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Characteristics of wireless signal propagation in different directions
in irregular coniferous forest
CHEN Ming, LI Donghu, YANG Jing
(Electrical Engineering College, Guizhou University, Guiyang550025, China)

[ Abstract] In order to solve the problems of node deployment, network planning and location of wireless sensor networks in
coniferous forests, the propagation characteristics of 433 MHz wireless signals in different directions were studied with irregular
Pinus massoniana as the research object. The received power of 12 directions, 8 altitudes and 9 communication radius was measured
in the field. Regression analysis is made on the experimental data, and the path loss model of environmental factors is established.
The results show that the path loss conforms to the logarithmic attenuation model at different receiving angles and different receiving
heights. When A = 2.0 m, the path loss is the smallest, and the distortion degree of the receiving power closed curve is the smallest
at the same communication radius. It provides a theoretical basis for deployment, network planning and location of wireless sensor

networks in irregular coniferous forest environment.
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Tab. 1 Performance parameter table of experimental equipment
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Fig. 2 Path loss at different receiving angles and the same receiving height
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Fig. 3 Path loss at different receiving heights and the same receiving angle
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Fig. 4 Fitting curve of path loss for different receiving angles at the same height from ground to transceiver antenna
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Tab. 2 Various directions and high correlation coefficient R?
AR R 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0
0° 0.929 0 0.968 7 0.920 4 0.870 8 0.944 1 0.826 8 0.854 9 0.875 4
30° 0.952 7 0.897 8 0.930 3 0.951 4 0.973 1 0.910 3 0.950 0 0.891 9
60° 0.934 4 0.982 2 0.887 7 0.963 7 0.939 8 0.847 0 0.865 7 0.865 7
90° 0.893 2 0.965 6 0.938 8 0.914 2 09139 09155 0.978 7 0.920 1
120° 0.917 9 0.945 6 0.9459 0.871 5 0.881 9 0.839 1 09156 0.826 2
150° 0.905 3 0.9320 0.9551 0.943 6 0.981 7 0.864 3 0.862 0 0.816 2
180° 0.967 4 0.981 6 0.913 7 0.924 9 0.9350 0.924 1 0.838 4 0.818 4
210° 0.810 3 0.9340 0.924 3 0.869 4 0.910 8 0.787 6 0.879 8 0.872 4
240° 0.706 8 0.9517 0.865 4 0.9329 0.963 8 0.911 8 0.8415 0.892 4
270° 0.759 1 0.992 2 0.852 1 0.912 4 0.883 2 0.892 2 0.900 4 0.890 4
300° 0.743 7 0.914 7 09115 0.865 7 0.903 7 0.910 3 0.855 4 0.862 6
330° 0.778 0 0.985 5 0.873 9 0.949 1 0.936 5 0.925 4 0.881 5 0.774 4

HH 2R 2 W AR D m S R L LA AR R
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Tab. 3 Different directions and higher environmental factor n

FAE n W 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0
0° 12.495 4 9.889 2 15.180 8 8.196 4 9.399 9 8.757 7 9.376 5 8.432 1
30° 12.262 4 8.873 9 14.332 3 8.715 7 9.808 3 9.676 8 9.791 8.231
60° 12.941 8 11.241 6 16.923 3 10.951 6 8.668 8 9.771 3 8.804 7 9.804 7
90° 12.900 6 11.540 5 14.640 1 10.025 9 9.993 1 9.935 3 9.519 9 9.46
120° 12.944 1 8.048 9 12.790 1 7.714 1 9.923 8 9.559 10.024 7 8.276
150° 11.891 2 6.922 4 12.376 6 10.562 5 11.274 1 9.129 6 9.384 2 8.517 2
180° 12.996 4 10.583 5 12.716 2 11.612 6 12.161 3 9.527 9 9.921 1 9.163 8

210° 11.918 6 10.797 6 13.417 4 8.503 8 10.767 9 9.648 9.342 3 9.696 3
240° 10.132 3 9.327 2 13.139 7 9.465 2 9.359 4 7.208 8 9.388 8 8.158 3
270° 12.382 1 11.033 8 12.150 6 9.373 2 9.952 0 8.498 1 9.791 8 8.336 5
300° 11.999 2 8.591 7 11.39 8.118 8 8.911 7 8.813 6 9.859 1 8.265 2
330° 10.663 6 10.663 3 12.223 5 9.096 5 8.772 6 8.936 7 8.994 9 8.151 3

M3 3 nl A AR ARG 7 1 A B3R R, RERAE X — S S A, AR A B2, X0
T n HAFE—E 225, IE—;’%W*%M@%*%% A5 T W R T SR, S B LA 5 R
FUATUEE 0 AN HE ST n (EBOR, BSARIRAR R, T"FE. b > 1.0 m J& , BER SRS, n (EV),
M h=0.25 m 0, BERTCLAS S ERZ B AR EARBURREIS (R AE R — i AN R 7 1) AR SR
SRR YT AT RIS, n (EEOK, BEARIRFERY  APAE2ES:

JPHE, fEh < 0.75 m I, o (EARXS T H 0w AL
R4 TRESERBUAEKRAUSHAE

Tab. 4 Model parameters A of different heights and receiving directions

AR 0.25 0.5 0.75 1.0 1.25 1.5 1.75 2.0
0° -57.13 -46.73 -41.10 -52.19 -50.93 -47.80 -42.24 -40.44
30° -57.05 -48.24 -38.85 -50.71 -47.23 -46.31 -43.41 -41.27
60° -56.03 -43.60 -38.18 -47.31 -49.53 -49.75 -41.17 -39.21
90° -55.32 -43.66 ~40.66 -52.78 ~49.44 -49.27 -43.91 -38.53
120° -57.33 -55.22 -45.35 -57.95 -52.97 ~47.00 -45.39 -42.43
150° -61.27 -59.85 ~46.99 -47.58 ~45.80 -47.48 -44.77 -40.62
180° -57.74 -48.73 ~47.66 -49.75 -44.38 -47.63 -45.36 -43.12
210° -61.97 -43.30 -44.79 -53.66 -44.53 -47.90 ~41.60 -37.96
240° -60.91 -48.15 ~42.69 ~46.47 -47.95 -47.41 -45.29 -43.51
270° -59.61 -42.89 -48.25 -48.04 -45.88 -48.64 -42.69 -39.72
300° -64.60 -49.79 -50.49 -55.79 -52.87 -48.97 -48.70 -44.33
330° -64.36 -46.38 -48.86 -51.62 -50.63 -47.29 -43.93 -41.67
M 4 AT, Y REE R b = 0.25 m I 58] 3 EHiE
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