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A Wireless Sensor Network (WSN) is composed of low-cost electronic devices 

with sensing, data storage and transmitting capabilities, powered by batteries. There are 

extensive studies in the field of WSN investigating different algorithms and protocols for 

data collection. A data collector can be static or mobile. Using a mobile data collector can 

extend network lifetime and can be used to collect sensor data in hardly accessible 

locations, partitioned networks, and delay-tolerant networks. The implementation of the 

mobile data collector in our study consists of combining two different platforms: the 

Crossbow sensor hardware and the NXT Legos. We developed an application for data 

collection and sensor querying support. Another important contribution is designing a 

semi-autonomous robot control. This hardware prototype implementation shows the 

benefits of using a mobile data collector in WSN. It also serves as a reference in 

developing future applications for mobile WSNs. 
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1. Introduction 

1.1 Background 

Wireless Sensor Networks (WSNs) are becoming one of the most popular topics 

of research in recent years. WSNs were developed initially for use in military 

applications with the aim of surveillance operations. Today WSNs are in use in a very 

wide range of civilian and industrial fields and have many applications such as 

monitoring environment conditions, control in manufacturing processing, health 

monitoring of people and machines, home and office equipment control and most 

recently traffic control. In general, sensors offer the capability to read parameters 

conditions such as temperature, light, pressure, humidity and movement just to mention a 

few. The readings of the sensors are then sent to a base station or computer where data is 

processed and stored so the end users can access them in charts or tables for later 

analysis.     

In a WSN where the sensors are distributed randomly in a wide monitoring area, 

all the sensors form a wireless ad-hoc network which can be classified according to its 

topology into static or dynamic. In a static configuration all the sensors, sinks and base 

station are deployed and they maintain fixed positions. On the contrary, in a dynamic 

configuration, the sensors and/or sinks may change their location. Many studies, research 

and experiments have been done in this field in order to find the most efficient way with 
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regard to data transmission and conservation of energy. These topics are of vital 

importance depending on the particular applications, so the WSN can be reliable, secure 

and energy-efficient.     

Using mobile WSNs combined with an efficient routing protocol ensure an 

efficient way to maximize the life span of the whole network. Researches done in 

[Aioffi], [Heinzelam2000], [Holger2005], [Ma2006], and [Mirela2008] provide 

simulation results that show that the use of different routing protocols as well as the 

movement of sinks to areas where sensors have high energy can effectively extend the 

life time of the network. This thesis focuses on the study of WSNs that use mobile sinks 

as a mechanism to extend network lifetime and to collect data in partitioned or delay-

tolerant networks.  

1.2 Problem Statement 

One of the main issues in WSNs is the conservation of energy on the sensors in 

order to maximize the lifetime of the whole network. The sensors are usually powered by 

a limited source of energy, and when the energy source (e.g. batteries) is depleted, it 

usually cannot be replaced. In a typically WSN configuration, sensors send data to the 

sink (or base station) using direct transmission or multi-hop communication. As 

mentioned in [Yinying2009], in a static configuration sensors that are located near the 

sinks are the first ones that suffer from energy depletion. The reason is that those sensors 

also relay data from other sensors to the sink. This situation causes an unbalanced energy 

consumption, where sensors near the sinks die first and as a result, network partitions can 

occurs. Therefore, because of the uneven use of energy the WSN lifetime is reduced. 
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As mentioned before, many studies and researches try to cope with this issue 

(energy hole problem) by using a dynamic topology where sensors or sinks move to 

different locations in order to achieve better and more efficient use of energy.  In Chapter 

3 we survey related works on mobile sensors and sinks, implementations, results, and 

comparisons. 

1.3 Thesis Contribution 

This thesis concentrates on the study of WSNs that use mobile sinks. We propose 

the use of a semi-autonomous mobile robot that carries the data collector, reacts to 

environment conditions, and receives specific commands from the user. We develop an 

application that integrates different platforms and demonstrate the use of a semi-

autonomous mobile data collector in a WSN. The results show that a practical application 

can be implemented with the integration of heterogeneous software and hardware 

platforms.  Using a mobile data collector can extend network lifetime and can be used to 

collect sensor data in hardly accessible locations, partitioned networks, and delay-tolerant 

networks. Therefore, this hardware prototype implementation demonstrates the benefits 

of using a mobile data collector in a WSN. In addition, our work serves as a reference in 

developing future applications for mobile WSNs. 

The contributions of this thesis can be summarized as follows: 

 Study of the benefits of using mobile sinks for data collection in WSNs and proof 

of the concept. 
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 Development of an application that uses multiple hardware platforms to build the 

mobile sink application: Lego NXT mobile platform, Crossbow Stargate, and 

Crossbow Mica motes. 

 Development of the software to interconnect these platforms and to gather the 

sensor data. User can retrieve the sensor data, and can give additional sensing 

commands through the mobile sink. The mobile sink is able to react to specific 

environment conditions. 

 Demonstration of the prototype. 

1.4 Thesis Organization 

The thesis is organized as follows. Chapter 2 explains the general concepts of 

WSNs, with a discussion on the components, general topologies, and algorithms. In 

Chapter 3, a summary and comparison of related works and previous studies are given. 

Chapter 4 presents the research project and the experiment with a detailed explanation of 

the hardware and software, challenges and general approaches. Chapter 5 presents the 

results and comparisons with other similar works. Chapter 6 offers the conclusions and 

future works. 
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2. General Concepts 

Computer networks in general are vital for communicating and sharing resources 

among users of computers, mobile devices, embedded system, etc. Any electronic device 

that has the capability to establish communication with other ones can be part of a 

network. Computer networks have different purposes and their classification is very wide 

and diverse. For example, local area networks (LANs) consist of computers or devices 

that are inter-connected in a specific and confined area, such as a building, home or 

school. On the other hand, wide area networks (WANs) are able to interconnect devices 

in a wider geographical area, such as between states, countries, or even continents.  

Networks can also be classified depending on the transmission medium. In this 

regard, there are two main types, wired and wireless networks, however there are some 

networks that use a combination or mix of these types.  

In wired networks, the computers are interconnected using cables such twisted 

pair cables, coaxial cables or fiber optics. One of the most popular and of general use 

wired networks technology is the Ethernet. The Ethernet has its standard defined for 

Physical Layer, Data Link Layer and Medium Access Control (MAC) in IEEE 

802.3[IEEE2008]. 
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       Wireless networks on the other hand use the air and space as a medium of 

connection and transmission between devices. The basic for this communication is the 

use of electromagnetic waves in order to get the signals that allow the connection to the 

network. Today the most common types of wireless networks use of one of the following 

technologies: microwaves, satellite signal, cellular radio, Bluetooth and Wireless LAN. 

The Wireless LAN standard, similar to its contra part for wired LANs, is defined in the 

IEEE 802.11 standard and its amendments [IEEE2007]. A newer version published in 

2009 provides the basic standard for over the air computer communication. 

2.1 Wireless Sensor Networks 

2.1.1 General Overview  

A Mobile Ad-hoc NETwork (MANET) is a decentralized wireless network that 

does not depend on a pre-build infrastructure. Every device which is part of the network, 

acts as a router and therefore participates in forwarding data between a source and a 

destination. In this way, two nodes can communicate with each other even if they are not 

in range. This is possible because a node can forward and receive messages or packets on 

behalf of other nodes, using of multi-hop transmission. In a MANET, a node may have 

mobile capabilities and it can move in or out of the network. The main characteristic of a 

MANET is that devices can quickly and easily form a temporary network. A good 

example on the practicality of a MANET is mentioned in [Holger2005], where a rapid 

response is needed. In the case of disaster, emergency teams could easily form a MANET 

with portable computers and handheld devices. In doing so they can share and exchange 

information about the situation. In addition, some of the nodes can act as base stations 
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and relay information through cellular or satellite communication to other base stations or 

to the central command. The same scenario can be applied to a war zone where the use of 

a centralized infrastructure is impossible. Another common application is in business 

meetings or conferences where participants just turn on their portable computers and are 

able to exchange files and information. MANET can provide an easy and fast 

deployment, self-organization and strength, however these scenarios have some 

challenges. If nodes have high mobility, possible link failures can occurs and a constant 

reorganization of the network is needed.     

A WSN is a specific type of ad-hoc wireless network and can be defined as a 

network composed of densely deployed small electronic devices, usually powered by a 

limited source of energy (e.g. batteries), that have sensing, storage, processing, and 

communication capabilities. The main purpose of the network is to interact with the 

physical environment, detect a specific occurrence of a phenomenon, storage, process and 

send the information to a pre-determinate destination. In WSNs all the devices form a 

cooperative entity in which local information provided by each sensor is gathered in 

order to get an overall information about the area that is the target of the monitoring or 

surveillance process.  

Some of the literature on WSNs [Holger2005], relate MANETs and WSNs as 

being very close, while others classify WSNs as a type of ad-hoc networks. One of the 

reasons for this close relation between these networks is because of the similarities, 

especially since both networks initialize at the deployment time, so there is not 

centralized infrastructure that manage the network as a whole. Each node can 

communicate with other ones that are in range using direct transmission and with nodes 
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father away using multi-hop transmission. The implementation is also easy and fast. As 

soon as the nodes of the WSN are deployed, the network is formed and starts working. 

Figure 1 presents the main components of a WSN. Sensor nodes are deployed in the 

monitoring field, they sense the environment and transmit data to a sink. Each sensor act 

also as a router, and participate in data forwarding. The user can access the data from the 

sink directly or through a network. 

Beside these basic similarities, there are also differences between these two types 

of networks. In MANET the hardware is more powerful (e.g. computers and handheld 

devices) and can handle more diverse applications, while in WSNs most of the nodes 

have limited power resources and are designed to handle one type of application. In 

general in a WSN, sensor are densely deployed in a specific area and due to the large 

number of nodes (perhaps hundred or thousands) the nodes usually do not have a unique 

identifier. On the contrary, in a MANET because of the long-range communication 

capability, nodes can be deployed farther away from each other and they usually have an 

identifier (e.g. MAC address, or IP address). WSNs also are more prone to failures due to 

the interaction with the environment, physical damage, depletion of energy resources, etc. 

Also in a MANET, the nodes usually have a human operator.   
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Figure 1. Typical configuration of sensors in a WSN. Nodes use multi-hop 

communication and end user has access to the data through a network. 

2.1.2 Hardware 

The hardware used in a WSN varies according to the specific application that 

needs to be implemented. Several factors as power, cost, data storage, etc. may play a 

crucial role for choosing the right hardware for designing a WSN. In a traditional WSN, 

the nodes are the main component of the network and they can be static or mobile. There 

are many variation of which components are part of the network. Some WSNs include 

other elements, for example, a base station that collects all the date gathered by the nodes, 

processes the information and then sends it to an end user. In addition, the user may 

retrieve data from the sink or issue queries to the WSN. 

Next, we describe the typical components of a sensor node [Holger2005] as shown in 

Figure 2: 
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Figure 2. Sensor node components diagram. 

Processing Unit or Controller 

This is the main board of the sensor node and its role is to control, process, and 

regulate all the functions of the node. Typically, this electronic board has the Central 

Process Unit (CPU), and can communicate with other components of the node. It can 

read the data from the sensor board, send commands to actuators, execute application 

programs, start and end communication protocols. The processor can be dedicated as pre-

programed chips that execute a limited number of functions, or it can be a 

microcontroller that has the capability to be programed for certain tasks besides the basic 

functions of the nodes. 
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Sensor Board 

The sensing unit or sensor board is composed of sensors that interact with the 

physical world. It measures and quantifies the actual phenomenon being observe in the 

environment. The sensor actually measure the physical phenomenon being monitored as 

an analog signal, then transforms it to a digital signal using an ADC (analog-to-digital 

converter), and sends it to the CPU for processing. The sensor unit can be part of the 

main processor board or it can be a separated board that attach to the main board (e.g. 

Crossbow’s sensors family [Crossbow]). Sensors can be classified as: 

 Passive: These types of sensors just get the data reading from the environment 

without any active probing, e.g. temperature, light intensity, pressure, etc. 

 Active: These sensors interact with the environment by actively probing the 

surrounding conditions; e.g., a sonar or radar sensor that sends a beacon signal 

and reads the response obtained by the echo signal. 

 

Sensor boards can be attached to the processing unit board through connectors (serial 

and parallel) offering more flexibility when applications require the use of a variety of 

sensor boards (e.g. Crossbow sensors family [Crossbow]). In other cases, the sensors and 

the processor are part of the same board, when boards are customized for specific 

applications. 
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Storage or Memory  

Usually attached to the processing unit, this component is used for the storage of 

data and the application program. It consists of small electronics transistors, usually part 

of the main processor board. There are two types of memory:  

 ROM – Read only memory is use to store permanently a set of instructions 

and programs that the CPU will read and execute.  

 RAM – Random access memory is use for temporary storage and quick 

retrieval of data from the sensors, however because the memory is volatile, 

flash memory is usually used for permanent storage. 

Transceivers   

This component is in charge of transmitting and receiving radio signals – in other 

words it modulates, demodulates, corrects and amplifies the signal that codifies the data 

that the actual sensor unit reads. The wireless transmission can be done using laser, 

infrared, or Radio Frequency (RF) communication. Although in the case of laser and 

infrared the power transmission is low, the communication needs a direct line-of-sight 

between the transmitter and the receiver unit. WSNs typically use RF communication and 

the frequency used vary from 433 MHz to 2.4 GHz. New transceivers have automatic 

mode operations that set the devices in transmit, receive, idle, or sleep modes. Alternating 

through those modes can save energy, depending on which state the radio is in.  

 

Power Supply   

As the name indicates, this component provides the necessary energy source to all 

the components in the node. In most WSNs the power supply consists of one or two 
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batteries. The type of battery varies according to the current and new technologies. This 

is an important component since the lifetime of the sensor node depends on it. 

Alternatively, in some modern sensor nodes, this power supply is self-rechargeable, with 

the use of solar panels or kinetics sources, but this considerably increases the cost of the 

node.   

 

There exist numerous manufactures in the market that provide complete hardware 

solutions for the implementation of a WSN. Such an example is the Crossbow 

technology, Inc.[Crossbow] that has an extensive line of microprocessor boards and 

sensor nodes. Crossbow has a large family of wireless sensor nodes or Motes (MICA, 

MICA2 and MICA2DOT) [Crossbow] Following is a brief description of the MICA2 

motes that contains all the basic component of a sensor node. 

 

 

Figure 3. Mica2(MPR400CB) mote board showing transceiver, battery power and 

expansion connector for sensors board. [Heinzelam2000] 
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Figure 3 shows the Processor and Radio Board (MPR400CB) based on the Atmel 

ATmega128L. It is a low powered micro-controller which runs TOS (TinyOS) 

[Saamaja2010] from an internal flash memory.  

This single processor board can be configured to run sensor 

applications/processing and the network/radio communication stack at the same time. 

The MICA2 board has a 868/916 MHz (ISM Band)multi-channel (4/5 bands) transceiver. 

The transmission range covers up to 500 feet in outdoor environment with the capability 

to also adjust the transmission power.  

The board also has a 51 –pin expansion connector (see Figure 4) that supports 

sensor data acquisition boards.  The sensor boards have a diverse range of sensing 

capabilities such as temperature, light, acceleration, magnetic field and sound. Examples 

of sensor boards that Crossbow offers: 

 MTS101CA 

Photocell/ThermistorProto and Experiment Board 

 MTS300CA/MTS310CA  

Photocell, Thermistor, Microphone, Sounder,  

Magnetic (310 only), 

Acceleration (310 only) 
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Figure 4. MPR400CD bloc diagram [Heinzelam2000] 

 

The board is powered by two AA batteries, which according to company can 

supply up to one year of continuous energy supply if it is used in sleeping mode.  

Table 1 offers a more detail technical information about the MICA2 mote. 
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Table 1. MPR400CB specifications [Heinzelam2000] 

2.1.3 Characteristics  

The main characteristics of a WSN are [Holger2005]: 

Ad-hoc  

Just like in a traditional MANET, in a WSN the network is built at the time the 

sensors are deployed in the field. There is no centralized infrastructure that manages the 

network. All the nodes that become part of the network use adaptive protocols that let 

them recognize and communicate with their immediate neighbors in range. 

Communication to distant nodes is done using multi-hop transmission. This characteristic 

of the WSNs provides an easy and fast development.    
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Very densely populated 

Distinct from other wireless networks, a WSN requires that a large number of sensors 

is deployed in small areas. One reason of using a large number of sensors is to provide 

redundancy in case some nodes die prematurely because of early depletion of energy or 

physical damage. This will ensure that the information read by the sensors reach the sink. 

Another reason is that if some nodes fail, then a densely populated WSN  will prevent the 

occurrence of  network holes where no data can be read, or network partitions where data 

cannot be transmitted to the sink.    

 

Limited power and limited resources 

This is a special characteristic of WSNs, as it was presented in the previous sections; 

the nodes have a limited source of energy (usually battery powered). Once this source of 

energy is depleted, nodes become useless, they cannot acquire or transmit data. In most 

applications, it is impractical to replace this power source, because of environmental, 

accessibility conditions, and because usually a large number of nodes are deployed. 

Sensor nodes have limited transmission range, typically few hundred feet, and low CPU 

processing power. These conditions make the design and deployment of WSNs more 

challenging. 

 

Scalability 

One important characteristic of a WSN is that it should be able to easily handle large 

number of nodes in the network and to allow the incorporation of new ones in a faster 

and easy way. Since WSNs have large number of sensor nodes, it becomes too costly and 
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impractical to maintain unique node identifiers [Holger2005]. Therefore, the ad hoc 

property and the implementation and careful design of the architecture and protocols 

make possible that WSNs can function properly in practical applications.    

 

Mobility 

In mobile WSNs, similar to MANETs, the nodes or other components such as the 

sink may be mobile. In WSNs because of limited power supply and resources, different 

types of dynamic topologies and protocols are used. As mentioned in 

[Gangwar],[Ma2006], depending on the specific application where the WSN is used, 

different solutions are considered taking in consideration factors such as the use of 

energy, fault tolerance, environment, etc.           

2.2 Routing Protocols  

In WSNs, one of the most important issues than has to be considered is how, 

when, and for how long the data acquired by the sensors is processed and sent to the sink. 

In this regard, data collection protocols must accomplish a reliable data transmission, and 

must be energy-efficient in order to extend the lifetime of the network. The simplest 

method is Direct Transmission [Heinzelman2000] where each node acquires the data and 

sends it directly to the sink. It becomes obvious that this method is very inefficient with 

regard to data collection (since interference and collisions will occur) and power 

management of the nodes. If nodes are randomly placed, then the nodes farther away 

from the sink will die first, because the power to transmit will be greater than that of the 

sensors near the sink. Due to these reasons, numerous researches have been conducted, to 

design protocols and algorithms that find a balanced solution to these issues. Next, we 
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describe a few of the most popular and basic routing protocols mentioned in the WSN 

literature.  

  

Low Energy Adaptive Clustering Hierarchy - LEACH [Heinzelam2000] 

LEACH is a protocol designed for WSNs, that provides efficient data gathering 

and energy consumption. The protocol uses cluster-heads to gather data of the 

surrounding nodes and to send it to the base station. There are two phases, the setup 

phase when the cluster-heads are chosen and the steady phase, when all the nodes 

transmit data and the cluster-heads are maintained. In LEACH, a stochastic algorithm is 

used to elect the cluster-heads in each round, such that a cluster-head node will not be 

repeated in consecutive rounds. The protocol is energy-efficient since the role of cluster-

head is rotated among all the nodes in the network. There is also a variation in LEACH 

that allows the algorithm to chose a cluster-head among all the nodes that have  

predetermined energy threshold.  Results show a 30% increase in network lifetime when 

using the energy threshold method compared to the direct data transmission mechanism. 

 

Power-Efficient Gathering in Sensor Information Systems – PEGASIS [Lindsey2002] 

PEGASIS is another protocol used in WSN. It is an improvement over LEACH 

and it assumes that each node only communicates with the closest neighbors. All nodes 

take turns to transmit data to the sink. Nodes form a chain and each node gathers and 

fusions the data received from a neighbor and then passes the information to the other 

neighbor. Once the data reach the leader in the chain, the data is sent to the sink. Similar 

to the LEACH mechanism, the leader in the chain is chosen in each round randomly. This 
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allows a more distributed use of energy in each node. At the same time, nodes die 

randomly and this increases the robustness to failure of the network. Results show that 

PEGASIS can accomplish a minimum of 100% better performance compared to LEACH 

and it also balances the energy dissipation in all the nodes in the network. 

2.3 Energy Consumption Overview 

In WSNs the power supply is very limited, usually each sensor node is powered 

by batteries, and each of the components of the node requires certain amount of power to 

work properly (e.g. process data from the sensors, transmits or receives packets,  storage 

data, etc.)  

The main consumers of energy in a typical node are the controller and transceiver. In 

modern computers, a common strategy used to save power is to use multiple states or 

modes of operation, such as turn-off, stand by, hibernate, sleep, etc. A similar approach is 

used for nodes in WSNs, where some of the nodes’ components functionality may be 

limited, but result in an overall less power consumption for the node.  

As an example, the modes of the Intel SrongARM [Holger2005] are: 

 Normal: the controller is at full functionality and power consumption is up to 400 

mili-Watts.  

 Idle: in this mode the clocks of the CPU are at full stop, but the ones related to the 

peripherals are still active. Any interruption call makes the CPU return to active 

mode. In this mode the power consumption is up to 100 mili-Watts. 

 Sleep: real-time clock is the only one active and wake up occurs after a time 

interruption.  The power consumption is down to 50 micro-Watts. 
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This example shows how taking the main controller through different states saves 

energy, however one drawback is the time elapsed in changing from one state to another. 

For the Intel board, it takes up to 160 ms to go from sleeping mode to active mode 

[Holger2005]. 

Another component in the sensor node that can operate in different modes is the 

transceiver. A typical transceiver has four modes:  transmitting, receiving, idle, and off. 

Xu et. al [Xu2001] study energy consumption of routing protocols  with a simple model, 

where a few nodes send data over a multi-hop path. The study mentions that radios not 

only consume energy by sending or receiving packets, but also when nodes are listening 

or idle. Ratios of energy dissipation for idle:receive:transmit, vary from 1:1.05:1.4 to 

1:1.2:1.7, therefore  energy  dissipation cannot be ignored since idle state is scenically the 

dominant mode in the energy model.   

Holger et. al. [Holger2005] also discuss the modeling of energy consumption 

during transmission. The energy consumed during this operation is due to the Radio 

Frequency (RF) generation that depends on the modulation and the power transmission to 

reach the target. So one of the most important aspect to consider when transmitting data 

is the transmission power. For example in transceivers, such as WINS, the power 

consumption can go up to 386 mili-Watts for transmit a packet, and the same level of 

energy consumption occurs when data is received.  As we can see, the power required for 

transmit and receive is higher that the energy consumption of the controller. In order to 

save energy, the common strategy is to have the transceivers turned off most of the time 
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and just be active when necessary. This is accomplished by the use of different 

algorithms and protocols that made the transceivers work in duty cycles. 

Others components in the nodes, such as the sensors and actuators, also require a 

certain power level to work. However, the energy consumption of these component is 

very low and can be ignored in comparison to the processor and the transceiver's energy 

consumption. For example, a temperature sensor  consumes just 0.6 to 1 mA 

[Holger2005].    

2.4 General Applications 

Wireless sensor networks provide rapid, untethered access to information and 

computing, eliminating the barriers of distance, time, and location for many applications 

in national security, surveillance, healthcare, environmental monitoring, smart 

agriculture, and many more.  In this section we present some of the most relevant WSN 

applications. 

 

Monitoring environment: 

WSNs can be used to survey and monitor air, water, soil, etc. The idea of monitoring 

the environment with the purpose of acquiring data for scientist studies, or in practical 

applications such as autonomous irrigation systems, are common fields where WSNs can 

be used. WSNs can also be used to monitor hardly accessible locations, where human 

presence is dangerous. One  practical application is presented in [Werner-Allen2006] 

where a group of scientists from Harvard University, University of New Hampshire , and 

University of North Carolina, deployed a WSN to monitor a volcano. The team of 
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computer scientists and volcanologists deployed a WSN on Volcano Reventador in 

northern Ecuador.  

The study used 16 sensor nodes, each one with a microphone and seismometer, to get 

acoustic and seismic data from the volcano’s activity. The nodes in the WSN were 

manually positioned in a sparsely area around the volcano. The nodes use multi-hop 

communication to rely data to a gateway node connected to a modem which offers 

remote communication to a laptop located on the observatory base.  In 2002, during a 19 

days’ time frame, the nodes were set up to run an event detection algorithm (e.g. detect 

an earthquake), that sends alerts to the base station and record data. If a certain number of 

sensors report the event, then the laptop sends a command to collect data from all the 

sensors. The results showed that at least 61% of the time, data from the sensors were 

retrieved successfully.          

This type of study shows that carefully planning and designing a WSN can provide 

valuable data about the environment, especially in rough conditions.    

 

Habitat monitoring: 

WSNs are also used to monitor real-world habitats. Since the presence of humans 

can disturb the results of studies and the ecosystems, a major concern is building among 

the Life Science community. In this regard, the use of WSNs can provide interesting 

opportunities to minimize or keep at minimum the interference of humans in 

environments where animals and plans can develop in their natural settings. The study in 

[Mainwaring2002] provides a good example of such a situation. Through the use a WSN, 

scientists from the University of California and the College of the Atlantic Bar Harbor, 
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were able to conduct a study in a natural reserve island, Great Duck Island, in the coast of 

Maine. In July of 2002, the team of scientists deployed a WSN using 32 Mica motes, 

with clear protective enclosures. The network was deployed with the aim of monitoring 

the Leach’s Storm Petrel (a small sea bird), the research focusing on: 

 The usage of nesting burrows over 24-72 hours period of time.  

 The change of the burrows and  surrounded environmental changes during the 

7 months breading season.   

 The condition of micro-environments with and without large numbers of 

nesting petrels. 

All these conditions were monitored by different sensor components in the motes, 

such as temperature, light-intensity, motion detection, etc. The nodes were expected to 

have enough power to last for at least 9 months (in theory). The nodes relayed data using 

multi-hop communication to the a base station that has satellite communication 

capabilities. The nodes initially collected data over a 4 weeks’ time frame, and the study 

expected that the motes have enough power to function for another 6 months. 

Early results showed that the WSN worked properly and data collected showed when 

and for how long the petrels used the burrows and also some of the climate conditions 

during the same period of time. This is a representative example on how WSNs can be 

used in monitoring ecosystems with minimum interference of human presence.  

 

Health monitoring of civil infrastructures: 

WSNs are used not only in monitoring the environment but also in monitoring civil 

infrastructures such as buildings, bridges, highways, etc. As an example, we can refer to 
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the study in [Kim2007] by scientists from the University of California, where a WSN was 

deployed in the Golden Gate Bridge (GGB) in 2006. In this scenario, a total of 64 sensors 

were positioned across the 4200 feet span and the south tower of the bridge. The study 

used the indirect method for structural health monitoring by detecting changes in the 

structural behavior. The sensor nodes collected ambient vibrations at the sample rate of 

1kHZ. The particular conditions in this experimental research called for high data 

reliability since the data were very important and they cannot be lost. Time 

synchronization in sampling through the whole bridge was important in order to perform 

the correlation analysis of the structural vibrations. The sensors measured the vibration of 

the whole structure and sent the data using multi-hop communication to the base station, 

in this case, a laptop capable of processing all the collected data.  

The results show that the data obtained have the quality needed from the scientific 

stand point of the civil engineering research for the structural health monitoring. 

Accuracy of the data, high-frequency sampling with low jitter, and time synchronization 

sampling were successfully obtained in this study. These characteristics were crucial for 

the health structural monitoring. Finally, the WSN was implemented in a real world 

environment in difficult and harsh conditions (traffic, wind, fog, etc.) and it proved the 

concept that WSNs can provide reliable data for analysis at lower cost than other 

traditional methods.  

   

Medical health care:   

In the medical field, small sensor can be placed on the patient’s body to monitor vital 

signs that can be transmitted to centralized nurses and doctor’s office. We can find a good 
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example of how a WSN is used for monitoring patients’ vital signs in [Gao]. The study 

conducted by scientists from  Aid Networks, Johns Hopkins University and Harvard 

University in collaboration with the EMS and hospitals in the Baltimore Washington 

Metropolitan area, developed a WSN platform called miTag (medical information tag). 

The sensors in the WSN monitor a wide range of patient vital signs, such as pulse, 

oximetry, blood pressure, temperature, ECG, etc. All the sensors transmit real time 

patient’s data to a wireless mesh network and the data is shared between the emergency 

personal, hospital, and ambulances.  

One of the features of miTag is scalability, the main idea is that in case of 

emergencies or disaster all the people involved in rescue’s operations can log into a web 

portal and be aware of the current situation, number of casualties, position and 

information of each patient. miTag is a modular WSN platform that supports two two-

way radio communication and a sensor interface where third party sensor vendors can 

integrate their sensor modules to be able to interoperate with the rest of the network. 

miTag also supports two types of wireless networks, a short-range transmission that 

collect patient measurements and a long-range transmission that consist of repeater nodes 

that relay data to receivers. 

 In a pilot test done in collaboration with the Montgomery County Department of 

Homeland Security a multi-car mass transit accident was simulated. The rescue team was 

divided in two groups. One team used the traditional method of paper-based triage and 

hand held radio communication, and the other team used the miTag system. The result 

shows that miTag system successfully automated the patient tracking. Team members 

from miTag accessed each patient’s vital signs twice as frequently compared with the 
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other team. The system generated more detailed patient information and also the accuracy 

had higher degree. Improvement in sharing information among all the personal involved 

in the first response and remote care facilities was also accomplished using miTag. This 

study shows early and promising results that demonstrates how WSNs can effectively be 

used to automate patient monitoring during emergency events. 

 

Machinery monitoring: 

In [Holger2005] sensors are used in machine monitoring. Sensors are used to 

determine and point out if a machine is working properly or if it requires maintenance. 

The idea is to place the sensors in locations that are very difficult to access such as 

machines with heavy rotors, trains axel, etc. In such cases, the sensors can monitor 

vibrations and send data of any irregular pattern or vibrations over a certain threshold. In 

addition, another application in industrial machinery could be monitoring of the 

temperature or sound in order to get information about the health state of the equipment 

being monitored.    

 

Traffic control:  

In this scenario, sensors can help monitor the flow of traffic in roads and highways. 

These data can offer a diversity of practical applications for people in charge of 

monitoring the traffic conditions. 

 

 

 



 

 28 

 

Security: 

Sensor nodes have many applications in security. One example is the use of WSNs 

for border monitoring. Another example is underwater WSNs that can be used to detect 

mines and other dangerous objects. 

 

There are also other fields where WSNs have real potential in many useful and 

practical applications. As sensor nodes become more powerful, cheaper, and easier to 

use, new applications of WSNs in the modern world will take shape. 
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3. Related Works on Mobile WSNs 

In areas of WSNs there is a great deal of research works and studies that try to 

find answers and solutions to the most critical issues and challenges that a WSN carries 

when implemented in real life environments. One of the most critical challenges that 

designers and engineers face when working with WSNs is extending the lifetime of the 

network. There are various mechanisms proposed to deal with energy efficiency, such as, 

putting sensor nodes to sleep, adjusting the transmission power, etc. Another important 

mechanism is using mobile sinks for data collection. Sensor are battery powered, 

therefore they have limited lifetime. When sensors consume all available source of 

energy they start to die and this causes energy holes and partitions in the WSN. When a 

mobile sink is used, sensors can conserve their energy longer, and depending on how the 

mobile sink moves across the network, a balanced energy consumption can be 

accomplished.    

3.1 Mobile Sinks and Mobile Sensors 

Many papers and studies have been presented that concentrate on how to use 

different mechanisms and strategies to address the efficient use of energy and extend the 

lifetime of the network. There are many mechanisms proposed in literature that uses 

mobility in WSNs to extent network lifetime. In [Yinying2009], authors provide a 
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classification and comparison of different approaches proposed. The authors classify the 

mechanisms into three categories according to the use of mobility: 

 Using mobile sinks 

 Using mobile redeployment  

 Using mobile relays 

 

Next, we present a summary of some on the related works that propose solutions 

using two of the mechanisms mentioned above:  mobile nodes and mobile sinks.  

In the case that the sensor nodes are randomly deployed and static, the nodes that 

are located near the sink consume more energy due to the additional load of forwarding 

packets on behalf of the other nodes located farther away. The main idea is to have a 

balanced load of energy consumption for all the nodes in the network in order to prolong 

network lifetime.  Several authors [Mirela2008], [Saamaja2010], [Liu2008], [Yang2007] 

and others proposed a mix of static and mobile nodes. The mobile nodes are assumed to 

have more computational and energy resources, so they can move to the areas where 

those resources are needed. In [Subramanian2006], the authors proposed a non-uniform 

distribution solution in order to have more sensors nodes near the sink, so that the data 

forward role can be distributed more efficiently among the nodes one hop away from the 

sink. They use rings areas around the sink to determinate the proper density, the rings 

closest to the sink are therefore highly populated in comparison to outer areas. 

  Lui and Ssu [Liu2008] mention that the uniform deployment of sensors is not the 

best way to save energy and extend the lifetime of the network. They proposed a solution 

that uses a non-uniform deployment of nodes under the assumption that every node 
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knows its own location, the position of the sink, the total number of nodes in the network, 

and the mobile capability. Nodes use multi-hop communication to relay data to other 

nodes, choosing the ones closest to the sink as the next hop. 

An algorithm for achieving a non-uniform deployment (MAND) of mobile 

sensors is proposed in this study. The objective is to achieve the desired density similar to 

[Subramanian2006], where the rings near the sink are densely populated. The sensor 

nodes calculate the distance to their neighbors based on Voronoi diagrams. The Voronoi 

diagram is also used to determinate the coverage area. 

MAND have the following phases:    

 Getting the neighborhoods information (position and distance) 

 Finding R (the appropriate distance between the node x and his closest neighbor) 

 Choose the target location for node x 

 Termination condition that allow the nodes to decide when to stop moving 

 

EMAND  is a variation of the previous method, where a new condition is added: 

the nodes always try to move to inner areas if the density is smaller in that area, and 

nodes in a specific area  should not move away from the sink if the density is still 

smaller. 

In Yang and Cardei [Yang2007], the authors consider the issue of initial 

deployment as a way to extend the lifetime network. The authors use the model of non-

uniformed distribution of sensor to achieve the desirable density in the coverage area in 

order to avoid holes near the sink. They assume mobile capabilities for the nodes, but the 

nodes can move just once.  



 

 32 

 

The proposed solution divides the monitoring area into a grid of R x R squares 

and then into coronas (sees Figure 5), so that if at least one sensor is located in each 

square, then the coverage is guaranteed. The nodes that are located on the outer coronas 

transmit messages to the inner coronas until the data reach the sink located in the center 

of the area.  

 

Figure 5.  (a) Division of monitoring area in coronas, (b) Division of monitoring area in 

           coronas and  R x R squares regions  

 

The study assumes the consumption of energy is proportional to the number of 

messages transmitted. Also, the sensor density in the inner coronas, closest to the sink, 

must be greater than that in the outers coronas. The sensors in each region form a cluster 

and each one designated a cluster-head. The cluster-head then determines the number of 

sensors in the cluster and sends the information to the sink. Upon receiving the 

information from each cluster, the sink calculates and decides a moving plan for the 
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sensors. The sink calculation is sent back to the cluster-heads which in turn informs the 

sensors of the movement they should take, containing the distance and direction.  The 

authors propose a centralized scheme that has two steps, the first one is to create a direct 

multi-flow graph that reflect the initial deployment and the second one is the calculation 

of the movements based on the multi-flow graph.    

Another study that shows how the lifetime of the network can be increased with 

the use of mobile sensors is [Cardei2008]. The authors proposed a solution for 

Movement-assisted Sensor Positioning (MSP). Similar to [Yang2007], the monitored 

area is divide into a R x R  square grid, and then the area is divided in coronas with the 

sink located at the center, see Figure 6(b). Sensors in each corona forward messages to 

sensors located in the next inner corona until the messages reach the smallest corona, 

from where messages are transmitted to the sink.  A region in a corona can be classify as 

source, hole, or neutral, and the objective is to have all the regions as neutral. The authors 

present three solutions for the MSP problem. The first one is a centralized Integer-

Programming approach [Yinying2009]. This method minimizes the distance that the 

sensors move. In each region a representative sensor is elected, that is in charge of the 

communication with the other sensors in the region and with the sink. The sink receives 

the information of the number of sensors in each region and calculates the desired 

number of sensors in each region depending on the corona where the region is located. 

The MSP problem is solved by calculating the desired density in each region base on the 

minimum distance that the sensor will move.  

The second approach presented is called the localized matching. The same 

scenario as the IP method is used, here a hole region broadcasts the number of nodes it 
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needs to became neutral. A source region reply to this broadcast by sending the number 

of nodes available in its region to move. The hole region plans which nodes to take based 

on the needed number of sensors and the distance that the nodes have to travel.  

In the last method, the authors propose a scan-base approach that is a distributed 

solution using the coronas-radius scanning mechanism. Here the network is considered to 

be virtually partitioned in coronas and sectors.. A first scan (called the corona scan) of the 

coronas is done to balance the number of sensors in the coronas. At the end of this scan, 

all regions in the same corona will have approximately the same number of sensors. 

Right after the first scan a second one (called the radius scans) is done and sensors are 

redistributed in the sectors according to the desired densities [Yinying2009].    

Another techniques used to increase network lifetime is using mobile sinks. 

[Aioffi] proposes a mobile sink and multi-hop communication strategy (MHS). Sensor 

nodes relay data of other nodes to the mobile sink and a density control mechanism is 

used to mantain the minumun amount of nodes active at a certain time. The MHS method 

partition the network in several trees where each node is at most N hops away from the 

tree root. At the same time, this division allows all sensors to be grouped in disjoint 

subsets. The mobile sink  has to visit each of the diferent subsets, more specific the root 

of the trees, in order to get the information collected by the nodes. The sink has a 

predefined route and acording to the authors, choosing an optimal route represents a 

challenge and has a strong impact in other metrics susch as delay and realibity. The first 

step that the sink takes is to form the trees and to decide the route that it will take in order 

to vistit or tour each tree. In the next step, the sink resolves the issue of density control 

and determines which nodes will be active in the next visit. When the sink visits a tree, 
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all the nodes receive the density control decision and send the data to the sink. When the 

data exchange is finished, the sink moves to next tree and the nodes turn off their radio as 

follows. If a particular node will not parcipate in the next tour, then it will turn off its 

sensing board and processor. Since not all the sensors in a predefined tree are active at 

the same time, energy is saved and therfore the lifetieme of the network is prolonged. 

Since the mobile sink knows the visiting time of each tree, it will notify all nodes about 

the time to be active for the next data exchance. 

Another study that uses a mobile sink to collect data and extend the lifetime of 

WSN is found in [Mirela2008]. This study considers a heterogeneous WSN that has static 

sensors uniformly randomly distributed with mobile sinks. The sensors relay data to the 

sink using multi-hop communication. Another assumption in the model is that all sensors 

have a communication range r and all the sinks have communication range R. The first 

part studies the case when all sink are static and located in the center of a hexagonal tiling 

with radius R, of the sensing area. For the energy measurement, the area is divided in 

coronas, and the sensors located in the outer coronas, far away from the sinks, relay data 

to the next coronas until the data reach the one near the sink, from where data is 

transmitted to the sink. The result of the simulation shows that the sensors near the sink 

suffer from a faster depletion of energy, therefore the WSN became partitioned and the 

lifetime of the network is shorter. 

To solve the above issue, the authors consider the use of mobile sinks and present 

different scenarios. In one of them, the sinks moves around the perimeter of the hexagon 

making a stop in each of the six vertices to collect the data from the sensors (see Figure 

6). The other case presented is similar to the previous one, but here the mobile sinks 
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make twelve stops, one in each of vertices and also in the middle of each side of the 

hexagon (see Figure 7). In both cases, the movement of the sinks are synchronized in 

order to maintain connectivity among all the mobile sinks. 

        

    Figure 6. Six stop points                 Figure 7. Twelve stop points 

 

In the final scenario, the authors developed distributed algorithms – Find Best 

Location and Decide-Sink-Movement – that allow free mobility of the sinks. The sinks 

remain connected at all times and the data collection procedure is made by rounds. In 

each round, each sink becomes a cluster head for all the sensors that are N hops away. At 

the end of each round, the sink takes into consideration the energy levels of the sensors 

one hop away in order to decide if it will change its location. If the energy level of its one 

hop away nodes is lower than a threshold, then an algorithm is invoked to decide the 

location where the sink will move. The new location is calculate by using the reply of a 

request broadcasted to n-hops away sensors, and the connectivity to other sinks.  The goal 

is that the new location contains energy-rich sensors and maintains connectivity with the 

other sinks. With this information, the sink decides the new location. Another criteria is 
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that the new location to be close to the current location, to avoid the sink traveling long 

distances. Thus, the best location will be in its own cluster. Experimental result shows the 

lifetime of the network increases significantly, when the sinks move in pre-determinate 

paths or in free calculated trajectories, compared to the static sinks case.  

3.2 General Comparison 

The simulation study in [Liu2008] uses as metrics the coverage of the area and the 

network lifetime. The network lifetime is computed as the number of rounds that can be 

accomplished using both EMNAD and MAND mechanisms. They are compared to other 

two static methods, VEC [Liu2008] and VOR[Liu2008]. EMAND shows a 10 % 

improvement and about 20 more rounds that VEC and VOR methods. When the 

simulation uses a higher rate of event occurrence, meaning a higher traffic of data, 

EMAND shows a significantly higher improvement of the network lifetime. The average 

result, according to the authors, shows a 60% improvement of lifetime for environments 

of high events rates. The simulations used 200 to 3000 sensors, monitoring a circular area 

of 12, 16 and 20 units, with coronas of 2 unit width, and flip choices of 1 to 3. On these 

scenarios, the lifetime of the network is extended and it gets near to the ideal level when 

sensors have multiple flip choices.   

In [Cardei2008], the study compared the three methods against uniform 

distribution of sensors in the same area. The result of simulations shows that when using 

all three methods the lifetime of the network is extended in comparison with a uniform 

distribution of sensors. The IP-based and localize matching method produce the best 

result and near optimal solution in comparison with the scan-base method. 
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The experimental results in [Lindsey2002] using the MHS method show that in a 

network with 400 sensors,  the lifetime of the network increase an average of 60% when 

compared with a routing tree algorithm with routing tree updated every 100s. 

In [Mirela2008] through simulations, the authors compare the performance of a 

static sink versus all tree proposed solutions: 

 

 With mobile sinks stopping in six positions. 

 With mobile sinks stopping in twelve positions. 

 With mobile sinks using the distributed algorithm. 

 

The best results are obtained in the case of sinks moving on the perimeter of the 

hexagon. When the sinks stop at the six points vertices, a 3.48 times of network lifetime 

improvement over the static sinks model is accomplished. The twelve stopping points 

shows a 4.86 and 1.39 improvement of the lifetime network, compared to the static and 

six -point model. As for the distributed algorithm solution, it has the best result in the 

simulation when sensors are deployed using a bivariate Gaussian distribution. In addition, 

using data aggregation with aggregation factors (f=0.25, 0.5, and 0.75) results in a greater 

network lifetime.  The study’s results confirm the advantages of using one or multiple 

mobile sinks compared to the static sink case, which results in an increased network 

lifetime.    

  

All the studies and research works mentioned above show that the use of mobility 

of WSNs components, such as nodes or sinks, improves the lifetime of the network. The 
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results show improvements that range from 10% [Liu2008] to 400% [Mirela2008]. When 

mobile sensors are used, the main issue it is how to reposition those sensors after the 

initial deployment. In general, the strategies that most of the studies follow [Liu2008], 

[Yang2007], [Cardei2008] is the implementation of algorithms that determine the density 

of nodes in different regions of the networks. Once these values are calculated, the sinks 

or the nodes move according to a plan. In the case of mobile sinks, the issues presented in 

[Aioffi], [Crossbow] are mainly related to the trajectory that the mobile sinks must 

follow. Different solution are proposed, but in all cases the sensors use multi-hop 

communication to transmit the data to a sink and they are usually grouped in tress or 

clusters. In some of the proposed scenarios, the sinks visit different cluster-heads or tree 

roots to collect the data from all the sensors. The mobile sinks therefore will have pre-

defined paths to follow or make their own calculations about the next location based on 

factors such as connectivity, residual energy of sensors, and so on.   
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4. Research Project 

4.1 General Overview 

The purpose of this research project is to implement a semi-autonomous data 

collection mobile sensing application on hardware equipment. Our objective is to : 

 Implement our application on a hardware testbed consisting of Crossbow 

mica motes and a Lego NXT mobile platform equipped with a Stargate 

gateway. 

 The mobile unit collects and reports data and also issues queries. 

 The mobile unit can adapt to the environment, such as avoiding obstacles.  

As we discussed in section 2, there are extensive studies in the field of WSNs 

investigating different algorithms and protocols for data collection. A data collector can 

be static or mobile. Using a semi-autonomous mobile data collector has as benefit 

extending network lifetime and can be used to collect sensor data in hardly accessible 

locations, partitioned networks, and delay-tolerant networks. The mobile unit can adapt to 

the environment, such as avoiding obstacles. The main challenge faced in the project was 

integrating different platforms: the Crossbow sensor hardware, Stargate, and the NXT 

MindStorm. Starting from this application framework, new and more complex 

applications can be developed. 
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The application that we designed and implemented is presented next. Mica motes 

are deployed to measure various parameters (e.g. temperature, light, etc.) and they 

transmit data when the mobile data collector comes into range. The data collector is 

composed of a Mica Mote that receives the data, the Stargate that transmits the received 

data to the user (Unix laptop) and the NXT robot which forms a mobile platform for the 

sink. The NXT responds to commands from the Stragate (pause, stop, start, etc.). Since 

the Stargate has a long range of communication (using IEEE 802.11 with range up to 250 

m), it can transmit data to the user who uses an user-interface to display the collected 

data.  Next sections present more details on the functions of all the components of the 

WSN and the implementation aspects.     

4.2 Hardware 

The Lego Mindstorms-NTX  

Legos Mindstorm NXT is the third generation of a product commercially 

available from Lego with the aim to educate and make it easier for students to build 

programmable robots. Lego, the company that produces NXTs, began the development of 

this “intelligent brick” in the latest 80’s in collaboration with the Massachusetts Institute 

of Technology (MIT). The first version of the Lego Mindstorm RCX (Robotic Command 

Explorer) was presented in 1998 at Toys Fairs in Nuremberg, London and New York. 

The second generation of the Mindstorm was launched in the United States, as a part of 

The Droid Developer kit and the Robot Invention System 1.5  in 1999. Later in 2009, 

Lego put on the market the third generation of the “intelligent brick” know as Lego 

Mindstorms NXT 2.0.[Brenal2009] 
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The basic kit comes with the NXT brick, sensors, servo motors, and a variety of 

Lego bricks and modular components (including wheels, etc.) that can be assembled in a 

variety of forms, such as robots with wheels and mechanical arms.  

The NXT intelligent brick [Lego.com], [Brenal2009] (see Figure 8) is the most 

important component of the Lego Midstorm kit. The NXT is the programmable brain that 

allows the robot to perform different operations and user commands. 

 

 

Figure 8. The Lego NXT “intelligent brick”. 

   

The NXT has a 32 bit-ARM7 micro-processor and a 8 bit co-processor 

[Terstegge2008], and the main board is capable of executing commands and addresses  

different ports. The NXT has a flash memory where the firmware is located. The 

firmware is in charge of running users’ programs. The original firmware of the NXT is 

based on National Instrument LabView code and provides a visual programing language, 

however many other alternatives such as leJOS (Java), RobotC (C language), nxtOSEK 
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(C language) , etc. can replace the firmware in order to run programs in other languages. 

The main board also has a 64 KB RAM (Random Access Memory) where several 

programs can be uploaded and stored. 

The general features of the NXT brick are [Lego]: 

 Motor ports – Three output ports for attaching the motor, used to provide 

mobility. 

 Sensor ports – Four input ports for attaching sensors. 

 USB port – Provides two way connectivity to a computer, to download programs 

to the NXT or to upload data from the NXT to the computer.  

 Bluetooth – Allows connection with other NXTs or devices (PDAs, smartphones, 

etc.) with Bluetooth capabilities. If the NXT is paired with a computer though 

Bluetooth, the same features as USB connection are possible with the advantage 

of not using a cable. 

 Loudspeaker – Build in speakers that allow to run programs with real sound. 

 Display – Monochromatic display that shows the menu commands, status of the 

programs, data, etc. 

Table 2 describes the technical aspects of the brick: 
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Processor Atmel®-32-bit-ARM®-Processor, 

AT91SAM7S256; 256 KB FLASH-

RAM, 64 KB RAM, 48 MHz 

Co-

Processor 

Atmel® 8-bit AVR, Atmega48; 4 KB 

FLASH-RAM, 512 Byte RAM, 8 MHz 

Bluetooth CSR BlueCoreTM 4 v2.0 +EDR; 

supports the Serial Port Profile (SPP), 

26 MHz 

USB USB-2.0-Port, 12 Mbit/s 

4 Input 

Ports 

The input port can be used as High 

Speed Port, according to IEC 61158 

Type 4/EN 50170 

3 Output 

Ports 

These ports are only meant for the 

servo motors. 

Display Dot matrix LC-Display; 60 × 100 Pixel, 

dimensions: 26 × 40.6 mm 

Sound Sound output with 8-Bit-resolution 

and a sampling rate of 2.16 kHz 

 

Table 2. Technical features of the NXT brick [Terstegge2008]. 

 

The NXT Mindstorm comes with a variety of sensors and servo-motors that can 

be plugged into the brick. Next, we present a brief description and the use of each of 

these components. (See Figure 9) 

Ultrasonic sensor – It provide the NTX with “vision” allowing to detect objects so the 

NXT can avoid obstacles. The sensor measures the distance in cm or inches in the range 

of 0 to 255 cm with a precision of +/- 3 cm. The ultrasonic sensor sends a sound wave 

and calculate the distance to the  object by reading the returning the sound wave that hit 

the object. It applies the same principle of sonars as radars. According to Lego 

[Lego.com], objects made of soft fabric or having curve shapes are difficult to detect. 
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Color sensor – This is another sensor that can be used to provide “vision” to the NXT.  

With the use of this sensor, the NTX can distinguish different colors but also light and 

dark. The sensor is capable of detecting 6 different colors and read the light intensity in a 

room. Typical applications that the NXT can run by using this sensor is to follow a color 

line on the floor, a beam of light, or to execute a command depending of the light 

intensity. 

 

 

Figure 9. The NXT brick, sensors and servo-motors[Legos.com]. 

 

 Touch sensor – This is the simplest among all the sensors in the kit. The sensor 

detects when it is being pressed or released. The NXT can change direction once it has hit 

an object, in the front or in the back, by using this sensor. 
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 Sound sensor –This sensor are the ears of the NXT, can detect decibels [dB] in the 

same range as the human ears, and adjusted decibels [dBA], where all sounds are 

measured with the same sensitivity. Therefore, in the second case, a larger range of 

sounds can be detected including the ones that are too low or too high for the human ear 

to perceive. The readings of the sound by the NXT are displayed in percentage, the lower 

the percentage the softer is the sound. The sensor is capable of measuring sound pressure 

up to 90 dB. One typical application for the NXT using this sensor is to execute a 

command when a sound in a predetermined frequency is detected.   

 Servo motor – The servo motor provides mobility to the NXT, each of the motors 

can be programmed to move independently or synchronized, so the NTX can move in a 

straight line or rotate.  The motors have a built-in rotation sensor that allows to control 

the NXT movement in an accurate manner. The rotation sensor measures the motor 

rotation with an accuracy of +/- one angle degree. The rotation sensor also allows for 

controlling the speed of the motors. 

  

Crossbow Stargate 

 Crossbow is the company that manufactures  the Stargate [Crossbow]. The 

Stragate is a single computer board that can process sensor signals. Crossbow received 

the licence from Intel’s Ubiquitous Computing Research Program to manufacturer the 

Stragate. The board is powered by a 400 MHz XScale processor that supports Intel’s 

Open Source Robotic and other implementation languages such as TinyOS for WSNs.  
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 The  Stargate development kit has two basic main components:  Stargate main 

board  and  Stargate daughter card  each of this components provide some of the 

functionality and features for the whole system. 

The main board as shown in Figure 10 (a), (b) has the following features 

[Crossbow2006]: 

 32-bit, 400 MHz Intel PXA255 XScale RISC processor.  

 SA1111 StrongARM companion chip for multiple I/O access.  

 32 MB of Intel StrataFlash.  

 64 MB of SDRAM.  

 1 Type II CompactFlash slot.  

 1 PCMCIA lot . 

 Reset button . 

 Real time clock.  

 Lithium ion battery option.  

 MICA2 and MICAz Mote capability, GPIO/SSP and other signals via 51-pin 

expansion  

connector . 

 I2C connector via an installable header. 

 

The Stargate mainboard can be used as standalone card and has the minimum 

functionality to deploy a WSN, and uses embedded Linux as default OS. For example, 

when a mote is connected to the mainboard, the card will get the power from the 2 AA 

batteries of the mote. The Compact flash or PCMCIA slot offers the possibility to 
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connect a wireless card (802.11), and then the Stargate can be accessed  remotely by the 

end user with a computer that also has wireless capabilities. The user can program the 

motes for a specific application. The 64 MB of SDRAM provide enough storage to save 

user programs and initialization scripts, and even a small version of a database 

(PostgreSQL), WebServer  (Apache) and Java Rutime can be installed. 

 

 

Figure 10(a). Stargate main board front view (SPB400CB). 

 

 

Figure 10(b). Stargate main board back view 
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The daughter card has the following features as shown in Figure 11[Crossbow2006]; 

 Wired Ethernet via a 10 Base-T Ethernet port  

 Host USB  

 JTAG port  

 External A/C power supply adapter  

 RS-232 serial port via DB-9 connector  

 

The daughter card is an expansion for the Stargate mainboard that provides more 

functionality. The Ethernet and RS-232 allow wire connection of the Stargate to a 

computer or a network. In that way, it can become just another node in the network 

and its resources can be easily shared with other computers in the network. This 

method also facilitates the programing, loading, and uploading of data to other 

machines. Though the use of the USB port, accessories such as Bluetooth, cameras, 

etc. can be attaches to the Stargate to enhance applications that use video and audio. 

The A/C power adaptor offers an unlimited source of energy, making easy for the 

Stargate to be used as a static sink that can be place in a strategic area where data 

from the motes can be collected. 
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Figure 11. Daughter card for the Stragate (SDC400CA). 

 

Micaz Mote and Sensor Board 

  The Micaz Motes Processor Radio (MPR2400) are also products from Crossbow 

family of sensor  and interface boards, designed for real word applications of WSNs 

[Crossbow2006], [Atmel2009].  The Micaz motes have an Atmel  ATMega 128L 

processor running at 7.37 MHz. The 128L processor is an 8-bit microcontroller that has 

128 kB on board programmable flash memory with Read-While-Write capabilities. The 

power of this processor can be compared to the original Intel 8088 CPU of the early 80’s. 

When the processor is in full operation, it consumes  8 mAh and 8μAh in sleeping node. 

The low power consumption of the motes allows them to run on 2 AA batteries for more 

than one year using sleep mode when the motes are not active.   

The micaz motes have 512 kB flash memory for data storage and 10-bit ADC 

converter to digitalize the analog data from the sensors. A 51 pin connector sensor 

Ethernet 

port 

USB 

port 

JTAG port 

port 

RS-232 

Serial 

port 

External A/C power  

supply adapter 
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interface allows the connectivity with a sensor board, capable of reading various 

measurements such as temperature, light, sound, etc.  As for the communication, micaz 

motes have RF transceivers  that use 2.4 GHz with maximum data rate of 250 kbit/sec. In 

addition, the motes use MMCX (micro-miniature coaxial) RF connector for the antennas. 

This transceiver allows the motes to send and receive packets in an area of several 

hundred feet radius and the average power consumption is around 2 μAh in sleeping 

mode, 12 mAH when transmitting, and 8 mAh when receiving data. Figure 12 shows the 

actual micaz mote and Figure 13 shows a diagram for the micaz mote. 

 

 

 

 

Figure 12. Micaz mote and some of its components 
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Figure 13. Micaz mote block diagram with processor, memory, and radio 

 

TheRF transmission power of the radio of the micaz motes can be programmed 

from 0 dBm (1 mW) to -25 dBm. The advantage of lowering the transmission power is to 

reduce interference and at the same time to reduce the energy consumption of the radio, 

dropping the power from 17 mAh (full power) to 8.5 mAh (lowest power).  Table 3 

shows the typical consumption power of the radio. 
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RF Power 

(dBm) 

Consumption 

(mAH) 

0 17.4 

-1 16.5 

-3 15.2 

-5 13.9 

-7 12.5 

-10 11.2 

-15 9.9 

-25 8.5 

 

Table 3. Power consumption of the micaz mote radio [Crossbow2007] 

 

Crossbow also produces a variety of sensor boards to be attached to the micaz 

motes. A typical sensor board has 5 different sensors modules that provide a diversity of 

options for WSNs applications. Some of the sensor modules include: (see Figure 14) 

 

 Light 

 Temperature 

 Acceleration 

 Magnetic  field 

 Acoustic (some have a microphone and a buzzer) 
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Figure 14. Sensor modules on a mica sensor board. 

 

The sensor board includes a 51-pin connector for connection with the micaz 

motes. Not all the sensor modules will be present in a sensor board, however some of the 

most common components are shown in Table 4 [UCL2002]. 

 

Module Component ID Company 

Microphone WM-62A Panasonic 

Sounder PS14T40A Sirius 

Accelerometer ADXL202JE Analog Devices 

Thermistor 

ERT-

J1VR103J Panasonic 

Light Sensor CL9P4L Clairex 

Magnetometer HCMC1002 Honeywell 

 

Table 4. Component of the typical sensor board [UCL2002] 

  

  

Photo-resistor 

Microphone 
Buzzer 

51-pin connector 

Magnetometer 

Accelerometer 

Thermistor 
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 An omni-directional  microphone WM-62A captures acoustic signals, the 

frequency ranges from 20 Hz to 16 kHz according to the manufacturer specifications. As 

it is mentioned in [UCL2002] before the signals are sampled, these signals are amplified 

and bandpass-filtered to the voice band.  The Acoustic output signals are generated by 

single tone 4 Hz buzzer (PS14T40A) that generate a 85 dB sound pressure level. The 

light reading is accomplished by the use of the CL9P4L 10 kOhm photo-resistor that 

made use of a voltage divider. Regarding the temperature readings, the sensor module is a 

negative temperature thermistor of 10 kOhm capable of detecting a  range that vary from 

-40 to 125 degrees Celsius. 

The Accelerometer can read 2-axis acceleration that uses raw analog output channel for 

X and Y directions.  A Honeywell 2-axis magnetometer allows the reading of the 

magnetic field.  

4. 3 Software 

 In our research project, the major challenge was the integration of different 

hardware and software platforms.  The aim was to use Java as a default programing 

language for the NXT and the Startgate. In this section, we discuss and present some 

aspects of the software platform that we implemented. 

LeJOS for NXT 

 LeJOS is an alternative for the original NXT Mindstorm OS [Brenal2009]. LeJOS 

uses the Java Technology and currently supports the Lego Mindstorm NXT and forgoing 

Lego RCX. The firmware replacement on the NXT brick includes a Java virtual machine 

so the brick can be programmed in the Java language.  Originally conceived by Jose 

Solorzano, the LeJOS project has grown into what is today an open source project with 
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many contributors and developers that made it possible to enhance and improve the 

support code for the RCX and NXT. The Java programming environment in LeJOS offers 

extensive class libraries for robots that support higher-levels function , such as, 

navigation,  behaviors, and multithreading for robotic programming. 

 LeJOS  Mindstorm NXT platform delivers the following solutions [Brenal2009]: 

 JVM for NXT 

 LeJOS API fro NXT 

 LeJOS PC Comms 

 LeJOS JavaME Comms 

 Lejos Tools 

 

Using LeJOS, it  is possible to develop projects using distrusted solutions, one in 

which part of the control of the system is in the NXT that uses LeJOS and the other in a 

PC using Java Standard platform, or Java Micro Edition for PDA and smart phones.  This 

is important since if any trouble arises during the execution of a routine, then both parties 

can take corrective measures to resolve the issue.  

LeJOS provides a diversity of packages, the basic of which are: 

Core Java packages – A subset of Java classes enough to develop and run any Java 

program. 

Communication packages – Offers communication support using the following protocols. 

 Bluetooth    

 USB 

 RS485 
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 I2C 

NXT package – Allows to manage the NXT brick, sensors, and actuators. 

Robotic package – Offers support for localization and navigation. 

A complete list of packages and documentation available for download are on the LeJOS 

project’s web site [LejosProject].( see also APENDIX A) 

 LeJOS platform is able to manage software in the NXT and the PC using the same 

programing language, Java. The project can be installed in any of the most popular 

operating system on a PC (Windows, Linux or Mac).  Since the base of LeJOS is Java, 

one of the pre-requirements needed is to install Java JDK (Java Development Kit). Once 

this is installed and the environment variables are setup, the LeJOS libraries, shell, 

command, utilities and project examples from the LeJOS project should be done. In case 

of the communication between  a PC and NXT using USB  connection, an open source 

library called LibUSB should also be installed and set up in the PC.   

  The next steps in the implementation of Lejos is to use the original drivers of the 

NXT provided by Lego and the LeJOS flash utility nxjflash. When the NXT is connected 

to the PC through the USB and the utility is executed,  the original firmware will be 

replaced automatically by the LeJOS firmware. With these steps, the NXT and the PC are 

ready to run the java program that allow communication, exchange of data, and the 

execution of programs and commands in the NXT. 

 

 The whole program has to be written in Java and it requires importing the library 

package of lejos.nxt.*, and depending on the specific application, some other packages 
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are required, such as lejos.nxt.comm (for communication), lejos.navigation (for 

navigation), etc. 

 One of the main differences when compiling a Java program for the NXT or for 

the PC is that for the NXT the LeJOS utility must be used in order to compile, upload, 

link, and execute a program. Next, we present a list of these utilities. 

 nxjc – compile a program. 

 nxjlink–link a program. 

 nxjupload–updload a program. 

 nxj–link, upload and run a program.  

 

TinyOS 

 All TinyOs code is wrote in nesC, which is a C programing language with more 

features in order to work with components and concurrency [TinyOS].  TinyOS is a 

Berkeley Software Distribution (BSD-licensed) and open source OS, which is designed 

for low power devices, such as the ones typically used in WSNs.  Tiny OS uses a centric-

communication and modular software model that is specially suitable for those kinds of 

networks where resources are scare and applications require the collection of data over a 

few to perhaps thousands of distributed hardware devices. TinyOS supports the 

implementation of data acquisition and processing as well as providing service for 

protocol events and asynchronous packets transfer. The design is focused on the event-

driven execution and component-based software. These characteristics provide a high 

degree of concurrency, robustness, and low power consumption, while making easier the 

implementation of different protocols and algorithms [Culler06]. 
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TinyOS started as a collaborative project between the University of California, 

Berkeley and the Defense Advanced Research Project Agency (DARPA) of the United 

States Department of Defense, which is in charge of over viewing the development of 

new technology for military purposes.  In 1999, the first TinyOS was development and 

implemented at UC Berkeley. In 2000, UC Berkeley partners with Crossbow, Inc . , who 

was in charge of manufacturing the hardware, and version 0.43 was made available to the 

public.  In April of 2002, a collaborative work between UC Berkeley and Intel Research, 

Cop. allowed the developed of the programing language nesC  (the programing language 

used to date). In September of 2002, TinyOS 1.0 using nesC was released to the public. 

From 2002, consecutive releases of version 1.x continued until the lasts one 1.1.15 was 

released in 2005. In June of 2004, a working group agreed to start the development of a 

new platform. This group gave its result on February of 2006 when TinyOS 2.0 beta1 is 

released at the 3
rd

 TinyOS Technology Exchange in Stanford, California. The latest 

version of  TinyOS 2..1.1  was release in April of 2010. [TinyOSWiki]. It has to be noted 

that the applications developed for TinyOS 1.x are not compatible with the version 2.x. A 

more detail history calendar of releases is shown in Appendix B.  

 In embedded systems, which are typically the case of WNSs, event-driven 

executions allow a single task to support several concurrent activities. TinyOS is based 

on that model. The system configuration is created by wiring all the component objects; 

this characteristic offers complete interfaces, system states, and concurrency. In TinyOS, 

there are also what is called primitive components that provide encapsulation for 

hardware such as radio, ADC, bus, timer, etc. The interfaces provide the hardware 
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operation and interrupts. Other higher-level components provide software encapsulation 

for commands, event signals, handlers, state variables, and threats. 

4. 4 Implementation 

The implementation of our experiment uses the hardware components mentioned 

in the previous sections: the Stargate board, the Lego NXT brick, and the Micaz motes 

with their respective sensor board attached.  

The Stargate is the main part of the whole WSN, through this board the end user 

can control the movements of the NTX. The Stargate has also one Micaz mote attached 

that allows for the collection of data from the other nodes. These data are then 

retransmitted to the PC, where the data are displayed in a continuous data stream in a 

command line interface. 

The Stagate, the NXT, and the mote combined, form a Mobile Node as shown in 

the Figure 15. The Stargate with the mote communicates and receives data from the other 

static motes using 802.15.4. The Stargate uses a compact flash wireless network card and  

communicate with the PC using IEEE 802.11. The end user logs remotely onto the 

Stargate and through the Linux command line can initiate the operation of the mobile 

node.  
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Figure 15. Components of the Mobile Node 

 

 The Stargate board is mounted on top of the NXT, as shown in Figure16 and 

Figure 17, and connects to it through Bluetooth. This is the mobile sink in the WSN. The 

NXT moves in a circular trajectory from an initial point, and  receives  instructions from 

the end user regarding the number of rounds, the radius of the circular trajectory, the 

number of stops (or the angle after each stop), and the time duration of each stop.  

When the NXT makes a stop, the Stargate sends a request to a static node within 

range through the mote attached to it, and the static node will reply by streaming the data. 

The Stargate will collect the sensor data from the node and relay the data to the PC later, 

when they get in range. Then the NXT will continue the predefine trajectory until the 

next stop or until all rounds are completed. This routing method is called store-carry-

forward using a mobile node.  
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Figure 16. Stargate Board mounted on the Lego NXT 

 

 

 

Figure 17. Distribution of sensor node and the movement of the NXT-Stargate 
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  The Micaz motes are used to monitor the light intensity and temperature using the 

sensor board MTS310. The light sensor in this board is composed of a CdSe photocell 

with a sensitivity of light wavelength of 690 nm. The light sensor is connected to the 

ADC1 (Analog-digital converter.)  When the  sensor detects  light, the output is near the 

full scale or VCC, and in absence of light, the output becomes GND or zero. The 

temperature sensor is a Panasonic thermistor configured as a simple voltage divider with 

mid-scale reading of 25 Celsius degree. As in the case of the temperature sensor, the 

readings of temperature are output to the ADC1. 

 

One scenario of the general operation of the mobile node is shown in the flow chart in 

Figure 18. The main steps are: 

The user logs remotely to the Stargate to establish a connection to the NXT. 

The user runs the utilities to start the programs for communication between the Stargate 

and the NXT, through the use of Bluetooth. 

 Once the communication is established , the user types the commands on the 

Stargate so the mobile sink  can start the program with a pre-defined  trajectory  

(circular path).   

 The user also executes a communication program in the Stargate. 

 The program in the Stargate asks the user to input the radius of the trajectory, the 

angle to be covered between stops, and the time that that the NXT will pause in 

each stop.  

 Once the program in the NXT is started, the mobile node follows a circular path, 

and it pauses for the time input at each stop. 
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 In each stop, the Stargate-Base mote will collect data from the static motes and 

stream the data to the PC using wireless communication 802.11. 

 The user will be able to see the collected sensor data from the each mote, using a 

GUI. 

 Once a round is completed, the user can decide whether to enter new trajectory 

parameter or to end both programs.  

 Figure 18, shows a general flow of the operation of the mobile node. 

 

 

Figure 18. Mobile node operation flow chart. 
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Basic operations - (programs and scripts of each component). 

The Stargate – Since the board is the main brain of the whole system, all interaction 

between NXT-Stargate,  Staragte-Base mote, and Stargate-PC are centralized. In order to 

accomplish all the communications and data exchanges, different programs and scripts 

needed to be used: Lejos, Linux, and Java. Following is a description of implementation 

of each one. 

Stargate-NXT:  When the Stargate boots, a time synchronization is attempted, since the 

Stragate does not have a battery powered backup for date and time. The default date and 

time is January 1
st
 1970, 0:00:00. In order to allow Bluetooth communication between the 

Stargate and the NXT, a script loads the default communication modules: bluez and 

hci_usb, as shown in Figure 19. This is done through the execution of a script called load-

bluetooth.  Since the Stargate sends command to the NXT through java programs and 

Lejos’ utilities, a java virtual machine for ARM platform has to be installed. This java 

virtual machine has all the basic libraries and classes. The Lejos  libraries also were 

copied into the Stargate, as well as  arm-cross compiled Lejos’ utilities that allows java 

bycode to be linked, uploaded, and executed in the NXT through the Stargate. 

 



 

 66 

 

 

Figure 19. Operation and execution sequence of the Stargate-NXT. 

 

Stargate-Base mote: A micaz mote is connected on top of the Stargate through the use of 

the 51 pin connector. The Stargate by default has all the functionally to support the 

operation of the mote, that becomes the Base mote, and which will collect data from the 

other motes. The communication between the Stargate and the Base mote is done through 

the opening of the serial port 9002, dev/tss /02 in the Stargate. The Base mote has a 

modified program TinyOSnesC that connects to other motes, sends a request, and collects 

the sensor readings based on the ID of the motes. The Base mote has a default ID 0, while 
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the static motes where programed with IDs 10, 20, and 30. The Stargate executes a java 

Listen program that streams the collected data from the Base mote to the PC. Figure 20 

shows the flow execution of program in the Base mote on the Stargate. 

 

Figure 20. The Base Mote execution program and sequence. 

 

Stargate-PC:  The communication between the Stargate and the PC is through the use of a 

wirelesses 802.11 PCMCIA card on the Stargate and the wireless build chip in the PC. 

The PC uses a modified java program, called TCPServer, that reads the data stream sent 

by the Stargate. The data stream has the readings from different motes and the TCPServer 

program displays all data for light and temperature values. Figure 21 (a) and (b) shows 

the flow of execution programs. 
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                           (a)           (b) 

Figure 21. (a) Stargate executes sf and LowPowerSensing program to stream data. 

               (b) The PC executes the TCPServer java program to display the data. 

 

The NXT – In order to use Lejos to program the NXT and allow communication with the 

Stargate, the original firmware of the NXT was erased and replaced by the Lejos 

firmware. To compile and link programs for the NXT, we used a host Linux base PC 

where all the libraries and necessary Lejos and java package were installed. A program 

written in java must always be compiled and linked in the host computer and then 

uploaded on the NXT. In our experiment, the program in the NXT is called Circular.nxt. 

This is a simple a modification of the Send program that is used for testing Bluetooth 

communication between the NXT and another device with Bluetooth capabilities. The 

main function has the same structure as a regular java program, where the variables for 

radius, angle and time are defined and initialized. The program uses an instance of 
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TachoPilot part of the lejos.robotic.navigation package. TachoPilot needs the diameters 

of wheels, the distance between them, and the motors that control the movement of the 

NXT. 

The program opens an instance of the BTConnection that waits for others devices 

to connect to the NXT. Once the Bluetooth connection is established , instances of data 

stream (input and output) allow the interchange of data between the NXT and the 

Stargate.  Upon receiving the data, the NXT echo the parameters and starts executing the 

circular movement using the Arc method that executes a circular trajectory with radius r, 

until an angle a is covered. After this is done, the program uses the pause method to stop 

the NXT for a time t, and then continues the circular path until a full or part of the circle 

is completed. The number of stops is determinate by the integer value of 360/angle. 

When the program completes a full round, it waits for the Stargate (User input) to send a 

new parameter or to end the execution. 

The Motes  –  Motes are programed using the TinyOs nesC. Each mote is running the 

same image executable, with the only difference that each mote has a different ID. The 

main application is based on the TinyOS LowPowerSensing application. This executable 

uses different components available in nesC , such as SamplePeridicLogC,  

ActiveMessageC,  AMSender,  AMReciever, etc.  A Sampler application gets the 

readings of temperature and light from the sensor board, and then logs them to the 4MB 

flash EEPROM that serves as a storage device for the mote. The application waits for the 

base station mote to request to stream out the contents over the radio link. Once the data 

packets are sent to the base mote, the flash storage becomes empty and the mote stars 
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writing new sensor readings into the EEROM.  Figure 22 shows the program execution 

sequence in the static motes. 

 

Figure 22. Static motes execute  Sampler program to Log sensor readings and send data 

after receiving a request from the Base mote 
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5. Results and Comparison 

5.1 Experiment Results 

As explained in the previous section, the implementation of the experiment was set 

up in a way that allowed the interconnection of the functionality of all the components of 

the WSN for the sensor readings, temporary storage, transmission between components, 

processing and displaying of data collected from the sensors mounted in each mote.  

The test was set up in a controlled environment, within a room. Three Micaz motes 

with a sensor board attached to each one were put in a triangular equidistance of 4 meters 

from the center of the circumference that the NXT-Stargate node covered. The receiver 

computer was located 10 meters away from the Stargate. This is a shorter range since the 

wireless 802.11 allow for a range of up to 250 meters.  

The NXT-Stargate was tested with a predefined circular path without involving the 

use of ultrasonic or touch sensors that detect and allow obstacles avoidance. The initial 

values for one round are sent from the PC, to the Stargate, and from here to the NXT. 

Figure 23 shows the values received by the NXT which then echo them back to the 

Stargate. 

The Figure 23 shows the values received by the NXT  through the Stargate, and these 

parameters are used when executing the next round:  
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 Radius, r = 50 cm 

 Angle, a = 60 degrees 

 Pause time, t = 10000 mili-seconds  

 

                        

 

             NXT          Stargate Command Line   

Figure 23. Menu for the NXT and Stargate Command Line 

 

Each of the Micaz motes is assigned an ID which is used to identify each mote. The 

mote mounted on the Stargate acts as the Base station and it has ID: 0. The other remote 

motes have IDs: 10, 20, and 30, respectively. The Micaz motes run the The Sampler 

program writes the reading of temperature and light to a data log onto the flash memory. 

Data is acquired from the sensors every 3 seconds interval. A low power transmission 

was set up when the image nesC program was transferred to the motes. As soon as the 

motes are placed in their respective locations and powered on, the motes started acquiring 

the reading from the sensors and data values are written in the flash memory.  
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A utility provided in one of the nesC libraries, called sf(serial forward) cross-

compiled for the ARM platform in parallel with the LowPowerSensing application, are 

executed on the Stargate to allow the collection, display of the data from the motes and 

relay of collected data to the PC. The LowPowerSensing uses a TCPClient method to 

establish a connection to the PC. Once this connection is established, all the packets are 

transmitted to the PC for displaying the collected readings in each remote mote.  The data 

are originally in hexadecimal values, however the LowPowerSensing program calls the 

SerialRequestSample java program that queries data from each node, and converts the 

data to a string message that corresponds to the data for each mote, as shown in the 

Figure 24.  

 

 

Figure 24. Stargate receiving data from sensors 
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The BaseStation mote, as explained in the implementation section, was mounted on 

the NXT-Stargate. This mote runs the BaseStation program, collects the data packets 

from each of the remote motes, and uses the Stargate to relay those packets to the PC. For 

the remote motes, the functionally was tested using the raw_listen to verify that the 

packets with sensor data were actually collected. The actual program on the BaseStation 

sends beacons to the remotes motes to establish a hand shake connection. Once the mote 

IDs are confirmed, the collection of data starts to take place, even if the NXT-Stargate is 

still moving. In most of the cases, the stops that the NXT make serve as a buffer so that 

the Base mote is able to collect the available data form the data logs of the remote motes. 

The collection data takes place in a circular order, that means in rounds. In each round, 

the data was collected according to the remote mote ID: 10, 20, and 30 in ascending 

order. 

The communication between the PC and the Stargate was configured using IEEE 

802.11 ad-hoc network and was set up with fixed IP addresses. The receiving PC acts as 

the host of the system for the immediate display of the data received from the Stragate. 

When the SerialForward(Sf) program is executed on the Stragate, it opens a port so the  

Stargate communicates with the Base mote that communicates with the other motes and 

queries them for the collection of data. This channel uses the port 9002 as the default, and 

the packets then begin to be transmitted from the Stargate to the PC once data is received. 

We use the TCPServer java program to allow the display of the data from three different 

motes. This Java application is a command line user interface that allows the display of 

data collected. In the Figure 25, we can observe the display of the data collected for the 

temperature and light intensity in the three remote motes. 
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Figure 25. TCPServer application showing data readings from the motes 

 

Since the communication of the NXT-Stargate-motes-PC is possible through the 

use of different applications, programs, and utilities, other advantages of this project can 

be summarized as follows: 

 Remotely upload, link, and run new programs in the NXT and Stargate. Users are 

able to remotely log in to the Stargate and are able to upload and link programs in 

the NXT as needed. Using this framework, new applications can be developed on 

the fly, and the existing one can be changed according to environmental 

conditions. 

 The Stargate-based mote also provides a flexible way to upload new nesC 

programs to the base mote. Parameters can be changed on the fly too, and 

depending on the application running on the remote motes, other parameters or 
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settings can be chosen, without requiring to physical bring the mote to the user in 

order to be re-programed.   

5.2 Challenges/Issues/Limitations 

During the implementation of this project, the most challenging part  was the 

integration of the different platforms: Lejos for the NXT, embedded Linux for the AMR-

Stargate, and nesC for the Mica’s motes. In addition, the communication between the 

different platforms and components was very difficult and challenging.  

The NXT, as shown in Section 4.2, came with its own set of programing language 

and firmware based on National Instrument LabView code. The NXT native firmware 

was replaced by the  LejOS firmware in order to work with the Lejos framework and to 

run programs written in Java. The biggest and most notable issue was the communication 

between the NXT and the Stargate. The NXT has build-in hardware features that in 

theory allowed for communication through the use of USB and Bluetooh.  

In our case, the first approach that we tried was to establish the communication 

through the use of the USB, but this method did not work. The problem lied in the native 

driver designed for Windows OS, since there was no existing driver for Linux systems. A 

generic one was first tested on a Linux base PC through the use of the libusb, that is a 

collection of user-mode routines and libraries to control data transfer to and from the 

USB devices on Unix and Linux. In the PC, we were able to run the LejOS utilities, and 

also to compile, link and upload a series of test program for the NXT. However, during 

the implementation of this library, after being cross-compiled for the ARM platform, in 

order to be used on the Stargate, the approach taken did not work. The Stargate was able 
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to successfully recognize the NXT as USB device attached to it, but no adequate 

communication was accomplished between both devices.  

The second approach we tackled was the use of Bluetooh in order to have the 

NXT and Stargate establish a proper communication. As in the case of the USB, the 

cross-compiled libraries for the ARM platform such as libusb and hcid, were installed on 

the Stargate. This method worked in our case. The libraries and support files, with the use 

of several scripts allowed us to upload and link the different Java programs written for 

the NXT. The biggest limitation was the fact that the Stargate and the NXT could not be 

paired as in the regular communication between Bluetooth devices. This was possible 

only through the loading of Bluetooth modules and the use of the hcid daemon 

communication. In that regard, also the Bluetooth communication methods provided by 

the LeJOS framework have to be used in different programs that run on the NXT and on 

the Stargate.  

The Stragate came with default libraries and utilities (such as Wonka and CDC) 

and was supposed to offer a seamless implementation to allow the execution of Java 

based application for the NXT or the motes. An issues arose when trying to run the Java 

programs written to send or receive data to and from the NXT, or for communication 

with the motes. In order to resolve this issues, a new Java virtual machine had to be 

installed on the Stargate and a script that runs it had to be used.  
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6.  Conclusion 

As we mentioned in the first section, the main issue in WSNs is the conservation 

of energy on the sensors in order to maximize the lifetime of the whole network. The 

work and experimental results on this thesis demonstrated the basic concepts of the use of 

mobile sinks in WSNs. Our proposal of the use of a mobile robot that carries the data 

collector, and receives specific commands from a user was accomplished by the 

development of applications that integrates different platforms.  

The results showed that a practical application can be implemented with the 

integration of heterogeneous software and hardware platforms.  The use of a mobile data 

collector in theory can extend network lifetime and can be used to collect sensor data in 

hardly accessible locations, and partitioned networks. Since the mobile data collector is 

able to move to different locations, this hardware prototype implementation demonstrates 

the benefits of using a mobile data collector in a WSN and could be used as a reference in 

developing future applications for mobile WSNs. 

In summary, the work on this thesis was able to: 

o Study of the benefits of using mobile sinks for data collection in WSNs and 

proof of the concept. 

o Development of  applications that uses multiple hardware platforms to build 

the mobile sink application: Lego NXT, Stargate, and Mica motes. 
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o Development of the software to interconnect these platforms and to gather the 

sensor data. User can retrieve the sensor data, and can give additional sensing 

commands through the mobile sink. Also re-programing some of the 

components remotely is possible, without the necessity of physically bringing 

those components to the end user.   

o Demonstration of a basic prototype. 

6.1 Further Studies 

Our prototype on mobile data collector in  WSNs can be extended to many other 

applications. In this work we mainly focused on the basic implementation of a prototype 

that was able to follow a pre-defined circular path, collect data from static sensors, and 

display it on the PC.  

However, the NXT-Stargate-Mica combination can be applied to many practical 

applications developed for the of a mobile NXT-Stargate data collector. Next, we present 

some of the more pertinent and practical development that can be implemented with this 

prototype.  

 Implementation and testing of new protocols for WSNs. Since the basic 

programing language used for the communication between the components was 

Java, this offers a flexible approach that can be used for the development and 

testing of new routing protocols in WSNs. For example, several units can be 

implemented to communicate with each other and coordinate their moves 

accordingly. In this way the WSN can be partitioned in several regions of interest
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and mobile data collectors can go to specific location as autonomous entities.   

 Retrieving data through the Internet. Since the Stargate has wireless capability of 

being connected to the Internet, the development of applications that 

remotelyconnect to the Stargate and are able to retrieve and collect the data 

through the Internet is very conceivable. In our case, it was the PC that connected 

ad-hoc to the Stragate, but in a more general scenario, sensed data is stored on the 

Internet. Users from different location can then access the data remotely, using 

various web-based technologies.  

 Provide vision to the mobile units. One of the capabilities that can be 

implemented in the Stargate is the use of a mounted camera that offers the end 

user the possibility of  vision. In this way, the mobile unit can be remotely 

controlled according to the surrounded environment, offering a more efficient 

way of collecting data from the sensors. 
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Appendixes 

Appendix A 
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Appendix B [TinyOSWiki] 

 

The list is presented in the reverse chronological order 

 

 April 2010: TinyOS 2.1.1 released. 

 August 2008: TinyOS 2.1.0 released. 

 July 2007: TinyOS 2.0.2 released. Work on TinyOS 2.1, which involves slight 

changes to a few interfaces, begins. 

 April 2007: TinyOS 2.0.1 released at the 4th TinyOS Technology Exchange in 

Cambridge, MA. 

 November 2006: TinyOS 2.0 released at the SenSys conference in Boulder, CO. 

 July 2006: TinyOS 2.0 beta2 released. 

 February 2006: TinyOS 2.0 beta1 released at the 3rd TinyOS Technology 

Exchange in Stanford, CA. 

 December 2005: TinyOS 1.1.15, the last 1.1 version, is released. 

 July 2005: NEST project concludes. 

 June 2004: Working group forms on next steps for TinyOS, based on experiences 

porting to new platforms. Group agrees to start work on 2.0. 

 September 2003 - December 2005: TinyOS begins a periodic minor release 

process. 

 August 2003: TinyOS version 1.1 is released, which includes new nesC features 

including data race detection. 

 September 2002: TinyOS version 1.0, implemented in nesC, is released. 

 April 2002: Work on the nesC programming language begins as a collaboration 

between Intel Research and UC Berkeley. 

 February 2002: Berkeley distributes 1000 mica nodes to other participants in the 

NEST project. 

 2001: Berkeley develops the mica platform and releases TinyOS version 0.6. 

 2000: Berkeley designs the rene platform and partners with Crossbow, Inc., who 

mass produces the hardware. TinyOS version 0.43 is made available to the public 

via SourceForge. Pre-1.0 versions of TinyOS are a mix of C and Perl scripts. 

 1999: First TinyOS platform (WeC) and OS implementations are developed at 

Berkeley. 
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