=4 eIk 5 WiEBEE 659

B X

UDC 531.717.2: 537.5-962

v 4 7 B PRIT kYRR B

H &2 &

%** . /J\ % %\;E 5%***

Microwave Object Detector

Synopsis:

Toshio SHIRAIWA and Sumio KOBAYASHI

A new instrument for detecting the object using microwaves has been developed. This instrument,
which is called MOD (Microwave Object Detector), consists of three basic units, that is, the transmitter,

receiver, and control unit.

Details of each unit and characteristics of MOD are discussed. MOD has

several advantages over conventional detectors such as hot metal detectors, photoelectric relays and so on.
An important advantage of MOD is due to the properties of microwaves that they suffer little attenuation
in steam, rain, smoke, flame and dusty atmospheres, and therefore MOD can be utilized more extensively

than conventional ones.

Two typical applications of MOD are presented, i.e., the detection of the position

of pipe—edge in the tube rolling process and the level detection in the hoppers of cokes or sintered ore, where
no conventional sensors are useful because of their severe environments.
(Received June 29, 1972)
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Fig. 1. Principle of object detection using
microwaves.
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Fig. 2. Block diagram of MOD (Microwave Object
Detector).

Photo. 1. A view of microwave object detector.

This instrument contists of a transmitter,
a receiver and a control unit.
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Table 1. Comparison of low power GaAs Gunn
diode and low power Si IMPATT
diode.

P ¢ Gunn diode IMPATT diode

arameters | (NEC GD 511AA) | (hp 5082-0432)
Operating 8-2~12'4 (GHz) | 8~12 (GHz)
requency range
Operating 10V ¢ 0V t
voltage Yp- YP:
Operating
current 200mA typ. 30mA typ.
CW power 15mW min 100mW min
output (max. power) (at 3°5W input)
Efficiency 1:09, typ. 3-59 typ.

Bias

RF capacitor

Post

Disc

Impatt diode

WRJ-10
waveguide

Iris
Fig. 3. A scheme of IMPATT oscillator.
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Fig. 5. Directivity of horn antennas.
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Fig. 6. Minimum antenna gain for MOD
P;=30mW P,=0'075mW.

Photo. 2. 23dB horn antenna with IMPATT
oscillator.
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Photo. 3. Various antennas for the MOD; an
elliptical antenna, a parabolla antenna
lenses, dielectric rod antennas and a leaky
wave antenna.
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Fig. 7. Radiated field intensity distribution (nor-
malized to the value on the axis) of an
elliptical antenna.
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Fig. 8. Wide range detection by a leaky wave an-
tenna. The object is the steel tube of 34mm
diameter.
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Fig. 9. Transmission of microwaves in fire.
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13. Normalized forward scattering cross
section.
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Photo. 5. MOD at tube rolling mill.

. Receiver
Transmitter

Fig. 16. Schemes of the level dedector using
MOD.

DOIEME, KB X B~ 4 2 o ERIRBOEMAR, <
— ROy FPITIBA 0B 0AZE (BIREERET
BE WD), BT X 58Ky — T QBT D Bk
BRI LS BHETRTICEERL BEfRcBHESHLTY
%. MOD DfE KL% Photo. 5 ITFRF.
52 RBYSEME L ~NILET

MOD & @R ELE % S IFRT Ll o ERRGH A v ~ov
24 v FELTHWIWS. REAOLRIVZRL vFE
LT, ERER, IRFRL SEREMEEV323 0
B3H DHEHES V. MOD ZH W5 5EOBLER %
Fig. 16 iz7*3. %, MOD 3ER & EMlzv. b
FRL~AEBET 22T X2T, BEHEA Z EGEE
TEOREMTH .

5:2.1 753 DEE

LDEE, FRE7 7 FREHREXRm BETH 5
DT 20~23dB o7 FFEHWTW5.

5-2-2 HRHGHER
BHBELZHETLIAD, 74719 2DBEAITOW
CTHA~7z. Fig. 17 X SABRERCRT 5 9 OHEOHE
% Fig. 18 R399, %7z, 77 FRBE 6m & L
77 gl BRERHEA LB OBIERERERR

b o
Transmitting L Receiving
point / point

Knife edge (absorber)

Fig. 17. Diffraction by knife edge.

7: relative received microwave power

/

14
0 . w
-3 -2 -1 0 | 2 3
1 ) L 1 1 1 ! H (cm)
-30 -20 -10 O 10 20 30
Fig. 18. Relative received power vs. knife edge

position,
solid line...calculated
black point...measured at (d;-+d,) is 6m

2(d,+d

W H'\/(iZZZ)
Rpc Fig. 18 flicrnd. FHEMEEBIZEEOM SR T
BB, Tr7TrOREINFIRTIEAEREFE>TVv3
7, BOWSy W<0) HiFHEIEEE, SHEEX
DB TH Y - BRIOES (W=0) itk 8flEE
FEEME X VIR TR WERIC 55, 7 2309 25

0-1 =TZ{b3 5HEEEE 0 15m CTH 55, MmEHBER
CDEXDIVTHAH. (EBRI, SFEESOKE

g4 7>z oTREL, ELREHDOREZVIZL WK
BBTH5.)

— 124 —



=4 7 wiRIT X S EBH S 667

Photo. 6. MOD installed at coke hopper.
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