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Trajectory Estimation for Wireless Mobile

Networks Using Polynomial Regression
Mohammad Al-Hattab and Johnson I. Agbinya

Abstract—Arbitrary and random motion of mobile ad hoc
network nodes while communicating results in frequent topology
changes and multiple disconnections of links. This dynamic
environment challenges the routing of data from the source to
the destination and imposes the need for prediction models to
track these changes, and then determine future topology of the
network. The prediction of network mobility into the future will
reduce the frequency of location updates for geographical routing
protocols. Moreover it will reduce route request delay and the
frequency of route updates in topology based protocols. This
paper proposes a predictive model called polynomial regression
trajectory estimation. This model is based on the regular behavior
of nodes and uses polynomial regression to allow each mobile
node to estimate its future locations as a function of time. The
estimated locations will be disseminated to the network so that
nodes can use them to estimate the future topologies of the entire
network. The efficiency of the proposed model has been evaluated
by MATLAB simulation.
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I. INTRODUCTION

MOST mobile nodes show some sort of regularity in their

movement [1]. The regularity of the behaviour of nodes

can also be seen in many aspects, for example, the volume

of traffic generated by a node and the data sent and received

shows a form of regularity. This may differ from node to node

but within the same node it tends to converge to an average

value or to a certain pattern.

The regularity of mobile nodes appears clearly in their

movement. For example, a mobile node carried by a vehicle

travelling along a street will maintain its current speed and

direction for a certain period of time. A plane flying in the

sky would maintain regularity in its movement, by flying at

a constant speed and toward a given direction for a period

of time. This regularity of movement for the node beside

the knowledge of its mobility status such as current location,

speed, direction of movement and path enables the node to

predict its future. Therefore, the future topology of the mobile

network could be predicted too.

Recently, several reasons have enhanced the employment of

location information in network applications, such as routing

decisions, nodes localization and topology estimation. For

example, the advance of navigation systems, the low cost of

navigation devices and the ease of integrating these devices

into most types of mobile node, all contribute towards the

deployment of Global positioning system (GPS) [2] receivers
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wildly in mobile devices and to use them in different applica-

tions.

Any GPS enabled node can use navigation software to

calculate a possible path to the destination, and determine the

coordinates for many points along that path. If we can find

a mapping between the coordinates on that path and the time

when the node is going to pass these points, we would be

able to estimate the future locations of the mobile node as a

function of time. Nodes in the network can exchange these

estimates to use them in predicting the future topology of the

network.

The knowledge of the network’s future topology will im-

prove the throughput and the delivery of data in the network.

Moreover, it will reduce the control messages and the packet

overhead.

Many applications in wireless sensor networks and mobile

ad hoc networks require the knowledge of the exact location

of nodes [3]. For example, in navigation, a node needs to

know its location to calculate a route to the destination using

digital maps. The location of nodes can also be used in routing

[4]. Routing based on location of nodes called geographic

routing. Many algorithms and protocols were proposed to use

geographic routing such as DREAM [5], SLURP [6], LAR

[7], and GPSR [8].

The node obtains its own location information through GPS

capability which is by the date of this paper the only fully

functional Global Navigation Satellite System (GNSS) [9].

The system utilizes a constellation of at least 24 medium

earth orbit satellites that transmit precise microwave signals.

It enables a GPS receiver to determine its location, speed,

direction, and current time using mathematical process called

trilateration [2], [10]. Nodes may also obtain their location

through different localization methods such as in [11] and [12].

In geographical routing, a node must know the location

of the destination node to be able to deliver data to that

destination. Location information could be stored in the node

itself or somewhere in the network in a service called location

service. So, each node must inform other nodes or the location

service in the network about its location to make geographical

routing possible.

The dissemination of location information in the network

can be accomplished by two different methods, flooding based

method or rendezvous based method [13]. In flooding based

method some algorithms propagate the location information

periodically to the network such as DREAM [5] and SLURP

[6] which disseminates the update when the node moves

outside a pre-defined region. In rendezvous method such as in

[14] all nodes in the network agree upon a mapping that maps
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each node in the network to one or more nodes. The mapped-

to nodes are the location server where location updates are

stored and retrieved.

In both flooding and rendezvous methods the network will

be more bandwidth utilization efficient if the dissemination of

location updates is not very frequent. On the other hand less

frequent updates will lead to less accurate location informa-

tion. So, we propose a model that disseminates less periodic

updates with a series of estimated locations in each update to

achieve both requirements.

II. RELATED WORKS

In previous work [15], [16] we have proposed a localization

technique that uses street maps to estimate the location of

mobile nodes when they are carried by mobile vehicles.

Each node estimates the locations of all other nodes in the

network, based on update messages exchanged periodically by

all nodes; these updates contain location, speed and direction.

Many other algorithms have been proposed and developed

to use location information for mobility prediction and routing.

Dead reckoning technique [17] and [18] uses location infor-

mation to predict node’s mobility in mobile ad hoc networks.

A mobile node samples its own location periodically and

constructs a model of its movement. Two successive location

samples taken at known times to calculate the speed in both X
and Y direction, then the calculated speed is used to estimate

the next location. The distance travelled is calculated and

compared to a threshold value. This threshold is to determine

the allowable error in the system. The complexity of the model

depends on the predictive ability of the mobile node. The node

disseminates its current location as well as this model in the

network. Every other node in the network uses this information

to track the location of this node.

The authors in [1] proposed an algorithm to predict the

expiration time of the link between two adjacent nodes. The

routes are then reconfigured before the expiration time of the

link reached in order to prevent disconnection. The algorithm

calculates the expiration time for the link using the speed, the

direction and the coordinates for both nodes. This algorithm

obtained the information about the location and the speed by

piggybacking them during live connections. If the nodes do not

communicate very often then the information is not accurate

and may lead to inaccurate estimation.

Location Prediction Based Routing (LPBR) [19] proposed

to reduce the number of route discovery uses flooding based

route request to find a route to the destination. Route Request

packet gathers location information for each node traversed,

and this information is stored in the destination. Route Reply

that contains a path to the destination is traversed to the source

node. If the destination node doesn’t receive a data packet it

constructs a global topology of the network using the recent

gathered location information and sends a route to the source

to use it in delivering data.

Autoregressive model using Kalman filter was used by

several authors to estimate the mobility of the wireless net-

works [20], [21] and [22]. The Yule-Walker equations [23]

and Kalman filter [24] are used to estimate the mobility of

wireless network in [21]. A given mobile state at time n can

be used to estimate the mobile state at time n + 1. States n,

n− 1, n− 2 . . . are used to calculate the state variables.

In [20]the authors proposed a prediction model called hier-

archal location-prediction model (HLP) to predict the future

trajectory of the mobile node in ATM cell networks.

Cross correlation and pattern matching are used to predict

the future state of the link in wireless networks in [25]. The

node monitors and stores a series of signal to noise ratio

(SNR) measurements for its neighbours. These measurements

are cross-correlated with a certain values of query to predict

a future value of the SNR of the link.

A GPS-free node localization in mobile wireless sensor net-

works [12] is an algorithm proposed to estimate the locations

of nodes in wireless networks. This algorithm is GPS-free and

nodes have a compass pointing to a common direction. Each

node can calculate the distance to all neighbors using time of

arrival (TOA) principle. This algorithm estimates the location

of neighbors in a local coordinate system referring to one of

the node in the neighborhood as a reference. It is useable in

places where GPS is not available.

III. ESTIMATION OF NODE’S LOCATION

Nodes equipped with a navigation system are capable of

determining a path of their movement [2]. The path could be

a route on a map, flight route, a pedestrian walking track, or

any possible path. The knowledge of the path yields a set of

valid points where the node is expected to pass along that

path. Fig. 1 shows an illustration diagram for a mobile node

carried by a vehicle travelling on a path; the path in this case

is a map.

The mobile node that moves along a street in this case can

navigate its way along the path and determines the coordinates

of many points along this path using any digital mapping. The

coordinates of these points are known, therefore, we predict

that the mobile node will pass through these nodes but the

moments of time when the mobile node is going to pass any of

these points are unknown. Let point A with coordinate (x0, y0)
be the starting point where the mobile node is lactated at time

t0. And let point B with coordinates (xn, yn) be the point

where the mobile node is going to reach at time tn.

Fig. 1. A mobile node travelling along a path.
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Fig. 2. The mobile node knows the coordinates of many discrete points
between point A and point B.

We are interested in finding the equation for the locus

formed by movement of nodes, with the following assump-

tions:

1) The relation between X and Y coordinates is a function;

i.e. each X coordinate value has a unique Y value.

Y = F (X) or X = F (Y ).
2) Based on regular behaviour of the node, we assume the

speed is constant during the estimation period (T), and

the value of the speed is the instant value for the speed

at point (x0, y0).

~V0 = ~Vx + ~Vy (1)

| ~V0| is constant on [t0, t0+T ] while the X and Y components

of the velocity are variables.

For simplicity, we assume a two-dimension movement

X − Y , a three-dimension case is possible but with more

calculations.

Let us look in more depth for the section of the path between

point A and point B which represented by Fig. 2.

The X and Y coordinates for many points along

the path between points A and B can be obtained

and represented in n pairs of X and Y coordinates

(x0, y0), (x1, y1), (x2, y2), . . . , (xn, yn) Our aim is to use

curve fitting technique, or polynomial regression as it mathe-

matically known, to construct a function y = f(x) of degree

m that fits all points

(x0, y0), (x1, y1), (x2, y2), . . . , (xn, yn)

. The polynomial is of the following form:

yi = a0 + a1x
1

i + a2x
2

i + . . .+ amxm
i + ǫi (2)

Where (i = 1, 2, . . . , n) . In matrix notation we have:
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Y = X~a+ ǫ, where ǫ is a zero mean random error.

Fig. 3. A node moving at a constant speed | ~V0|, and initial direction θ.

If we substitute the above points into (3) with ǫ = 0, we will

have a set of linear equations, these equations can be solved

to find the values of the constants a0, a1, a2, . . . , am

a

~a= (XTX)−1XTY

If we substitute the value of the constants

a0, a1, a2, . . . , am, into the general form of (2), we will

get the polynomial that is the best curve to fit all points

(x0, y0), (x1, y1), (x2, y2), . . . , (xn, yn)

y = a0 + a1x
1 + a2x

2 + . . .+ amxn (4)

Equation (4) represents the change of node’s location along

the path between point A and point B. To find out how these

location changes with time we consider the second assumption

we have made, which states that the speed is constant during

the period of estimation T .

Fig. 3 shows a mobile node moving at a constant speed

along the path between point A and point B.

The node is moving along the path at constant speed | ~V0|
and variable direction θ, where θ is measured with respect to

X-axis. The velocity of a mobile node describes the change in

its speed or direction of movement or both. The best way to

describe the velocity of an object is to find the rate of change

of its position with time.

The relation between the X and Y coordinates is formed

clearly in (4). The derivative of this equation can give us a view

of how one variable is changing with respect to the other.

To find the relation between the X coordinate of node’s

location and time, let us start with the derivative of equation 4.

tan θ =
dy

dx
(5)

This is also the slope of the tangent at each point

⇒ θ = tan−1

(dy

dx

)

(6)

Recall, ~V0 = ~Vx + ~Vy .

Since | ~V0| is constant on [t0, t0 + T ], therefore, the change

is either by ~Vx or ~Vy .

Since the speed at a certain direction is the change of

position in that direction with respect to time; we can express
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Fig. 4. A comparison between real and estimated trajectory with an
estimation cycle T = 30 seconds, the lower part of the figure shows a
magnified area for part of the plot for more details.

the X-component of the velocity by:

~Vx =
dx

dy

We can also express the X coordinate of the location by:

⇒ x =

∫ t

t0

vxdt (7)

On [t0, t0 + T ]

x =

∫ t

t0

V0 cos
(

tan−1
dy

dx

)

dt (8)

On [t0, t0 + T ]

This equation gives a relation between X and t during the

period of estimation.

The values of Y can be obtained by substituting the values

of X into the original coordination equation or by following

the same steps for Y to get:

y =

∫ t

t0

V0 sin
(

tan−1
dy

dx

)

dt (9)

within the duration [t0, t0 + T ].

The accuracy of the prediction model depends on the choice

of the estimation time T . As the value of T decreases the

model will converge to a line but the number of the estimated

points will decrease. On the other hand, as T increases the

number of future estimated points will increase, but with

higher error. So the choice of T should be considered carefully.

Fig. 5. A comparison between real and estimated trajectory with an
estimation cycle T=5 seconds, the lower part of the figure shows a magnified
area for part of the plot for more details.

IV. TOPOLOGY ESTIMATION

The model will estimate a set of future locations for the

mobile node, and the expected time to traverse each estimated

location. Each node will execute this estimation process every

T seconds and then, disseminate the estimated values into the

network; the dissemination could be addressed to all nodes

in the networks or to the location servers. Table 1 shows the

format of the update packet.

For topology based protocols, all nodes in the network will

use the update packets to construct the global topology which

will be an actual topology at the beginning of each estimation

cycle. Then for each time step t1, t2, . . . , tk nodes will use

the estimated values of x and y coordinates to construct the

estimated topology. During this period of time the nodes will

not send updates for their locations and all nodes will use the

estimated locations to construct the current topology.

For geographical protocols, nodes will use an estimated

location for the destination stored in the location server.

V. EVALUATION OF SELF TRAJECTORY ESTIMATION

PERFORMANCE

A computer simulation was carried out using MATLAB to

evaluate the accuracy of the proposed estimation technique.

We have set the area of the network as 1000m x 1000m.

At the first phase of the simulation we generated a route

from a random source to a random destination, and generated

a movement for a node and record the coordinate of the

node every second with its time stamp. The second phase

of the algorithm was to estimate the trajectory of the node

using the polynomial regression estimation technique, and

TABLE I
FORMAT OF UPDATE PACKET

Node Control x0 x1 . . . xk

ID fields y0 y1 . . . yk
. . . t0 t1 . . . tk = t0 + T
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Fig. 6. The absolute error in both X and Y coordinates for T = 30 seconds.

then a comparison between the estimated and the generated

trajectories was carried out. This comparison is to test the

accuracy of the algorithm and to measure the error during the

estimation cycle. The effect of the estimation cycle (T ) was

studied as well by running the program for different values of

T . The algorithm estimates a set of future locations along

with the expected time for each estimated location. These

points were used in estimating the topology of the network

at different future times. The node travels on the path on an

average speed of 60km/h. Fig. 4 and 5 illustrate a comparison

between real and estimated trajectory for a mobile node using

two different estimation cycles (T = 30 seconds) and (T = 5
seconds).

We can noticed that the accuracy of the algorithm is higher

when the estimation cycle is smaller. Fig. 6 and 7 illustrate

the absolute error in both X and Y coordinates for two

different values of T . From the above figures we can notice

the following points:

1) The accuracy of the algorithm is inversely proportional

to the estimation cycle T . The error on Fig. 6 where

Fig. 7. The absolute error in both X and Y coordinates for T = 5 seconds.

Fig. 8. Average absolute error as a Function of Estimation Cycle (T ).

T = 30 seconds measures a maximum value of 50m for

both X and Y , the value is reduced to less than 10m
when the cycle T = 5s. Fig. 8 illustrates the relation

between the average absolute error and the estimation

cycle (T ).

2) The value of the absolute error in X is zero when the

path is parallel to the Y -axis because the estimation

is carried only on Y coordinates. Also the error in Y
coordinates is zero when the path is parallel to the X
axis because the estimation is carried on X coordinates

only.

3) The error varies from zero at the beginning of the estima-

tion cycle because the node start with real measurements

of location, speed and direction, then increases gradually

to reach maximum value at the end of the estimation

cycle (T ).

VI. CONCLUSIONS AND FUTURE WORKS

We have demonstrated the polynomial regression trajectory

estimation to use it in estimating the future topology of

dynamic networks. We have developed a mathematical model

based on polynomial regression to find the direct relation

between X and Y coordinates for a mobile node. We have

derived the relation between both X and Y coordinates and

the time, for the period of estimation.

The algorithm gives good localization results, and it is

capable of estimating the future location as a function of time

which will be used in predicting the future topology of the

network. The errors in the estimated values for X and Y
coordinates are small compared to node’s transmitting range

in most type of mobile ad hoc networks nodes. Future work

will include studying the factors that affect the choice of the

optimal value for topology prediction cycle T , and to let nodes

determine this value dynamically based on network and route

conditions.
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