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ABSTRACT 
 

With the technological advances in the wireless sensor networks, there is increasing interest to 

connect them to the Internet to share real-time measurements from WSN nodes to “anyone, 

anywhere, any time.” IETF (Internet Control Message Protocol) has proposed standards that will 

enable IPv6-based sensor networks. Recent research has studied the performance of routing 

protocol (and standard) working on IPv6 for WSN (i.e., RPL (Routing Protocol for Low-power 

and Lossy networks) and 6LowPAN (IPv6 layer over low-power wireless personal area networks 

(LoWPAN)) in TinyOS for statically distributed WSN and showed its comparative network 

performance with respect to the de facto routing protocol standard for TinyOS and WSN. This 

thesis extends such research effort to study the effect of node mobility on the performance of 

routing protocol (RPL on 6LowPAN). Original RPL implementation in TinyOS has to be modified 

to accommodate node mobility. Results from the experiments show that mobility does have 

negative effect on network latency and packet delivery ratio. In summary, we observe the pattern 

that the higher the speed of the mobile node, the worse the network performance. The conclusion 

is that the current RPL routing protocol and standard can only be used in a mobile network 

environment with low speed mobility. Suggestions on how to modify and improve RPL to be used 

in a mobile environment are listed based on my experience in implementing and evaluating RPL 

on a mobile sensor network. 
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Chapter 1 Introduction 

 

1.1 Motivation 

From much analysis of routing requirements by the ROLL working group, we can imagine the 

increasing demands cannot be satisfied in Urban Networks, Industrial Networks, Building 

Networks and Home Networks. The ROLL working group has determined through research that 

these are the major application areas for such networks. Examples will be shown from RFC 

documents to introduce the requirements of mobility in wireless sensor networks. In the Urban 

Network RFC, it explained that  ‘The routing protocol(s) should be able to dynamically adapt, e.g., 

through the application of appropriate routing metrics, to ever-changing conditions of 

communication (possible degradation of quality of service (QoS)), variable nature of the traffic 

(real-time versus non-real-time, sensed data versus alerts), node mobility, and a combination 

thereof, etc…’. [1] In the Industrial Networks, wireless workers are fitted with a PDA in order to 

be able to accomplish more work in less time than the senior, better-trained workers. The worker 

will be wirelessly connected to the plant IT system to download documents, instructions, etc. and 

will need to be able to connect ‘directly’ to the sensors and control points in or near the equipment 

on which he or she is working. It is possible that this ‘direct’ connection could come via the normal 

LLNs data collection network. This connection is likely to require higher bandwidth and lower 

latency than the normal data collection operation. The routing protocol should support vehicular 

speeds of up to 35 km/h (≈ 22 mph) in some field devices which may be located on moving parts 

such as rotating components, cranes or fork lifts. [2] In the Home Networks, although we know a 

lot of devices are fixed, there are still a number of mobile devices, (such as some wearable 

healthcare devices and remote controls). While healthcare devices delivering measurement results 

can tolerate a couple of seconds delay (due to routing discovery or other factors), users will clearly 

feel the delay in response when using the remote control if its delay is more than 0.5 seconds. More 

and more mobile devices are used at home, such as vacuum cleaner robot, a safety-off switch on 

an iron and the wireless chime of doorbell. [3] In the Building Environment, wireless location 

tracking of occupants and assets is gaining favor. Wheelchairs require monitoring movement with 

granularity of a minute in medical facilities; however, tracking babies would require latencies less 

than a few seconds in a pediatric ward. [4] Cost savings and performance enhancement for location 

communications are the two important reasons the number of mobile wireless sensor board 

(MWSB) will increase in the future. Users will try to find an economic incentive to utilize free 

services or other alternative low cost services whenever possible.  Additionally, some carriers have 

released their own Wi-Fi networks. All these efforts will enable the seamless connection between 

mobile wireless sensor networks and other networks (WIFI, Ethernet, and Cellular).  
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1.2 Project Goals 

In this thesis, our goal is to implement the Wireless Sensor Network stack on T-Mote Sky board 

in Micro-mobility. In the designed system, T-Mote Sky nodes can run TinyRPL and Blip 2.0 on 

the WSN stack, which can communicate with intermediate nodes via multi-hop routing to edge 

routers and other sensor nodes using RPL routing protocol in the network. RPL [5] is a Distance 

Vector Routing Protocol designed for LLN. From [6], we know the DSDV algorithm is a Distance 

Vector (DV) based routing algorithm designed for using in MANETs, which are defined by 

Perkins et al. [7] as the ‘cooperative engagement of a collection of Mobile Hosts without the 

required intervention of any centralized Access Point (AP)’. We use UDP echo to measure the 

end-to-end parameters (Packet Delivery Ratio and Latency) between the mobile node and edge 

router. From Figure 1.1, we know there are two kinds of mobility in WSN: Micro-mobility, which 

refers to movement of the node within the same subnet (non-changing LoWPAN network) and 

Macro-mobility, which is the movement of a node from one edge router to another moving in 

another subnet (changing LoWPAN network). All these measured parameters will be gathered by 

laptop and relayed to the Wireshark application tools, which are used to analyze the parameters of 

the mobile node at different moving speeds. In an ideal environment, we can surmise whether the 

IPv6 based RPL is suitable for high speed Micro-mobility. We hope the results and conclusion of 

this thesis can be regarded as reliable support for other researchers on this topic. 

 

Figure 1.1 Node Mobility 

 

1.3 Challenge in Mobile WSN 

With the expansion of wireless sensor nodes used, more and more sensor nodes need to be 

equipped into a mobile environment, not just in a static condition. An efficient and robust routing 
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network that has inherent low latency and high reliability needs to be developed to adjust for urgent 

demand. A significant challenge would be to improve a routing protocol algorithm for Mobile 

Wireless Sensor Networks using IPv6 that will increase the Packet Delivery and lower the Latency 

of the network than is currently shown in this thesis.  

 

1.4 Thesis Outline 

This thesis consists of 6 chapters. The Introductory Chapter is a brief introduction of the thesis 

about our motivation for the research, project goals to be met and routing protocol challenge in 

mobile WSN we intend to bring to light. In Chapter 2, we give an overview of MANET and 

Wireless Sensor Networks, comparing the features of each of them. The supported sensor software 

operation system and hardware are also introduced in detail, including the components used and 

why, as well as an overview of radio communication the system uses in details and comparison of 

the Internet Protocol.  After giving an overview of the sensor network background, Chapter 3 

describes a proposed standard for IPv6 on sensor networks. We describe wireless sensor network 

stack in detail, including different functions and data processing. The 6LoWPAN layer is shown 

as a bridge from the Media Access Control (MAC) layer to the Network layer and how it works. 

Then the functions of the Network layer and Transport Layer are discussed. The Experiment Setup 

is the subject of Chapter 4, what tools we use and a detail implementation of this stack are 

presented. Chapter 5 presents the results from performance analysis based on real measurements 

from the experimental setup. Finally, Chapter 6 summarizes the thesis, draws conclusion with 

performance analysis results and indicates directions for possible future research and projects. 
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Chapter 2 Background 

 

In this Chapter 2, we introduce the conception of MANET and WSN, then compare the features 

of both network. We can find many common design requirements between the two networks. In 

section 2.2 and in section 2.3 we need use the sensor operation system-TinyOS, program language 

NesC and T-Mote Sky node in our experiment. Basic summarized knowledge about 802.15.4 and 

ZigBee will be described in section 2.4. The enhancement of new network protocol IPv6 will be 

known in the section 2.4. 

 

2.1 MANET and WSN Overview 

What is MANET? 

Stands for "Mobile Ad Hoc Network." A MANET is a type of ad hoc network that can change 

locations and configure itself on the fly. 

What is WSN? 

Wireless sensor network (WSN) refers to a group of spatially dispersed and dedicated sensors for 

monitoring and recording the physical conditions of the environment and organizing the collected 

data at a central location. WSNs measure environmental conditions like temperature, sound, 

pollution levels, humidity, wind speed and direction, pressure, etc. WSNs were initially designed 

to facilitate military operations but its application has since been extended to health, traffic, and 

many other consumer and industrial areas. [8] 

The comparison of MANET and WSN 

From the features of MANET and WSN, there are many commonalities: Self-organization, energy 

efficiency, wireless multi-hop and dynamic topology. Probably the main reason why WSNs 

immediately resemble an ad hoc network is because both are distributed wireless networks (i.e., 

there is not a significant network infrastructure in place) and the fact that routing between two 

nodes may involve the use of intermediate relay nodes (also known as multi-hop routing). Besides, 

there is also the fact that both ad hoc and sensor nodes are usually battery-powered and therefore 

there is a big concern on minimizing power consumption. Both networks use a wireless channel 

placed in an unlicensed spectrum that is prone to interference by other radio technologies operating 

in the same frequency. Finally, self-management is necessary because of the distributed nature of 

both networks. In the end of this sub-section, we attached comparison result in Table 1. 

The Feature of MANET 

1) Decentralized 

Ad Hoc Network has no strict control center. The status of all nodes is equal, so it is a peer-to-peer 

network. Any nodes can join and leave network at any time. The fault of any node will not affect 

the operation of the entire network, which has a strong anti-destroying ability. 
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2) Self-Organization 

Ad Hoc Network’s layout and expand don’t need to rely on any default network infrastructure. 

Nodes can coordinate their behavior by the layered protocol and distributed algorithm and 

automatically set up an independent network very quickly. 

 

3) Multi-hop Routing 

When the node needs to communicate with another node outside the range, it has to forward the 

packet in multi-hop. Unlike the multiple hop in traditional network, the multi-hop routing in the 

Ad Hoc Network is done by the normal nodes, rather than by a dedicated routing equipment (such 

as a router). 

4) Dynamic Topology 

Ad Hoc network is a dynamic network. The network topology will be changed at any time by 

movement, start-up and shutdown. These characteristics bring obvious difference between Ad Hoc 

network and normal cellular mobile communication network in architecture, network organization 

and protocol design. 

 

5) Limited Energy 

The requirement of mobility limits the energy consumption in the Ad Hoc Network. Energy-

conservation control mechanism can be used to adjust the power of the mobile node and intelligent 

dormancy mechanism also can reduce the power of routing in order to conserve the energy. 

 

The Feature of WSN 

1) Self-Organization 

Deployment of wireless sensor nodes do not need any network infrastructure. Sensor nodes, it can 

help to adjust itself and the distributed algorithm, can be performed quickly and automatically 

open after an independent network of nodes. Wireless sensor network (WSN) is a kind of equality 

of the network. 

 

2) Dynamic 

Sensor nodes will exit network formation, because of the exhaustion and other failures in the 

battery. It is possible that some of the new sensor nodes are mobile or join a network because of 

mission requirements. These will lead to the network topology structure changed, thus the topology 

of wireless sensor network must have reconfigure functions, dynamic and self-adjustment. This is 

a difficult field in the research. 

 

3) Battery energy 

The protocols and algorithms should to be considered for battery energy conservation in advance 

because sensor nodes are often abandoned because of the power exhaust. Additionally, 

transmitting data information consumes more energy than the implementation of computing. 

Therefore, how to save power in process of network run so as to maximize the lifetime of wireless 

sensor network is a problem we have to face.  

 



- 6 - 

 

4) Computing Capabilities 

The program space and memory space of the sensor is very limited because of cost, size and battery 

power consumption. 

 

5) Multi-hop Communications 

If one node need communicate with the nodes, which is beyond the coverage of the node’s radio 

frequency. It must transmit data through the intermediate nodes by multi-hop route. The traditional 

wired network multi-hop route is used the gateways and the routers to achieve. Not only the nodes 

of WSN act as data collector and sender, but also do it acts as the information router. 

 

Table 1 WSN vs. MANET [9] 

 
 

2.2 TinyOS and NesC Overview 

TinyOS is a free software and open source software component-based operating system and 

platform targeting wireless sensor networks (WSNs). [10] It is developed by UC Berkeley 

(University of California, Berkeley). Component-based Architecture makes it possible to have a 

quick update, which also can reduces the code length by limitation of sensor network storage. 

TinyOS components include network protocol, a distributed server, sensor driver and data 

identification. Its excellent power management is from event-driven execution model, which also 

allows scheduling flexibility. TinyOS has been applied to multiple platform and TinyOS sensor 

panel. An illustration of the relations between components and interfaces is in Figure 2.1 [11] 

 

Figure 2.1 NesC Components and Interfaces 
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 TinyOS operating system, libraries and service program is written in NesC 

 NesC is a component construction program language 

 NesC is a C syntax style language, but it supports concurrency model of TinyOS, which 

becomes a robust embedded network by organizing, naming and connecting components. 

 NesC application consist of components, which are defined by bidirectional interfaces.  

 NesC defines a concurrent model based on tasks and hardware events. 

As Professor Levis said, ’TinyOS is interesting for two reasons. First, TinyOS started as an 

academic research project that transitioned to significant success and impact outside academia like 

project of Open Flow [12] and Xen [13] [14]. It managed to make this transition while 

simultaneously remaining a lynchpin in the research community. Second, TinyOS differs from 

these examples in that it is a successful, principled, and novel operating system for a new class of 

computing devices’ Figure 2.2 shows a timeline of TinyOS development from 1999 to 2010, 

including some technical and important organizational events. 

 

Figure 2.2 Timeline of major Events in TinyOS Development from 1999-2010 [15] 
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In Figure 2.3, Philip Levis introduces TinyOS with the timer service as a slightly less extreme 

example, which can help us effectively understand something about TinyOS. Grey boxes with 

solid lines are modules (executable code), while white boxes with dashed lined are configurations, 

components which connect other components together. AlarmCounterP exists to transform its 

hardware-independent into specific chip implementation (Atm128AlarmAsyncC). 

 

Figure 2.3 Component Structure for the TinyOS 2.x Timer Implementation [15] 

 

2.3 Hardware Platform 

2.3.1 T-Mote Sky Node 

As Figure 2.4 shows, T-mote Sky is the next-generation mote platform for extremely low power, 

high data rate, sensor network applications designed with the dual goal of fault tolerance and 

development ease. [16] T-mote Sky boasts the largest on-chip RAM size (10K RAM) and a 48K 

flash, which is MSP430 microcontroller made by Texas Instruments. The first IEEE 802.15.4 radio 

and an integrated on-board antenna is providing up to 125 meter range outdoors and 50 meter 

indoors. T-mote Sky leverage industry standards (such as USB and IEEE 802.15.4) to interoperate 

seamlessly with other devices. T-mote Sky enables a wide range of mesh network applications by 

using industry standards to integrate humidity, temperature, and light sensors, which all provide 

flexible interconnection with peripherals. T-mote Sky increased performance, functionality and 

expansion with TinyOS supporting out-of-the-box. T-mote Sky leverages emerging wireless 

protocols and the open source software movement, which is a replacement for Moteiv’s successful 

Telos design. T-mote Sky offers a lot of integrated peripherals including a 12-bit ADC and DAC, 

SPI, Timer, I2C, UART bus protocols and a performance boosting DMA controller. We can learn 

more detail information from T-mote Sky datasheet. [16] 
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Figure 2.4 T-Mote Sky 

 

2.3.2 Radio Module CC2420 

The CC2420 provides reliable wireless communication for T-mote Sky with sensitivity exceeding 

the IEEE 802.15.4 specification and low power operation. In short, the CC2420 radio provides the 

PHY and MAC some functions for IEEE 802.15.4 compliant radio, which is controlled by MSP430 

microcontroller through the SPI port, a series of digital I/O lines and interrupts. Common CC2420 

register values, output power and current consumption are show in Figure 2.5. 

 

Figure 2.5 Output Power Configuration for the cc2420 

 

2.4 IEEE 802.15.4/ZigBee Overview 

With the rapid development of communication technology, people put forward their own demands 

in the range of a few meters communication as a consequence of Personal Area (PAN) and 

Wireless Personal Area Network (WPAN). 

WPAN establish a wireless connection to multiple devices, which makes them to communicate 

with each other and even access to the LAN or Internet. Founded in March, 1988, IEEE 802.15 

working group dedicated Physical Layer (PHY) and Media Access Layer (MAC) standardization, 

which aims to provide a communication standard in the Personal Operating Space (POS) with the 
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wireless communication devices. POS generally is defined in the range inside 10 meters. The 

devices can be fixed or moved. There are four Task Groups (TG) in the IEEE 802.15 Working 

Group, which design different standards in transferring rate, power and supporting services. Task 

Force TG4 designs IEEE 802.15.4 standard, which is development of standard for Low-rate 

Wireless Personal Area Network (LR-WPAN). The key objective is to provide a low energy 

consumption, low transmission rate and low cost standards for the LR-WPAN devices in an 

individual and family range. LR-WPAN network defined by Task Force TG4 has many features 

similar with those of sensor networks. Thus, many research institutions use it as a communication 

standard for wireless sensor network.  

IEEE 802.15.4 committee started working on a low data rate standard a short while later. ZigBee, 

as the commercial name for this technology, is a low data rate, low power consumption, low cost, 

wireless networking protocol targeted towards automation and remote control applications. After 

ZigBee Alliance and the IEEE joined forces, [17] IEEE 802.15.4 is responsible for PHY and MAC 

layers, while ZigBee Alliance and Zigbee cover the whole network stack, including upper layers 

to application. Figure 2.6 shows many alliances use the IEEE 802.15.4 as their PHY and MAC 

layer standard. 

 

Figure 2.6 The Relation of 6LoWPAN to Related Standards and Alliances. 

As defined in IEEE 802.15.4 standard, Zigbee based networks support:  

1. three different transmission rates at different carrier frequencies: 20kbps, 40kbps and 

250kbps;  

2. three network topologies: star, peer-to-peer and cluster as shown in in Figure 2.7; 
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3. 16-bit and 64-bit address format, which functions as the unique extended address across 

the globe;  

4. carrier sense multiple access with collision avoidance (CSMA-CA);  

5. Acknowledgement (ACK) Mechanism to ensure transmission reliability. 

 

Figure 2.7 Topology in IEEE 802.15.4 

2.4.1 Physical Layer 

IEEE 802.15.4 network protocol stack is based on the Open Systems Interconnection model (OSI) 

as Figure 2.8. Each layer implements a part of communication function and provides services to 

higher layers. IEEE 802.15.4 standard only defines the PHY layer and the MAC sub-layer of the 

data link layer. PHY layer consists of radio transceiver and control module in the underlying layer. 

Mac sub-layer provides end-to-end service interface for high-layer, which accesses to the physical 

channel service. Several layers is up on MAC sub-layer, including Service Specific Convergence 

sub-layer (SSCS), Logical Link Control (LLC), etc. Upper-layer protocols are not in the definition 

of the IEEE 802.15.4 standard. SSCS provides aggregation services for IEEE 802.15.4 Mac layer 

to access the LLC sub-layer defined by IEEE 802.2 standard. LLC sub-layer can access IEEE 

802.15.4 network using SSCS service interface, which provides the link layer services for the 

application layer.  
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Figure 2.8 Protocol Stack for WSN 

 

2.4.2 MAC Layer 

In the family of IEEE 802 standard, the data link layer of the OSI reference model is further divided 

into two sub-layers: MAC and LLC. MAC sub-layer transmits data frame among devices using 

provided services by the physical layer. Based on the MAC sub-layer of LLC, it provides non-

connection-oriented and connection-oriented services. MAC sub-layer provides two services: 

MAC Sub-layer Data Entity (MLDE) and Mac Layer Management Service (MLMS). MLDE 

ensures MAC protocol data unit to properly send and receive at the physical layer, and MLMS 

maintains the database information related the MAC sub-layer protocol storage state. 

There are six key features of MAC sub-layer below: 

1. Coordinator generates and sends a beacon frame. General devices synchronize with 

coordinators according to the beacon frame. 

2. Support association and disassociation of PAN network 

3. Support security of wireless channel communication 

4. Support Guaranteed Time Slot (GTS) mechanism 

5. Support reliable transmission among devices at the MAC layer 

Association operation is to register the coordinator and get the authentication when the device join 

a particular network. LR-WPAN need associate and disassociate operations when the device 

switches from one network to another one.  
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2.4.3 MAC Layer Frame Format 

Mac layer frame structure design goal is to achieve reliable data transmission in a noisy wireless 

channel environment with the lowest complexity. Each Mac sub-layer frame consists of header, 

payload and footer. Header includes control information, frame sequence and address information. 

The payload has a variable load length that is determined by the specific content type. The footer 

is a 16-bit CRC sequence for header and payload. In the MAC sub-layer, the device address defines 

two formats: 16-bit short address and 64-bit extend address. When the device associates with the 

PAN coordinator, the 16-bit short local address is assigned by the coordinator; a 64-bit extended 

address is a globally unique address, which has be allocated before the network accession. The 16-

bit short address can be guaranteed uniquely in the PAN network, so it just makes sense with 16-

bit network identifier. The length of the MAC header is variable because of the different length in 

these two addresses information. Frame Control field decides what type of a data frame used. 

There is no frame length field in frame structure, because the physical layer frame has a frame 

field for MAC layer. We can calculate the frame payload length by the length of physical layer 

and MAC header. IEEE 802.15.4 network defines four frame structures: beacon frame, data frame, 

acknowledgement frame and MAC commend frame. The general MAC frame format is given in 

Figure 2.9. Each MAC frame consists of three components: MHR, MAC payload and MFR. [18] 

 

Figure 2.9 General MAC Frame Format 

Data payload field includes: super frame description field, GTS distribution field, the destination 

of the forwarded data and beacon payload frame (Figure 2.10). [18] 
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Figure 2.10 802.15.4 MAC Beacon Frame 

Data frame (Figure 2.11) are used to transfer the data from the upper layer to the MAC layer, 

which includes the date needs to be transmitted to the upper layer at payload field. When data is 

transmitted to the MAC sub-layer, it is called the MAC service data unit. It constitutes the MAC 

frame after adding MHR and MFR. MAC frame becomes PSDU physical payload in the physical 

frame. PSDU is packaged in the physical layer by adding synchronization information SHR and 

frame length field-PHR. SHR includes synchronization information: synchronizing preamble and 

SFD fields, which both are fixed values. PHR frame length field identifies the length of the MAC 

frame: the length is one byte, however, it just works in the low seven significant digits, which 

means the length of the MAC frame cannot exceed 127 bytes. 

 

Figure 2.11 802.15.4 MAC Data Frame 

If the device receives frame including its own destination address data or MAC command, and the 

acknowledgement requests bit of control information field is set to 1, this device needs to respond 

an acknowledgement frame. The length of sequence number in acknowledgement frame should be 

the same as the confirmed frame, in addition, the length of the payload should be zero. 

Acknowledgement frame (Figure 2.12) is sent immediately without CSMA-CA mechanism. 
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Figure 2.12 802.15.4 MAC Acknowledgement Frame 

MAC command frame (Figure 2.13) is for the formation of PAN network, such as synchronous 

data transmission. Currently defined command frame in three major functions: associate the 

device to the PAN network, exchange data with the coordinator and assign GTS. 

 

Figure 2.13 802.15.4 MAC Commend Frame 

 

2.5 Internet Protocol Version 6 

2.5.1 Overview 

IPv4 is a network layer protocol in the TCP/IP protocol family, which is the core of the TCP/IP 

protocol family. The current global Internet protocol suite is adopted by the TCP/IP protocol suite. 

As we know, IPv4’s long journey of development up to now has more than 30 years. The address 

space of IPv4 just has 32 bit. It means the 232 devices can be linked into internet. Over the past 

decade the rapid development of the Internet, the demand of IP addresses is getting bigger, so the 

release of the IP address is increasingly stringent. From Figure 2.14, we can know IP have been 

exhausted in Asia Pacific, Europe, Central Asia and the Middle East.  
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ICANN authorized IANA to assign global Internet IP address. IANA assigned IP address to the 

five Regional Internet Registries: APNIC (Asia Pacific), ARIN (North America), LACNIC (South 

America and the Caribbean), RIPE NCC (Europe, central Asia and the Middle East) and AFRINIC 

(Africa).  

 

Figure 2.14 RIR Address Pool Exhaustion Dates [19] 

IPv6 is the next version of the Internet Protocol, it can be said that the next generation Internet 

protocol, which was originally proposed because limited definition of IPv4 address space is 

exhausted with the rapid development of the Internet, the lack of address space is bound to hamper 

further development of the Internet. In order to expand the address space, the IPv6 has been 

redefined address space.IPv6 uses 128 bit address length, providing virtually unlimited address. 

According to conservative methods to estimate the actual allocation of IPv6 addresses, the entire 

planet can still be allocated over 1000 addresses on one square meters. In IPv6, we not only solve 

the shortage of address space but also figure out other problems in IPv4. They are end to end IP 

connectivity, Quality of Service (QoS), security, multicast, mobility, plug and play. In Figure 2.15, 

we can clearly know the number of IPv6 is far more than IPv4.  

In short overview of IPv6 and IPv4, IPv6 with more allocated address is not the only advantage. 

IPv6 doesn’t add checksum field and fragment header. Both of them can omit the computation 

process in routers and directly forward packets that will improve the transmission efficiency in 

routing. In subsection 2.5.2 below, we will introduce it in detail. 
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Figure 2.15 Comparison of IPv6 and IPv4 Address Scheme 

 

2.5.2 Mobile IPv6 

Mobile IPv6 supports node mobility better than mobile IPv4. The major benefit of Mobile IPv6 

standard is that the mobile nodes (as IPv6 nodes) change their point-of-attachment to the backhaul 

networking infrastructure without changing their IP address. This allows mobile devices to move 

from one network to another and still maintain existing connections. Mobile IPv6 operates the 

network with IPv6 features such as extension header, neighbor discovery and address auto 

configuration. 

Extension headers provide routing headers for route optimization and destinations option header 

for mobile node originated diagrams. In addition, mobile IPv6 requires mobile nodes to carry out 

IPv6 decapsulation. The performance of neighbor discovery as following:  

 Each node presence is discovered and tries to find routers. 

 Each node link layer addresses is determined. 

 Each node maintains reachability information. 

IPv6 uses both types of auto-configuration such as stateless (Network prefix + interface ID) and 

stateful auto-configuration (DHCPv6). [20] 
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2.5.3 Header Format Enhancement 

 

 

Figure 2.16 IPv4 & IPv6 Header Comparison [21] 

We know that there is more and more interest to connect wireless sensor networks (WSN) to the 

IP-based Internet. However, we are not talking about traditional computer network that uses IPv4. 

Besides more available addresses, IPv6 also provide mechanism to support network security and 

mobility, among other things. Here’s a nice illustration that shows the address header difference 

between IPv4 and IPv6. Some of the fields in IPv6 header are used to optimize routing and support 

mobile node. As we mentioned above, the IPv4 addresses have been used up in 2011. Other 

features that will be very helpful in mobile networks are the much more flexible address space and 

above all the auto configuration possibilities IPv6 offers. We can find many differences between 

IPv4 and IPv6. IPv6 has 128-bit address far more than IPv4 32-bit. IPv6 has the automatic 

configuration ‘plug and play’ and flow label to keep a high quality of ‘stream media’. 

As we known, IPv6 brings new features for our network. In the usage, it has a lot of advantage. 

Because there are many differences between IPv4 and IPv6 header, we have to talk about it in 

detail after the features comparison. Version field isn’t changed in the two protocols. IPv6 

discarded Internet Header Length, Identification, Flags, Fragment offset and Header Checksum in 

IPv4 header field. There are new name in IPv6 for Total Length, Time to Live, Protocol and Traffic 

Class. All of these new name fields’ features have been slightly redefined. The option field from 

IPv4 header is replaced by extension function. Finally, IPv6 add a new field: Flow Label. We will 

explain each field in IPv6 packet header separately. [22] 

Version: Version field length is still 4 bit, which indicates the protocol version number. 
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Traffic Class: This 8-bit field can be assigned different categories or priorities for the packets. It 

is similar to Type of Service field in IPv4, which leave space for the differentiated services. 

Flow Label: Flow Label is the new field in IPv6. The source node requests special handling for a 

specific sequence of packets with this 20-bit field (The quality is better than best-effort forwarding). 

Real-time data can us Flow Label field to ensure QoS such as voice and video transmission. 

Payload Length: This 16-bit field indicates the payload length. Different with Total Length in 

IPv4 packet, the value of the field just includes the length of the extension and data without 40-bit 

IPv6 header. It can represent up to 64KB data payload with this 16-bit. The extension portion in 

large packets (jumbogram) are responsible for a larger payload. 

Next Header: In IPv4 packet, transport layer header is always behind IP header, such as TCP and 

UDP. But in IPv6, the extensions portion can be inserted between IP header and transport layer 

header, which include authentication, encryption and fragmentation. Next Header indicates 

whether transport layer header and extensions follow IPv6 header or not. 

Hop Limit: This 8-bit take the place of TTL field in IPv4, which will discard the packet after a 

predetermined number of the routing time, thereby preventing the unlimited forwarding. The value 

will be reduced one through a route. IPv4 uses Time to Live (time value), TTL field will be reduced 

one through each route. 

Source Address: This field specifies the starting address of the originating host, which has 128-

bit length. 

Destination Address: This field specifies the destination of the packet, which is in 128-bit length. 

We are surprised to find Checksum and Fragment Offset disappeared in IPv6 header field. 

Distinctly, this redesign has been improved in routing efficiency. Although the packet header 

errors may still occur, the protocol designers believe it is acceptable, especially considering errors 

check in data link layer and transport layer. 

As for fragmentation, IPv6 does allow for packet segmentation, but the process is in extension 

headers instead of header itself. In addition, IPv6 packets can only be divided by source node and 

reassembled by destination node. It doesn’t allow the router to do the packet split and reassembly. 

The purpose of this fragmentation is to reduce the overhead in transmission. Most of the packets 

don’t require fragmentation if the frame size is big enough. If we have to split IPv6 packets, the 

source node will determine the maximum transmission unit for each link. (MTU). We propose an 

example: The source node sends a test packet to the destination address. If the test package is too 

large for a link, the link will return an Internet Control Message Protocol (ICMP) message to the 

source node, the source node correspondingly reduced packet size.  

It is an important feature for IPv6 redesign with extension mechanism of fragmentation and other 

options function. It replaces IPv4 Options field, which enhances the security features in IPv4 

packets and rich source routing. Designer didn’t add this enhanced functionality into IPv6 header, 

however it is designed to insert between IP header and the extension of the higher-level protocol 

header. This makes packet process faster without extension and also with a lot of options, such as 
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encryption, authentication, fragmentation, source routing, segment and target options. As already 

mentioned, these extensions are included in payload header.  

From Table 2, we can obviously compare the difference between IPv4 and IPv6. 

Table 2 IPv4 vs. IPv6 
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Chapter 3 IPv6 Stack on Sensor Node 

 

Chapter 3 describes a proposed standard for IPv6 on sensor networks. And we describe wireless 

sensor network stack from MAC layer in detail, including different functions and data processing. 

The 6LoWPAN layer is shown as a bridge from the MAC layer to the Network layer and how it 

works. And then the functions of the Network layer and Transport Layer are discussed. 

As shown in Figure3.1, sink node is an edge router bridging from all of these event nodes to 

outside subnet. User can interact with every nodes through the sink node (edge router). This is the 

experimental Model we used in our experiment. We sent the UDP echo packet from sink node to 

event source node, which is called moving node in our experiment. After receiving the UDP packet 

in moving node, the moving node sent back an echo to sink node, which is called LoWPAN Border 

Router. In the whole experiment, we collected the latency in this round-trip time and the number 

of packages. 

  

Figure 3.1 Typical Functional Architecture for a WSN [23] 

 

6LoWPAN just supports IPv6. If we use IPv4 outside edge router shown in Figure 3.2, we have 

to keep the interconnectivity with IP network in tunneling. The format of address will be 

introduced in subsection 3.2.2. 
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Figure 3.2 IPv4 Interconnectivity 

6LoWPAN [24] is an adaptation header format enables the use of IPv6 over low-power wireless 

links. Compared IP protocol stack with 6LoWPAN protocol Stack, we need to learn the header 

compression in IPv6 with LoWPAN and UDP as circled by red highlight in Figure 3.3. Header 

compression is the key mechanism in 6LoWPAN to solve the primary issues of frame size and 

address sizes limitation over IEEE 802.15.4. 

 

Figure 3.3 TCP/IP Protocol Stack VS 6LoWPAN Protocol Stack [25] 

In the left side of Figure 3.3, this is well-known TCP/IP protocol stack. Replacing the network 

layer in TCP/IP stack, the 6LoWPAN is the most important layer for routing protocol, addressing 
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and header compression. In the transport layer, instead of TCP/UDP/ICMP, WSN supports only 

UDP and ICMP.   

 

3.1 The 6LowPAN Layer 

Our world is connected by IP network. Actually, there are a lot of applications which can get the 

benefit from the wireless sensor network. But these applications are difficult to integrate into this 

IP network with the Internet-based services. The goal of 6LoWPAN is to integrate these 

applications into the IP world. We can simply compare the most two popular wireless sensor 

network protocol: ZigBee and 6LoWPAN. Interoperability is one of the most important factors 

why choosing this wireless sensor network. 6LoWPAN is an acronym of IPv6 over Low-power 

Wireless Personal Area Network. Just as its name implies, 6LoWPAN offers interoperability with 

other wireless 802.15.4 devices as well as with devices on any other IP network (Ethernet and Wi-

Fi) with a simple bridge device, such as sink, edge router. But Bridging between ZigBee and non-

ZigBee networks requires a more complex application layer gateway. Interoperability is an enough 

reason to choose 6LoWPAN. Moreover, IP routing over 6LoWPAN doesn’t need additional 

header information at the 6LoWPAN layer, which leaves more space for the payload.  

Blip 2.0 implements the 6LoWPAN header compression, Neighbor Discovery and DHCPv6 to 

support the use of IPv6 in the upper layers.  

 

3.1.1 TinyOS Frame Format1 

TinyOS has two 802.15.4 frame formats. The first format, the T-Frame, is for TinyOS networks 

which do not share their channel with other wireless networking architectures. This frame format 

assumes that TinyOS can use every bit of the packet and does not need to state that it is a TinyOS 

packet. T-Frame stands for "TinyOS Frame." 

The TinyOS 802.15.4 T-frame format is as follows: 

 

AM type is a single byte field which indicates which active message type the payload contains. 

The second format, the I-Frame, is for TinyOS networks which share their channel with 6lowpan 

networks. 6lowpan reserves a series of codes for the first byte of the payload for non-6lowpan 

packets. In order to interoperate with 6lowpan networks, TinyOS I-Frames specify such a field. I-

Frame stands for "Interoperable Frame." 

                                                 
1 http://www.tinyos.net/tinyos-2.1.0/doc/html/tep125.html 
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The TinyOS 802.15.4 I-frame format is as follows: 

 

AM type is the same as in a T-frame. 6lowpan is the NALP code to identify this as a TinyOS 

packet. NALP codes must be in the range of 0-63. TinyOS uses code 63. 

The AM type 63 is reserved for both T-Frames and I-Frames. A TinyOS program MUST NOT use 

it. 

An implementation of T-Frames and I-Frames can be found in tinyos-2.x/tos/chips/cc2420/. The 

components in tos/chips/cc2420/lowpan/ control which is used. By default, TinyOS 802.15.4 

stacks use I-Frames, and the 'tframe' make option configures them to use T-Frames. This make 

option defines a symbol named TFRAMES_ENABLED. In the case of the CC2420 stack, this 

causes CC2420.h to define CC2420_IFRAME_TYPE, which adds the extra byte to the message_t 

header structure. 

We can get an overall differences between 6LoWPAN and IPv6 in Table 3. 

Table 3 Comparison between 6LowPAN and typical IPv6 Network 
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3.1.2 Header Compression 

 

Figure 3.4 UDP/IPv6 Headers 

In the traditional IPv6, the minimum of MTU is 1280 bit. But in the IEEE 802.15.4, the frame is 

limited in the 127 bit， which can at best provide 102 bytes. Standard basic IPv6 header is at least 

40 bytes, which will make the data payload in the resource constrained wireless sensor network 

less than 87 bytes, too small for anything useful. Researchers created 6LoWPAN that compress 

the header of IPv6 so that it can be used in the resource constrained wireless sensor network. There 

are two kinds of addressing in the 6lowpan: short 16-bit and IEEE 64-bit extended MAC addresses. 

The 6LoWPAN header compression is defined in [26], which describes two scheme header 

compressions parts: the header compression one (HC1) compress the IPv6 original size from 40-

bit into 3-bit in the best case. The header compression two (HC2) compress the format length of 

the transport protocol header. HC1+hc3 header for link-local IPv6 addresses, which is called HC1-

HC2 compression. IPHC compression for all IPv6 address. 



- 26 - 

 

 

Figure 3.5 Header Comparison 

In the best case, we can know from the Figure 3.5 IPv6 and UDP headers can ideally be 

compressed from 40+8 to 2+4 bytes. 

 

Figure 3.6 LoWPAN UDP/IPv6 Headers 

 

3.2 Network Layer 

Network Layer is the most important layer for algorithm design. We will introduce the algorithm 

at Network Layer (some at Mac Layer). As we known, the simplest design is flooding at network 

layer, which is no costly topology maintenance, complex routing algorithm and route discovery. 

Even some protocols don’t need to go through the network layer, which can communicate with 
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each other node in the radio range, such as CTP based on ‘Mesh Under’. In this subsection 3.2.4, 

we will introduce how RPL works. 

 

3.2.1 Route Over 

Figure 3.7 shows the traditional model for routing at the network layer: Packets go from the input 

interface if0 to output interface if1, which is based on the router looks up the destination address 

in the forwarding information base. At the same time, the packet re-encapsulated with the new 

link-layer address out via the output interface if1. [18] 

 

Figure 3.7 The IP Routing Model 

In the LoWPAN (Blip 2.0), forwarding is not serviced by using two different link layers, but the 

first node must not reach the third node in the radio range. The packet will be delivered from the 

same interface in the intermediate router after its arrival. Because we just have the only one antenna 

in the sensor board, see Figure 3.8. 
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Figure 3.8 The LoWPAN Routing Model (L3 routing, “Route-Over”) 

A multi-hop mesh topology within the LoWPAN is achieved either through link-layer forwarding 

on DLL layer (called Mesh-Under) or using IP routing on LoWPAN (called Route-over). Both 

techniques are supported by 6LoWPAN. There are two main classes of routing protocols useful 

for 6LoWPAN: distance-vector routing and link-state routing. RPL is a distance-vector routing 

topology as an IP routing. In our experiment, we use RPL routing protocol in LoWPAN layer.  

 

3.2.2 Addressing 

IPv6 address Types 

IPv6 is an identifier of the independent interface, which is assigned to the interface rather than the 

node. Because each interface belongs to a particular node, any interface address can be used to 

identify a node. There are three types of address in IPv6: 

Unicast Address identifies a single interface. A packet sent to a unicast address is delivered to the 

interface identified by that address. [27] 
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Anycast identifies a set of interfaces. A packet sent to an Anycast address is delivered to one of 

the ‘nearest’ interfaces identified by that address. [27] 

 

Multicast identifies a set of interfaces. A packet sent to a multicast address is delivered to all 

interfaces identified by that address. [27] 

 

Common IPv6 address and prefix 

 ::/128 that 0:0:0:0:0:0:0:0 only as a host has not yet been formally address by the source 

address, which cannot be used as destination address and assigned to the real network 

interface. 

 ::1/128 that 0:0:0:0:0:0:0:1 , loopback address, which is equivalent in IPv4 local host 

(127.0.0.1), ping local host obtain this address. 

 2001::/16 global address is allocated by IANA up to region and ISP, which is the most 

common IPv6 unicast address. 

 2002::/16 for automatic address 6 to 4 tunneling structure, belonging to a unicast address. 

 3ffe::/16 IPv6 6bone test address in the early, which belongs to a unicast address. 

 fe80::/10 a single link-local address for automatic configuration, Neighbor discovery. 

Routers do not forward ‘fe80’ IP address. 

 ff00::/8 multicast address. 

 ::A.B.C.D IPv6 is compatible with IPv4 address, in which <A.B.C.D> behalf of IPv4 

address. IPv4/IPv6 nodes automatically tunnel IPv6 packets transmitted in the IPv4 

network will use the address. 
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 ::FFFF:A.B.C.D is over IPv4 mapped IPv6 addresses, which <A.B.C.D> representatives 

IPv4 address, such as ::ffff:204.126.23.24, which is used to represent IPv6 nodes in the 

IPv4 network. 

 FF02::1 (link-local all-nodes address), which addresses all nodes on the link and FF02::2 

(link-local all-routers address), which addresses all routers on the link.  

 FF02::9   RIP Routers   [RFC2080] 

 FF02::1:2   All-dhcp-agents  [RFC3315] 

 FF02::1:FFXX:XXXX Solicited-Node Address [RFC4291] 

 

We attach Table 4 below to make us a better understanding of IPv6, Which compares 

corresponding relation and differences between IPv4 and IPv6 addressing. IPv4 address is similar 

with format A.B.C.D, which 32-bit with 10 decimal in every section. While the format of IPv6 

address is x:x:x:x:x:x:x:x , which is 128-bit with hexadecimal. Obviously, IPv6 has more address 

space than IPv4 as mentioned in the section 2.5.1.  

RFC 4291 [25] defines the IPv6 address in detail, by definition, a completed representation of IPv6 

address: xxxx:xxxx:xxxx:xxxx:xxxx:xxxx:xxxx:xxxx 

For example: 2001:0000: 8686:0000:0000:0100: 22BD:EDAB 

In order to simplify its representation, RFC 4291 [25] defines the leading zero in every group can 

be omitted. The continuous zeroes can be omitted as:: but only once.  

For example: 0:0:0:0:0:0:0:1 is abbreviated as ::1 

0:0:0:0:0:0:0:0 is abbreviated as :: Similar with CDIR notation of IPv4, IPv6 prefix indicates the 

network address, such as: 2001:8686: f000 :: / 48 represents prefix of 48-bit address space, the 

subsequent 80-bit can be assigned to hosts on the network, a total of 280. 

Table 4 Addressing Comparation 

IPv4 Address IPv6 Address 

Multicast Address (224.0.0.0/4) Multicast Address (FF00::/8) 

Broadcast Anycast 

Unspecified Address 0.0.0.0 Unspecified Address :: 

Loopback Address 127.0.0.1 Loopback Address ::1 

Public IP address Convergence global unicast address 

Private Address 10.0.0.0/8 172.16.0.0/12 

192.168.0.0/16 

Site-local Address fec0::/48 

Automatic Private IP Addressing Link-local Address fe80::/64 

Dotted Decimal Colon Hexadecimal(cancel front zero, zero 

compression) 

Subnet mask: decimal notation or prefix 

length notation (CIDR) 

Subnet mask: only use the prefix length 

notation (CIDR) 
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3.2.3 IPv6 Configuration in Blip 2.0 

Address Configuration 

IPv6 supports two types of address configuration:  

Dynamic Host Configuration Protocol (DHCP) version 6 is defined in RFC3315 [28], which 

defines the stateful address configuration in similarly to DHCP for IPv4. A stateless address auto-

configuration mode is defined in RFC 2462 [29].From stateless auto-configuration, we can know 

auto-configuration just needs to use its MAC layer, which generate link-local address by MAC 

address. In our experiment, we assigned IPv6 address statically at compile time. By default, each 

mote configures itself with three addresses: two link-local addresses and one global address on the 

prefix fec0::/64. 

Static addressing is selected by defining the IN6_PREFIX macro at compile time; this is set by 

default for PppRouter and UDP Echo. The 802.15.4 interface is assigned three addresses: 

Link-local address 1 is configured from the unique EUI-64 obtained from the LocalIeeeEui64C 

component.  

Link-local address 2 is chosen based on the panid and nodeid as specified in RFC4944 [26]. The 

default panid is 0x22, so if we install an image with ID=1, the corresponding link-local address 

would be fe80::22:ff:fe00:1. Note that the Unique/Local bit in the IPv6 Interface Identifier is not 

set for addresses derived from the 16-bit id, but is set when using the EUI-64. For example, if my 

EUI-64 is 00:17:3B:00:11:0F:FD, the corresponding IPv6 link-local address is 

fe80::2:173B:11:0FFD. The U/L bit has been toggled. 

A global address is configured using the prefix defined at compile time (IN6_PREFIX). The 

default prefix is fec0::/64, so if the node id is 1, the ipv6 address is fec0::1. [19] 

 

3.2.4 RPL Understanding and Implementation 

RPL [5] is a Distance Vector and tree-based Routing Protocol designed for LLN, by using the 

Objective Function (OF) and measure in collection to build Destination of the Directed Acyclic 

Graph (DODAG). Objective Functions use metrics and the set of constraints to calculate the 

optimal path. From [5], we can find the IETF [30] has proposed the IPv6 Routing Protocol for 

LLNs (RPL) online, which provides three traffic pattern mechanisms: MultiPoint-to-Point (like 

Collection), Point-to-Point and Point-to-MultiPoint (like Dissemination). If a node boots up with 

TinyRPL, it will exchange a route related message with other RPL-using nodes operated by 

TinyRPL in the background of an application.  ICMPv6 message exchanges and manages routes 

based on a ‘Rank’ value, which represents nodes’ related position to the routing root. So ICMPv6 

is carrier for RPL to find neighbors and establish routing path. As soon as the DHCPv6 allocates 

a global address, the RPL Routing Engine starts exchanging DIO and DAO messages, we can 

receive packets from the application tools. RPL’s routing table will be called to retrieve the next 

hop node’s IPv6 address for the specified destination after the packet reaches the points to discover 

the next hop address on blip stack. TinyRPL is the TinyOS implementation of the IETF's IPv6 
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Routing Protocol for Low-power and Lossy Networks (RPL). [31] Here are the two routing 

protocols we’re focusing on in this project, both of them provide typical routing protocols. As the 

de facto wireless sensor routing protocol, CTP is widely used in all fields. It uses expected 

transmissions count as the routing metric for routing selection. It has been proved as the most 

efficient and reliable routing protocol in wireless sensor network. The reliability is up to 90% in 

wireless sensor networks with static nodes. It has been used extensively in mesh networking for 

WSN, without IP. RPL, on the other hand, is the new IPv6 Routing Protocol for Low-Power and 

Lossy Networks (LLNs), which adapt IPv6 to fit the resource constrained WSN. RPL provides 

efficient routing paths for three traffic patterns typically seen in a wireless sensor network: 

multipoint-to-point (for data collection), point-to-multipoint (command distribution), and point-

to-point traffic (peer-to-peer network) in low-power and lossy networks (LLNs)  

The process of establishing DODAGE 

RPL routing protocol defines a series of new ICMPv6 control messages in exchange for a figure 

of relevant information and build topology. They respectively are: DODAG Information 

Solicitation (DIS), DODAG Information Object (DIO), and Destination Advertisement Object 

(DAO). 

The process of the graph is established from the root or border router (LoWPAN Border Router, 

LBR). First, Root uses DIO message to multicast information about this graph. The neighboring 

nodes, which are within its radio range, will receive and process the DIO message. The neighboring 

nodes will decide whether to join this graph according to the Objective Function, DAG and 

Multicast path cost, etc. Once the node joins the graph, it has a routing path to the DODAG root, 

which becomes this node’s parent node. Then the node will calculate its rank value in this graph 

and send DAO message with routing prefix information to its parent node. The node can also 

request graph information from its neighbor node by DIS message. All neighbor nodes repeat this 

process until building a DODAG with LBR as the root node in the entire network. The process of 

establishing DODAG in a simplified flow chart is shown in Figure 3.9. After LBR sends DIO 

message with related graph information, the listening node joins the graph and replies with a DIO 

message to LBR including its prefix information. Once it has sent a DIO message from node A, 

node B also joins the graph to reply with a DAO message in the RF range of node A. Beginning 

from a network establishment, node B has received the DIS message from node C. Node B will 

send a DIO message to node C, inviting node C to join the DODAG after B has joined. Node B 

will integrate information from the DAO message of child node C. Through step by step integration, 

the DAO message from node C will be delivered to LBR (LBR includes all of the nodes’ prefix 

information). [32] 
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Figure 3.9 The Flow Chart of DODAG Establishment [32] 

 

RPL Routing Process 

Each node depends on the received DIO message to choose a parent node, add routing path and 

multicast the graph information. In this way, each node has its own routing table to the parent node 

in DODAG, so that the leaf node can send the data to root through its parent node. This model is 

called MP2P (MultiPoint-To-Point), or upward routing. Similarly, when the information is from 

outside of LLN network, the root node or an intermediate node to the destination of a leaf node, 

this model is called P2MP (Point-to-MultiPoint), which is implemented by downward routing. 

Normally, it completes the routing setup process from top to bottom via DAO message. When 

each node wants to join DODAG, it will send DAO message to its parent node. After receiving 

DAO message, the parent node will deal with the prefix information, at the same, adding a routing 

entry into the routing table. Then this node selectively aggregates prefix information from different 

nodes and sends DAO messages to the parent node together. This process will be stopped until the 

prefix information is reached in the root node to create a full prefix path. But we have to know this 

pattern called ‘storage’ mode, which requests the nodes have available storage space to store the 

routing table.  RPL also supports ‘not-storage’ mode, which has no routing information in all 

intermediate nodes except root node. RPL also supports a P2P communication mode, i.e. 

communication from one node to another node in DODAG. 
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In short, the node just needs to send DAO message to its parent node in upward routing mode. The 

parent node will continue to send messages to its parent node until reaching to root. However, in 

the downward routing or P2P mode, it has the difference depending on ‘storage’ or ‘non-storage’ 

mode. In the ‘storage’ model, the intermediate node stores all DAO prefix information from sub-

graph.  So P2MP just selects the next hop node according to the sub-graph prefix information 

stored. The leaf node just uses upward routing to reach the parent node, which is the common 

ancestor of the destination node. Then the packet chooses the next-hop from the ancestor node to 

the destination node. In the ‘non-storage’ mode, all the prefix information is stored in the LBR 

because the storage space is very limited.  All the prefix information is collected in the DODAG 

root node after all nodes reported to their parent nodes, thus forming downward routing. P2MP 

and P2P routing needs to transfer their packets to the root node. In this way, when the root node 

receives a data packet from one node in DODAG, it can send the packet to the next hop child nodes 

by adding all routing nodes path prefix information into the header (option-field) from the source 

routing. 

 

Figure 3.10 Three Traffic Pattern 

The three traffic patterns supported by RPL in Figure 3.10 Multipoint-to-point traffic from devices 

inside the LLN towards a central control point, which is called ‘upstream’ Point-to-point traffic is 

from one end node to another node. Point-to-multipoint traffic from the central control point to the 

devices inside the LLN, which is called ‘downstream’ 

Avoid and detect Loop 

In the traditional network, there may be a temporary loop by reason of the topology changes when 

the network fails to synchronize among the nodes in a timely way. For the sake of reducing packet 

loss and link congestion, it has to detect the ring loop as soon as possible. In LLN, the generation 
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of this kind loop may be temporary and the influence of the loop is few, so the overreaction would 

cause a serious routing collision and energy consumption. Therefore, the strategy of RPL is trying 

to avoid the ring loop, not guaranteeing no ring loop. RPL defines two rules to avoid the loop, 

which are all dependent on the ‘rank’ value of the node. 

1. Maximum depth rule, the node doesn’t allow to choose the bigger depth node (bigger rank 

value) as its parent node. 

2. Refusing ‘greed’ of node rule, it refuses the node’s attempt to move deeper in the graph, in 

order to increase their number of potential parent nodes. 

RPL loop detection strategy is to set a related bit in the routing header, testing these bits to verify 

the effectiveness of the data. For example, the node will position the bits into ‘down’ when it sends 

the packet to the child node. Receiving a ‘down’ bit packet node causes the child node to query its 

routing table to find the correct direction, which should be ‘up’ direction transmission. So it is 

proved to have a ring loop. We have to discard this packet and trigger local repair mechanism. 

Global and local Repair 

RPL supports the repair mechanism after the failure of link and node. RPL supports two repair 

mechanisms: global repair and local repair. When the node inspecting the link or neighbor node 

are in failure, the local repair is triggered quickly for purpose of finding a new parent node and a 

new routing path. When local repair happens, it could destroy the optimal model in the whole 

network. In this case, the root node will rebuild DODAG after triggering repair mechanism. Every 

node will rerun the Objective Function in DODAG to choose a better parent node. 

Trickle Timer Algorithm 

RPL timer is different with other routing protocol, which is running in less restricted conditions. 

Most routing protocols use periodic ‘keep a live’ to keep their neighbor and update the routing 

table. But in the LLN, this is obviously not appropriate in extremely limited resources. As we 

know, RPL uses the timer called ‘Trickle Timer’ to accomplish adaptive mechanism, which can 

control the speed rate of DIO messages. Algorithm will build a series of processes as a consistency 

problem. (It seems to become a non-conformance when the node detects the network in the loop 

or a node is added into the network, as well as removed from the network). Trickle timer can 

determine when to multicast DIO messages. When the network is going into stability, the number 

of RPL messages will be reduced; Inconsistency is detected, reset timer speedily sends DIO 

messages so as to solve the problem quickly. 

Trickle algorithm can be described as follows: 𝐼𝑚𝑖𝑛  is the minimum time interval, 𝐼𝑚𝑎𝑥  is the 

maximum time interval, I is the current time interval, t is current time, K is a redundant constant, 

C is counter, 𝐼𝑑𝑜𝑢𝑏𝑙𝑒 is𝐼𝑚𝑎𝑥 × 2. 

1. Beginning, setting I is in[𝐼𝑚𝑖𝑛,𝐼𝑚𝑎𝑥] as the first time interval. 

2. Beginning from the first time interval, a random point is set in C = 0, t = [𝐼 2⁄ , I) 

terminated in I 

3. If trickle receives a consistency transmission, C+= 1 

4. In t, Trickle check whether there is C < K it is allowed to send packets in  C < K 
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5. When I is expired, I × 2 if I × 2 > 𝐼𝑚𝑎𝑥 , setting I = 𝐼𝑚𝑎𝑥 

6. Trickle can reset timer for event if Trickle receives the inconsistency transmission. 

Trickle algorithm is only transmitted in step 4. There is an interval between detecting inconsistency 

and responding, otherwise it will trigger a broadcast storm without this interval. [33] 

 

3.2.5 ICMPv6 

ICMPv6 is described in RFC 4443 [26]. It is the successor of the well-known IPv4 protocol ICMP. 

The main purpose of ICMPv6 is to report errors encountered in processing packets. Furthermore, 

it is used for network diagnostics and other inter-layer functions. The well-known command PING 

is based on ICMP. As we known, the routing control packets are ICMPv6 based messages in RPL. 

 

Figure 3.11 ICMPv6 Ehco or Echo Reply Message Format 

1. Type: 8-bit 

2. Code: 8-bit 

3. Checksum: 16-bit 

Description: The first 4 bytes of ICMP packets are all the same, but the rest of the other bytes are 

different. 

4. Other fields are varied by different ICMP packet type. 

1). the first 4 bytes of ICMP packets are unified format, three header fields: the type, the code and 

the checksum. The first one is used to indicate the type of the message and to automatically 

determine the format of the remaining data. The message types Echo Request and Echo Reply are 

the most well-known message types. A ping request is based on these two message types. 

2). 8-bit type and 8-bit Code fields determine the type of ICMP packets. 

Type 8, code 0: echo request (ping request). 

Type 0, Code 0: echo reply (ping response) 

Type 11, Code 0: Timeout 

  



- 37 - 

 

3.3 Transport Protocols 

3.3.1 UDP 

In IP networks, the transport protocol is responsible for managing the flow of data between hosts 

on the network, and dispatching the data once it has reached in the endpoint. In Figure 3.11, we 

know TCP/UDP schematic code can be design into Blip stack. However, there is just one 

implementation of standard Internet transport protocol is included in Blip 2.0: User Datagram 

Protocol (UDP). The ICMP echo is based on UDP packet, called ‘UDP echo’. 

 

 

Figure 3.12 Schematic Code Design of Blip. Only the Most Important Components 

 

 

Figure 3.13 UDP Interface 
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Chapter 4 Experiment Setup 

4.1 Theoretical Model 

In order to connect 6LoWPAN networks to other IP networks, edge router nodes are used. An edge 

router typically requires the following: a 6LoWPAN wireless interface, 6LoWPAN adaptation, 

6LoWPAN Neighbor Discovery and a full IPv6 or IPv4/IPv6 protocol stack. In Figure 4.1, we use 

vertical model to introduce how our experiment works. In our experiment, we regard Host as 

moving node. Router is an intermediate node. Edge Router is treated as a ‘gateway’ in 6LoWPAN 

subnet. IPv6 Host is our laptop, where physical layer is connected in PPP by USB. Routing 

Protocol is in a LoWPAN, called ‘route over’ as we mentioned in subsection 3.2.1. From Figure 

4.1, we found one DLL on second layer based on sensor node Antenna, which is very different 

from traditional IP network stack. The UDP echo process can be found in subsection 4.3.  

 

Figure 4.1 Experiment Shematic Diagram 

 

Blip 2.0 is an implementation of IPv6 in TinyOS based on a variety of IP protocols. Using Blip 

2.0, we will be able to form a multi-hop subnet IP network over the same protocols, which can 

communicate with other different motes. Due to the rapid evolution of the IETF and IEEE 

standards, we can find TinyRPL component, CoAP application added on the top of Blip 2.0, 

additional supports: IPv6 header compression, IPv6 routing, PPP daemon communication with 

external networks, address assignment and other utilities for building networked application. We 

use theoretical model of each sensor node except edge node, as same as shown in Figure 4.2. 
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Figure 4.2 The 6LoWPAN Software Stack in TinyOS 2.X [34] 

In order to experiment with RPL, we used TinyOS 2.x in which 6LowPAN was implemented as 

Blip 2.0, setting up the platform for routing protocol such as TinyRPL. TinyRPL implements the 

control plane of the RPL specifications and interacts with the packet forwarding plane 

implemented in BLIP 2.0. As we mentioned in subsection 3.2.4, DIO, DIS, DAO messages 

finished establishment of DODAGE and Routing Path in TinyRPL. 

 

4.2 Application Tools Used in Linux 

Ping: Ping is a computer network administration utility used to test the reachability of a host on 

an Internet Protocol (IP) network. It can be used to measure the round-trip time for messages sent 

from the originating host to a destination computer. Ping operates by sending Internet Control 

Message Protocol (ICMP) echo request packets to the target host and waiting for an ICMP 

response. In the process it measures the time from transmission to reception (round-trip time) and 

records any packet loss. [35] 

Netcat: Netcat, or "nc" as the actual program is named, is a simple Linux utility which reads and 

writes data across network connections.  It is designed to be a reliable "back-end" tool that can be 
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used directly or easily driven by other programs and scripts. It also can be used as a feature-rich 

network debugging and exploration tool, since it can create almost any kind of connection 

necessary and has several interesting built-in capabilities. 

 

4.3 Measurement Techniques 

It is well acknowledged that the wireless sensor networks are dynamic networks with changes in 

the topology occur constantly. This could be caused by physical movement of the node, radio 

channel change, sleep schedules, and node failure or loss of power. The purpose of our experiment 

is to analysis the effect of node mobility towards network performance. In our experiment, we set 

the same channel 21 in every node to be used for communication so that they can talk to each other 

if within the range of radio transmission. In our experiment, we guarantee the nodes are within the 

radio range (125 meter) of each other and never go to sleep.  

 

Transmission Time is used to determine the time taken for the package to be sent through multiple 

hops in RPL routing protocol. In Figure 4.3, we know the whole transmission process in the 

destination node. Transmission time includes: 

a) The sender discovers the path to the receiver. 

b) The sender constructs the packet. 

c) The sender waits the medium clear. 

d) The packet is transmitted to the destination by CC2420 radio. 

e) The destination node receives the packet and processes the packet. 

Latency (or Delay) is the round-trip transmission time for a data packet to travel between two end 

points. The Latency is measured by round-trip time of ICMP ping echo by UDP in our experiment.  

 𝐿𝑎𝑡𝑒𝑛𝑐𝑦 𝑇𝑖𝑚𝑒 = 𝑅𝑒𝑐𝑒𝑖𝑣𝑒 𝑇𝑖𝑚𝑒 − 𝑆𝑒𝑛𝑑 𝑇𝑖𝑚𝑒   (1) 

Statistically, the standard deviation shows how much variation or dispersion each measurement 

is from the average. A low standard deviation indicates that the data points tend to be very close 

to the expected value (i.e., average). On the other hand, a high standard deviation indicates that 

the data points are spread out over a large range of values. [36] In our experiment, we analyze the 

standard deviation of latencies at the same moving speed, which indicates the stability of the 

latency at this speed. 
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Figure 4.3 UDP Transmission Process 

Delivery Ratio: The delivery ratio defines the ratio of the packets number sent by the edge node 

to the packets number received by the edge node. Delivery ratio depends on the RPL routing 

algorithm.  

The packet Delivery Ratio is calculated as follow: 

 𝑅𝑑𝑒𝑙 =
𝑃𝑘𝑡𝑅𝑋

𝑃𝑘𝑡𝑇𝑋
× 100   (2) 

𝑅𝑑𝑒𝑙 is the UDPecho Delivery Ratio, 𝑃𝑘𝑡𝑅𝑋 is the number of the UDPecho packets received at 

edge node, 𝑃𝑘𝑡𝑇𝑋 is the number of the packets sent from the edge router. 

 

4.4 Encountered Problem 

Problem 1 

From Figure 4.4 and Figure 4.5, making mistakes in this experiment, we understand the 

importance of Makefile, which is the configuration file in NesC. We have to configure the same 

physical channel number between edge router and sensor node in the Makefile, which can keep all 

of these nodes we used in the same physical radio frequency. This is the communication guarantee 

for upper layer protocol. Please don’t forget to do the configuration in Makefile. 
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 Problem 2 

In the Figure 4.5, we can sign the short IP address for edge router manually. We also need to 

configure the root information into every nodes, otherwise how these nodes know the edge router 

in the static IP configuration model. 

Sometime the problem we faced is not the most difficult, but it must be ignored by us. This is the 

reason why I need to post the problems I encountered in the programming. 

 

Figure 4.4 Makefile of the Edge Router 

 

Figure 4.5 Makefile of end node and intermediate node 
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4.5 Experimental Methodology 

In our experimental scene Figure 4.6, Node 1 is the edge router connected to laptop by USB of 

PPP protocol. Node 2 and Node 3 may be the intermediate nodes. Node 4 is the mobile node, 

which is also the UDP echo listening port node. We use the netcat6 utility tool to initialize the 

UDP echo service in Node 1, then measure the UDP echo from moving Node 4 at interval speed 

0m/h, 5m/h, 10m/h, 15m/h and 20m/h. In order to keep the different topology in the immobile 

status for Node 4, we test the latency and delivery ratio in the three dots on the red line in Figure 

4.6.  

 

Figure 4.6 Experimental Scene 

1) Before compile and install edge router, we need to check the first two programming node 

have been successfully connected in ttyUSB0 and ttyUSB1 shown in Figure 4.7.  
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Figure 4.7 Check the Status of T-mote Sky 

2) Open the TinyOS operation system root authority by using commend su root. PppRouterC 

is an application we modified as edge router in our experiment. There are two interfaces: 

One is a serial link between the edge router and the laptop, which is used as listening 

interfaces PPP0 for Wireshark. The other is 6LoWPAN interface for communication over 

IEEE 802.15.4. It looks like a ‘gateway’ for subnet network. 

Compile it in commend as Figure 4.8: 
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Figure 4.8 Install LBR 

3) We have install the edge router as Node ID 1, which is static addressing is default. 

Initialization of the PPP connection for the edge router in these commends in Figure 4.9. 

 



- 46 - 

 

 

Figure 4.9 PPP0 and LBR Connected 

4) After installing the edge router and setting up a PPP connection, we need to install wireless 

sensor node with RPL routing protocol in these commends in Figure 4.10. 
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Figure 4.10 Installing Nodes 

5) From now, we can use the utility tool netcat6 to initialize the UDP echo service in any node 

we need. For example (Figure 4.11). 
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Figure 4.11 Raw Data of Packet Delivery Ratio and Latency 

6) We also can inspect the routing table in any node as shown in Figure 4.12. 
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Figure 4.12 Wireless Sensor Network Route Table 

Finally, we start Wireshark to capture the packets from UDP echo server node. As Figure 4.13, 

the packets are from server Node 4 (Moving node) 

 

Figure 4.13 Wireshark Capture the Packets 
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Chapter 5 Test Results and Data Analysis 

5.1 Packet Delivery Ratio Result 

After capturing hundreds packets per speed, we calculated the Packets Delivery Ratio in Figure 

5.1. From this Figure, we find the Packet Delivery Ratio decreased as the speed increased. The 

trend of the Delivery Rate is less and less as shown dashed line below. 

 

Figure 5.1 Packets Delivery Ratio 

 

5.2 Latency Result 

The average of hundreds’ latency at different speed shows in Figure 5.2. The trend of the latency 

is increasing with the speed.  
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Figure 5.2 Average Latency 

 

5.3 Comparing and analyzing Data 

5.3.1 Previous Simulation Experiment Analysis 

In “Evaluating the Performance of RPL and 6LoWPAN in TinyOS [37]”, the authors measured 

and analyzed the benchmark performance of Latency and response ratio of RPL (Figure 5.3) under 

three testing scenario, with around 100% high Response Ratio and 60ms Latency between edge 

router (that connected directly to computer) and other RPL nodes (that connect to computer via 

the edge router). Though the paper demonstrated the feasibility of using RPL in the wireless sensor 

networks to support seamless connection with IPv6 based Internet with satisfactory performance, 

it did not take into consideration of node mobility.  

 

Figure 5.3 Benchmark Performance [37] 

‘RPL under Mobility’ [38] studied the impact of high speed mobility for vehicle-to-infrastructure 

(V2I) communication in vehicular network when using RPL as its networking protocol. It studied 

various parameters (e.g. tickle timer) and external factors (e.g., various timers and speeds) on the 

networking performance.  
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Vehicular ad hoc network (VANET) is a subgroup of mobile ad hoc networks (MANETs) with 

the distinguishing property that the nodes are vehicles like cars, trucks, buses and motorcycles. 

The primary VANET's goal is to increase road safety. To achieve this, the vehicles act as sensors 

and exchange warnings or – more generally – telematics information (like current speed, location 

or ESP activity) that enables the drivers to react early to abnormal and potentially dangerous 

situations like accidents, traffic jams or glaze. 

Figure 5.4 shows their simulation experiment setup. In the Qualnet 4.5 network simulator [xx], 10 

nodes were setup to traverse a straight line of 5000m when communicating with the base-station 

on the road side using modified RPL. Vehicles’ speed varies from 25mph, 45mph, to 65mph while 

DIO msg period is varied from 2s to 10s, in an increment of 2s. [38] 

 

Figure 5.4 Simulation Experiment Scenario 
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Figure 5.5 Standard Deviation of Percentage Connectivity Duration in Different DIO Periods 

As shown in Figure 5.5, the standard deviation of percentage connectivity duration across different 

DIO periods for each car at three different speeds. We know the speed plays an important role in 

the variation of connectivity duration. The authors conclude that the higher the speed, the higher 

the connectivity variation. Since the faster the vehicle, the more frequently the topology changes 

(as shown in Figure 5.5, where the rank duration for 65mph is shorter than for 25mph for each 

vehicle.). This indicates the importance of adaptively adjusting DIO period in order to narrow the 

percentage connectivity duration variation at high speed. 

 

Figure 5.6 Rank vs. Time for 25mph and 65mph 

They also agree with our conclusion from our experiment, which is, RPL in its original form does 

not adapt to the high speed mobile sensor networking environment, resulting in significant 

networking performance degradation such as decrease in packet delivery ratio and increase in 

latency. In short, high speed of mobile nodes decreases connectivity duration, such that the 

periodic updates cannot keep up with the topology change anymore. 
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5.3.2 Experiment Analysis 

In order to more accurately analyze the Average Delay, we calculated the Standard Deviation of 

the Average Delay. In this way, we know the variety range about Daley at each speed. From Figure 

5.7, we found the metrics about delay become worse with the increasing of the speed. It seems a 

little better when the speed goes more than 15mph. But the Standard Deviation of the Average 

Delay is still so big, which is the meaning of ‘big range variety’. 

 

Figure 5.7 Average Delay and Standard Deviation 

In Figure 5.8, we put the Packets Delivery Ratio and Latency into one graph. Obviously, I believe 

we can find despite the delay decreased with the increase of high speed 15mph and 20 mph, the 

Packets Delivery Ratio is also falling. In summary, the packets we received has a short latency at 

high speed regardless of the packets loss in the server node, but finally considering the Delivery 

Ratio, the network quality becomes worse and worse with the increasing of mobility speed.  

34.28

83.11

136.2

156.45

137.37

19.7

72.91

198.3

164.7
148.81

0

50

100

150

200

250

0

20

40

60

80

100

120

140

160

180

0 mph 5 mph 10 mph 15 mph 20 mph

Average Delay and Standard Deviation

Average Latency Standard Deviation



- 55 - 

 

 

Figure 5.8 Packets Delivery Ratio and Latency  
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Chapter 6 Conclusion and Future Work 

Typical metrics for IP routing include hop count, delay, MTU, bandwidth, reliability and 

sometimes load. Assuming an ideal networking scenario, the radio channel used will stay the same 

and there will be no sleep schedules or node failure, all of which will affect the routing path. In 

the path selection process of a routing protocol, routing metrics are used to choose the best route, 

as we discussed above. By keeping all these parameters the same, we focus on the two most 

important metrics of Latency (Delay) and Packet Delivery (Reliability) in a mobile environment. 

This eliminates any possible effect from other networking factors, except the physical movement 

of the nodes within the network, on routing path selection and networking performance.  

This experimental setup is chosen accordingly to analyze the effect of node mobility on network 

performance with network latency and package delivery ratio (link reliability), with the other 

networking parameters set. The node moves at speeds from 0~20 mph, with 5 mph intervals. From 

the experimental results and analysis, we conclude that the change in latency and packet delivery 

are determined by the speed of the physical movement of the node. Furthermore, our experiment 

results also support that the IPv6 based RPL protocol supports mobility when the sensors 

transverse at around 5mph, i.e., human walking speed, with satisfactory networking performance 

with respect to network delay and packets delivery ratio. For example, the “wireless worker” 

example mentioned in the first chapter can use it as a better choice to collect data while walking 

through these wireless sensor nodes in an industrial area.   

Further analysis of the network topology changes during experiment shows the weakness of using 

original RPL protocol directly in a mobile network environment. As described in subsection 3.2.4, 

the routing protocol uses the Objective Function (OF) and Measure in Collection to build 

Destination of the directed Acyclic Graph. The trickle timer algorithm keeps their neighbors’ 

information and updates the routing table. All these factors need to be modified for RPL to support 

node mobility.   

Future work can start from the algorithm analysis of Objective Function and trickle timer. The 

default setting of RPL Trickle timer, continuously updated according to user configured duration, 

may not be suitable to support mobility in a mobile sensor network. In the future, we can design 

another algorithm to update the network topology faster thus improving the networking 

performance even when mobile nodes travel at higher speed.  
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Appendix A Acronyms 

 

6LoWPAN IPv6 over   Low power Wireless Personal Area Networks 

DHCP     Dynamic Host Configuration Protocol 

ICMP     Internet Control Message Protocol 

IETF    Internet Engineering Task Force 

IP    Internet Protocol 

IPv4    Internet Protocol Version 4 

IPv6    Internet Protocol Version 6 

MAC    Media Access Control 

MTU    Maximum Transmission Unit 

NDP    Neighbor Discovery Protocol 

TCP    Transmission Control Protocol 

UDP    User Datagram Protocol 

WSN    Wireless Sensor Network 

MANET   Mobile Ad Hoc Network 

DODAG   Destination Oriented Directed Acyclic Graph 

DIO    DODAG Information Object 

DIS    DODAG Information Solicitation 

DAO    Destination Advertisement Object 

OF    Objective Function 

MRHOF   Minimum Rank Objective Function with Hysteresis 

PAN    Personal Area Network 

WPAN    Wireless Personal Area Network 

LAN    Local Area Network 

PHY    Physical Layer 

MAC    Media Access Control 

POS    Personal Operating Space 
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TG    Task Groups 

ACK    Acknowledgment 

CSMA-CA   Carrier Sense Multiple Access with Collision Avoidance 

LLC    Logical Link Control 

SSCS    Service Specific Convergence sub-layer 

ROLL    Routing Over Low power and Lossy networks 

RFC    Request for Comments 
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Appendix B Installing TinyOS 2.1.2 under Ubuntu2 

 

We have to finish virtual machine installation and Ubuntu configuration before installing TinyOS 

under Ubuntu. Here is the link ‘how to install VMware and Use VMware to Install Ubuntu’ 

http://www.wikihow.com/Install-VMware-and-Use-VMware-to-Install-Ubuntu 

1. Add TinyOS repository addresses into the repository 

We must include the following TinyOS repository addresses into the repository source file before 

installing the TinyOS operating system. It will be accomplished by editing the file 

/etc/apt/sources.list as follows: 

Run the sources.list script. 

$ sudo gedit /etc/apt/sources.list 

Then we are going to get a dialog as below like the one presented below: 

 

Include the following lines at the end of the script. 

#TinyOS 

deb http://tinyos.stanford.edu/tinyos/dists/ubuntu lucid main 

deb http://tinyos.stanford.edu/tinyos/dists/ubuntu maverick main 

deb http://tinyos.stanford.edu/tinyos/dists/ubuntu natty main 

Save and close the “gedit” application. 

 

2. TinyOS Installation 

                                                 
2 http://norbertobarrocablog.wordpress.com/2012/12/19/how-to-install-tinyos-2-1-2-on-ubuntu-12-04/ 

http://www.wikihow.com/Install-VMware-and-Use-VMware-to-Install-Ubuntu
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Open the terminal console and execute the following command: 

$ sudo apt-get update 

$ sudo apt-get install tinyos 

Then we’re going to a list of the TinyOS version available as presented below: 

 

Run the following command to install TinyOS 2.1.2. During this step maybe we’ll be asked 

to enter the administration password and to confirm one or two steps along the way. 

$ sudo apt-get install tinyos-2.1.2 

Now, use terminal console and execute the following command, to go inside the TinyOS 

installation, as follows: 

$ cd /opt/tinyos-2.1.2 

Now list the files by using the ls command and check if there is a file named ‘tinyos.sh’. If 

not create a new one. This can be accomplished by using the “nano” or “pico” editors. 

We have to make sure that the content of ‘tinyos.sh’ file matches with the content below: 

#! /usr/bin/env bash 

# Here we setup the environment 

# Variables needed by the tinyos 

# make system 

echo "Setting up for TinyOS 2.1.2 Repository Version" 

export TOSROOT= 
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export TOSDIR= 

export MAKERULES= 

TOSROOT="/opt/tinyos-2.1.2" 

TOSDIR="$TOSROOT/tos" 

CLASSPATH=$CLASSPATH:$TOSROOT/support/sdk/java:.:$TOSROOT/support/sdk/java/tin

yos.jar 

MAKERULES="$TOSROOT/support/make/Makerules" 

export TOSROOT 

export TOSDIR 

export CLASSPATH 

export MAKERULES 

Save the file and exit. 

  

Now, use terminal console and execute the following command, to go inside our TinyOS 

installation, as follows: 

$ cd /opt/tinyos-2.x 

Now list the files by using the ls command and check if there is a file named ‘tinyos.sh’. If 

not create a new one. This can be accomplished by using the ‘gedit’ editors. 

We have to make sure that the content of ‘tinyos.sh’ file matches with the content below: 

#! /usr/bin/env bash 

# Here we setup the environment 

# Variables needed by the tinyos 

# make system 

echo "Setting up for TinyOS 2.x Repository Version" 

export TOSROOT= 

export TOSDIR= 

export MAKERULES= 

TOSROOT="/opt/tinyos-2.x" 

TOSDIR="$TOSROOT/tos" 
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CLASSPATH=$CLASSPATH:$TOSROOT/support/sdk/java:.:$TOSROOT/support/sdk/java/tin

yos.jar 

MAKERULES="$TOSROOT/support/make/Makerules" 

export TOSROOT 

export TOSDIR 

export CLASSPATH 

export MAKERULES 

Save the file and exit. 

  

We now have to make sure that this TOSROOT is used whenever a program is compiled. 

Open a console and type. 

$ sudo cp /opt/tinyos-2.1.2/tinyos.sh /opt/tinyos-2.x/tinyos.sh 

$ sudo chmod +x /opt/tinyos-2.x/tinyos.sh 

$ sudo gedit /opt/tinyos-2.x/tinyos.sh 

In order to make that we are using this folder as the TOSROOT path, open the terminal 

console and execute the following command: 

$ sudo gedit ~/.bashrc 

  

Add the following lines at the end of the document that opens: 

#Sourcing the tinyos environment variable setup script 

source /opt/tinyos-2.1.2/tinyos.sh 

#Sourcing the tinyos environment variable setup script 

source /opt/tinyos-2.x/tinyos.sh 

  

Save the file and close the editor. Close the terminal console and restart the PC. 


