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 Wireless Sensor Networks (WSNs) have attracted a lot of attention from the 

research community and industry in recent years. WSNs maintenance 

associated with battery replacement can increase system operating costs, 

especially for wireless sensor networks located in hard-to-reach and 

dangerous places. In this study, an adaptive Medium Access Control (MAC) 

is proposed that can regulate the period of data acquisition and transmission. 

In contrast to conventional MAC, the applied adaptive MAC regulates the 

data transmission period based on the estimated energy use in the previous 

cycle. This study focuses on comparing energy efficiency between 

conventional and adaptive MAC. Energy usage information is retrieved 

directly on the sensor node. In star topology, the proposed MAC can increase 

the lifetime of the sensor network up to 6.67% in a star topology. In the 

hierarchical topology, the proposed MAC can increase network energy 

efficiency up to 9.17%. The resulting increase in network throughput is 

17.73% for the Star network and 33.81% for the Hierarchy network. The star 

topology without implementing adaptive MAC has the lowest throughput of 

0.188 kb/s. The highest throughput is achieved by a hierarchical topology that 

applies MAC with a throughput of 2.157 kb/s. 
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1. INTRODUCTION  

Wireless Sensor Networks or better known as WSNs, have attracted a lot of attention from the research 

community and industry in recent years. The reason is that WSN has a high potential to be implemented in 

various fields, including military operations, environmental monitoring, security systems, health care [1]–[3]. 

Sensor nodes can work independently and retrieve environmental data. Nodes can also communicate and 

exchange data with each other [4]. These features make WSN the right choice for many applications, especially 

applications in environments that are hazardous to human existence [5]. 

The main obstacle in WSN is battery life [6]–[8]. Lifetime refers to the maximum time all nodes in the 

network remain functional until one or more nodes do not work [9], [10]. Maintenance related to battery 

replacement can increase system operating costs, especially for wireless sensor networks located in hard-to-

reach and dangerous places [11], [12]. Therefore, many studies have focused on methods to increase the 

lifetime of WSN. 

These methods are radio optimization [13], [14], data reduction [15], [16], routing protocol efficiency 

[17], [18], battery repletion [19], [20], and application of sleep-wake up schemes [21], [22]. The sleep-wake-

up scheme includes duty cycling, passive wake-up radios, and topology control. Duty cycling aims to adjust 

node activity to save energy by setting the node into sleep mode. The node does not allow to transmit 

information to the surrounding nodes/sinks because they are inactive at the same time. Finally, the active and 

sleep periods are fixed to allow nodes to exchange data with each other. However, the Medium Access Control 
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(MAC) protocol used in the sleep-wake up scheme affects network performance. When applying MAC with a 

low duty cycle, it will save a lot of energy, but the delay in communication and data acquisition increases 

significantly [23]. 

Conventional MAC sets a fixed period of active (data acquisition and transmission) and sleeps on each 

node (S-MAC) [24]. However, in reality, each node has a different active period when performing data 

acquisition and data transmission. Nodes located far from the sink will tend to require longer data transmission 

times than nodes located near the sink [25]–[28]. Setting the same active and sleep periods will make nodes 

located far from the sink more likely to die faster. Referring to the meaning of lifetime in WSN, conventional 

MAC is less efficient because each node consumes different energy in one active cycle. 

 

2. RELATED WORKS 

Various MAC developments have emerged, such as T-MAC [29], which increase energy efficiency. T-

MAC improves the low throughput and high latency of S-MAC leading to high energy consumption. T-MAC 

achieves better efficiency compared to S-MAC by reducing collisions and idly listening as the node returns to 

sleep mode if there is no activity during the active period. 

Yang et al. [30] propose U-MAC, which is an improvement from T-MAC. U-MAC strikes a balance 

between energy and latency in WSN. The node uses a utility function which is the ratio of the actual two-way 

communication performed by the node to adjust its duty cycle across active periods. A node in idle listens to 

the state during its active period when getting utility function is low. U-MAC can save 32% of energy compared 

to S-MAC. 

In the dynamic duty cycle control proposed by Wang et al. [31], the feedback controller manages the end-

to-end duty cycle and delay to achieve high energy efficiency. The duty cycle is controlled in proportion to the 

node's one-hop delay condition as well as the actual packet delay, which is calculated using a time code. If the 

sender node sends data and it is not received by the receiver node, the sender node will enter sleep mode and 

try to send data in the next cycle. 

Byun & Yu [32] propose an adaptive duty cycle control mechanism. The mechanism dynamically adjusts 

the sleep period of a node for the data queue length according to the threshold. The data queue size threshold 

is limited to a predefined value to save energy, achieve low end-to-end delay, and control duty cycles. The 

sleep period increases linearly as the queue length becomes smaller than the queue threshold. If the queue 

length becomes greater than the threshold, then the sleep interval is reduced. 

ERI-MAC was proposed by Nguyen et al. [33], in which node receivers configure the wake-up period 

based on the energy harvested. The receiver must reach the ENO state for wake-up. The sender holds data in 

listening mode and waits for a beacon from the receiver. When the sender receives the beacon, the sender 

immediately sends the data. 

The listening mode on ERI-MAC consumes a lot of energy, so Bouachir et al. [34] propose the Energy-

Aware MAC Protocol with Adaptive Individual Duty Cycle (EAMP-AIDC) for WSN equipped with energy 

harvesting features. Similar to ERI-MAC, EAMP-AIDC makes the node must be in the ENO state, where the 

node must harvest more energy than the energy needed to be active and transmit data. EAMP-AIDC uses the 

TDMA protocol to determine transmission times, thereby avoiding nodes in redundant listening mode. 

 

3. MOTIVATION AND CONTRIBUTION 

The adaptive MAC proposed in this study regulates the data transmission period on the node based on the 

estimated energy used by the node in the previous cycle. Energy estimation in the previous cycle is calculated 

based on the average energy when active and the length of time the node is active. In improving the accuracy 

of energy estimation, the calculation of energy estimation uses the ratio of the data acquisition and transmission 

period. Determination of node transmission tasks is carried out through cloud computing, and the results are 

stored in the cloud database. 

Adaptive MAC differs from conventional MAC in that each node performs data acquisition and 

transmission when active. In contrast to the S-MAC, which delays the node data transmission task, the proposed 

adaptive MAC delays the node transmission task when the estimated energy used in the previous cycle exceeds 

the set threshold value. This also applies to T-MAC, which puts the node into sleep mode when there is no 

activity. 

In contrast to the adaptive MAC protocol proposed by S. Yang et al. [30], Wang et al. [31], and Byun & 

Yu [32], which is based on network latency, the proposed adaptive MAC is based on node energy consumption 

to increase energy efficiency. In contrast to ERIM-MAC [33] and EAMP-AIDC [34], which are aimed at nodes 

that have energy harvesting features, the proposed adaptive MAC can be applied to all nodes, including those 

that do not have energy harvesting features. This study focuses on comparing the energy efficiency between 

the proposed conventional and adaptive MAC. Energy usage information is retrieved directly on the sensor 
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node. The energy usage parameters obtained are used in the MATLAB simulation to compare the energy 

efficiency between the two schemes. 

 

4. METHOD  

2.1. System Design 

In this study, the wireless sensor network uses single-hop and multi-hop topologies. Each node transmits 

data to the nearest sink. The node uses a static addressing configuration for shortening the network 

authentication process time [35]. The node consists of a microcontroller and a sensor. In this study, several 

ESP8266 microcontrollers were used, which are low-power microcontrollers and already have Wi-Fi 

transceivers. In this study, the node uses a DHT11 sensor to retrieve data on the temperature and humidity of 

the surrounding environment. The sensor nodes are powered by an 1100 mAh (1.2 V) AAA battery connected 

in series. Fig. 1 shows a block diagram of the components that make up the node which includes sensors, 

microcontrollers, communication circuits, and power management circuits. 

 

Fig. 1. Sensor node components 

The sensor network and sensor nodes in this study are assumed to be as follows. 

 Each sensor can measure environmental parameters and send that data to the sink or cluster head (CH). 

 The initial energy of each node is assumed to be the same. 

 Each sensor wakes up from sleep then performs the process of data acquisition and data transmission. After 

data transmission is complete, it goes into sleep mode. 

 When in sleep mode, only the Real-time Clock (RTC) circuit is active on the microcontroller, so there is 

still energy consumption for RTC performance. The sensor does not consume energy because it is 

connected to the output pin of the microcontroller. 

 Each node has a fixed power transmission gain level. 

 The sink is powered by an external power source. 

 Data transmission between transmitter and receiver in the sensor network is assumed to always be 

successful. 

 Each Node and CH are assumed to have a wake-up time from sleep mode at the same time to transmit data. 

 Network lifetime is calculated based on the metric until one of the nodes dies (FND). 

 The sink is placed in the middle of the area. 

 

In this study, the energy consumed by the node to transmit data is calculated by considering the path loss 

between vacuum and multipath adjusted to the distance between the sender (transmitter) and the receiver 

(receiver). If the distance is smaller than the d0 threshold, a vacuum model is used. The energy required to 

transmit packets per k-bit over a distance d is shown in (1) [10]. 

 𝐸𝑇𝑥(𝑘, 𝑑) = {
𝑘 × 𝐸𝑒𝑙𝑒𝑐 + 𝑘 ×  𝐸𝑓𝑠 × 𝑑2,

𝑘 × 𝐸𝑒𝑙𝑒𝑐 + 𝑘 × 𝐸𝑚𝑝 × 𝑑4,
     

𝑤ℎ𝑒𝑛 𝑑 ≤ 𝑑0

𝑤ℎ𝑒𝑛 𝑑 > 𝑑0
 (1) 

Where ETx is the transmission energy with d as the transmission distance between transmitter and receiver, Eelec 

is the energy lost for transmitting per bit of data from transmitter to receiver, Efs is the energy used to receive 
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data. Efs and Emp depend on the transmitter gain level where k is the transmitted data length, and d0 is the 

transmission distance threshold calculated using (2). The energy consumed by the radio to receive data is 

assumed in (3). 

 𝑑0 = √
𝐸𝑓𝑠

𝐸𝑚𝑝
  (2) 

 𝐸𝑅𝑥 = 𝑘 × 𝐸𝑒𝑙𝑒𝑐  (3) 

Each sensor node sends data to the sink in the star topology and through the CH intermediary in the 

hierarchical topology. The size of the packet sent is based on the 802.11n standard, where the data sent is 

accompanied by a packet header. Based on this standard, the preamble has a size of 10 bytes. In this study, the 

data sent by the node to the sink is in the form of sensor data, IP address, and active period. The data is sent in 

the form of a linked list with the # character as the delimiter. After sending the data, the sensor node receives 

the data transmission index. The size of the data is based on the size of the file used to store the data on the 

computer. The size of these data is shown in Table 1. 

 

Table 1. Data size 

No. Description 
Size 

byte bit 

1 Sensor data 6 48 

2 IP data  12 96 

3 Active period 4 32 

4 Coordinate 4 32 

5 Transmission index 1 8 

6 Linked list 25 200 

7 Linked list with 2 sensor data 32 256 

8 Preamble  10 80 

9 Preamble + coordinate 14 112 

10 Preamble + Linked list 35 280 

11 Preamble + Linked list with 2 sensor data 42 336 

12 Preamble + transmission index 11 88 

 

 The energy consumption of the sensor node is based on data retrieval using the INA219 sensor. The 

results of the data collection show that the active period (tn) of the node ranges from 1950ms to 3050ms with 

energy consumption per second (Ec) of 0.209J. Based on these data, the active period of nodes that do not 

transmit data is set at 1950ms, where nodes that transmit data have an active period of between 1950ms to 

3050ms. Therefore, in this study, sensor nodes that do not transmit data have an active period of 1950ms, while 

sensor nodes that transmit data have an active period of between 1950ms to 3050ms. 

When in sleep mode, the current consumption of the sensor node is based on the microcontroller 

datasheet, which is 20µA. In this study, the duration of sleep (tsleep) for 15 seconds is used so that the sensor 

energy consumption for sleep (Esleep) for 15 seconds is 990µJ. The energy consumed by the sensor node in one 

cycle consisting of data acquisition and data transmission (Ectr) is defined in (4), while the energy consumption 

of the sensor node in one cycle consists of data acquisition only (Ecnt) is defined in (5). Nodes that have an 

active period below 3050ms will add the remaining active period so that each node has the same wake-up time. 

Equation (6) shows the addition of the sleep node period so that each node has the same wake-up time where 

tmax = 3050ms. 

 𝐸𝑐𝑡𝑟 = 𝐸𝑇𝑥(𝑘, 𝑑) + 𝐸𝑅𝑥 + (𝐸𝑐 × 𝑡𝑛) + 𝐸𝑠𝑙𝑒𝑒𝑝  (4) 

 𝐸𝑐𝑛𝑡 = (𝐸𝑐 × 𝑡𝑛) + 𝐸𝑠𝑙𝑒𝑒𝑝 (5) 

 𝑡𝑠𝑙𝑒𝑒𝑝 = (𝑡𝑚𝑎𝑥 − 𝑡𝑛) + 15 (6) 

 

2.2. Adaptive MAC 

The proposed adaptive MAC makes the data transmission stage did not perform every time the node is 

active. Nodes that receive instructions to delay sending data will send data in the next active cycle. Fig. 2 shows 

the data communication flow on the adaptive MAC. The node sends uptime (tn) and sensor monitoring data to 
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the sink. After receiving the data, the sink responds by sending a data delivery indicator (ti) to the node. After 

receiving the value ti, the node goes into sleep mode. 

 

 
Fig. 2. Data communication 

 

The sink adds data in the form of IP addresses to the data obtained from the node and passes it to the cloud 

computing API. Sink enters sleep mode after successfully sending data to the Application Programming 

Interface (API) of cloud computing or computing on local servers. The sink will wake up earlier from sleep 

mode and fetch the latest data on the cloud database. The data is in the form of IP nodes and ti of each node. 

When the node wakes up from sleep mode, it sends sensor data and tn to the sink. However, nodes that get a 

value of ti = 0 will only retrieve data and send the data in the next cycle. The cycle keeps repeating itself. Fig. 

3 shows the system timing diagram. 

 

 

Fig. 3. Timing diagram 

 

On standby, the sink is ready to receive data from the node. In Fig. 3, node 1 gets a value of ti = 0 in the 

first cycle so that in the second cycle, it performs data acquisition without sending it. Data transmission to the 

sink is carried out by Node 1 in the third cycle. The pseudocode that describes the node workflow is shown in 

Pseudocode 1. 
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After the node sends data to the sink, it goes into sleep mode after receiving the ti data. The sink will 

temporarily store the data until the sink's active time (ta) expires. After the sink's uptime expires, the sink sends 

all data retrieved from the node to the cloud database. The sink workflow is shown in Pseudocode 2. 

 

Pseudocode 1. Node 

1: tn  previous active period 

2: t   sleep period 

3: ti  transmission index 

4: a  data sensor 

5: receive a 

6: b  {tn, a} 

7: if ti = 1 then 

8:         send b 

9:         while ts ≠ received do 

10:                 delay 
11:         end while 
12: end if 

13: sleep(t) 

 

Pseudocode 2. Sink 

1: ti  transmission index 

2: tn  node active period 

3: ta  sink active period 

4: t   sleep period 

5: a  IP address 

6: b  sensor data  

7: c  {a, ts} 

8: d  {tn, b} 

9: receive c 

10: while ta do 

11:         if (receive d) then 

12:                 send ti 

13:         end if 

14: end while 

15: send {tn, b, a} 

16: sleep(t) 

 

The data is sent by the sink to the cloud computing API and directly processed to determine the value of 

ti. The value of ti is determined using Pseudocode 3. The result of the calculation of the value of ti stored to 

accessed by the sink. The obtained ti value is stored in the cloud database for sink access when starting a new 

cycle. The value of Eca is the energy targeted for one cycle that is calculated using (7) as 

 𝐸𝑐𝑎 =  𝐸𝑐 × 𝑡𝑛𝑎. (7) 

 

Pseudocode 3. ti Calculation 

1: ti  transmission index 

2: En  energy consumption for 1 cycle 

3: Ec  energy consumption for 1 second 

4: Ed  En - Eca 

5: Ep Ed cumulative 

6: Ep Ep + Ed  

7: if Ep ≥ Ec then 

8:         Ep = Ep - Ec  

9:         ti = 0 

10: else  

11:         ti = 1  

12: end if 
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In this research, the value of tna was used for 2.225 seconds, where the value was taken from the active 

period of the sensor node for the cycle, namely 1.95 - 3.05 seconds. If the value of tna selected is getting smaller, 

then the energy savings made by the sensor node using the proposed MAC will be even greater. However, it 

causes sensor nodes to delay data transmission more often to save energy (ti = 0). The value of Ec is the energy 

consumed by the sensor node in one second (in the active cycle), which is 0.209J. 

 

2.3. Research Scenario 

In this study, data collection was carried out through a sensor network simulation using Matlab software. 

The simulation parameters used were obtained from the results of previous research on energy harvesting [12]. 

MAC simulations were performed using the same battery capacity. The simulation results taken are when the 

WSN system starts to work until one of the WSN nodes dies because it runs out of energy. The parameters 

used in the simulation are shown in Table 2. 

 

Table 2. Simulation parameters 

Parameter Value 

Number of nodes 100 

Initial energy 100J 

Area 100m ×100m 

Sleep period 900s 

𝐸𝑒𝑙𝑒𝑐  50nJ/bit 

𝐸𝑓𝑠  10pJ/bit/𝑚2 

𝐸𝑚𝑝  0.0013pJ/bit/𝑚4 

𝑑0  75m 

𝐸𝐷𝐴  5nJ/bit/signal 

𝐸𝑐  0.209J 

𝐸𝑐𝑎  0.465J 

𝐸𝑠𝑙𝑒𝑒𝑝 990µJ 

𝑡𝑛  1.950s – 3.050s 

𝑡𝑛𝑎  2.225s 

 

The simulation is carried out on a star network structure, and a hierarchy where each network is divided 

into two, namely applying conventional MAC and adaptive MAC proposed in this study. In a star network 

topology, nodes send data directly to the sink. Nodes that are still alive are nodes that still have energy where 

the energy will decrease every round. 

The hierarchical network structure used in the simulation applies the LEACH protocol to select the cluster 

head (CH). CH is selected based on the rotation of the round or sensor that has the most energy. The node 

sends data to the nearest CH. Data aggregation is performed on the CH. CH forwards the data to the sink. The 

node that has the closest distance to the sink (not included in any cluster) directly sends data to the sink. 

Energy efficiency analysis is the stage of comparing node energy consumption when using conventional 

and adaptive MAC. At this stage, the causes of the difference in energy consumption between the two 

algorithms are analyzed. The analysis is focused on two main points, namely, the lifetime period of WSN and 

throughput. WSN lifetime is measured until one of the nodes in the network is out of energy. At this stage, the 

total energy remaining in each round/cycle is summed and displayed in graphical form. The simulation was 

carried out 20 times, and then the average lifetime value was taken in the four simulation scenarios. The four 

simulation scenarios are detailed as follows. 

  Star topology (scenario 1) 

  Star topology + MAC (scenario 2) 

  Hierarchy Topology + LEACH (scenario 3) 

  Hierarchy topologi + LEACH + MAC (scenario 4) 

 

The throughput measurement was carried out using (8). Where tpr is the data sent (kb), and t is the time 

it takes to send the data (s). The value of tpr consists of the amount of data sent by the sensor node to the sink 

(scenarios 1 & 2). In scenarios 3 and 4, tpr is the amount of data sent by the sensor node to the CH and the data 

sent by the CH to the sink. The amount of data sent by each node is 4kb in each data transmission. The data is 

assumed to contain node active time, IP address, transmission index, and sensor data. Data transmission time 
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is calculated based on the number of cycles. Each cycle has the targeted sensor node active time duration 

incremented by sleep period (6). 

 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =  
𝑡𝑝𝑟

𝑡

 (8) 

 

5. RESULTS AND DISCUSSION  

5.1. Lifetime 

The comparison results of the sensor network lifetime when using the proposed algorithm on a star (single 

hop) topology are shown in Fig. 4. The experiment was carried out using 100 sensor nodes 20 times. When 

using a star topology network, the lifetime of the First Node Die (FND) sensor network reaches 187-189 cycles. 

Half Node Die (HND) was achieved in cycles 192-193, and Last Node Die (LND) was achieved in cycles 197-

198. 

 

Fig. 4. Star topology lifetime 

 

However, when the proposed MAC is implemented, it can increase the service life of the sensor network 

until the FND reaches 201-202 cycles. HND is achieved in cycle 204, and LND is achieved in cycle 206-207. 

In a star topology, the proposed MAC can increase the sensor network lifetime by up to 6.67% with an initial 

energy of each node of 100J. 

Simulation on a hierarchical topology is carried out by combining the LEACH algorithm in determining 

the cluster combined with the proposed MAC to improve energy efficiency. The simulation results are shown 

in Fig. 5. The sensor network that uses a hierarchical topology by applying LEACH can reach a lifetime of up 

to 187-189 cycles (FND). This value is like the result of star topology without MAC application because most 

of the energy is spent by energy for sensor active time. HND was achieved in the 192-193 cycle, and LND was 

achieved in the 196-199 cycle. 

 

 
Fig. 5. Hierarchy topology lifetime 
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When combining the proposed LEACH + MAC (scenario 4), the device lifetime increases to 204-207 

cycles (FND). The combination of LEACH + MAC can achieve HND on the 212-215 cycle, and LND is 

achieved on the 219-221 cycle. In a hierarchical topology that uses the LEACH protocol for clustering, the 

proposed MAC can increase network energy efficiency up to 9.17%. Based on the simulation results of 

scenarios 1-4, the applied algorithm can provide power savings in star and hierarchical topologies. However, 

energy efficiency is greater when applied to a hierarchical topology. A sample of the sensor network energy 

consumption in each of the simulated topologies is shown in Fig. 6, with initialization energy of 100J for each 

sensor node. The graph shows the total energy remaining in the network obtained by adding up the energy 

remaining at each sensor node. The energy is calculated at the end of each cycle. 

 

 
Fig. 6. Energy consumption 

 

A comparison of the active nodes in each scenario is shown in Fig. 7. In star topology without using MAC, 

all sensors remain on until the 188th cycle. In the 189th cycle, there are only 98 sensors that still have energy 

remaining. In a star topology that implements an adaptive MAC, all sensor nodes still have energy up to the 

202nd cycle, and 89 nodes remain in the 203rd cycle. 

In a sensor network that uses a Star and Hierarchy topology without MAC implementation, all sensors are 

still active until the 188th cycle. When entering the 189th cycle, there are nodes that are running out of energy 

(2 nodes in Star and 1 node in Hierarchy). All nodes run out of energy on the 200th cycle. Topologies that 

apply MAC have a longer lifetime. In the Star + MAC topology scenario, all sensors are active up to cycle 202, 

with FND 11 sensors shutting down on cycle 203. All sensors run out of energy on cycle 207. While in 

Hierarchy + MAC topology scenario, all sensors are active until cycle 205 with 1 node off on cycle 206. All 

sensors run out of energy at cycle 219. 

 

 
Fig. 7. Node lifetime 
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The value of Ep (the difference between En and Eca) in each cycle is shown in Fig. 8. If the value of Ep is 

in the positive range, then in that cycle, more nodes spend energy above the average energy per targeted cycle. 

However, if the value of Ep is in the negative range, then in that cycle, the sensor node consumes total energy 

below the average target energy. When the value of Ep is high, it indicates that the sensor network needs energy 

saving, while the value of Ep is low, it indicates that the cycle of the sensor network is consuming less energy 

than the target. 

 

 
Fig. 8. 𝑬𝒑 graph  

 

The transmission index in the network is shown in Fig. 9. In the first cycle, all sensor nodes transmit data 

to send data to the sink (Star + MAC) and to CH (Hierarchy + MAC). In the Star + MAC scenario, in one 

cycle, the average sensor node transmitting data is 86 sensor nodes. This value varies from 76 to 94 sensor 

nodes in each cycle. Meanwhile, in the Hierarchy + MAC scenario, the average sensor node that transmits data 

is 89 sensor nodes. This value varies from 81 to 98 sensor nodes in each cycle. 

 

 
Fig. 9. Transmission index 

 

The energy savings generated by the application of adaptive MAC are 6.67% in the star topology and 

9.17% in the hierarchical topology. Table 3 shows the cycle increments when using the initial energy of 100J 

and 13068J with a commercially available 1100mAh battery. The table data is made with the assumption that 

the battery capacity can be used entirely by the sensor nodes. When using a 1100mAh battery, the adaptive 

MAC implemented in the star topology can increase the lifetime to 1699 cycles. In a hierarchical topology, the 

implemented adaptive MAC can increase the lifetime up to 2222 cycles. 
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Table 3. Lifetime 

No Scenario 
Battery 

Lifetime (cycle) 
Voltage (V) Capacity (mAh) Energy (J) 

1 Star 3.3 8.418 100 189 

2 Star + MAC 3.3 8.418 100 202 

3 Hierarchy 3.3 8.418 100 189 

4 Hierarchy + MAC 3.3 8.418 100 206 

5 Star 3.3 1100.000 13068 24699 

6 Star + MAC 3.3 1100.000 13068 26397 

7 Hierarchy 3.3 1100.000 13068 24699 

8 Hierarchy + MAC 3.3 1100.000 13068 26920 

 

5.2. Throughput 

The throughput of the star topology sensor network and the hierarchy when performing the simulation is 

shown in Table 4. The star topology without MAC has the lowest throughput of 0.188 kb/s. This value is caused 

because the packet data is sent over a longer period when the node saves energy. The highest throughput is 

achieved by a hierarchical topology applying MAC with a throughput of 2.157 kb/s. 

 

Table 4. Throughput 

No Scenario  Throughput (kb/s) 

1 Star 0.188 

2 Star + MAC 0.222 

3 Hierarchy 1.612 

4 Hierarchy + MAC 2.157 

 

Network transmitted data per cycle for each study scenario is shown in Fig. 10. On the Star network, the 

average amount of data transmitted in each cycle is 3.397kb. The Star + MAC network has a different amount 

of data sent in each cycle because not all sensor nodes send data with an average data transfer rate of 3.999kb 

per cycle. Networks with Hierarchy and Hierarchy + MAC topologies have various amounts of data 

transmitted, which are higher in value than Star and Star + MAC networks. The Hierarchical Network has an 

average of 29.106kb of data transmitted per cycle. The Hierarchy + MAC network has an average data 

transmitted of 38.95kb. 

 
Fig. 10. Star throughput 

 

The proposed MAC can increase network throughput. The resulting increase in network throughput is 

17.73% for the Star network. Throughput in a hierarchical network is shown in Fig. 11. In a hierarchical 

network, the proposed MAC also increases throughput by 33.81%. Although the proposed MAC allows not all 

nodes to be active in every cycle, the network throughput increases. This is caused by the transmission of index 
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data transmission on the network. In the final cycles, the value of the transmitted data decreases as the number 

of sensor nodes runs out of energy. 

 

 
Fig. 11. Hierarchy throughput 

 

6. CONCLUSION 

Based on the results obtained from the research, it can be concluded that adaptive MAC has greater 

efficiency than conventional MAC, especially in the energy efficiency used to activate data transmission 

circuits. Adaptive MAC has a longer lifetime in both applied network topologies (star and hierarchy). Energy 

efficiency is improved by delaying the data transmission time according to the node's energy use in the previous 

cycle. Adaptive MAC can increase lifetime with the highest efficiency obtained when MAC is implemented in 

a sensor network with a hierarchical topology. When implemented in a sensor network, the proposed adaptive 

MAC can increase network throughput. 
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