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Abstract

Wireless Sensor Network(WSN) has attracted great interest recently and the necessity of ZigBee has appeared to
standardize and apply the upper layer specification based on the IEEE 802.15.4 standard specification in industrial field.
Currently, there are many studies about the IEEE 802.15.4/ZigBee communication channel. And it is subject of interest to
analyze the performance in various channel environments. In this paper, we propose channel models through the analysis
of the IEEE 802.15.4 radio wave propagation characteristics in various channel environments. Also, we have analyzed the
performance of the IEEE 802.15.4/ZigBee for the standard of physical layer of 2.4GHz band in each channel environments.
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Table 1. Characteristic of IEEE 802.15.4/ZigBee PHY layer.

Frequency band 868/915 MHz 24 GHz
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p ; (keps) 600 @ 915 MHz

AT Ty Todulation BPSK 0-QPSK
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Symbol Bi
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Fig. 1. Packet structure of IEEE 802.15.4 PHY layer.
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Table 2. Requirement of IEEE 802.15.4.ZigBee RF.
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¥ 3 sS4 M ZEe| Power Delay Profile
Table 3. Power Delay Profile of indoor channel model.

Channel | Excess tap delay [ns] | Relative Power [dB]
Indoor | [0 50 110 170 290 310] | [0 -3 -10 -18 -26 -32]
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Table 4. Maximum Doppler Frequency of indoor channel

model.
Object maximum speed Maximum Doppler
*carrier freq. 2.4 GHz frequency
2 km/h 5 Hz
5 km/h 11 Hz
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Fig. 4. Response of time variant frequency selective
channel in indoor environments: (a) fs = 5Hz,

(b) fs = 11Hz.
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Fig. 5. Indoor path loss environment.
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Fig. 6. Example of outdoor channel environment:
(a) Factory environment

(b) Cultivation environment.
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Table 5. Power Delay Profile of outdoor channel model. cHelod A Walel Fuk wHolo) A Y wWat
Channel | Excess tap delay [ns] | Relative Power [dB] 7} ekshA WAyt
Outdoor | 10 70 90 1101901 100 710 “20 ~30 80 S9) A #Ne) AR £ 1 83} pe &
2o} A% Aole] FUA Ago] ol FolAT
¥ 6 =9 M4 zEe 0 =28 Fu o AT Az & 2Ae A 33 Bk
Table 6. Maximum doppler frequency of outdoor channel L =
modl, PLIdB)= 39.1+19.7 % logd [m] )
Object maximum speed Maximum Doppler
carrier freq. 24 GHz frequency o714 dE AT AT Alole] Ag|E et
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channel in outdoor environments: (a) fy = 70Hz, m
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Fig. 9. Example of train channel environment.
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Table 8. Maximum doppler frequency of low speed train
channel model.

Object maximum speed Maximum Doppler
*carrier freq. 24 GHz frequency
70 19.44 1944 194
km/h m/s cm/s | cm/ms 155 Hz
135 3750 3750 375
m/s cn/s | cm/ms 300 Hz

FFT Index

a3 10 & EE oM AlH Foe
o 8&k (a) fy = 155Hz, (b) fy = 300Hz

Response of time variant frequency selective
channel in low speed train environments:

(@ fq = 155Hz, (b) fy = 300Hz.
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. Path loss scenarios according to the location of
the Zigbee Master in train channel environment.
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Table 9. Path loss and Penetration

train channel scenario.

loss according to

Standard
Deviations
X, (dB)

129
5.1
6.5

Path Loss
Exponent (n)
2.76
419
504

Penetration
Loss (dB)
0
20
32
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Table 10. Power Delay Profile of high speed train channel o] gt}
model.
Chgnnel Excess tap delay [ns] | Relative Power [dB] V. ROl Zup 2M
Sng}é [0 50 120 200 230 500 | [-1.0 -1.0 -1.0 0.0 0.0
TI;‘;‘?H 1600 2300 5000] 0.0 -30 -5.0 -7.0]

: - mAeld Ak thgd Ald #4elA  IEEE
£ 1oa% B A A M 2B FAT g 154/7igBees] H5e A sl moAYS
Table 11. Maximum doppler frequency of high speed train . N

channel model. s ®modde oy 29 o] IEEE
. . . 802.15.4/ZigBee ¥+ 24GHz 99 ZdAZ=S 7w
Object maximum speed Maximum Doppler )
xcarrier freq. 24 GHz frequency o7 o]folgon PPDURYEH & "o Binary
ey A Il ol I 780 Hz data®] el PSDUS Hoj Zelel 127 octets O
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$A A9 [EEER02.154 7152 0 dBm (1 mW)<S 7]

Magnituds[d&]

(a) (b)
a3 120 1% HE EAoAM Al Fabe MEIH x4
o &k (a) fy = 780Hz, (b) fy = 960Hz
Fig. 12. Response of time variant frequency selective
channel in high speed ftrain environments:

(@) fg = 780Hz, (b) fg = 960Hz.
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Indoor (fd = 5 Hz) : Error Rate Performance

Error Rate

SNR [dB]

a3 13 = =28 Fakeot 5Hze!l U xE 2o
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Fig. 13. Error rate of IEEE 802.15.4/ZigBee system in the

indoor channel environment with maximum

doppler frequency of 5Hz.
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Indoor (fd =11 Hz) : Error Rate Performance

PER < 1%

Error Rate

SNR [dB]

a2 14 =d £28 FoTE 11Hze sS4 g 2
ol M IEEE 802.15.4/ZigBee AlAEIS| of2{&

Fig. 14. Eror rate of |IEEE 802.15.4/ZigBee system in
the indoor channel environment with maximum
doppler frequency of 11Hz.

Tx power: 0 dBm, Channel Environment: Indoor
-30 i i i
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T ;Hf******mi
N R R B
7Y S A
o 5 0 15 2
Distance [m]

a3 15, s e EHolAM IEEE 802.15.4/ZigBee Al
Hl 2| RSSI

Fig. 15. RSSI of IEEE 802.15.4/ZigBee system in the
indoor channel environment.
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a3

Fig.

Outdoor (id = 70 Hz) : Error Rate Performance

Error Rate

SNR [dB]

16. 2t =Z2f Fuot 70Hze! =2 =4
ol A |EEE 802.15.4/ZigBee AlAELIS| of2{&

16. Error rate of IEEE 802.15.4/ZigBee system in
the outdoor channel environment with maximum
doppler frequency of 70Hz.
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17. Error rate of IEEE 802.15.4/ZigBee system in
the outdoor channel environment with maximum
doppler frequency of 155Hz.

Tx power: 0 dBm, Channel Environment: Outdoor
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18. RSSI of IEEE 802.15.4/ZigBee system in the
outdoor channel environment.
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19. Error rate of IEEE 802.15.4/ZigBee system in
the low speed train channel environment with
maximum doppler frequency of 155Hz.
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20. Error rate of IEEE 802.15.4/ZigBee system in
the low speed train channel environment with
maximum doppler frequency of 300Hz.
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22. Error rate of IEEE 802.15.4/ZigBee system in
the high speed train channel environment with
maximum doppler frequency of 780Hz.



20134 68 MAE3 ==A H 50 2 H 6 =

31

Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 6, June 2013

High Speed Train (1d =960 Hz) : Error Rate Performance
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Fig. 23. Error rate of IEEE 802.15.4/ZigBee system in

the high speed train channel environment with
maximum doppler frequency of 960Hz.
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