o W L4
aninvemyanaN  NIvEUINmIMANTE

msamszHanyuzmsanvelufilnansenusedaan lulnsid

ANALYSIS OF RAINFALL CHARACTERISTICS EFFECT TO MICROWAVE SIGNAL

y

WY WYY lauizdl

MR.PICHASE SANORLUM

t 4 v
InniwustiiiuduniwesmsdnuaundngasdSyandmnssumaasumSudin

Mu3¥Ianssy I
i - VHNAINGIAY
LA § .

mqm,; _ .70 aothumaly Tainszosundudnunmsmanse s

. ‘ btk ) ) ’)
favnsi vy 26 172 W.f. 2539

4 4 _ o
M, 1now, 1 1.0 614, 2§39 ISBN 974-621-539-6

fuansusaingninerdy an1uma Tuladwszasundudmunmsatansss



ANALYSIS OF RAINFALL CHARACTERISTICS EFFECT TO MICROWAVE SIGNAL

PICHASE SANORLUM

A THESIS SUBMIFTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT'S msm OF TECHNOLOGY LADKRABANG
1996
ISBN 974-621-539-6



Yo Ineniinus MsATIEHanyaznIsanvesuitnanseny
andyanuluInsom
: »
WndAnw WOAIYY e
Jd v o =Y 4 o 4'
ssgdmunguineniinug srasada Wan
STAUNITANHT AINTTUMAATUML AR a1 IndeanTsu Inih
MATM Aenssu Insanuiay
aonfuma Tulatwsyeoundudhgunmsaanszila

n.eA. 2539
g )
unnaegd

3 3 ¥ 1 1
dnvuznsanvowuluwadoudu Fagdlszmalnsdrodudymsdruinas
& d‘ 1 a :i A a
ssuumsdoms lulasiod Fwansenuvesudodynalulnsniiinuluilhpiufoada
- 1 o (. T - o 14
NMTINMnIenarNvedyya lulasnedissquasdielsinwd bilidlaasmnrw
v o oo (XY v ] [ a ot 1 = a e ° as a 4
Fuiusunida 1§ hidusdilsuazfudiudimhauledomsfinyise dmsunsiiaszim
' o ar n’/’ P < s .y a Ié
ransenusenedygne lu lasovfuduaniufivustu lulegfusediudislinsedanu
& e 1 @ @ a ] a o Mdy
duiussznIedanaanvesrunazdygnn lasoadignaaneu. Famsinszd laedsi
o ) Y ] d' d! 9/ é'l .l
deahinsounqudnyuzasanvesdurifinismswiissndeyanisanvesuioaylugy
¥ . 3 1] z
wuyvesdayane Idiniusslissfiszneudqdanmeetisunud @nulsnss). vos
@ 1 ot 1o ' .’,’ ' [ .’f a o idyns
nmsanvosduludanaegly 1 1 hliswdesaiwila dniuluineriinuitiseldiaus
wanwufalmilumsimsaedanyuzasanvesdu  Tasimsdinnedmanudlunisifa
L d ] ¥ v
$17v039a51MIanveduntTinaniuangih Idinanisaansuvesdyana luTasiov
TavldnsulaafSusedra§a ( Fast Fourier Transform : FFT ) $0lunisiinsizdganaii 1]
Fusgildnswtwnuduiuissnindnvuznsanveruuaznisaansuvesdya o
. 1 4 v v . .
Tulasndfifaduldgndeaiieds: Tonilunsesnuuussuudomsdasadu luTasovid
o o a' ; L -] ar -3 o o 1 ar
UssanEnmuingatiu wumanh lFlunsasugulunsdiumhdesy-duvesdygu

Tulasvvasiiduan iINeyaunsaanoUBt ISy



Thesis Title Analysis of Rainfall Characteristics Effect to Microwave Signal
Student Mr Pichase Sanorlum

Thesis Advisor  Assoc. Prof.Dr.Tawil Paungma

Level of Study  Master of Engineering in Electrical Engineering

Department Telecommunication Engineering,

King Mongkut's Institute of Technology Ladkrabang
Year 1996

ABSTRACT

_ The characteristic of- rainfall in tropical zone especially in Thailand has shown
significant problem to microwave communication system. At present, the analysis of
microwave signal effected by rainfall are almost used the relation between rainrate and
microwave signal attenuation. This method does not cover some characteristics of rainfall.
Because the electrical data of the rainfalls cause many factors for eg. frequency of rainfall in
every rainrate occurence in a year. This thesis proposes a new idea to solve this problem by
using the Fast Fourier Transform (FFT) to analyse heavy occassionally rainfall characteristics

for more acculate in microwave system design such as for adaptive coatrol the power

transmitter properly.
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11T. Oguchi, “Elecu*omagnetic Wave Propagation and Scattering in Rain and Other Hydro
meteors,  Proc, IEEE, Vol.71, (Sept..1983):1029-1078.

12R. L. Olsen, D. V. Rodgers and D. B. Hodge, “The Relation in the Calculation of Rain
Attenuation,” IEEE Trans., Vol. AP-26, (March 1978):318-329.
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l W.T. Cochran, J. W. Cooley, D.L. Favin, H. D. Halms, R.A. Kaenel, W.W. Lang, G. C.
Mailing, D. E. Nelson, C.M. Rader and P.D. Welch, What is The Fast Fourier
Transform?,”_IEEE Trans. Audic Electroaccost., Vol. AU-15, (June 1967):45-35.
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MC. Bingham, M.D. Gogfrey and J.W. Tukey, “Modem Technique of power Spectrum
Estimation,” [EEE Trans. Audio Electroaccoust., (fune 1967):56-66.

lS’T.G. Stockham, “High Speed Convolu'tion and Convolution,” Spring__Joint Computer
Conf. . AFIPS Proc.,Vol.28, 1966, Washington, D.C.:Spartan, (1966):229-233.



36

N-1 i
Ar = 3 Xk 27N) (3.1)
k=0
Tao r=0,...,N—1 uazile
-] ar a QJ d'
Ar a9 dulseansmeyn r vo DFT
Xk fi9 #7000 (sample) a¥ k ¥oe0YATUIMTT N mow
J=+~-1
o o 1 u.’: o a o &S o 1 e o
dwmivm X duewziiludiuBidou (complex numbers) 714 us A Wneziud oy

t 4 .
Badounanua eanuazalniseSouaung 3.1y Tudidu
N-1

dr= Y (XK) W™ 62

k=0

W = ol2IN) (3.3)

v b 4 L d
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10: ! Create Dir

20: 1024 Pt array for w

30: Define I is Real

40: I=0

50: Define ‘Mass Storage is”

60: Display ' Now Saving IN DRIVE ---=A<we-"’
70:  Attrib = File_5

80: Attrib = File_6

90: ! Create BDAT File_5

100: ! Create BDAT File_6

110: Define IO Path (file5)

120: Define IO Path (file6)

130: Define HPIB = 7

140: TRIGGER 700 (Data Logger)

150: Device Select (Data Logger) to Variable
160: Read (Data Logger) to Variable

170: ! Display Data to screen

180: Receive Data to IO Path

190: Enter D$ to W(1)

200: Get W(1) to IO Path

LR 1 Y

210: Display TIME , “DATA”, “NUMBER’
220: ONKEY 1

230: ON KEY 2

240: I=1+1

250: IF I = 26000 THEN “MSI”

260: GOTO 160

270: Define “MSI”

280: Display *Now Saving in DRIVE-——-C-----"
290: GOTO 70

300: END



110:
120:
130:
140:
150:
160:
«170:

180:

270:
280:

300:

Scode = 7
Dsa 100*Scode + 11
DIM Window (1023)

!

ASSIGN @Dsa_off TO Dsa;FORMAT OFF

OUTPUT Dsa; “USER:EXPR F1,(TIME1/TIME1)”
OUTPUT Dsa, TRAC:A:RES F1”
OUTPUT Dsa; TRAC:HEAD:XOR?”
ENTER Dsa; Xor

OUTPUT Dsa; " TRAC:HEAD:XINC?”
ENTER Dsa;Xinc

OUTPUT Dsa; “ TRAC:HEAD:YPO?~
ENTER Dsa; Ypo

!

Gen_window(Window( *),¥po)

1

DISsp “Writing window to trace A...”

: OUTPUT Dsa; “TRAC:HEAD:XOR:Xor
: OUTPUT Dsa; “ TRAC:HEAD:XINC:Xinc
: OUTPUT Dsa; “TRAC:HEAD:YPO”;Ypo
: OUTPUT Dsa; “TRAC:DATA"

% K

: OUTPUT Dsa DSING “#,AD4D”; “#” 4,1024*8
: OUTPUT @DSA _off;Window(*),CHR$(10)

: 1

: OUTPUT Dsa; " DISP:A:AXIS REAL”

OUTPUT Dsa; “DISP:A:SCAL:AUTO:SING”
DISP “Saving the window in ‘RAM-HANNING ...

\ k] ”
: OUTPUT Dsa; "MMEM:STOR:TRAC:A ‘RAM:-HANNING :*OPC?

ENTER Dsa;Opc

110



310:
320:
330:
340:
350:
360:
370:
380:

510:
520:
530:
540:
550:
560:
570:
580:
590:

!
! Use the window to do a spectrum measurement.

! the math ‘expression for correct x-axis start/stop values.

OUTPUT Dsa; “USER:EXPR F1,(FFT(TIMEL* ‘RAM:HANNING'))”
OUTPUT Dsa; ' TRAC:A:RES F1”

DISP “Starting the measurement...”

OUTPUT Dsa; ' TRAC:A:RES F1”

DISP “Starting the measurement..."

: OUTPUT Dsa; _INIT:STAT STAR”

OUTPUT Dsa; ' DISP:A:AXIS LOGM:*WATL::DISP:A:SCAL:AUTO:SING”

: LOCAL Dsa

DISP “Program finished”

END

1

SUB Gen_window(Wind(*),Ypo)
RAD

DISP “Generating data for HANNING window...”

. Const=2*PI/1023
: IF Ypo=1 THEN

For I =0 TO 1023
Wind(Iy = 1.0+COS(#Const+PY)
NEXT I
ELSE
FOR I =0 TO 1023 STEP 2
Wind(@) = 1.0+COS(I*Const+PT)
Wind(I+1) = 0.0
NEXT I
END IF

: SUBEND
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