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Abstract—In this paper, energy consumption modelling 
of a multisensor node with non-uniform sensors data 
capture cycle times is presented. In practice, the 
different sensor units in a multisensor node have their 
individual data capture duration and inter-data capture 
time or data capture repeat time. Sample multisensor 
node with six sensor units that have non-uniform sensor 
unit’s data capture cycle times is used to present the 
approach. Requisite equations are presented along with 
the case study multisensor node time and current 
parameters. The case study multisensor node has cycle 
time of 1800 s, the active state time of 366.61 s and the 
sleep state time of 1433.39 s. The average current of 
19.25 mA was obtained which for a battery with 
capacity 3000 mAh, gave battery lifetime of 156.0 hours. 
The approach presented in this paper helps to overcome 
the error in managing the non-uniform timeline in 
multisensor node. 
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1. INTRODUCTION 

The current trend in wireless LoRa-based sensor 
application in Internet of things, as well as in smart 
technologies has prompted numerous researches on the 
issues that may affect such sensor operations [1,2,3,4]. 
Notably, energy consumption models have been developed 
for LoRa based sensor nodes to determine the average 
current drawn by the sensor in each cycle and the expected 
battery lifetime [5,6,7,8,9,10].  

Several works on this topic have focused on LoRa 
sensor node with single sensor unit. However, in this paper, 
the focus is on multisensor node [11,12,13]. In such node, 
there are two or more sensor units in a single node. In such 
case, the different sensor units may have their unique data 
capture time and data capture repeat time. Specifically, a 
sensor unit may have more than one data capture activities 
in each sensor node cycle time. Such issue affect the energy 
consumption computation model which is required to 
account for the multiple activities per sensor node cycle. 
Accordingly, in this paper, an approach to effectively 
model the multisensor node with non-uniform sensor data 
capture cycle times is presented. The approach is applied to 
a case study multisensor node and the result is compared to 
that presented in existing study on similar multisensor node. 

2. METHODOLOGY 

2.1 The basic concepts for the model for computing the 
average current for multi-sensor node 

In the multi-sensor node there are more than one 
sensors in the node for capturing the data and there is one 
transceiver that does the transmission and reception and 
also one microcontroller that controls the entire sensor 
node. In practice, the different sensor units in a multisensor 
node have their individual data capture duration and inter-
data capture time or data capture repeat time. In this case, 
the first thing is to identify the total number of the Sensor 
Node Components (SNC), in the multisensor node that are 
going to be considered in the energy consumption model. 
Also, the number of states that each of the SNC in the node 
can have. 

Let there be nx   sensor node components (SNC) in 
the multisensor node, this includes the sensors, the 
microcontroller and the transceiver that are considered in 
the energy consumption model [14,15,15,16,17]. Also, let 
there be nst number of states the node undergoes. For 
instant, for a node that undergoes 13 states (hence nst =13 
including the sleep state). Also, each of the nx components 
are modelled in each of the nst states of the nodes. The 
main task of the energy consumption model is to compute 
the average current, 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎 based on the normalised average 
current  𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘) per cycle and the SNC specific cycle time 
𝒕𝒕𝑵𝑵𝑵𝑵𝑵𝑵(𝒌𝒌) in each of the node state k, and where the 
normalization parameter is the duration of sensor node  
cycle time, 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 where,  

𝐼𝐼𝑎𝑎𝑎𝑎𝑔𝑔  =
�𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘)��𝒕𝒕𝑵𝑵𝑵𝑵𝑵𝑵(𝒌𝒌)�

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
   for k = 1,2,3,…nst        (1) 

2.2 Sample multisensor node with non-uniform sensors 
data capture cycle times  

Sample multisensor node with non-uniform sensors data 
capture cycle times is used to present the approach for 
determining the average current and battery lifetime for 
multisensor node with non-uniform sensors data capture 
cycle times. Specifically, the multisensor node with 6 
sensors, a microcontroller and a transceiver presented in the 
work by Bhattacharjee, et.al [18] is considered. The 
transceiver can be in three states, transmit, receive and 
sleep or standby state. The microcontroller can be in active 
and standby (sleep) states while each of the six sensors can 
be in two states active (or measure data) and standby 
(sleep) states.  The data on the current consumption of the 
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multisensor node components are given in Table 1. 
According to the Iavg computation presented in [18] the 
current drawn by the microcontroller is ignored, the standby 
or sleep current drawn by the components of the sensor 
node in any of the active states is ignored. However, all the 
sleep current in the sleep state by all the components are 
lumped together and given a value of 0.25.  

 

Table 1 The data on the power consumption of the 
multisensor node components (Source: [18]) 

  
In this case, there is a total number of 8 components, (that 
is nk = 8) in the multisensor node that are going to be 
considered in the energy consumption model, where there is 
6 sensor, a microcontroller and a transceiver. Also, based 
on the description of the multisensor node operations in 
[18], the number of states, nst that the various nk 
components in the node can consume energy are identified 
as follows: 

State 1: Measure data state which involves only the 6 
sensors with six sub-states 

State 2: Transmit data state which involves only the 
transceiver 

State 3: Receive data state which involves only the 
transceiver 

State 4: Standby state which involves all the 
components but the current is lumped 
together and given a value of 0.25 mA and 
the time will be computed from the cycle 
time, 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 and active time of the node 

2.3 Model for computation of the average current and 
battery lifetime for a multisensor node with non-
uniform sensors data capture cycle times  

The input parameters for computation of the 
average current of each sensor node component (SNC) and 
each state in the multi-sensor node are shown in column 1, 
2, 3, 4 and 5 of Table 2. In Table 2 the sensor node cycle 
time is 1800 s. Now, if nx is the number of sensor node 
components that are present in the node state k, then the 
given cycle time for each component x in k state, 𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘), 
the given time duration of activity for each component x in 
k state, 𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)  and the given current drawn by each 
component x in k state, 𝐼𝐼𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)  are used to compute the 
average current,  𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘) drawn by each component x  in 
state k as follows; 

𝐼𝐼𝑎𝑎𝑣𝑣𝑣𝑣𝑣𝑣(𝑥𝑥,𝑘𝑘)  =
�𝐼𝐼𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)��𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)�

𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)
   for x = 1,2,3,…nsx  and k = 

1,2,3,…,nst         (2) 

The normalising time, 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 for all the SNC is selected as the 
sensor node cycle time, 1800s and the normalised average 
current,  𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘) for each state k with respect to 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐   is 
computed as follows; 

𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘)  =
�𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘)��𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)�

𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
   for k = 1,2,3,…,nst         (3) 

Therefore, the required current and time for modelling the 
node average current, 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎 is given as; 

𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎  = ∑ �𝑰𝑰𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵(𝒌𝒌) �𝑘𝑘=𝑛𝑛𝑛𝑛𝑛𝑛
𝑘𝑘=1    for k = 1,2,3,…nst     (4) 

Once 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎  is known, the battery lifetime in hours,  𝑡𝑡𝐿𝐿ℎ  is 
computed as; 

  𝑡𝑡𝐿𝐿ℎ   =   𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏
𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎

        (5) 

The state chart shown in Table 2 is used to visualise the 
multisensor node states and the components involved in 
each of the states. The data on the current drawn by each 
components and the duration they spend in each state are 
extracted from the following operation specifications 
presented in [18], and shown in Table 1 and Table 3 which 
is as follows; 

• When sensing data by the sensors (MQ-7, MQ-4 
and TGS2600) they spend 3 minutes,, 1.5 minutes, 
1.5 minutes, respectively in every 30  minutes,   

• When sensing data by the sensors (TSL235R, 
DS18S20, and Humidity sensor) they spend 10 ms, 
15 ms, 50µs respectively in every 15 s.  

• The transceiver transmits data for 15 ms in every 
15s and it  receives data for 15 ms in every 10s 

• The overall standby or sleep current for the entire 
sensor node is 0.25 mA 
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Table 2 The state chart used to visualise the multisensor node states and the components involved in each of the states. 

Component 
number,  x Component name 

State 1 

[Measure data] 

State 2 

[Transmit 
data] 

State 3 

[Receive data] 

State 4 

[Standby or 
Sleep] 

1 MQ-7 Measure data - - - 

2 MQ-4 Measure data - - - 

3 TGS2600 Measure data - - - 

4 TSL235R Measure data - - - 

5 DS18S20 Measure data - - - 

6 Humidity  Sensor Measure data - - - 

7 Transceiver 
Transmit data 

- Transmit data - - 

8 Transceiver 
Receive data 

- - Receive data - 

9 

Microcontroller 
and all the 

components in 
sleep state 

- - - Sleep 

  

Table 3 The parameters for computation of the average current of each component in the multi-sensor node 

1 2 3 4 5 

Component, x Component name 

Current of 
component x in  
mode state  k,  
�𝐼𝐼𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)� 

Duration of 
component x in   

state  k,  
�𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)� 

Cycle time of 
component x in   

state  k,  
�𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)� 

1 MQ-7 80 180 1800 

2 MQ-4 155 90 1800 

3 TGS2600 65 90 1800 

4 TSL235R 3 0.01 15 

5 DS18S20 2 0.015 15 

6 Humidity Sensor 4 0.00005 15 

7 Transceiver transmit 21.2 0.015 15 

8 Transceiver receive 13.3 0.015 10 

9 Microcontroller 0.25 1613.88 1800 

The data and results for the; computation of  𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘) and 
𝑡𝑡𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘) for node state 1, the Measure data state are given in 
Table 4. Now, in Table 4, the column 5 is obtained using 
Equation 2. For instance, for the  MQ-7 sensor 𝐼𝐼𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)= 80 
mA,   𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)     =  180 seconds and 𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)     = 1800 
seconds , then 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘)  = (80)(180)

1800
= 8 .  Similarly, in 

Table 4, the column 8 is obtained using Equation 3. For 
instance, for the MQ-7 sensor 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘)= 8,   𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)= 1800 
and 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  =1800 then 𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘)  = (8)(1800)

1800
= 8.  

In order to determine the sleep or standby duration 
for the standby state, the duration of the active time of the 
node in the other states need to be determined. In this case, 

merely getting the sum of the states in the other states is not 
a good option. A series of assumption must be made. One, 
the sensor sensors can carry out their sensing operations 
simultaneously. The transceiver can either be in transmit 
mode or receive mode. In addition, the sensor node will not 
carry out any two states simultaneously. So, the active state 
times in Measure data state, transmit data state and receive 
data state can be added to get the total active state of the 
sensor node. The time taken in each cycle by each of the 
sensor node components, x, except the microcontroller is 
determined used as follows; 
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𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘)  =
�𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐��𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘)�

𝑡𝑡𝑐𝑐𝑐𝑐(x𝑥𝑥,𝑘𝑘)
   for xx = 1,2,3,…nsx  and k = 

1,2,3,…,nst         (6) 

Where xx is the sensor node component that is used to 
determine the cycle time of the sensor node state k. 

Consequently,  in Table 4, the column 7 is obtained using 
Equation 6. For instance, for the DS18S20 sensor 𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘) = 

0.015,   𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)= 15 and 𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  =1800 then 
𝑰𝑰𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵𝑵(𝒌𝒌𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘)  = (1800)(𝟎𝟎.𝟎𝟎𝟎𝟎𝟎𝟎)

𝟏𝟏𝟏𝟏
= 1.8.  The same approach 

is used for the rest of the sensor node components shown in 
column 7 of Table 4. 

The computation for the sleep current is given as, 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠 
where ; 

𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠 =  𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 − ∑ �𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑘𝑘)�𝑘𝑘=𝑛𝑛𝑛𝑛𝑛𝑛−1
𝑘𝑘=1       (7) 

Now,  in Table 4, the sum of the time in column 7, 
∑ �𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑘𝑘)�𝑘𝑘=𝑛𝑛𝑛𝑛𝑛𝑛−1
𝑘𝑘=1     =366.61, then using Equation 7 the 

sleep current 𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠 = 1800 − 366.61 =1433.39. 
 

 

Table 4 The data and results for the computation of  𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑘𝑘) and 𝒕𝒕𝑵𝑵𝑵𝑵𝑵𝑵(𝒌𝒌) for node state 1: Measure data state 

1 2 3 4 5 6 7 8 

Sensor 
Node 

Compon
ent 

Curr
ent 
of 

com
pone
nt x 
in  

state  
k,  

�𝑰𝑰𝒔𝒔𝒔𝒔(𝒙𝒙,𝒌𝒌)� 
in 

mA 

Duration 
of 

compone
nt x in  

state  k,  
�𝒕𝒕𝒔𝒔𝒔𝒔(𝒙𝒙,𝒌𝒌)� 

in 
seconds 

Cycle 
time of 

compone
nt x in  

state  k,  
�𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)� 
in seconds 

Average 
current of 
component 
x in  state  

k,  
�𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘)�  

in mA 

Normalise
d cycle 
time of 

componen
t x in  state  

k, 

�𝑡𝑡𝑁𝑁𝑁𝑁𝑁𝑁(𝑥𝑥,𝑘𝑘)�i
n seconds 

Normalise
d state 
time 

𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘)  
in seconds 

Normalised 
average 

current of 
component x 
in  state  k,  

�𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑥𝑥,𝑘𝑘)� in 
mA 

MQ-7 80 180 1800 8 1800 180 8 

MQ-4 155 90 1800 7.75 1800 90 7.75 

TGS2600 65 90 1800 3.25 1800 90 3.25 

TSL235R 3 0.01 15 0.002 1800 1.2 1.67E-05 

DS18S20 2 0.015 15 0.002 1800 1.8 1.67E-05 

Humidity  
Sensor 4 0.00005 15 1.33E-05 1800 0.006 1.11E-07 

Transceiver 
(transmit) - - - - - - - 

Transceiver 
(receive) - - - - - - - 

Microcontr
oller - - - - - - - 

 

3  RESULTS AND DISCUSSION 

The summary of the results of the computation of the 
normalised average current,  𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎 are given in Table 5 
where 𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎  19.25  mA. The value obtained in  [18] for the 
average node current is 19.29 mA. The error is 0.04 mA 
(that is 19.294 -19.25 ) and the percentage error is  0.2 %. 
The error is due to the assumptions made in [18]  in 

arriving at the average current for the states with repeat 
time less than the sensor node cycle time.  For a battery 
with capacity 3000 mAh , the battery lifetime in hours is 
given in Equation 5 as ; 𝑡𝑡𝐿𝐿ℎ   =   𝐶𝐶𝑏𝑏𝑏𝑏𝑏𝑏

𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎
 =   3000

19.2244675 
 =

 156.0511364 hours. 

In all, the approach used in this paper identified the error 
made in the work by [18] in the computation of the average. 
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Table 5  The summary of the results of the computation of the average current  𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎 

1 2 3 4 5 6 7 8 

Sensor 
Node 

Compo
nent 

Current 
of 

compone
nt x in  

state  k,  
�𝐼𝐼𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)� 

in mA 

Duration 
of 

compone
nt x in  

state  k,  
�𝑡𝑡𝑠𝑠𝑠𝑠(𝑥𝑥,𝑘𝑘)� 

in 
seconds 

Cycle 
time of 

compone
nt x in  

state  k,  
�𝑡𝑡𝑐𝑐𝑐𝑐(𝑥𝑥,𝑘𝑘)� 

in 
seconds 

Average 
current of 
component 
x in  state  

k,  
�𝐼𝐼𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝑥𝑥,𝑘𝑘)�  

in mA 

Normalise
d cycle 
time of 

componen
t x in  state  

k, 

�𝑡𝑡𝑁𝑁𝑁𝑁𝑁𝑁(𝑥𝑥,𝑘𝑘)�i
n seconds 

Normalise
d state 
time 

𝑡𝑡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠(𝑥𝑥𝑥𝑥,𝑘𝑘)  
in seconds 

Normalised 
average 

current of 
component x 
in  state  k,  

�𝐼𝐼𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁(𝑥𝑥,𝑘𝑘)� in 
mA 

MQ-7 80 180 1800 8 1800 180 8 

MQ-4 155 90 1800 7.75 1800 90 7.75 

TGS26
00 65 90 1800 3.25 1800 90 3.25 

TSL23
5R 3 0.01 15 0.002 1800 1.2 1.67E-05 

DS18S
20 2 0.015 15 0.002 1800 1.8 1.67E-05 

Humid
ity  

Sensor 
4 0.00005 15 1.33E-05 1800 

0.006 
1.11E-07 

Transc
eiver 
(trans
mit) 

21.2 0.015 15 0.0212 1800 

1.8 

0.000177 

Transc
eiver 

(receiv
e) 

13.3 0.015 10 0.01995 1800 

1.8 

0.000111 

Microc
ontroll

er 
0.25 1800 1800 0.25 1800 - 0.25 

     Iavg 366.61 19.25 

4. CONCLUSION   

An approach for computing the average current and battery 
life time for a multisensor node that has different timelines 
for the various sensor node components is presented. The 
study is particularly suitable for the present day sensor 
network applications where sensor node with multiple 
sensor units are used to capture various ambient parameters. 
In this paper, the details of the application of the sensor 
node state chart and the analytical expressions used to 
determine the normalised time and current values for the 
multisensor node components are presented. Sample 
multisensor node presented is used to compare the results 
with some existing approach used by some authors. The 
findings in this work showed that the author cited made 
some mistakes in the computation of the average current 
due to wrong application of the multisensor node 
components timelines. 
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