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Abstract: Research and development advancements in the area 

of wireless technologies give rises of mobile ad hoc networks 

(MANET) domain but is constrained to the single networks and 

stand alone. Furthermore, the communication networking 

applications requirements mostly still depends on fixed 

infrastructure networks that lead to MANET need to 

communicate with internet. Consequently, the traditional mobile 

routing protocols proposed for MANET are inefficient but play an 

equivalent important role in the performances of mobile wireless 

network over optical backhaul with focusing of MANET of the 

wireless domain in access network. Routing protocols procedures 

are controlled with a set of parameters from being dragged to 

undesired situations such as un-optimized Quality of Service 

(QoS) resource consumption. These parameters have a direct 

impact on the efficiency of a routing protocol and the overall 

MANET network performances. This paper proposed an offline 

optimization through simulation design of experiment of the 

AODV-UU parameters of MANET is evaluated by performing 

Taguchi signal to noise ratio (SNR) method for fine-tuning the 

AODV-UU routing parameters using the OMNeT++ software. 

The work is further extended with self-configure multiple data 

rates (SCMDR) scheme - a cross-layer-specific technique. 

AODV-UU with Taguchi tuned under the proposed SCMDR 

scheme is compared with AODV-UU configuration of oRiG 

scheme also as respects to previous work is examined based on 

capacity consumption, end-to-end delay metric and energy 

consumption metric under the varying speed scenario. The 

obtained results showed that, AODV-UU with Taguchi 

configuration outperformed the AODV-UU for the mention 

performance metrics here. The existing of current access network 

of the telco operators can benefit from the proposed improvement 

here.  

Index Terms: Taguchi, DOE, QoS, MANET, DCF 

I. INTRODUCTION 

 Mobile Ad Hoc Network (MANET) presents a technological 
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solution to improve digital information systems. MANET 

consists of mobile devices where information is transferred in 

a multi hop fashion to a desired destination [1]. The mobile 

devices are tending to travel random mobility, which implies 

their engagement to different network topologies and 

scenarios. This fact conveys the need for robustness in the 

design of protocols to the adhered multi-scenario 

phenomenon in MANET. Particularly, this poses a challenge 

in data dissemination with reqards to Quality of Service 

(QoS) resource consumption among the mobile peers [2]. 

Hence, there is a great need for solutions to realize better 

performance of resource-efficient and reliable wireless 

mobile networks [3]. 

Routing protocol behavior describes the protocols 

mechanism, which is controlled by a set of routing parameters 

such as link-layer feedback (feedback) and rate limit in 

AODV-UU. These parameters have a direct impact on the 

network performances [4]. For example, link-layer feedback 

incurs explicit extra operations on the network layer 

information base rather than just sending regular HELLO 

messages, which need to be fine-tune in a resource efficient 

manner according to the network scenario [5, 18]. While, 

Neeta proposed a modification to OLSR routing parameters 

with modify hello message, and concluded that optimizing 

modification the OLSR configurations improves MANET 

performances [6]. This study motivated the works in this 

paper for further investigate the impact of routing parameters 

on the network performances under the varying speed 

scenario based on Taguchi Method [7]. This is to highlight the 

correlation between these parameters and MANET scenario 

requirements to propose an optimum configuration of 

AODVUU to improve its efficiency. Based on brief literature 

reviews shows that the routing protocol’s parameters are 

unequally affects the network performances. Other layer 

solution such as network layer also focuses on MANET QoS 

in providing the required QoS to each user or application. For 

example, INORA based on the coupling without interaction 

between QoS resource reservation of INSIGNIA signaling 

mechanism with the TORA routing protocol to deliver QoS 

guarantee [8]. Basically, the signaling mechanism provides 

QoS reporting to inspect the status information (e.g. 

bandwidth indicator) and measured delivered QoS (e.g packet 

loss, throughput etc.) for the TORA routing protocol 

regarding the route chosen and 

asks the routing protocol for 

alternate routes if the route 

provided does not satisfy the 
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QoS requirements. The unfortunate drawback of this scheme 

is that it does not reserve resources that cause not enough 

resources before the actual flow. Therefore, it is not suitable 

for QoS guaranteed services. Thus, the work in this paper 

proposed the SCMDR scheme by considering the Taguchi 

optimization AODV-UU routing to connect MANET end 

users and Internet based on distributed coordination function 

(DCF) mode of the IEEE 802.11g [9, 10]. Furthermore, the 

proposed method in this paper is introduced into the FiWi 

(Fiber-Wireless) area from the wireless domains, which opens 

the opportunity for adding optimization mechanism to the 

routing protocols mechanisms. It purposes with consideration 

of providing QoS-assurance due to limited resource 

consumption when there is the increase of number of mobile 

ad hoc nodes. The rest of the paper is organized as follow:  the 

next section describes the proposed method. Section 3 

presents the results and their discussion and section 4 

concludes this work. 

II. METHODOLOGY 

There are 2 main steps will be highlighted in subsection that 

involved in this research. Section A will outlines the 

simulation planning and cross layer design for integrated 

optical and wireless domain towards the FiWi-MANET 

conceptual scheme while section B gives an overview of the 

proposed algorithm of Taguchi-based design of experiment 

towards FiWi-MANET network for resource efficient 

improvement. 

 

A. Proposed algorithm  

 
Fig. 1. Systematic optimization processes in framework 

Architecture 

 

This research relates in identifying factors affecting MANET 

performance targeting AODV-UU protocol and suggest ways 

to improve it by connecting it to optical network for reliable 

transmission. The set of performance factors affecting the 

protocol capability are beyond the possibility even to be 

considered here, in this study Taguchi Design of Experiment 

(DOE) was used to optimize the influence of the factors on the 

particular network performances. The Figure 1 demonstrate 

the used of Taguchi method in processing parameters through 

the optimization process in this paper of the simulated access 

network. Primarily based on Figure 1, the initial step refers to 

phase 1 and phase 2 were to formulate the relevant process 

goal in particular related to ascertain the existing objective 

setting to be selected for optimization that minimize the 

effects of the routing process variation. There are 7 identify 

process parameters are known as control factors such as the 

rate-limit, llfeedback, optimized_hellos and etc as shown in 

Table 1.  

 

Table 1 The key routing control factors with respect to 

its value setting before optimization for designing the 

Taguchi orthogonal array 

 
There are two different levels per factor involved are at the 

low level (-) or the high level (+), the L8 (27) Taguchi design 

is then chosen according to the standard Orthogonal Arrays 

[11]. In the L8 (27) Taguchi design, the orthogonal arrays are 

used instead of the standard factorial design where its factor 

levels are weighted equally across the entire design [12]. The 

rate limit was selected because it could put up the edge for the 

routing with route control messages that buffered the network, 

which might cause packet drops [13]. It is also assessed that 

can induce energy efficiency in the integrated MANET 

domain over optical backhaul framework by creating the rate 

limit-based approach in the routing of AODV-UU. This work 

also focuses on proposing the link-layer feedback (feedback) 

factor from the wireless domain for cross-layer efficient 

utilization [14].  
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It suffers from unambiguous additional operations on the 

network layer information base due to handful of unsuccessful 

routes with failed HELLO messages broadcast, which need to 

be optimized in a resource efficient manner. Follow by that is 

the screening process of phase 3 of Figure 1 will have a loop 

back to check on optimized functionality is achieved or not 

based on the intended networks to obtain the optimize 

parameters of optimized process. At the parameter screening, 

the selection of S/N ratio depends on the goal of study either 

the energy criteria or other utility criteria such as capacity or 

delay. It can be either minimized or maximized of the network 

performance metrics. To measure it, the following metrics are 

used: Total Energy Consumption [19]: Total energy 

consumption for all mobile ad hoc nodes in bi-directional 

mode.  

E(J/s) = ∑ (Q(mAh) x 60 x 60 x V (V) x 1000                    (1) 

                                                                 

 Where mobile battery electric charge Q(mAh) in 

milliampere-hour and mobile battery voltage V(V) in volts.   

Total Network Capacity [20]: The throughput metric here 

measures how well the network can constantly provide data to 

the user.  

Capacity = ∑ (Number of packet receive (bit/byte) / 

simulation time                                                                     (2) 

End to end delay [21]: This is the average time taken in 

delivery of all data packets from the source node to reach the 

same destination node.  

Delay = S/N                                                                    (3) 

where S is the sum of the time spent to deliver packets for 

each destination, and N is the number of packets received by 

all destination nodes. 

Unlike other protocols in MANET, an improved AODV-UU 

protocol with self-configured based optimized routing setting 

is the key to “coding awareness” in this respective resource 

efficient effort of radio-and-optical access network as shown 

in phase 4 of Figure 1. In particular, this protocol takes 

variable multiple control data rate information from the lower 

layer that is MAC layer to be processed at the network layer. 

This SCMDR also adaptively embraces multiple data rate 

control to avoid the congestion level in the local mobile user 

nodes. This approach provides a stable mobility wireless 

condition, which enables the proposed work of constrained 

data rate mechanism required to offer a better quality of 

experience for mobile user nodes. Implemented at the mobile 

station, the predetermined optimized of AODV-UU protocol 

improves the network performance such as energy 

consumption, delay and capacity consumption. Therefore, it 

permits a more efficient bandwidth to be delivered to each 

mobile nodes client in a resource constraint MANET, which 

is crucial for getting good IP-Optical streams quality in 

unpredictable wireless over fiber environments. 

 
 

B. DOE simulation planning 

 

 
Fig. 2. FiWi-MANET network 

 

Table 2 FiWi-MANET common parameter setting 

 
 

In this paper also, the respective integrated framework design 

called the FiWi-MANET network was based on combination 

elements of the optical, mobile and wireless entities. To 

illuminate it, the Figure 2 showing its main elements of the 

particular transmission features to form the FiWi-MANET 

network: from an OLT, splitter and to an ONU at the optical 

backhaul of downstream direction while from a mobile user to 

a gateway/ONU in the wireless front-end of upstream 

direction. To provide better improved capacity wireless 

transmission while leveraging the growing mobile user 

demand needs the mobile internet connectivity based on 

resource utilization distributed approach of optimized 

multiple data rate link adaptation with self-configure 

capability.  
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The experiments here were carried out using OMNeT++ 

simulation tools with a number of eight experiments based on 

this respective integrated framework design. Each of the 

experiment was run according to Random Network Generator 

3, to obtain the accurate and the best parameters value for 

optimizing the tested variables. The simulation scenario was 

run in the period of 250 seconds with 50 simulated seconds 

intervals of getting steady output under dynamic network. For 

research purpose with the simulation area of 8kmx6km, 2 

ONUs integrated with wireless access point is chosen as it is 

the suitable number of ONUs to be used in FTTH for 

mall-school areas as reported in [15]. 

III. RESULTS 

This part was to evaluate the performance of the 

self-configure control data rate based on efficient resource ad 

hoc routing optimization based on the delay, packet delivery 

ratio, loss probability, energy consumption and throughput 

performances. The simulation experiment is governed by a 

random number generator to uniformly distribute traffic over 

the routes in a random manner allow reliable predictions of 

the mobile ad hoc network performance. The performance of 

the proposed SCMDR scheme improvement based on 

Taguchi efficient resource AODV-UU routing optimization is 

compared with the existing works on MANET domain called 

the oRiG scheme [16]. In the particular paper, the 

specification for oRiG scheme is based on the revised values 

parameter of AODV as reported by the author while the 

design network planning and specification are following the 

last mile mobile hybrid optical wireless access network 

scheme in this paper [4]. 

The impact of quality of services is investigated when the 

mobility speed of nodes increases with a cross-layer approach 

towards smart self-configure operation. The simulations were 

done with unified framework between wireless and optical 

domain by employing OMNeT++ simulation tool for a 

mall-school areas topology. The number of speed varies from 

5mps to 25mps with an increment of 5mps where there were 

30 mobile nodes involved. The sent interval for the whole 

simulation was fixed to 0.01s with the 1024 bytes fixed 

message length. The rest of the parameters used for varying of 

node mobility speeds are described in Table 2.  

A. Throughput/Capacity 

The graph in Figure 3 is based on the Table 3 shows that oRiG 

parameter setting scheme was not enough to provide a 

guarantee of service to the mobile end user. In this scenarios 

here, the outcome for this metric performance increases with a 

decrease in node speed [17]. The obvious reason is that the 

presence of high mobility results in stress for this protocol to 

forward lots of packets and routing information. Due to 

mobility also, the link is likely to break and cause nodes 

failure while using an excessive number of retransmissions. 

As a result, the data packets are being queued before a new 

route is discovered. It will cause in large routing overhead. 

Hence, low throughput is likely to be induced in high mobility 

in comparison to low mobility.  

 

 
Fig. 3. Performance of capacity for varying speed of 

oRiG and SCMDR multi-parameter AODVUU routing 

before and after with self-configure mechanism based on 

Taguchi optimization 

 

However, the proposed SCMDR scheme had a stronger effect 

compared to the oRiG scheme as per the Taguchi method for 

capacity efficiency (the higher value the better) at 71.50% 

improvement on average. It significantly improves the design 

parameters by optimizing multiple potential local pieces of 

information without introducing more additional overhead 

through the adoption of orthogonal arrays. Furthermore, 

regardless of speed and individual mobile node, the 

self-configure routing transmission is introduced according to 

the multiple data rates it has sent based on the offline 

optimized predefined best-fit parameters as the transmission 

delay depends on the data rate. 

 

Table 3 Numerical analysis for network capacity after 

optimization with self-configure scheme 

 

B. Energy Consumption 

Obviously, high-speed transmission consumes higher energy 

consumption and moreover, the existing scheme seems to 

experience a higher unnecessarily overhead given its reactive 

nature.  
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After applying this algorithm, the proposed SCMDR scheme 

network energy consumption is less and it is ended with 

58.37% of average improvement as compared to the prior one 

(oRiG) as shown in Figure 4 which based on Table 4.  

 

 
Fig. 4. Performance of energy consumption for varying 

speeds for both scheme of oRiG and SCMDR 

multi-parameter AODVUU routing before and after with 

self-configure mechanism based on Taguchi optimization 

 

Thus, the situation can be explained in SCMDR test scheme 

the multi data rate link information is dependent on the 

optimized control factors routing setting in AODV-UU such 

as HELLO beacon. Each node will obtain the link rate 

information including the optimal routes driven by a 

self-configure manner without modifying the HELLO beacon 

broadcast mechanism of AODVUU, which ultimately makes 

the process improvement more simplified. This way can 

effectively broadcast the HELLO messages avoiding the risk 

transmitting a packet through a broken link that has not been 

detected by HELLO messaging which minimizes the energy 

cost. 

 

Table 4 Numerical analysis for energy consumption after 

optimization with self-configure scheme 

 
 

C. End-to-End Delay 

Figure 5 that based on Table 5 shows the average delay 

comparison between the optimized AODV-UU in the 

SCMDR scheme and conventional AODV-UU routing in 

oRiG scheme for every 5mps interval until 60mps mobility 

speed. In oRiG scheme, 2Mbps data rate is adopted where all 

data packets, including routing control, are transmitted at that 

specified data rate of slow packet transmission speed which 

resulted in the longer delay. This time, the proposed SCMDR 

scheme has lower delay compared to the normal oRiG in all 

the scenarios with different moving speeds about 

223.27msec, but again they increase considerably for higher 

speeds. This proposed work, to top it all, is highly 

configurable over different speed scales with self-configure 

multiple data rates control of ad hoc routing table using 6 and 

54 Mbps. The wireless ad hoc routing is modified to carry the 

pre-computed set of optimum configurable routing setting in a 

multi-rate wireless ad hoc network delivering the delay 

resource efficient next hop. All these happen in the mobile 

node before the transmission starts so that a mixture of the 

data rate packet is tuned accordingly in a distributed fashion. 

 

 
Fig. 5. Performance of end-to-end delay for varying 

speeds for both schemes of oRiG and SCDMR 

multi-parameter AODVUU routing before and after with 

self-configure mechanism based on Taguchi optimization 

 

Table 5 Numerical analysis for end-to-end delay after 

optimization with self-configure scheme 
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IV. CONCLUSION 

This section discusses the conclusions of this research. The 

growth of the Internet, its mobile services and applications 

trend has resulted in an increasing demand. So far, it has been 

well investigated from the strict layering approach especially 

focusing either on network layer or transport layer 

enhancements for MANET. Unfortunately, the convergent 

layering has not been considered as an all. In this work, the 

routing challenges especially the aspect of QoS for wireless 

domain based on MANET in internet integration scenario 

seem can be addressed by MANET-Optical integration 

architecture with further routing optimization using Taguchi 

method in-combination with cross layer approach. The 

presented results of solution's investigation provide an 

effective approach to efficient QoS with minimize variation 

that can serve as alternative last mile mobile internet access to 

mobile users. Reflecting this broad objective, this paper 

presents a cross layer conceptual framework with feasible 

solution simulation framework modelling integrated with the 

Taguchi multi-criterion objectives optimization in terms of 

maximize the capacity consumption while minimize the 

energy consumption and end-to-end delay. It was to overcome 

the ongoing major open issue associated with 

bandwidth-constrained-variable wireless capacity link that 

are showing lower capacity than their hardwired counterparts. 

It demonstrates remarkable results indicate that 58.37% 

improvement for energy whereas, 71.50% improvement for 

capacity, 37.29% improvement for the delay as compared to 

non-Taguchi AODVUU routing optimization (oRiG) of 

previous study settings under varying mobility speeds 

scenario.  
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