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Credibility Validation of Low-altitude Wireless Channel Model
Based on Monte Carlo Method
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[Abstract] This paper analyzes the multipath delay, Doppler effect and other transmission characteristics of the low-altitude wireless channel, uses
Wide Sense Stationary Uncorrelated Scattering(WSSUS) model, according to the four different scenarios of parking, en-routing, arriving and over
the top models are respectively set up. Simulation experiment of this model is carried out by using the Monte Carlo(MC) method, and results show
that the channel model to build a true reflection of the characteristics of low-altitude wireless channel.

[ Key words] low-altitude airspace; channel model; Monte Carlo(MC) method; Wide Sense Stationary Uncorrelated Scattering(WSSUS); multipath

component

DOI: 10.3969/j.issn.1000-3428.2012.09.021

1 B

R 2R E R 1 000 m IR 2. BEREM. R’
FAMLZE M R R R, U TEAE TR S SRR KA
RETIRRE, R EGOE RS ER R A, BR
X I R 2 b B A AR, X o i R ARG 2 2 1 S T AR
R THEERER. R, BTITRACE LR E S
%0 B R AR AR MR BB ST, JRAE SRR B, BFRE AR
EILARE I T AR R0 R

HAT, AERISRSTHR A 8 7 A R 2 {5 1 A K i T
o SCRRI21% 022 A5 T8 R AT 20 AT, STRRI3 TR RAIL BT 22
R B AT IISE, SCRRI416EX o AMLAEE h RAT fES5 X
WAL TR /R 3 BRI AR, $R TR LR 4
VHRERL, SCRRISTE NG 28 AT 7 R 2h il A5 £ A R 5
B B3R ST 4 i TR e e A K, T AR R
TR RS S HRARIE. BT, ASOHEES
WA RATH R T TR BT 2 HTOESE, S B %
PR, FRRAE TR AT A
2 REFTLAEE R

i 1 TC O 15 I AR S AR, BT A B AR X A v
5o A BRI TR — AT L AR T8 B P 397 DA R
W EAE R AR B R, N TRRE B SRk
ST LA, WAL R T A 8

RELLMFERZEWE 1 Fim, 4 UTHEE UT
F, M B U 2 AT S Z L A B, T
YIRS, KRS EMIEY REKN SR, RENRST
FEE Y (Line of Sight, LOS)B2!", R S4B KA HY

e FRE, BT TS SE R, B AR
SN Bk, M RERETRBE, KELRE
AR BRI R REAEE

1 RELXEEFEE

21 fREfEE#HR
X AR 2 A AR, 00 S R Bl £ £ T
GO VA B A R 2 T AR AR T8 B B A5 2R, T DL L O

EEWH: AU TFERRASGARNE LR EES B
H(201104Y06)

EHEEMA: BE BI987—), B, WiLwrsE, EWTR: HisE
15, B5abs; HEN, SEE B %, BEmRs

W HA: 2011-08-01 E-mail: sdchairman@163.com



70 o

L #&

201245 H 5 H

B fifTs 5. BTSSR, REEEEESERSEAME,

— e, FDAIRATER AR ILIE AUE N BB R %
BRI E TR, EERY WUTHH TR BRI, FEE
ROBENEIT, BB REEREES, 151825 hik
SHRMFEEE L AEGSR, LNEBES RN T
COST207 M3l b, B—Fhli R pERIEE . 2 T84
Figrp WITRE, BELELEUTHE UTH WUriEH
Wz, MArENS -2 2-ME1E, FENEEEESM
BLS sy, R—MIEBEIE. R, WiTes 5 HE P
W EGE, FRBRSERAE, GENEERTES, &
FEWEE. W TR WTH i sdtm - B
FRpRA, ww, BTFMAE. 2858180 BB,
INARA—AEERES =
22 BREFENSSXBHHABMSENE
221 [EHRA

HEEGRE T, VTR 5HmEIE A Z R FEANERE,
REHT K=0, RETENEHNEEER.

OEZ-1 ES

CAT AR R, AT 2% AL g DL W
(v=<55m/s)iBdgh, ZEHPRBEAD, ZRSB2MHA,
K& WAL N 360°, BhHT RS B DY AN Jakes TR,
WE 2 fiw, MTAEERERZY, wMgE FrEEe
MR T RENEE.

A

Pp(fp)

>
>

_f Dy % +f D / D
B2 Jakes ZhEKil

() Z 1 43 A

ff % COST207 S i BE AL, 5 18 Fry Il S2E ML AR AN 458 %0 50 i
BRRESBMIE 7, =Tps , WPFHFEEN Ad=2100m , BFEE
PR BERRER 70 =115
222 FiiTRE

BUATIRAET, WITHMESITRZERE, X E5H
W HETIEAS, AT DA AR AR, MR R —WE
B R G I AR, SERRE—RIEE, RUFT
f£ K =2dB~20dB VSR W&k, Hr, K=2dB RfFilifHmzE
15 Dt o

(D ZE B A0

RATEAENTIRA, AT 2908 B 8 K Tl 1 7% 3 4
WL, SRR BRI, SRAEE A REEEE,
A ORATE 2 R A v, =620m/s, vy, =17m/s , &
17455 M il 2 WD IR BN v, = 440m0s , BR5E—BA
A AT, K& AR TEENT 360°, EHBRAE 1
3SCHIBUR IR o LTRSS, Jakes fE 9 2 B
“U” BRI ARG K -

1
(¢aH ~PuL )f/.) \/1 - (fD/fD )2

p/(fu):

‘ma

Hir, o, RREBRIEGBNAE; 0, RREHHKEE
S5 KA o

FEREREZENELT, HEEESE T8 Tl m—
B, 3 AR I E B A S, = /o, o

()2 12 W 43 A

FEAR B B Z2 W9 1% DL T, %8 B I A 38 3B 2490 200 ps
(Ad =60km) , 2375 GERHIGEIRZ) K 1 ms(Ad =300km) , $£5
BR o B A A 55 KR BN 10km R 4 3 2 i IR A K
HEIR 7, ~33ps , BEHHREKER 7, ~66us o fEIXH,
ATLAA RATH R T MR R 1 2 4k, —
FKABGBRAR, 55— KA AR B2
223 WEHRE

EHRET, MTHEEE T, WG ER, MY
1 {75 18 A 3630 R A K, K =18dB

(% ¥ oh %

TR EESRE T HEER R REEGEE, $E08
AR A A I, RGBSR T AT RT3 5
W&, ZEEHRFL IR R —F, L PHEREE L
W B R 1o = 1o, -

()L 12 W 43 A

(1)24444444144444,

p: T (1 _ e,zl\,ﬁ/a,ew )

ZHOE B SRS -
224 WK

W IPRAET UABE MR ARG &, TR S 5 B
R B I 1) AR AR PR A, PRI DAy i T I LA 3oF - T s 4
FAZEAGHE, VT LA P R B0 e A £ 8 R A
3 BARAERAIN 8 LA AT

e 5 A (Rayleigh)fF i Hr, TR S M 220 BN
ML KRS POIF AR R, HiXEE R0 MG
FATE (0~ 2m) Y L3459 50 A, DR LB W £ 5 30 B ) A -

p(r):;zexp{z’azJ (0
B, o’ AESPHWR; r AiETE%.

FERHi (Rice)fF i, fFAEMSIRLA &, 75 W38 %
JBEwy 53 A A

p(r)= U’Zexp{—r;f}o [gj @
e, 284 REBRIBBEETHESRRIEEL; ,(x) 2
FIEIE DL FE IR R 8o JEIT o0 A Ml 5 7T T 38 K BT iE X
2 BT ik -

k=L 6

20

Her, K XrABEXMBERESHESZEIBFESHEZ
o 28K HARMHETF. 4 4>0, HELEBERREES
ANEE AR, 3o A th SR T B R 20 A
4 REFEHBEMRS

AR B R TC L AR B W —Fh, A B0 TC 4 AR 18 R A
BT IR AL SRR Markov R BEAL € Pk

AT ,0<r<r,,0




38 oM iR, BIE, M B JET MC IRRREE TG AR i BEAY AT £ P R

71

BEA, T X SR A G SE Al R TN ROE R T SRR R
#H % (Wide Sense Stationary Uncorrelated Scattering, WSSUS)
B A DL R

(1)7E I 3E 35 253 0 0 R 4ol LA AR SR ket 5

(2)FE B4 BRI B B AT SR
4.1 {538 B b ok e B

MAR H v A T, W RS EEERNT: FEESHU
W ZRARAN, KBS R5RNSNET WSSUS
538, P45 I8 A b of i 7 -

i2nfy . ¢ N oo
h(z,t)=a-""'6(t)+ lim—=3 % """ .5(r-7,) (4)
T N—”OJN":‘;;;; doppler \_‘;Ia,_yi;

o, o o R A ZIRI AR N R R
HIEEAEG 6, fo o 7, A BFERE n(n =12 N) A B
IREHUR G 2 3% B3R 5 AR AL .

AUEN, h(n) o N AR LB RAR, VN
HH—ET, WREEAEEHIIEN 1, FHXAHET
T BT A A0 A I 3 0 A R o o v R R (2
N o BHRIEL, h(z,0) B9%5 2 A R—AER LR, BN
W E R TR A o a e R IEVBEI BRI, /, RV
BHMLEEIR, <R EBIMMNYT %, RYREBHET
Bk X K=a'/c o il E[[h(o)] [=a? v =1 13 8] a=

JEK/K+1 = VK +1 . %508, XTFEHRE, Flhd
W R s, TR R A &
42 FESEHEE

TEXT B R AT O O, B R A S Jm i
B, ENFEZBOREHMAL 0, « ZHEIRE [, « 2R
IHEE 7, B % M 54 K B (Monte Carlo, MC)fi B J5 3,
FEE—ANE (0,1) K H 35 43 G B REL L w0, , 75350

v,=g,(u,)=p,"(u,), 1Sn<N (%)
Her, v, ARG, /o~ 7, g (u,) R RBBER DA o8 5L
p,(u,) BB, W

6, =2n-u,

I, = 1o, -cos(goaL +(Pun — %L)'”n)

Ty = "Tolope * ln(l -u, (1 — eﬂ“““/r""”‘ )) ~ (6)

— . — =
z-slopc ln (1 un )’ Tmax = Ts]apc

5 iR

VA _ESCH 43 AR S AR RO BE R, A SOMMRZ R IE T
4 PR R 937 Sl AT T B, FRAE Matlab TR BT L A 7 8
AT TR P FPERBOBIRR £, =118 MHz , $fR i iR
FN f,=1MHz , #HIJ XN QPSK, 1 B Fr 7 i ] 5 A~ ot
N=20,

Bl 3~ 6 g AN TRl 43 5% T £ T R 4 B B3 2 B R 0 5 B g
HiF A RIS AR B 3 AIE L, FEEERT
4 {0 L 4 M 3 5 R O B R 23 A, AEIED 4 1B S o
FLAT 50 35 T B £ 1 0% M5 % )5 R BUIR M S i 40 A, A2 6
W, AT WA B ER R L eR RS A, O
L4350 5 i 1 5 A 803 87 2 A B A8 3 ot 2 #y B (B RE A
Wif, XEETHEASHR— BTN, WRT ARG TE
TR BRI B E A5 T S £ T AR I A Y
Bz AL o

p(r)

p(r)

1C

[

—— fliri

Ccc

J//?ﬁﬁx\\\\\N:¢wﬁ(
X 1 1 1 1 o
cC cs 1C 15 2C z5 3C

B3 A fEiE aes iR B m

—— sy

¢¢¢¢¢¢¢

| | |
cC Cs 1C 15 zC
7

5

B4 M2 fEiE A% m R B R

—— izt
—— R

35
3¢

25+ A
2C

5

5

1
cs 1C 15 Z
7

C zZs 3¢

B S5 ZE{EEA%NBEREERN

&&&&&&&

—— {livii
—— Wi

Bl 6 i feiE s m R B R

(F#&58 75 1)



