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Abstract — The simulation is nowadays one of the most 
widespread instruments for analyzing the Wireless 
Sensor Networks (WSNs). Unfortunately, the most 
widespread WSN simulators today have only the basic 
model for the battery, which does not account many of 
the important real-life hardware dependences. 
Therefore in the paper we are suggesting a novel 
approach to modeling the energy consumption for 
battery-powered WSN nodes. The suggested approach 
is based on the utilization of three dependences: the 
effect of battery charge on battery voltage; the effect of 
the supply voltage on the consumed by the WSN node 
current and the effect of the WSN node current on the 
available battery energy. The paper includes the 
description of the suggested module and its 
implementation in MiXiM framework for the 
OMNeT++ network simulator. Comparison of the 
results for real-life experiments, simulations using the 
standard approach and simulations utilizing the 
suggested approach are given. As revealed by the 
presented results, the suggested approach can 
significantly increase the simulation precision and 
provides additional functionality that can be valuable 
for WSN simulation.  
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I.  INTRODUCTION  
The Wireless Sensor Networks (WSNs) have been 

under intensive research both by the academy and by 
the industry all over the world during the recent years. 
Over those years, numerous WSN applications have 
been developed and multiple real-life WSN 
deployments have been tested in-field. Although the 
real-life tests can provide valuable data, those require 
significant amount of efforts and resources and thus 
are often expedient only for the final stages of 
development [1], [2]. Besides, the results of the real-
life tests are heavily affected by various environment 
parameters and interferences from the other systems. 
Therefore the simulation is nowadays one of the most 
widely adopted methods of analyzing WSN’s 
behavior [3].  

The existing WSN simulators can be classified 
into two major categories: the ones that extend the 
existing generic network simulators and the ones that 
have been designed specifically for the simulation of 

WSNs [3]. To the first group belong e.g., the 
extensions of NS (Network Simulator)-2[4] or NS-
3[5], which are stated to be the most widely simulators 
for WSNs [1], [2], [6]. The NSs are the object-
oriented discrete event network simulators written in 
C++ that originate from Real NS released in 1989 [3], 
[7]. SensorSim [8] and NRL [9] extend the 
functionality of NS-2 for WSNs simulations. 
Although the NSs are effectively extensible and there 
are multiple various protocols implemented for those, 
they are often criticized for the lack of the application 
model, the lack of customization and for the big 
difference between the used in NSs packet formats, 
energy models, MAC protocols, and the sensing 
hardware models and those describing typical real-life 
WSN platforms [1], [6], [7].  

Another generic discrete event network simulating 
platform, which can be used for analyzing WSNs is 
OMNeT++ [10]. Like NSs, the models for OMNeT 
++ are developed in C++, but OMNeT++ also uses 
NED language for specifying the network topology 
and INI files for defining the simulation parameters 
[1]. Based on OMNeT++, Castalia [11] and MiXiM 
[12] simulators, which are suitable for WSNs 
simulation, have been developed. The disadvantage of 
OMNeT++ and Castalia in specific is that those are 
not sensor-platform specific and lack the appropriate 
WSN sensing and energy consumption models [2], 
[7]. 

To the second group belong such simulators as 
TOSSIM [13] or COOJA [14]. TOSSIM is a bit-level 
discrete event simulator and emulator of TinyOS 
open-source operating system that uses in the 
simulations the actual application code [6], [13]. The 
major limitations of TOSSIM are that it works only 
with TinyOS-operated nodes, that it assumes each 
node in the network running the same code and that it 
lacks the energy consumption model although the last 
problem is partially solved in PowerTOSSIM 
extension [6], [7], [14]. COOJA simulator is a part of 
Contiki operating system that combines low-level 
simulation of sensor node hardware and simulation of 
high-level behavior [14]. Like TOSSIM, COOJA can 
be used both as a simulator and an emulator running - 
the actual application code e.g. for MSP430 lowpower  

978-1-4673-2017-7/12/$31.00 ©2012 IEEE



microcontrollers that are often used on WSN nodes. 
Unlike TOSSIM, COOJA supports the networks with 
nodes having different on-board hardware and 
software although this requires sufficient resources 
and significant computing power [7]. 

 It is well-known that the WSNs often contain the 
energy-constrained nodes that are powered from the 
batteries [3], [15]. This makes the energy one of the 
primary concerns in many WSN applications and 
boosts the need for the sufficient models of energy 
sources and energy consuming devices for accurate 
WSN simulations [16]. Nonetheless, the majority of 
the WSN simulators nowadays use only the linear 
battery model that is described by (1),  

tPEE i ⋅−= '               (1) 
where E is the remaining battery energy after the 
consumption period t, E’ is the remaining battery 
energy before the consumption period and Pi is power 
consumed for the activity i (e.g., radio packet 
transmission or receive, node sleep) over period t  [3], 
[6], [7], [17–19]. In the majority of the existing WSN 
simulators the total available to the node energy is 
defined during the node initialization and does not 
depend on the current consumption profile. Similarly, 
the power Pi that the WSN node consumes for the 
activity i, is constant and does not depend on the 
battery status in most of the current simulations. 
Nonetheless, as has been shown in [20–23], these 
assumptions are far from truth for the real-life 
scenarios in case if the voltage stabilizing circuits are 
not used. 

Therefore, in this paper we are suggesting the 
novel battery model and module implementing it in 
MiXiM framework. The suggested battery model 
provides additional information about the battery and 
helps to improve the precision for the WSN 
simulation.  

II. SUGGESTED ENERGY MODEL FOR WSN 
SIMULATIONS 

As has been shown in multiple researches, the 
power consumption and the lifetime of the battery-
powered device are affected by multiple parameters. 
The most important of those are: the supply voltage, 
the consumed by the WSN node current and current 
consumption profile [20–23]. In [21] the results of 
real-life experiments with the alkaline primary 
batteries have been presented, showing the discharge 
curves (i.e., the dependence on the battery’s voltage 
from the time of operation or relative battery capacity) 
and the effect of the consumed current on available 
battery energy. As revealed in [20], [21], these 
dependences can vary significantly for different 
batteries and are often not trivial. Papers [20], [22–24] 
discuss the influence of the supply voltage level on the 
current, that is consumed by the WSN node’s 

microcontroller and other peripherals. As has been 
revealed in those papers, the effect of supply voltage 
on the consumed current varies significantly 
depending on active WSN components and their 
operation modes.  

In order to take into account these dependences 
also during WSN simulations we are suggesting the 
following battery model (see Fig. 1). The available 
battery energy is represented as the relative battery 
capacity Crel with possible value ranging from one 
(battery fully charged) to zero (battery discharged). 
The relative capacity can either decrease (e.g., if the 
current is consumed) or increase (e.g., due to the 
battery relaxation effect). Based on the value of Crel at 
each stage of simulation is estimated the supplied by 
the battery voltage Vcc. This parameter can be used by 
the application model or models of other layers to 
estimate the possibility of launching the operations 
that require specific voltage levels (consider e.g., [20] 
for details). Besides, the Vcc in the suggested model is 
used for estimating the current for each WSN node’s 
peripheral device and the cumulative consumed by the 
WSN node current Icons. At the next step, Icons is used 
for estimating the available for the battery nominal 
energy Ebat. Also, the value of Icons can be used to 
specify the Vcc more precisely by taking into 
consideration the voltage drop on the battery internal 
resistance Ri (see Fig. 2 [25]). Therefore, the suggested 
battery model is described using (2). 

 
Figure 2. Simple equivalent circuit for the battery and the WSN 
node. 

 
Figure 1. The major dependences for suggested WSN power 

source and consumption models. 
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For the suggested model, we do not define the 
specific functions for describing either of Vcc(Crel), 
Icons(Vcc) or Ebat(Icons) dependences. Instead, we 
suppose that these dependences are defined during 
battery model implementation based on the required 
simulation precision and available information about 
the battery and WSN node (consider Sections III and 
IV). Note, that for the case when Vcc(Crel), Icons(Vcc) 
and Ebat(Icons) are defined as constants and Ri=0, the 
suggested battery model will be similar to the linear 
model described by (1). 

III. INTEGRATION OF SUGGESTED MODEL INTO 
MIXIM  

The standard framework for modeling the battery 
consumption in MiXiM is the Energy Framework 
presented in [18]. Nowadays (in MiXiM release 2.2.1) 
the only battery model available for Energy 
Framework is the SimpleBattery that provides the 
simple linear battery consumption model that is 
similar to (1) [18]. Therefore, the suggested in Section 
II model has been implemented as AdvancedBattery 
module for Energy Framework that can be used 
alternatively to the standard SimpleBattery model.  

A. WSN battery consumption modelling in MiXiM  
The Energy Framework in MiXiM has been 

designed to support multiple energy consuming 
devices on the WSN node [18]. These devices can 
represent the WSN node’s microcontroller, the radio, 
the sensors/actuators or any other type of WSN 
node’s peripherals. During the initialization of a 
device or in the case of the operation mode change, 
the module describing this device issues the special 
draw message that is forwarded to the battery 
module. The draw message contains the information 
on the new working mode of the device and the value 
of the current consumed by it in this mode. The 
battery module tracks the consumed by each WSN 
node’s component current and uses these data for 
estimating the cumulative current consumption of the 
node.   

Each time the battery module receives the new 
draw message; the battery module recalculates the 
consumed energy for the previous period, checks the 
status of the battery and estimates the available 
battery energy for the future. Besides, the battery 
module can use the special timer that forces the 
battery status update after the specified amount of 
time even if no new draw messages have been 
received. 

Also, the battery module supports the public 
interfaces estimateResidual() and getVoltage() that 
can be used by any module to obtain the current value 
of the battery’s voltage and battery’s residual 
capacity [18]. 

The further details on Energy Framework for 
MiXiM architecture and operation can be found e.g., 
in [18]. 
 

 
One of the significant limitations for the current 

energy framework implementation in MiXiM is that 
the power source should be implemented within a 
single module and considered as whole regardless of 
the number of components (e.g., batteries). This 
approach makes it complicated to simulate e.g., the 
case when the node is supplied by several batteries 
with different characteristics.   

As can be seen, for integration into Energy 
Framework for MiXiM the suggested in Section II 
energy model has to be separated into two major 
components. The first one is the power source model 
that accounts the battery relative capacity and 
introduces the Vcc(Crel) and Ebat(Icons) dependences. 
The second component is integrated into the modules 
describing the energy consuming devices, and defines 
the Icons(Vcc) dependence for each particular device.  

B. AdvancedBattery power source component 
implementation  

For the sake of compatibility, we kept the general 
structure of the developed module similar to the one in 

Figure 4. Update procedure for power source parameters in the 
developed modules and affected modules for each step. 

Figure 3. Architechture of the AdvancedBattery energy 
framework for MiXiM. 



the existing energy framework although several 
modifications were done (compare Fig. 3 with Fig. 1 
in [18]). The first and the most significant one is that 
the module for the power source has been separated 
into two. The first one plays the role of power source 
controller and implements all the interfaces and 
message processing that are supported by the Battery 
module in standard framework as well as some new 
ones. The second module combines one or several 
sub-modules (so-called battery units), each describing 
a separate power source component (e.g., if the WSN 
node is powered by two AA batteries, each battery is 
described by the separate battery unit). The power 
source controller keeps the track and controls all the 
battery units (e.g., if required, it can “connect” or 
“disconnect” those from the WSN node). When the 
battery status should be updated (see Section III.A), 
the power source controller initiates the update 
procedure described in Fig.4. 

As revealed in Figs. 3 and 4, one of the most 
important tasks for the power source controller unit is 
to track the cumulative voltage of all connected to the 
WSN node battery units. Besides, the power source 
controller unit implements the interface to the 
statistics module, which is responsible for logging the 
internal battery state.  The power source controller 
unit is also responsible for detecting the power source 
failures. In the current implementation, a failure can 
be bind to two different events: either decrease of the 
cumulative battery units’ energy (estimated for the 
currently used cumulative current value) or decrease 
of the cumulative supply voltage of the node’s power 
source below the pre-defined threshold. In the case of 
node failure, the same mechanisms as in the standard 
energy framework of MiXiM are invoked [18]. 

As can be seen in Figs. 3 and 4, the power source 
controller does not make any calculations of the 
battery status on its own; instead it just issues the 
update_voltage or update_energy commands and 
provides the required input data for the battery units. 
The actual calculations of those parameters are made 
by the battery units and the dependences for Vcc(Crel) 
and Ebat(Icons) can be defined separately for each 
battery unit. In the case if the battery discharge data 
has been obtained not for the constant current but for 
constant load (e.g., like in [21]), instead of Ebat(Icons) 
can be used Ebat(Rload) dependence.  In the current 
implementation, either of Vcc(Crel) or Ebat(Icons)/ 
Ebat(Rload) can be defined in three ways. The first 
option is the constant value. The second possibility is 
the linear function of the form bxa +⋅ . The final 
option that can be used for including real-life 
measurement results is to use the function defined as a 
table in the .txt file and linear approximation to the 
values between the table-defined points. The battery 
unit can be further extended with any other user-
specified dependences for Vcc(Crel) or 
Ebat(Icons)/Ebat(Rload). The required parameters for the 
functions (the value for the constant function, a and b 
values for linear and the input filename for the table-

based functions) can be defined together with other 
simulation parameters in the .ini file for the simulation 
separately for each battery unit. 

C. Devices model updates 
The power source component, described in 

Section III.B, can be used also with the device 
modules developed for the standard energy 
framework of MiXiM. Nonetheless, in that case the 
simulation will not be able to account the changes of 
the consumed current due to the battery voltage 
decrease (i.e., Icons(Vcc) dependence). To enable 
accounting it, the device modules should be updated: 
during the initialization phase the modules should 
subscribe to the special battery_updated message that 
is issued by the power source controller module once 
the cumulative WSN node’s supply voltage has 
changed. Once such message is received, the device 
module processes it and estimates the novel value for 
the consumed current. In the implemented device 
modules, the same three possibilities for defining 
Icons(Vcc), which were used for Vcc(Crel) and 
Ebat(Icons)/Ebat(Rload), have been used. When the novel 
value of the current for the new voltage has been 
calculated, the device module issues the draw 
message to inform the power source controller about 
it. 

IV. EVALUATION 
In order to evaluate the suggested power model 

and to estimate the difference in the simulation results 
while using the existing and the suggested models we 
have simulated the trivial case – the device that was 
acting as a simple resistor (i.e., the consumed current 
was proportional to the voltage) has been connected to 
the module representing a single battery. For 
evaluating the efficiency of different models and for 
getting the required battery-related dependences we 
have used the results presented in [21]. The 
simulations have been done for six various models: 
Cn_Cn_Cn and Ca_Ca_Ca – the dependences (i.e., 
Vcc(Crel), Ebat(Rload) and Icons(Vcc)) are modeled through 
constants equal to the nominal parameters 
(corresponds to the most widely used approach to 
modeling WSNs – i.e., (1)) in the first case and 
average values (based on experimental results from 
[21]) in the second case; L0_L0_L0, L1_L0_L0, 
Lt_Lt_L0 – all dependences are linear with parameters 
calculated using the experimental data in [21] (see 
below); PW_PW_L0 – all dependences are 
represented using the tables of experimental results. 
The dependences for Vcc(Crel) and Ebat(Icons) for 
different models for AG3 battery are illustrated in 
Figs. 5 and 6 respectively. 

The Icons(Vcc) for different models for the test bed 
are illustrated  in Fig. 7. The results of the simulation 
revealing the example battery discharge curves and 
the lifetime of the system (estimated as time before 
the provided by the battery voltage reaches 0.8V 



Table I Experimental results and results of simulation for “resistor” test bed using different models. 

Battery 
type 

Resistor, 
Ohm 

Lifetime 
(experimental) 
,s  

Models 
Cn_Cn_Cn Ca_Ca_Ca L0_L0_L0 L1_L0_L0 Lt_Lt_L0 PW_PW_L0 

Lifetime,s Error, % Lifetime,s Error, % Lifetime,s Error, % Lifetime,s Error, % Lifetime,s Error, % Lifetime,s Error, %

AG1 
680 16137 21216 31 8736 -46 9596 -41 18398 14 15310 -5 19383 20
150 2361 4680 98 1927 -18 579 -75 1072 -55 1138 -52 2498 6

47 204 1466 619 604 196 88.1 -57 154.4 -24 220.5 8 177 -13

AG4 
680 20956 29376 40 13585 -35 12584 -40 25193 20 20499 -2 24735 18
150 2849 6480 127 2996 5 1097 -61 2171 -24 2077 -27 2907 2

47 559 2030 263 939 68 241 -57 474 -15 502 -10 474 -15

AG3 
680 81706 45696 -44 57446 -30 52011 -36 102147 25 81282 -1 94475 16
150 10543 10080 -4 12672 20 6063 -42 12064 14 9389 -11 10959 4

47 3297 3158 -4 3970 20 1570 -52 3142 -5 2422 -27 2822 -14

AG10 
680 112228 130560 16 110935 -1 73220 -35 146034 30 111731 0 124954 11
150 21903 28800 31 24471 12 13787 -37 25441 16 20532 -6 22764 4

47 7701 9024 17 7667 0 4176 -46 7559 -2 6183 -20 6468 -16

AG13 
680 245886 225216 -8 246440 0 158486 -36 315891 28 256617 4 289635 18
150 51254 49680 -3 54361 6 26301 -49 52343 2 46154 -10 51325 0

47 16652 15566 -7 17033 2 7713 -54 15345 -8 13825 -17 14097 -15

AAA 
680 3068443 1632000 -47 2950290 -4 1874675 -39 3736845 22 2847633 -7 3059124 0
150 599514 360000 -40 650797 9 359346 -40 704598 18 547885 -9 593202 -1

47 176812 112800 -36 203916.6 15 109295 -38 213484 21 166783 -6 178355 1
RMS*    164.9 52.1 47.6 22.5  17.5 12

 *- Root Mean Square (RMS) value of error for all tested scenarios 

 
Figure 7. Illustration of Icons(Vcc) dependence for various models of 

150 Ohm “resistor” testbed. 

Figure 8. Experimental and simulated discharge curves for 
different models (150 Ohm load connected to single AG10 

battery scenario). 

Figure 5. Illustration of Vcc(Crel) dependence for various models 
of AG3 battery. 

Figure 6. Illustration of Ebat(Rload) dependence for various 
models of AG3 battery. 

threshold) are presented in Fig. 8 and Table I 
respectively.  

As reveal the presented data, the use of the 
standard linear model (1) with the nominal parameters 
of the battery and nominal discharge current 
(Cn_Cn_Cn) for small-sized batteries (AG1 and AG4) 
with low capacity resulted in significant difference 
between the results of the real experiment and the 
simulations. Nonetheless, in some cases (e.g., for AG3 
or AG13 batteries) the standard model provided quite 

good estimation of the lifetime. The use of the 
constant-based model with the parameters obtained in 
the experiment (Ca_Ca_Ca) allowed increasing the 
precision and reducing the total error. Nonetheless, as 
can be seen from Fig. 8, both those models do not 
consider the change of the battery voltage in any way.  

As revealed in Table I, the L0_L0_L0 model 
sufficiently underestimates the lifetime of the system 
for each case. This model has been build under 
assumption that when the relative capacity of the 



battery is equal to zero the voltage is also zero (see 
Fig. 5) and assuming that there is linear dependence 
for Ebat(Rload) (see Fig. 6) and Icons(Vcc) (see Fig. 7).  
The second linear model (L1_L0_L0) that assumes 
that battery “dies” when its voltage reaches 0.8 V 
provides better results although the mean percentage 
error (MPE) is still around 20%. The model that uses 
the trend-line for defining Vcc(Crel) allows to reduce 
MPE even more (to 12%), although for some 
scenarios the error is still over 50%. Although the 
linear models try to introduce in simulation the 
voltage provided by the battery, as can be seen in Fig. 
8 the resulting discharge curves still differ 
significantly from real experiment’s results.  

The last model that utilized the piece-wise 
approximation of the real-life experiment results 
allowed to decrease the maximum error for tested 
scenarios to 20% and MPE to 10%. As revealed in 
Fig. 8, the resulting discharge curve of the battery for 
this model is quite close to the experimental one.  

During the development of the models, we were 
assuming that the Vcc(Crel) is independent on the load 
and battery’s discharge current. Unfortunately, that is 
not really so and this dependence has introduced some 
discrepancy between the experimental results and the 
simulations. In the simulation, we were also not 
considering the effects of internal battery resistance (it 
was assumed to be 0) and the recovery effect for the 
batteries, which also has played its negative role.  

V. CONCLUSIONS 
The simulation is today one of the most 

widespread instruments for analyzing the WSNs. Due 
to the wide utilization of the battery-powered nodes in 
WSN, the simulation of the energy and the energy 
consumption has significant importance during WSN 
simulation.  

Therefore, in this paper we suggest the novel 
approach to modeling the energy consumption for 
battery-powered WSN nodes. Unlike the linear battery 
model that is most widely used in network simulators 
today, the suggested in the paper module tries to 
account during the simulation such effects as: the 
effect of the battery charge on the battery voltage 
Vcc(Crel); the effect of the supply voltage on the 
consumed by WSN node current Icons(Vcc) and the 
effect of the WSN node current on the available 
battery energy Ebat(Icons). This approach allows one to 
introduce into the simulation the new parameters.  
One of those, which has significant influence on the 
operation of the WSN node as discussed e.g., in [20], 
[22], is the voltage supplied by the battery.  

The suggested in the paper energy consumption 
modeling method has been implemented as a module 
for the energy framework for MiXiM extension of 
OMNeT++ network simulator. The implemented 
module has been tested with the three types of models 
(constant, linear or table-encapsulated experimental 
data) for each of the dependences Vcc(Crel), Icons(Vcc) 
and Ebat(Icons). As reveal the presented results, in some 

scenarios the models using constant dependences can 
have very significant errors for defining the lifetime of 
the device. The linear dependences provide somewhat 
better results although in some cases the error is still 
above 50%. Nonetheless, the discharge curves 
obtained using the linear models still differ 
significantly from the real-life ones. The experiment-
based dependences allowed to reduce the error for 
lifetime estimation below 20% and to get the 
discharge curves that are close to real-life ones.  

One of the significant benefits of the developed 
energy module comparing with the existing one is that 
WSN node’s power source can be represented by the 
combination of several independent units (e.g., 
separate unit for each battery) which are handled 
separately. This allows one to test more complicated 
energy control techniques and scenarios during the 
simulation.  

In the future, we are planning to extend the 
suggested models through also considering the effects 
of the battery internal impedance, the recovery effects 
and the effect of the environment parameters (e.g., the 
temperature) and test the developed energy models for 
more complicated scenarios (e.g., the real WSN node 
operation and real WSN scenario). 
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