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Abstract 
 
Interference in MANET is a consequence of simultaneous broadcasts 

happening nearby and also relates to impacts. Declining interference 

outcomes in energy preservation advances the quality of service (QoS) by 

dipping impacts and re-communications considerably. Time Division 

Multiple Access (TDMA) based media access control (MAC) protocol 

attains sophisticated network capacity via spatial reprocess of the time 

periods. This paper proposes an Enhanced TDMA protocol with Interference 

Aware Slot Scheduling (IASS-ETDMA) for improving the throughput in 

MANET. In this protocol, modified TDMA frame structure is designed to 

reduce the control packet transmission, which only consists of data slots. 

Then an interference aware slot reservation performed with directional 

antennas. Finally, secondary transmissions are scheduled by using a set of 

secondary relay transmitters. These relay nodes are selected based on the 

signal-to-noise-plus-interference ratio (SINR) and data rate constraints. The 

proposed IASS-ETDMA protocol is implemented in NS2 and simulation 

results show that it achieves higher throughput and reduced delay. 

 

 
 
Journal of Green Engineering, Vol. 10_7, 3450–3464 
© 2020 Alpha Publishers. All rights reserved 



                                                                                                                  
 

 

 

 

 

 
3451 K.Vijayalakshmi et.al 

 

Key words: Mobile Ad-Hoc Networks, Time Division Multiple Access 

(TDMA), Interference, Slot Scheduling, Throughput. 

 

1 Introduction 
 

A MANET is an exclusive sort of network which does not consist of any 

integrated regulation over the action of the network. This network is simply 

setup as preplanning is requisite. Thus MANETs are very appropriate in 

circumstances where there is no prevailing set-up or the present set-up has 

been unsuccessful. MANETs are usually utilised in the period of military 

actions and calamity management. With the arrival of smart devices nearly 

all devices nowadays is armed with a radio. A MANET offers accost-

effective resolution to arrange a short-term network for these radios to 

interconnect with one another [1] 

Intervention in MANETs is a consequence of simultaneous broadcasts 

happening nearby and also relates to impacts ascending from nodes outside 

the series of one another, communicating with a mutual receiver 

simultaneously (synchronous) [2]. Briefly, intervention is the grouping of 

signs got by the similar nodule from diverse communicating nodes 

concurrently. Intervention influences the excellence of effective signs 

suggestively, and can persuade more impacts and package retransmissions, 

ensuing in less all over and additional energy depletion. Nodes in this 

network are usually driven by batteries and undergo inadequate lifespan. The 

restraint of energy has turned out to be one of the most dangerous problems. 

Declining intervention can protect nodules’ energy and advance the 

excellence of effective signs, by dipping impacts and retransmissions 

considerably [3]. 

In the bygone two decades, several protocols that related to multi-hop 

MANETs were suggested. Among them, TDMA-based procedures have 

established much carechiefly due to their capability to offer QoS assurances. 

A fascinating feature of TDMA-based MAC protocol is their prospective for 

attaining advanced network ability via spatial reprocess of the time periods 

[4]. The TDMA procedure permits diffusing the actual data packages amid a 

sender node and a receiver node, and the way amid them can see the 

bandwidth necessity. So as to attain improved bandwidth arrangement, many 

investigations concentrate on time slot arrangement in outmoded TDMA-

oriented networks [5].  

This paper proposes an Enhanced TDMA protocol with Interference 

Aware Slot Scheduling (IASS-ETDMA) for improving the throughput in 

MANET. 

This paper can be organized as follows. Section 2 describes the literature 

review done on this topic. Section 3 explains the detailed methodology 

involved in the proposed solution. Section 4 presents the results & 

discussion. Section 5 contains the conclusion. 
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2 Related Works 
 

Hamed Asghariran et al [6] have suggested an adaptive and dispersed 

TDMA programingprocedure for MANET termed AD-TDMA. This 

procedure causes energy saving by displaying a fine awake-sleep programing 

state for MANET network nodules. Also the TDMA programingpattern is 

evenly generated for MANET. 

In the channel aware downlink scheduling model of Le Minh Tuan et al 

[7], the channel size and channel quality are computed. In the time area, they 

intended the queue size prior in communicating the subsequent packages. In 

the occurrence area, they utilised the largest weight delay first programming 

procedure to allot sources to the entire operators. The entire distributions 

would occur in the same transmission time interval (TTI). 

Ashutosh Bhatia et al [8] have suggested a novel method to TDMA 

programming for WSNs, that links the space amid by offering the suppleness 

to compromise amid the program size and the time needed to produce the 

program (programing time). The suggested TDMA programming functions 

in two stages. In the initial stage, they engendered a TDMA program rapidly 

that need not have to be very effective regarding program length. In the next 

stage, they have reduced the program in order that the procedure of program 

length drop can be dismissed after the implementation of a random number 

of reiterations, and still be gone with an effective program. This stage offers 

the ability to compromise amid program length and programing time. 

Khalid Hussain Mohammadani et al [9] have suggested an effectual 

medium access control procedure. In the suggested work, prelude data is 

utilised with time-division numerous access MAC. The prelude time-division 

multiple accesses utilises time organization for every single time period and 

does not allot ample time to the assailant owing to a stable time period. 

Consequently, blackhole is not constant in all communications and such 

about is efficiently fortified. 

Lingzhi Wang et al [10] have suggested an  active time slot allocation 

procedure.  Based on the features of the MAC protocol, they examined the 

frame arrangement, collaborative process of the etiquette, and the active 

time-slot distribution procedure. The outcomes validated that factors like slot 

use, throughput, latency and fairness were healthier than those utilising the 

traditional MAC protocols. 

Ashutosh Bhatia et al [11] have offered a dispersed TDMA scheduling 

procedure, which significantly lessens the time needed to accomplish 

programing, while confining the program length to the extreme degree of 

interference chart. This procedure aids many transmission types concurrently 

deprived of any alteration in the procedure. They have simulated the 

procedure to assess its runtime act. Both logical and replication outcomes 

display that their etiquette can significantly lessen the time needed for 

programing. 
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R.Manikandan and K.Selvakumar [12-14] have proposed Link-utility-

based back off cooperative MAC protocol for dynamic slot allocation. 

Naresh Vattikuti et al [15] have proposed a delay sensitive approach to 

TDMA Slot assignment problem in distributed AWNs. The proposed 

approach balances the end-to-end delay and spatial reuse. 

 

3 Proposed Solution 
 

This paper proposes an Enhanced TDMA protocol with Interference 

Aware Slot Scheduling (IASS-ETDMA) for improving the throughput in 

MANET. In this protocol, modified TDMA frame structure is designed to 

reduce the control packet transmission which only consists of data slots. 

Then an interference aware slot reservation performed with directional 

antennas. Finally, secondary transmissions are scheduled by using a set of 

secondary relay transmitters. These relay nodes are selected based on the 

signal-to-noise-plus-interference ratio (SINR) and data rate constraints. 

 

3.1 Modified TDMA Frame 
 

 
Figure 1: Frame structure of normal TDMA 
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Figure 2: Frame structure of modified TDMA 

In the TDMA frame structure shown in Figure 1, control packet (CTP) 

transmission is scheduled in the control period through the control slots 

(CTRslot). The data packets (DTP) are separately scheduled through the data 

slots (DTslot). In order to avoid the usage of these additional DTslot, the 

TDMA frame model is modified by removing the CTRslot. 

The modified frame structure is shown in Figure 2. Related to outmoded 

TDMA frame, it lessens the CTP exchange. If the CTP is transferred in the 

DTslot of data period, then it will be reserved if the node accepts the reply 

CTP. Next, the DTPs will be transmitted in the reserved DTslot . In the altered 

TDMA frame pattern, a the frame only contains a set of data slots each of 

which is utilised to transmit data or control packet or both, depending on the 

requirement. The DTP can be transferred with the CTP when needed. By 

accepting distinct slot reservation procedure with directional antennas (DA) 

in the altered TDMA mount, it can evade DTP challenges in communication. 

 

3.2 SINR Model 
 

In this work, the SINR model is applied where the received signals are 

accurately decoded at the receiver end, only if the SINR is higher than a 

threshold β.  

Let us consider a sender x which transmits data to the receiver y. Then 

the following Eq should be satisfied to successfully receive the data at y. 
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Where 
),( yxp

r is the received power at 𝑦, Tc is the chip duration, 𝑁𝑠 is 

the spreading factor, and 𝑁𝑜 is the white noise measured at y. The term 

 xz cr Tp yz *),(
is the interference at 𝑦.  

The transmit power 𝑃𝑡 is chosen such that the SINR at a distance of 𝑅 

from the sender is equivalent to 𝛽, where 𝑅 is the transmit range. The value 

of SINR at BER = 10
−5

 is chosen as 𝛽.  

 

3.3  Slot Reservation Scheme Using DAS 
 

In wireless networks using DAs, we presume that every single node is 

armed with DA. We presume that every single node upholds a slot 

reservation table (RT) as shown in Table 1. 
Table 1: Format of Slot Reservation Table 

Node ID No. of reserved 

slots 

Reserved node Antenna direction 

of reserved slot 

    

A transmitter can choose a reserved slot of its 2-H neighbours when the 

directions of DA of the reserved slot are different. 

In the slot reservation procedure, reserved slots and antenna directions of 

2-H neighbours are considered.  

The slot reservation procedure is presented in Algorithm-1. 

______________________________________________________________ 

Notations   Definition 

______________________________________________________________ 

RT    Reservation table 

Ni    Intermediate node 

NH(Ni)   Neighbors of Ni 

RREQ   Route request packet 

RREP   Route reply packet 

Dr(Ni)   Direction from Ni to next hop 

Dr(2-NH)   Direction of reserved slot in 2-hop neighbours 

Dr(RS)   Direction of reserved slot 

NSL(Ni)   Number of selected slots at Ni 

STSL   Status of slot (R-reserved, A-allocated) 

BWreq   Bandwidth requirement 

______________________________________________________________ 

Algorithm-1: Slot Reservation using Modified TDMA 

if (Ni receives RREQ initially) 

{  

Do  

{ 

If (Dr(Ni)= Dr(2-NH)) 
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 Choose the free slot for Ni  

Else  

 Choose the slot such that Dr(2-NH) is different 

} while (no interference occurs in the chosen slot) 

if (NSL(Ni) satisfies the BWreq) 

 Forward RREQ in allocated slot to next hop 

 Add the slots in RT 

Else 

 Ni drops RREQ 

}  

If (Ni receives RREP initially) 

{  

Do  

{ 

             Modify STSL from A to R in RT. 

 Add Dr(RS) to RT 

 Broadcast the update packet to NH(Ni) 

} while (there is an allocated slot in RT) 

}  

 

Whenever a node chooses the slots and checks the BWreq, the RREQ 

packet will be further transmitted to the neighbours in the assigned slots, 

which are noted down in the slot arrangement table of nodule 𝑖, but the 

position of the slot is assigned, not reserved.  

 

3.4  Scheduling Secondary Transmission Through Relay Nodes 
 

Each node maintains the SINR values of its 1-H neighbours determined 

using Eq.(1) in a neighbour table (NT). Then it broadcast the NT to all its 1-

H neighbours. 

Using these SINR values from NT, each node x forms a set of candidate 

relay nodes {Sx}. Then it broadcasts the secondary relay (SR) nodes to all its 

1-H neighbours. If node y receives {Sx}from x, then it checks if it is found in 

the list. If yes, it modifies the last field of the record related to x in its NT, 

with its index.  

Conversely, the designated transmit nodes may not utilize the vacant 

slots, as they might not have packets to diffuse. Therefore the data rate and 

queue-size metrics are utilized to instruct the nodes..  

Queue size is described as the amount of packages waiting at a node.  

The 1-H neighbours of the node decrypt the header and pile this data in their 

adjacent tables.  

Each node need to recompute its subordinate relay list occasionally, 

which is intended indigenously at each node and need to be pooled with its 1-

H neighbors alone. This data can be spread together with the periodic CTPs.  
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The main constraint for secondary relay (SR) selection based on the 

transmission rate is given by 

PRSRSRPT RR   ..).1( 
             (2)   

where RPT-SR denotes transmission rate between theprimary transmitter 

(PT) and the secondary relay (SR). Similarly, RSR-PR denotes the transmission 

rate between SR and the primary receiver (PR).    is an adjustable 

parameter maintained by the PT (The value lies between 0 and 1 , currently 

set as 0.3)and  is the probability of free SR nodes.  

 

Algorithm-2: Scheduling Secondary Transmission 

1. For each node Nj 

2. Receive data from Nj(1H) 

3. Estimate SINRi for each Ni Є  Nj(1H) 

4. If Nj satisfies SINR constraint in Eq.(1), then 

5. Add Nj in {Rj} 

6. End if 

7. End For 

8. For each Nj in {Rj} 

9. If Nj satisfies constraint Eq.(3), then 

10. Choose Ni as secondary relay 

11. End if 

12. End For 

13. Nj schedules secondary transmission through Ni 

14. End 

 

3.5 Mathematical Model 
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4 Results & Discussion 
 
4.1 Experimental Parameters 
 

The proposed IASS-ETDMA protocol is implemented in NS2 and is 

compared with Modified TDMA (MTDMA) [5] technique. The experimental 

settings are shown in Table 2 
Table 2: Simulation settings 

Number  of Nodes 20 to 100 

Size of the Topology 1300m X 1300m 

Data sending Rate 100,200,300,400 and 500Kb. 

Traffic type Constant Bit Rate  

Propagation model TwoRayGround 

Antenna Directional Antenna 

Node speed 15 m/s 

Number of connections 6 

 

4.1.1 Average Packet Delivery Ratio (PDR) 
 

It is the ratio of the number of packets received successfully and the total 

number of packets transmitted 

It is given by  

                                    (3) 

Where Nrj is the number of packets received at each destination j and Nsi 

is the number of packets sent from each source i. 

 

4.1.2 Average End-To-End Delay (EED)  
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                                     (4) 

where Trij is the received time of j
th
 packet of node i and Tsij is the 

sending time of packet j for node i and  n is the total number of packets sent 

or received at node i. 

 

4.2 Nodes Case 
 

In Nodes case, the results are plotted by increasing the nodes from 20 to 

100. 
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Figure 3: End-to-End Delay for Nodes case 

 

Figure 3 presents the results of delay measured by the two protocols for 

the nodes case. The delay of IASS-ETDMA ranges from 15.3 to 10.2 ms and 

delay of MTDMA ranges from 19.9 to 11.8 ms. Hence, the delay of IASS-

ETDMA is 17% less when compared to MTDMA 

 

 
Figure 4: Packet delivery ratio (PDR) for Nodes case 

 

Figure 4 shows the PDR measured by the two protocols for the nodes 

case. The PDR of IASS-ETDMA ranges from 0.22 to 0.57 and PDR of 

MTDMA ranges from 0.11 to 0.28. Hence, the PDR of IASSETDMA is 44% 

higher than MTDMA. 
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. 
Figure 5: Throughput for Nodes case 

 

Figure 5 presents the obtained throughput measured by the two protocols 

for the nodes case. The throughput of IASS-ETDMA ranges from 0.26 to 

1.38 Mb/s and throughput of MTDMAranges from 0.07 to 0.5 Mb/s. Hence 

the throughput of IASS-ETDMA is 72% higher than MTDMA.  

 

4.3 Rate Case 
 

In Rate case, the results are plotted by varying the data sending rate from 

100Kb to 500Kb. 

 

 
Figure 6: End-to-End Delay (E2D) for Rate case 

 

Figure 6 depicts the end-to-end delay measured by the two protocols for 

the Rate case. The delay of IASS-ETDMA ranges from 10.2 to 14.3ms and 

delay of MTDMA ranges from 19.8 to 28.9ms. Hence, the delay of IASS-

ETDMA is 48% lesser than MTDMA. 
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Figure 7: Packet Delivery Ratio (PDR) for Rate case 

 

Figure 7 shows the PDR measured by the two protocols for the Rate 

case. The PDR of IASS-ETDMA ranges from 0.57 to 0.51 and PDR of 

MTDMA ranges from 0.51 to 0.40. Hence, the PDR of IASS-ETDMA is 

16% higher than MTDMA. 

. 
Figure 8: Throughput for Rate case 

 

Figure 8 shows the obtained throughput measured by the two protocols 

for the Rate case. The throughput of IASS-ETDMA ranges from 2.1 to 6.1 

Mb/sand throughput of MTDMA ranges from 1.3 to 3.4 Mb/s. Hence, the 

throughput of IASSETDMA is 38% higher than MTDMA. 

 

5 Conclusion 
 

This paper develops an IASS-ETDMA protocol for improving the 

throughput in MANET. In this protocol, modified TDMA frame structure is 

designed to reduce the control packet transmission which only consists of 

data slots. Then an interference aware slot reservation performed with 

directional antennas. Finally, secondary transmissions are scheduled by using 

a set of secondary relay transmitters.  
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These relay nodes are selected based on the SINR and data rate 

constraints. The proposed IASS-ETDMA protocol is implemented in NS2 

and simulation results show that it achieves higher throughput and reduced 

delay. 
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