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The important function of a sensor network is to collect and forward data to destination. It is very important to know about
the location of collected data. This kind of information can be obtained using localization technique in wireless sensor networks
(WSNs). Localization is a way to determine the location of sensor nodes. Localization of sensor nodes is an interesting research
area, andmany works have been done so far. It is highly desirable to design low-cost, scalable, and efficient localizationmechanisms
forWSNs. In this paper, we discuss sensor node architecture and its applications, different localization techniques, and few possible
future research directions.

1. Introduction

In WSNs, sensor nodes are deployed in real world environ-
ment and determine some physical behaviors. WSNs have
many research challenges. Sensors are tiny devices, low cost-
ing, and having low processing capabilities. WSNs applica-
tions attracted great interest of researchers in recent years
[1]. WSNs are different from ad hoc and mobile networks in
many ways. WSNs have different applications; therefore, the
protocols designed for ad hoc networks do not suitWSNs [2].
Different applications ofWSNs are the following: monitoring
environmental aspects and physical phenomena like temper-
ature, sound, and light, habitat monitoring, traffic control
monitoring, patient healthcare monitoring, and underwater
acoustic monitoring. WSNs have many research issues that
affect design and performance of overall network such as
hardware and operating system [3], medium access schemes
[4], deployment [5], time synchronization [6], localization,
middleware, wireless sensors and actors networks [7], trans-
port layer, network layer, quality of service, and network
security [8]. WSNs applications have opened challenging and
innovative research areas in telecommunication world espe-
cially in last few years. Localization of nodes is very crucial to
find and determine location of sensor node with the help of
specialized algorithm. Localization is the process of finding
the position of nodes [9] as data and information are useless

if the nodes have no idea of their geographical positions.
GPS (global positioning system) is the simplest method for
localization of nodes, but it becomes very expensive if large
number of nodes exists in a given network. Many algorithms
have been proposed to solve the issue of localization; however,
most of existing algorithms are application specific and most
of the solutions are not suitable for wide range of WSNs [10,
11]. Ultrawide band techniques are suitable for indoor envi-
ronment while acoustic transmission-based system requires
extra hardware. Both are accurate techniques but expensive
in terms of energy consumption and processing. Unlocalized
nodes estimate their positions from anchor nodes beacon
messages, which requiresmuch power.Many algorithms have
been proposed to minimize this communication cost. If one
node estimates its wrong location, then this error propagates
to overall network and further nodes; as a result, wrong
information of anchor nodes location is propagated. To find
the position of nodes is mainly based on distance between
anchor node (with known location) and unlocalized node
(with unknown location). Sensor nodes are used in industrial,
environmental, military, and civil applications [12].

In this paper, we discuss sensor node localization schemes
having different features used for different applications. Dif-
ferent algorithms of localization are used for static sensor
nodes and mobile sensor nodes. The rest of the paper is or-
ganized as follows. Section 2 discusses components of sensor
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Figure 1: Transition of sensor node in different modes.

nodes. Section 3 describesWSNs applications. Section 4 pro-
vides overview of localization in WSNs. Section 5 presents
range-free and range-based localization techniques. Section 6
covers analysis and discussion. Section 7 concludes the paper.

2. Components of Sensor Nodes

Sensor nodes have hardware and software components.
Hardware components include processors, radio-transceiver
sensors, and power unit. Softwares used for sensor nodes are
Tinyos, Contiki, and Nano Rk. In this section, we discuss
hardware components briefly.

2.1. Sensors. Sensors nodes are of two types: digital sensors
and analog sensors. Analog sensors produce data in contin-
uous or in wave form. The data is further processed by the
processing unit that converts it to human readable form [12].
Digital sensors directly generate data in discrete or digital
form. Once the data is converted, it directly sends it to the
processor for further processing [12].

2.2. Processors. Microprocessors use different types of mem-
ory for processing data. The memory and input/output devi-
ces are integrated on same circuit. Random-access memory
(RAM) stores data before sending it, while read-only mem-
ory (ROM) stores operating system of sensors nodes [13].
Microprocessors of sensor nodes are also known as tinyCPUs
which are concerned about CPU speed, voltage, and power
consumption. Sensors operations run at low CPU speed.
Most of the time, sensors remain at sleep mode. When the
processor is in sleep mode, this does not mean it is not

consuming power. In sleep mode, it is involved in other ac-
tivities like time synchronization [12].

2.3. Radio Transceiver. Transceiver receives and sends data
to other sensor nodes [12]. It uses radio frequency to connect
sensors with other nodes. Most of the energy is used by tran-
sceiver during data transmission. Transceiver has four oper-
ational modes such as sleep, idle, receive, and send [14].

2.3.1. Sleep Mode. In sleep mode, nodes turn off their com-
munication devices or modules so that there is no more tran-
smission and reception of data frames. In sleep mode, nodes
can also listen to data frames. This is listening stage of sleep
mode. When nodes listen to data frame, it shifts to active
mode; otherwise, it remains in sleep mode.

2.3.2. Active Mode. In active mode, data is transmitted nor-
mally. Nodes communication devices are in active state and
can send or receive data.

2.3.3. Dormant Mode. It is also one of the sleep modes. In
this stage, sensor nodes are on low-power mode and remain
in this mode for agreed amount of time. When sensor nodes
go back to awake or active mode from dormant mode, they
again rediscover networks and start communication [14].

The transition of sensor node in sleep, active, and dor-
mant mode is presented in Figure 1.

2.4. Power Unit. It is the most important part of the sensor
node. Sensor node cannot perform anyworkwithout this unit
[13]. Power unit defines the lifetime of the sensor node.

Typical architecture of sensor node is given in Figure 2.
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3. Applications

Sensor nodes collect and forward data about particular appli-
cation. Sensor nodes usually produce output when some kind
of physical change occurs, such as change in temperature,
sound, and pressure. WSNs have many applications such as
military, civil, and environmental applications. Some impor-
tant applications are discussed below.

3.1. Area Monitoring. Sensor nodes are deployed in the area
where some actions have to be monitored; for instance, the
position of the enemy is monitored by sensor nodes, and
the information is sent to base station for further processing.
Sensor nodes are also used to monitor vehicle movement.

3.2. Environmental Monitoring. WSNs have many applica-
tions in forests and oceans, and so forth. In forests, such net-
works are deployed for detecting fire. WSNs can detect when
fire is started and how it is spreading. Senor nodes also detect
the movements of animals to observe their habits. WSNs are
also used to observe plants and soil movements.

3.3. Industrial Monitoring. In industries, sensors monitor the
process of making goods. For instance, in manufacturing a
vehicle, sensors detect whether the process is going right. A
response is generated if there is any manufacturing fault [12].
Sensor nodes also monitor the grasping of objects by robots
[12].

3.4. Medical and Healthcare Monitoring. Medical sensors are
used tomonitor the conditions of patients. Doctors canmon-
itor patients’ conditions, blood pressure, sugar level, and so
forth, review ECG, and change drugs according to their con-
ditions [12]. Personal health-monitoring sensors have special
applications. Smart phones are used to monitor health, and
response is generated if any health risk is detected. Med-
ical sensors store health information and analyze the data

obtained from many other sensors such as ECG, blood pres-
sure, and blood sugar [15].

3.5. Traffic Control System. Sensor nodes monitor traffic flow
and number plates of travelling vehicles and can locate their
positions if needed. WSNs are used to monitor activities of
drivers as well such as seat-belt monitoring [12].

3.6. Underwater Acoustic Sensor Networks. Underwater spe-
cial sensors can monitor different applications of numerous
oceanic phenomena; for instance, water pollution, underwa-
ter chemical reactions, and bioactivity. For such purposes,
different types of 2D and 3D static sensors are used. 3D
dynamic sensors are used to monitor autonomous underwa-
ter vehicles (AUVs) [12].

4. Localization Overview

Localization is estimated through communication between
localized node and unlocalized node for determining their
geometrical placement or position. Location is determined by
means of distance and angle between nodes. There are many
concepts used in localization such as the following.

(i) Lateration occurs when distance between nodes is
measured to estimate location.

(ii) Angulation occurs when angle between nodes is
measured to estimate location.

(iii) Trilateration. Location of node is estimated through
distance measurement from three nodes. In this con-
cept, intersection of three circles is calculated, which
gives a single point which is a position of unlocalized
node.

(iv) Multilateration. In this concept, more than three
nodes are used in location estimation.

(v) Triangulation. In this mechanism, at least two angles
of an unlocalized node from two localized nodes
are measured to estimate its position. Trigonometric
laws, law of sines and cosines are used to estimate
node position [16].

Localization schemes are classified as anchor based or anchor
free, centralized or distributed, GPS based or GPS free, fine
grained or coarse grained, stationary or mobile sensor nodes,
and range based or range free. We will briefly discuss all of
these methods.

4.1. Anchor Based and Anchor Free. In anchor-based mech-
anisms, the positions of few nodes are known. Unlocalized
nodes are localized by these known nodes positions. Accu-
racy is highly depending on the number of anchor nodes.
Anchor-free algorithms estimate relative positions of nodes
instead of computing absolute node positions [16].

4.2. Centralized and Distributed. In centralized schemes, all
information is passed to one central point or node which is
usually called “sink node or base station”. Sink node computes
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position of nodes and forwards information to respected
nodes. Computation cost of centralized based algorithm is
decreased, and it takes less energy as compared with compu-
tation at individual node. In distributed schemes, sensors cal-
culate and estimate their positions individually and directly
communicate with anchor nodes. There is no clustering in
distributed schemes, and every node estimates its own posi-
tion [17–20].

4.3. GPS Based and GPS Free. GPS-based schemes are very
costly because GPS receiver has to be put on every node.
Localization accuracy is very high as well. GPS-free algo-
rithms do not use GPS, and they calculate the distance be-
tween the nodes relative to local network and are less costly
as compared with GPS-based schemes [21, 22]. Some nodes
need to be localized through GPS which are called anchor or
beacon nodes that initiate the localization process [16].

4.4. Coarse Grained and Fine Grained. Fine-grained localiza-
tion schemes result when localization methods use features
of received signal strength, while coarse-grained localization
schemes result without using received signal strength.

4.5. Stationary and Mobile Sensor Nodes. Localization algo-
rithms are also designed according to field of sensor nodes in
which they are deployed. Some nodes are static in nature and
are fixed at one place, and the majority applications use static
nodes.That is whymany localization algorithms are designed
for static nodes. Few applications usemobile sensor nodes, for
which few mechanisms are designed [23].

5. Range-Free and Range-Based Localization

Range-based and range-free techniques are discussed deeply
in this section.

5.1. Range-Free Methods. Range-free methods are distance
vector (DV) hop, hop terrain, centroid system, APIT, and
gradient algorithm. Range-freemethods use radio connectiv-
ity to communicate between nodes to infer their location. In
range-free schemes, distance measurement, angle of arrival,
and special hardware are not used [24, 25].

5.1.1. DV Hop. DV hop estimates range between nodes using
hop count. At least three anchor nodes broadcast coordinates
with hop count across the network. The information prop-
agates across the network from neighbor to neighbor node.
When neighbor node receives such information, hop count
is incremented by one [24]. In this way, unlocalized node
can find number of hops away from anchor node [13]. All
anchor nodes calculate shortest path from other nodes, and
unlocalized nodes also calculate shortest path from all anchor
nodes [26]. Average hop distance formula is calculated as
follows: distance between two nodes/number of hops [13].

Unknown nodes use triangulation method to estimate
their positions from three or more anchor nodes using hop
count to measure shortest distance [26].

5.1.2. Hop Terrain. Hop terrain is similar to DV hop method
in finding the distance between anchor node and unlocalized
node. There are two parts in the method. In the first part,
unlocalized node estimates its position from anchor node by
using average hop distance formula which is distance between
two nodes/total number of hops. This is initial position esti-
mation. After initial position estimation, the second part exe-
cutes, in which initial estimated position is broadcast to
neighbor nodes. Neighbor nodes receive this information
with distance information. A node refines its position until
final position is met by using least square method [13].

5.1.3. Centroid System. Centroid system uses proximity-
based grained localization algorithm that uses multiple an-
chor nodes, which broadcast their locations with (𝑋

𝑖
, 𝑌
𝑖
)

coordinates. After receiving information, unlocalized nodes
estimate their positions [24]. Anchor nodes are randomly
deployed in the network area, and they localize themselves
throughGPS receiver [13]. Node localizes itself after receiving
anchor node beacon signals using the following formula [24]:
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where𝑋est and 𝑌est are the estimated locations of unlocalized
node.

5.1.4. APIT. In APIT (approximate point in triangulation)
scheme, anchor nodes get location information from GPS
or transmitters. Unlocalized node gets location information
from overlapping triangles. The area is divided into over-
lapping triangles [13]. In APIT, the following four steps are
included.

(i) Unlocalized nodes maintain table after receiving bea-
con messages from anchor nodes. The table con-
tains information of anchor ID, location, and signal
strength [13].

(ii) Unlocalized nodes select any three anchor nodes from
area and check whether they are in triangle form.This
test is called PIT (point in triangulation) test.

(iii) PIT test continue until accuracy of unlocalized node
location is found by combination of any three anchor
nodes.

(iv) At the end, center of gravity (COG) is calculated,
which is intersection of all triangles where an unlo-
calized node is placed to find its estimated position
[24].

5.1.5. Gradient Algorithm. In gradient algorithm, multilater-
ation is used by unlocalized node to get its location. Gra-
dient starts by anchor nodes and helps unlocalized nodes to
estimate their positions from three anchor nodes by using
multilateration [13]. It also uses hop count value which is
initially set to 0 and incremented when it propagates to other
neighboring nodes [13]. Every sensor node takes information
of the shortest path from anchor nodes. Gradient algorithm
follows fes steps such as the following:
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(i) In the first step, anchor node broadcasts beacon mes-
sage containing its coordinate and hop count value.

(ii) In the second step, unlocalized node calculates short-
est path between itself and the anchor node from
which it receives beacon signals [27]. To calculate esti-
mated distance between anchor node and unlocalized
node, the following mathematical equation is used
[27]:

𝐷
𝑗𝑖
= ℎ
𝑗,𝐴𝑖
𝑑hop, (2)

where 𝑑hop is the estimated distance covered by one
hop.

(iii) In the third step, error equation is used to get mini-
mum error in which node calculates its coordinate by
using multilateration [13] as follows:

𝐸
𝑗
=

𝑛

∑
𝑖=1

(𝑑
𝑗𝑖
− 𝑑
𝑗𝑖
) , (3)

where 𝑑𝑗𝑖 is the estimated distance computed through
gradient propagation.

5.2. Range-Based Localization. Range-based schemes are dis-
tance-estimation- and angle-estimation-based techniques.
Important techniques used in range-based localization are
received signal strength indication (RSSI), angle of arrival
(AOA), time difference of arrival (TDOA), and time of arrival
(TOA) [28–34].

5.2.1. Received Signal Strength Indication (RSSI). In RSSI, dis-
tance between transmitter and receiver is estimated by mea-
suring signal strength at the receiver [16]. Propagation loss is
also calculated, and it is converted into distance estimation.
As the distance between transmitter and receiver is increased,
power of signal strength is decreased. This is measured by
RSSI using the following equation [13]:

𝑃
𝑟 (𝑑) =
𝑝
𝑡
𝐺
𝑡
𝐺
𝑟
𝜆2

(4𝜆)
2
𝑑2
, (4)

where 𝑃
𝑡
= transmitted power, 𝐺

𝑡
= transmitter antenna

gain, 𝐺
𝑟
= receiver antenna gain, and 𝜆 = wavelength of the

transmitter signal in meters.

5.2.2. Angle of Arrival (AOA). Unlocalized node location can
be estimated using angle of two anchors signals. These are
the angles at which the anchors signals are received by the
unlocalized nodes [16]. Unlocalized nodes use triangulation
method to estimate their locations [13].

5.2.3. Time Difference of Arrival (TDOA). In this technique,
the time difference of arrival radio and ultrasound signal is
used. Each node is equipped with microphone and speaker
[35]. Anchor node sends signals and waits for some fixed
amount of time which is 𝑡delay, then it generates “chirps” with
the help of speaker. These signals are received by unlocalized
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Figure 3: Cost analysis of localization techniques.

node at 𝑡radio time. When unlocalized node receives anchor’s
radio signals, it turns on microphone. When microphone
detects chirps sent by anchor node, unlocalized node saves
the time 𝑡sound [35]. Unlocalized node uses this time infor-
mation for calculating the distance between anchor and itself
using the following equation [12]:

𝑑 = (𝑠radio − 𝑠sound) ∗ (𝑡sound − 𝑡radio − 𝑡delay) . (5)

5.2.4. Time of Arrival (TOA). In TOA, speed of wavelength
and time of radio signals travelling between anchor node
and unlocalized node is measured to estimate the location
of unlocalized node [13]. GPS uses TOA, and it is a highly
accurate technique; however, it requires high processing
capability.

We generated some interesting results by comparing
few localization techniques. The results are based on our
observations and analysis.

Figure 3 shows cost of four localization techniques, and
it is observed that GPS- and TOA-based systems are more
expensive as compared with DV hop and RSSI.

Figure 4 represents accuracy comparison of different
localization techniques. It is observed that localizationmech-
anisms equipped with GPS systems are highly accurate.

Suchmechanisms are needed forWSNs, which are energy
efficient. Figure 5 shows comparison of energy efficiency of
different localization mechanisms. GPS-based localization
mechanisms are less energy efficient while RSSI-based mech-
anisms are highly energy efficient.

6. Analysis and Discussion

WSN has many constraints such as node size, energy, and
cost. It is indeed necessary to consider these constraints
before designing any localization mechanism. Nodes com-
munication and data transmission takemuch power and con-
sume more energy. Many localization algorithms have been
proposed; however, most of them are application specific.
Localization algorithm designed for one application is not
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necessarily suitable for other applications ofWSNs. Similarly,
some localization techniques are for mobile sensor nodes
which are not suitable for static sensors.

When message travels from one node to another, the
range is estimated by measuring time of flight of radio
frequency. When time of flight of radio frequency is used
with two messages, it is known as two-way ranging (TWR)
technique [36]. In TWR mechanism, sensor network starts
with at least three anchor nodes which are used as reference
for unlocalized nodes [37–39]. Clock synchronization is
not necessary because anchor and unlocalized nodes have
their own reference clocks [40–42]. When unlocalized nodes
become localized through trilateration method, they can
localize other unlocalized nodes. The process continues until
all unlocalized nodes become localized. To achieve high level
of accuracy, nodes can refine their positions. Distance or
range is estimated bymeasuring the round-trip time of signal
transmission between anchor and unlocalized nodes [43].
TWR is suitable for WSNs because it is of low cost having
less hardware requirements with less energy consumption.

As mentioned above, TWR measures the round-trip time
of signal transmission between two nodes. The emission of
frames is triggered, and the process is controlled by MAC
layer.The principle of TWR to calculate different time stamps
between two nodes is presented in the following equation
[44]:

𝐷
𝐴,𝐵
= V ⋅
(𝑡
4
− 𝑡
1
) − (𝑡
3
− 𝑡
2
)

2
, (6)

where V is the speed of light (radio signals), 𝑡
4
and 𝑡
2
are

reception instants, and 𝑡
1
and 𝑡
3
are emission instants.

Clock synchronization is not a problem in this technique
because each node has its own local clock and time stamps are
calculated on these local clocks. When distance is measured
by this formula, relatively accurate location can be estimated.
Several authors proposed different protocols to analyze
convergence speed and evaluate the communication cost
related to energy. Different mechanisms are used to address
some important issues such as the convergence conditions
to achieve network wide localization, beginning and termi-
nation of the location propagation process, advantage of the
broadcast nature of radio communications, and cooperation
of nodes to reduce the number of exchangedmessages and so
energy consumption.

TWR has some issues such as clock drift in cheap
sensor nodes, different response delays of nodes, and channel
impairments.

In this section, we discuss the following three important
protocols.

(i) Beacon Protocol. In beacon protocol, anchor node
initiates the localization process. Localization wave
originates from the center of the network and pro-
gresses towards the network boundaries. When this
process stops, there is no way to provide localization
facility to newly added nodes.

(ii) Continuous Ranging Protocol. In continuous ranging
protocol, unlocalized node starts localization process,
and its drawback is that unlocalized node sends range
message even if localization wave still does not arrive.

(iii) Optimized Beacon Protocol.Optimized beacon proto-
col is the same as beacon protocol in which anchor
nodes send range messages. However, when unlocal-
ized node overhears three range messages, it starts
localization process without waiting for neighbor
node. When unlocalized node becomes localized
node, it can localize other nodes as well.

Analysis shows that beacon protocol achieves the shortest
delay and optimized beacon protocol requires fewermessages
as compared with beacon and continuous ranging protocols.
If estimation of location of node results in an error which is
estimated by three neighbors’ nodes, it decreases the accuracy
of localization. The reason is that such error propagates for
further localization process, so overall accuracy is compro-
mised. Similarly, security of WSNs at various layers is a
challenging task.

Localization of sensor nodes has numerous issues, and
research community is trying to resolve them. In WSNs,
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Table 1: Comparison of different localization techniques.

Technique Cost Accuracy Energy efficient Hardware size
GPS High High Less Large
GPS free Low Medium Medium Small
Centralized based Depends High Less Depends
Decentralized based Depends Low High Depends
RSSI Low Medium High Small
TOA (using ultrasonic pulse) High Medium Less Large
TDOA Low High High Less complex, may be large
AOA High Low Medium Large
DV hop Low Medium High Small
APIT Medium Medium High Medium

localization is an interesting research area, and still it has a
lot of room for new researchers.

(i) During the designing of localization algorithm, de-
signers must consider low cost of power, hardware,
and deployment of localization algorithm.

(ii) Localization of sensor nodes usingGPS is not suitable,
because it is less energy efficient and expensive; it
needs large size of hardware and has a line of sight
problem. If GPS is installed on every node, then it
increases the node size and deployment cost. Further-
more, GPS is not energy efficient as it consumes a lot
of energy and not suitable for a network like WSN.

(iii) It ismore challenging to design localization system for
WSN as compared with other networks. As in WSNs,
it is important to consider all of the limitations such as
battery power, low processing, limited memory, low
data rates, and small size.

(iv) In localization schemes, the problem of line of sight
(LOS) can cause handling errors.

(v) Accuracy is highly important factor in all localization
techniques. Localization accuracy is compromised
when position of node is wrongly estimated. When a
node localizes itself with wrong information of coor-
dinates and propagates wrong information through-
out the network, overall accuracy of the localization
process is decreased.

(vi) Node density is an important factor in designing lo-
calization algorithm. For example, in beacon node-
based algorithms, beaconnode density should be high
for accurate localization, whereas if node density is
low, then accuracy is decreased and localization algo-
rithms cannot perform well.

(vii) In mobile WSNs, nodes may leave and move to
another location. In such case, topological changes
may occur. In mobile WSNs, scalable mechanism is
needed which is capable to cater topological changes.
Furthermore, it is very difficult to estimate again and
again position of node which is mobile in nature.
Mobile nodes are continuously in motion.

(viii) Fewer Number of Beacon Nodes can be built means
that localization accuracy is improved and accurate

as number of beacon nodes increases, but localization
algorithm should be accurate with fewer number of
beacon nodes.

(ix) 3D Space. Localization should be suitable for deploy-
ment in actual 3D space.

(x) Universal Nature. Algorithm should be designed not
only for one specific application but for others as well.
If algorithm is designed for indoor environments, it
should also work for outdoor environments.

Table 1 presents comparison of different localization tech-
niques.

7. Conclusions

WSNs have many applications in which sensor nodes collect
data from particular location and process it. However, it is
an important task to know the location of data from where it
is collected. Localization is a mechanism in which nodes are
located.There aremany approaches for localization; however,
such approaches are desirable which are capable to take
care of limited resources of sensor nodes. In this paper, we
explained different localization techniques in detail. Range-
free, range-based, and TWR techniques are deeply analyzed.
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