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Abstract—In Wireless Sensor Networks (WSN), Tiny OS, CONTIKI OS, MANTIS OS, SOS are operating 

systems that are being used. Among them Tiny OS is the first and most extensively used operating system. Tiny 

OS uses FCFS (First Come First Served) operating system in order to schedule packets and there is no 

preemption of packets .Due to advancement in sensor operating system technology it is possible to add 

preemption to Tiny OS and thus we introduced a new scheduling policy for the Tiny OS that is based on priority 

and it considers priority in terms of real time data, hop count and dead line .We compared the algorithm with the 

existing algorithms FCFS, preemptive priority scheduling. Simulation results indicate that waiting time, delay, 

Packet delivery ratio of   proposed algorithm performs better when compared to other existing algorithms. 

Index Terms— Wireless sensor network, packet scheduling, preemptive priority scheduling, non-preemptive 

priority scheduling, real-time, non-real-time, data waiting time, FCFS. 

 

 

1. Introduction 

. A wireless sensor network (WSN) consists of sensor nodes which are capable of sensing and communicating 

over a spatially distributed sensor field to monitor a set of physical phenomena. The sensor nodes in a WSN are 

typically tiny battery powered devices with limited communication and computational capabilities. The most 

common way of obtaining good performance is to schedule the packets received in efficient manner so that the 

waiting time and end to end delay of the packets will be reduced. 

There exists many network design issues in sensor networks  such as routing protocols and data aggregation, 

that reduce sensor energy consumption and data transmission delay. Packet scheduling (interchangeably use as 

task scheduling) at sensor nodes is highly important since it ensures delivery of different types of data packets 

based on their priority and fairness. 

 

Wireless Sensor Network (WSN) operating systems use First Come First Serve (FCFS) schedulers that 

process data packets in the order of their arrival time and, thus, require large amount of time to deliver to a 

relevant base station (BS). However, sensed data have to reach the BS within a specific time period or before the 

deadline of packets. Additionally, real-time emergency data should be delivered to BS with the shortest possible 

end-to-end delay. 

Hence, intermediate nodes require modifying the delivery order of data packets in their ready queue based on 

their importance (e.g., real or non-real time) and delivery deadline. Furthermore, most existing packet scheduling 

algorithms of WSN are neither dynamic nor suitable for large scale applications since these schedulers are 

predetermined and static, and cannot be changed in response to a change in the application requirements or 

environments. 

 

In this paper, Multilevel Priority packet scheduling scheme for WSNs is proposed in which sensor nodes are 

virtually organized into a hierarchical structure. Nodes that have the same hop distance from the BS are 

considered to be located at the same hierarchical level. Data packets sensed by nodes at different levels are 

processed using a TDMA scheme. For instance, nodes that are located at the lowest level and one level upper to 

the lowest level can be allocated timeslots 1 and 2, respectively. Classification of data packets is as follows: 

(i) Real-time (priority 1) 

(ii) Non-real-time remote data packets that are received from lower level nodes (priority 2)  
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(iii) Non-real-time local data packets that are sensed at the node itself (priority 3).  

 

2. Sensor Networks and its scheduling 

 

The concept and functioning of WSN‘s basically depends upon three devices in the nodes namely sensors, 

CPU and radio, the combination of these devises results in various applications. The sensors used for sensing the 

different types of data, CPU for processing the data sensed and the radio for transmitting the data to the next node 

and so on. Each  node must be designed in such a way to provide the  primitives that are necessary to synthesize 

the interconnected web that will emerge as they are deployed, while meeting strict requirements of size, cost and 

power consumption . Some of the application areas of WSN are health, military, and security. 

              WSN are similar to adhoc networks but there are some differences between the two. They are as 

follows 

1. Wireless sensor networks mainly use broadcast communication while ad hoc networks use point-to-point 

communication. 

2. Unlike ad hoc networks wireless sensor networks are limited by sensors limited power, energy and 

computational capability. 

3. Sensor nodes may not have global ID because of the large amount of overhead and large number of 

sensors. 

4. Sensor nodes are densely deployed and are prone to failures. 

In sensor networks since large number of sensor nodes are deployed densely, neighbor nodes may be very 

close to each other. Hence, multi hop communication in sensor networks is expected to consume less power than 

the traditional single hop communication. The transmission power levels can also be kept low, which is highly 

desired in covert operations. 

Multi hop communication can also effectively overcome some of the signal propagation effects experienced 

in long-distance wireless communication. 

 Architecture of WSN Combines Wired and Wireless. It consists of:   

Sensor Nodes: The Sensor node forms the sensor network. The main objectives of nodes are making discrete, 

local measurement about phenomenon surrounding these sensors, forming a wireless network by communicating 

over a wireless medium, and collect date and rout data back to the user via sink also called as Base Station 

Sink (Base Station): It communicates with the user via internet or satellite communication. It is located near the 

sensor field or well-equipped nodes of the sensor network. Collected data from the sensor field routed back to the 

sink by a multi-hop infrastructure less architecture through the sink. 

Internet: The information collected from sensor nodes is sent to user via internet. 

User: The user is interested in obtaining information about specific phenomenon to measure or monitor its 

behavior. 

 

 The sensor node comprises of  

1. Radio: Used to transmit the data from one node to other. 

2. Battery: For power supply. 

3. Microcontroller: For processing the data sensed. 

4. Sensor Interface: To sense the data from the environment. 

 

2.1 Types of Sensor Networks 

 

Wireless sensor networks are deployed on land, underground, and underwater. 

There are five types of the wireless sensor network as follows: 

1. Terrestrial Wireless sensor network. 

2. Underground Wireless sensor network. 

3. Underwater Wireless sensor network. 

4. Multi-media Wireless sensor network. 

5. Mobile Wireless sensor network. 

Terrestrial wireless a sensor consists of many sensors deployed either in an adhoc manner or pre-planned 

manner. In a dense environment communication in a terrestrial WSN is battery limited. It is essential for sensor 

nodes to conserve energy. Energy of sensor nodes can be conserved with multi-hop optimal routing, short 

transmission range, in-network data aggregation, reducing data redundancy, minimizing delay and using low 

duty-cycle operations in terrestrial WSN. 

If a sensor node is covered underground, then it is called underwater sensor. It is basically used for detecting 

or monitoring underground situation. The sink nodes are used for transmitting information from the sensor node 

to the base station. 
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This wireless senor network is more costly as compare to terrestrial WSN in terms of equipment, deployment, 

and maintenance. It is because proper components must be used for reliable communication through soil, rocks, 

water, and other mineral contents. The wireless communication through underground environment gives a 

challenge due to signal losses and high levels of attenuation. 

Sensor nodes communicate via acoustic waves in underwater WSN. Acoustic communication is a challenge 

in underwater due to limited bandwidth, long propagation delay, and signal fading problem. Sensors are battery 

driven and regular replacement is not possible, so underwater WSNs involve developing efficient underwater 

communication and networking techniques to prolong life of sensors.  

Multi-media WSNs are used for monitoring and tracking of events in the form of multimedia. 

Multi-media WSNs consist of a number of low cost sensor nodes equipped with cameras and microphones. 

These sensor nodes communicate with each other for data retrieval, process, correlation, and compression over a 

wireless connection.  

High bandwidth demand, high energy consumption, quality of service (QoS) condition, data processing and 

compressing techniques and cross-layer design are challenges in multi-media WSNs. 

Mobile WSNs is a collection of sensor nodes that can move on their own and they are capable of interacting 

with the physical environment. Mobile nodes have ability of changing the position and thus organize themselves 

and are capable of sensing, computing, and communication with other nodes. In mobile WSNs, data is distributed 

using dynamic routing while fixed routing or flooding is being used in static WSNs. Sensor nodes deployment, 

localization, self-organization, navigation and control, coverage, energy, maintenance, and data process are 

challenges in mobile WSNs. Mobile WSNs applications include monitoring environment, target tracking, search 

and rescue, and real-time monitoring of hazardous material etc. Mobile sensor nodes can achieve a higher degree 

of coverage and connectivity compared to static sensor node. 

 

2.2 Applications of WSN 

 
1. They are able to monitor a wide variety of ambient conditions such as temperature, humidity, vehicular 

movement, lightning condition, pressure, noise levels. 

2. They can be used for continuous sensing, event detection, event ID and location sensing, local control of 

actuators. 

3. Wireless sensor networks can be used in military applications such as military command, control, 

communications, computing, intelligence, surveillance etc. 

4. It also includes environmental applications of sensor networks such as tracking the movements of birds, 

small animals, insects and monitoring environmental conditions that affect crops and livestock etc. 

5. It is used for Forest fire detection, the sensor nodes may be randomly, and densely deployed in a forest, 

they can relay the exact origin of the fire to the end users before the fire is spread uncontrollable. 

6. Flood detection is also an application of WSN  

7. The health applications of sensor networks are providing interfaces for the disabled, integrated patient 

monitoring, diagnostics, drug administration in hospitals, monitoring the movements and internal processes of 

insects or other small animals etc. 

8. Tracking and monitoring doctors and patients inside a hospital 

9. The sensor nodes attached to medications minimizes the chance of getting and prescribing the wrong 

medication to patients which is nothing but drug administration in hospitals. 

10.The home applications include, Home automation which means the sensor nodes deployed in various 

devices in the home allow end users to manage home devices locally and remotely more easily. 

 

2.3 Operating systems in sensors 

 

WSN is composed of miniaturized motes that are equipped with scarce resources e.g., memory and 

computational abilities are limited. It is impossible to replace sensor motes often; therefore a fundamental 

objective is to optimize the sensor motes‘ life time. These characteristics of WSNs impose additional challenges 

on OS design for WSN, and consequently, OS design for WSN deviates from traditional OS design. The purpose 

of OS is to manage the allocation of resources to users in an orderly and controlled manner. 

An OS multiplexes system resources in two ways i.e., in time and in space. Time multiplexing involves 

different packets transfer tasks taking turn in using the resources. Space multiplexing involves accessing the 

resource, possibly at the same time.  

 

2.3.1. Major Concerns in WSN OS Design  

The major issues concerned in WSN OS design are: 

 Architecture 
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 Programming Model 

 Scheduling 

 Memory Management and Protection 

 Communication Protocol Support 

 Resource Sharing 

 

 Architecture 

The architecture of an OS has an influence on not only on the size of the OS kernel but also on the way it 

provides services to the application programs. Some of the OS architectures are the monolithic architecture, the 

micro-kernel architecture, the virtual machine architecture and the layered architecture. 

In monolithic architecture services provided by an OS are implemented separately and each service provides 

an interface for other services. Such architecture results in a smaller OS memory as it allows bundling of all the 

required service together into a single system image. An advantage of the monolithic architecture is that the 

module interaction costs are low. Disadvantages associated with this architecture are: the system is hard to 

understand and modify, unreliable, and difficult to maintain. The disadvantages associated with monolithic 

kernels make them a poor OS design choice for contemporary sensor nodes. 

In microkernel architecture most of the OS functionality is provided via user-level servers like a file server, a 

memory server, a time server, etc. It provides better reliability, ease of extension and customization. A 

microkernel is the design choice for many embedded OS due to the small kernel size and the number of context 

switches in a typical WSN application is considered to be few. 

Another architectural choice is the virtual machine. In this architecture the main idea is to export virtual 

machines to user programs, which resemble hardware thus it has all the needed hardware features. The key 

advantage is its portability and a main disadvantage is typically a poor system performance. 

Layered OS architecture implements services in the form of layers. Advantages are: manageability, easy to 

understand, and reliability. A main disadvantage is that it is not a very flexible architecture from an OS design 

perspective. 

An OS for a Wireless Sensor Network should have an architecture that results in a small kernel size, hence 

small memory. The architecture must allow extensions to the kernel if required and it should also be flexible. 

 

Programming Model 

There are two programming models provided by typical WSN OSs, namely: event driven programming and 

multithreaded programming. Multithreading is the application development model, but in its true sense it is 

resource intensive, and so it is not considered applicable for resource constraint devices such as sensor nodes. 

Event driven programming is considered more useful for computing devices equipped with scarce resource but 

not considered convenient for traditional application developers. Therefore researchers have focused their 

attention on developing a light-weight multithreading programming model for WSN OSs.  

 

 Scheduling 

The purpose of a scheduler is to minimize latency, to maximize throughput and resource utilization, and to 

ensure fairness. The selection of an appropriate scheduling algorithm for WSNs typically depends on the nature 

of the application. WSNs are being used in both real-time and non-real-time applications; therefore a WSN OS 

must provide scheduling algorithms that can accommodate the application requirements. Moreover, a suitable 

scheduling algorithm should be memory and energy efficient. 

 

Memory Management and Protection 

Memory management refers to the strategy used to allocate and de-allocate memory for different processes 

and threads. The memory management techniques are static memory management and dynamic memory 

management. Static memory management is simple and it is a useful technique when dealing with scare memory 

resources. At the same time, it results in inflexible systems because run-time memory allocation cannot occur. On 

the other hand, dynamic memory management yields a more flexible system because memory can be allocated 

and de-allocated at run-time.  

 

 Communication Protocol Support 

In the context of OS, communication refers to inter-process communication, which is within the system as 

well as with other nodes in the network. WSNs operate in a distributed environment, where senor nodes 

communicate with other nodes in the network. All WSN OSs provide an Application Programming Interface 

(API) that enables application program to communicate. WSN is composed of heterogeneous sensor nodes; 

therefore the communication protocol provided by the OS must also consider heterogeneity. In network-based 

communication, the OS should provide transport, network, and MAC layer protocol implementations. 
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Resource Sharing 

The purpose of an OS includes resources allocation and resource sharing, which is of immense importance 

when multiple programs are concurrently executing. The majority of WSNs OSs today provide some sort of 

multithreading, requiring a resource sharing mechanism. This can be performed in time e.g., scheduling of a 

process/thread on the CPU and in space e.g., writing data to system memory. 

 

2.4 Tiny OS 

 

TinyOS is an event driven operating system which provides a programming framework for embedded 

systems. It has component-based execution model implemented in NesC language and it has a very low memory 

foot print. In Tiny OS Commands and Event handlers may post a task, which is executed by the TinyOS FIFO 

scheduler. These tasks are non-pre-emptive and run to completion. However tasks can be pre-empted by events 

but not by other tasks. 

 

2.4.1 TinyOS Features 

 

• No Kernel that means it has direct hardware manipulation. 

• No Process Management indicates that only one process on the fly. 

• No Virtual Memory exists in Tiny OS 

• No User Interface, power constrained. 

• Unusually application specific H/w and S/w. 

• Multiple flows, concurrency intensive bursts. 

• Extremely passive vigilance (power saving). 

• Tightly coupled with the application. 

• Simulator: TOSSIM, Power TOSSIM 

• Written in ―NesC‖ Language, a dialect of the ‗C‘ language. 

TinyOS uses multi-hop routing instead of point-to-point connections to save transmission power. Route 

discovery is done by 2-hop broadcast and topology discovery is based on shortest path from each node to the 

base station. 

TinyOS version 2.1 provides support for multithreading and these TinyOS threads are called TOS Threads. 

Earlier versions of TinyOS supported a non-pre-emptive First-In-First-Out (FIFO) scheduling algorithm. Thus, 

those versions of TinyOS do not support real-time application. Since TinyOS uses FIFO scheduling, 

disadvantages associated with FIFO scheduling are also associated with the TinyOS scheduler. The wait time 

for a task depends on the task‘s arrival time. FIFO scheduling can be unfair to latter tasks especially when short 

tasks are waiting behind longer ones. 

 

Existing algorithms are FCFS, priority scheduling. 

 

FCFS (First Come First Served): 

In this the tasks are scheduled in the order of their arrival. No preemption of data is observed. If the real time data 

arrive late than the non-real time data, then it has to wait for a long time and thus high delay is being observed in 

FCFS. 

 

Priority Scheduling: 

By adding preemption to the old version of Tiny OS sensor scheduler, the tasks can be preempted. Real time data 

are given high priority and are preempted over the non-real time data. 

Thus real time data has less waiting time and delay where as non-real time data has high waiting time and delay. 

 

3. Proposed algorithm 
 

In the proposed multi-level priority packet scheduling scheme, nodes at the lowest level 𝑙𝑘 , sense, process and 

transmit data during their allocated timeslots, whereas nodes at level 𝑙𝑘 − 1 and upper levels receive data in 

addition to sensing, processing and transmitting data. Based on whether the data is real time packet which is of 

high priority or non –real time packet which is of less priority, the packet is scheduled. 

The algorithm is as follows: 

 The real time data is given high priority, and it is transmitted first. 
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 High priority data which already traversed more nodes for transmission are given priority over the data 

that is being received from the neighbouring nodes, thus the data is being pre-empted based on hope 

count. 

 Priority to the non-real time data is given based on their TTL value; if dead line of packet is 

approaching they are pre-empted over the high priority real time data. 

 In transmitting data based on dead line, the hop count is also being considered; data from non-

neighbours is given high priority then from neighbour packets. 

 Data packet who‘s TTL is very less compared to time expected to reach the destination are pre-empted 

and thus waiting time and delay for non-real time data are reduced. 

4. Results and Discussion 

The proposed algorithm is compared with the FCFS, priority scheduling, priority scheduling with hop count into 

consideration. The parameters compared are waiting time, end to end delay and packet delivery function. 

Waiting time is given as the time that a packet spends in the queue before transmitting. 

Delay is the time difference between the sender transmitting time and its reception time by the receiver. 

Packet delivery function is given as ratio of total packets received to the total packets received. 

 
Figure 1: Comparison of non-real time packet delay in milliseconds for different algorithms 

 

Figure 2: Comparison of real time packet delay in milliseconds for different algorithms 

It can be observed that the proposed multilevel priority scheduling algorithm gives less delay for both real time 

data and non-real time data when compared to FCFS, priority scheduling, hop count priority scheduling. 
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Figure 3: Comparison of waiting time for different algorithms 

The comparison of waiting tine indicates that the multilevel priority scheduling algorithm gives less waiting 

time when compared to other algorithms such as FCFS, priority scheduling, hop count priority scheduling for 

both real time and non-real time data. 

 

Figure 4: Comparison of packet delivery function for different algorithms 

The comparison of packet delivery function indicates that the multilevel priority scheduling algorithm results in 

more packet delivery ratio when compared to other algorithms such as FCFS, priority scheduling, hop count 

priority scheduling for both real time and non-real time data. 

5. Conclusion and Future work 
 

Scheduling of packets in Tiny OS is being considered and a new multi-level priority scheduling algorithm is 

being proposed and it is compared with the existing algorithm in terms of waiting time, packet delay and packet 

delivery ratio and it is observed that the proposed algorithm maintains balance between the scheduling of real 

time data and non-real time data. Further circular queue can be introduced in order to prevent deadlock and thus 

performance can be increased. 
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