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Abstract: This article proposes the scheduling scheme using ultrasonic beacons in a multi-block workspace. Indoor 
scheduling schemes using ultrasonic sensors have been widely studied due to their cheap price and high accuracy. However, 
ultrasonic sensors are susceptible to environmental noises from their propagation characteristics. On account of their decay 
phenomena when they are transmitted over a long distance, ultrasonic sensors are not suitable for application in large indoor 
environments. To overcome these shortages of ultrasonic sensors while emphasizing their advantages, a multi-block 
approach has been proposed by dividing the indoor space into several blocks with multiple beacons in each block. This 
approach, however, is hard to divide into several blocks when beacons are not installed in a certain pattern, and in case of 
having newly installed beacons, all blocks placement is reconstructed. Therefore, this is a real time localization scheme to 
estimate the position of mobile robot without effecting beacons placement. Beacon scheduling algorithm has been developed 
to select the optimal beacons according to robot position and beacon arrangement for the mobile robot navigation.  
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I. INTRODUCTION 
 
An embedded system is a computer system with a 
dedicated function within a larger mechanical or 
electrical system, often with real time 
computing constraints It is embedded as part of a 
complete device often including hardware and 
mechanical parts. By contrast, a general-purpose 
computer, such as a personal computer (PC), is 
designed to be flexible and to meet a wide range of 
end-user needs. Embedded systems control many 
devices in common use today. Embedded systems are 
not always standalone devices. Many embedded 
systems consist of small, computerized parts within a 
larger device that serves a more general purpose. An 
embedded system in an automobile provides a 
specific function as a subsystem of the car itself.  
A wireless sensor network consists of spatially 
distributed autonomous sensors to monitor physical 
or environmental conditions, such 
as temperature, sound, pressure, etc. and to 
cooperatively pass their data through the network to a 
main location. The more modern networks are bi-
directional, also enabling control of sensor activity. 
The development of wireless sensor networks was 
motivated by military applications such as battlefield 
surveillance; today such networks are used in many 
industrial and consumer applications, such as 
industrial process monitoring and control, machine 
health monitoring, and so on. The topology of the 
WSNs can vary from a simple star network to an 
advanced multi-hop wireless mesh network. The 
propagation technique between the hops of the 
network can be routing or flooding,[1]. 
Robotics is the branch of technology that deals with 
the design, construction, operation, and application 
of robots as well as computer systems for their 

control, sensory feedback, and information 
processing. A mobile robot is an automatic 
machine that is capable of moving in any given 
environment. A spying robot is an example of a 
mobile robot capable of movement in a given 
environment. Mobile robots have the capability can 
move around in their environment and are not fixed 
to one physical location is attached to a fixed surface. 
Ultrasonic sensors work on a principle similar 
to radar or sonar which evaluates attributes of a target 
by interpreting the echoes from radio or sound waves 
respectively. Ultrasonic sensors generate high 
frequency sound waves and evaluate the echo which 
is received back by the sensor. Sensors calculate the 
time interval between sending the signal and 
receiving the echo to determine the distance to an 
object. An ultrasonic transducer is a device that 
converts energy into ultrasound, or sound waves 
above the normal range of human hearing. Ultrasonic 
sensor provides an easy method of distance 
measurement. This sensor is perfect for any number 
of applications that require you to perform 
measurements between moving or stationary objects. 
Interfacing to a microcontroller is a snap. A single 
I/O pin is used to trigger an ultrasonic burst (well 
above human hearing) and then "listen" for the echo 
return pulse. The sensor measures the time required 
for the echo return, and returns this value to the 
microcontroller as a variable-width pulse via the 
same I/O pin. 
 
II. RELATED WORKS 
 
 Wireless sensor networking consist of spatially 
distributed autonomous sensor to monitor physical or 
environmental conditions, such as temperature ,sound 
, pressure, etc, and to cooperatively pass their data 
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through the network to a main location. The more 
modern networks are bi-directional, also 
enabling control of sensor activity,[1]. 
Recent advances in semiconductor, networking and 
material science technologies are driving the 
ubiquitous deployment of large-scale wireless sensor 
networks (WSNs). Together, these technologies have 
combined to enable a new generation of WSNs that 
differ greatly from wireless networks developed and 
deployed as recently as 5 to 10 years ago. Today’s 
state-of-the-art WSNs have lower deployment and 
maintenance costs, last longer and are more rugged. 
They are finding their way into numerous 
applications in our homes, work places and beyond, 
bringing new sources of information, control and 
convenience to our personal and professional 
lives,[2], 
To understand the tradeoffs in today’s WSNs, it is 
helpful to briefly examine their history. Like many 
advanced technologies, the origin of WSNs can be 
seen in military and heavy industrial applications, far 
removed from the light industrial and consumer WSN 
applications that are prevalent today. A network of 
robots and sensors consists of a collection of sensors 
distributed over some area and a collection of mobile 
robots that can interact with the sensor network. Each 
sensor is equipped with some limited memory and 
processing capabilities, multiple sensing modalities, 
and communication capabilities. Sensor networks 
extend the sensing capabilities of the robots and allow 
them to act in response to events outside their 
perception range. Mobile robots extend sensor 
networks through their ability to bring new sensors to 
designated locations and move across the sensor field 
for sensing, data collection, and communication 
purposes. The main goal of WSN in robotics is to 
map and localize the space in 3D and to identify 
targets within the space,[4],[5]. 
Another sub filed of sensor networking is called 
mobile wireless sensor networks (MWSNs). Mobile 
wireless sensor networks (MWSNs) are a particular 
class of WSN in which mobility plays a key role in 
the execution of the application. In recent years, 
mobility has become an important area of research for 
the WSN community. One of the most significant 
challenges for MWSNs is the need for localization. In 
order to understand sensor data in a spatial context, or 
for proper navigation throughout a sensing region, 
sensor position must be known. Because sensor nodes 
may be deployed dynamically, or may change 
position during run-time, there may be no way of 
knowing the location of each node at any given time. 
For static WSNs, this is not as much of a problem 
because once node positions have been determined, 
they are unlikely to change. On the other hand, 
mobile sensors must frequently estimate their 
position, which takes time and energy, and consumes 
other resources needed by the sensing application. 
Furthermore, localization schemes that provide high-
accuracy positioning information in WSNs cannot be 

employed by mobile sensors, because they typically 
require centralized processing, take too long to run, or 
make assumptions about the environment or network 
topology that do not apply to dynamic networks, [6]. 
 
Localization is a well-studied and its problem in 
several areas including robotics, mobile ad hoc and 
vehicular networks, and wireless sensor networks. In 
order to understand localization in the context of 
mobility, an overview on mobile wireless sensor 
networks is studied. At present, the most widely used 
method for localization is the NAVSTAR Global 
Positioning System (GPS). The system consists of 
approximately 24 satellites that orbit the planet, of 
which four are required to obtain location information 
(3 to determine 3D position, and 1 to resolve local 
clock uncertainty).The satellites continuously 
transmit messages that contain ephemeris data, 
transmission time, and vital statistics. Mobile 
receivers are then able to compute their location using 
lateration based on signal time of flight and orbital 
position data. Commercial-use GPS is accurate to 
within 10 meters, is free to use anywhere on the 
planet and, for many mobile applications, is an ideal 
localization technology that should be taken 
advantage of. However, there are also several 
situations in which it will not work reliably. Because 
GPS requires line of sight to multiple satellites, 
mobile sensor networks that are deployed in urban 
environments, indoors, underground, or off-planet 
will not be able to use it. Furthermore, although GPS 
receivers are available for mote-scale devices, they 
are still relatively expensive, and therefore 
undesirable for many deployments Therefore, in this 
survey, localization is presented from a GPS-less 
perspective(i.e., one that does not rely solely on GPS 
technology).There are many such algorithm which 
overcome these drawbacks and limitations, [7]. 
  
Our main concern is based on the sensors and its 
placement for the localization of mobile sensor 
networking. As survey selected works representative 
of common MWSN localization. An extensive library 
of WSN localization research has been published 
within the past decade, and many of these techniques 
can be applied to MWSNs. The localization 
techniques use diverse hardware, algorithms and 
signal modalities, which can be categorized along 
several different dimensions. The three phases 
typically used in localization: (1) coordination, (2) 
measurement, and (3) position estimation. The focus 
on other aspects of MWSN-based localization, such 
as the effects of mobility, centralized versus 
distributed processing, and the environment. A group 
of nodes coordinate to initiate localization. One or 
more nodes then emit a signal, and some property of 
the signal (e.g. arrival time, phase, signal strength, 
etc.) is observed by one or more receivers. Node 
position is then determined by transforming signal 
measurements into position estimates by means of a 
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localization algorithm. In order to determine position, 
it is often necessary to enlist the help of cooperating 
sensor nodes that have been deployed into the 
environment at known positions a priori. 
 
The choice of signal modality used by sensor nodes is 
important for accurate localization, and depends on 
node hardware, the environment, and the application. 
Because WSNs are developed to provide inexpensive 
wide-area observation capability, it is generally 
undesirable to add additional hardware to the sensor 
board, because this increases cost and power 
consumption. Localization schemes will also perform 
differently in different environments. In humid 
environments, for example, radio signals perform 
worse than acoustic signals because moisture in the 
air absorbs and reflects the high frequency radio 
waves but does little to affect the vibrational sound 
waves. Finally, the application itself places some 
constraints on signal modality. In the audible acoustic 
band, several novel localization systems have been 
developed, including beam forming, a sniper 
detection system, and generalized sound source 
localization. Infrared (IR) signal attenuation is 
relatively high, requiring close proximity between 
transmitter and receiver. This is acceptable for most 
indoor localization schemes, however, outdoor 
localization becomes difficult, not only due to 
proximity issues, but also because the IR signal is 
difficult to read in the presence. Radio interferometer, 
two nodes transmit a sinusoidal signal at slightly 
different frequencies, which interfere to create a low-
frequency beat signal that can be measured using 
resource-constrained sensor nodes. of sunlight. One 
of the earliest mobile localization systems is the 
Active Badge system, whereby a small electronic 
device (badge), carried by a user, emits a periodic 
identification signal. The signal is received by 
infrastructure nodes and centrally processed, allowing 
position information to be accessed by authorized 
users. Because all wireless sensor nodes have 
onboard radio hardware, radio frequency (RF) 
propagation has become a popular signal modality for 
localization. Signal properties such as strength, phase, 
or frequency are analyzed to derive range data for 
position estimation. One benefit of using RF is that it 
has been shown to achieve localization accuracy on 
the order of centimeters, even in sparse networks. On 
the other hand, because typical sensor node radios 
transmit at frequencies between 400 MHz to 2.6 GHz, 
sampling the raw signal for phase or frequency 
cannot be done with resource-constrained hardware. 
Instead, methods such as radio interferometry must be 
used to generate a low frequency beat signal. The 
frequency and phase of the beat signal can then be 
measured by observing the received signal strength 
indicator on there radio chip. The Lighthouse and 
Spotlight localization techniques use a light beacon to 
determine node position. Although both methods 
claim high accuracy, they require line of sight, a 

powerful light source that will perform well in lighted 
areas, and customized hardware for the light source, 
[7]. 
 Each of these sensors has its own advantage 
and disadvantage, let us consider beacon ultrasonic 
sensors of 40khz frequency. These sensor can 
accurately detects an object within approximately 60 
inches. It can provide an easy method for distance or 
localization measurement. The main advantage is that 
a single i/o pin is used to trigger an ultrasonic burst 
and then listen for echo return pulse. It provide an 
distance measurement within a 2cm to to 3m range 
and not much affected by environmental factors. 
Based on these sensors, and the environment, 
scheduling and placement of sensors done 
appropriately ,there are many algorithms developed 
for the proper placement and scheduling of sensors. 
Among that Beacon scheduling algorithm is the 
general and efficient way of placement. The beacon 
scheduling algorithm is used for localization and 
scheduling scheme using ultrasonic beacons in a 
multi-block workspace. However, ultrasonic sensors 
are susceptible to environmental noises from their 
propagation characteristics. On account of their decay 
phenomena when they are transmitted over a long 
distance, ultrasonic sensors are not suitable for 
application in large indoor environments. To 
overcome these shortages of ultrasonic sensors while 
emphasizing their advantages, a multi-block approach 
has been proposed by dividing the indoor space into 
several blocks with multiple beacons in each block. 
This approach, however, is hard to divide into several 
blocks when beacons are not installed in a certain 
pattern, and in case of having newly installed 
beacons, all blocks placement is reconstructed. 
Therefore, this is a real time localization scheme to 
estimate the position of mobile robot without 
effecting beacons placement. Beacon scheduling 
algorithm has been developed to select the optimal 
beacons according to robot position and beacon 
arrangement for the mobile robot navigation,[10]. 
 
III. ALGORITHM 
 
3.1 Beacon Scheduling Algorithm 
The beacon scheduling algorithm is used for 
localization and scheduling scheme using ultrasonic 
beacons in a multi-block workspace. Indoor 
localization schemes using ultrasonic sensors have 
been widely studied due to their cheap price and high 
accuracy. However, ultrasonic sensors are susceptible 
to environmental noises from their propagation 
characteristics. On account of their decay phenomena 
when they are transmitted over a long distance, 
ultrasonic sensors are not suitable for application in 
large indoor environments. To overcome these 
shortages of ultrasonic sensors while emphasizing 
their advantages, a multi-block approach has been 
proposed by dividing the indoor space into several 
blocks with multiple beacons in each block. 
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This approach, however, is hard to divide into several 
blocks when beacons are not installed in a certain 
pattern, and in case of having newly installed 
beacons, all blocks placement is reconstructed. 
Therefore, this is a real time localization scheme to 
estimate the position of mobile robot without 
effecting beacons placement. Beacon scheduling 
algorithm has been developed to select the optimal 
beacons according to robot position and beacon 
arrangement for the mobile robot navigation. The 
performance of the proposed localization system is 
verified through simulations and real experiments. 
For the scheduling of indoor mobile robot many 
technique has been used. The use of ultrasonic 
sensors as the signal of data transmission has many 
disadvantage like ultrasonic sensors are susceptible to 
environmental noises from their propagation 
characteristics. On account of their decay phenomena 
when they are transmitted over a long distance, 
ultrasonic sensors are not suitable for applications in 
large indoor environment. To overcome these 
shortages of ultrasonic sensors while emphasizing 
their advantages new approach has been proposed by 
dividing the indoor space into several blocks with 
multiple beacons in each block. As a representative 
scheme, the block ID recognition scheme has been 
developed by ninety system to widen the operating 
area of the mobile robot. However, in using this 
system the user needs to specify all the coordinates of 
the active beacons and the block ID manually, which 
may lead to high cost for the initial setting of the 
working environment. Also in case of unstructured 
placement of beacons or having newly installed 
beacons , dividing block to specify placement is 
difficulty and the placements of all the blocks are 
reconstructed. The localizations is not possible when 
the mobile robot moves out off the work space, which 
is defined by the user a prior.  

 
  

Fig:1: Beacon sensor placement  
 
The above figure indicates those in square boxes as 
beacon sensors and lines in doted lines are beacon 

detectable range. The node A, B, C, D can be 
considered as different landmark or positions of 
indoor mobile robot. 
Beacon scheduling mechanisms is used for collision 
avoidance between nodes or modules. 
Synchronization of the whole network is achieved 
through Beacon scheduling algorithm. Beacon 
contains information on super frame structure and is 
used for synchronizing all devices in beacon enabled 
network. 

   
Fig:2: Block diagram representation 

 
The beacon scheduling or placement can be 
represented as the above diagram. The transmitter act 
as a localizer will be using multiple blocking 
scheduling, sensors for beacon activation and will 
consist of receiver unit which will receive the 
transmitted signal from active beacons and these can 
be used for further processing like calculation of 
distance [8]. 
 
IV. LOCALIZATION RANGE 
 
Localization Accuracy: +/-5cm 
Localization period     : +/- 200 ms 
Basic operating space   

 Width: 5m 
 Depth:5m 
 Height:5m 

 
Advantages: 

 Sensor space can be divided into multiple 
blocks to provide a solution for the global 
localization. 

 Obstacles problem is removed to am extend. 
 Ultrasonic Decay Problem Is Reduced. 
 Better  scheduling or placement of active 

beacons 
 Wide area can be included for the 

positioning. 
 More landmark or robot position can be 

detected. 
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Drawbacks: 
 Problems are generated when we change the 

block and update the beacon information 
according to the robot position. 

 Problems in recognizing the boundary 
between each block and to aware the new 
block 

 The landmarks or position of robot will may 
concede or collision problem occurs. 

Application Ideas: 
 Security systems 
 Interactive animated exhibits 
 Parking assistant systems 
 Robotic navigation 

3.2Algorithm Anaysis 
3.2.1Latency performance  analysis 
 

No.of 
nodes 

Existing 
performance 

Proposed 
performance 

5 1.0ms 0.7ms 
10 1.2ms 0.9ms 
15 1.45ms 1.15ms 
20 1.5ms 1.26ms 
25 1.62ms 1.34ms 
30 1.78ms 1.57ms 
35 2ms 1.68ms 

Table:1 Performance analysis 
 

3.2.2Collision Rate Analysis 
No.of 
nodes 

Existing 
methodology 

Proposed 
Methodolog
y 

5 1.89ms 1.2ms 
10 3.5ms 2.2ms 
15 5ms 3.7ms 
20 6.3ms 4.8ms 
25 8ms 6.5ms 
30 9.5ms 7.5ms 
35 10ms 8.1ms 

Table:2: collision rate analysis 
 
With the analysis of collision and latency while 
implementing beacon scheduling algorithm, its clear 
that there is rapid increase in the performance and 
accuracy while using this algorithm. 
 
CONCLUSION 
 
Thus an efficient approach has been design and 
implemented for the proper placement and 
localizations of indoor mobile robot. In this project 
beacon scheduling algorithm is used of the 
scheduling of mobile robots. The robots positioning 
of indoor wide area is implemented by placing 
beacon sensors or active beacons in the wall of the 
particular area under consideration.  
 
 
 

Each active beacons will be acting as receiver and 
will receive and particular ID from the transmitter 
which be any message, signal or waveform. Thus we 
can estimate the time, speed and frequency of 
transmission as per the time the signal reaches the 
beacon sensor and its response signal. 
  Beacon scheduling algorithm will be a 
placement algorithm for the positioning of sensors 
and to provide better accurate result estimation and 
distance calculation. As the future work of this 
project, we are going to propose a new approach for 
modifying the drawbacks created by the beacon 
scheduling algorithm; the main drawback is the 
collision problem and crosstalk problem. The new 
algorithm will be the modified version existing 
beacon scheduling algorithm with better accurate and 
precise scheduling algorithm. 
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