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ABSTRACT

USNs (Ubiquitous Sensor Networks) such as IEEE 802.15.4 ZigBee network share ISM (Industrial, Scientific, and Medical) frequency
band with WiFi networks. Once both networks operate in a region, packet collision may happen because of frequency overlapping. To assure
this possibility, we conducted experiments where WiFi and ZigBee communication networks had been installed in an area. As a result of the
test, successful data transmission rate were reduced due to the frequency overlapping between a WiFi communication channel and a ZigBee
communication band. To cope with this problem, we propose a collision avoidance algorithm. In the proposed algorithm, if frequency collision
is sensed, new communication channel with different frequency band is allocated to each node. Performance of the proposed frequency
collision avoidance algorithm was tested and the results were described.
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Table. 1 Freguency allocation WiFi channel Table. 2 Frequency allocation of Zigbee channel
WLANAE | S4F35MHy) | 735 9% (MHy) ZigBee Al | FAFAFMHz) | F3H4 9 % (MH2)
1 2412 2339.5 ~ 2424.5 11 2405 2403.5 ~ 2406.5
2 2417 2404.5 ~ 2429.5 12 2410 2408.5 ~ 24115
3 2422 2409.5 ~ 2434.5 13 2415 24135~ 2416.5
4 2427 2414.5 ~ 2439.5 14 2420 2418.5 ~ 2421.5
5 2432 2419.5 ~ 2444.5 15 2425 24235 ~ 2426.5
6 2437 2424.5 ~ 2449.5 16 2430 2428.5 ~2431.5
7 2442 2429.5 ~ 2454.5 17 2435 2433.5 ~2436.5
8 2447 2434.5 ~ 2459.5 18 2440 2438.5 ~2441.5
9 2452 2439.5 ~ 2464.5 19 2445 2443.5 ~2446.5
10 2457 2444.5 ~ 2464.5 20 2450 24485~ 24515
11 2462 2449.5 ~ 2474.5 21 2455 2453.5 ~2456.5
12 2467 2454.5 ~ 2479.5 22 2460 2458.5 ~ 2461.5
13 2472 2459.5 ~ 2484.5 23 2465 2463.5 ~ 2466.5
24 2470 2468.5 ~ 2471.5
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MAADAAANAALN QDL oo e
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e 3w I x 3 lWiFi o} ZigBee<| ﬁ@deé% .
Table. 3 Colliding channels between WiFi and ZigBee
IEEE 30211 uir;lﬂq WiFiA 2 ]S b= ZigBee A
[ il P 1 11,12,13,14,15
\\ // \\ s \ 2 11,12, 13, 14, 15, 16
f— s ——| | 3 12,13, 14, 15, 16, 17
iz mide 2T W o 4 13,14, 15,16, 17, 18
a2 2. WiFi 2t ZigBee MdY Futs 2 Hel 3 14,15,16,17, 18, 19
Fig. 2 Frequency distribution pattern of WiFi & 6 15, 16, 17, 18, 19, 20
ZigBee channels 7 16, 17, 18, 19, 20, 21
8 17, 18, 19, 20, 21, 22
ZigBee FA101 4] ALEFI = 2 A& 11HE 264 ’ 519,20 21,2, 3
747 o) del Fo4E %2 o 2k 0 1.20.21, 22,2
11 20,21,22,23,24,25
12 21,22,23,24,25,26
13 22,23,24,25,26
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Table. 4 Throughput of respective ZigBee channel
(node distance: 1m)

WiFi @ USN a4 #id 24

27t 300m310] WS > 41 BA
WiFi
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11 |22 97 |9 |9 |97 |9 | 99|98 |97 |97 |97 |9 |98

1 2 3 4 5 6 7 8 9 | 10|11 |12 |13
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Table. 6 Interfering channels between WiFi and

12 |21 14079795 |86 000509 ]aes|ar]ar ZigBee
13 |80 25] 9 92|92 60| 4368939398 s
14 |10 77| 6] 7699 or]or]or|er] 95 N A A %
5 Wi SEHoR e IM A=A 7 | M AzelA 4
5 |97 38| 9o o]o]|ew]|aew]oa 2o A4 | W USY 49 Soke W= USN | eJ3pg ke USN
6 |96 97| 7710z sa]oa]os]or]o5|ar]os oA | = AL 23 A 234 Y
17 |97 9 |98 |78 |91 | 5| 65]9 |9 |9 |9% )97 |97 1 11, 12, 13, 14, 15 11,12,13,14 11,12,13,14,16
18 |9 979 |9 |9 |9%)| 6| 4] 9]9%]|o|9%]|9%
- b 2 11, 12, 13, 14, 15, 16 12,13,14,15 12,13,14,15,16
19 |97 97| |97 |||z 7] 697w o
20 97 98 |97 |97 |97 | 99| 98 |87 | 77| 72| 97 | 97 | 98 3 12, 13, 14, 15, 16, 17 13,14,15.16 13,14,15,16
21 |97 96|98 |96 |97 |9 |98 |90 |9 | 95| 62|09 |97 4 13, 14, 15, 16, 17, 18 14,15,16,17 14,15,16,17
7 % | 9% 3 5 | 98
22 | 9T 97 | O 9 |97 |9 |96 |97 |8 |7 29)% |8 5 14, 15, 16, 17, 18, 19 14,15,16 15,1617
23 |97 97|97 |97 |98 |97 |96 |9 | 9|85 |65 | a4
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E 5 ZigBee iH |_E-| |:|E4 xl_.i _g__g (h:E ?_|-7_4| 3m) 10 19, 20, 21, 22, 23 20,23 16,20.21.23
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Start Indicator.
Brodcast Hellow msg to all ZigBee nodes.
while (allNodeNum > ZigBee_ID) do
if isReceivedAck(ZigBee_ID)
joining the network.
ZigBee_ID++
else
Send Hellow msg and Wait ack.
end if
end while

//Compare channel frequency of ZigBee and that of Wifi.
for ZigBee_Channel = 1 to 26 do
if isInterference(ZigBee_f, Wifi_f)
Discard interfered ZigBee Channel.
else
Save the ZigBee channel information.
end if
if isSavedChannel()
Set up ZigBee Network with channel information.
else
Set up the ZigBee Channel to 26.
end if
Broadcast starting messages to joined ZigBee and Wait
sensing datas.
if allDataReceived()
Start Monitoring and Send measured data to TOS.
else
Restart channel election process.
end if

//Search Wifi APs up to 50 link quilty and Save information.

j-E'I 4. T'u'l'—l— So 2[ | OF—T,—E-lcl _/'\__II:__?_I:
Fig. 4 Frequency collision prevention algorithm
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Fig. 5 Frequency collision prevention algorithm
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Fig. 6 Experimental results of throughput
measurement (channel 11~13)
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