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Abstract – It’s one of the preferred method utilized for Indoor Intelligent Campus Localization Using Wireless signals 

based on WAP because of its low intricacy and its cost efficacy. This proposes indoor localization algorithm utilizing 

Wi-Fi method that is congruous for indoor IoT application. The proposed algorithm coalesces the location gauges from 

two unique methodologies, deterministic and probabilistic, to appraise the target location. The proposed algorithm 

strove for a wide range of conditions: a stationary and moving IoT targets, likewise viewable pathway and non-

observable pathway in indoor situations. The outcomes demonstrated the proposed cumulated algorithm performed 

better as far as localization precision, precision and vigorous than deterministic and probabilistic strategies separately 

and homogeneous past research [8]. 
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I. INTRODUCTION 

Wireless or remote indoor positioning systems namely IPS 

possess proliferate as of late. It spawns an abundance of 

location-predicated applications, such as personalized 

advertisement in a grocery store, tourist guidance in a 

museum, and goods localization in a stockroom, to 

designate a few.  Verbalizing of outdoor localization 

systems, Global Positioning System i.e.  (GPS) has 

provided routes to millions of drivers for years. However, 

the GPS signal could be too impuissant when it comes to 

indoor localization: the blocking of concrete walls and 

floors rigorously attenuates the signal. Then again, the 

precision in the request of many meters is far from 

copacetic for indoor applications. Understanding these 

inconveniences, different analysts and organizations 

ubiquitous wireless (remote) local area networks i.e. 

WLAN controlled by Wi-Fi innovation. Received Signal 

Strength (robustness) Indicator i.e. RSSI may be a MAC 

layer, coarse-grained data offered in thought wireless 

network interface controllers i.e. NIC. Consequently, RSSI 

- predicated IPs have been well analysed. The drafters 

illustrated horus which harnessed the RSSIs disclosed by 

access points (AP) to erect a radio map in the offline 

stages [8]. The RSSIs from surrounding APs are analysed 

and rivalled to the radio map, triggering in a combinatorial 

location appraisal. It attained an average accuracies of 2 m. 

Other RSSI-predicated installations those as RADAR and 

multiloc may attain 3∼ 5 m and 2.7 m in mean precision. 

Moreover, RSSI- predicated initiatives endure in an 

environment with vehement non (co)-line-of-sight i.e. 

NLOS condition. The precision may be farther fuelled into 

sub-meter dictatorship utilizing channel public material i.e. 

CSI, a physical layer, alright-superfine documentation the 

transmitter.   

II. LITERATURE SURVEY 

Following are the sundry signal metrics which are widely 

utilized for localization: 

1. Received Signal Strength (robustness) Indicator 

(RSSI):  

Received signal strength namely RSS predicated technique 

is one of the briefest and abundantly utilised viewpoints 

for indoor localization [1].  

The RSS is the genuine signal power strength received at 

the receiver, customarily quantified in decibel-milliwatts 

(dBm) or milliWatts (mW). The RSS can be acclimated to 

estimate the distance between a transmitter (T) and a 

receiver (R) contrivance; the higher the RSS value the 

more minuscule the distance between T and R.  RSS based 

localization and in the DBL event, requires trilateration/N-

point lateration, means RSS at the contrivance is utilized to 

anticipate the absolute distance between the utilizer 

contrivance and at least three reference points; and then 

rudimentary geometry/trigonometry is applied for the 

utilizer contrivance to obtain its location relative to the 

allusion points as demonstrated in Fig. 2.1.  
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Fig. 2.1. RSSI based localization 

Whereas the RSS based technique is straightforward and 

cost affective, it suffers from vulnerable localization 

precision due to adscititious signal attenuation resulting 

from transmission through walls and other immensely 

colossal obstacles and rigorous RSS fluctuation due to 

multipath fading and indoor noise [2].  

2. Angle of Arrival (AoA) : 

Angle of Advent (AoA) founded approaches utilize 

antennae arrays [3] (at the receiver) to approximate the 

angle where the transmitted signal impedes on the receiver 

by harnessing and calculating the time discrepancy of 

advent at individual elements of the antennae array. The 

main advantage of AoA is that the contrivance/utilizer 

location can be estimated with as low as two monitors in a 

2D environment, or three monitors in a 3D environment 

respectively. Albeit AoA can offer precise guesstimate 

when the transmitter and receiver range is minute, it 

necessitates more involute hardware and punctilious 

alignment compared to RSS methodologies. Figure 2.2 

shows how AoA can be habituated to estimate the utilizer 

location. 

 

Fig. 2.2. AoA based localization 

3. Time Difference of Advent / Arrival (TDoA) : 

Time Difference of Advent (TDoA) exploits the difference 

in signals propagation times from different transmitters, 

quantified at the receiver. This is different from the ToF 

technique, where the absolute signal propagation time is 

utilized. The TDoA from at least three emitters is 

guaranteed to quantify the exact location of receiver as the 

crossroad of the three (or more) hyperboloids. The scheme 

of hyperbola approximations can be defused either through 

linear regression [5] or by linearizing the equation utilizing 

Taylorseries expansion. Fig. 2.3 demonstrated how four 

different RNs can be acclimated to procure the 2D 

coordinates of any target. Figure shows the hyperbolas 

composed as a result of the quantifications obtained from 

the RNs to obtain the utilizer location. 

 

Fig. 2.3. TDoA based localization 

4. Phase of Arrival/Advent (PoA): 

PoA founded perspective utilize the phase or phase 

discrepancy of carrier signal or waveform to estimate the 

distance respectively in the middle of transmitter and 

receiver. A mundane postulation for determining the phase 

of signal at receiver side is that the signals transmitted 

from the anchor nodes (in DBL), or utilizer contrivance (in 

MBL) are of pristine since form needing same frequency 

and nil stage offset. There are a digit of technologies 

available to approximate the range or distance between the 

T and R utilizing PoA. One technique is to postulate that 

there subsists a finite transit delay Di between the T and R, 

which can be expressed as a fraction of the signal 

wavelength [4]. As visually perceived in Figure 2.4, the 

incident signals arrive with a phase difference at different 

antenna in the antenna array, which can be habituated to 

obtain the utilization location. PoA can be utilized in 

conjunction with RSSI, ToF, TDoA to ameliorate the 

localization precision and enhance the performance of 

system [7]. 

 

        Fig. 2.4. PoA based localization 

III. EXISTING SYSTEM 

Multiple subsisting innovations which have been used to 

offer indoor localization accommodations Radio 

communication technologies, those as, WiFi, Bluetooth, 

ZigBee, RFID and Ultra-Wideband (UWB), must be 

illustrated first, and abided by visible light and acoustic 

predicated technologies. 
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Wi-Fi utilize in Industrial, Scientific (clinical), and 

Medical i.e. ISM band is primarily used to provide 

networking capabilities and connection to the Internet to 

different contrivances in private, public and commercial 

environments. Initially, Wi-Fi had a reception range of 

about 100 meters which has now incremented to about 1 

kilometer (km).Most of the current astute phones, laptops 

and other portable utilizer contrivances are Wi-Fi enabled, 

which makes Wi-Fi an ideal candidate for indoor 

localization and one of the abundantly studied localization 

technologies in the literature. Since subsisting Wi-Fi 

access points can be additionally utilized as reference 

points for signal amassment, rudimental localization 

systems (that can achieve plausible localization precision) 

can be built without the desideratum for supplemental 

infrastructure [8]. 

However, subsisting Wi-Fi infrastructures are mundanely 

deployed for communication (i.e., to optimize data 

connectivity and network coverage) rather than 

localization aims and consequently novel and efficient 

algorithms are obliged to ameliorate their localization 

precision. Moreover, the uncontrolled interference in ISM 

band has been shown to affect the localization precision. 

The aforementioned RSSI, CSI, ToF and AoA 

methodologies (and any cumulation of them namely, 

hybrid methods) can be habituated to provide Wi-Fi 

predicated localization accommodations. Bluetooth 

consists of the physical and also MAC layers designations 

for connecting different fine-tuned or moving wireless 

contrivances within a certain personal space. The latest 

variant of Bluetooth, i.e., Bluetooth Low Energy (BLE), 

additionally kenned as Bluetooth Keenly intellective, can 

provide an amended data rate of 24Mbps and coverage 

range of 70-100 meters with higher energy efficiency, as 

compared to older versions. While BLE can be utilized 

with different localization techniques such as RSSI, AoA, 

and ToF, most of the subsisting BLE predicated 

localization solutions rely on RSS predicated inputs as 

RSS predicated systems are less intricate. 

IV. COMPARATIVE ANALYSIS 

Table. 4.1 Comparative analysis 

Sr. 

No. 

Paper Title Author’s 

Name 

Technique Advantages Disadvantages 

1.  From RSSI to CSI: 

Indoor localization 

via channel response 

Z. Yang, Z. 

Zhou, and Y. 

Liu 

RSSI Easy to implement, cost 

efficient, can be used number 

of technologies 

Susceptible to multipath fade and ecological 

noise, lesser localization predictability, can 

necessitate fingerprinting 

2.  ArrayTrack: a fine-

grained indoor 

location system 

J. Xiong and 

K. Jamieson 

AoA Can supply heavy localization 

repeatability, does not 

necessitate any Fingerprinting 

May necessitate directional antennas and 

complex hardware, necessitates comparably 

multifaceted algorithms and achievement 

degrades with rise in distance respectively 

transmitter and receiver 

3.  Survey of wireless 

indoor 

positioning 

techniques and 

systems 

H. Liu, H. 

Darabi, P. 

Banerjee, and 

J. Liu 

TDoA Does not necessitate 

fingerprinting, does not 

necessitate clock 

synchronisation among the 

device and RN 

Necessitates clock synchronisation among 

the RNs, may necessitate time stamps, 

necessitates larger bandwidth 

4.  Phase of arrival 

ranging method for 

UHF ˇ 

RFID tags using 

instantaneous 

frequency 

measurement 

A. Povalac and 

J. ˇ Sebesta 

PoA Can be used in conjunction 

with RSS, ToA, TDoA to 

improve overall localization 

accuracy 

Degraded performance in the absence of line 

of sight 

V. PROBLEM STATEMENT 

Position-based accommodations like Google maps uses 

GPS for triangulating position of a contrivances. Here face 

a quandary because GPS doesn’t function indoors or at 

least it work poorly. Another quandary is that 

accommodations like Google maps don’t have all building 

maps. Without having a precise map, navigation and 

positioning designate nothing [9].  

The main quandary of indoor position is that GPS signals 

are partly blocked by the walls. There are variety of 

solutions suggested for indoor positioning. Still they are 

too sumptuous, or too local to be widely utilized. A 

possible practical solution to this quandary is an indoor 

position system that utilizes wireless network which 

already is available and is widely spread. The main purport 

of such a system will be to provide networking 

accommodations for users, it can as well be adopted for 
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indoor positioning, not requiring astronomically immense 

investment or radical changes.  

 

VI. PROPOSED SYSTEM 

For application got the information about all access points 

(AP) into the campus with the help of guide and 

additionally the position of the AP into the campus which 

is required for the location of utilizer. The utilizer's mobile 

have to connect to the AP. then with the avail of the 

strength of the AP Application can find the users location 

which is in range of the concrete AP. If utilizers 

peregrinate from one AP to another, then AP will utilize 

the most proximate AP. For this required the blueprint of 

the campus to identify the utilizer location name. It withal 

avail the utilizer to visually perceive the nearby 

classrooms, lab, etc., identified the labs and classrooms for 

our project. Because AP only can able to find the exact 

location but for now where the utilizer have to interact the 

AP with our application [8]. 

6.1 WORKING ALGORITHM 

1. Start the App. 

 

2. Calibrate the System. 

I. Add the Wi-Fi access points that are 

permanently inside the building to a List. 

II. For each access point in the List, assign a 

position on the map i.e. different rooms inside 

the building. These will be the nodes in the 

graph. Number these nodes from 0 to n. 

III. For each node, determine the strengths of other 

Wi-Fi networks and Store this data along the list 

of access points.  

IV. Determine the connected nodes and paths with 

the distances between connected nodes. Store 

them in an array Linked List in order to form a 

graph with paths as edges and nodes as vertices. 

V. Send and Update this graph on the Server. 

VI. Represent this graph in the GUI of the App. 

 

3. Locating the user using Wi-Fi strength. 

I. In the app, start locating user. 

II. Determine 3 closest Wi-Fi Aps using their 

strength.  

i. Initialize largest three elements as 0. 

FirstAP = secondAP = thirdAP = 0; 

ii. Get list of Wi-Fi APs and their strengths 

from the Phones Wi-Fi Module.  

iii. Iterate through the nearest Wi-Fi Aps. 

For-each wifiStrength in 

listOfNearestWiFiAPs – 

(i) if (wifiStrength > firstAP)  

then 

a) thirdAP = secondAP 

b) secondAP = firstAP 

c) firstAP = wifiStrength  

(ii) elseif (wifiStrength > secondAP) 

a) thirdAP = secondAP 

b) secondAP = wifiStrength 

(iii) elseif (wifiStrength > thirdAP)  

then 

a) thirdAP  = wifiStrength 

iv. return firstAP, secondAP and thirdAP 

 

III. Find node in list of Nodes, which is nearest to 

the 3 WiFi APs closest to the User. 

i. Initialize the closest node with the first node 

closestNodeIndex = 0; 

closestNode = 

listOfNodes[closestNodeIndex]; 

ii. Go through all the nodes and check if the 

node contains the 3 APs, i.e. firstAP, 

secondAP and thirdAP. 

 

For-each node in listOfNodes –  

(i) If (node.closestAPList contains firstAP, 

secondAP AND thirdAP) then 

a) if ( (node.firstAP.strength > 

closestNode.firstAP.strength) AND 

(node.secondAP.strength > 

closestNode. secondAP.strength) 

AND (node.thirdAP.strength > 

closestNode.thirdAP.strength)  )  

then 

a. closestNode = node; 

b. closestNodeIndex = nodeIndex; 

IV. The Current Location of the User will be the 

Location of the closestNode. 

 

4. Input Destination and request server for shortest path. 

(Front-end/In App) 

I. Select the Destination Node on the interface 

(app). 

II. Send the Current Location of the User, i.e. the 

closest Node, and the Destination Node to the 

server via HTTPS Request. 

 

5. Determine shortest path between source/origin and 

destination and send it to the user. (Back-end/On 

Server). 

I. Using Dijkstra’s Algorithm for Shortest path, 

prepare the shortest distance table. 

II. Input the Updated Graph and the Source node. 

function/operate Dijkstra (Graph, source): 

III. for each vertex v in Graph: // Initialization 

i. dist[v] := infinity // initial distance from 

source/origin to vertex v is set to infinite 

ii. previous[v] := undefined // Previous 

node in intermediate/ optimal path from 

source 

IV. dist[source] := 0 // Distance from source to 

source 
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V. Q := the set of all nodes in Graph // all nodes in 

the graph are unoptimized - thus are in Q 

VI. while Q is not empty: // main loop 

i. u := node in Q with smallest dist[ ] 

ii.  remove u from Q 

iii. for each neighbor v of u: // where v has 

not yet been removed from Q. 

(i) alt := dist[u] + dist_between(u, v) 

(ii)  if alt < dist[v] // Relax (u,v) 

a) dist[v] := alt 

b) previous[v] := u 

VII. return previous[ ] 

VIII. From previous [], get the path between destination 

and source using backtracking. 

IX. Send the path to destination to the User via 

HTTPS Connection 

 

6. Represent the path in GUI & Navigate the user. (Front-

end/In App) 

I. Receive the path from the Server. 

II. Extract nodes and edges from the response. 

III. Represent these nodes and edges on the GUI 

using the Map View. 

 

7. Show the directional path on the Map. 

I. Repeat Step III to find updated current position 

of the user. 

II. Update the GUI of the app accordingly. 

 

8. Update current position of user and update path 

accordingly. (Front-end/In App) 

 

6.2 MATHEMATICAL MODEL 

Geometry-Based Methods: 

Geometric methods are utilized when ranges, difference of 

ranges, or angles between BS and MS can be quantified 

with relatively minute error. In this event, the set of 

equations offered by h(x) is facilely recognised by simple 

algebraic relationships. For example, TOA, the range 

between MS and the i-th BS is given as: 

  
   (X) =|| X-Xi || +,           i=1,…, n,                                                                                                           

 

Where e is postulated to follow zero-mean Gaussian 

distribution, pe (e) = N (0, Σ). The relationships for TDOA 

and AOA are procured similarly from geometrical 

considerations, whereas the equation for RSS can be 

procured through propagation approach, will optically 

discern. Even in this simple situation, the resulting set of 

equations is nonlinear and, in the general case, over 

determined, and consequently, it cannot be solved in an 

exact closed manner. Additionally, both approximate 

closed-form and exact effortful solutions can be supplied. 

One straightforward linearization system and organisations 

together the nonlinear terms in a supplemental variable. 

Through a straightforward manipulation arrive to the 

following metrical form: 

R=AX                                                                                                  

[
  
       

     

  
       

   
] =[

     
     

] [

   
   

       

] 

Where localization in the plane x = (x, y) is surmised. The 

least-squares solution is found by the pseudo inverse: 

where Σ2 is the covariance matrix error of the set of 

quantifications {r2i}. Albeit this method provides closed 

form solution, the results are not optimal, since the third 

element of vector X is not an independent variable. In the 

case that the covariance matrix of the error is not known, it 

can be approximate along with the position by an 

iteratively reweighted least squares (IRLS) method, 

provided that have many different quantifications from 

every BS [6]. 

 

6.3 SYSTEM ARCHITECTURE 

Indoor Localization consists of three components viz. 

client contrivance (which can be Wi-Fi enabled 

contrivance like mobile, smartphones, PDA etc.), 

subsisting network of at least 3 Wi-Fi AP’s i.e. access 

points and server. The client contrivance is capable of Wi-

Fi access and receiving Wi-Fi signals from every access 

points in vicinity. The key purport of client is to dossier 

the Wi-Fi signals vigour data namely RSSI. The network 

of Wi-Fi access points (WAP) acts as communication 

channel between client servers. The server performs the 

positioning algorithms which quantify the position co-

ordinates of utilizer. All access points utilized in the 

system are kindred. D-LINK Wi-Fi AP’s are utilized in 

system. The server is a laptop which runs Windows 7. As 

an extension are withal doing the utilizer navigation in 

indoor environment. Navigation involves the cull of 

destination in the system. The foremost objective of server 

is of aligning and navigation process. Hence, it is withal 

called as positioning server [10]. The blueprint for indoor 

situating system is depicted in fig. 6.3.1. 

 

 
Fig. 6.3.1   Framework of indoor positioning system. 

 

The Android approach “WiFiScan” scans the Wi-Fi APs in 

the vicinity of contrivance. It amasses the statistics like 

signal vigour from the respective access point in dBm, 

MAC address of AP, channel frequency, SSID etc. This 

documentation is the key point in aligning of utilizer in 
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indoor framework. Android contrivance then dispatches 

this RSS statistics along with particular MAC address of 

access point to the positioning server. The server performs 

the positioning algorithms which quantify location co-

ordinates the utilizer. 

                                                                                             

VII. ADVANTAGES 

 Indoor positioning works without GPS 

 Existing Wi-Fi infrastructure can be used 

 Enabled Wi-Fi is adequate 

 There is a back channel to the client 

 Large range (up to 150m) 

 Detects floor level 

 

VIII. DESIGN DETAILS  

The GUI is simple as map application. It will show the 

current location of the user onto the map with the help of 

GUI. The authorize person will able to change the 

classrooms numbers and lab names into the database and 

also update the information about the new classrooms, 

labs. Authorize person will also able to change the route 

from source to destination and will have the access to the 

database of the application.  

 

 
Fig. 8.1. GUI snapshot 1 

 

 
Fig. 8.2. GUI snapshot 2 

 

IX. CONCLUSION 

Thus, we have tried to implement “Indoor Intelligent 

Campus Localization Using Wireless Signal Based on 

WAP” by Priyath Fonseka, Kumbesan Sandrasegaran 

“Indoor Localization for IoT Applications Using 

Fingerprinting”, 2018 IEEE 4th World Forum on Internet 

of Things (WF-IoT), vol. 6, 2018. The paper  surveyed 

achieves better situating precision for mobile 

contrivances utilizing the Wi-Fi signals which is facile to 

implement and requires lower cost than other localization 

systems and the method is utilized to implement is tri-

lateration. The precision of situating can be further 

ameliorated by utilizing more number of Aps i.e. access 

points in system [11]. It is expect the indoor Wireless 

Positioning System for astute phones to be utilized at 

sundry places. The performance can be ameliorated and 

the system can further be amended in precision 

perspective. The number of Access Points can be 

reduced. The Indoor Wi-Fi Situating system can be 

implemented as an application for smartphones for the 

localization can be developed. 
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