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Abstract

It is necessary to analyze the radio wave propagation characteristics and
select the parameters which affect the propagation path loss in order to
predict a practical service area of radio communication. In the analysis of
radio wave propagation, one of the major parameters of interest is
propagation path loss. General features and roughness of the terrain contour
and the obstacles which are either man-made or natural along the
propagation path tend to reduce the field strength reaching receiver, and
this also contributes to the overall path loss. The unique properties of
terrain can also cause the path losses. These factors should be considered to
predict the propagation path loss for a-particular radio environment.

In the case of the line-of-sight, the received field strength is changed by
the electrical characteristics and environment of a reflected ground and the
terrain slope. To obtain the electrical characteristics of the reflected plane, a
equation of circle which shows the relationship between complex reflection
coefficients and received power is derived. And the data, which are measured
for three frequencies with a dipole antenna, are applied to the equation.
Then a point of intersection of these three circles indicates the value of a
complex reflection coefficient. The environmental characteristics of the
ground are divided into the forest and the grassland through applying the
natural environment classified according to the satellite photograph of Cheju

to the environmental conditions of radio wave propagation. And the reflection

_1_



coefficients of these areas are found out by the quantitative analysis and
statistical analysis of the measured data. On the other hand, the terrain
slopes are obtained through analyzing the profile on the path since the
change of the reflected wave was caused by the terrain slope. The prediction
model of the line-of-sight is presented by modifying two-ray model with
these parameters. In case of the out-of-sight, the field strength is affected
by the number and contour of obstacles along transmission path. There are
basically three models, such as Bullington’s, Epstein and Peterson’s, and
Deygout’s model, that will enable calculation of the excess path loss with
results that are approximately equal to a theoretical solution. However these
models cannot be used to calculate path loss anywhere, especially in Cheju
because there are many hills called 'Orum’. In order to present a model
which can be used in Cheju, a correction factor is found out by analyzing
the diffraction heights of each obstacle.

In this thesis, the algorithm for the prediction model to predict practical
service area of the radio communication is constructed, and a simulation tool
is made by this algorithm. The validity of results of this simulation is
confirmed by comparing with measured data on all road in Cheju. The
prediction model presented in this thesis can provide the more correct
service area of the radio communication and help to make a plan of the

radio system.
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Table 2. Calculated values of electrical characteristics for average ground

1) Z# A (Fresnel) 949

o] Al ~(Huygens)

fol

dele g vheE olFE FHL
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Deg?ee above 0.84 8.53
Horizon
Vertical -0.3537264369317 -0.2544998588765

STF’S: Polarization | -0.00043634723951 | -0.00050328780251

oin

(2.2CGHz) Horizontal -0.9383101451956 -0.9237681867759

Polarization 0.0000687339428i 0.0000865509559i1
Dielectric 15
Average Constant
Ground Conductivity
(S/m) 0.005
Dielectric 14.99756 15.00589

Calculated | Constant

Value .

Conductivity 0.00536 0.00503
(S/m)
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Table 3. Specification of measuring system for obtaining electrical

characteristics of ground
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Table 4. Average and standard deviation of measured data for stone
powder by three frequencies

Frequency(GHz) 1.9 2.2 2.5
Power & Polarization| 10dBm & Vertical
Average |58.4159.6 57.9(59.5:60.9 59.4|56.659.6 58.4
Factor
BV
(dBV) Stal}d&}fd 0.1810.1610.17]0.1510.14 1 0.21]0.331 0.15 | 0.18
eviation
Power & Polarization| 10dBm & Horizontal
Average |60.0160.8161.0|60.0161.0:59.0|56.4i61.2|59.7
Factor
B
(dBV) Sta?d?rd 0.030.1610.09]0.1310.1510.11]0.22 1 0.19 | 0.14
evliation
Power & Polarization| O0dBm & Vertical
Average |48.7150.0148.4[49.951.0149.6|47.449.5 488
Factor
BV
(dBV) Stal}d&}fd 0.1410.1940.09] 0.1310.21 1 0.16 | 0.4510.20  0.14
eviation
Power & Polarization |© 0dBm & Horizontal
Average |50.5151.3151.4|50.3151.3149.2|46.7151.8149.6
Factor
B
(dBV) Sta?d?rd 0.13 0.0810.11]0.1310.2510.09]0.20 1 0.14 1 0.15
eviation
Power & Polarization| -10dBm & Vertical
Average |[38.6140.0138.3[39.9140.8139.2(37.3140.1 38.8
Factor
BV
(dBV) Stal}d&}fd 0.1310.1410.14]0.1410.19:0.17 | 0.38 1 0.19 | 0.21
eviation
Power & Polarization| -10dBm & Horizontal
Average |40.7141.5141.7|40.5141.3139.1|36.7141.5|39.5
Factor
B
(dBV) Sta?d?rd 0.10  0.0910.09]0.17 1 0.1010.14]0.30 | 0.05 | 0.10
evliation
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Table 5. Average and standard deviation of measured data for asphalt
by three frequencies

Frequency(GHz) 1.9 2.2 2.5
Power & Polarization| 10dBm & Vertical
Average |58.6159.6158.7|60.4161.359.4|59.7 57.9  58.6
Factor
BV
(dBV) Stal}d&}fd 0.17 10.3410.53]0.2210.21 1 0.41]0.46 1 0.42  0.39
eviation
Power & Polarization| 10dBm & Horizontal
Average |56.8164.1161.4(58.4163.7161.5|56.5!59.7 56.8
Factor
B
(dBV) Sta?d?rd 0.29 0.2410.60]0.49 0.1010.35|0.53 1 0.23 | 0.69
evliation
Power & Polarization| O0dBm & Vertical
Average |47.1149.8148.5|48.8 1 51.6150.0|46.648.0 485
Factor
BV
(dBV) Stal}d&}fd 0.3410.5140.35]0.46 10.131 043 0.7210.46  0.64
eviation
Power & Polarization |© 0dBm & Horizontal
Average |48.6154.0151.7(50.8153.4151.6|50.0:49.9 47.4
Factor
B
(dBV) Sta?d?rd 0.18 0.1310.32]0.18 1 0.1410.28]0.31 1 0.23 1 0.61
eviation
Power & Polarization| -10dBm & Vertical
Average |37.3140.1138.3(39.1141.539.7|36.738.2 38.8
Factor
BV
(dBV) Stal}d&}fd 0.2610.4310.54]0.2310.210.31]0.4810.25  0.68
eviation
Power & Polarization| -10dBm & Horizontal
Average |88.8144.3141.4[40.8143.5141.6|40.2140.1 37.4
Factor
B
(dBV) Sta?d?rd 0.24 0.1410.37]0.21 1 0.1510.63|0.37 1 0.26 | 0.43
evliation
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Table 6. Average and standard deviation of measured data for turf
by three frequencies

Frequency(GHz) 1.9 2.2 2.5
Power & Polarization| 10dBm & Vertical
Average |60.7 60.3155.7|61.8160.960.3|61.159.3 58.0
Factor
BV
(dBV) Stal}d&}fd 0.2010.2710.30]0.2810.2110.20]0.2010.26 | 0.20
eviation
Power & Polarization| 10dBm & Horizontal
Average |59.1162.6157.3(63.8161.5159.9|64.6:61.2 58.0
Factor
B
(dBV) Is)taf.ld%fd 0.21 0.3610.27]0.19 0.1910.17]0.17 | 0.24 | 0.22
eviation
Power & Polarization| O0dBm & Vertical
Average |51.1150.5146.0|52.2152.1150.2|51.3149.7 48.3
Factor
BV
(dBV) Stal}d&}fd 0.2010.27 4 0.30] 0.28 10.19 1 0.20| 0.201 0.26 | 0.20
eviation
Power & Polarization |© 0dBm & Horizontal
Average |50.9152.7147.4(53.5151.9150.5|54.6151.8 48.5
Factor
B
(dBV) Sta?d?rd 0.21 0.3710.27]/0.1910.1910.17]0.17 1 0.24 | 0.22
eviation
Power & Polarization| -10dBm & Vertical
Average |40.9 1 40.5135.8|41.7141.7140.2]41.0139.7 385
Factor
BV
(dBV) Stal}d&}fd 0.2010.1710.30]0.1910.20 1 0.16 | 0.36 1 0.46  0.24
eviation
Power & Polarization| -10dBm & Horizontal
Average |41.1141.9137.4(43.6142.0140.1|44.8{41.838.3
Factor
B
(dBV) Sta?d?rd 0.34 0.1710.25]0.14 1 0.1610.24|0.26 | 0.25 | 0.29
evliation
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Fig. 36. Circles of reflection coefficients for stone powder
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Fig. 38. Circles of reflection coefficients for turf
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2 AatEAARA Y 53 Zo] I AEAGF] Fite mE AL WHoz 3
AEe kst & 4 dth(Lee, 1992).
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Table 8. Comparison with field strength by three methods of diffraction

Sample Diffraction Loss(dB) |Field Strength(dBs&V/m)

Method A B C A B C

Bullington’s -4.6 | -15.6 -17.4 1 72.7 65.7 57.8

Epstein‘, -46 | -95.7 | -296.5| 72.7 | -13.9 | -221.2
erterson s

Deygout’s -46 | -18.4 | -30.8| 72.7 62.9 44 .5
Measured Value 67.9 53.3 31.9

Fig. 40a® FA8T 717k Aol @d ZolEol EAst= 2 Folm Ao
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Table 9. Comparison with field strength at samples B and C

Deygout’s Method | Predicted Method
Measured Data (dB@&V/m) (dB&V/m)

Sample | 4B,y /m)
Value Error Value Error
B 53.3 62.9 9.6 51.7 1.6
C 31.9 44 5 12.6 32.4 0.5
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Fig. 41. Flow chart for the field strength prediction program
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Table 11. Specifications of receive equipments

Equipment Name

Frequency Range

Output(Input) Level

Measuring Receiver

25MHz to 1.0GHz

5 to 100dByV

Frequency Converter

1.0GHz to 3.0GHz

150MHz to 1GHz

Dipole Antenna 200 to 999.9MHz 40dBm(maximum)
Dipole Antenna 1.7GHz to 3.0GHz 1.6 to 3.4dBi
Log-Periodic Antenna 200 to 2000MHz 40dBm (maximum)

H o=
dofol] Axld FA=S AR AF dA G st e o] &3 oF
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40KmE F#/3tHA Fig. 43 detd A

Fo F8 =2 o]FoHT. 4 dolHE & AFE 2AE A
of T e AR AYEHES skl 37Kbyte/Kme A= ¢



A Aol

olHE AU

el 9]

A 7o) 41

1
.

16W =29 1116W ==

A2 o] FoA v 11119

st %

]_

111794 =29 11151 =2+ AA7}

17

o

ol
T
o

B 2%

g 7o,

i

o iZof 3

7

BN

==

ﬁo
B

Fig. 43. Road map of Cheju

oA 12

%

=
=

499

il

Alelth. 16¥

ol

o

olJ
TR
!
)

|

X
il

olJ
K-
)
4

<

2

Hen, 1011 ==2¢ 1113

B8

_91_



AE A Fof] BEx3k 7/ =2e F Hole 253.2Kmelil 5 A oA 9]
Z Zolx 313.7Kmeln, X9 T2 3t FEEZ Table 129 Table

13l EAsHA

Table 12. Measuring routes in western area of Cheju

Site I?gii Di(sé?nrgce Route
12 88.0 Cheju — Sogwip o
16 65.2 Cheju — Ch’angch’on
99 34.0 Chungmun — Cheju
Se 1111 31.0 | Bosong — Musuch’on
1115 12.5 1111th road — Tamna Univ.
1116 11.2 16th road — Kumak
1117 1yl 53 Hanbak — 1111th road

Table 13. Measuring routes in eastern area of Cheju

. Road Distance

Site Name (Km) Route
12 89.0 Ségwip’o — Hwapuk
16 91.0 Cheju — Soégwip o
11 35.4 Ségwip'o — Cheju

Kyonwol

Orm 101 32.5 Choch’én — Namwon
1112 28.3 11th road — P’yongdae
1113 37.5 Cheju — P’yosdn

,92,
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Table 14. Parameter values of sample points in western area

Position Di(séiln)ce H(erif)ht Position Di(si;c:iln)ce H?rif)ht
S1:Kwangp'yong | 10.00 | 430 [S9:Tonggwang 12.38 | 310
S2:Hagwi 15.00 20 [|S10:Murung 22.50 61
S3:0do 15.00 87 |S11:Murung 25.00 30
S4:Andok 15.00 | 110 |S12:Yongnak 25.90 20
S5:Sagye 20.00 32 |[S13:Sangch’on 8.30 | 400
S6:Chdji 20.00 | 123 |S14:Ch’angch’on 13.10 | 175
S7:Chungmun 11.55 | 120 |S15:Kwangp’yong 8.33 | 488
S8:Sinum 15.45 48 |S16:Ch’dénmi 8.15 | 415

Table 15. Parameter values of sample points in eastern area

Position Di(sé?nn)ce Hzerif)ht Position Di(séilnn)ce H?Iing)ht
D1:Wimi 16.00 80 | D8:Sehwa 20.00 75
D2:Taech’on 12.00 278 | D9:Pijarim 20.00 125
D3:Kashi 16.00 140 |D10:P’yongdae 24.00 20
D4:Kgorae 4.00 460 |D11:Sangdo 24.00 83
D5:Wasan 8.00 318 |Dl2:Susan 24.00 94
D6:Toryon 8.00 130 | D13:Hado 28.00 22
D7:Songdang 16.00 200 | D14:Isidol 12.00 187
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Table 16. Parameter values of sample points at Cheju Nat'l Univ.

Position Dis(t;f;;lce H?Iif)ht Position Dis{i?ce H?rif)ht
Ul 105 295.0 U9 636 319.5
U2 111 287.2 U10 105 289.5
U3 210 287.5 Ull 210 299.5
U4 315 287.3 Ul2 540 327.8
uUb 465 286.0 Ul3 654 327.5
U6 540 282.0 Ul4 726 330.5
uv 420 oo e Ul5 420 314.5
U8 633 318.5
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Table 17. Modified parameters of sample points by terrain slope

Sample point Terrain Slope Height Distance
(degree) (m) (Km)

D6 3.4115 154.1 8,014

S6 2.3515 215.8 20,017

S8 3.9114 55.6 15,486

S9 3.0295 194.8 12,397

Grassland | S10 2.2837 201.7 22,518
S12 1.8444 306.0 25,913

S14 3.7357 129.7 13,128

$45 4 .1.79.2 64.5 8,352

S16 4.5601 95.0 8,176

D4 3.3658 65.8 4,007

D13 1.2274 139.1 28,006

S1 3.1471 180.2 10,015

Forest S4 3.3853 162.7 15,026
S5 2.3780 297.4 20,017

ST 4.3701 157.3 11,584

S11 1.7179 380.2 25,011
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Table 18. Comparison with field strength for sample points in case
of line of sight

Measured Data Modified Model

sample (dBwV/m) o ay (dBV/m)
omnt Mean Deviation (dByV/m) Mean Deviation

D4 79.2 1.37 90.1 84.3 0.62
D6 78.9 0.41 86.3 80.1 0.29
D13 62.7 0.12 70.1 65.6 1.18
S1 4.2 0.14 84.6 78.1 0.54
sS4 71.3 0.51 82.3 73.2 0.93
S5 69.0 0.16 79.1 71.4 0.71
S6 70.7 0.40 79.0 72.8 0.42
ST 75.1 ) 84.5 76.0 0.77
S8 73.9 0.19 82.1 4.7 0.48
S9 75.3 0.37 83.7 7.4 0.35
S10 73.4 0.18 77.5 71.6 0.44
S11 71.9 0.31 76.0 69.6 0.69
S12 72.9 0.30 75.5 70.6 0.41
S14 777 0.88 83.5 76.4 0.43
S15 81.2 0.80 85.0 80.2 0.46
S16 83.4 0.53 85.1 80.6 0.41
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Table 19. Comparison with field strength at Cheju Nat’l Univ. in
case of line of sight

Measured Data Two-Ray Model | Modified Model
Sample (dB@V) (dB&V) (dB&V)
Polnt Mean [Deviation| Mean Error Mean Error
Ul 57.9 0.90 58.8 0.9 61.0 3.1
U2 48.5 0.66 60.7 12.2 50.8 2.3
U3 57.5 0.92 66.2 8.7 58.1 0.6
U4 57.2 0.77 58.4 1.2 57.2 0.0
uUb 59.1 1.04 61.1 2.0 59.5 0.4
U6 57.7 g le, (spani 8.0 58.1 0.4
uv 49.9 0.72 54.9 5.0 48.9 1.0
U8 52.6 0.84 53.9 1.3 50.6 2.0
U9 48.9 1.03 52.1 3.2 48.2 0.7

3d A= dah R Holze e x4 i Wy EE
A BAAAE A&t 7@ dSA9k 54 dHelHE vaste] £kt

Table 201 vt A=l 7IE Aozl et FEo} o Bzl 3



A EolE olgste] Atd 7 Aol EAFE dEiiY. 22 AA
S29F 832 Hup AR Fel=ol shuelr] el oAb FefEel et 3
AAG7E flen, ymAl B8 AL Ay drde oF Zell=d e 24
o5 AEsto] AL Aol Eel t AdAFE ekt B3 A W
AL Aolzel FAAFE FE AR DA HAio BAY FHAF -0.4488

= B3 #3 A3 D3 Aol BF dA -2.1997F FAYSHA T

Table 20. Diffraction coefficients of principal and pseudo obstacles

Sample Principal Obstacle. . Psef)li(}?raOCEisotr?cle
Point | Height(m) | Distance(m) 8;%?352%2 Coefficient
S2 80.1 14,187 0.2059 —

S3 1069.9 2,200 -2.2704 —

D1 815.1 FIb6éb ©.-A361 -0.8627
D2 400.7 8,440 0.6524 -1.6732
D3 290.0 14,280 -3.0501 -2.1990
D5 512.9 4,822 -1.8038 -0.7521
D7 370.0 13,300 -2.2806 -1.8275
D8 511.9 8,957 -1.1948 -0.4488
D9 155.8 18,357 0.8913 -1.4799
D10 693.3 1,540 0.7866 -1.4520
D11 464.2 9,337 0.6603 -1.3812
D12 250.1 17,936 0.3093 -1.3486
D14 606.9 3,541 -0.4319 -0.6567
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Table 21. Comparison with field strength for sample points in case
of diffraction

Measured Data |[Deygout’s Method| Predicted Method
Sample (dBuV/m) (dBuwV/m) (dB#V/m)
Polnt Mean | Deviation| Value Error Value Error
S2 67.9 0.13 12.77 4.8 67.0 0.9
S3 61.8 0.19 59.9 1.9 58.5 3.3
D1 21.5 0.56 32.7 11.2 20.7 0.8
D2 65.4 0.65 ol 8.5 63.8 1.6
D3 28.2 0.46 49.7 21.5 30.3 2.1
D5 53.3 0.37 62.9 9.6 51.7 1.6
D7 31.9 2.21 44.5 12.6 32.4 0.5
D8 49.2 0.14 58.2 9.0 49.2 0.0
D9 56.8 0.39 73.0 16.2 57.1 0.3
D10 55.1 0.28 71.2 16.1 55.4 0.3
D11 50.3 0.08 69.1 18.8 53.6 3.3
D12 57.5 0.30 68.6 11.1 53.2 4.3
D14 54.1 1.07 68.2 14.1 57.9 3.8
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Table 22. Diffraction coefficients of principal and pseudo obstacles
at Cheju Nat’l Univ.

Sample Principal Obstacle Pseudo Obstacle
Point Diffraction Coefficient Diffraction Coefficient
U10 -5.1025 —
Ull -1.1645 -0.5111
Ul2 0.7607 -0.7631
Ul3 -0.3729 -0.0362
U1l4 -0.1073 -0.2248
Ul15 -4.3843 —
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Table 23. Comparison with field strength at Cheju Nat’l Univ. in
case of diffraction

Measured Data |Deygout’s Method| Predicted Method
Sample (dBuV) (dBuV) (dBuV)
Polnt Mean |Deviation| Value Error Value Error
U10 41.1 1.00 41.4 0.3 41.4 0.3
Ull 34.8 1.47 47.1 12.3 36.9 2.1
Ul2 37.0 1.31 51.9 14.9 39.6 2.6
U1l3 29.1 0.84 28] -14) 6.1 28.9 0.2
Ul4 32.3 0.90 37.9 5.6 30.0 2.3
Ul15 30.7 0.94 28.9 1.8 28.9 1.8
27 dolele PHeEel A& FE3 TEUAE TR Deygout
W] ol 529 Altd wdo] o FA = Furh 324.75MHzY We] o=
WS Agotol okt 54 dHolHe #EdAE HH 1.1dBY #<& 7t
A 1.47dBel E=AA7E £ A UllelA A8k, B S A9
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7o eake 0.2dBellA 2.6dBe] ®flolA TSt o dF #& A4

e 3dB o]Ae] exbrt wAsY
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Fig. 50. Parameter input window

Fig. 51. Position selection window
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Fig. 52. Calculation result window at a sample point

Fig. 53. Calculation result window in western area(250m)
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Fig. 54. Calculation result window in western area(25m)

Fig. 55. Calculation result window in eastern area(25m)
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O MR 2 U AR HF

%FileName:simp
fig3=figure('Position',[10,10,640,550],...
'‘NumberTitle','off');
contour(ixx,iyy,init,1),axis image,axis equal;
plot(lorm(:,1),orm(:,2),'b™");
titte('SAIIXN= AXNE NESARY);
%input point
ylabel('Latitude")
xlabel('Longitude')
hold on
[px,py]=ginput(1);
close(4);

© Xg Gold =4

%FileName:profl

%Find zii index

for ii=1:400
xe=(lat1-x(ii))."2;
xI=min(find(xe==min(xe)));
ye=(lon1-y(ii)).”2;
yl=min(find(ye==min(ye)));
xe=lat1 (x)—x(ii);
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ye=lon1 (yl)=y(ii);
if xe>0&ye>0
if (ye)>(1-ye)
z1=yex(zii(yl-1,xI-1)+zii(yl=1,x1));
z2=(1-(ye))*(zii(yl,xI=1)+zii(yl,x1));
else
z1=(1-ye)*(zii(yl-1,xI-1)+zii(yl-1,xI));
z2=yex*(zii(yl,xI=1)+zii(yl,xI));
end
if abs(xe)>(1-abs(xe))
z3=xex*(zii(yl-1,xI-1)+zii(yl,xI-1));
z4=(1-xe)*(zii(yl-1,x1)+zii(yl,xI));
else
23=(1-xe)*(zii(yl=1,xI=1)+zii(yl,xI-1));
z4=xex*(zii(yl=1,x1)+zii(yl,xI));
end

© HOM=E ?AX It

%FileName:propa_main

%Knife edge
di=atan((hegt(2:1I-1)-hegt(1:11-2))/dis(2));
di=find(di<=0);
ddi=di(2:length(di))—di(1:length(di)-1);
di=di(2:length(di));
ddi=find(ddi>1);
di=di(ddi);
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© Ola Zoi=0l CHst 312 A=+ AL

%FileName:propa_main

%Path Angle
theta=atan((hegt(1)-hegt(ll)-ant)/dis(ll));
dise=fliplr(dis(2:1I-1));
he2=disex*tan(theta)+hegt(ll)+ant;
r1=1./dis(di);
r2=1./(dis(Il)-dis(di));
ro=sqrt(lambda./(r1+r2));
hee=hegt(di)-he2(di-1);
vw=-hee./ro;

© &t & A=

%FileName:propa_main
%Find obstacle condition
vi=find(vo<=1.22);
dci=length(vo(vi)):
if dci==0
%Direct & Angle

© JtAIHEl B30 AS HAZE ALt

%FileName:propa_main
%Direct & Angle
tta=atan((hegt(1:1I-1)—hegt(2:11))./(dis(2:11)=dis(1:11-1))):
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mini=tta>(mean(tta)-2*std(tta));

maxi=tta<(mean(tta)+2xstd(tta));

tta=mini.*maxi.*tta;

kI=find(tta);

tta=tta(kl);

tta=median(tta);

if rd_gr==0
gamma1=0.45:0.01:0.65;phi=171*pi/180;

else
gamma=0.35:0.01:0.45;phi=176%pi/180;

end

© FOH=0 CHet oS e

%FileName:propa_main

% Error & V

r1=1./(dis(di)/cos(theta));
r2=1./((dis(Il)~dis(di))/cos(theta)):
ro=sqrt(lamda./(2*(r1+r2)));
hee=hegt(di)-he2(di-1);

%Diffraction coefficient

vva=min(-hee./ro);

%Correction factor
ihee=-hee;
smhe=sum(ihee);

%Maxmum edge
mxh=find(hee==max(hee));
mx=di(mxh);

%Path angle——Front
sita=atan((hegt(1)-hegt(mx))/dis(mx));
he2=(dis(mx)—dis(di(1:mxh-1)))*tan(sita)+hegt(mx);
hee=hegt(di(1:mxh-1))-he?2;
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r1=1./(dis(di(1:mxh-1))/cos(sita));
r2=1./((dis(mx)—dis(di(1:mxh—1)))/cos(sita));
ro=sart(lamda./(2*(r1+r2)));

vwb=-hee./ro;

%Path angle——back
sita=atan((hegt(mx)-hegt(ll)-ant)/(dis(I)-dis(mx)));
he2=(dis(ll)-dis(di(mxh+1:la)))*tan(sita)+hegt(ll)+ant;
hee=hegt(di(mxh+1:la))-he2;
ri=1./((dis(di(mxh+1:la))-dis(di(mxh)))/cos(sita));
r2=1./((dis(Il)~dis(di(mxh+1:la)))/cos(sita));
ro=sart(lamda./(2*(r1+r2)));
vvc=-hee./ro;
vva=sort([vva vvb vvcl);

%correction factor calculation
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