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DEVELOPMENT OF REMOTE SENSING SYSTEM FOR
THE PLANETARY BOUNDARY LAYER

By Yasushi Mitsuta, Osamu TsukamoTo and Safoski UCHIDA

Synopsis

To examine the reliability of wind measurement by sodar, the complex covariance technique
for estimating Doppler frequency is evaluated. The result suggests that the process of subtracting
the covariance function of noise process is significant for accurate estimation. Then the data
processing system of the Doppler sodar is developed in this method. Together with the sodar,
RASS for the measurement of temperature profile is also under developement.
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7 b U hSE T H white noise DEAICIE, PPP & VPC $34 7 RAINTIRKD N T EHRSH
T3, ¥, EUHERRI PATHZOEEINEL, B SN HOBAKRSRVIELRTVS
PPP 75, Doppler radar (g1 i3 Doppler sodar) O REEMBITICEL T %,

El#%ic Baudin® (3, Doppler sodar O EEBARIT Do dICT F 0 FHicik > k& LT, 1) Zero passage
detector, 2) Phase comparator, 3) Phase lock loop (PLL) J7F 4) Analogue calculator (22T O HEL
AT, FYRMMGICEKS 1) Fast Fourier transform, 2) Fourier transform approach, 3) Covariance
arguement (PPP) J 7 4) Prediction filtering 12D TOREETT » 70

ZORE, T+ os/WEFETE PLL BRER TV B, 7Y AVRBHEROThS 2 LE
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Fig. 1. Diagram of beat the received signal REShIAEEL LR Fig. 1 TREALFRCL -
down to Doppler frequency. T, Doppler f{4HC % T beat down I N7z ffHDRS -
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L1585, SBBRRCETBRICOVTE 2EKRD, (1) RCRAT 3 &4 Doppler FEHARKD 55,

2.3 Doppler Sodar ADIGH
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BIEICHBA Lic k% Doppler sodar @A L& > & 284, 120D covariance Bi¥ZRD 270D
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CEOREMEMSHEINZOTHY, ChBHLEEMBEICTINT 205 TH b, DFD, 7™XN HNE
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COEDBRZ E4%DERIZZ AN - iR LIcEA TV B, EENTIRS 08, V=60 fEE
FERRNITHTHA S EBbhE, V=60 i3y v 7 VEARKS00Hz 04, HEMBIC LTH20m
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Fig. 3 i3 shift BEHKICH s 2 ARBROBREIC OV TRNIRRTH 2. HEHIIES O shift FEHK
DO v P VEEBICT BT, #Ehid complex covariance FETEH U7 shift FEEOY v 7 VvEEY
T B ThH B, a) 8 (1) RiITBF 3 noise O covariance FAYL Ko(r) ZBIMITVES, b) MBI &%
SEATHE, HPERR, EESHBRTEREOBRADETH %,

SN I 30dB OIiTid, noise ZFIBIMBNIKIOTELVEREB TN Ebh 5, KRiT 18dB
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Fig. 2. N dependent curve of standard devia- * i 188
tion of calculated frequency; N is the od " o : 11dB
number of sampled data which com- )
poses one covariance function. o1
Fig. 3. Following of calculated value against — nolse canceled PRI
shift frequency, (a) is the case of which or ° N
covariance function of noise is not sub-
tracted and (b) is the subtracted case. -02f
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IRy sampling TIRF UL SO E T AH, TOEAD noise |3 noise KO A - TN TZEOFEY
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ESICBL B, ¥ 11dB REL TR, dRIPEERCRDEILTIORRETHEZLbDDS,
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—i 1 U CIRZEERICH 10D OEEEE S » THELZT-

204 . 1T B “tl{\ 50
u \ﬁk:\ RERZE, WEERO covariance BIMZFIAEL
0] =" - BAIII, SN HAVNE L 73 % - TIREBIC back-
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Fig. 4. Frequency estimation under various HbhEe —T, RELBER-IBAIE, X
signal to noise conditions. SN /NS EZHTHHREEETRHERSRKD 5

NTWW5, AL SN HANIWVEAICEE, bar TRUT
V3 XS ICHEEOBRRENAE B> T, $iC shift AEBONIVEA, BLHRKICEVTE
BRI ODEMNKEL LT B LKREEEETETHSL .

Wi, SN Hhs2dB it 20 RARBEOBEAIIE, KRORECH XS0, BEICLTBLE 300m Fj%k
CRIET B0 B, ARERIED/ T X7 REET3 FANEFRERETLEVIL51UT ¥ 7 FROM
B{tAEN->TWADT, 7Y 7FFRRETRLVBOBEE TAETEZRTTH S,

DI EOERE XY, Doppler sodar @ JFREEHARITIC complex covariance #AERN3 T &1, & SN Hic
SUTCHOEERLHETE 3L 54, F i Doppler B RMICE T beat down ULTH v VAR
{ERALETT » T FIF, microprocessor T &4y real time UEMAREE VS ATELTHWEEELL I,
ZLT, ZOFEEEAT IR, BTBEO covariance BHEFIEERIC LBUETH S, KEME
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51T noise level ICHANTEETE 2 EBONIBIZIELT, £h% noise ET2HEERLI %25
0, £ DHA, filter IAOHEBEH TR, EEY EBUR) O noise OEXBRB/RATEZLVS%
BDBRELI S, SN (CHT 2RBOE, SR, CORBRIBIFHZINTVEEEDNEY, FHLE
WHEE GRITECEORES) NBEATATHRERTHCHEOT, COEEDL D ICRET ZHE3LE
YARTF LOBEND ETEELNRETHH S0

3. Data L ZAF 4

B $BFFEA D% L1 Doppler sodar & % 7 A QBRI ERIZ Tablel K LD TH B, ZEETR
microcomputer (TEAC 3 PS-80) THUEE%4T S5 A3, 500 Hz T A/D sampling 27584, AAISE
500 m % CORBRMER B L S &3 UL, covariance BIRAFHE T ADIC 2 channel @ data HSNETH
B HH93000ED data H 5% 3 HEEFR THOLGITIZ SN,

EFB DM b v AR EMRBIEEKIRN TS 20T, 108, %E—>E5D%(E ~ (5D covariance
EHOHE - #E (EH2THD) OFE > MED covariance BROHE, VS FELETTESLLD

Acoustic Controller

T-R SW

X(£)~ cos ((Wa-we) t+0) Y(t) ~sin((Wa- 0o t+&)

F\/D Converter ]

sampling period : T
t=n1T

______________ e e,
r = /

Key Board Input Signal Sampling l(_:____:‘wart timin
Observation Period]

Start Time
CMT Save Point

X(n) Y(n)

Re[R(1,3) )= Y, [X1j(n)xXij(n+l) + Yij(n)x¥ij(n+l)]

i:speaker number

j:j-th Covariance | {Im{R(1,§))=22Xij(n+1)x¥ij(n) - Xij(m)x¥ij(n+l)]
function] T

! [Zretr, 1, Fmira,ni]

Re[Rn] —» 37 Re[Rn]

; ; no
2 minutes Averaging
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I
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I
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: In[Rn] —» ), Im[Rn]
1
I
]
I
I
!

41,5 = vH L VD) , W) —» Display
M
— CMT Save at every 7.5 minutes (3% every 2.5 minutes datﬂ—

Microcomputer

Fig. 5. Diagram of data processing.
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Table 1. Specifications of Doppler Sodar System.

Carrier Frequency 1600 Hz
Transmitter Power (electric) 10, 50, 100, 300 Watts
Pulse Width 50, 100, 250 msec
Pulse Repetition Period 10 sec
Antenna (paraboloidal dish)

Diameter 180 cm

Focal Length 58 cm

Beam Direction (zenith angle) 16°

Half-power Beam Width (radial section) 13°

15 programing %27 -7z, €0 data UEHOKTFIZ Fig. 5 ITRIN TN B,

T IHOREEEB 2 e dICiE, 3O Doppler [FH MO MAIRIE 1 fl T DHNIZRAS, mono-
static FRAZR » T B 7 E— aid 3 HFRANZERENCESY, FRHEE % OFHORERISMEE RO TR
HHAMEE ST 5 C LICEEND 5. € ZTHEIO sounding K DWTHEY Ui FV CRE % Ef
BFARCEIC L. TCTRA&XDHFAD4[ED sounding iIOWTTEHL, -T2 &IC1EOK
BEEHET B covariance FMOEME LN, Lk l, ThEEICEEEICHET 2 OEEZET 3
7o%, 24330MRMRCREME 3 RAMEEEHT BT &It Ui, $7, HERET IERHOTA L1 EOESD
sampling 3 2 IR SN, - CHAUEERRIR 340m ¥ TTH3, T LTHTELTREET-
TV OREERSG 7 DEORETH D, 1EOREMEERD S 2 43000 > BOE~NICLTH 5 Billo
EREARD THEEZTT> T3, BRIZ, HEINCREEEIZ7F30BCECA%y FF—7D 1 block
(256 byte) Wit I b, #-T, Aty bTF—FIERMEICHK 1000 blocks 543 TEADT, ZOYAT A
THI 5 BRI ERBRMSTHETH 20

4. FIE Sodar HEIFEI

B Y R T L DRBELEEREIET > T 50, BENRIRTSTHIE0EEIKKD, BELTK
BEMCEIBEREBRRTOOLTHED, -TC, HEMEEONANZBRKBELLESNTHIZVS,
2O S RKFENEEBRN T B, YT ICERABAT 5.

Fig. 6 {3, 19814 2 A18H20K1653 & 0 211693 % T 1 O KEREDEE R DD TH B, KK
BEEE L RBBARFEICTRL, €ORICHABLE S ETFIRINTH S, TOC LB EREEOHRES
PEBRLTHS EBRTE 228, ZORESEY (1/508E) &, TRREFOREAH ST EHEREL
Bbhz, Lhd, ThREBLAESSMOBEARKENTHLILEBEATH 5,

WICRT B, 3 H24H17H303 X D228 S THRI LB RTH 5, YHREF LD EEESELEL TS
D, 215D S/NEBED BRD T, Fig. 7T B2 0ROZERBEOE(ERILLOT, Chidy»
VIV EBLALEREDOLDOTH S, cheR5E, 18EFIRICIE 200 m FRTiICHRETROERT 7 —
WEEL, 1ORRICZS Ll LTz a~BER L, 0B EICH I TROBR: 2 —24ERK LT
W3, ZOKAMHICHERE, OEHICERT Iz —BROLND, ZhiCHiEd 2% O iR
DEERI:D Fig. 8 TH3, T (a) WKFERE (b) BEAMZIL,SOMET (HED) %
F£bL, (c) BMERETH %,

TRZBD 5 &L DBOERENBMAL, 9, =3 -OBOHTIKEREISEHIICKE - T
B8, ra—PRECERTE (BORHELE-THL) BTk, MERES EHESICAELB-TWEA
FBTHBo T/, LTHB0HEDP0M0MEICR ON S &L H U THRHKICE > TRENE LR LTV 2 AR
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Fig. 7. Time and space variation of the received signal power.

BRIV BITIE, 21155 SN O L CO AR BH ST HACHETE TV B L L b ERDH 2
TETHSLS.

5. RASSo H #

FERE KRR CHRPOBR EEEATFERE (RASS) BB L UK IC OV TIREICEHE Lz
EBDTHE®, HEXVARKEL LT DEMIVEMNORET 2T AR EBPE L —2L—% (S
band) TiE » TEB & FHMSEF U, Bragg scattering ICk » THBEMNEH LTRAE S EFHROBAREH
SZDHIDRREMADILEIDDOTH 2, B, HABETCIIERHERICEOTHERTD RASS 1
—EORBROBTRESEZHVERDOF 2 ZNICHTEIHT, FROZEAELAE LAELXMA 0 HE
RObODBREALETH IO LT, CCTHELII L LESOR—EREROEBHEEH LTBVT,
ZHICHHAT 2 EROABRENS LI ETRIE> T 5,

BHEFEELTIE S band (R 10em) OMMAL — 4 2EZEBLEREL, BEE 3m O/7 K5 52H{0
BEE—AD L — &R, ZEESO vidio AR ¥ 3 X5 Lize HAIRE—2 T 60kw, /¢
W ANE 0. 08 us T/¥ L ZADFE DK LIZ 3000 Hz TH 5,
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e UTHEBRIFICHRE LI R8I R E8AEH T 6,358.8 Hz 5 7,215, 75 Hz $ T4 6.75
Hz 25 5 7 TEAS M S 60m/sec D/ v RABOFREFTERACHLUTIT LD HBRIKE > TV 3,
WHEEEKR30W T, COEENS L -FBIUF — s UEEBLZHET 2ESBHELSICE>T 5,
ERORBEORAT v TREBE L TH 0.5°K OMBEEE NS T LK B,

VA OREKIIZOEETREFTVEZVOT, BEET A/D B Uik, 128@0/ v 2 & LizD
WTFE AT, chERNTEE38 5y Yy bre)— (JIETL2 Fo=) M-50E) 2,
ZOWIE~4 7nFaky #— (Micro-NOVA) [KiEE LHEEOFORBIBKRT LTh D, BEFICEE
BEBEOVRVOEHELE X ORADZND SOEEMNT 2 X I BHETRBEEZET VY FELR-
2o

B DOLIEBEMTR L7 DIZBFISSERE OKRD D IGED » 1o DBEBRIVSEEZT > T &R0
ThHbo L LALTH2 ETFRACEREEROELBHENEL, FEHIBREL TV BELS5TH -1,
ZOhHIC, SWEBHROBERE 1M1 330 UEFSHME%E 1/2 $18b 5 3 179, 25~3 608. 875
Hz ORFBICEE Lico FHERRICOVTIICTIRIOH A Fu— 7 OhdATHRGRNE AL S
PR BRRESE D S ORMHMEERO L A EHbN, FE VADLORIFDOLAEDF > EREN
LN T ENRONT, TOHIDOTIRYS X5 OOMICEREBIME2LREC LitkD, hiRbkE
INBEDEROBRASHEIL-72DT, BRENMHZEA LSS #5 ORI KA ILREEIELC &
L7

PEDX I CBREAHZRET 27000 RASS REIXZOBELRET LCAETHATORLDOTE X
B EREELEDETFETH B0

6. #& E

ZOEHICARRERBEEM LD ORBRIET 27.D0FRERDUTOTRHIMERBEATED, BiC
BOAHICOOTIE 300m ¢ HWMTTRERDBRIGESOTNG, DX S A LIRS NITHE )
SEMISEBRBOBNET > CENTE, KEYBFOREDOLTIEL, KEABROMEEHREDEA
HRERRAREVEEDN S, 4% LB EREBBROLDOENER I 2060 TH 20

BROITUDAFREED BICU D HHI LTHEOCELER, 5XUHARRORHICRHT 3,
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