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The purpose of this thesis is to empirically establish
a prediction model for predicting rain induced microwave signal
attenuation at 12 GHz ‘band. By using the method of least squares
to analyze the experimental data statistically, then we will

obtain the sujtable model for microwave signal attenuation which

relates to rainfall. This model can be used to predict microwave
signal attenuation at any size of rainfall. By having power
regression equation characteristic, the calculated results agree

’

well -with the experiment data. Finally this thesis showed a

method for prédiction the yearly probability distribution of rain

.

attenuation by CCIR and a method for prediction microwave signal
attenuation by effective path length. It also showed the graph
_model which obtained from this analysis in order to use as a

guide to design line of sight microwave links.
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POWER MODEL: FOR FILE -~ B:AUGS
VARIABLES = RAIN (IND.) AND ATT (DEP.)

IN’IQ?CEPT

= 7.939132
SLOPE _ =  1.16755
R-SQUARE = .9914725
PEARSON’S R =  .9957272

8.122803E-02 .
581.3385 WITH 1, 5 D.F.
4.842404E-02 A

STANDARD ERROR OF ESTIMATE
SIGNIFICANCE OF EQUATION: F
STANDARD ERROR OF SLOPE

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 5 D.F.
1.168-T( .048) ¢ B < 1.168+T( .048)

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)

SUMX"2= 2.813848 SUMY"2= 3.868753 SUMXY= 3.285308

SS D.F. MS

REGRESSION 3.835762 1 e 3:835762
ERROR .0329907 5 6.598139E-03
TOTAL . 3.868753 6 XXXKKKEX
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

.700 -.040

1.573 . 207

2.526. .074

3.534 -.224

4.586 ~-.316

5.674 -.094

6.793 427

SUM OF RESIDUALS = ,0325
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POWER MODEL FOR FILE - B:MAUG27
VARIABLES = RAIN (IND.) AND ATT (DEP.)

INTERCEPT = 5.371773

SLOPE = 1.193482

R-SQUARE = .9039194

PEARSON’S R = .9507468

STANDARD ERROR OF ESTIMATE =  .4138383

SIGNIFICANCE OF EQUATION: F = 47.03966 WITH 1, 5 D.F.
STANDARD ERROR OF SLOPE = .1740139 o

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 5 D.F.
1.193-T( .174) < B < 1.193+T( .174)

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)
SUMX =.-3.633034 SUMY = 7.432144 N = 7
SUMX"2= 5.655792 SUMY~"2= 8.912421 SUMXY= 6.750088

Ss D.F. MS

REGRESSION ) 8.056111 1 8.056111
ERROR : .8563109 5 1712622
TOTAL® 8.912421 6 KXEELEXX
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

449 -.199

1.027 .853

1.666 .664

4.580 -.540

7.011 : -.611

7.856 -.736

8:715 -.335

SUM OF RESIDUALS = -~.9046
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POWER MODEL FOR FILE - B:SEP18
VARIABLES = RAIN (IND.) AND ATT (DEP.)

INTERCEPT

=  2.521392
SLOPE = 2.160009.
R-SQUARE = .9235484 .
PEARSON’S R =  .9610142
STANDARD ERROR OF ESTIMATE. = .5007255
SIGNIFICANCE OF EQUATION: F =  144.9621 WITH 1, 12 D.F. _
STANDARD ERROR OF SLOPE = .1794024 ) vE e

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 12 D.F.
2.160-T( .179) ¢ B < 2.160+T( .179)

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)

SUMX"2= 7, 790093 SUMY~*2= 39.35449 SUMXY= 16.82667

SS D.F. MS

REGRESSION 36.34577 1 36.345717
ERROR 3.008713 12 .2507261
TOTAL 39.35449 13 KKKKKKKK
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

.028 .052

.126 -,036

.303 ~.103

.564 ~-.244

.914 -.254

1.354 -.044

1.890 -.490

2.521 -.721

3.252 -1.172

4,083 1.747

5.016 1.014

6.053 ) . 3317

7.196 6.184

8.445 5.585 S

SUM OF RESIDUALS = 11.8539 °
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POWER MODEL FOR FILE - B:SEP26
VARIABLES = RAIN (IND.) AND ATT (DEP.)

INTERCEPT = 4,557502
SLOPE = 1.62757
R-SQUARE = .9811944 .
PEARSON’S R = .9905526

" STANDARD ERROR OF ESTIMATE = .1241079 . -
SIGNIFICANCE OF EQUATION: F = 573.9332 WITH 1, 11 _D.F,.
STANDARD ERROR OF SLOPE- = 6.793739E-02 ™ s oan

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 11 D.F.
1.628-T( .068) < B < 1.628+T( .068)

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)
SUMX = 4610659 SUMY = 20.46849 N = 13
SUMX"2= 3.33719 SUMY"2= 9.009588 SUMXY= 5.431508
ANOVA T A'BLE
SS D.F. MS

REGRESSION 8.R4N1R/RR - 1 Q2 f4ANn1RR -
ERROR .1694307 11 : 1.540279E-0?
TOTAL 9.009/8K 19 ' 2322338
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

. 924 -.154

1.475 .255

2.121 .319

2.854 .126

3.667 -.647

4.558 -.288

5.521 -.241 .

6.563 1.257

7.653 .537

10.044 .236

11.332 -.302

12.678 -.038

14.082 -1.262

SUM OF RESIDUALS = -.2002

%
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POWER MODEL FOR FILE - B:0OCT2

VARIABLES = RAIN (IND.) AND ATT (DEP.)
INTERCEPT =  3.038492

SLOPE = .627914

R-SQUARE = .9784252

PEARSON’S R =  .9891538

7.084045E- 02
272.1034 WITH
3.806564E-02

STANDARD ERROR OF ESTIMATE
SIGNIFICANCE OF EQUATION:
STANDARD ERROR OF SLOPE

F

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 6 D.F.

.628-T( .038) < B < '.628+T( .038) .
SUMMARY STATISTICS RAIN (IND. ), ATT (DEP.)
SUMX = -6.03093 SUMY = 5.103986 N = 8
SUMX*2= 3.46335 SUMY"2= 1.395626 SUMXY= 2.174686
ANOVA TABLE
SS D.F. MS
________________________________________ A e - e e e e e e e e = e tmn am oo
REGRESSION 1.365515 1 1.365515
ERROR 3.011024E-02 6 " 5.018374E-03
TOTAL 1.395626 7 XXXKX XXX
YHAT VALUES RESIDUALS IND= RAIN  DEP= ATT
.823 -.013 ‘
1.272 -.092 ‘
1.641 .219
1.966 -.026
2.262 .088
2.536 .084
2.794 - ~-,044
3.039 ~.219

SUM OF RESIDUALS

-.0043
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POWER MODEL FOR FILE - B:OCT10

VARIABLES = RAIN (IND.) AND ATT (DEP.) ®
INTERCEPT = 6.077892

SLOPE = .9352492

R-SQUARE = .7069602

PEARSON’S R = .8408092

STANDARD ERROR OF ESTIMATE = .4418599

SIGNIFICANCE OF EQUATION: F = 7.237518 WITH 1, 3 D.F.
STANDARD ERROR OF SLOPE = .3476423 -0t

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 3 D.F.
.935-T( .348) < B ¢ .935+T( .348)

T I T TN T e e e e o e e e e S St e s e e e e — Y - - = . - —— O e G T = - —— . —— —— - —

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)

SUMX = -5.609716 SUMY = 3.776807 N = 5
SUMX"2= 1.615489 SUMY"2= 1.998774 SUMXY= 1.510885
ANOV A TABLE
Ss D.F. MS

REGRESSION .+ 1.413054 1 1.413054
ERROR 5857205 3 . .1952401
TOTAL 1.9987174 4 XXXXRXXXK
YHAT, VALUES RESIDUALS IND= RAIN  DEP= ATT

.869 271

1.662 -.292

2.429 -.879

3.178 -.398 :

3.916 2.574

SUM OF RESIDUALS = 1.2754
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POWER MODEL FOR FILE - B:0OCT12
VARIABLES = RAIN (IND.) AND ATT (DEP.)

INTERCEPT = 7.691742

SLOPE = 1.399198 .

R-SQUARE = .8635213

PEARSON’S R = .9292584

STANDARD ERROR OF ESTIMATE = .5110382

SIGNIFICANCE OF EQUATION: F = 37.96292 WITH 1, 6 D.F.
STANDARD ERROR OF SLOPE = .2270907. , TIEAD

CONFIDENCE INTERVAL FOR SLOPE BASED ON T~STAT. W/ 6 D.F.
1.399-T( .227) < B < 1.399+T( .227)

+. SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)
SUMX = -4.749996 SUMY = 9.674994 N = 8
SUMX“Z: 5.064166 SUMY"2= 1148136 SUMXY= 7.085771

S T T T T T T T o e e e e e e e e e e e e e e e =~ = - = -~ —— ——_—— — —

SS D.F. MS
REGRESSION 9.914398 . 1 9.914398
, ERROR 1.56696 6 .2611601

TOTAL 11.48136 7 AXRXXX XX
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

.419 .381

1.106 -.146

1.950 -.710

2.916 -1.286

6.381 -2.341

7.692 1.598

9.070 3.060

13.565 8.955

SUM OF RESIDUALS = 9.5118
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POWER MODEL FOR ‘FILE - B:0CT18

VARIABLES = RAIN (IND.) AND ATT (DEP.)

INTERCEPT = 3.243795

SLOPE = 1.986255

R-SQUARE = .9267618

PEARSON'S R = .9626847

STANDARD ERROR OF ESTIMATE = 4136709

SIGNIFICANCE OF EQUATION: F = 50.61625 WITH 1, 4 D.F.
STANDARD ERROR OF SLOPE = .2791837 REERMRR

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 4 D.F.

1.986- T( .278) < B < 1.986+T( .279)
SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)
SUMX = -5. 897398 SUMY = -4.653274 N = 6
SUMX"2= 2.195482 SUMY"2= 9.346129 SUMXY= 4.360787
ANOVA TABLE
SS D.F. MS

REGRESSION 8.661634 NI 8.661634"
ERROR .684494 4 .1711235
TOTAL 9.346129 : 5 XXXEXRXXX
YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

.052 .028 '

. 207 -.0897

462 -.082

. 819 111
1,275 .075

1.832 .438
SUM OF RESIDUALS = .473
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POWER MODEL FOR FILE - B:MSUM
VARIABLES = RAIN (IND.) AND ATT -(DEP.)

INTERCEPT = 5.344868
SLOPE = 1.235487
R-SQUARE = .9689912
PEARSON’S R = .9843736

.1805371
437.4859 WITH 1, 14 D.F.
5.906853E-02

STANDARD ERROR OF ESTIMATE
SIGNIFICANCE OF EQUATION: F
STANDARD ERROR OF SLOPE

CONFIDENCE INTERVAL FOR SLOPE BASED ON T-STAT. W/ 14 D.F.
1.235-T( .059) < B < 1.235+T( .059)

SUMMARY STATISTICS RAIN (IND.), ATT (DEP.)
SUMX = -2.599205 SUMY = 23.60691 N = 16 .
SUMX"2= .9.341591 SUMY~2= 14.71558  SUMXY= 11.54141

SS D.F. MS

REGRESSION 14.25927 1 . 14.25927
ERROR .4563113 14 3.259366E-02
TOTAL 14.71558 15 XXXKXKXX
. YHAT VALUES RESIDUALS IND= RAIN DEP= ATT

.409 .141

.964 .086

1,591 -.221

2.270 -.4170

2.991 -.061

3.746 -.796

4.532 -.782

5.345 ~-.795

6.182 . .308 -

7.042 -.462 .

7.922 -.812 )

8.821 . 2.759

9.737 2.093

10.671 1.959

11.621 1.019

12.585 .235

SUM OF RESIDUALS = 4.2024
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A = kR Loss ceeeaa(4.1)
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‘Leff = q£ ceeesa(4.2)
] \
* A aNITaavAuadinN (tadiua)
Leff : Effective path length
L7

£ AAEIMBAEUNIN (Alatang)
Y .

Y Mnsesn15anag (Reduction Coefficient)
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k U8t o : d/uAMBVBINITOANDY (Regression coefficient)
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Y = L el (4.4)

1+ 0.03(P/0.01) 8™

m(F,€) = 1+¥(F)énl cee..(4.50)
/
Y(F) = 1.4x107%F07® ¢ cee..(4.5)
] 4.4."
F @ AIAuanld

] 1 v
£ v o
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4 4
duadinszang 8 uu TannntIaulaad
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01 £< 50 NlALNAT

B

0.45 @mill 0.001<P(%)<0.01 ceeeo(4.60)

B 0.6 @mil 0.01<p(%)<0.1 ceenn(4.6)
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1
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1.25 6.58
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1.625 11.83
1.75 12.63
1.875 12.64
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LYHT =
SYHT =
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.409
964
1.591
2.27
2.991
3.746
4.532
5.345
6.182
7.042
7.922
8.821
9.737001
10.671
11.621
12.585

POWER MODEL
A

LOG MODEL

LINEAR MODEL

EXPONENTIAL MODEL
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THE FOLYNOMIAL REGRESSION EQUATION IS
Y=—-1.64L+ 7.331X+ . 097X*x2

ORIGINAL ORTGINAL STIMATED
RAINRATE (X)mm/min ATTENUATION (Y)dB ATTENUATION (Y)dB RESIDUALS

135 ' JAs0_ _-.723 1.273

. 250 1.0507F =77 TTTTI197 853
.375 1.370 1.121 . 249
RO 1.300 2.048 -. 248
625 2.930 2.978 -.048

. 750 ' 2.950 3.911. ~-.961
.875 3.750 4.847 -1.097
1.000 4.550 5.787 -1,237
1.125 6.490 5.729 ~.239
1250 ° 6.580 7.874 ~1..094
1.375 7.110 8.622 -1.512
1.500 11.580 ' 9.573 2.007
1.625 11.830 10.527 1.303
1.750 12.630 11.485 1.145
1.875 12.640 ‘ 12. 445 . 195
2. 000 12.820 13. 408 -. 538

SUM OF RESIDUALS = L334 !
‘BTANDARD ERROR OF ESTIMATE =
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