
HAL Id: hal-00120872
https://hal.science/hal-00120872

Submitted on 18 Dec 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Energy consumption analysis of a simple image
transmission protocol in wireless sensor networks

Vincent Lecuire, Cristian Duran-Faundez, Thomas Holl, Nicolas
Krommenacker, Moufida Maimour, Michael David

To cite this version:
Vincent Lecuire, Cristian Duran-Faundez, Thomas Holl, Nicolas Krommenacker, Moufida Maimour, et
al.. Energy consumption analysis of a simple image transmission protocol in wireless sensor networks.
6th IEEE International Workshop on Factory Communication Systems, WFCS’2006, Jun 2006, Torino,
Italy. pp.215-218. �hal-00120872�

https://hal.science/hal-00120872
https://hal.archives-ouvertes.fr


Energy Consumption Analysis of a Simple Image Transmission Protocol

in Wireless Sensor Networks

Vincent Lecuire, Cristian Duran-Faundez, Thomas Holl,

Nicolas Krommenacker, Mou�da Maimour, Michael David

Centre de Recherche en Automatique de Nancy (CRAN - UMR 7039), Nancy-Université, CNRS

Faculté des Sciences et Techniques, BP 239, F-54506 Vandoeuvre-lès-Nancy CEDEX, France

{Firstname.Lastname}@cran.uhp-nancy.fr

Abstract

This paper proposes and evaluates a simple energy-

aware image transmission protocol suitable for wireless

sensor networks. Energy savings is achieved through the

use of a wavelet image transform and a semi-reliable

transmission. On the one hand, wavelet image transform

provides data decomposition in multiple levels of resolu-

tion, so the image can be divided into packets with differ-

ent priorities. On the other hand, semi-reliable transmis-

sion enables priority-based packet discarding by interme-

diate nodes according to their battery's state-of-charge.

Such approach provides a graceful trade-off between the

image quality played out and the sensor nodes lifetime.

An analytical performance evaluation in terms of mean

dissipated energy is performed. Results show up to 90%

reduction in the energy consumption achieved by our pro-

posal compared to a non energy-aware transmission.

1. Introduction

Many potential applications of wireless sensor net-

works (WSN) like object detection, recognition, localiza-

tion, and tracking, require vision capabilities. Nowadays,

such applications are possible since sensors equipped

with a visioning component [1] already exist. How-

ever, application-aware and energy-ef�cient algorithms

for image compression and communication have to be

developed. Many energy-ef�cient data transmission

schemes exist in the literature ranging from the hop-by-

hop medium access control level [2] to the sensor-to-sink

data delivery level [3, 4]. Nevertheless, the case of im-

age transmission over WSN is still in the earlier stage of

investigation. In this paper, we present a simple energy-

ef�cient image transmission scheme that bene�ts from

data properties enabled by the discrete wavelet transform

(DWT). This latter decomposes the image into separable

subbands for multi-resolution representation purposes. As

a result, image data can be divided into priority levels that

correspond to the different resolutions. In this way, fully

reliable data transmission is only required for the lowest

level of resolution. Others can be handled with a semi-

reliable transmission policy in order to save energy : an

intermediate node (located between the source and the

sink) is able to perform a priority-based data packet dis-

carding with respect to its battery's state-of-charge. In or-

der to evaluate our image transmission scheme in terms

of saved energy, we developed an energy consumption

model. Since image processing is computationally inten-

sive and operates on a large data set, the cost of the wavelet

image transform is considered in our model. Numeri-

cal results show up to 90% reduction in the energy con-

sumption achieved by our semi-reliable image transmis-

sion scheme compared to a fully reliable scheme where no

special care is given to the energy consumption aspects.

The remainder of this paper is organized as follows. In

section 2, our semi-reliable image transmission scheme is

described. The analytical model of energy consumption

is introduced in section 3. Related numerical results are

presented in section 4. Finally, section 5 concludes and

provides some future directions.

2. Simple image transmission overview

2.1. 2D Discrete Wavelet Transform

Discrete wavelet transform is a process which decom-

poses a signal (a series of digital samples), by passing

it through two �lters, a low-pass one L and a high-pass

oneH . The low-pass subband represents a down-sampled

low-resolution version of the original signal. The high-

pass subband represents residual information of the orig-

inal signal, needed for the perfect reconstruction of the

original set from the low-resolution version.

In the case of an image which is a two-dimensional sig-

nal, a 2-D DWT is performed [5]. It consists in applying

the L andH �lters on the lines of the samples, afterwards,

the same �lters are applied on the output columns. As a re-

sult, the image is divided into 4 subbands, LL, LH , HL,

andHH . TheLL subband contains the low-pass informa-

tion and the others contain high-pass information of hori-

zontal, vertical and diagonal orientation. The LL subband

provides a halfsized version of the input image. More lev-

els of resolution can be obtained by recursively transform-
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ing the LL subband. In our simple image transmission

scheme, the source image sensor performs wavelet image

transform on the raw data before transmitting them. We

use the Le Gall 5-tap/3-tap wavelet with rational coef�-

cients. This wavelet was designed explicitly for integer-

to-integer transforms in [6].

2.2. Semi-reliable image transmission

In our semi-reliable image transmission scheme, we

make use of a key property of the wavelet image trans-

form which allows for data split into classes of packets

with different priorities. The image captured by a sensor

is partitioned into p priority levels (corresponding to the

resolutions R0, R1, ... Rp�1, where Ri is the i
th reso-

lution that corresponds to HLp�i, LHp�i, and HHp�i
subbands) by applying the 2-D DWT (p�1) times. After-
wards, the source sensor starts transmiting highest priority

packets that correspond to the lowest resolution level R0.

This latter has to be reliably received by the sink in order

to be able to rebuild the captured image. Additional infor-

mation have to be transmitted prior to the transmission of

the R0 data packets. These information include horizon-

tal and vertical image size, image format (monochrome

or color), number of bits per pixel and per plane, and the

number of resolution levels.

Subsequent resolution levels are sent with a decreased

priority from R1 to Rp�1. Our scheme is semi-reliable in

the sense that it is not necessary to reliably receive all the

resolutions (except the basic one R0) by the sink. This

choice is motivated by the scarse energy in the context

of sensor networks. Subsequent resolutions are only for-

warded if node's battery level is above a given threshold.

An intermediate node located between the source sen-

sor and the sink, is able to perform a priority-based data

packet discarding with respect to its battery's state-of-

charge. In a hop-by-hop perspective, a given resolution

is reliably transmitted, i.e. corresponding data packets are

acknowledged and retransmitted if lost. However, in an

end-to-end perspective, an intermediate node is able to

take the decision of transmitting or discarding a given res-

olution packets based on its battery state-of-charge. This

is done independently of the available energy at the other

nodes. This is why our scheme is quali�ed as an open-

loop scheme in contrast to a closed-loop one which is also

under evaluation and is beyond the scope of this paper.

In order to take a decision : drop or forward a given res-

olution packets, an intermediate node adopts a threshold-

based drop scheme where each of the p resolutions is as-

sociated to an energy level �i, i = 0:::p � 1, subject to
Pp�1

i=0 �i = 1 (see �gure 1). Which values and which dis-
tribution for these parameters, is not a simple question and

has to be answered prior to the protocol implementation.

At this stage, it is worth mentioning that we do not assume

that all the nodes adopt the same values.

We adopt a packet header of 4 bytes that contains the
image number (ID), the total number of priority levels (p),

the packet resolution priority level (`) and the data offset
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Figure 1. Priority-based packet forwarding

at the intermediate nodes

in the whole image. A node refers to the information pro-

vided by the second and third �elds of the packet header

in addition to its threshold values to decide whether to dis-

card or not a received packet.

3. Energy consumption analysis

In order to evaluate the bene�t of our semi-reliable pro-

tocol, we developed an energy consumption model that

takes into consideration the overall required energy to

transmit one image split into p resolutions, a radio trans-

ceiver model and a 2-D DWT model. The assumptions

adopted are as follows : (1) All sensors have the same

characteristics. (2) Since we aim to compute the mean

consumed energy, without loss of generality, we assume

that a node energy does not change signi�cantly during

the image transmission. (3) There is n intermediate nodes

numbered 1 to n in this order (�gure 2) between the im-
age source and the sink. These nodes are supposed to be

stable during the transmission duration. (4) The image is

decomposed into p levels of resolutions. (5) Finally, we

assume that the 1-hop transmission is lossless.
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(n+1)th hop

SinkSource 1 2 …
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n
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(n+1)th hop

Sink

Figure 2. Network path representation

3.1. Energy image transmission model

In order to compute the overall consumed energy by all

the nodes involved in the image transfer from the source

to the sink, we need to determine the number of crossed

nodes by a packet of a given resolution. This number de-

pends on the packet's priority level and the amount of en-

ergy available at the different intermediate nodes.

Let R (`; n) be the probability that packets with prior-
ity ` are transmitted until the sink, i.e., (n+ 1) hops are
accomplished. This means that all the intermediate nodes



have enough energy to forward level ` packets :

R (`; n) = (�` + �`+1 + :::+ �p�1)
n

(1)

with 0 � ` � p � 1. Let B (`; i) be the probability
that a packet with priority ` is only transmitted until the

ith node. This corresponds to the probability that node i

drops ` level packets because it is the �rst on the path that

does not have enough energy to forward them. That is :

B (`; i) = (�0 + �1 + :::+ �`�1) :

(�` + �`+1 + :::+ �p�1)
i�1

(2)

with 1 � i � n and 1 � ` � p � 1. A priority level
is likely to be transmitted within more than one packet.

To take into consideration this case, we introduce m` the

number of packets of size t` required to entirely trans-

mit all packets of priority level `. Let E (k) be the re-
quired energy to transmit and acknowledge a packet of

size k bytes between two adjacent nodes (the energy cost

per hop). Packets of priority 0 are necessarily transmitted
until the sink, then the corresponding consumed energy is

given by :

ET0 (m0; t0) = (n+ 1) :m0:E (t0) (3)

For the other priority levels, associated packets cross at

least the �rst hop. Subsequent hops depend on the amount

of energy available at the different nodes. The number

of hops crossed by packets of priority level ` is i if this

priority level packets are dropped at node i; otherwise it

is (n+ 1). From equations 1 and 2, the mean consumed
energy by the packets of priority level ` can be given by:

ET` (m`; t`) =
nX

i=1

B (`; i) :i:m`:E (t`)

| {z }

case where the node i is blocking

+

R (`; n) : (n+ 1) :m`:E (t`)
| {z }

case where all hops are performed

(4)

From equations 3 and 4, the overall energyET required to

transmit the entire image is :

ET = (n+ 1) :m0:E (t0) +

p�1
X

`=1

(m`:E (t`) :

[R (`; n) : (n+ 1) +

nX

i=1

B (`; i) :i]) (5)

3.2. Energy radio transceiver model

The transmission of a message between two neighbor

nodes requires a set of procedures, each of which con-

sumes a certain amount of energy. Considering that all

nodes have the same characteristics, a simple radio trans-

ceiver model considers ESW , the consumed energy for

mode switching, ETX(k; Pout), the one for a k-byte mes-
sage transmission with a power Pout, and ERX(k), the
one for the message reception, as depicted in �gure 3.

TX unit

(ETX)

RX unit

(ERX)

RX/TX

switch (ESW)

Selected

RX/TX mode

Data packet

Data packet TX unit

(ETX)

RX unit

(ERX)

RX/TX

switch (ESW)

Selected

RX/TX mode

Data packet

Data packet

Figure 3. Radio transceiver model

With this model, the energy consumed to transmit a k-

byte from node i to node j is given by :

Ei;j(k) = 2:ESW + ETX(k; Pout) + ERX (k) (6)

Considering that the energy is de�ned in milijoule

(mJ), then energy component can be expressed as the
product of voltage, current drawn and time. So the for-

mula 6 becomes :

Ei;j(k) = k:CTX(Pout):VB :TTX +

2:CSW :VB :TSW + k:CRX :VB :TRX (7)

where CTX(Pout), CSW and CRX are the current

drawn (in mA) by the radio respectively to transmit, to
switch mode and to receive, TTX , TSW and TRW are the

corresponding operation time (in second), and VB is the

typical voltage provided by batteries. As we said in sec-

tion 3.1, E (k) is the energy consumed to send a k-byte
packet and return the corresponding ACK. If LACK is the

length of the ACK packet, then:

E(k) = Ei;j(k) + Ej;i(LACK) (8)

3.3. Energy 2-D DWT model

An energy consumption model is given by Lee and Dey

in [7] for 2-D discrete wavelet transform based on the in-

teger 5-tap/3-tap wavelet �lter. They initially determined

the number of times basic operations are performed in the

wavelet image transform as following : For each sample

pixel, low-pass decomposition requires 8 shift and 8 add

operations and high-pass decomposition requires 2 shifts

and 4 adds. Concerning memory accesses, each pixel

is read and written twice. Assuming that the input im-

age size is of M � N pixels and the 2-D DWT is iter-

atively applied p times, then the energy consumption for

this process is approximately given by :

EDWT (M;N; p) = (10"shift + 12"add + 2"rmem +

2"wmem):MN:

p
X

i=1

1

4i�1
(9)

where "shift, "add, "rmem, and "wmem are respectively

the energy consumption for shift, add, read, and write ba-

sic 1-byte operations.

4. Numerical results

In this section, we evaluate the proposed protocol using

parameters derived from the Mica2 Crossbow motes char-

acteristics. From technical documentation [8] and some



experiences [9, 10, 11], we adopted the parameters sum-

marized in table 1. We considered a transmission power

of 0dBm and a power supply provided by two AA batter-
ies (3 volts). The ATmega128L microcontroller used by

Mica2 operates at 7:37MHz (with a processing speed of 1
MIPS per MHz) and its current drawn is 8mA in activity.
Instructions to implement the DWT (add and shift) need a

single clock cycle. The considered image in the scenario

is an 8-bpp monochrome image of 128� 128 pixels.

CSW 15mA VB 3V
CTX(0) 20mA "shift 0:0033 �J
CRX 15mA "add 0:0033 �J
TSW 250E-6 s "rmem 0:26�J
TTX 416E-6 s "wmem 4:3�J
TRX 416E-6 s LACK 30 bytes

Table 1. Parameters for Mica2 motes

Three scenarios have been considered. First, we eval-

uated the consumed energy by transmitting reliably the

whole image, that is 16390 bytes, without DWT. After-
wards, we considered the case of DWT applied once and

then twice. When applied once, we obtain resolutions R0
and R1 of 4106 and 12288 bytes respectively. Similarly,
when applied twice, we obtain 1036, 3072 and 12288
bytes for R0, R1 and R2 respectively. From equations

5 and 9, we computed the average energy consumption to

transmit the image for each scenario. Figure 4 shows the

average consumed energy per node as a function of the

number of intermediate nodes. We see that the consumed

energy when applying DWT is clearly lower compared to

the case without DWT thanks to the priority-based packet

discarding policy. For instance, with one and two DWT

and 50 intermediate nodes, the consumed energy is of

about 247 and 87mJ corresponding to a decrease of 72
and 90% respectively of the consumed energy when no

DWT is applied (877mJ). Obviously, discarded packets
during transmission lead to the decrease of image quality.

In the worst case, given by the lowest resolution of im-

age, the PSNR is equal to 38:11 dB when DWT is applied
once, and to 32:25 dB when DWT is applied twice.
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Figure 4. Average energy consumption

5. Conclusion and future work

This paper have presented a work-in-progress about an

energy-aware image transmission protocol. This protocol

is an open-loop scheme based on wavelet image transform

and semi-reliable transmission to achieve energy conser-

vation. The preliminay results obtained by our analytical

model of the energy consumption are promising. Cur-

rently, we investigate the impact of compression algo-

rithms on the energy savings. A closed-loop approach for

image transmission is also studied.
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