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ABSTRACT 

Currently there are a wide range of applications for mobile devices. However, mobile devices with 

an inbuilt wireless interface card are known to have very small operating life. Energy plays a vital 

role especially for the usage of portable devices such as Cell phones, laptops and PDA‟s. In the 

scenario of unavailability of charging outlets it is often seen that these portable devices gets 

automatically turned off when the battery is consumed completely. This situation often arises when 

portable devices are used for applications like Voice over IP (VoIP) where a voice call is made 

through the continuous communication of packets over a period of time. Thus, it is essential to 

minimize the battery consumption during VoIP calls as opposed to just during periods where the 

device is not communicating. The well researched Green-Call algorithm provides a suitable solution 

by introducing a sleep time during the waiting period for arriving packets at the Client side. The 

amount of energy savings during VoIP calls with Green-Call depends on geographical locations of 

calling stations, network connectivity and data-rate. This thesis looks specifically at the impact of 

geographic locations on possible energy savings. Network characteristics encountered between calls 

made from the U.S to various continents are studied, and possible energy savings by the Green-Call 

algorithm are theoretically quantified.  

                             

 

 

 



 
 vii 

TABLE OF CONTENTS 

Chapter                                                                                                                                     Page     

1. INTRODUCTION................................................................................................................... 1 

  

2. BACKGROUND .................................................................................................................... 4 

2.1 PSM................................................................................................................................... 4 

2.2 Peer-Client Communication ............................................................................................... 4 

2.3 Using PSM at the client side .............................................................................................. 5 

2.4 Getting sleep/wakeup intervals ........................................................................................... 8 

2.4.1Calculating Play out deadlines ...................................................................................... 8 

2.4.2 Calculating network latency ........................................................................................ 9 

2.4.3 Calculating Sleep Periods .......................................................................................... 10 

 

3. METHODOLOGY ................................................................................................................ 12 

3.1 Experimental setup .......................................................................................................... 12 

3.2 Data set using PING......................................................................................................... 12 

3.3 Energy Model .................................................................................................................. 15 

 

4. RESULTS AND ANALYSIS ................................................................................................ 17 

4.1 Varying Overhead Delay Vs Fixed tolerable latency ........................................................ 20 

4.2 Fixed Overhead Delay Vs varying tolerable latency ......................................................... 20 

    4.3 Varying overhead delay & fixed tolerable latency Vs Varying one-way latency………….23 

 

5. RELATED WORK ............................................................................................................... 26 

  5.1 Delay Measurement and Analysis of Time-critical Multimedia Applications                    

                  Over the Internet .................................................................................................. 26 

    5.2. Energy Efficient Implementation of G.729 for Wireless VoIP Application ..................... 28 

5.3. Somniloquy: Augmenting Network Interfaces to Reduce PC Energy Usage .................... 28 

5.4. Exploring Power Saving in 802.11 VoIP Wireless Links ................................................. 28 

 5.5. Wireless Wakeups Revisited: Energy Management for VoIP over Wi-Fi  
        Smartphone‟s ................................................................................................................. 29 

5.6. Self Tuning Wireless Network Power Management ........................................................ 29 

5.7. Self-Management in Chaotic Wireless Deployments ....................................................... 29 



 
 viii 

TABLE OF CONTENTS (Cont) 

Chapter                                                                                                                                 Page     

5.8. Power Management Techniques for Mobile Communication .......................................... 29 

5.9. An Energy-Efficient MAC Protocol for Wireless Sensor Networks ................................. 30 

5.10. END TO END Arguments in System Design ................................................................ 30 

5.11. An Experimental Study of the Skype Peer-to-Peer VoIP System ................................... 30 

5.12. Combining Virtual Keyboards with Speech Synthesizers and VoIP Application ............ 31 

6. CONCLUSION ..................................................................................................................... 32 

 

REFERENCES ......................................................................................................................... 33 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



 
 ix 

LIST OF ABBREVIATIONS 

 ICMP     Internet Control Message Protocol 

QoS     Quality of Service 

RTP     Real-Time Protocol 

UDP     User Datagram Protocol 

VoIP     Voice over Internet Protocol 

WLAN   Wireless Local Area Network 

WNIC    Wireless Network Interface Card 

OSI     Open Source Interconnection 

PSM     Power save Mode 

IP    Internet Protocol 

RTT    Round Trip Time 

MAC    Medium Access Control 

PSTN    Switched Telephone Networks 

 

 

 

 

 

 



 
 x 

LIST OF TABLES 

Table 1: Notations used in calculating sleep periods ....................................................................9 

Table 2: Different sites and its network latencies between North America (WSU)                         
             and each site ................................................................................................................ .13 

Table 3: Different sites and its network latencies between North America (WSU)                           

             and each site ................................................................................................................ .14 

Table 4: Notations used in deriving Green Call algorithm energy savings.................................. 15 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 xi 

LIST OF DIAGRAMS 

  

Figure 1.1: Encoding and decoding of voice signals ....................................................................1 

Figure 2.2.1: Represents an End-end delay during a VoIP call between peer and client [13] ........5 

Figure 2.3.1: Packet arrival times at the client with and without PSM with respect to play ..........6 

Scenario4.1.1: Overhead Delay 0ms and Tolerable latency = 250ms ......................................... 18 

Scenario4.1.2: Overhead Delay 1ms and Tolerable latency = 250ms ......................................... 18 

Scenario4.1.3: Overhead Delay 2ms and Tolerable latency = 250ms ......................................... 19 

Scenario4.1.4: Overhead Delay 5ms and Tolerable latency = 250ms ......................................... 19 

Scenario4.2.1: Day1 (Over Head Delay=1ms) ........................................................................... 21 

Scenario4.2.2:Night1 (Overhead Delay=1ms) ........................................................................... 21 

Scenario4.2.3: Day2 (Over Head Delay=1ms) ........................................................................... 22 

Scenario4.2.4: Night2 (Over Head Delay=1ms) ......................................................................... 22 

Scenario4.3.1: Energy Savings for estimated one-way latencies with t0=0&TL=250ms .............. 23 

Scenario4.3.2: Energy Savings for estimated one-way latencies with t0=1&TL=250ms .............. 24 

Scenario4.3.3: Energy Savings for estimated one-way latencies with t0=2&TL=250ms .............. 25 

Scenario4.3.4: Energy Savings for estimated one-way latencies with t0=5&TL=250ms .............. 25 

Scenario4.1, 4.2, 4.3: Different Single hop delays at different time intervals ............................. 27 

 

 

 

 

 

 



 
 1 

       Chapter 1 

INTRODUCTION 

 

Voice over Internet Protocol (VoIP) is a technology or a medium through which voice 

signals can be communicated over Internet Protocol networks such as internet. Generally VoIP calls 

through WLAN interface are preferred over the calls through cellular network due to the consistent 

Network Coverage and Cost-effectiveness.  VoIP is a technology in which telephone calls are made 

over a packet-switched network [8]. Now a day‟s wireless networks and VoIP technology have 

become a challenging area for researchers.   

Voice traffic is carried out by Public Switched Telephone Networks (PSTN). In Voice over 

IP process the voice is carried out by traverse packet-switched data networks. Making long distance 

calls using VoIP are less expensive when compared normal call (calls made through telephone). 

VoIP process involves few steps as shown in fig 1.2.  

 

  

 

 

 

 

                                  

Figure 1.1: Encoding and decoding of voice signals 
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The first step is to convert the analog voice waveform to a digital signal and compressed 

using existing codec. G.711 is one of the codec used for encoding voice signals [12]. By this, the 

compressed sample is packetized and sent over a network. At the client side, by performing the 

reverse procedure get the analog voice signal that may be played out    

The availability of internet enhanced the Usage of VoIP calls. The usage of VoIP calls makes 

the communication more cost-effective and reliable. Also the availability of 3G network has 

increased the possibility of making VoIP calls through mobile and smart phones. For example I-

phone connected to the internet through 3G can be used to make VoIP calls. And also the websites 

such as nonoh.com has a substitute for calling cards to make international calls, which uses VoIP 

technology. Applications such as Skype can be used to make VoIP calls using a laptop.  

The primary concern in the operation of electronics devices is the magnitude of energy 

consumption. Also the necessity of Internet has become prominent in the present day life.  As a 

result the mobile devices such as I-phone, RIM Blackberry and others are embedded with the feature 

of accessing the Internet using Wireless Local Area Network (WLAN) interface [6, 7]. It is observed 

that though the WNIC goes to an idle state when there is no active communication between the host 

and the destination network, some amount of the total battery power is consumed [5]. Thus, it is 

essential to minimize this utilization of the battery power during the idle state. This objective is 

achieved by sending the WNIC to a sleep state instead of the idle state.  

The major problem in present day mobile devices is the amount of energy consumed. So 

it is essential to minimize the energy consumption during idle state. Green-Call algorithm gives a 

suitable solution to this problem. In this algorithm energy is saved by computing sleep/wakeup 

schedules that allow the radio to stay in the low power sleep mode for significant periods of time 

during a call [13]. Trace-driven simulations are performed on different parameters using the 
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values that were obtained by the Green-Call algorithm. It was identified that about 80% of 

energy can be saved during a VoIP call by using Green-Call algorithm [13].   

The effectiveness of Green-Call Algorithm on VoIP in various locations is to be identified. 

Four websites are identified in each of the seven continents and their average network latencies 

(Round Trip Time) have to be calculated. From this one-way delay can be calculated by dividing the 

obtained network latency by two. The percentage energy savings should be calculated using the 

green-call algorithm for the obtained latencies with varying tolerable latency and over head delay for 

each continent. Also the effect of time zone on energy savings should be identified. Finally the 

research also identifies the percentage of energy that could be saved for fixed tolerable latencies, 

varying overhead delay and varying one way latencies.  

Chapter 2 gives an over view of the background work that was done previously in order to 

reduce energy consumption of WNIC during VoIP calls. This section also explains the Green-Call 

Algorithm and gives the default values that are used. Chapter 3 gives the method to calculate the 

latency values and explains the energy model that was derived using chapter 2. Chapter 4 explains 

the obtained results using trace-Driven simulations. This section also analyses the test results. 

Chapter 5 describes the related work on VoIP and chapter 6 provides the conclusion.  
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Chapter 2 

BACKGROUND 

 

This chapter describes the earlier works on the Voice over Internet Protocol. It explains the Power 

Save Mode (PSM) concept which is presently used in many mobile devices for energy savings. Also 

it elucidates a peer-client communication that was used to derive the Green-Call Algorithm.  

2.1 Power Save Mode: 

Power Save Mode (PSM) is one of the standard techniques in which the WNIC consumes less power 

as compared to an idle state when there is no active communication between peer and client. 

Consider two nodes A and B where node A acts as peer and node B acts as client. Let us assume 

node A is transmitting packets to Node B in regular intervals. After receiving the first packet node B 

goes to sleep using PSM technique. For every specific interval WNIC wakes up and checks for the 

packets that are to be received by client from the peer. This interval is known as Beacon Interval. If 

there is no packet ready to be received, the WNIC goes to sleep again. PSM is one of the best ways 

to save energy during VoIP calls.  

2.2 Peer-Client Communication 

The below fig 2.2.1 shows the VOIP call between peer and client. The voice from peer is encoded in 

to packets and transmitted over the internet and at the receiving end the access point (router) receives 

the packets. Executing the energy saving algorithm on the client side enables the wireless interface 

to sleep/wakeup at appropriate intervals of time. The packets arriving at the access point will be 

buffered till the client wireless interface wakes up. 
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Figure 2.2.1: Represents an End-end delay during a VoIP call between peer and client [13] 

The access point sends a beacon to the client notifying about the packets designated for it. By this 

the client remains in the wake up state until it accesses all the packets received by the access point. 

This process is executed by sending an extra bit (0 or 1) by the access point to the client. „0‟ 

indicates that no more packets are available for the client node and it is entitled to enter the sleep 

state‟1‟ indicates that few more packets are available for the client node to access.  

2.3 Using PSM at client side 

Looking at fig 2.2, if the client uses PSM to go to sleep, any packets arriving from the peer will be 

buffered at the AP. VoIP traffic must reach the client by its play out deadline. Thus, the client sleep 

schedules must be in a way that no packets are lost due to missed play out deadlines. To calculate 

such a sleep/wakeup schedule, we need to consider the latency (mouth-to-ear delay) of a packet from 

the peer to the client. The latency from the peer to client‟s AP is mainly the network delay for the 

packet once it is sent out from the application layer of the peer station. The peer incurs an encoding 

and packetization delay before it hands the packet to the network layer. Once a packet reaches the 



 
 6 

AP, it is buffered there until the client comes out of PSM and is ready to receive the packet. Finally, 

once the packet reaches the client, it is kept in a play out buffer to reduce jitter on playback. The 

minimum latency induced by the play out buffer is the time to decode and play out the packet. When 

the mouth-to-ear delay exceeds a specific tolerable value (tolerable delay), the packet is dropped. 

 
 Figure 2.3.1: Packet arrival times at the client with and without PSM with respect to play       

                             out deadlines [13] 

Fig 2.3.1 clarifies the possible packet arrival patterns with and without PSM at the client side. In this 

scenario let us assume only client side is trying to save energy. The packet receive times at the client 

when not using PSM is typically not a straight line because of variable network latencies from peer 

to client. But a packet play out deadline at client side is a straight line because it is the sum of 

constant tolerable latencies over packets generated at fixed intervals. In order to save energy, play 

time for the client is the difference packets receive times at client when not using PSM and packet 

play out deadlines. If the client periodically goes to sleep, packets arrive at the client side bursts.  

 The Client needs to calculate a sleep/wakeup periods that allows us to know how much time 

client‟s WNIC can sleep without dropping off any packet before their play out deadline. Larger sleep 
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periods are preferable because they lessen the total overhead delay incurred in transitioning to and 

from sleep state by notifying the AP each time. One more issue to the client during the VoIP call is 

to send the reply packet to the peer at fixed intervals. Client should buffer any generated packets 

during the sleep periods. Sleep/wakeup periods should also be in a way that these reply packets must 

reach the peer before the play out deadline. If the network latency for each packet throughout the call 

is constant then there is no problem in calculating the sleep/wakeup intervals. Practically this 

condition doesn‟t hold every time because network latencies of packets arriving in future may not be 

same. So, there is a chance of packet loss if the client use the past sleep/wakeup intervals. If the 

client‟s estimated network latency is greater than the actual network latency then there is chance of 

failure in reducing the energy consumption making WNIC sleep for more time and if actual network 

latency is greater than the client‟s estimated network latency then there will a chance of packet loss. 

By introducing a parameter LR which specifies the tolerable loss rate of the application there is 

possibility to trade-off some packet loss due to sleep mode. LR is defined as the sum of packet losses 

due to missed play out deadlines Les (where client is running with energy saving algorithm) and 

actual network loss Lnw.   The only way to control the total loss rate below the LR is by controlling 

the Les using energy saving algorithm. 

  L = Les + Lnw --------------- (1) 

Let Γ= {γ1 · · · γn} be the set sleep periods used by the client during the call. Where n is the number 

of time the client‟s WNIC transitions to sleep mode during the call. The energy consumed during 

this sleep/wakeup can be defined as  

  E Γ = PtxTtx + PrxTrx + PidleTidle + PsleepTsleep
 
--------------- (2) 
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In the equation(2) P represents the values of power consumption for transmit, receive, idle, sleep 

states and T represents the total time spent during the call in transmit, receive, idle, sleep states 

respectively. We have  

  Tsleep   --------------- (3) 

Tidle    = Tcall-duration - Ttx - Trx - Tsleep ------------- (4) 

In the equation (2) Ttx and Trx values are treated as constants by knowing the send, 

receive time for each packet and number of packets communicated during the call. The 

energy savings can be calculated for certain sleep/wakeup intervals by subtracting energy 

consumption values when client does not go to sleep with energy consumption values when 

client goes to sleep using Γ.  

 2.4 Getting Sleep/wakeup Intervals: 

 In order to derive Sleep/wakeup intervals we should assume that only the client is running 

with energy saving algorithm and the peer side radio is always in active state.  We need to perform 

three steps to get the sleep/wakeup periods at client side. Those steps are 

1. Calculate play out deadlines for every packet arrived at the client side                                                                                                                             

2. Approximate times of received packets at the client side when not running PSM                               

3. The difference between calculated play out deadline and approximated time of received 

packets at the client side without running PSM give sleep period for forthcoming packets 

2.4.1 Calculating play out deadlines: 

Let us assume an i
th

 packet is sent from peer-to-client. The total time during this transmission is 

denoted as t
i
s. Before the i

th 
packet was generated the voice should be encoded and packetized.  

 



 
 9 

    
Table 1: Notations used in calculating sleep periods 

Therefore time at which voice content of packet i generated is given as  

   t
i
p = t

i
s - Tpktz  - TL ---------- (5) 

2.4.2 Calculating Network Latency: 

 To calculate the receive times for each packet when the client not using PSM requires 

estimate of packet network latencies. A concept of spare time is used to solve this problem. Spare 

time is the difference between play out deadline and arrival time at the client side which is given as 

    ṫ
i
spare = t

i
p – Tpb - t

i
a -------------- (6) 

Where Tpb is time specified for the received packet at the client side to decode and play out.  

Once the clients goes to sleep, the next coming packet‟s network latency will be having AP 

buffering delay. Thus, ṫ
i
spare can be termed as pseudo-spare time of packet „i‟. Based up on 

previously received packets network latency, calculating the future sleep periods is difficult. One of 

the approaches to solve this problem is by adding the AP buffering delay to the observed spare time 

at the client. By knowing the last used sleep periods and arrival times of packets at the client. 

Generally first packet buffered during a sleep period will have maximum delay when compared to 

other packets in the buffer. For every TI ms a packet is generated at the client. There will notification 

delay between AP and client, because of this AP starts buffering lac before client goes to sleep and 

t
i
s, t

i
a,  t

i
p  Time when packet  I is sent, arrived and has to be played out 

Tpktz,  Tpb Encoding & packetization delay and decoding & play-out delay 

TL,  TI Tolerable latency and Packet generation interval 

lac Estimated latency between AP and client  

t
k

spare Estimation of actual spare time of first packet received after k-th sleep period 

lk Estimation of network latency  of first packet received after k-th sleep period 

ṫ
i
spare Pseudo spare time of packet observed at client 
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stops buffering lac after client wake up. Thus, the arriving packet will have a minimum buffering 

delay of  

Min buffering-delay = γ
k
+2lac-TI   ---------- (7) 

Where γ
k
 is the last used sleep period, k= 1, 2 …n. 

Using the above equation we can estimate the actual spare time for the first packet received at the 

client after a sleep period as, 

   t
k
spare = ṫ

f(k)
spare+max (0, γk+2lac-TI)  -------- (8) 

Where f(k) is a mapping from the first packet received after k
th

 sleep period to received packet 

number „i‟.  

Thus by knowing the play out deadlines and spare times of packets, network latency of each 

significant packet can be calculated using the equation, 

   lk = t
f(k)

p – t
k 

spare –Tpktz- Tpb --------- (9) 

2.4.3 Calculating Sleep Periods  

Using play out deadlines and spare times sleep periods can be calculated at various decision points at 

the call. Where a decision point is nothing but the time at which the client has to calculate the next 

sleeping period after receiving the packets from AP buffered during previous sleep period. Suppose 

if the client knew the network latency lk+1 of the next arriving packet ik+1,it can calculate the next 

sleep period γ
k+1

 which is given as, 

 γ
k+1

 = t
k+1 

spare – 2lac = t
f(k+1)

p – lk+1 - Tpktz- Tpb - 2lac  -----(10) 
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Practically network latency of arriving packets is unknown. Thus we have to assume a bound for the 

network latency of the arriving packet by using the above equation (9). This describes the sleep 

periods based on packets received at the client side from peer. 
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Chapter 3 

METHODOLOGY 

This Chapter starts by describing what tools are used and how they are used in the research. 

Further it explains the procedure of obtaining the data set values and calculation of one way 

latencies. Then finally it explains the energy model which was used to calculate the energy 

values by using the obtained data set values. 

3.1 Experimental Setup 

In this section a standard tool “ping” was used for calculating the round trip latencies from 

WSU network to all the other websites. Round-trip time (RTT) that is also termed as round-trip 

delay is the time required for a packet to travel from a specific source to a specific destination and 

back again. One-way delay can be obtained by dividing the RTT by two [22]. Thousand packets 

were pinged to shown websites of all the six continents and the respective Average-RTT values 

obtained were tabulated. The Average-RTT values are the values obtained by considering WSU as 

the source and the websites as the destination. The average Average-RTT of the continent is 

obtained by finding the mean of the Average-RTT values of the four websites. Average-RTT value 

for each website varies. The difference in the Average-RTT values is primarily due to different time 

zones and traffic intensity. The above process is carried out twice a day i.e. during day time and 

during night time for a chosen day in a week and this process is again repeated for the forthcoming 

week on the same day. All the calculated values are tabulated.  

3.2 Data Set Using PING: 

Four different websites were selected from each of the five continents (Asia, North America, 

South America, Europe, Australia and Africa) except for Africa (only two websites were selected). 

We considered WSU network as the default host. Most of the selected websites belonged to 

http://searchnetworking.techtarget.com/sDefinition/0,,sid7_gci212736,00.html
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educational institutions. Selecting the websites was difficult because most of the websites were 

blocked due to security reasons for ping traffic. 

 

Table 2: Different sites and its network latencies between North America (WSU) and each site 
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Table 3: Different sites and its network latencies between North America (WSU) and each site 

 



 
 15 

 

 

 

 

  

Table 4: Notations used in deriving Green Call algorithm energy savings 

3.3 Energy Model: 

In order to know the energy savings at client side, calculation of one-way delay is required. 

There are many standard techniques for calculating one way delay. The method incorporated in this 

research to calculate the one-way delay is dividing the avg RTT by two. In this case, the time taken 

for thousand packets to travel from source to destination is same the time taken for the reply to travel 

from destination to source. After calculating one way delay, the next step was to calculate the sleep 

time for a WNIC by using the equation, 

                                     tP
s
    

= TL – Tpktz – TPb - t
P

l ----- (11) 

t
P

l is the percentile value of calculated average network latency for each continent (Average-RTT /2 

of four websites), tP
s
 
is the sleep duration calculated by green call algorithm for different values of 

network latency, TL is the network tolerable latency, Tpktz is the packetization delay, TPb is the 

decoded and play out delay for the packet. Packetization delay and decoded-play out delay are set to 

20ms. Sleep duration is calculated for various tolerable latencies (150ms, 200ms, 250ms, 300ms, 

350ms, 400ms, 450ms, 500ms, and 550ms). Equation (11) is used to calculate sleep duration for 

different tolerable latencies and in turn obtained sleep durations is used to calculate energy saving 

values for a VoIP call. This enables us to determine tolerable latencies for each continent. 

P Percentile value used by green call to derive network latency bound 

t
P

l Network latency bound corresponding to p-th percentile of seen 

network latencies 

t
P

s Sleep period computed for network latency bound t
P

l 

N Number of transitions to sleep during the call 

M Number of packets transmitted and received during the call 

Eɼ Energy consumption using green call with a set „r‟ of sleep periods 

E Energy consumption when not using any power saving technique 

Esav Upper bound energy savings obtained by using green call 

T Total time duration of call 

to Time overhead delay for each transition to sleep model 

tc Total time to both transmit and receive a packet 
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     T = nt
P

s + nto + mtc     ----- (12) 

Equation (12) gives the total duration of the call. This helps in calculating Number of 

transitions to sleep mode (n) which is represented as equation (13). 

n =T – mtc / t
P

s + to ------ (13) 

The T is kept constant as 720000ms, m is the number packets sent i.e. 1000, tc is the default 

value used, to is the over head delay and the values are varied from 0, 1, 2, 5. „n‟ values are 

calculated for different values of to. Finally the Energy saving values are calculated by using the 

equation, 

Esav = (E – Eɼ) / E ------ (14) 

Where E is the energy consumption when the client does not sleep at all and Eɼ is the energy 

consumption for a set of sleep periods ɼ during a call with n transitions to sleep mode. These energy 

values can be obtained by equations 

Eɼ = mPtxttx + mPrxtrx + Pidle (T−m (ttx + trx) −nt
P

s) + nPsleept
P

s ------ (15) 

E = mPtxttx + mPrxtrx + Pidle (T − m (ttx + trx)) ------ (16) 

For simple understanding, Sub eq (15) and (16) in eq (14), 

   Esav = n t
P

s (Pidle - Psleep) / E --------- (17) 

By using the above equation energy saving values can be obtained. 
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Chapter 4 

RESULT AND ANALYSIS 

 

Figure4.1: Different latencies to each continent from NA 

Using equation (14) energy values are calculated for different continents keeping WSU network as 

host. The obtained values are tabulated. And to analyze the values three different graphs were 

plotted using MATLAB and Microsoft Excel. They are classified as Over head delay(0,1,2,5ms) Vs 

Tolerable latency(250ms), second one is Over head delay(2ms) Vs Tolerable latencies (100-550ms) 

and the third one Tolerable latency(250ms)Over head delay(0,1,2,5ms) Vs One-way latency(10-

250ms). Over Head Delay is the time the WNIC takes to go from sleep state to active state and 

Tolerable Latency is the time within which the generated packet at the peer side should reach the 

client side. This is repeated for all the day and night network latencies. Figure 4.1 shows the avg 

latencies for different continents. 
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Scenario4.1.1: Overhead Delay 0ms and Tolerable latency = 250ms 

                               

Scenario4.1.2: Overhead Delay 1ms and Tolerable latency = 250ms 
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Scenario4.1.3: Overhead Delay 2ms and Tolerable latency = 250ms 

 

 

Scenario4.1.4: Overhead Delay 5ms and Tolerable latency = 250ms 
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4.1 Varying Overhead Delay Vs Fixed tolerable latency: 

In the scenario 4.1.1, 4.1.2, 4.1.3, 4.1.4 the Tolerable latency is fixed at 250ms and Over 

head delay is varied from 0ms, 1ms, 2ms, and 5ms. An Energy Graph is plotted for each over head 

delay value.  When the over head delay is 0ms and tolerable latency is 250ms the amount of energy 

saved is almost constant in any time for all the continents with respect to WSU as host. When the 

overhead delay is 1ms and tolerable latency is 250ms it is observed that the amount energy saved 

will be more for Asia in the day times rather than in the night times. The main reason causing this 

effect is the time difference i.e. the day time in North America will be Night time in Asia. This 

results in low traffic intensity. And night time in North America will be day time in Asia which 

causes high traffic intensity. But for the other continents the difference is comparatively less. As the 

over head delay is increased, there will be decrease in the energy savings. Because the amount of 

time the WNIC card takes to go from sleep to wake-up state is increased. This affects Asia the most 

as compared to other continents. Overhead is nothing but the time taken by the wireless to come 

from sleep state to ready state.  

4.2 Fixed Overhead Delay Vs varying tolerable latency: 

In the scenario 4.2.1, 4.2.2, 4.2.3, 4.2.4, the energy graph is plotted by keeping the overhead 

delay constant 1ms and varying the tolerable latencies (100, 150, 200, 250, 300, 350, 400, 450, 500, 

and 550ms). Four Energy graphs were plotted between Energy values and Tolerable latencies for 

two days and two nights. In the scenario 4.2.1 i.e. for day 1 shows for the tolerable latency 100ms 

only North America had a possibility to save energy but not for all other continents. As the tolerable 

latency increased to 200ms there is chance for Asia, North America, South America, Australia, 

Europe had a chance to save energy if the Green Call Algorithm was updated in their systems.  
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Scenario4.2.1: Day1 (Over Head Delay=1ms) 

 

    

Scenario4.2.2:Night1 (Overhead Delay=1ms) 
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Scenario4.2.3: Day2 (Over Head Delay=1ms) 

 

Scenario4.2.4: Night2 (Over Head Delay=1ms) 
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As there is increase in the tolerable latency, greater the chance to save energy. But this holds not 

good for the Africa because the RTT for the Africa is quite unpredictable. When 1000 packets were 

pinged to websites in Africa, each packet will go through DNS server where it checks the address 

entered and finds the destination address. Then it sends to appropriate server by using intermediate 

hops and finally reaches the destination. Sometimes if the DNS server could not find the way to 

destination address it will send to the Gateway where it checks and sends the packet. So, the RTT 

values were unpredictable. This repeats for all the 1000 packets. So, in order to save energy for 

Africa the tolerable latency must be in between 1000ms-1500ms which is not quite practical for a 

VoIP call. By looking at other three graphs i.e. for Night1, Day2 and Night1 even Africa had a 

chance to save energy. But from the tolerable latency 250ms most of the continents energy was 

saved. The slight changes may vary because of the traffic intensity at that time. Any tolerable latency 

after 250 generally has more probability in saving energy.    

4.3 Varying overhead delay & fixed tolerable latency Vs Varying one-way latency: 

 

Scenario4.3.1: Energy Savings for estimated one-way latencies with t0=0&TL=250ms 
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Scenario4.3.2: Energy Savings for estimated one-way latencies with t0=1&TL=250ms 

 

In the scenario 4.3.1, 4.3.2, 4.3.3, 4.3.4, the energy graph is plotted by keeping the varying the 

overhead delay (0, 1, 2, 5 ms) and by fixing the tolerable latency to 250ms. Four Energy graphs were 

plotted between energy values and estimated latencies (10, 20, 30, 40-------250ms). By doing this, 

for any estimated network latencies the energy saving values can be found out. It‟s very difficult to 

know the actual latency of the next arriving packet. So by using this model we can easily identify the 

energy savings by looking at the graph shown in the fig1, 2, 3, and 4. The critical observation by 

looking at the graphs is that as the over head delay is increased from 0- 5 ms the energy saving 

values is decreased. So, lesser the over head delay more the energy saved. Roughly we can tell the 

energy savings for continents Australia, Europe and North America by looking at their average 

latency comparing with the values obtained in this model.  
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Scenario4.3.3: Energy Savings for estimated one-way latencies with t0=2&TL=250ms 

 Scenario4.3.4: Energy Savings for estimated one-way latencies with t0=5&TL=250ms 

Different scenarios are chosen and explained accordingly to save maximum amount of energy.   



 
 26 

Chapter 5 

RELATED WORK 

5.1. Delay Measurement and Analysis of Time-critical Multimedia Applications over the 

Internet [22] 

Some research was done on VoIP, in which they concentrated on increasing the life of a packet 

implicitly in order improve the quality of service. Instead of PING they used some software‟s named 

Visual Trace route and tcptrace route. The primary idea in this work was to find out percentage of 

packets having RTT values more than 200ms or one way delay more than 100ms.  
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Scenario4.1, 4.2, 4.3: Different Single hop delays at different time intervals 

                        

If the packet one way delay was more than 100ms then packet is considered to be obsolete 

packets which mean that the packet can be dropped. Finding the obsolete packets and increasing the 

life time implicitly will prevent the packet not to be dropped. Using tcptrace route software they find 

the hop delay a packet goes through with each hop. Then by observing the delays, we may know at 

which hop the single hop delay is more which is explained in the above fig for different time 

intervals. In this scenario, game server in Australia was pinged from Europe and finding out each 

hop delay and figuring out the hop where delay is more. Making particular modification at the 

particular hop may decrease the delay. By this, the problem of obsolete packets solved.  
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5.2. Energy Efficient Implementation of G.729 for Wireless VoIP Application [1] 

 In this paper, the main goal is to eliminate the silence packets produced during the VoIP call. 

Because processing of those silence packets through VAD and G.729 compression wastes energy. 

They introduce a silence pre-detection module before the VAD and g.729 compression which 

recognize the silence packets and avoids it to enter next process I, e VAD.  By using the SPD 

algorithm 34% of the energy could be saved and to install this just little hardware required with low 

computational cost. When compared with this process, we can save much energy by not considering 

the silence packets. 

5.3. Somniloquy: Augmenting Network Interfaces to Reduce PC Energy Usage [2] 

 In this paper, an architecture named SOMNILOQUY was introduced. It is a USB-based network 

interface. This hardware is connected to a computer and which has a small low powered processor, 

flash memory, Ethernet card and capability to wake-up the main processor.  Using this concept the 

main processor tries to sleep if it has nothing to do. One advantage is that web applications like Bit 

torrent and others will run with the use of secondary processor. If any incoming message or 

download request comes the secondary processor will trigger the main processor to wake-up. By this 

architecture 60%-80% of energy could be saved in most of the scenarios. 

 

5.4. Exploring Power Saving in 802.11 VoIP Wireless Links [3] 

In this paper, energy saved during VoIP calls over 802.11 wireless links. This is obtained by making 

the radio to go to sleep for a small beacon interval I.e. 20ms. During that time both uplink and 

downlink of packets transmission will occur. After the transmission again the radio goes to sleep. By 

knowing the next voice packet arrival time the radio can sleep for a significant amount of time. 

Approximately 75% of time the radio goes to sleep in 802.11b and much more in 802.11g.   
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5.5. Wireless Wakeups Revisited: Energy Management for VoIP over Wi-Fi Smartphone’s [14] 

One of the papers basically deals with the implementation of a new system namely "Cell 2 Notify" 

in the smart phones that have a built in Wi-Fi interface powered by the battery. The introduction of 

this architecture considerably reduces the energy consumption of the VOIP and there by increases 

the battery life. In this system, the Wi-Fi is active only when required.  The Wi-Fi is activated with  

a signal  sent by the "Cell to Notify" in the form of call to the cellular interface during the incoming 

call. Thus the battery life is doubled as the system uses Wi-Fi interface with optimum consumption 

of energy.                                                                                      

5.6. Self Tuning Wireless Network Power Management [15] 

One of the paper stresses on the importance of efficient power management in the wireless networks. 

Inefficient power management can lead to degradation of the wireless network system. This problem 

is overcome by implementing a self tuning power management (STPM) in the wireless network 

which is basically a Linux kernel. This helps the network system to adapt its behavior to the changes 

in the environment and act accordingly to ensure that the energy consumption is optimized. 

5.7. Self-Management in Chaotic Wireless Deployments [16] 

The application of “802.11” hardware has increased in the recent past. This paper basically deals 

with the study of interference in the chaotic deployments and its effect on the end-client-

performance. The study indicates that the implementation of PERF algorithm minimizes the 

transmission power to the maximum extent possible without affecting the transmission rate. 

5.8. Power Management Techniques for Mobile Communication [17] 

Efficient method of communication is quite essential in the wireless network for the effective 

utilization of the powered resource as it is limited. One of the papers deals with the effective power 

utilization by the introduction of a novel- transport level protocol. This protocol informs the base 
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station about the en-route signal and also the mobile host can switch off and turn on its 

communication device as per the requirement. This protocol is applicable for the laptops, hand held 

pc's as well as the hand held PDA's.   

5.9. An Energy-Efficient MAC Protocol for Wireless Sensor Networks [18] 

One of the papers proposes the implementation of the S-Mac which is a medium-access control 

(MAC) protocol for the wireless networks in order to optimize the energy utilization. With the 

implementation of this protocol the optimum energy consumption is achieved by enabling the nodes 

to sleep periodically and the neighboring nodes synchronize automatically as per the sleep schedule. 

Also, this protocol uses message passing technique to reduce contention latency in sensor network 

applications that operate by store and forward processing. This protocol reduces the overall energy 

consumption and also supports self- configuration.  

5.10. End to End Arguments in System Design [19] 

This paper deals with the principle called End-to-end argument which justifies performance 

enhancements for low level mechanisms. The performance enhancement is shown in careful file 

transfer using end-to-end check and retries method. Bit error recovery, security, duplicate error 

suppression, crash recovery, delivery acknowledgement are also considered. Finally it was 

concluded that , as the communication subsystem are specified  before the subsystem applications 

are known so it‟s difficult in choosing functions in communication subsystems. It provides a set of 

principles for organizing layered principles and help in adding substance to proper layering 

arguments. 

5.11. An Experimental Study of the Skype Peer-to-Peer VoIP System [20]   

This paper is an experimental study of Skype VoIP system where its traffic characteristics and its 

differences between the other p2p systems are studied. . And it also aims to aid further understanding 



 
 31 

of a significant, successful p2p VoIP system and also experimental data for further modeling and 

design of such systems. Although the Skype systems appear to be similar to other p2p systems, there 

are several significant differences in traffic. For  this  three experiments are conducted – a)super 

node network activity b)Super node and client population c) super node presence. From this its 

concluded that Skype differs significantly from other p2p networks in several aspects. It‟s also clear 

that Skype calls are clear and longer than traditional telephone networks but the file transfer is 

significantly smaller than other networks. It also provides useful information for modeling p2p VoIP 

systems and   also basis for discussing differences between p2p file sharing and p2p VoIP systems.  

5.12. Combining Virtual Keyboards with Speech Synthesizers and VoIP Application [21] 

This paper presents the easy voice system which integrates speech synthesizers with VoIP 

applications. This will allow persons with voice disability and motor impairments to talk with 

another person through VoIP. Easy voice is a text to speech interface that provides easy way for 

typing messages to be synthesized. This is done by using a virtual keyboard through which a motor 

impaired person can also interact with computers. This key board is designed in such a way that 

some of the letters are grouped together in order to make typing easy for motor impaired persons. 

From this it is summarized that Easy voice is a system that combines existing technologies in a right 

way for helping people with disabilities.    
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Chapter 6 

CONCLUSION  

In this research, we have calculated Round Trip latency values and one-way latency values for 

different continents. Percentage energy savings for each continent was obtained by using Green-Call 

Algorithm. Using the test results we have suggested a combination of tolerable latency and over 

head delay for different continents in order to save more amount of energy during VoIP calls. 

Considering, WSU as a host. We have seen that many websites are not allowing us to ping. We have 

seen that the amount of energy savings during VoIP calls with Green-Call depends on geographical 

locations of calling stations, network connectivity and data-rate. We have analyzed the impact of 

geographic locations on possible energy savings, network characteristics encountered between calls 

made from the U.S to various continents and possible energy savings by the Green-Call algorithm 

are theoretically quantified.  
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