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Abstract— The operation of wireless sensor networks is 

fundamentally constrained by available energy sources. In this 

paper, we propose a numerical power estimation technique for 

register transfer level. This technique allows estimating the 

power dissipation of components in WSN1 to their statistical 

knowledge of primary inputs/outputs. During power 

estimation procedure, the sequence of an input stream is 

generated using input metrics and numerical macro-model 

function is used to construct a set of functions that maps the 

input metrics of a module to its output metrics. Then, 

simulation is performed and power dissipation is predicted by 

a macro-model function. The results are effective and highly 

correlated, with average error of 3.5%. 

Keywords-component; Wireless Sensor Networks, Processing 

Power, Macro-modeling 

I. INTRODUCTION 

Networked sensor systems are seen by observers as an 
important technology that will experience major deployment 
in next few years for a plethora of applications. Typical 
applications include, but are not limited to, data collection, 
monitoring, surveillance� and medical telemetry [1-2]. 
Wireless Sensor Network consists of large number of sensor 
nodes. These tiny nodes consist of sensing, data processing, 
and communicating components. Sensor Network (SN) aims 
to provide an efficient and effective connection between the 
physical and computational worlds. Sensor-nets are enabling 
previously impossible applications but since they are often 
battery-powered -typically by a pair of AA alkaline batteries 
that can supply 3 volts at 2000mAhr – sensor-net operations 
are fundamentally constrained by energy availability. 

The four main ways in which nodes consume energy are 
sensing, communication, computation, and storage [3-6]. 
Energy constraints, coupled with the need for longer life- 
times, have led to a variety of techniques for modeling [7] 
and managing energy consumption. 

Power estimation at RT level is crucial in achieving a 
short design cycle. Macro-modeling is the major technique 
for power estimation at RT-level. 

The standard hierarchical simulation approach to RT-
level power estimation consists of three steps: 1) functionally 
simulate the RT-level description and collect the input 

                                                           
1 Wireless sensor network 

sequences for each circuit block. 2) Simulate each block at 
gate or circuit-level using the collected input sequences. 3) 
Add the power consumption for all blocks to produce the 
power consumption of the whole circuit. The disadvantage of 
this approach is that it requires the interaction between RT-
level simulators and low-level simulators; power evaluation 
is actually done at gate-level. 

Other technique for power estimation at RTL-level is 
macro-modeling. In this technique, low-level simulations of 
modules under their respective input sequence are replaced 
by power macro-model equation evaluation. 

Macro-modeling techniques use capacitance models for 
circuit modules and activity profiles for data or control 
signals [8-10]. 

In this paper, we focus on the problem of power 
estimation at register transfer level (RTL) for processor 
components of node in sensor network. 

Various power estimation techniques can be divided into 
two categories: probabilistic and statistical. 

Probabilistic techniques [11-13] use the probabilities of 
the input stream and their propagation into the circuit to 
estimate the internal switching activities. These techniques 
are very efficient, but they cannot accurately capture factors 
like glitch generation and propagation. In statistical 
techniques [14-16] the circuit is simulated under randomly 
generated input patterns and the power dissipation is 
monitored using a power estimator. Therefore, the power 
values are used to estimate the power dissipation for every 
input stream. 

The used technique generates random input vectors and 
its power dissipation is estimated using power estimator. The 
sequence vectors were provided to estimate power 
dissipation of a given circuit with certain statistical 
constraints such as confidence levels and error. The average 
power dissipation was estimated by simulating the circuit 
using a large number of samples in these vectors. 

The input/output (I/O) metrics of our macro-model are 
the average input signal probability Pin, average input 
transition density Din, input spatial correlation Sin, average 
output signal probability Pout, average output transition 
density Dout, and output spatial correlation Sout. 

The rest of this paper is organized as follows. In Section 
II we give the background for the input parameters of our 
macro-model. In Section III, we describe structure of WSN. 
In Section IV, we discuss about our macro-model 
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construction. This macro-model is evaluated in Section V. 
The results depict in Section VI. Section VII summarizes our 
work. 

II. POWER MACROMODELING  

Our macro-model consists of a nonlinear function and 
estimates the average power dissipation Pavg using equation 
(1). 

)1(),,( inininavg SDPfP =
 

The macro-model function 
(.)f

 is obtained by a given 
module macro-modeling which maps space of input signal 
properties to the power dissipation of a circuit. 

Given a circuit block with n inputs and a binary input 
stream I={(i11,i12,…,i1n)},…,(il1,il2,…,iln)} of length l, these 
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The output metrics are the average output signal 
probability Pout, average output transition density Dout and 
output spatial correlation Sout. The macro-model function f in 
equation (1) can be used to construct to a set of functions fA , 
fB and fC that maps the input metrics of a macro-block to its 
output metrics Pout, Dout, Sout are derived in equations (5), (6), 
and (7): 

 

)5(),,( inininAout SDPfP =

)6(),,( inininAout SDPfD =

)7(),,( inininAout SDPfS =  

The sequence of an input stream is generated for a 
desired input metrics, then the output stream sequence is 
extracted by the output waveforms simulation technique, and 
the power dissipation is predicted by macro-model function. 

III. STRUCTURE OF WSN 

A sensor network is modeled as a set of heterogeneous 
entities. Sensor nodes deployed over the area of interest. 
They are triggered by a certain set of stimuli that are 
transmitted to a remote base-station. Three main types of 
sensor nodes need to be created and supported: 1) target 

nodes that do stimulation of the sensors, 2) sensor nodes that 
monitor events and 3) user nodes that query the sensors and 
are the final destination of the target reports.  

Node performs a simple task: take an analog sample, and 
transmit the data over the wireless link to one or more 
receivers. Node module functionally consists of three 
concurrent modules, which are analogous to the four main 
components of the node, namely, Analog-To-Digital (ADC) 
Converter, Microcontroller, Encryption and Transceiver. 

The ADC converts the analog signal into digital values. 
Transceiver Sender receives data from sensor module, or 
receives data from other node module or transmits the data to 
other node module through the wireless channel. 
Microcontroller controls the whole process by setting an 
interface between the two other sections. 

All the nodes perform the same function but at different 
frequency, data resolutions and data domains. 

ADC converts the analog value into 10-bit digitals. 
Module �C takes the data from the ADC, adds the address of 
the receiver node and provides the data payload for the 
Transceiver module. Transceiver can send data to next node 
or sink by using IEEE 802.15.4 standard [17] (CSMA/CA 
policy). 

Sink consists of two components, Receivers, and CPU. 
Receiver receives data from concurrent node module and 
sends to CPU Module.  

Fig. 1 shows the overall structure of sample WSN 
system. Fig. 2 depicts the structure of Node module in WSN. 

 
 
 
 
 
 
 

 

Figure 1.  Overall eco system 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.  Node module 
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IV. MACROMODEL CONSTRUCTION  

Several methods [18-20] have been proposed to construct 
power macro-modeling. 

In used static power estimation procedure, the input 
metrics is computed for an input stream. The output stream 
sequence is derived from the output waveforms of each 
module. The average power dissipation Pavg is predicted 
using equation (1).  

We define a power macro-model as a linear function for 
the estimation of power dissipation.  

 

)8(3210 inininavg SDPP ββββ +++=  

 

Where the coefficients iβ are the unknown and are to be 

determined during the characterization using regression 
analysis as discussed in [21]. To improve accuracy, another 
option is the function considering I/O statistics Pin, Din, Sin, 
Pout, Dout, and Sout as independent variables in (9): 
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The key difference between the (8), (9) models is the 

number of fitting coefficients that impact the achievable 
accuracy and the characterization effort.  

V. MODEL ACCURACY ANALYSIS  

Power macro-model is built at RTL level. The accuracy 
of the proposed model is evaluated on processor components 
of wireless sensor network. For those modules, we generated 

random values of Pin, Din, and Sin. The function f in 

equation (1) is used to construct to a set of functions fA, fB 
and fC that maps the input metrics of a module to its output 
metrics Pout, Dout, Sout. 

The power values predicted by macro-model are 
compared with those from simulations, and average errors 
are computed. 

Experimental results show that our randomly generated 
sequences are with accurate statistics and highly 
convergence. We generated 40 sequences with 10, 16, 64 
bits wide. The sequence length is 200 vectors for the 
modules 

VI. RESULTS 

It is obvious from Table I that the function is accurate for 
estimating the average power for ADC, Microcontroller, and 
DES modules. In Table I the first column represents the 
name of modules. Column two give the average error for the 
estimates obtained with our macro-model. Reference values 
for the module’s power dissipation are obtained using time 
delays from the Synopsys PowerCompiler. In our 
experiments, the average error is 3.5%. 

 

 

TABLE I.  ACCURACY OF POWER ESTIMATION 

 
Circuits Average error % 

ADC-1 7.2 

ADC-2 4 

ADC-3 8 

ADC-4 3 

ADC-5 9.6 

ADC-6 5.1 

DES-1 0.59 

DES-2 0.33 

DES-3 0.17 

DES-4 0.44 

DES-5 0.29 

 
Power consumption used model of microcontroller is less 

than 0.0001 mW hence effect of this power in total 
processing power is inconsiderable.  

Fig. 3 illustrates power comparison between macro-
model and reference simulated power in ADC module. 

Fig. 4 depicts power comparison between macro-model 
and reference simulated power in DES module. 

 

 

 

 

 

 

 

 

 

Figure 3.  Power comparison between macro-model and reference 

simulated power in ADC module 
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Figure 4.  Power comparison between macro-model and reference 

simulated power in DES module 

 

VII. CONCLUSIONS 

Sensor-net lifetime is severely constrained by the 
available energy source, Hence in this paper we present a 
new numerical macro-modeling technique for high level 
power estimation. This procedure uses input/output (I/O) 
statistical parameters at the architectural level. We compare 
our macro-modeling results with Synopsys Power Compiler 
power estimation tool and find accuracy of this technique is 
good. Our model shows average error of 3.5%.  
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