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Abstract 

Mobile Mobile Ad Hoc Networks (MANETs) are organizations of mobile network devices that ability of self-configuring and 

self-setting parameters for effective in-network communication. Thanks to the flexibility and convenience in establishing 

connections and transfer data, MANETs have demonstrated outstanding capabilities and abilities in a wide range of fields 

serving humanity, such as healthcare, intelligent transportation systems, smart agriculture, smart retail, and IoT ecosystems. 

Due to the mobile characteristics of network nodes, the structure of MANETs changes frequently. Moreover, the operating 

principle of MANETs is distributed, not relying on central devices such as base stations, leading to the guarantee QoS problem 

is one of the main challenges of MANETs. In this study, we proposed a QoS-aware on-demand routing protocol (QoS-ADRP) 

for urban-MANET applications. To enhance the feasibility of the proposed solution, we establish a mechanism so that the 

proposed protocol can work on both Adaptive and Admission modes. The experiment results demonstrated that the QoS-

ADRP protocol improved in terms of the QoS flows, packet delivery ratio, latency, throughput compared to existing protocols. 

Keywords QoS-aware, Routing Protocol, MANETs, Urban Environment 

1. Introduction 

The launches of 5th generation mobile networks, also well-known as 5G in the early 2020s, firstly time allowed 

to realistic a comprehensive digital society of humanity. 5G enables the delivery of network services with ultra-

 
 

 
Fig. 1. An Illustrition MANET structrute. 
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low latency and ultra-high bandwidth [1]. The architecture of 5G will be heterogeneous networks, and network 

devices will be equipped with M2M (Machine-to-Machine) modules [2] that can establish direct communications 

between devices, and is the principle that forms the Mobile Ad Hoc Networks (MANETs).  

 MANETs are the organizations of mobile network nodes that ability self-configuration, self-establish to 

efficiently communicate in-network without relying on pre-fixed infrastructure and centralized administrations [3]. 

Due to the nature of MANETs is the mobility of the nodes and the network architecture without relying on pre-

installed centric devices such as base stations led to it has some disadvantages such as low performance, limited 

resources and not security [4]. However, the ability and capacity of MANETs are demonstrated in series of areas 

to serve humanity such as disaster recovery [5], military [6], healthcare [7], entertainment [8], and smart cities [9-

10]. In [11] presented a diverse survey of MANET applications for different areas. 

 In MANETs, all network nodes can communicate with other network nodes directly or indirectly through 

intermediate mobile network nodes. Due to the mobility characteristics of the nodes, the MANETs structure is 

unstable. The links usually are break, and the probability of re-transmission packets is high. Consequently, 

performance criteria such as packet delivery ratio, throughput are low while latency and energy consumption are 

high. Hence, the routing problem is one of the significant challenges of MANETs [1, 12]. 

Aim to improve the MANETs performance, a series of studies have been proposed in [5-8], [30-31]. Survey 

results of routing protocols indicated that the MANETs performance is quite low and evaluated by some primary 

metrics such as delay, packet delivery ratio, and throughput. A suitable routing protocol will strongly affect the 

performance, QoS, and energy consumption of the whole system [13]. For those reasons, the design of high 

performance, guarantee QoS, and saving energy have always been a timely topical and the concern of researchers. 

The survey of proposed routing protocols for MANETs also showed that routing protocols might be classified 

based on the routing method or the network architecture [9-10]. Based on the routing method, the protocols are 

classified into active routing and reactive routing. According to the network architecture, the protocols are 

classified into flat routing, hierarchical routing, and location-based routing. The routing protocols based on the 

reactive method save energy and are more suitable than active routing protocols [14-15]. Two typical on-demand 

protocols are Ad hoc On-demand Distance Vector (AODV) [16] and Dynamic Source Routing (DSR) [17] 

proposed by the IETF for MANETs. However, the MANETs performance is dependent on the MANETs structure, 

network size, and network traffic [2-4]. Currently, no class of solution or algorithm can solve all problems. Each 

method has different positives and limitations and is only suitable for some scenarios. For certain purposes as in 

urban-MANET scenarios of this study, we can integrate existing solutions to provide a more efficient solution. 

In order to solve this problem, we propose a reactive protocol for urban-MANETs. This protocol uses two routing 

metrics, are throughput and hops number, to make the decision aim to select the fit path. This protocol is improved 

from AODV with the main purpose of guarantee the quality of service of the network. Unlike AODV, our protocol 

exploits a combined costing function from two metrics: hops number and throughput to select the optimized route 

for data transmission. Hence, we named our new routing protocol is the QoS-ADRP. 

The rest of the study is organized as follows: In the next section, we present the related work. Section 3 presents 

the proposed routing protocol. Section 4 presents different simulation results to verify the achievable performance 

of the proposed protocol, and Section 5 is Conclusions. 

2.  Related Work 

The resource limitation of network nodes and mobility are the main factors that affect the performance of 

MANETs, especially in high movement speed scenarios. The mobility of network nodes will affect the stability of 

routes, so the design the smarter and flexible routing solutions to adapt to network topology changes and support 

QoS is necessary. Survey recent studies [18]-[25] indicated that the performance improvement and guarantee QoS 

research direction for communication solutions in urban are achieved positive results. We may summarize the main 

approaches to this area as follows: 

In [18], A. M. Mezher et al. (2017) proposed a multi-metric routing protocol to send video messages for VANETs 

in smart cities. This protocol uses five routing metrics, includes trajectory, distance, density, available bandwidth, 

and MAC layer losses, to decision-making select optimal routes. Experiment results demonstrated that the proposed 

protocol improved delay time and packet delivery ratio compared to existing traditional protocols.  

In [19], D. Lin et al. (2017) proposed a zone-based routing protocol to transfer data between cars for VANETs. 

Specifically, they proposed each vehicle is equipped with a GPS module to obtain location information in real-

time. Then, a routing algorithm combined with clustering techniques to decision-making select optimal routes aims 

to improve overall network performance. Experiment results demonstrated the efficiency of the proposed protocol 



 

compared to existing protocols in terms of the routing load and packet delivery ratio.  

In [20], W. A. Jabbar et al. (2018) proposed a hybrid routing protocol based on multi-metric for the purpose of 

saving energy and guarantee QoS in the MANET-WSN convergence scenarios of IoT networks. Specifically, they 

proposed a new rank method to rank network nodes based on energy and QoS metrics, include lifetime, residual 

energy, speed, and queue length. Besides, this protocol also proposed a multipoint relay node selection method 

based on energy and QoS metrics. Experiment results demonstrated that the proposed solution improved 

performance, QoS, and reduced energy consumption compared to the existing traditional routing protocol under 

different MANET-WSN convergence scenarios of traffic and mobility. 

In [21], 𝐼. 𝐾𝑎𝑐𝑒𝑚 𝑒𝑡 𝑎𝑙. (2018) introduced a new routing method based on the fuzzy synchronized Petri Net 

model and ant optimization algorithm for MANETs. Specifically, they use Fuzzy Petri Nets to discover and 

decision-making select optimal routes, while ant algorithm is used to find a solution for uncertain events in the 

network. Experiment results demonstrated the efficiency of the proposed solution in terms of performance and QoS 

compared to existing solutions. 

In [22], Q. Zhang et al. (2019) proposed a new multicast model based on genetic algorithms to guarantee QoS in 

MANETs. Specifically, they proposed the new model guarantees the duration time of a link in a multicast tree is 

longer than the delay time from the source node. Experiment results demonstrated that the proposed model 

improved QoS flows and the delay compared to existing methods in MANETs scenarios. 

In [23], M. Sivaram et al. (2019) proposed the advanced routing protocol, improved from the existing DBTMA 

routing protocol for guarantee QoS in MANETs. Specifically, they proposed two elements, namely: busy tones and 

RTS/CTS dialogues. These signals allow determining the faster re-transmission after the collision occurred by the 

nodes. Experiment results demonstrated the proposed protocol improved performance, QoS, and reduced route 

discovery delay up to 38% compared to existing protocols. 

In [24], Z. Chen et al. (2020) proposed a multipath routing protocol to guarantee QoS for high mobile MANETs 

scenarios. Specifically, they proposed a mechanism to predict the disconnect of links. Then, they use a multi-metric 

routing algorithm based on parameters, such as remain energy, bandwidth, length of the queue, reliability of the 

link. Experiment results demonstrated that the proposed protocol improved performance and QoS compared to 

existing protocols in scenarios the movement speed of nodes up to 108 km/h. 

In [25], B. U. I. Khan et al. (2020) proposed a routing approach relying on the game theory for guarantee QoS in 

MANETs. Specifically, they evaluate the repute of each node based on the collaboration level of a node aims to 

encourage the positive of nodes jointly in the data forward. Experiment results demonstrated the proposed solution 

improved performance and QoS compared to existing solutions. 

According to this research direction, the existing protocol very close to this study was proposed in [26]. Some of 

the key differences are routing metrics, cost functions, and simulation scenarios. Specifically, instead of using an 

integrated metric between bandwidth and delay, in this study, we use an integrated metric of bandwidth and hop. 

These changes will reduce the complexity of determining the routing metric of each route. Furthermore, it also 

leads to a simpler and more efficient routing cost function. In addition, movement scenarios suitable for the urban 

environment are also used. 



 

Although these above-proposed solutions improved network performance and supported QoS in specific 

scenarios, however, in the high mobile network environment of MANETs, the system performance and QoS flows 

is affected by many factors such as dynamic network structure mobility of network nodes, size of the network. 

Therefore, the issues of guarantee QoS and performance improvement are timely and always attracting the attention 

of researchers. 

3. Proposed Routing Protocol 

The main goal of the QoS-ADRP routing protocol is to guarantee QoS and enhanced overall performance of 

MANETs. Indeed, we modified the traditional AODV protocol to establish a better one. We approached this 

direction because survey results demonstrated that in the MANETs environment, reactive routing protocols are 

more suitable than proactive protocols [11-12]. Moreover, AODV always has high performance and stability in 

many different MANETs scenarios. 

3.1. Protocol Description 

Aim to support traffic applications in smart cities environment, QoS-ADRP should is designed to operate in both 

modes: Adaptive and Admission, as follows: 

Adaptive mode: aim to provide a route with the best bandwidth. 

Admission mode: aim to provide the guaranteed bandwidth. 

The route selection process requires knowledge of the bandwidth of routes between a node pair (𝑆, 𝐷). This 

information is obtained based on the route discovery procedure, as follows: 

Like AODV, the QoS-ADRP routing protocol operates on the principle that whenever a wireless device needs 

to communicate, the source node will activate the route discovery procedure to find a optimal route to the wireless 

device. The discovery process starts with the source node sending the RREQ packets, with the header changed as 

follows {Model-Flag, MinBandwidth, AODV RREQ Header}. Then, RREQ packets are forwarded through 

intermediate nodes to reach the destination node, such as in Fig. 2, red line. 

 
 

Fig. 2. Three operational states of the QoS-ADRP protocol. 



 

The destination node or intermediate node (the node that knows the route to the destination) will respond by 

sending the unicast RREP packet back to the source node, such as in Fig. 2, green line. The main difference from 

the traditional AODV is the packet forwarding method. At each intermediate network node, when received the 

RREQ packet, these nodes perform a procedure called Bandwidth-Check. This procedure is described in Fig. 3, has 

two main tasks: 

 To remove immediately routes not satisfy bandwidth conditions. This issue helps to decrease bandwidth, 

energy consumption as well as routing load spent in unnecessary operations. 

 Identify the minimum bandwidth of the route. The bandwidth of each link is determined based on 

information of the 𝐻𝑒𝑙𝑙𝑜 messages (see [27] for more details).  

 Finally, the destination node will calculate and determine the optimal path based on parameters provided by 

RREQ packets and sends the RREP packet to the source node. Besides the route discovery procedure, QoS-ADRP 

also has route maintenance procedures that use RREP packets, such as in Fig. 2, yellow line. In that way, the source 

node is received candidate routes. 

3.2. Method of Selection Route 

To ensure that the proposed routing protocol has the best performance, we consider parameters that affect the 

network performance. In [11], [28-29], the main parameters that affect the performance of MANETs are hop 

numbers, link quality, and queue length at nodes. Then, we made the necessary changes in the AODV protocol to 

select the optimal routes. 

We include the bandwidth parameter that affects the network performance in the cost function for route selection. 

Traditional routing protocols (AODV and DSR) select the route with the smallest hop number. However, the 

shortest route may not give the best throughput or latency. Note that the network performance is measured by three 

main criteria: throughput, delay time, and packet delivery ratio. To improve the network performance, we propose 

a cost function following three parameters as follows: 

- 𝑃(𝑖): the hops number which the packet must go from the source to the destination. 

- 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ(𝑖,𝑗): The throughput of the link between a pair (𝑖, 𝑗) 
After receiving a set of candidate routes by the route discovery procedure, we define and use a cost function to 

select the QoS guaranteed route, as follows: 

Let 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ(𝑖) is the minimum bandwidth of the route 𝑖. Then, the cost function of the route 𝑖 can be 

determined as follows: 𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(𝑖) = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ(𝑖)𝑃(𝑖)                                (1) 

 

Next, let 𝑍 and 𝐶𝑜𝑠𝑡_𝑆𝑒𝑡 be the route number and the routing cost set of the candidate routes satisfying bandwidth 

condition, respectively as follows 

 
 

Fig. 3. 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ − 𝐶ℎ𝑒𝑐𝑘 procedure.  

 



 

𝐶𝑜𝑠𝑡𝑆𝑒𝑡 =
{  
   
 𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(1)𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(2)...𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(Z−1)𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(𝑍)

                                (2) 

 𝑂𝑝𝑡𝑖𝑚𝑎𝑙𝑝𝑎𝑡ℎ = 𝑀𝑎𝑥 (C𝑜𝑠𝑡𝑆𝑒𝑡)                              (3) 

    

Accordingly, the fit route is determined by Eq. (3). The optimal route selection algorithm of QoS-ADRP is 

presented as in Algorithm 1. 

Algorithm 1: QoS-ADRP Route Selection Algorithm 

1 𝑟𝑜𝑢𝑡𝑒𝑠𝑒𝑡 = 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 − 𝑟𝑜𝑢𝑡𝑒(𝑆, 𝐷) 
2 // 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 (2) & (3) 
3 𝐶𝑜𝑠𝑡 = 0, 𝑆𝑒𝑙𝑒𝑐𝑡𝑒𝑑𝑟𝑜𝑢𝑡𝑒 = {∅} 
4 𝒇𝒐𝒓 𝑖 = 1 𝑡𝑜 𝑠𝑖𝑧𝑒𝑜𝑓(𝑟𝑜𝑢𝑡𝑒𝑠𝑒𝑡) 𝒅𝒐 

5  𝒊𝒇 𝐶𝑜𝑠𝑡 < 𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(𝑖) 𝒕𝒉𝒆𝒏 

6   𝐶𝑜𝑠𝑡 = 𝐶𝑜𝑠𝑡_𝑟𝑜𝑢𝑡𝑒(𝑖) 
8   𝑆𝑒𝑙𝑒𝑐𝑡𝑒𝑑𝑟𝑜𝑢𝑡𝑒 = 𝑟𝑜𝑢𝑡𝑒𝑠𝑒𝑡(𝑖) 
9  𝒆𝒏𝒅 𝒊𝒇 

10 𝒆𝒏𝒅 𝒇𝒐𝒓 

11 𝒓𝒆𝒕𝒖𝒓𝒏 (𝑆𝑒𝑙𝑒𝑐𝑡𝑒𝑑𝑟𝑜𝑢𝑡𝑒, 𝐶𝑜𝑠𝑡) 
3.3. Modifications of Control packet 

To the QoS-ADRP protocol is received routing information, the route cost is calculated as in Eq. (1) and (2), and 

making the routing decision based on Equation (3). We use the reserved field in the header of the RREQ (Router 

REQuest) packet to save the cost value 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ. This method has been using in many recent studies [11], [18-

19], [22], [27]. The use of the reserved field in the header of the RREQ packet not only does the mobile node 

determine the cost, but also no loss of performance or power consumption for the system. Fig. 4 presents the RREQ 

packet header structure after being changed. 

4. Performance Evaluation 

In this section, we set up simulations to consider the performance of the proposed protocol. The simulation 

parameters, results and analysis are presented as follows: 

4.1. Performance Metrics 

In this study, the system performance is evaluated based on criteria as follows: 

 
 

Fig. 4. The header structure of the RREQ packet after the change. 

 



 

- 𝑃𝑎𝑐𝑘𝑒𝑡 𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑦 𝑅𝑎𝑡𝑖𝑜 (𝑃𝐷𝑅): Defined as the percentage of total packets received over the total packets sent 

during the entire simulation. 𝑃𝐷𝑅 = 𝑃𝑟𝑃𝑠 × 100%                   (4) 

- 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝑛𝑑 − 𝑡𝑜 − 𝐸𝑛𝑑 𝐷𝑒𝑙𝑎𝑦 (𝐷𝑒𝑙𝑎𝑦): Defined as the total time from when the sent packet until the 

received packet on the total number of packets transmitted successfully during the entire simulation process. 𝐷𝑒𝑙𝑎𝑦 = ∑ (𝑡𝑟−𝑡𝑠)𝑛𝑖=1𝑃𝑟                   (5) 

- 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡: determined by multiply the packet numbers are transmitted and the packet size per one second: 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 = 𝑃𝑟×𝑆𝑖𝑧𝑒𝑇                   (6) 

- 𝑅𝑜𝑢𝑡𝑖𝑛𝑔 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑: Defined as the ratio of the total control packet number per the total data packet numbers 

received by the source node: 𝑅𝑜𝑢𝑡𝑖𝑛𝑔 𝑂𝑣𝑒𝑟ℎ𝑒𝑎𝑑 = 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 𝑃𝑎𝑐𝑘𝑒𝑡𝑠 𝑁𝑢𝑚𝑏𝑒𝑟𝑃𝑟            (7) 

where, 𝑃𝑠 and 𝑃𝑟, respectively are the packet number sent by the source nodes and the packet number received by 

the destination nodes. 𝑡𝑠 and 𝑡𝑟, respectively are the time the packet is sent at the source node and the time the packet is received at the 

destination node. 𝑇 is the time of the measurement process. 𝑆𝑖𝑧𝑒 is the size of the packet. 

4.2. Simulation Parameter 

To compare the performance of the QoS-ADRP with existing routing protocols, we set up a simulation on NS2 

version 2.34. The simulations are conducted under different scenarios in terms of mobility level in all two modes: 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 and 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛. In all simulations, we use the CBR  traffic type with 200 mobile nodes randomly 

assigned. We also use the random waypoint model in an area of 2000×2000 (m). The transmission range of the 

network node is set up default value is 250 (m). Mobility velocities of network nodes are set randomly in the range [0, 𝑉𝑚𝑎𝑥]. Where, 𝑉𝑚𝑎𝑥 = [1 − 10] (m/s) (simulation of the real speed of vehicles in urban environments). 

The system performance is evaluated in both 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 and 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 modes with the difference in terms of 

node numbers and velocity. The end-to-end connection numbers are established 50 pairs in all cases. In 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 

mode, we observe performance metrics, include packet delivery ratio, throughput, and delay. In 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode, 

we observe performance metrics, include delay, throughput, and routing overhead. Simulation parameters are listed 

in Table 1. 

Table 1. Simulation Parameters 

Parameters Value 

Simulation Time 500s 

Simulation Area 2.000m×2.000m 

Number of Nodes 200 

End-to-End Connection Number 50 

MAC Layer 802.11 

Traffic Type CBR 

Bandwidth 1 Mbit/s 

Size of Packets 1024 byte 

Transport Layer UDP 

Bandwidth Request 100 Kbps 

Mobile Speed (1-10) m/s 

Communication Range 250 m 



 

Mobility Model Random Waypoint 

Protocols QoS-ADRP, AODV, DSR 

 

  

Fig. 5. The Packet delivery ratio in Adaptive mode. Fig. 8. The Packet delivery ratio in Admission mode. 

  

Fig. 6. The throughput in Adaptive mode. Fig. 9. The end-to-end delay in Admission mode. 



 

  
Fig. 7. The end-to-end delay in Adaptive mode. Fig. 10. The routing overhead in Admission mode. 

 

4.3. Adaptive Mode 

In 𝑎𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode, we compare QoS-ADRP with two traditional routing protocols on the aspect of delay, 

throughput, and delivery ratio. Simulation results are presented in figures 5, 6, and 7 indicated that as the velocity 

of network nodes increases, the structure of the network changes more rapidly lead to a higher broken link ratio. 

As a result, the retransmit packet numbers will be more increased. This issue will lead to bandwidth consumptions 

and end-to-end delay increased as well as the packet delivery ratio reduced. 

 Fig. 5 presents the packet delivery ratio results of all three protocols in the 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode. Results indicated 

that as the velocity of network nodes increases lead to the packet delivery ratio decreases. However, the packet 

delivery ratio of the QoS-ADRP is improved significantly compared to the AODV and DSR protocols. It is 

improved by over 7.5% at 𝑉𝑚𝑎𝑥 = 9 (m/s). 

Fig. 6 presents throughput in 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode. When 𝑉𝑚𝑎𝑥 < 5 (m/s), the throughput of all three protocols is rather 

high and not much different. When 𝑉𝑚𝑎𝑥 increases, the throughputs tend to decrease. However, due to the optimized 

routing method, the QoS-ADRP protocol always selects routes with high throughput. Hence, the throughput of 

QoS-ADRP is better compared with other protocols. At 𝑉𝑚𝑎𝑥 = 10 (m/s), the throughput of QoS-ADRP is higher 

by 20%. 

Fig. 7 presents the end-to-end delay in 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode. The delay time of the three protocols tends to increase 

rapidly as the velocity of network nodes increases. However, due optimize routing method,  the end-to-end delay 

of QoS-ADRP is always lower than the AODV and DSR protocols. At 𝑉𝑚𝑎𝑥 > 5 (m/s), the end-to-end delay of 

QoS-ADRP is improved by 20% compared to the remaining routing protocols. 

4.4. Admission Mode 

In 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode, we compare QoS-ADRP with two traditional routing protocols in terms of packet delivery 

ratio, end-to-end delay, and routing overhead. Again note that a link is discarded immediately if the available 

bandwidth is lower than the requested bandwidth. As a result, the candidate route numbers are obtained in this 

mode will less than the adaptive mode. As a result, the routing packet numbers and the collision ability will 

decrease. We expected that the packet delivery ratio, end-to-end delay, and routing overhead of QoS-ADRP would 

improve significantly compared with other traditional protocols. In this mode, we still use the same network 

structure and simulation parameters. Simulation results are presented in figures 5, 6, and 7.Fig. 8 presents the packet 

delivery ratio in 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode. Simulation results indicated that the packet delivery ratio of three protocols 

tends to reduce when the velocity of network nodes increases. However, when considering these results in 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode compared to the 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode, we found that the packet delivery ratio of QoS-ADRP was 

almost unchanged and better compared to the AODV and DSR protocols. At 𝑉𝑚𝑎𝑥 = 7 (m/s), in the admission 

mode, the packet delivery ratio of the QoS-ADRP protocol is improved by 10%  compared with the AODV and 

DSR protocols. 



 

Fig. 9 presents the end-to-end delay in 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode. Simulation results indicated that the end-to-end delay 

of three protocols tends to increase as the velocity of network nodes increases. However, when considering these 

results in Admission mode compared with 𝐴𝑑𝑎𝑝𝑡𝑖𝑣𝑒 mode, similar to the packet delivery ratio, we find that the 

end-to-end delay of QoS-ADRP protocol was almost unchanged and improved compared to the AODV and DSR 

protocols. 

Fig. 10 presents the routing overhead in 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 mode. Simulation results indicated that the routing overhead 

of all protocols tends to increase when the velocity of the network nodes increases. However, the routing overhead 

of QoS-ADRP significantly improved compared to other protocols. This issue can be explained as follows: In the 𝐴𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛 model, the QoS-ADRP protocol will remove immediately the routes which do not ensure the 

bandwidth in the route discovery procedure. Consequently, only routes with high throughput will be found. As a 

result, the end-to-end delay and throughput improved significantly. 

 

5. Conclusion 

In this work, we propose a QoS-aware routing protocol, namely QoS-ADRP, to support multimedia applications 

for MANETs in urban. Our proposed protocol performs well in both Adaptive and Admission modes. To 

performance evaluate the QoS-ADRP protocol, we set up several simulation scenarios under different changes in 

terms of the velocity of the mobile nodes. The simulation results demonstrated that the performance metrics such 

as QoS flow, throughput, end-to-end delay, and packet delivery ratio of QoS-ADRP are significantly improved 

compared to traditional routing protocols. For further studies, we will focus on optimizing routing algorithms for 

MANET-IoT systems in the urban environment. 

6. Appendix 

TABLE 2. ACRONYMS USED IN THE STUDY AND DEFINITIONS 

Acronym Definition 

AODV Ad hoc On-demand Distance Vector 

D2D Device to Device 

DoS Denial of Service 

DSR Dynamic Source Routing 

IETF Internet Engineering Task Force 

IoT Internet of Things 

IoV Internet of Vehicles 

MANET Mobile Ad Hoc Networks  

QoS Quality of Service 

QoS-ADRP QoS-Aware On-demand Routing Protocol  

RREP Router Reply 

RREQ Router Request 

RTS/CTS Ready To Send/Clear to Send 

VANET Vehicle Ad hoc Networks 

WSN Wireless Sensor Networks 
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