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Abstract— The paper surveys the different mechanisms to 

mitigate the interference effect for different wireless 

transmission media. The paper focus on various types of 

mechanisms to solve the interference effect on Bluetooth 

(BT), Wi-Fi and Wireless Sensor Network (WSN). For 

Bluetooth there are various types of algorithms to solve the 

interference effect among them Diversified Adaptive 

Frequency Rolling (DAFR) algorithm help to mitigate the 

interference completely. For Wi-Fi we use the Dynamic 

Fragmentation Algorithm (DFA) which produces the better 

throughput and goodput of the system. Now, for the WSN 

we use the Adaptive Channel Hopping (ACH) with 

Dynamic Blacklist algorithm for the better performance for 

handling the interference effect. 
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I. INTRODUCTION  

The Industrial, scientific, and medical (ISM) band are most 

populated by various kinds of wireless devices. Authors of 

[1] explain the most of these devices are likely to be in the 

area of wireless local area networking (WLAN) using the 

Wi-Fi technology and wireless personal area networking 

(WPAN) using the Bluetooth technology (BT). Also the 

authors of [2] describe wireless sensor network (WSN) is an 

emerging technology that has a wide range of potential 

applications, including environment monitoring, smart 

houses, remote medical systems, sheep shepherding, and 

intrusion detection.  

Bluetooth (BT) is a wireless communication 

system that provides relatively low data rates for supporting 

short-range (<10 meters) Wireless Personal Area Network 

(WPAN) applications as defined by the IEEE802.15WPAN 

standard. It provides wireless connectivity for either voice or 

data, eliminating the need for interconnecting cables. 

Bluetooth operates in the unlicensed Industrial, Scientific 

and Medical (ISM) radio band and occupies spectral 

segment of  2.402 -2.480 GHz in 79 separate 1.0 MHz wide 

channels [3]. 

For the Wi-Fi we are only considering the IEEE 

802.11g and IEEE 802.11n to check the interference effect 

among other wireless devices as well as with Wi-Fi also. 

Now, in IEEE 802.11g work on the 2.4 GHz frequency band 

and its theoretical transfer is 54 Mbps but it reduced to22 

Mbps when the receiver is some meter far from the access 

point (AP). It uses the 52 sub-carriers and OFDM 

modulation. It can easily interfere with the other standard 

which has 2.4 frequency bands. Researcher fined that in this 

radio interference is High compare to IEEE 802.11a/n [p4]. 

Other standard of Wi-Fi which is IEEE 802.11n in that, it 

works on the 2.4/5 GHz with the OFDM modulation. IEEE 

802.11n is built based on previous standards of the 802.11 

family, with adding Multiple-Input Multiple-Output 

(MIMO) and binding of network interfaces (Channel 

Bonding). It presents an increase of the theoretical 

maximum rate of 600 Mbps of data transfer. IEEE 802.11n 

uses MIMO based on using multiple transmit and receive 

antennas to improve system performance [4].  

Wireless Sensor Networks (WSNs) are emerging 

due to attributes such as small size, low-cost, low-power and 

multi functions. Wireless sensor network is one of the 

evolving technologies, sensor nodes are able to monitor 

physical environment, compute and transmit this 

information to core network. WSN is the IEEE Standard

  802.15.4 radio. It provides up to 250kbps data rate 

in up to 16 non-overlapping channels, using the 

868/915MHz and 2.45GHz ISM frequency bands and 

multiple modulation options. It was designed specifically to 

support large, low- power, low data rate mesh networks 

[5].Our objective is to provide the minimum interference 

effect. Also to investigate and classify different techniques 

and study their limitations in the presence of different types 

of interference, i.e. Bluetooth device interfering by other 

wireless transmission media like Wi-Fi and Wireless Sensor 

Network. To propose more effective algorithm that can 

enhance the coexistence capability of IEEE 802.15 

Networks. To examine the parameters and scenarios under 

which it is more practical to use one mechanism over the 

others. So we study the different 5 cases which explain in 

section 2. Using these cases we conclude the major problem 

caused by interference and provide the some solution using 

different algorithms of BT, Wi-Fi and WSN. 

The rest of the paper is organized as follows. 

Section 2 shows the Problem definition of interference in 

wireless media. Section 3 shows the different algorithm to 

mitigate the interference effect on Bluetooth. Section 4 

presents the different algorithm to mitigate the interference 

effect on Wi-Fi. Section 5 presents the different algorithm to 

mitigate the interference effect on Wireless Sensor Network 

(WSN). Section 6 concludes the paper and gives our future 

work. 

II. PROBLEM DEFINITION OF INTERFERENCE IN WIRELESS 

MEDIA 

Now we present the major side effects which are cause by 

the interference effect between all three wireless 

transmission media. BT, Wi-Fi and WSN all of three use the 

same frequency band which is 2.4 GHz. So it will cause the 

interference into coexistence environment. According to 

author Avranham Biran of [3], due to interference effect 

among the packet stream degrades the Integrity of the signal 

as well as adds an extra loss to the system. According to the 

below case we survey the how the interference are mitigate 

the system performance. 
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 CASE 1 802.11 interferes with 802.15.4: In this 

case author of [14] says if the environment is like 

that Channel offset is 3 MHz, 802.11 with highest 

utilization rate, Transmit power is about 30 times 

and Interference distance is 1.5 meter, So because 

of this Packet Error Rate is more than 90% and the 

There is interference even using non-overlapping 

channels. 

 CASE 2 IEEE 802.15.4 interferes with IEE 

802.11: In this case authors S. Pollin, I. Tan, B. 

Hodge, C. Chun, and A. Bahai of [15] explain if 

the environment is like Channel offset 2 MHz, 

Duty cycle of 802.15.4 is 15.36, 802.11/15.4 power 

is 15/0 dBm and Interference distance is short, So 

because of this Throughput loss can be up to 30%. 

For even larger IEEE 802.15.4 duty cycles, the loss 

goes up to 60%. 

 CASE 3 Difference between sender and 

receiver: In this case authors of [16] shows if the 

environment is like Channel offset 2 MHz and 

Interference distance is < 2 meter, so because of 

this When the IEEE 802.11 source is located far 

away from the IEEE 802.15.4, interference comes 

out as channel errors and When the IEEE 802.11 

source is located closely to the IEEE 802.15.4, 

interference comes out as the CSMA/CA 

mechanism. 

 CASE 4 IEEE 802.11 n: In this case author of [17] 

studied on if the environment is like 802.11 n/g 

channel 40/20 MHz, 802.11/15.4 power is 16/0 

dBm, Interference distance is ∼2.5 meter and 

Distance between 802.15.4 is 1 meter, so because 

of this 802.11n interferes with more 802.15.4 

channels than 802.11g, There is non-overlapping 

channel interference, which is caused by the 

sender‘s unsuccessful delivery of the packets and 

When using the same data rate, 802.11g generates 

more interference. 

 CASE 5 Orientation: In this case authors M. 

Petrova, L. Wu, P. M¨ah¨onen, and J. Riihij¨arvi of 

[17] explain if the environment is like Ditto, so 

because of this When 802.11n traffic is at 90◦, 

802.15.4 has best performance, the second best 

performance of 802.15.4 can be observed when the 

802.11n traffic is at 180◦ and When the 802.11n 

nodes are in line with IEEE 802.15.4 nodes, 

namely at   0◦, both the overlapping 802.15.4 

channels and the neighboring channels are heavily 

affected by the IEEE 802.11n. 

III. MITIGATION INTERFERENCE EFFECT ON 

BLUETOOTH 

Now, any applications which integrate IEEE 802.11n with 

IEEE 802.15 transceiver and if both sharing the ISM 2.40-

2.48 GHz frequency band. Then, collision occurred between 

Bluetooth and Wi-Fi which create Interference effect. 

Interference among packet stream degrades: Integrity of 

signal and Add an extra loss to the system. Now to Reduce 

the Interference and Fading effect BT uses Frequency 

Hopping (FH) algorithm in that it use the Frequency 

Hopping Spread-Spectrum (FHSS) operation. Basic hopping 

pattern is a pseudo random sequence of the 79 channels 

allocated to BT with 625 μsec time slot for each frequency 

hop [5].  

 

Fig. 1:  Interference on BT receiver and sender 

 Now there are many different algorithms to 

mitigate BT interference with Wi-Fi & WSN. Figure 1 show 

the Bluetooth receiver and sender interference which is 

explained by authors L. Angrisani, M. Bertocco, D. Fortin, 

and A. Sona of [16]. 

1) FH (Frequency Hopping) Algorithm: 

In that it uses the Frequency Hopping Spread-Spectrum 

(FHSS) operation. Basic hopping pattern is a pseudo random 

sequence of the 79 channels allocated to BT with 625 μsec 

time slot for each frequency hop. So using this algorithm it 

reduce the interference and fading effect but it cannot avoid 

the mutual interference and Inter packet collision will be 

100% in multiple collocated  sources as well as it not able to 

detect Self and Static Interference [6]. 

B. AFH (Adaptive Frequency Hopping) Algorithm: 

It is mechanism introduced in v1.2 of Bluetooth standard 

provide the Bluetooth system with capability of dynamically 

allocate ―busy‖ channel within its hopping range and 

avoiding the other channels which cause the interference. In 

AFH, first step is to decide the frequency carrier for each 

packet which is determined based on the hope frequency 

scheme (HFSS). AFH uses the random pseudo frequency 

hopping & channel condition to change the hopping 

frequency dynamically which minimizing interference. By 

implementing this mechanism authors of [7] and [8] 

conclude  

That the packet transmission is not delay but 

throughput may decrease and some bad channels are use. It 

decreases the channel to 20. So, other solution is that 

Bluetooth Interference Aware Scheduling (BIAS) strategy. 
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C. Bluetooth Interference Aware Scheduling (Bias) 

Algorithm: 

 

Fig. 1: Bluetooth Interference Aware Scheduling 

BIAS has ability to scene the good as well as bad channel in 

the frequency band. So it will discard the bad frequency to 

improve the system performance. It allows the master device 

to avoid data transmission to a slave which contains bad 

frequency. Master allows avoiding receiving data on bad 

frequency. The diagram describes by authors of [6] and 

which describe the working of BIAS. Now BT use the 625 

μsec time slot from this 366 μsec occupied for the 

transmission and reaming 265 μsec used to sense the 

channel for good frequency. By referring to the frequency 

status table, the master transmits in a slot after it verifies that 

both the slave‘s receiving frequency, fs, and its own 

receiving frequency, fm, are good. 

Otherwise, the master skips the current 

transmission slot and repeats the procedure over again in the 

next transmission opportunity. By implementing the delay 

policy, the channel efficiency and system throughput can be 

maximized considerably at the expense of delay in the 

packet reception. Delay policy implemented until a certain 

amount of time. The performance is improved as no bad 

channels will be used till a certain point of time and only 

delay becomes unacceptable [9]. But using this algorithm it 

cannot avoid the Static as well as Self interference. 

D. AFR (Adaptive Frequency Rolling) Algorithm: 

For AFR, author of [18] studied that coexisting piconets hop 

on a small set of frequencies within specific time interval, 

rather than using the whole range of frequencies as like in 

AFH. The term ‗hop set‘ use for these small ranges of 

frequencies. Using this algorithm we can avoid self 

interference by assigning non-overlapping hopsets to the 

coexisting Pico- nets, and jumping to another random 

channel when hop sets of two piconets overlap. But, 

Frequency diversity is significantly reduced if number of 

piconets is high enough. 

E. AFR-P (Adaptive Frequency Rolling With Probing) 

Algorithm: 

For AFR-P, authors Yomo Hiroyuki, Popovski Petar, 

Nguyen Huan Cong and Prasad Ramjee of  [18] explain that 

Pico nets hop on the entire range of frequencies and mark 

‗good‘ and ‗bad‘ frequencies based on their transmission 

experiences. But using this algorithm authors conclude that 

removal of the channels overlapped by the static interferer is 

not only time consuming but also results in degradation of 

the goodput because coexisting piconets suffer from self 

interferences during probing state. 

F. DAFH (Dynamic Adaptive Frequency Hopping) 

Algorithm: 

This technique describe by the author of [10] that is 

coexisting piconets suffering from interference and having 

unsuccessful transmission experiences readjust their 

channels utilization by splitting the frequencies into halves. 

Since the number of channels is halved after each splitting 

instance, this technique has the potential to violate FCC-RS 

(a) for frequency hopping in ISM band if number of 

piconets is increased like the constraint that the coexisting 

piconets should use at least 15 channels may be violated. 

G. DAFR (Diversified Adaptive Frequency Rolling) 

Algorithm: 

Finally author of [10] provides the solution using DAFR. 

DAFR fulfill the FCC constraints for frequency hopping in 

ISM band. So according to FCC-RS (Federal 

Communications Commission-Regulation Statement)   :  

 Frequency hopping system shall use at least ‗15‘ 

channels out of ‗79‘ channels in ISM band. 

 Average time of occupancy on any channel shall 

not be greater than 0.4 sec within a period of 0.4 s 

multiplied by the number of hopping channels 

employed.  

In DAFR, hopset is designed in such a way that 

channels in a particular hopset are spread over entire ISM 

band and select a distinct channel within particular interval 

of hopset. Using this algorithm self interference is 

completely mitigate, characterization of ‗good‘ and ‗bad‘ 

channels is achieved without degradation in network 

goodput and extra transmission overhead, also it avoid the 

frequency selective fading. 

IV. MITIGATION INTERFERENCE EFFECT ON WI-FI 

Wi-Fi which is interfered by the Bluetooth device is more 

vulnerable due to its longer data packet and lack of ability to 

frequency changing. So from this a new scheduling 

mechanism is developed by author of [15] called V-OLA 

(Voice-OverLap Avoidance) on Wi-Fi side. It avoids the 

interference from the BT voice traffic by squeezing Wi-Fi 

transmission into the idle time between consecutive BT 

voice packets. But it works only when the BT has voice 

traffic only. IEEE 802.11n and IEEE 802.11g both use the 

same frequency band which is 2.4 GHz [4]. Now there are 

many different algorithms to mitigate Wi-Fi interference 

with BT & WSN. 

A. Packet Fragmentation: 

A source uses fragmentation to divide 802.11 frames into 

smaller pieces that are sent separately to the destination. 
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Each fragment consists of a MAC Layer header, frame 

check sequence (FCS), and a fragment number indicating its 

ordered position within the frame. Because the source 

station transmits each fragment independently, the receiving 

station replies with a separate acknowledgement for each 

fragment [1], [12]. 

B. Dynamic Fragmentation Algorithm (DFA): 

The authors Alex Chain-Chun Hsu, David S.L.Wei and C.C. 

Jay Kuo of [1] explain that the mechanism dynamically 

adjusts the fragmentation level based on the current packet 

error rate (PER). Thus, it allows to fragments the packet 

when it needed. It is highly efficient to cope up with the 

problem of interference at a run time. DFA, 802.11 MAC is 

able to distinguish whether the failed transmission is an 

interference caused by the BT device or a collision caused 

by a Wi-Fi station. By this higher throughput can be 

achieved. DFA could help to reduce the interference effect 

between Bluetooth and Wi-Fi device. Thereby significantly 

improve the performance of Wi-Fi in both throughput and 

transmission delay, though there is only slight performance 

improvement at the Bluetooth side.  

Two states of this algorithm are: 

 DATA is transmitted in one piece without 

fragmentation and 

 DATA is divided into ―n‖ fragments and are 

transmitted sequentially. 

This system collects the packet error rate (PER) 

information periodically in a fixed time interval. It use the 

two threshold value move -up threshold p2 and move-down 

threshold p1.It compare with the threshold value of PER 

with the current PER and if current PER is higher than p2 

than the fragmentation is done otherwise stay in same state. 

V. MITIGATION INTERFERENCE EFFECT ON WSN 

For WSN author of [5] studied one ideal situation of 

transmitter and receiver motes were placed 1.5m apart on a 

table raised about 0.5m above the floor level. The 

transmitter sends the 5000 packet at the rate of 

20packets/second with each packet containing the unique 

sequence number. It gives the result above 90% packet 

reception rate (PRR) when using the any of the channels of 

IEEE 802.15 at maximum transmission power. Now when 

the low power mote transmitting the packet, it will cause the 

more interference effect in Wi-Fi device. Thus result will 

give the 44% PRR. So, when mote operating at low power 

for transmission it will cause more interference effect. Wi-Fi 

& Multi channel Interference it uses the 3 channels at 

0dBm,-25dBm and mixed mode (0dBm and -25dB). So 

based on this Result was that at 0dbm it gives 100% PRR, at 

-25dbm it gives about 90% PRR and Mixed mode, For odd 

no. of channel mote works at 0dbm it gives 100% PRR & 

For even no. of channel mote works at -25dbm it gives 70%-

75%  PRR. Now for this we use different types of algorithm 

to mitigate the interference effect on WSN. 

A. ACH(Adaptive Channel Hopping): 

According to Author of [13] explain that, ACH allows nodes 

experiencing significant interference to switch to new 

frequency channels with less congestion. The WSN consists 

of multiple devices organized into groups. Each group 

contains a single parent and one or more child nodes. The 

parent node is the coordinator for all frequency hopping 

events. This algorithm utilizes a channel hopping sequence 

for coordination between the parent and child nodes of each 

group and channel hopping sequence is periodically 

generated every TLQIreport seconds by the parent node which 

is distributed to all children. Parents generate this sequence 

by gathering a Link Quality Information (LQI) map from 

each child which describes the current state of all N 

available channels. The complete LQI map gathered at the 

parent. Now, LQI information can be estimated based on the 

Signal-to-Noise (SNR) ratio for recently received packets. 

For the remaining N − 1 channels, nodes can act as an 

energy detectors and estimate the current noise floor where 

noise floor is the measure of the signal created from the sum 

of all the noise sources and unwanted signals within a 

measurement system. To improve the accuracy, children 

scan the N channels m times every TLQIreport seconds. An 

additional weighting factor, W
k,
 can be defined for each 

node k. If all nodes have the same priority, the weight can be 

set as W
k
 = 1, ∀k. Nodes with a large W

k
 will have a greater 

effect on the aggregate LQI (ALQI) calculation. The ALQI 

for each channel can be calculated as shown in Equation (1): 

      
∑     

    
   

∑    
   

        (1) 

Where i ∈ N, K is the total number of group members. 

The channel hopping set is a list of available channels and it 

sorted by the calculated ALQI values. The channel with the 

highest ALQI value is placed first in the channel hopping 

sequence. 

B. ACH Based On Dynamic Blacklisting   Algorithm: 

Author Peng Du and Dr. George Roussos of [9] describe 

that WSN has a low transmission power so it causes the 

coexistence which leads to interference. Using Channel 

Hopping technique it can be solve. In this technique, that 

periodically changes the operating frequency of the 

communication channel. Now, to future improvement of 

channel hopping technique proposed other mechanism 

which is Blacklisting which works by restricting channel 

hopping to a subset of the spectral space thus avoiding some 

channel. So using adaptive channel hopping technique with 

Dynamic Blacklisting algorithm solve the problem of non-

uniform utilization of wireless spectrum and consequently 

specific frequency ranges suffer disproportionately from 

interference. A Blacklist Manager (BLM) is implemented in 

each node which calculates the mean RSSI (Received Signal 

Strength Indicator) of the different channel during each 

period and count the no. of result which is based on some 

threshold value. This count defined as a Noise Level 

Indicator (NLI) of each channel. Now blacklist use in form 

of 16-bit mask and each bit corresponding to a channel. 

Blacklist is updated during each period and associated bit of 

the channel with highest NLI value is set to false by BLM. 

But, node needs to hop a new channel every time so the 

BLM first check the channel number against the mask. If it 

is not a blacklisting then operation continue otherwise BLM 

randomly generate a new channel number and repeat the 

process until an allowed channel is acquired. 

VI. CONCLUSION AND FUTURE WORK  

Using different parameters like Packet Error Rate (PER), 

Signal Interference Noise Ratio (SINR), Frequency 
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Channel, Orientation, Total Transmitting Power, Total 

Received Power, Total Loosed Power, Throughput, 

Bandwidth, Round Trip Time (RTT), Signal Strength to 

bandwidth & Throughput ration, etc and different 

modulation techniques on different algorithm like FH, AFH, 

AFR, AFR-P, DAFH, DAFR, Packet Fragmentation, DFA, 

ACH and ACH based on Dynamic Blacklisting Algorithm 

we can optimize Transmission Power, utilize maximum 

bandwidth, Optimize SINR and Better Signal Strength. So, 

in future we can optimize above all using the different 

algorithm and different modulation schemas to get the more 

optimize output for the less interference on the same 

network for BT, Wi-Fi and WSNs. 
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