g o] FHUEAHLE Yehdrh dWlAdoly B53EH Pgo] £4FH
% (hydrogen bonding)el 23l %—u:?‘}ﬂ' BEA 2y FEAAE violazs oo dAse 4
Fap Aot o] & EFol A yEhA oA Bk A FEY AS dF9 4A AR (granular
material) 24 Ao} gl AwAeln YR FEE {32 Y] WEd FEGZ wap fFH&ol
aA ¥waA fo [16-171.

g0 g4an e FEPFL O A

jui
=
T

1 (14)s} o] AoEm FEFFY 2HL 2857

A 2xe #58 HEI P9 FEo] FES Ad2HA FFAES UL FEZY B

ZWPoRAME 10g9) ARE At FFE SHE tdF Ax 22 WA 135TY 24A
24)42} Az Fo ABFNUGE ol fstoq FEFFS 2ASA I [25]

14]

_%

MC=—T22— %100 (%) (14)
my+tmy

A71H, MCE &%71% FEUF%), m, = AR WolA S0l FAste AL m, & AR WA
% o9 AT 27 Yehdn,

Table 3. Moisture content of grain samples.

Grain samples Variety MC Density range(g/cm®)
Rough rice Hwasung 11-27 % 0.546~0.682
Brown rice (short-grain) 11-18 % 0.777~0.897

Barley Jinyang 11-21 % 0.627~0.745

32. vlolaR g &3 AlaY

2 a7dA AHEE mle]lazs &3 A29E 39 204 B bieh g welazs &3 F
g AEAY U EEAY flela2s duA F5st A Jdehve 8~12GHze! X-band F 34
ooz gk &4 AALDE 45MHz~20GHzS) A3 & WA A7)+ synthesized sweep generator,
network analyzer(HP8510C, n]=t), £ ¢tely}, MEZHEZ FAsigon E2E S AFHE AL EA
233E 44 £8stn AP & ¢Eivel Gaing 165+115(dBi), A T89 @HE 5%3.7cmo]
o E Qette] o BYL network analyzer$}d] dulvlA RAFS HA8E 7] 95 adapterE @
Asat AEEUY AL ofagoeln Hast £33 of LA} E At +4(leakage) S
233l7] ¢8te & <Qtely k2 AU 2w ol4el 1552cmE stgen FAE 0.2cmE 3. of
g Axe] FRALGN He YEEUY WHlE X-bandoiA 9 ZHA @7t 25~375cme|22 4
g g o4 FyHolg zEdd 425cmE dHoed ABEUY ArE 425%11.96X
1552(788.88cm)2 A A3t MESENE EHsE no)azve AREHE WA HAETEH A8
7 & W FFE ddRels AP gL, 4EEU AEE 238 dojAE I YA
°olE FAHIY e AolE o] &3t BAMEHT old, Sy-parameterE =X 3t7] $18t o] network
analyzer& CW/(continuous wave) transmission mode® H A3 Qo Z2HFH Su& ojL3d g 4
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(15-073 o] slolzzse) s NS 242 78 5 Atk
Sy = {Syle® (15)
A= -201log ISyl (16)
¢ =2nn+¥ (7

J71M, A& vlolazs FA(dB), ¢ & WA A4, v

£ 94uol, ne F4E 247 dehao, | Sy e ]

271 AT ADNN 2HE AR 74 2 Paus Computer

£ AUDF (13)0] Ao A FHAS) FHEAL E Ao

ztzt & = QA He &3 Fa542e 95 GHzE 4 m 5 S-parameters o =

ARt — s
B AT 33 Aadld FAE 330 AEEN () Teee P e U

s G8e BAN) e WSEFH Wl A&} D=

g AHdlN ZABH 94 WY 2qd FIo - AoyTopie -

FAge] 2EA FHF WAE HFe: 4 AD#H Fig. 2. Free-space transmission

13y #Fsdch ¥4, vtojazs &4 A FALEE measurement system.

24+X1CT2 IASA FASY 4P& FPstA.

4. 4% 2 23

AZEY W AR AEYRE Hel F
o] 7S 0627~0697g/cm’s} ¥%=@ W2 FAS c}—
AFE 29 3004 Beust 2o 4 FH04 A8
Aol F7HgE Jeldgich v AR FH rﬂr%
Fo2 /g ¢ F gud R ¥, By, vy

39 0.546~0.606g/cm’, Evl o) 7
Alge &
&=l SUHgA gt

/'61-

4% 0.777~0.808g/cm’, 5.2
75_5"“’:—: el

[o} A
THE

Am)e)

2 me 4

ol
ES

T % FAdE4 ¥e Bi, 5’-31.

x
o2 A9 A}t FHolx 7] wRolt} =

237t 9A® HEEY Wl A7 Fe ok AuEes ol 31N B AAYE R #
HMEAo] F71sHA 8ok oleid AAde FF 2 TR w FASAH O Zort F& ovlEy &
o] e A, E, S5 Fo Ay ATZEFHG A A Aoz vElgd (16
3.4 0.8
32 ° - 07| 9 g
- 2 D e o
g oo ° 2 o6l aa
§ 28 F ° S o § ©
2 o o : 0.5+ a
£ 26} a0 B } o &
2 a 8 04}
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Fig. 3. Moisture content dependence of (a) the dielectric constant and (b) dielectric loss factor of
rough rice, brown rice, and barley samples at 95 GHz and 24+1C
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AEET W Az AEUE W] WE FHUSH WshE IY 4 L 504 mevish 2o 4E
o W AR HEUET FAR @ 4HAS R FHEA0] Frse Z9E YehiA ol
@ ATe 29 304 5 Aoldl Be AUEA WNE BHT v go] ABUSI INUSF
AEEY W 89 %ol 7 Hel AARLZ RS R FASA| F7HHA Aot

lt
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Fig. 4. Effects of density on (a) dielectric constant and (b) dielectric loss factor of rough rice
samples at various moisture content levels, 9.5GHz and 20*£1°C.
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Fig. 5. Effects of density on (a) dielectric constant and (b) dielectric loss factor of brown Tice,
barley samples at various moisture content levels, 9.5GHz and 20X1TC.
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2 A7E gEH AEALe st TR, v, w9 oAz 4HENE HAS -
7)

sz Wyge A5 A A{HFHEEIIUE LAY ol Adtd nlelazsE FAldA F
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