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Quantitative Non-destructive Measurement of Sugar Content by Millimeter
Wave Radiometer
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A millimeter-wave Dicke-type radiometer is developed for non-destructive quantitative measurement
of biological samples. We have studied the effect of background noise on the receiving power as well
as the relationship between the sugar content and the receiving power, and found that the raise of the
difference between the thermal noise of the target and the background noise is the most important
to measure the slight change of the radiation power due to the concentration change (i.e. the change
of the emissivity). Furthermore, We understood that contact measurement was necessary to keep the
background noise constant and to lower it.
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Fig. 1 Complex permittivity of aqueous sucrose solution

at 20 °C.
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Fig. 2 Emissivity of aqueous sucrose solution at 20 °C.
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Fig. 3 Temperature dependence of emissivity of aqueous
sucrose solution.
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Fig. 4 Equivalent circuit of a Dicke-type radiometer.
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Table 1 Specifications of TOKIMEC, Inc. Dicke-
type radiometer.

Frequency range 35+5GHz
Small signal gain 40dB
Small signal gain flatness +3dB typ
Noise figure 3dB typ
Low-level sensitivity >0.5mV/pu W
Operating temperature 0to+55°C
Bias voltage and current | 3.3V+£ 5% 150mA
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Fig. 5 Temperature resolution of the radiometer.
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Fig. 6 Thermal noise entering an anttena.
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Fig. 7 Relationship between sample temperature and
brightness temperature.

HEMORETIE, BRMHOTEZZTBD, RE
M%@ MiRREZ B, 2 LIcEZATREIC S % Te i
. BRBEZ—ENDNELSTEREDNDB L VZS.

4.3 HIEREEEICRET HIRET

AR TEIIT 2558, #HlEY (RFD) OHAHM LD
B2 BT 2201, 77 & REOHEAE
92h, 77 TOEEZS< T 24680H5. HAL
&, ERMOERD S IGE Z EIGEDIES 5
ARZANEREL, WEHEHICNT 3542 Kkdi. #
BRcldsilEm e 7 > 77 L 0% 0.1lmm A7 v S
TEEEH, RGO hZEZE oy b Uk, #willE
1l 500mm X 500mm D7)V I & BFWINATH 5.
HiR7Z Fig.8 ITRT. FIRBIUAZRIE U 7o k5 SR AV EEEE
KLU T—ETHRDICHL, KEBOENTIVIHRE
HIE Lizimaicid, s UTiRBIMICZE s
5T EhbhG. ThlE, WHEME 2V RGO
EEASEVIREE, $b B 7 LRIVEEE T, SIVF/8R
WKXBTEIRNMENS D EEZ NS, Thid, B
EHE A ae =L b TlEHBH, HEIEROD
THrLEZ 5N, EEE—7OREIE, HiEROHL
JEWETH B 35GHz DB ERE L E>TW5S. T
DFERENS, FITICEL T, &0 L DR % [F
CICE 57edic, 7o7 gl & TilEs
TORENDH DT EWbhoTz. Fiz, BIEICT
TEICK BRSO E/NEL TR ELETES.

5. &

SV BGAMEEE RCREL E LT, 7 0w 7 U
AZfFRL, FEFEOWE - FHEZITo 7. £, B
SRR DRERS R RIS s B il U ToAEIR, 75 50
B OZEINC K B HERERANOHE 2N Z BB m Ol
EZITI IOICE, 72T T2 oiEYC i S 2 TH
EZITO TEMRETH BT Dol SBROFE

[l



16 2V PSRN £ 2 B O I E S E R

0.4 0.4
02 _02 N-J ™
S >
E o Eo
> > |
2 =

[ -0.2 a 0.2

(o} [
£-04 £-04
$-06 B-0.6ft
2 2 1
8-08 8-08

3 2 u
o - o -1

-1

2 -1.2
0 10 20 30 40 50 0
_ Distance(mm)

(a)Millimeter-Wave Absorber

10_20 30 40 50
Distance(mm)

(b) Ref lector

Fig. 8 Effect of measurement distance.

LT, BMBEISELEY VT F ORFENETF SN
5. 7T FREFEOBITIE, ¥ a KBRS REZE S
TRRGEEEBRZIT > TS FETH S, AW TRRELC
S VRG22 Sy O THIERETE, REOHEE
DIANIC & IR AHIE TR 50 B JERHER Y E R i
ZRETEZLEZAOND D, REBELNORNRE
B LTS FETHS.

i

WEHEOHFRICE L TEZREZME LikmzHE X
U Te NN REESEARMG —BRRHERIA, ALK EXCEETT
FATREFERMEME, HRR TR 2—ol
NEZEMRE, BREFHERN, TIRERHZR, 25
EBOREB X G S ZTEE £ LIzEkkT 2
JYAT L (BR) OWFZE A VN —DERIE#N T UE
9. OARWITUE, ERK 16, 17 EEHEETEO Y Y —2 T L
IR EEO B E LT, JTUNRIBEEED bEAL
2 (W) JUNERER &> 2 —h S BEEL S N
PAFHZE [ U RIC X 2 REOFENEEBORTE) &
LTEMLIZEDTHD, BRSMCHEEZERELET.

2 E XM
1) S.Kawano, H.-Watanabe and M.Iwamoto, J.Japan
Soc.Hort.Sci., 61(2), pp.445-451(1992).

2) S.Kawano, T.Fujiwara and M.Iwamoto, J.Japan
Soc.Hort.Sci., 62(2), pp.465-470(1993).

3) /KEFHEH], 2007 Microwave Workshop and Exhibition,
WS01-01(2007).

4) W, H EE, kS, #¥5E (C), vol.120-C, No.11,
pp.1609-1614(2000).

5) /KEFiEE], EEHEEYEREE vol.191, No.12, pp.1047-
1053(2008).





