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Abstract—Bluetooth Low Energy (BLE) developed from traditional Bluetooth innovations for empowering short-range communication in 

various systems and services. BLE has many points of interest over traditional Bluetooth advancements, including low power utilization and low 

cost deployment. As of late, a not very many number of research studies have been directed to enhance device discovery procedure of BLE. 

However, these reviews have still a few constraints. Earlier reviews have accepted that advertising PDUs are instantly handled the length of they 

are gotten effectively by a scanner. Essentially, notwithstanding, BLE devices may encounter heaps of impacts because of dispute among 

neighbors, especially in a swarmed situation. With expanding number of BLE devices, delays of both connection set up and device discovery 

keep exponential development, which could impact client involvement regarding either time or energy utilization. In this paper, an enhanced 

mechanism is proposed to empower BLE promoters and scanners to take in the system conflict and change their parameters in like manner, to 

accomplish fast discovery latency. Through broad simulations, the proposed mechanism has demonstrated its effectiveness to reduce sudden 

long latency in swarmed BLE systems. 
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I. INTRODUCTION 

Internet of Things (IoT) was initially acquainted in 2000 

with Integrate Radio Frequency Identifiers (RFID) with 

Internet [1, 2]. As the electronic market is quickly advancing 

each day, the requirement for network between various 

devices and machines is likewise developing significantly. 

IoT winds up plainly key axes for the future economic 

development and maintainability. Then again, Bluetooth 

Low Energy (BLE) can effectively support short-range 

communication in various systems and service [3]. BLE has 

many favorable circumstances over traditional Bluetooth 

technologies, including low-power utilization and low-cost 

deployment. In this manner, Integrating BLE with IoT is a 

perfect decision. 

In any case, existing BLE design is not yet enough great 

to support prerequisites of IoT systems and service. 

Specifically, device discovery is as yet a challenging task to 

be routed to support the low-energy communication and 

quick process in BLE networks. An advertiser by an 

advertising event is made out of AdvDelay and AdvInterval, 

where AdvDelay is a random variety utilized for isolating the 

interval of advertisement when at least two advertisers are 

drawing near [4]. The scanner checks on an alternate 

advertising channel for a term of Scan Window amid each 

ScanInterval. The extensive variety of those parameters 

devised for scanning and advertising give high adaptability to 

BLE devices to alter the delay and energy for various 

applications. Be that as it may, improper settings of those 

parameters can fundamentally break down the device 

discovery latency and increment good for nothing energy 

consumption. 

In a decade ago, specialists have widely concentrated the 

traditional Bluetooth technologies keeping in mind the end 

goal to consolidate it in the present day communication ideas 

and upgrade execution of its discovery mechanism through 

analytical and simulation modeling. However, these reviews 

are not appropriate to the engineering of BLE on the grounds 

that the discovery mechanism has totally been changed in 

BLE. As of late, a not very many number of research studies 

have been led to enhance device discovery procedure of 

BLE. Be that as it may, these reviews have still a few 

limitations. 

Earlier reviews have accepted that advertising PDUs are 

instantly handled the length of they are received effectively 

by a scanner. At the end of the day, their plans depended on 

doubtful supposition that there is no crash among BLE 

devices. For all intents and purposes, there exist disputes 

among various BLE devices since BLE network empowers a 

master device interfacing with various slave devices, 

especially in a swarmed situation. With expanding number of 

BLE devices, delays of both device discovery and connection 

setup keep exponential development, which could impact 

client involvement regarding either energy or time 

utilization. 
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In this paper, we propose a procedure to enhance the 

execution of the discovery procedure by adaptively 

modifying the parameters of BLE devices. Unlike to past 

research, our plan considers a more practical circumstance 

where there are great deals of impacts brought about by 

dispute among BLE devices amid the discovery procedure. 

In our plan, scanners and advertisers evaluate current dispute 

circumstance in view of the past discovery time, and make 

essential modification of its parameter ScanWindow and 

AdvInterval, separately, in like manner. The results of broad 

simulation demonstrate that our methodology can 

fundamentally reduce undesirable latency and adequately 

enhance the efficiency of device discovery in BLE networks. 

II. RELATED WORKS 

In the most recent decade, the device discovery of 

traditional Bluetooth protocols has been broadly examined 

utilizing simulation/experimental and formal modeling 

strategies [5–8]. In this area, we first audit some critical 

research works for device discovery of traditional Bluetooth 

networks.  

Duflot et al. [5] exhibited a formal examination of device 

discovery execution in the traditional Bluetooth systems. The 

probabilistic model scanning strategy and the tool PRISM 

were utilized to register the execution limits of device 

discovery as far as the expected time and the expected power 

utilization. Their review demonstrated that a low-level 

investigation could deliver correct outcomes as those got 

from simulations systems, and some harmless suppositions in 

simulations could prompt wrong execution estimations.  

Another simulation based study about with respect to 

Bluetooth device discovery was exhibited by S. Basagni et 

al. [6], who explored device discovery in multihop Bluetooth 

scatter net by methods for traditional Bluetooth's request 

strategies. Simulations results were taken to find that it 

required quite a while (normally, around 6 s) to develop a 

Bluetooth topology after connection through the discovered 

neighbors. 

Scott et al. [7] executed an end-to-end Bluetooth-based 

mobile service structure. It depended on machine-readable 

visual labels for out-of-band service selection and devices as 

opposed to utilizing the standard Bluetooth device discovery 

model to identify adjacent mobile services. Their work 

exhibited a tag-based connection foundation strategy offering 

huge changes over the standard discovery display.  

Far reaching investigates genuine devices, investigating 

the parameter space to decide the connection between 

parameter settings and mean discovery latency or power 

utilization qualities was led in [8]. They proposed a 

calculation to adaptively decide parameter settings relying 

upon a portability setting to diminish the mean power 

utilization for Bluetooth devices. They demonstrated that the 

analyses performed in the proposed research were very close 

to the hypothetical qualities, and consequently the plan could 

be received in genuine Bluetooth networks. Be that as it may, 

the proposed approach did not address the issue requiring 

high energy amid communication setup and pairing process. 

In [9], a logical model for device discovery in BLE 

networks was displayed and approved by utilizing NS-2 with 

another BLE expansion representing all the protocol points 

of interest. The proposed show assessed some vital execution 

measurements, for example, mean latency or mean energy 

utilization over the span of finding neighbors. The diagnostic 

outcomes were contrasted and the deployment comes about 

for execution examination and sending of the BLE for short-

range communications. The demonstrating results could be 

utilized to give a non-specific stage to modifying scanning or 

advertising conduct towards required execution and to adapt 

to the communication misfortune issue amid communication 

setup prepare as often as possible experienced in functional 

situations of BLE.  

An approach used to show the neighbor discovery 

process was introduced in [4]. The model additionally 

researched the normal latency and energy utilization of the 

BLE devices. The proposed approach utilized as a part of [4] 

was considered hypothetically and in addition tentatively. 

The outcomes got from both the methodologies were further 

contrasted with each other all together with send the plan in 

genuine situations. Be that as it may, they didn't address the 

impact or clog issue when various devices seek 

communication.  

A mobile device discovery calculation to progressively 

change ScanWindow parameter amid device discovery 

process was exhibited in [10]. The proposed approach 

depended on the traditional ALOHA. They made an 

improved system to accomplish bring down latency amid 

communication setup handle by conforming parameters. The 

proposed approach was tried through broad simulations and 

validation process. 

III. BACKGROUND STUDY 

A. Discovery Process 

A BLE device regularly works in three unique modes i.e. 

advertising, scanning and initiating states as appeared in Fig. 

1a. In the advertising state, a BLE device transmits 

advertising packets intermittently on three advertising 

channels (list = 37, 38, 39). As per the determination, an ad 

period for each channel (indicated by sWA) should be not 

exactly or equivalent to 10 ms [4]. After each sending of the 

advertising packets, the advertiser will tune in on a similar 

channel for some time to check if there is a reaction 

originating from any scanner [11]. 
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Figure 1: (a) Advertising Process for Device Discovery, 

(b) Scanning process for device discovery 

As appeared in Fig. 1, an advertising occasion is made 

out of AdvInterval (hereinafter, meant by  

𝜏𝐴𝐼 ) and AdvDelay (indicated by d), where AdvDelay is a 

random variety utilized for isolating the notice interim when 

at least two advertiser are drawing near [4]. As indicated by 

the standard, AdvInterval is given a number numerous of 

0.625 ms in the scope of 20 ms–10.24 s, and AdvDelay is 

inside the scope of 0–10 ms. Since BLE advertisers set the 

time haphazardly between continuous advertising PDUs, 

advertisings on three channels turn out to be totally non-

concurrent, then the fruitful advertising likelihood will 

achieve an ideal esteem [4, 9]. On the off chance that all 

advertisers are set with a similar advertising interim between 

back to back advertising PDUs, then impacts on the main 

channel will go to the second and the third channels [4, 10] 

(Table 1). 

TABLE 1: List of Major Timing Parameters for BLE 

Discovery Process 

Notation Meaning Specification 

𝜏𝑊𝐴  Advertising period per 

channel (Max allowable 

waiting time for 

SCAN_REQ or 

CONN_REQ after 

sending ADV_IND on 

each channel) 

≤10ms 

𝜏𝐴𝐼  Advertisement interval 

for three advertising 

channels 

Integer multiple of 

0.625 ms in [20–

10240] ms 

𝜏𝑆𝐼  Scan Interval Integer multiple of 

0.625 ms in [2.5 

~10240]ms 

𝜏𝑆𝑊  Scan Window Integer multiple of 

0.625 ms in [2.5 

~10240]ms  

𝜏𝑆𝐼 ≤ 𝜏𝑆𝑊  

 

B. Discovery Latency and Energy 

As beforehand depicted, the advertiser sends an 

ADV_IND over each advertising channel and is tuning in on 

a similar channel to react to SCAN_REQ from any scanner. 

The scanning strategy is characterized as an operation where 

the scanner answers a SCAN_REQ PDU after accepting an 

ADV_IND from the advertiser on a similar advertising 

channel [12]. 

 
Figure 2: BLE Discovery Process 

The discovery latency is characterized as the interim for 

the advertiser from going into the principal advertising 

occasion by sending an ADV_IND until it effectively gets a 

SCAN_-REQ from the scanner as delineated in Fig. 3. 

 
Figure 3: Discovery Latency 

Liu et al. [11] have characterized a few states and 

operations identified with energy utilization in light of the 

present utilization of CC2541. Their works will be used to 

assemble our BLE energy show in Sect. 3. As found in Fig. 

4, there are three back to back Tx and Rx tops, which mirror 

the radio transmission of ADV_IND and SCAN_RSP, and 

gathering if SCAN_REQ, individually, on the advertising 

channel. Notwithstanding these pinnacles, the measure of 

energy utilization changes as the BLE device experiences a 

few unique states before or after the advertising occasion. 

The states characterized by [11] are recorded in Table 2. 
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TABLE 2: States defined for energy analysis during 

device discovery process 

State

s 

Meaning Amoun

t of 

current 

in each 

state 

Time 

duration 

of each 

state 

Energy 

consumed in 

each state 

State 

1 

Wake-up, 

pre-process 

to prepare 

radio, and 

turn on 

radio in 

preparation 

of Tx and 

Rx 

iin 𝜏𝑖𝑛  𝜖𝑖𝑛 =  𝑖𝑖𝑛𝜏𝑖𝑛  

State 

2 

Receive an 

ADV_IND 

on an 

scanning 

channel 

𝑖𝑟𝑥  𝑇𝐴𝐷𝑉_𝐼𝑁𝐷  𝜖𝑟𝑎
=  𝑖𝑟𝑥𝑇𝐴𝐷𝑉_𝐼𝑁𝐷  

State 

3 

Send a 

SCAN_RE

Q 

𝑖𝑡𝑥  𝑇𝑆𝐶𝐴𝑁_𝑅𝐸𝑄  𝜖𝑡𝑠
=  𝑖𝑡𝑥𝑇𝑆𝐶𝐴𝑁_𝑅𝐸𝑄  

State 

4 

Receive a 

SCAN_RS

P on an 

scanning 

channel 

𝑖𝑟𝑥  𝑇𝑆𝐶𝐴𝑁−𝑅𝑆𝑃  𝜖𝑡𝑠
=  𝑖𝑟𝑥𝑇𝑆𝐶𝐴𝑁_𝑅𝑆𝑃  

State 

5 

Convert 

Tx-mode to 

Rx-mode, 

or vice 

versa 

𝑖𝑐𝑜  𝜏𝑐𝑜  𝜖𝑐𝑜 =  𝑖𝑐𝑜𝜏𝑐𝑜  

State 

6 

Listen a 

ADV_IND 

until 

completion 

of  

𝜏𝑆𝑊  

𝑖𝑟𝑥  𝜏𝑙𝑖  𝜖𝑙𝑖 =  𝑖𝑟𝑥 𝜏𝑙𝑖  

State 

7 

Tx and Rx 

on one 

scanning 

channel is 

done, and it 

takes some 

transition 

time (or 

waiting 

time) to 

continue 

operating 

𝑖𝑐ℎ  𝜏𝑐ℎ  𝜖𝑐ℎ =  𝑖𝑐ℎ𝜏𝑐ℎ  

on the next 

channel 

(identical 

to 

interframe 

space) 

State 

8 

Set up the 

sleep timer 

in 

preparation 

for the next 

scanning 

channel 

𝑖𝑃𝑂  𝜏𝑃𝑂  𝜖𝑝𝑜 =  𝑖𝑝𝑜 𝜏𝑝𝑜  

State 

9 

Sleep by 

turning off 

irrelative 

component

s so as to 

save energy 

𝑖𝑠𝑙  𝜏𝑠𝑙  𝜖𝑠𝑙 =  𝑖𝑠𝑙𝜏𝑠𝑙  

 

 
Figure 4a: Consumed Energy in case of successful 

discovery 

 

 
Figure 4b: Consumed energy in case of discovery failure 

In spite of the fact that the BLE standard has empowered 

the capacity for BLE devices to work with an extensive 

variety of parameters, it is by one means or another 

unimaginable for them to tweak these parameters 

consequently, as neither the scanner nor the advertiser can 

understand the presence of disputes on the advertising 

channel.  

Bearing these contemplations, we propose an upgraded 

system for BLE to enhance discovery execution when there 

are various BLE devices. In our plan, advertiser and scanners 

assess current dispute circumstance in view of the past 

discovery time, and make essential changes in like manner. 
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IV. ADAPTIVE PARAMETER SETTING SCHEME 

In BLE networks, there are four vital parameters influencing 

the execution of device discovery handle: AdvInterval (τAI ) 

advTimePerChannel (τWA) and ScanInterval (τSI ), and check 

window (τSW). Our earlier review [12] demonstrated that 

improper settings of the parameters can definitely drag out 

the network accessing latency, and consequently bring down 

the energy effectiveness for both advertisers and scanners in 

thick conditions.  

Specifically, two parameters, AdvInterval (τAI) and 

ScanWindow (τSW), profoundly influence the down to 

practical latency as far as device discovery. These 

parameters decide the lengths of an advertising occasion and 

a scanning window, individually. As AdvInterval is 

diminished, the advertisers can send commercial PDU all 

the more regularly. Additionally, as ScanWindow is 

expanded with a settled ScanInterval, the scanners can scan 

each advertising channel all the more every now and again.  

In spite of the fact that the BLE standard has empowered the 

capacity for BLE devices to work with an extensive variety 

of parameters, it is some way or another outlandish for them 

to adjust these parameters consequently, as neither the 

scanner nor the advertiser can understand the presence of 

conflicts on the advertising channel.  

Bearing these contemplations, we propose an enhanced 

mechanism for BLE to enhance discovery execution when 

there are various BLE devices. In our plan, advertisers and 

scanners assess current dispute circumstance in light of the 

past discovery time, and make vital alterations appropriately. 

A. Reference Discovery Time 

 
Figure 5a: Adviser Adaptive parameter Adjustment 

 
Figure 5b: Scanner Adaptive Parameter Adjustment 

As appeared in Fig. 5, in our plan, the advertiser and scanner 

adaptively modify AdvInterval (τAI) and ScanWindow (τSW) 

contingent upon how quick the device discovery has been 

expert in the present advertising or scanning interim. To 

quantify the speed of neighbor discovery, we present a 

parameter called discovery time proportion, meant by ρ, 

which is characterized by 

𝜌 =  
𝜋𝐷
𝜋𝑅𝐸𝐹

 

where πD and πREF mean real discovery time and reference 

discovery time, separately. The reference discovery time is 

utilized to decide if the device discovery is performed quick 

or late. It the current discovery time is not as much as 

reference discovery time (i.e. ρ<1 , it is considered as the 

quick discovery. Else, we see it as late discovery.  

In the advertiser, the reference discovery time is given by a 

fraction of the ideal opportunity for the advertiser to spend 

on advertising on three channels twice since it enters the 

advertising state as delineated in Fig. 6a, which is given by 

𝜋𝑅𝐸𝐹 =
τ𝐴𝐼 + 3τ𝑊𝐴

2
 

Likewise, in the scanner, the reference discovery time is 

given by a fraction of the ideal opportunity for the scanner 

to scanning three channels one time since it enters the 

scanning state as showed in Fig. 6b, which is given by 

𝜋𝑅𝐸𝐹 =  
𝜏𝑆𝑊

2
+ 𝜏𝑆𝐼 

 
Figure 6a: Advertiser Reference Discovery Time 

 
Figure 6b: Scanner Reference Discovery time 

 

B. Adjustments of Advertising Interval and Scan Windoe 

As previously described, the advertiser and scanner 

adaptively adjust AdvInterval (τ𝐴𝐼) and ScanWindow (τ𝑆𝑊), 

respectively, depending on discovery time ratio. AdvInterval 

and ScanWindow at the n-th interval, denoted by τ𝐴𝐼,𝑛 , and 

τ𝑆𝑊,𝑛 , respectively, is given by 

𝜏𝐴𝐼,𝑛 =  𝜏𝐴𝐼,𝑛−1 𝑋 2(1−𝜌) 

𝜏𝑆𝑊,𝑛 =  𝜏𝑆𝑊,𝑛−1  𝑋 2(𝜌−1). 
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Figure 7: Change of τ𝐴𝐼  and τ𝑆𝑊  

As shown in Fig. 7, τ𝐴𝐼  and τ𝑆𝑊  change very smoothly 

even though 𝜋𝐷  changes abruptly. Algorithms for 

parameter setting of advertiser and scanner are illustrated 

in Fig. 8. 

 
Figure 8a: Advertiser parameter setting in our scheme, 

(b) Scanner parameter setting in our scheme 

V. SIMULATION RESULT AND DISCUSSIONS 

To approve the mobile parameter setting calculation, we 

have built up a BLE simulating program which completely 

conforms to the BLE detail. The simulative settings accord 

with the standard definition as already depicted, and we 

analyze the mobile parameter setting calculation comes about 

with the standard by means of simulations. We simulate 

more than ten circumstances for each system situation to get 

the normal outcomes, where parameter settings are chosen 

with qualities recorded in Table 3. We attempt to set up 

simulations so that each BLE device begins to advertise or 

scan haphazardly to stay away from some synchronization 

artifacts. With the end goal of comfort, we utilize mA ls or 

mA ms as the unit of energy, which can be effortlessly 

moved into standard Ampere hour (e.g. mAh) units at 

whatever point important. 

 

 

TABLE 3: Parameters And Their Values For Simulation 

Notation Meaning Value 

M Number of advertiser 1-20 

N Number of scanner 1-10 

τ𝑊𝐴  Advertising period per 

channel 

1–10 (ms) 

τ𝐴𝐼  Advertisement Interval for 

three advertising channels 

30–2560 (ms) 

τ𝑆𝐼  Scan Interval 30–2560 (ms) 

τ𝑆𝑊  Scan Window 30–2560 (ms) 

𝑇𝐴𝐷𝑉_𝐼𝑁𝐷  Transmission time of 

ADV_IND message 

0.128 (ms) 

𝑇𝑆𝐶𝐴𝑁_𝑅𝐸𝑄  Transmission time of 

SCAN_REQ message 

0.176 (ms) 

𝑇𝑆𝐶𝐴𝑁−𝑅𝑆𝑃  Transmission time of 

SCAN_RSP message 

0.128 (ms) 

𝑇𝐼𝐹𝑆  Inter Frame Space 0.150 (ms) 

𝑖𝑖𝑛𝜏𝑖𝑛  Time and energy in state 1 1.2 (ms) 7.35 (mA) 

𝜏𝑐𝑜 𝑖𝑐𝑜  Time and energy in state 6 0.105 (ms) 7.4 

(mA) 

𝜏𝑐ℎ 𝑖𝑐ℎ  Time and energy in state 7 0.150 (ms) 7.4 

(mA) 

𝜏𝑝𝑜 𝑖𝑝𝑜  Time and energy in state 8 0.950 (ms) 7.4 

(mA) 

𝜏𝑠𝑙 𝑖𝑠𝑙  Time and energy in state 9 29.46–2554.55(ms) 

0.001 (mA) 

𝑖𝑡𝑥 𝑖𝑟𝑥  Energy in state 2 or 4 17.5 (mA) 

𝜏𝑙𝑖  Time in state 2 2.46–2554.55 (ms) 

Figure 9 demonstrates the mean discovery inactivity as 

the quantity of BLE devices is expanded. As showed in the 

figure, the proposed plot gives shorter discovery latency than 

the standard in all cases with various numbers of advertisers 

and scanners. We can watch a fascinating thing from this 

figure. In the standard, the mean discovery latency 

continuously ascends with the quantity of scanners. This is a 

result of impacts of the abundant control packets from 

various scanners and along these lines low likelihood of 

fruitful device discovery. In our plan, notwithstanding, the 

quantity of scanners does not essentially influence the mean 

discovery latency. This is on account of the scanner can 

continue tuning in to a similar station because of its 

protracted ScanWindow, which brings a more possibility of 

effective discovery. From Fig. 9b, we can see that the normal 

latency continues being unaltered with the quantity of 

advertisers, which shows that the quantity of advertisers does 

not bring a critical effect on the mean discovery latency at 

the sponsor side. This is on the grounds that ADV_IND 

messages sent from advertiser are spread after some time and 

along these lines there will be little possibility of impact 

among advertisers. 
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Figure 9a: Mean Discovery latency as the number of scanner 

is increased with different number of BLE devices(M =

1,τ𝑆𝐼=2560, τ𝑆𝑊=640, τ𝐴𝐼=1280) 

 

 
Figure 9b: Mean Discovery Latency as the number of 

advertisers is increased with different number of BLE 

devices(N = 5, τ
𝑆𝐼

= 2560, τ𝑆𝑊 = 640, τ𝐴𝐼 = 1280) 

Figure 10 demonstrates the mean discovery latency got with 

various introductory estimations of the parameters τAI and 

τSW. Our plan offers shorter discovery latency than the 

standard over the whole range paying little respect to 

starting estimation of τSW. Figure 10b additionally 

demonstrates that proposed plot enhances discovery 

execution as far as discovery latency over the range τAI> 300 

ms. In the standard, the mean discovery latency diminishes 

continuously with τSW, which demonstrates that τSW 

basically influence synchronization shot of the advertiser 

and the scanner on one of three advertising stations, 

however they don't convey a noteworthy effect to the 

discovery latency. 

Figure 11 demonstrates the normal energy utilization as the 

quantity of BLE devices is expanded. In this figure, it can be 

found that the proposed plan can decrease energy utilization 

contrasted and the standard. We can see a continuous 

increment in the mean discovery energy utilization with the 

quantity of scanners. As beforehand depicted, this is because 

of impacts of the abundant control packets from various 

scanners, which causes futile energy utilization therefore. In 

our plan, be that as it may, the quantity of scanners does not 

bring a huge effect on the mean discovery energy utilization. 

 
Figure 10a: Mean Discovery latency with different initial 

value of Scan Window τ𝑆𝑊(M = 5, N = 5, τ
𝑆𝐼

= 2560,

τ𝐴𝐼 = 1280) 

 
Figure 10b: Mean Discovery latency with different initial 

value of AdvInternal (τ𝐴𝐼)(M = 5, N = 5, τ
𝑆𝐼

= 2560,

τ𝑆𝑊 = 640) 

From Fig. 11b, we can see that the proposed plan can 

decrease energy utilization contrasted and the standard in all 

cases with various numbers of advertisers. In this figure, it 

can likewise be seen that the quantity of advertiser does not 

bring a noteworthy effect on the mean discovery energy 

utilization of the advertiser in both plans. This is because of 

an indistinguishable reason from in Fig. 9b. 

 
Figure 11a: Mean Discovery energy as the number of 

scanners is increased with the number of devices(M =

1,τ𝑆𝐼=2560, τ𝑆𝑊=640, τ𝐴𝐼=1280) 
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Figure 11b: Mean discovery energy as the number of 

advertisers is increased with the number of devices(N =

5,τ𝑆𝐼=2560, τ𝑆𝑊=640, τ𝐴𝐼=1280) 

 

Figure 12a demonstrates the normal energy utilization of the 

scanner with various introductory estimations of τSW going 

from 30 ms to the maximally accessible 2560 ms where τAI 

= 1280 ms. As found in figure, in the standard, the normal 

energy ways to deal with the most extreme esteem when τSW 

= τSI, which implies nonstop scanning and hence actually 

prompts maximal energy utilization to the scanner. From 

this figure, we can likewise observe that the normal energy 

continues being unalteredbefore τSW <100 ms and begins to 

continue diminishing directly with τSW after τSW>100 ms 

(even a slight increment of τSW acquires a noteworthy drop 

energy utilization when τSW>1000 ms). Along these lines, 

for BLE scanner, the ScanWindow (τSW) is fitting to set 

bigger than the advertising interim τAI of the sponsor, to 

keep away from unforeseen energy utilization with the 

standard. In any case, most likely, constant scanning gives 

assurance of a prompt gathering for any advertising 

occasion, and accordingly dependably presents the 

negligible energy utilization for the advertisers.  

Figure 12b portrays the mean discovery energy utilization 

with various starting benefits of advertising interim τAI 

extending from 30 to 2560 ms where τSW is set to a settled 

esteem 640 ms.  

Advance, the normal energy increments directly with τAI as 

appeared in Fig. 12b. This figure demonstrates that our plan 

can lessen energy utilization contrasted and the standard. 

This is on account of ScanWindow and AdvInterval are 

progressively tuned to viably adjust to movement 

circumstance in swarmed BLE systems. A critical thing is 

that the underlying estimation of AdvInterval does not bring 

about an important change in the energy utilization with the 

proposed plot as is not the situation with the standard. 

 

 
Figure 12a: Mean discovery energy with different initial 

values of ScanWindow τ𝑆𝑊(M = 5, N = 5, τ
𝑆𝐼

= 2560,

τ𝐴𝐼 = 1280) 

 

 
Figure 12b: Mean discovery energy with different initial 

values of AdvInterval τ𝐴𝐼(M = 5, N = 5, τ
𝑆𝐼

= 2560,

τ𝑆𝑊 = 640) 

VI.  CONCLUSIONS 

The uses of BLE are developing quickly and the 

streamlining of BLE services for different sorts of uses is a 

testing undertaking. The effectiveness of BLE devices is 

specifically influenced by parameter settings. In this paper, 

we propose a precise adaptive plan to tweak parameter 

setting (ScanWindow and AdvInterval) in BLE arrange 

which are then tried through simulations in different 

network situations. Simulation comes about demonstrate 

that our plan can offer shorter discovery latency and 

diminish energy utilization contrasted and the standard by 

powerfully tuning parameters to viably adjust to activity 

circumstance in swarmed BLE systems 

 

REFERENCES 

[1] Luigi, A., Iera, A., & Morabito, G. (2010). The internet of 

things: A survey. Computer Networks, 54(15), 2787–2805.  

[2] Giusto, D., Iera, A., Morabito, G., & Atzori, L. (Eds.). 

(2010). The Internet of Things. Berlin: Springer. 

[3] Bluetooth. S. (2010). Bluetooth Core Specification Version 

4.0. Specification of the Bluetooth System. 

[4] Liu, J., Chen, C., & Ma, Y. (2012). Modeling and 

performance analysis of device discovery in Bluetooth 

Low Energy networks. In IEEE Global Communications 

Conference (GLOBECOM), 2012 (pp.1538–1543). 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication                           ISSN: 2321-8169 
Volume: 5 Issue: 5                                                    01 – 09 

_______________________________________________________________________________________________ 

9 
IJRITCC | May 2017, Available @ http://www.ijritcc.org 
_______________________________________________________________________________________ 

[5] Duflot, M., Kwiatkowska, M., Norman, G., & Parker, D. 

(2006). A formal analysis of bluetooth device discovery. 

International Journal on Software Tools for Technology 

Transfer, 8(6), 621–632. 

[6] Basagni, S., Bruno, R., & Petrioli, C. (2006). Device 

discovery in Bluetooth networks: A scatternet perspective. 

Lecture notes in computer science (vol. 2345). 

[7] Scott, D., Sharp, R., & Upton, E. (2005). Using visual tags 

to bypass Bluetooth device discovery. ACM SIGMOBILE 

Mobile Computing and Communications Review (vol. 9, 

No. 1). 

[8] Drula, C., Amza, C., Rousseau, F., & Duda, A. (2007). 

Adaptive energy conserving algorithms for neighbor 

discovery in opportunistic Bluetooth networks. IEEE 

Journal on Selected Areas in Communications, 25(1), 96–

107. 

[9] Liu, J., & Chen, C. (2012). Energy analysis of neighbor 

discovery in Bluetooth Low Energy networks. Nokia.(nd). 

[10] Liu, J., Chen, C., Ma, Y., & Xu, Y. (2013). Adaptive 

device discovery in bluetooth low energy networks. In 

IEEE 77th vehicular technology conference (VTC Spring), 

2013 (pp. 1–5). 

[11] Liu, J., Chen, C., Ma, Y., & Xu, Y. (2013). Energy analysis 

of device discovery for bluetooth low energy. In IEEE 78th 

cehicular technology conference (VTC Fall), 2013 (pp. 1–

5). 

[12] Cho, K., Park, W., Hong, M., Park, G., Cho, W., Seo, J., & 

Han, K. (2015). Analysis of Latency Performance of 

Bluetooth Low Energy (BLE) Networks. Sensors, 15(1), 

59–78..  

http://www.ijritcc.org/

