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ABSTRACT 
 

H-Seda: Partial Packet Recovery with Heterogeneous Block Sizes for Wireless Sensor 

Networks  

Ammar Muhammed Taher Meer 

 

Wireless sensor networks (WSN) have been largely used in various applications due to its 

ease of deployment and scalability. The throughput of such networks, however, suffers 

from high bit error rates mainly because of medium characteristics. Maximizing 

bandwidth utilization while maintaining low frame error rate has been an interesting 

problem. Frame fragmentation into small blocks with dedicated error detection codes 

per block can reduce the unnecessary retransmission of the correctly received blocks. The 

optimal block size, however, varies based on the wireless channel conditions. In addition, 

blocks within a frame can have different optimal sizes based on the variations on 

interference patterns. 

This thesis studies two dynamic partial packet recovery approaches experimentally over 

several interference intensities with various transmission-power levels. It also proposes a 

dynamic data link layer protocol: Hybrid Seda (H-Seda). H-Seda effectively addresses the 

challenges associated with dynamic partitioning of blocks while taking the observed 

error patterns into consideration. The design of H-Seda is discussed in details and 

compared to other previous approaches, namely Seda+ and Seda. The implementation of 

H-Seda shows substantial enhancements over fixed-size partial packet recovery 

protocols, achieving up to 2.5x improvement in throughput when the channel condition 
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is noisy, while delay experienced decreases to only 14 % of the delay observed in Seda. 

On average, it shows 35% gain in goodput across all channel conditions used in our 

experiments. This significant improvement is due to the selective nature of H-Seda which 

minimizes retransmission overhead by selecting the appropriate number of blocks in 

each data frame. Additionally, H-Seda successfully reduces block overhead by 50% 

through removing block number field reaching to better performance when channel 

conditions are identical. 
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CHAPTER 1   
 
INTRODUCTION 
 
Partial packet recovery techniques aim to reduce retransmissions and to increase the 

throughput by retransmitting only the corrupted portion of the original packet while the 

remaining bandwidth can be utilized for new data transmission. In PPR, the transmitted 

packet size is maximized, and MAC layer CRC mechanism is turned off. The long packet 

is divided into small blocks where each block is joined with a block number and a CRC 

field to independently handle error recovery. Partial packet recovery techniques for 

wireless communications have focused more on the throughput aspect, especially for 

Wi-Fi and WiMAX technologies [16].  On the other hand, PPR for WSNs focused on 

retransmission reduction, and Ganti et al [1] proposed a partial recovery technique with 

implementation on wireless sensor motes. In wireless sensors, reducing retransmissions 

is considered more critical as motes are operated by a battery, and often located in 

areas where changing batteries is difficult or impossible in some cases [17].   

1.1   Research Problem Overview 

Seda protocol proposed in [1] focuses on Wireless Sensor Networks where power is the 

main concern. The packet is divided into smaller blocks where each block has its own 

sequence number and CRC and all blocks are aggregated in one Data Link frame and 

sent to the receiver. If one block was corrupted, then the receiver would specify that in 
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the acknowledgement frame so that the receiver only would retransmit the corrupted 

block instead of the whole frame. Decreasing the size of the blocks leads to better 

performance in terms of retransmission reduction but the overhead of such decision can 

grow up to 20% or more [1]. A dynamic version of Seda named “Seda+” was developed 

by our team to solve this problem by introducing dynamicity, where number of blocks in 

a frame can be changed during the session. Hybrid Seda (H-Seda) tackles the same 

problem from a different perspective, which can lead to better performance depending 

on the interference source and interference pattern. In H-Seda, the error pattern 

observed in previous sessions has a role in deciding the frame format for one successive 

session, hence changing the format of each frame to contain several block sizes 

simultaneously.  

1.2   Research Method and Goals 

We focus on studying dynamic approaches to partial packet recovery in WSN. In this 

thesis, we provide the design and implementation of Hybrid Seda, a Data Link Protocol 

implementing partial packet recovery with Heterogeneous block sizes. We discuss 

several design choices that were made to reach this goal. In addition, an experimental 

analysis is provided to compare H-Seda with other partial packet recovery protocols, 

namely Seda+ and Seda, under various interference intensities from several sources (Wi-

Fi, Zigbee, etc). The performance analysis focuses on retransmission reduction, total 

overhead reduction and the observed delay for network layer packet delivery. The 
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implementation of the three protocols was done in TinyOS and TelosB motes were used 

for experimental evaluation. 

1.3   Thesis Preview 

The rest of this thesis is organized as follows. Chapter 2 provides an overview of the 

general background and the related work to this thesis. We discuss the main 

characteristics of WSN that distinguishes it from other wireless networks. Then, we 

provide an overview to existing partial packet recovery protocols in the literature. After 

that, we illustrate the design and operation of Seda+, a dynamic approach to partial 

packet recovery. Chapter 3 presents the design and implementation of H-Seda. 

Additionally, the design choices taken are discussed in details. Chapter 4 presents the 

experimental results comparing the performance of H-Seda, Seda+ and Seda and 

indicating suitable environments for each of the two dynamic variations. Thesis is 

concluded by the conclusion and future direction which are presented in Chapter 5. 



 
 

CHAPTER 2    
 

BACKGROUND AND RELATED WORK 
 

2.1   Wireless Sensor Networks 

Recently, technological advances in IC fabrication have been very successful making it 

possible to integrate several MEMs components including sensors, wireless transceivers 

and actuators in one chip. Additionally, CMOS components such as interface pads, data 

fusion circuitry, microcontroller systems and signal processing engines can fit into the 

same circuit package. This package, or node, provides the building block in a Wireless 

Sensor Network (WSN) which consists of several wireless sensor nodes connected 

together to provide collective measurements for a specific application. WSNs link 

communications and computer networks to the physical world, enabling enormous 

applications in diverse areas such as security, process control, planetary exploration, 

and medical monitoring and diagnosis [18].  

There are several characteristics that distinguish WSNs from typical wireless networks. 

In a WSN, nodes usually have limited energy supply and relatively low data rate links 

between them. Also, nodes in a WSN collaborate in establishing a network to connect 

with each other and cooperate for collecting data, and in many applications they pass 

the aggregated information to one or more base station.  
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     The size and cost of a single sensor node may vary greatly depending on the 

application needs. For example, a weather station node could have the size of a 

shoebox, whereas for military applications where sensor nodes should be almost 

invisible its size can be microscopically small. Similarly, in a network consisting of few 

powerful nodes the cost of one node is several hundred Euros, whereas for large-scale 

networks made up of very simple nodes the cost of one node is a few cents [21].  

 In WSNs, resources such as energy, computing, memory, storage and communication 

are limited in by size and costs constraints. Hence, energy as well as other resources 

available on a sensor node may vary greatly from system to system depending on the 

type of application and the characteristics of the deployed nodes. For instance, cost and 

size constraints directly result in corresponding varying limits on the energy available for 

a node in the network (i.e., size, cost, and energy density of batteries or devices for 

energy scavenging). Additionally, nodes in WSNs are connected to a limited power 

supply. Power may be either stored within each node, e.g., in batteries, or harnessed 

from the environment, e.g., by solar cells. These resource constraints limit the 

complexity of the software executed on sensor nodes [21]. Figure 1 shows the several 

components that form a functional WSN within a bigger system. 

The required lifetime of a sensor network node varies depending on the application 

needs from several hours to several years. The required level of energy efficiency and 

robustness are greatly determined by the lifetime requirement of the nodes [21]. 
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The optimal topology of a WSN is determined by the application requirements. In low 

cost installations, sensor nodes are distributed in a large geographical area and 

configured to form self-organizing networks. The communication between nodes can be 

asynchronous or synchronous, where synchronous communication is used in many 

applications to enable power down intervals to achieve higher energy efficiency [18]. 

Nodes arrange themselves in hierarchical approach to achieve higher scalability. Each 

group of nearby sensors form subnetworks where internal communication is 

coordinated by one master node which connects the subnetwork to masters in other 

subnetworks, and the growth of each subnetwork is controlled based on its size [18]. 

The communication between subnetworks is regulated through the alignment of clocks 

and exchange of routing and resource information [18]. 

Based on the previously discussed characteristics, quality of service requirements in WSNs 

defers from typical wireless networks. These requirements have a substantial effect on the cost, 

size and resources of the sensor motes deployed. A brief description of the main quality of 

service aspects in WSNs is shown as discussed in [21]: 

 Real-time constraints: in many applications, e.g., traffic monitoring, physical 

events must be reported within a certain period of time. Information delivered 

after the specified duration are discarded or considered invalid. 

 robustness (i.e., the network should remain operational even if certain well 

defined failures occur) 
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 tamper-resistance (i.e., the network should remain operational even when 

subject to deliberate attacks) 

 eavesdropping resistance (i.e., external entities cannot eavesdrop on data traffic) 

 unobtrusiveness or stealth (i.e., the presence of the network must be hard to 

detect) 

2.2   Delay types in WSN 

For a packet moving through a multi-hop WSN, it experiences the following delays at 

each hop [20]: 

 Carrier sense delay: This type of delay is introduced from the dominant MAC 

layer protocol in wireless networks: Carrier Sense Multiple Access CSMA. Delay 

value is determined by the contention window size.  

 Back-off delay: occurs when a packet transmission with CSMA fails, either 

because the node detects another transmission or because collision occurs, a 

random back-off time is added to the overall delay.  

 Transmission delay: This type of delay is determined by channel bandwidth, 

packet length and the coding scheme adopted.  

 Propagation delay: The distance between the sending and receiving nodes 

determines the propagation delay. In sensor networks, node distance is normally 

very small, and the propagation delay can normally be ignored.  
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 Processing delay: The receiver needs to process the packet before forwarding it 

to the next hop. This routing delay is considered a part of the processing delay. 

Processing delay mainly depends on the computing power of the node and the 

efficiency of in-network data processing algorithms. 

 Queuing delay: Queuing delay occurs when several packets are forwarded to the 

same node. When the traffic intensity is high, queuing delay can be the 

dominant factor in determining the overall delay experienced by a packet. 

 

Figure 1: A wireless sensor network and its components [19] 
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2.3   Existing Data link Layer Protocols and MAC Layer Protocols for 

Retransmission Reduction 

Partial Packet Recovery has been thoroughly studied in [3]–[10]. The proposed schemes 

were based on hard decision channel output that resolves some of the issues of data link 

layer protocols. In [10], the author proposed ARQ-With-Memory (MRQ) scheme. In this 

scheme, the receiver XORs erroneous packets to identify any existing errors. Then, the 

correct packet is retrieved by an exhaustive search to pass the checksum. This scheme is 

easy to implement, however it suffers from high computational intensity of packet 

recovery that is exponential with respect to BER and unnecessary retransmission of the 

entire packet which wastes the bandwidth. The authors in [1] target data link streaming 

in WSNs through Seda. The goal of Seda was to enhance the robustness and throughput 

of WSNs. It simply divides the packet into four blocks each having its own CRC and block 

sequence number. In Seda, the transmitter divides the packet from the network layer 

into four small sequenced data blocks which are then combined at the receiver side. For 

error detection, a 1 byte CRC is appended to each block. If erroneous blocks are received, 

the receiver initiates a recovery frame, which contains the sequence of the first incorrect 

block received and a binary block map for the consecutive blocks to request their 

retransmission. Once all the blocks are received correctly, they are reassembled for 

upper network layers. One of Seda’s limitations is the loss of feedback problem (i.e., 

when the recovery block is lost). As a reaction, the sender periodically re-sends all the 

frames again after the specified timeout. The idea of packet combining in wireless 
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networks remains an interesting challenge. For example, SPaC [11] uses packet 

combining on the frame level. However, Seda is different from SpaC in the fact that the 

latter does not partition the frame into blocks. MRD [12] utilizes multiple access points to 

achieve packet combining. Basically, it combines the bits received at different motes to 

correct wireless errors. This work is similar to Seda in the fact that packets from the 

transmitter are divided into different blocks. Similarly, MRD also uses an error detection 

mechanism at the block level. Hence, exponential block combining trials might be 

possible. Moreover, a full retransmission of the whole frame will be the only solution if 

the combining efforts fail, which is very expensive. In reality, this scheme has relatively 

low computational cost, yet costly to be implemented in the sensor motes with limited 

resources. Moreover, MRD requires an efficient access point selection which is 

considered a waste of bandwidth when there is data exchange between all the available 

access points. Many other techniques are based on Forward Error Correction (FEC) [13]–

[15]. It is well known that the knowledge of the channel BER is required for FEC methods 

to function. It has been shown in [11], [12], [16], [17] that channels of any asynchronous 

wireless network suffer from unpredictable and frequent changes in channel condition. 

In addition, the high overhead of the required computation for FEC makes it impractical 

for resource constrained sensor motes.  

A substitutive scheme named type-2 hybrid ARQ scheme proposed in [13] aims to 

overcome jointly the problems of link layer protocols. In a hybrid scheme the receiver 

uses the parity bits for error detection and error correction. The receiver corrects a 
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certain number of errors using an error correction code (like FIX); but when there are too 

many errors the receiver uses the error detection code to request retransmission (like 

ARQ). In this scheme [13] the data packets are transmitted in two phases, after encoding. 

In the first phase, the data and parity bits (for error detection) are transmitted and the 

second phase contains the error correction bits. The second phase is only sent in 

retransmission. Several other schemes [1, ,13, 23-28] have been proposed to improve 

the performance of type-2 hybrid ARQ and all these schemes are statistically analyzed in 

a binary symmetric channel or in a Gaussian noise channel. Some of these type-2 hybrid 

ARQ schemes employ soft decision while others require hard decision. Type-2 hybrid 

ARQ schemes with a limited number of retransmissions were considered, and a 

comparison with the other schemes was provided using the average coding rate and the 

reliability as performance measures. An example is EARQ scheme presented in [29]. 

However EARQ has a very high computational cost problem. 

  



  25 
 

2.4   Seda+: Dynamic approach for PPR in WSN 

Seda+ is a dynamic partial packet recovery protocol that was designed by our group to 

allow multiple block sizes. In this section, we present the protocol design of Seda+. This 

includes frame structures, operation and a discussion of the main challenges that exist in 

the protocol design. 

2.4.1  Overview 

Seda+ is a dynamic block size allocation protocol that adapts the block size based on 

varying channel conditions, leading to lower block loss rates and a significant reduction in 

block retransmissions. This improves data transmission reliability, resulting in high 

network throughput. Consider x bits of data to be transmitted between sender and 

receiver. The bit stream is grouped into one or more frames at the data link layer. Each 

frame is divided into multiple blocks with certain size. Seda+ then observes block loss 

rates and modifies the block size accordingly. Whenever high block loss rates are 

observed, blocks are divided into smaller blocks for the rest of the communication 

session. Whenever loss rates decrease to a the desirable threshold, blocks are again 

merged into bigger blocks for transmission – retransmission. Since Seda+ was 

implemented on top of TelosB motes which are equipped with 250 Kbps CC2420 radio, 

the overall frame size is limited by the wireless transceiver firmware to 128 bytes.  
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2.4.2 Frame Structure  

Seda+ defines data and recovery frames. The structure of these frames is illustrated in 

Figure 2. Depending on the Seda+ mode, data frames are composed of one or more 

blocks. Each block has two additional bytes, one each for sequence number and block 

CRC. A 1 byte block sequence number can represent values from 0 to 255.  

Our experiments show that this range of sequence numbers is sufficient and is unlikely 

to overlap in the block numbers even at extremely noisy channel conditions. It is worth 

Figure 2 Various Seda+ Frame Formats 
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noting that sequence number step increment depends on Seda+ mode (e.g., in Seda+ 1 

the sequence number increases by 8 while in Seda+ 8 it increases by one). This is further 

described in Section 3.4. As a proof of concept, Seda+ was implemented with four 

different modes, namely Seda+ 1, Seda+ 2, Seda+ 4 and Seda+ 8, where 1, 2, 4 and 8 

represent the number of data blocks in the frame. For example, if Seda+ 4 is used, then 

the data frame will contain four different data blocks. These blocks may not be 

consecutive as explained later in Section 3.3. Although the fact that our implementation 

of Seda+ uses only 4 modes, we envisioned that more modes could be supported. It is 

also important to note that the amount of data sent in each frame is fixed to 96 bytes. 

This size was chosen because Seda+ 8 appends 16 extra bytes in noisy channel 

conditions (1 byte sequence number and 1 byte CRC for each block). The maximum 

frame size is 128 bytes in which 16 bytes are reserved as PHY and MAC headers. Seda+ 

uses the remaining 96 bytes for data. When the transmitted data size is not a multiple of 

the block size, padding will be added. Seda+ uses recovery frames which are sent from 

the receiver to the sender to acknowledge the received blocks and report missing or 

corrupted blocks. The recovery frames consist of four fields: Start Block Number (SBN), 

Block Map, Block Count, and CRC. SBN field is of 1 byte size and is used to flag the first 

missing or corrupted block. In case that all blocks are received correctly, SBN points to 

the next expected block. The Block Map field is of 4 bytes size and is used to indicate the 

status of the consecutive blocks following the SBN. Each bit represents a single block. 

After each session (i.e., consists of sending 4 frames as in [Ganti et al. 2006]), the 

receiver reports the number of correctly received blocks to the sender. The sender uses 
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the Block Count field to calculate the Packet Reception Ratio (PRR) which is used by 

Seda+ to decide on which mode it should operate on. The CRC component is used to 

check the correctness of the recovery frame. Both Block Count and CRC are of 1 byte 

each. 

2.4.3 Seda+ operation 

Seda+ sender and receiver sides operation are illustrated in Fig. 3. The sender and the 

receiver agree on the supported Seda+ modes during the neighborhood discovery 

phase. The sender transmits a specific number of consecutive frames each session (4 

frames in our implementation), and waits for the recovery frame from the receiver. At 

the end of this session, the receiver sends the recovery frame to acknowledge the 

received blocks and request the missing ones. The loss of the recovery frame is not 

sufficient to give reasonable measure of channel condition due to the bursty nature of 

error patterns in wireless channels. As a result, no data will be sent until the recovery 

frame is received. This design was inspired by the fact that the frames will be lost or 

corrupted if the channel is noisy. Hence, instead of re-sending the data frames again, 

that are often large, we limit our retransmission to the smaller recovery frame, which 

has higher chances to be delivered correctly. Moreover, re-sending the data frames 

before obtaining the recovery frame may result in re-sending some of the correctly 

received blocks which is considered as an additional overhead and will affect the 

network goodput. In the case of corrupted or lost recovery frame a new one will be sent 
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after timeout-recovery period. This period is set to a value greater than one RTT added 

to the transmission delay for the whole session.  

Timeout-recovery should be long enough to allow the recovery frame to be delivered 

and processed in the sender side, allow the sender to send all the frames required, and 

to give a chance for the last frame to make it to the receiver. If all frames were lost, then 

the receiver needs to re-send the recovery frame. A small margin is added to the timer 

to insure the consideration of processing and queuing time in the sender and receiver 

Figure 3: Operation Flowchart for Seda+ 
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Algorithm 1: Seda+ Sender Operation 

side. After sending all of the required blocks, the sender then sends an end message. If 

the end message is lost or corrupted, the receiver ends the connection if it does not 

receive any new data for a predetermined period of time “timeoutend”. Seda+ sender 

and receiver sides operation are described in Algorithm 1 and Algorithm 2 respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Algorithm 2: Seda+ Receiver Operation 



 
 

CHAPTER 3   
 

HYBRID SEDA DESIGN 
 

This section provides detailed description of the hetrogeneous data link layer protocol 

implemented. We begin by providing an overview of challenges that led to designing H-

Seda. the design, and then we discuss the main challenges faced in Hybrid-Seda and how 

our design choices overcome each of them. 

3.1   H-Seda Design Motivation 

The design of Seda in [1] focused on decoupling the negative effects of long packets 

when BER is high and the benefits of sending large amount of data in one frame when 

BER is low[1]. Figure 4 shows the performance of Seda versus FARQ. However, the 

approach has introduced additional overhead which is linearly proportional to number of 

blocks inside a frame, i.e., 2 bytes per block. This overhead has to be paid even during 

good channel conditions, i.e., when BER is low, increasing the total overhead by 16 bytes 

per frame when 8 blocks are used. This observation is one of the main observations that 

led to the development of Hybrid-Seda. These observations are highlighted in this 

section.  
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3.1.1   Seda Block Sizes are Fixed 

A block is basically a portion of the original frame with a sequence number and CRC. The 

addition of these two fields was thought to be essential for sending blocks out of order 

when some of them are corrupted and require retransmissions. Increasing the size of 

partitioning results in higher overhead required per frame and block resilience to BER. In 

Seda, the protocol has a hard-coded block size that is determined by the number of 

blocks in the frame. If the block size chosen was 4, then each frame is divided into 4 

smaller blocks and all of them are then aggregated in one frame to be sent. Dynamically 

controlling block sizes instead of fixing one number can greatly reduce the observed 

Figure 4: Throughput of Seda and FARQ under different loss models 
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overhead especially when the channel conditions are good. Moreover, the ability to have 

smaller blocks provides higher resilience to errors when BER is high, leading to higher 

throughputs. In addition, a frame can contain several block sizes instead of 

homogeneous block sizes provided that both sender and receiver can distinguish the 

start and end of each block even in the existence of erroneous locks within a frame. H-

Seda, enables each frame to have a collection of heterogeneous blocks with various sizes, 

gaining the advantage of dynamicity between different frames as well as within a frame. 

3.1.2 Block Overhead Can Be Reduced 

When a block is not received correctly, the receiver requests retransmission through 

acknowledgement frames, and consequently the sender sends the requested blocks 

along with new blocks to reduce throughput degradation. The block number was 

considered necessary to enable distinguishing between out of order blocks in the 

receiver side. Given the ability to detect the correct sequence implicitly, internal block 

overhead can be reduced to 1 byte instead of 2 bytes. The block number field can be 

omitted by including it in the CRC field calculation before transmission and implementing 

a search mechanism on the receiver side to obtain the correct number which agrees with 

the CRC field. This can greatly affect the overhead especially in noisy channels where 

many small blocks are sent within a frame to cope with the observed high interference. 

For instance, a frame containing 16 small blocks will have an overhead of 16 bytes/frame 

instead of 32 bytes/frame, reducing the overhead by 50%. The implementation of such 

mechanism had led to various design modifications essential for the protocol 
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implementation. These modifications were necessary to enable the proposed mechanism 

to work properly while maintaining data integrity and reliability level provided by one 

byte CRC per block. As a result, frame numbering was used instead of block numbering 

reducing the search domain to 4 numbers based on frame order in the current session to 

preserve the reliability level provided by CRC. The details of the implementation are 

provided in section 4. 

3.1.3 Successive Sessions can have similarities in Error Patterns 

Observed error patterns due to external interference, especially when interference is 

caused by other motes implementing the same data link protocol, can have similarities 

between successive transmissions. Enabling long data frames which contain 

heterogeneous block sizes is preferred to cope with different error patterns observed. 

For example, If error patterns have high correlation between successive sessions and 

erroneous bits were condensed in the beginning of the frame, then it is preferable to 

send smaller blocks at the start of the frame and larger blocks to the end of the frame. 

This preference is based on the fact that error probability is higher when the block is 

longer, because a flip in one bit causes the whole block to be considered as corrupted. 

Section 4 shows the mathematical model and simulation results for several block sizes 

per frame against several loss models. To enable hybrid block sizes within a frame, both 

sender and receiver must be able to differentiate between data blocks within a frame 

even if other blocks are corrupted. Having various sizes makes it more challenging to 

specify the start and end of each block without adding more overhead to data frames. 
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For instance, if the receiver receives a frame with erroneous blocks in the beginning, then 

it decides to further partition specific blocks while preserving the size of other blocks 

within the frame. This decision should be made in both sender and receiver, and the 

possibility of losing the acknowledgement must be included. If the estimation is correct, 

additional overhead for blocks in a safe region inside the frame can be avoided. 

Synchronization is also important to specify when errors patterns are expected. The 

assumption of high correlation between successive transmissions inspired the design of 

the hybrid scheme that we propose. 

3.2   Hybrid Seda Frame Structure 

H-Seda defines data frames and acknowledgement frames. The structure of these frames 

is illustrated in fig.5. H-Seda frame size is fixed to the longest frame supported by the 

hardware (TelosB) which is 112 bytes, as the remaining bytes are used as an overhead. 

Each frame contains several blocks of different sizes and a tail filling the remaining bytes 

with data. Each block contains data and CRC field. We see that blocks do not contain 

block numbers, and this is because frame numbers are included in calculating the CRC in 

the sender, while the receiver searches for the correct frame number. Acknowledgement 

frames are sent after each session, fixed to 4 frames to provide fair comparison with 

Seda. This is done relative to the data sent in the previous session, not representing 

successive blocks after the first missing block any longer [1]. Because ACK block maps are 

relative to the last session, both the sender and receiver can easily distinguish data by 

their location in the frame hence there is no need for block numbers. It is worth noting 
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that the size of the tail is varying from 14 to 7 bytes, depending on the blocks within each 

frame. One session can have a mix of frames each containing its own format, which 

makes it necessary to distinguish them by a frame number in order to differentiate 

between successive frames. This frame number is repeated after each session, hence 

limited to 4 as our implementation sends 4 frames per session following Seda design. The 

frame number has been eliminated by implicitly including it in CRC field. The 

implementation of this approach is elaborated in the discussion section. 

 

 

Figure 5: Hybrid Seda frame formats for data and acknowledgement 
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     H-Seda uses acknowledgement frames (referred to as Recovery frames or ACK frames 

interchangeably) which are sent from the receiver to the sender after each session to 

acknowledge the received blocks and report missing or corrupted blocks. The recovery 

frames consist of 4 byte block map, one color byte and a CRC. The block map contains 32 

bits where each bit indicates the reception of the corresponding block sent in the previous 

session. Maximum number of blocks sent in one session is 32 (8 per frame) and minimum 

is 4 (one per frame) so one block map is enough for all hybrid combinations. The color 

field serves as an indication that the ACK dedicated for the previous session is being 

received again, hence no need to recalculate the hybrid patterns. Duplicate reception is 

mainly caused by the receiver side assuming that previous ACK was not received 

correctly. This color bit is flipped each time the receiver receives data from sender, and is 

sent in the acknowledgement to the sender. The sender keeps track of the previous color 

and if there was no change then it assumes that all four frames were lost which means 

that the receiver did not recalculate a new frame structure. At this point the sender 

keeps the same old structure in order to maintain consistency with the receiver. Also, 

sender sends all the data that were previously sent as receiver did not get any correct 

data from the previous session. In addition to this, 4 bits from color are used as an 

acknowledgement to the data carried in the tail of each frame, from frame 1 to 4 in each 

session. We observe that the acknowledgement is smaller than in Seda which provides 

lower expected overhead when the same structure is used. 
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3.3 Hybrid Seda Operation 

In H-Seda, the most interesting challenge is to determine each session's frames structure. 

Blocks can be divided into smaller blocks or aggregated into larger blocks irregularly. 

Figure 6: Hybrid Seda operation flowchart 
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This introduces additional overhead to determine the suitable structure for the next 

session. Additionally, it is needed that the sender and the receiver choose the same 

structure to avoid inconsistencies. Several design choices were made to regulate the 

division-aggregation process and the structure discovery process. Figure 6 shows the 

general flow of the protocol in both sender and receiver sides to maintain the connection. 

The detailed developed algorithm shown below regulates these transitions: 

• Initiate connection 

• Sender sends 4 frames as Seda8 structure 

• Receiver sends ACK: [  BlackWhite+TailACK 1b | Blockmap 4b | CRC 1b] 

o BlackWhite: one bit to differentiate between two consecutive sessions 

provided that the last ACK was missing.  

o TailAck: one bit to indicate the reception status of additional data in the tail 

of the packet 

o Blockmap: 32 bits representing relative Seda8 blocks in the last session 

• Receiver generates frames structure depending on the Sent ACK. The structure is 

updated as follows: 

o Start: check each two received consecutive aligned Seda8: if it was 

originally ((Seda8 and correct) or Seda 1 or Seda 2: Merge to Seda4 

o Start: check each two received consecutive aligned Seda4: if it was 

originally ((Seda4 or Seda2)and correct) or Seda 1: merge to Seda 2 

o Start: check each two correctly received  consecutive aligned correct 

Seda2: if it was originally Seda2 or Seda 1: merge to Seda 1 
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o FrameTail is the consecutive data that are not sent yet (which is known by 

the sender and receiver, as receiver requests the data from sender). CRC is 

appended to the FrameTail and the size is determined by the remaining free 

space. 

o Frame numbers are 2 bit constants for each frame in the session uniformly 

distributed among blocks. If a block is not correct, we replace its constant 

with a correct one and check again to minimize errors in the frame number.  

• Sender receives ACK and applies the same algorithm. Also, sender fills the 

corresponding frame numbers and does shifts to insert it in the correct place. 

Sender appends the tail and its CRC in each frame. 

• Data Integrity: The enhanced design considers relative block maps to synchronize 

between successive block transfers. Each byte is sent upon explicit request through 

the relative block map which indicates the erroneous blocks hence a simple 

mechanism for insuring data integrity is required.  

o No restriction for block numbering (previously restricted to 256) 

o No need for sending data consecutively within the block (block maps are 

relative not successive to start block number). This implies that there is no 

need to add the overhead of sending some portions of data again. 

o No block numbering as data is allowed to be tracked by the knowledge of 

the missing blocks in all previous sessions. 
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3.4   Discussion 

As mentioned in section 2.4, the dynamic implementation of Seda proposed as Seda+ 

contains fixed block sizes for a whole session based on recently observed block error 

rates. In Hybrid-Seda, we remove the constraint that all blocks within a frame are to be 

of the same size, giving more freedom towards having multiple blocks with different sizes 

in one frame in addition to having several frame formats within one session. In order to 

make use of removing such constraint, both sender and receiver must derive all frames' 

formats needed for the next session and send data and acknowledgements accordingly. 

This mechanism must satisfy three conditions: first is type discovery, which means that 

the receiver must have a mechanism to discover block lengths, block numbers and the 

start of each block in a frame, which is naturally decided by the sender. The second 

challenge is data integrity, and by this we mean that the exact sequence of data sent 

with different block sizes must be distinguishable for the receiver, because now it no 

longer receives data in the same mode, and one frame can be retransmitted with a 
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different size or even in several blocks. For example, one block of type 2 may be lost and

 

Algorithm 3: Hybrid Seda Sender operation 

re-sent in next session in three blocks: one of type 4 and two of type 8. Both sender and 

receiver should be able to place the corresponding bytes in the original order without 

block number. The third challenge is that the expected overhead of implementing such 

mechanism must be less than the observed gain that is reported when using Hybrid-

Seda. This means that overall performance on average should outperform all other seda 

types. Other than that, Hybrid-Seda cannot be considered effective and useful. Here are 

the main challenges and how they were tackled in our design. 

3.4.1   Identifying Error patterns 

 The most important factor to decide which type of blocks should be sent is the 

expected error pattern. If error patterns can be calculated accurately, we can avoid 
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having any data loss, however exact prediction is generally not possible yet. In Hybrid-

Seda, the approach used is to collect data from the  

 

Algorithm 4: Hybrid Seda Receiver operation 

 

most recently sent frames and predict the error patterns to be similar. This assumption 

holds when error sources repeat the same behavior on short intervals, which is 

commonly the case when the interference source is another mote (or motes) in its 

network [29]. The sender starts with an agreed upon frame format containing blocks 

with equal size. For each frame, a frame number is assigned and included to each block 

before calculating block CRC. After that each block is concatenated with its CRC while 

frame number is discarded. 4 frames are sent in each session each containing blocks with 

CRC calculated with unique frame number ranging from 1 to 4. After sending four 

frames, the receiver sends back an acknowledgement frame containing information 
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about the correctly received blocks in the previous session. This information is 

represented as a bitmap where each bit represents the smallest block size (12 bytes). 

Because each acknowledgement is sent after 4 sessions, the bitmap length is 32 bits 

(4bytes). The sender and receiver now have the same error pattern and based on it they 

will choose the same frame formats for the next session. If there is additional space in 

the frame, new data can be inserted with its corresponding block number. If for any 

reasons this rec frame was not received, the receiver will time out after the duration of 

one session and will send a duplicate frame without recalculating the expected structure 

to preserve consistancy between sender and receiver structures. If errors are very low, 

then the frames will be received correctly generating longer frames for next sessions 

gradually until reaching large frames with minimal overhead of one CRC block plus phys 

layer overhead which was not modified, keeping all modifications in the datalink layer. 

The challenge of finding the correlation between successive transmissions is achieved by 

observing the order of erroneous blocks and comparing each session with previous 

sessions as well as comparing blocks in a session with other blocks in the same session. 

3.4.2 Identifying best format based on Error Patterns 

The receiver determines estimation to error patterns through calculating CRC for 

each block received in the session. After that, the blockmap is transferred to the sender 

to have the same information about the last session error patterns. When 

acknowledgement is correctly sent to the sender, both sender and receiver can decide on 

the format of the next frame. If there is a high correlation between successive 
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transmissions, the probability of having errors in the same block area is high. Due to this, 

erroneous blocks are targeted for further partitioning hence the new generated structure 

divides each erroneous block into two. The idea is to expect that error patterns will occur 

again in a region close to the previously observed one. Because our estimation is based 

on erroneous blocks, we do not know where the error is located exactly (this assumption 

is natural since knowing this information means that the receiver can just flip the 

corresponding bits and recover the original correct block) and choose smaller blocks 

where errors are severe and longer blocks where errors are minimal. Block partitioning is 

a simple task, however rejoining them is more challenging. If each two consecutive 

blocks are joined together, then any variation in the error patterns (which is highly 

expected even in the case of high correlation due to synchronization issues, new error 

bursts… etc.) will result in losing the whole merged block, leading to partitioning this area 

in the next transmission. In our approach, we choose to only join two consecutive aligned 

blocks into a larger one given it was received correctly in previous transmissions. The rule 

of alignment in addition of merging one level at a time makes it considerably slower to 

merge compared to portioning pace, which is a preferred behavior especially in high 

error environments. Another important fact to observe is that the overhead per block 

partitioning is one additional byte needed for one additional CRC, while the cost of 

merging is increasing the block error probability exponentially. Detailed calculations 

depicted in section 4 and experimental results given in section 5 show that these choices 

improve overall throughput. 
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3.4.3 Preserving data integrity 

Data integrity is concerned with the order and correctness of the data in transmission. 

When original frames are divided into smaller blocks, the previous mechanism to insure 

data integrity was to include block numbers. When blocks were being divided further or 

aggregated, bytes inside a block were kept consecutive to prevent misalignments. 

However, in H-Seda, because the sender and transmitter both know the exact format of 

the frames to be sent prior to frame transmission session, both sender and receiver can 

track each byte within the frame with full clarity. The transmission of the exact error 

pattern observed within the previous session instead of sending the reception of 

consecutive blocks after a certain block (SBN) has enabled H-Seda to determine the 

status of each byte after the end of each session. Keeping track of bytes sent and bytes 

received is maintained through Block-map field in the ACK message, allowing data 

integrity to be preserved without the need of the consequence requirement as in Seda or 

Seda+. Because both sender and receiver have all the data about the correctly received 

blocks and retransmitted blocks, and know the pattern of errors, the next session will 

contain blocks with hybrid sizes where each block will be signed by the frame number 

with a pattern chosen according to the procedure mentioned in the previous step.   

3.4.4 ACK retransmission instead of data retransmssion 

One of the main drawbacks of Seda design is the reliance on successive data 

retransmissions when no ACK is received. In Seda+, another dynamic approach 
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developed and studied by our group, ACK retransmission was implemented, and has 

shown significant improvements in terms of throughput and delay. In addition to the 

significant improvement in retransmission reduction, this approach provides the 

necessary conditions for data integrity constraints as the sender and receiver always 

know exactly what data are being transmitted for a current session. This is insured by 

allowing multiple ACKs to be received while only sending after ACK reception, which is 

necessary to indicate the receiver's current state. 

3.4.5 Removing Block numbers and reducing overall overhead:  

In Seda, block numbers were included to differentiate between frames when they are 

sent out of order. The reason a block may be sent out of order is that blocks with 

erroneous content can be received while consecutive blocks are being received correctly. 

If ACK is received correctly, then the incorrectly received blocks are to be sent, otherwise 

the sender assumes loss of data and retransmits the whole frame again. The receiver 

must have a mechanism to differentiate between incoming blocks to maintain data 

integrity, hence including block numbers. In H-Seda, this mechanism has been replaced 

by encoding in-session frame numbers to insure correct order of reception. In H-Seda, 

the sender does not send data unless it received an acknowledgement, either new or old. 

When receiving a new acknowledgement, the sender recognizes that the block map 

corresponds to the most recent transmission, updates its structures and sends data to 

the receiver. The receiver has the same structures so no conflicts arise and there is no 

need to number the blocks. On the other hand, if the acknowledgement received is an 
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old one, then the sender will be notified that the whole session has been missed and the 

sender keeps the same structure and sends the data to the receiver. The receiver has the 

same structure, eliminating the need of block number entirely. To differentiate between 

old and new ACK, one "color" bit is dedicated in the ACK message to determine the 

status of ACK. The frame number is an additional mechanism needed to differentiate 

between consecutive frames received within one session, in case that one or more 

frames were lost entirely. However, frame numbers are included just before calculating 

CRC field before transmission instead of being included in the block. The advantage of 

such a strategy is reducing the overhead from 2 bytes per block to 1 byte only (CRC byte 

cannot be removed). The shortcomings are that the receiver has to do more calculations 

to search for the correct frame number. In addition to calculation overhead (which is 

minimal), the reliability of CRC is reduced as now several numbers can be incorrectly 

accepted instead of a specific one. To overcome the reliability issue, the search domain is 

reduced to only four frame numbers, and all blocks within a frame are tested  in frame 

numbers. If two blocks within a frame correspond to different frame numbers, this 

indicates the existence of a specific error regarding CRC as obsolete. In this case the 

whole frame is discarded. We did not face this type of error in our experiments even in 

harsh environments with high BER. 



 
 

CHAPTER 4   
 

IMPLEMENATION AND PERFORMANCE ANALYSIS 
 

This section presents H-Seda and Dynamic Seda experimental results considering the 

good and bad channel conditions with various interference patterns and several 

interference sources. We also show the effect of high power interference on the 

efficiency of H-Seda and Dynamic-Seda packet recovery. Effects on delay, throughput and 

overall retransmissions are compared with Seda and show better results especially under 

highly correlated error patterns. 

4.1   Experimental Setup 

The protocols were implemented as TinyOS linked layer protocols and were examined 

using TelosB motes in an office environment. TelosB motes are equipped with Chipcon-

CC2420 radio which is compatible with IEEE 802.15.4 (ZigBee) standard and are capable 

of sending/receiving with speeds up to 250 Kbps. The implementation was carried out 

using TinyOS 2.1.1 platform. TelosB motes operate in the 2.4 GHz ISM band and interfere 

with WiFi devices. To limit the impact of this interference, our experiments were 

performed at night when the uncontrolled wireless traffic is minimal.  

For the whole set of experiments, the main two motes were placed 1m apart from each 

other and constantly powered through USB cables to avoid low power issues caused by 

battery drainage. To allow the protocol to run as intended, MAC-layer automatic CRC 
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was disabled to allow corrupted packets to be passed to higher layers as H-Seda, Seda+ 

and Seda variations have their own retransmission mechanisms. To evaluate Seda+ under 

various channel conditions, every experiment was repeated under two interference 

settings. The first set of experiments did not impose any interference. The second set of 

experiments was done while transferring a large file between two Linux boxes equipped 

with IEEE 802.11g wireless cards. These boxes were placed 15m apart and used a 

transmit power of 18 dBm. We used WiFi as a source of interference because of its high 

power characteristics. We anticipate that our results will also hold in environments with 

lower level of interference. WiFi was chosen as a source of interference as it already 

exists in many WSN deployments such as smart buildings and traffic control applications.  

 

4.2   Experimental results 

To evaluate the performance of H-Seda and Seda+, the protocols were implemented and 

evaluated against the original Seda protocol. Several experiments were carried out with 

various interference and power setups to quantify the average observed achievements. 

In each run, the sender mote transmits 1000 frames to the receiver mote and stops after 

reaching this amount. Results are then averaged over 5 runs. For Seda+, each frame 

contains exactly 96 bytes of data, where frame length is determined by the overhead 

needed for each type (1,2,4 or 8 for our implementation In H-Seda, Frame length is fixed 

to 128 bytes where all remaining space is attached as a tail, making data size dynamically 

changing.  
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The three equations below show the method used to evaluate throughput of the three 

schemes (      ,        and        ). The terms used in the equations are described in 

table 1. 

 

Term Definition 

  The maximum supported number of blocks in a frame 

  Frame header size (bits) 

   Frame length (bits) 

     Number of received frames 

      Number of sent frames 

     Acknowledgment frame length (bits) 

        Number of sent acknowledgment frames 

   Block length (bits) 

   Block overhead length (bits) 

     Number of received blocks 

     Received tail length (bits) 

Table 1: Terms used in the throughput equations 
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In figure 7, the throughput of H-Seda and Seda+ are compared with traditional Seda 

under normal channel conditions without imposing pathological interference patterns. 

Seda+ shows the upper hand over Seda with an average of 30% throughput 

improvement across all power settings. Additionally, H-Seda shows more that 35% 

improvement on average across all setups. The results indicate that H-Seda performs 

slightly better than  Seda+ in low interference conditions even with signal fading. 

Figure 7: Throughput results for Hybrid Seda, Seda+ and traditional Seda protocols with 
various power level in normal conditions (without external interference imposed) 
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Figure 8 shows throughput measurements while imposing intense WiFi interference as 

described earlier. Seda+ shows peak performance of 2.0 increase in throughput 

compared to Seda in bad channel conditions. Additionally, H-Seda shows up to 2.5 

increase in throughput due to its advantage in having less overhead per block at the cost 

of higher calculations.  

 

  

      Based on these results, it is difficult to conclude which implementation has a higher 

edge between H-Seda and Seda+ as it differs from one power setting to another, and it is 

influenced by the experimental setup. Seda+, H-Seda and traditional Seda throughput 

Figure 8: Throughput results for Hybrid Seda, Seda+ and traditional Seda protocols with various 
power level and high Wi-Fi interference 
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performance keeps the same trend observed with no interference. When the 

transmission power is increased, the imposed interference from the WiFi connection in 

this setup is no longer strong enough to degrade the communication quality.  

     Several factors contribute to the observed improvements in performance. The 

dynamic nature of the enhanced variations minimizes the overhead when channel is in 

good conditions by choosing large blocks, and minimizes the retransmission size when 

the channel is highly interfered by selecting smaller block sizes. In Seda+, the cost of 

incorrect prediction lasts for multiple sessions needed to calculate the average reception 

rate. In H-Seda, incorrect predictions require one session, however if there is low error 

correlation, the prediction accuracy is lowered. One of the major improvements that 

allow Seda+ to outperform Seda is the choice resending small acknowledgement frames 

instead of sending duplicate data. The interference that caused the data frames in the 

previous session to be corrupted is likely to cause additional frames to be corrupted too. 

All additional data frames, which are substantially longer than acknowledgement frames, 

are considered overhead, hence degrading network goodput dramatically. 

Acknowledgement frames are about 5 times smaller than the average block size, thus 

have higher probability to be received correctly. If they are not received correctly, then it 

is even less probable for actual blocks to be correctly received. Also, if the physical and 

MAC layer headers and footers were corrupted, then the cost would be minimized by 

resending small ACK frames instead of full data frames. Additionally, acknowledgement 

frames minimize duplicate block reception in Seda+ (blocks received correctly but resent 
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again due to ACK maximum capacity of 32 blocks). It also eliminates duplication in H-

Seda, which increases the goodput of the network. This is due to the fact that the sender 

will only send additional data as a response to ACK reception. In case of Seda+, the 

information held in the block map contain information about consecutive blocks 

following SBN, allowing it to minimize duplication. However, ACK frames in H-Seda 

contain the exact blocks that were not correctly received previously, allowing it to 

eliminate duplication entirely. Another observed benefit in this mechanism is that 

reducing redundant transmissions make H-Seda and Seda+ more energy efficient, which 

is critical when motes are located in remote areas with no continuous power source. 

     Figure 9 compares the overall delay required to send 1000 frames in Seda+, H-Seda 

and Seda implementations. The figure shows the normalized network delay under 

various channel conditions. The quality of the channel is altered by reducing motes 

transmission power. When channel conditions are good (low interference and high 

transmission power), all protocols perform the same as frames are being sent with 

similar data rates. Interestingly, both Seda+ and H-Seda start to outperform traditional 

Seda as the interference is increased. The peak performance happens at -25 dBm in 

which Seda+ manages to reduce the delay to only 20% compared to Seda while H-Seda 

achieves dramatic delay reduction to reach up to 14% of original Seda. As indicated 

before, the variance in H-Seda performance is higher when power is low and Wi-Fi 

interference is high, suggesting less stable behavior with the advantage of lower average 

delay.  
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     Although our dynamic variations are not targeting network delay reduction, it is 

interesting to see that they perform better than Seda when the channel is suffering from 

interference. This improvement is observed in both dynamic implementations, and is 

attributed to the fact that Seda+ and H-Seda receiver retransmits the recovery frame in 

case it has been lost or corrupted instead of retransmitting the whole data frames. As 

discussed earlier, this recovery frame is smaller in size than the data frame, and hence 

easier to be delivered correctly. As a result, the sender will trigger a new session of data 

sending as soon as it receives a recovery frame. Alternatively, the sender in Seda waits 

Figure 9: Average delay per frame of H-Seda vs. Seda+ vs. Seda. The y-axis shows the 
normalized H-Seda and Seda+ delay with respect to Seda 
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for a predefined amount of time (full session time)  before sending the already sent data 

in case of recovery frame loss or corruption. 

     In extreme interference conditions (when transmission power is -25 dBm), both Seda+ 

and H-Seda suffer from more frequent losses, which result in performance degradation. 

All protocols suffer from the decrease in performance, however the dynamic versions 

become more prone to interference, affecting their ability to deliver correct data blocks 

hence stabilizing the normalized delay compared to Seda.  

 

Figure 10: H-Seda and Seda+ performance comparison with static implementations of Seda+, no 
interference imposed 
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     To quantify the effect of dynamism, we compare Seda+ and H-Seda to a static version 

of Seda+ which contains other design enhancements implemented in Seda. Static Seda+ 

means that the number of blocks in Seda+ is fixed to either 1, 2, 4 or 8 blocks. Initially, 

the experiments were done without interference. Fig. 10 shows that H-Seda outperforms 

all static Seda+ variations. Additionally, Seda+ outperforms almost all other static ones. 

The only exception is in Seda+ 1, which is performing slightly better than Seda+ under 

perfect channel (i.e., no loss due to high transmission power and no interference). The 

reason for this behavior is the initial mode of Seda+. It always starts with 8 blocks in each 

frame and it requires at least one session to discover that the channel is good and adjust 

its mode. H-Seda also starts by having 8 blocks but it quickly recovers after three sessions 

instead of fifteen sessions required by Seda+ which needs more sessions to compute the 

average error rate. Also, H-Seda has the advantage of having 50% less overhead within a 

block as block number is eliminated. For these reasons H-Seda outperforms all other 

implementations in good conditions.  However when power is low, H-Seda performance 

is fluctuating with time as it transfers from one mode to another much faster than Seda+, 

producing substantially better performance.  

     Fig. 11.A represents the percentage of time Seda+ is spending on each mode. Even 

with the motes at the best transmission power, Seda+ still spends around 10% of its time 

in Seda+ 2. The main reason for this observation is the selection mechanism of threshold 

for switching between Seda+ 1 and Seda+ 2. In current implementation, 100% PRR is 

required to switch to Seda+ 1, forcing Seda+ to switch to Seda+ 2 after each session with 
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one or more lost packets. Figure 11.B shows the percentage of time H-Seda spent in 

sending data with various block types. It is clear that the fast transitions in H-Seda allow 

it to spend less time in undesirable modes at the risk of losing larger data blocks if the 

interference pattern is independent between consecutive sessions. 

     From figure 11, it is clear that Seda+ is spending more than 80% of the time in Seda+ 1 

when the channel is good. On the other hand, Seda+ never switches back to Seda+ 1 

when the transmission power is -25 dBm or -15 dBm since the channel is considered 

noisy and switching to Seda+ 1 requires 100% reception rate. In the lowest power 

setting, almost all packets were sent as Seda+ 8 because the reception rate is very low. 

Fig 11.b shows that H-Seda spends significantly larger amount of time in lower block 

number schemes (larger size) with the existence of interference, however it is more 

optimistic than Seda+ as it changes more frequently. It is worth mentioning that H-Seda 

is highly dependent on the interference pattern observed in each run compared to Seda+ 

which is less dependent to error patterns. 

     Another set of experiments were carried out under bad channel conditions. Figure 12 

shows that H-Seda results in much higher throughput than all static schemes. 

Additionally, Seda+ results in higher throughput than static schemes too. The figure 

shows that there is a slight advantage of H-Seda over Seda+, however the variance in H-

Seda was higher than the variance in Seda+ suggesting that it is difficult to draw a 

definitive conclusion from this experiment. The advantages of H-Seda, having larger 

frame sizes, smaller acknowledgement with less overhead, significantly less block   
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Figure 11.A: Percentage of time Seda+ is spending in each mode without interference 

Figure 11.B: Percentage of time Hybrid Seda is spending in each mode without interference 
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Figure 12: H-Seda and Seda+ performance comparison with static implementations of Seda+ 
under high Wi-Fi interference 

    

 

overhead are all challenged by its dependence of error patterns. As discussed earlier, H-

Seda determines the structure of the next session transmission through analyzing the 

previous session error patterns. If these patterns are random, then it is highly likely that 

the predictions made are incorrect. However in Seda+ it collects data for longer time, 

which in turn makes it less optimistic, keeping the size of blocks smaller. In low 

interference conditions H-Seda can show better performance due to its design 

advantages and generally dynamic nature. 
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Figure 13.A: Percentage of time Seda+ is spending in each mode with high Wi-Fi 
interference 

Figure 13.B: Percentage of time Seda+ is spending in each block mode with high Wi-Fi 
interference 
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     The dynamic behavior of Seda+ for a full connection was recorded and shown in fig.14. 

The figure shows the transitions between different block modes in Seda+ according to 

the PRR. The experiment captures the behavior in low power communication without 

explicit interference generation. The transmission power was set to -7 dbm and the 

distance between the motes was fixed to 1.5m. The results show that the transitions 

occur gradually one-step at a time following the design described in section 2.4. In each 

step, the protocol remains constant for a minimum of five sessions (i.e., reception of five 

distinct acknowledgments each acknowledging 4 frames in our implementation). The 

protocol always starts with Seda+ 8 and remains there until the block loss ratio is 

Figure 14: In depth picture of Seda+ transitions between modes over time 
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observed to be less than a specified threshold. Then the sender chooses to switch to 

Seda+ 4, and then to Seda+ 2 and so on, one step at a time. When the channel quality 

deteriorates, Seda+ attempts to operate on larger number of blocks one step at a time as 

well.  



 
 
CHAPTER 5   
  
CONCLUSIONES AND FUTURE WORK 

 

This thesis proposes a dynamic partial packet recovery protocol based on heterogeneous 

block sizes: Hybrid Seda. The design of the Data Link Layer protocol was presented and 

discussed in details. Several design choices were taken to improve packet recovery 

mechanisms in order to reduce packet retransmission and overall overhead. Hybrid Seda 

protocol manages to account for highly correlated error patterns in the channel as well 

as maintaining comparable performance when error patterns are not highly correlated. It 

also manages to reduce block internal overhead by 50%.  

     The protocol was implemented on TelosB motes and the performance was compared 

and evaluated with existing partial packet recovery protocols such as Seda. It shows that 

in severe cases, H-Seda overhead performance is 2.5 times better than Seda, while 

maintaining an average of 35% lower overhead in low interference environments.  

Moreover, a comparison between the hybrid approach and the general approach was 

provided by analyzing the performance of Seda+, a dynamic partial packet recovery 

approach developed by our group. The comparison shows that both protocols maintain 

similar average overhead reduction over Seda, however Seda+ has higher stability when 

error patterns are highly unpredictable. However, when interference patterns are highly 

correlated H-Seda shows high increase in performance. 
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     Delay analysis shows that reducing retransmission reduces delay dramatically as the 

network packet is kept in the buffer until all its bytes are received correctly. H-Seda 

maintains the lowest delay in low interference conditions and especially in highly 

correlated interference. The measured delay decreases up to 14% compared to 

traditional Seda implementation.  

     Dynamic Partial packet recovery has many advantages over regular partial packet 

recovery; however it is still not perfect. The comparison between two dynamic 

implementations has shown several areas for improvements. Seda+ performance is 

dependent on the selection of the optimal thresholds to transfer from one type to 

another. In the current implementation, the thresholds had been statistically derived 

from multiple runs and observing the behavior of errors, however the error pattern 

changes with time, making it more desirable to have dynamic threshold levels. Motes can 

evaluate the change in performance on run time after changing from one type to another 

and set the thresholds accordingly.  

     The current implementation of H-Seda does not provide the optimal criteria for block 

sizing. Error pattern recognition mechanisms can improve the performance of H-Seda by 

estimating optimal block sizes to be selected for the next session. We will consider 

optimizing block sizes as well as session sizes in the future. 
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