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Abstract In this paper, we propose a new method for electromagnetic interference (EMI) noise analysis using an
optical microwave transceiver, vector signal analyzer, and mobile robot. With this new method, both the phase and
amplitude distribution of an electric field radiated by an EMI noise source can be measured. From the measured results,
we show that we can differentiate between noise sources in different positions using the phase distribution measured on a
measurement circle. By using the proposed system, time-domain filtering, space-frequency filtering, and
near-field-far-field transformation theory which use phase information of the electric field can apply to radiation
emission measurements.

Keyword Optical microwave transceiver, Vector signal analyzer, Phase distribution measurement, Radiation EMI test

RGBSR S 7 T e <, 22 - REREE Bic 2 Bk S
TEEINTWDS. 2O LS REHEEFXOERIZE b
ST, FET A 70 EMI L3 — R0 7L F A LA
I NT LT FTA NI, T O ORERR TIXRERE
Wrkmmit o 7Y o 2 Lo TEHI L7211 FFT 12k »T
B R A A VTR EToTWBHTD, A7 ha T AaFk
TRREBFITRD L D ITAT MLVORRE(LZBRT S Z &
WATREIZ > TN D,

ek okt EMI s (112l cix, BAEE T c 21285
EEOBEEFAINIIToTVDEHEDOD, FALRAL T 4
LB RZERERE 7 4 VA IFFHS LT . Zhbn >
A IVEPFIATERN1TDOER E LT, i EMIF5OAL
HEENRLT N LN ER—HELTEZLND.

1. [FCHIC
ek firdt EMI (Electromagnetic Interference) HIE T
X, #eEER (BUT) 24— 7 —7 L hiciEL, 44—
T =T N EEERSERN S, EMI Lo — N2 K0 BEREEO
RRNEZFLET D2 LT, HHERD? S ORKRH BN RE
ZlET 5002l ko EMI L— T, Ak (v
2 X HBIAE R OB N AR TH 720, HEHIT LD
EfERERNBENBRTEX 2500, RoIIHE D REZER 5
BT D70, AV VAN ERT 5 X5 2RGSO RE
EETIEEMTET, MELETEZE SR IR UBHE
DI ENMELIRD.
—J7C, BifEkkx RIGmE AN HBE I TERY, &



= 2 CARETIE, i EMI /A XOAHRFHE O EB Tk
ICOWTHET 5. it EMI / A XOMABRIESATHE & 72
X, FALRAAL T4 NZ T BAADI &, 225
T 4 K, B GAHEEB] DI, UTEESE T A B
[4lic L 2T RERMEHRTNER CTE 2 AEENS 5. F
EHIXINETIZZ B A RAALFTF T AW & HO TN
DREIZHOWTRELZITTo TS5 4EINE, 2 F¥ 3L
EETDERY MV T FIATFIAYUAT ALY, —J)F
DF ¥ »FE EUT 1< OFIZFE CALEDE S 2%F L
HI)—HOF ¥ RV BEERR Y ML ZEMICRET
XLV, BT v RVOMFEER B DT CHIET
B2 LT, U EMI A RN AR A A e 5. 221
REFHAAR DBEIC LY, IR ENER D /A RIXE A

small’'scattering-objects

RESBRRDID, /A ARERGIXKBITE 5 2 L 2mRT.
92 ETIX, EACHAMEHAIS AT AOILEREKIZ O

WTORRS. KIZ, HB3ETHMH /A ARE L TaLye

F—Z 2 E LR ERET D, KREICELDETD.

2. BRUMHESHAHAUSATLOEERRK
BT DB SAFH S AT DO E K 1 IR
KUATF AL, AvmRAa—F L AT NATF I 2H
EHAEDETIZRT NV T FATFIAF AT A, T
THBHAOBTHEHEe Ry N, BT T T OZERES
EIBET D7D~ A 70l T v — N E DRI T
W5, LUFIZENENOMHE & ¥ E R~ 5.

CH1 Receiving Antenna
(Dipole Antenna)

= Coax. Cable [
SM Opt. Fiber @
MM Opt. Fiber x2 ==

Noise Source

Receiving Antenna
Measurement Circle

Noise Source 1 ‘
(Small Biconical -~ T~
Antenna with i

. \ .
Comb Generatorl) N N_OISS Source 2
7 Yent B0 PN (Dipole Antenna
$=901 v =270 with Comb Generator2)
\ L N |
_— Y
Measurement ‘\ ! N N2 o~
Circle N — — < > Generator2
robot - XNZ
$=0° Spectrum |IF
Analyzer |out O
for CH1
CH2 Receiving Antenna J (for ) h1
on Mobile robot O
(Dipole Antenna) Spectrum IE VSA
Analyzer |out
Rrobot | 990 Yo 300 (for CH2)
Q ch2

Fat | 625 | Xgq | 300

Xyz2 | 2200 | yg, | 300
Unit.[mm)]

small’scattering objects

1 RALAE O A

/\ LAN
Router

LAN Media
Converter

PC

O/E

A S AT L O K

Fig. 1 Configuration of electric field phase distribution measurement system
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Table 1 Specification of mobile robot

Size 455 mm x 381_mm
X 237 mm (Height)
Robot Weight 9kg
Payload 17 kg
Turn Radius Ocm
Max. Forward/Backward Speed 1.2mls
Max. Rotation Speed 300%/s
Max. Traversable Step 25cm
Max. Traversable Gap 5cm
Max. Traversable Grade 25%
Run Time 8h.to 10 h.
Batteries (supports up to 3) If; i‘mg'r iic\i?
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Fig. 4 Appearance and block diagram of optical
microwave transceiver
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Table 2 Specification of optical microwave transceiver

Parameter Min. | Typ. | Max. | Unit
Operating Wavelength | 1530 | 1550 | 1570 | nm
Optical Output Power 1 2 4 | dBm
Optical Return Loss 40 - - dB
Modulation Bandwidth | 40 - 3000 | MHz
Flatness - 6 - dB
RF Return Loss - 9 - dB
RF Channel 1 dB Comp. Level - 2 - dBm
Output IP3 - 11 - dBm
Input Damage Level 20 - - dBm
Noise Figure - 26 - dB
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Table 3 Standard deviation of measured amplitude and
hase by proposed measurement system

CH1 IR CH2 iRig GIfEZE
AR | EHiE |Z2ERE | THE |ZEFRE| THE |EEFE
[MHz] [dBm] [dB] [dBm] [dB] [deg] [deg]
490 -37.03 0.022 -40.87 0.047[ -128.93 0.45
495  -29.70 0.026] -3355 0.035] -99.24 0.32
500]  -36.40 0.023]  -40.50 0.046]  159.22 0.45
510/ -36.58 0.022|  -39.93 0.041 78.39 0.43
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Fig. 7 Measured results of amplitude and phase of electric
field
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Fig. 8 Measured results of electric field strength distribution by
antenna on mobile robot.
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