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Fig.1 The mth reflection ray path
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Fig.2 The repeatedly diffracted ray path
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Fig.3 The positive transformation from a
hybrid path to a diffraction path
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Fig.4 The reverse transformation from a

hybrid path to a diffraction path
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Tab.1 The two order hybrid path diffraction

point or reflection point coordinates

AL R U 5 AN BRI RO

st 55 (x,y,2) /m B (x.y.2) /m
(29.49, -3.17,20.90)  (3.43, -25.25,3.91)
TSGR (1542, -25.2521.32)  (6.45, -3.17,10.23)
(-42.18,-25.25,19.19) ( -19.68, -3.17,9.27)
(84.95, -31.19,18.79) (32.99, -3.17,8.05)
(0.54,-3.17,21.80) (0.78, -25.25,4.05)
KOTLSHf g (29.49, —2.61,21.80) ( -73.28, —13.70,9.61)
(0.36, —25.25,24.20) ( -0.38, —3.17,11.54)
(-73.28,-14.48,14.80)( -19.67, -25.25,4.59)
(29.49, —1.77,20.81) (13.77, -3.17,12.87)
54— 35 1 S

(7.99, -25.25,22.60) (13.77,-3.17,11.98)

ESSUR AT s W RO N DA
FEL I8 i A A O E B 8 O E L




638 TR R A R (T AR )

2014 4

4.2 BIEENALRERFETEESNEME
T I B T 0 B AR WA R KK
BT T MR 2 - BRI ke T, 9

(R MR LN TIHHEEEN RS
2, B T AT ) — o S5 40 R B A v, 3 0 s o)
(A% 1Y BE T TN H G B 5T

SRR AEAT TS RO R 3R 2 3 O A

= -
JE 350 5158 o 473 B 05 90 9 1R 5% 3k :

M2 W R S AR R (1) SR B Rk PR (M R A R
it £4.5 dB. it B HE ,2002.

[2] JEZRUA B =g ) gt . — S0 28 5 B0 ok 1) et
WA L], %, 2010,26(3):34
-37.

[3] AT & &, Mk, BR AR, 2 F b s g2k vk w9 IR -
UWB (55 R A 5 0 [ 1], Bk %,
2012,28(2) ;9 - 15.

[4] A&, 8 A M, BRI SR b =488 B3
WeE sl sr Pk (1], A5 Bl 2%, 2012,28(2): 110

2 BEEHHRTEESVEEER
Tab.2 The calculated communication base station field
intensity values compared with the measured values
WK A/ m THEE/dB MEHE/dB $222/dB
(-56.18,17.68,1.03) 95.358 5 97.900 0 -2.5415
( -56.18,5.68,1.03) 110.6792  107.005 0 3.674 2
(-56.18,-2.32,1.03) 108.3855 106. 660 9 1.724 6

(-56.18, -16.67,1.03) 109.8852  113.0488 -3.163 6
(-38.18, -16.67,1.03) 111.666 1  115.9176 -4.2515 -114.
(1.82,-16.67,1.03) 107.1810  106.107 0 1.0740 [5] CATEDRA M F, PEREZ,J, Saez de Adana F, et al.

(21.82,-16.67,1.03) 106.762 3 104.120 3 2.642 0
(24.27,-12. 32,1.03) 109.589 2 106.402 9 3.186 3
(24.27,11.68,1.03) 104.130 5 101.712 9 2.417 6
(24.27,17.68,1.03) 107.899 5 107.051 4 0.848 1
0
1

Efficient ray-tracing techniques for three-dimensional
analyses of propagation in mobile communications: ap-
plication to picocell and microcell scenarios[ J]. IEEE
Antennas and Propagation Magazine, 1998, 40(2) .15

(24.27,29.68,1.03) 95.477 1 98.952°5 -0.902 8 28

(-1.00,-21.5,1.03) 106.1070  107.1810 —1.074 0
[6] WIEF,MH 7, K4E. —Fh ook 09 B3 1% 01 28 IR i
5 it i, LT R ,2012,38(3) 160 - 62.
[7] AW BRAS, MIsH FH, S5 99 28 R ER B R i — Fb
(1) 3z F] i $2 50615 A S0 39 o0 B8 5 a5y T B v [ D). W B2 22 4R, 201328 (3) 1491
AR TR A A T T B S P e S e B U A B A ~497.
S GEI EAR F 4 R R AR R Y [8] WS, WA, W) B, 45 . 565 2R BR B3 R P 37 0

RS RE )] B BB 22412, 2013,28(4)
669 - 675.

()Mo SRS RIRERNBIT 4.5
dB, £5 & TR LR 2 20K, I 1 P 12 Y B9 B A2 70
R AR

Research on Hybrid Path Tracking Algorithm in Ray Tracing Techniques

ZHOU Xiao-ping1 , WU De-peil , LIU Chao-yang2 , YANG Ming-shanl

(1. School of Information Engineering, Zhengzhou University , Zhengzhou 450001, China; 2. Department of Mathematics, Zheng-
zhou University , Zhengzhou 450001 , China)

Abstract: A quick accurate algorithm for reflection points and diffraction points in hybrid paths, as a ray-trac-
ing technique, was put forward, for forecasting station surrounding environment radiation field intensity. With
a general formula for mirror image points and image lines, an algorithm for reflection points in multihop paths
was presented. An optimization formula for diffraction points in multiple diffraction path algorithm was intro-
duced. By proper transformation between reflection and diffraction in hybrid paths,the algorithm which trans-
form hybrid paths into diffraction paths was implemented. Finally, the proposed algorithm was applied to im-
prove the z-buffer algorithm, the ray propagation path was tracked and field strength was calculated in the sur-
rounding environment around a communication base station. The numerical results from the algorithm are in
good agreement with the measured values.

Key words: radio wave propagation; ray-tracing; ray-tracing AZB algorithm; propagation path; mobile com-

munication base ;reflection point and diffraction point



