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1 Introduction 

1.1 Motivation 

The APOLI (Automated Power Line Inspection) project that is undertaken within the 

Professorship of Computer Engineering at the Chemnitz University of Technology, 

involves the usage of multirotor unmanned aerial vehicles (UAVs) for the sake of 

inspecting high voltage power lines and promptly detecting defects and flaws that 

generally occur at the level of the power poles or the insulators; such as burn marks, 

cracks, missing insulator disks, and other damages that may cause the abrupt 

interruption of the power transmission to private households and vital organizational 

and economic institutions, if not promptly and appropriately fixed. 

 

It has been a while since UAVs (also known as drones) have been introduced in all 

types of inspection process due to their significant advantage in cost and time. For 

instance, according to the Roland Berger GmbH study, the UAV-based asset 

inspection achieved 90% of savings in the oil rigs, 70% of saving in the storage tanks, 

and 50% of saving in the wind turbine [1]. In addition to that, an automated UAV 

increases the inspection efficiency by eliminating the human-based factors, while 

providing flawless mission and high-quality real-time data. However, the term 

automated UAV (or autonomous) has a broad range of meanings. T. B. Sheridan [2] 

has mentioned the human and computer control elements aspect in undersea 

teleoperation in 1978 in his technical report. There are 10 levels of taxonomies defined 

by J. M. Beer and others [3] for human-robot interaction and by Hui-Min Huang and 

others [4] for unmanned systems. Especially, the Drone Industry Insights reports 6 

levels of drone autonomy presented in 2019 [5]. 

AREIOM (Adaptive Research Multicopter Platform) research is focused on developing 

an unmanned system for various types of aerial inspection applications. There are 

several main stages, that have to be achieved step by step in order to enable the 

autonomous vehicle to take any action to perform a part of or an entire mission and to 

handle the unexpected critical situations. To realize this platform and to plan the 

research stages, a clear goal of the autonomy level needs to be defined. 

Correspondingly, these defined autonomy levels can be reflected in the system 

architecture in order to keep the constant progressive development.  

 

In UAV networks, it is also important to provide reliable real-time video transmission 

for the mission critical applications; e.g., reconnaissance missions in military, search 

and rescue missions in which the viewer should be able to see what is happening in 

almost real-time. In APOLI project, the inspection drone flies very close to the high 
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voltage power line. A minor mistake regarding latency can cause the system damage 

and failure, therefore the latency plays a critical role for the security concern as well as 

the video transmission quality for the inspection. Based on this approach, available 

video encoding methods, streaming protocols, wireless communication technologies 

should be investigated, and different approaches should be studied to propose a 

solution.  

1.2 Research Areas 

We categorize our research into three research focus areas due to their main focus in 

order to achieve a reliable UAV based autonomous inspection system. These three 

research focus areas are autonomy levels, network latency considerations and 

command and control units for UAV systems. 

 

The paper is organized as follows: In chapter 2, the challenging aspects of the 

unmanned aerial vehicle based autonomous inspection system are explained. In 

chapter 3, the command and control units of the complete decision system are 

showcased. Chapter 4 introduces a comprehensive list of factors which affect video 

streaming quality, and briefly shows their impact in order to propose an efficient 

solution for improving the real-time video transmission quality by reducing the latency 

in UAV systems. 
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2 UAV-based Semi-autonomous Aerial 

Inspection System Development 

Aspects 

This chapter characterizes the challenging aspects of the unmanned aerial vehicle 

based autonomous inspection system. 

2.1 Research Focus 

In this study, we propose a comparable autonomy level concept for UAS (Unmanned 

Aerial System), an architecture that satisfies this taxonomy. The main objective of this 

chapter is to address the core challenges of the autonomous system software 

development with an example.  

2.2 Autonomy Level 

Based on other’s studies mentioned above and our [6] Sense-Think-Act paradigm 

based previous concept, we have proposed the following UAV autonomy levels for our 

research (Table 1). There are five distinct autonomy levels according to human and 

unmanned system roles. 

 

• Manual (Level 1): Human is in full control of all operations, UAV is fully manual 

• Partly-automated (Level 2): Human is responsible for the complete mission, 

but the UAV performs some vital functions. These are mostly flight relevant 

functions that are already integrated within the flight controller 

• Highly-automated (Level 3): UAV can fly itself and execute simple missions, 

but the human is still in charge of safe operation. For instance, the vehicle uses 

waypoints to perform flight missions in a given condition and some additional 

functions are available 

• Semi-autonomous (Level 4): UAV can perform a complete mission in a certain 

condition itself and human is responsible for monitoring the operation and acts 

as a back system in critical condition 

• Fully-autonomous (Level 5): UAV performs a complete mission in any 

circumstances without any human assistance, for instance in an unknown state 

it can make a wise decision to overcome the trouble. Human is out of the loop 
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Table 2-1 Level of UAV autonomy 

Level 
Degree of 

autonomy 

Definition 

UAV Human 

1 Manual fully manual 

controls everything, 

responsible for complete 

operation 

2 Partly-automated 
performs some functions  

(as an assistant) 

responsible for the most part 

of the operation 

3 Highly-automated performs most of the tasks responsible for safe operation 

4 Semi-autonomous 
performs all tasks in certain 

condition 

monitors the operation  

(as a back system) 

5 Fully-autonomous 
fully autonomous, responsible for 

complete operation 
out of the loop 

 

2.3 AREIOM Architecture 

As mentioned before the AREIOM research’s main goal is to develop an autonomous 

UAV-based system for different kinds of aerial inspection applications. According to 

the proposed UAV autonomy level, our goal is to reach a state where the UAV is 

capable of performing a complete inspection mission itself (Table1: Level 4), and 

additionally to reach a level of making own decision in real-time to run the mission in 

any circumstances (Table 1: Level 5). To realize this goal, we have introduced a 

layered architecture along with the software and hardware architectures [7]. This 

architecture has the following four layers, which are illustrated in Table 2:  

 

• Flight control layer – is a software component, which is responsible for 

controlling the vehicle flight and it is located on the microprocessor where it has 

a direct connection to the sensors and actuators. 

• Navigation layer – allows higher (mission and safety) layers to interact with the 

flight controller at an abstract level, and process the sensor values for further 

decision-making. It is usually implemented on the companion computer. This 

layer is the first facing challenge to move forward from the automation to 

autonomy. 

• Mission layer – is responsible for controlling and monitoring the inspection 

mission by making real-time decisions based on the artificial intelligence 

approach. This is the second challenging part of the autonomous system. 

• Safety layer – takes care of unexpected situations. It takes control and makes 

a decision to overcome any problem without any human supervision. The third 

and the most difficult core ingredient. 
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Table 2-2 Autonomy level and AREIOM layered architecture 

Layers 
Autonomy 

Level 1 Level 2 Level 3 Level 4 Level 5 

Flight 

Control 
- Intermediate Advanced Advanced Advanced 

Navigation - - Intermediate Advanced Advanced 

Mission - - Simple Intermediate Advanced 

Safety - - - Simple Advanced 

 

As shown in Table 2, the AREIOM layer implementation has presented on three 

different levels. If we give a numeric value to this implementation levels respectively 

(Simple – 1, Intermediate – 2, Advanced – 3) and add up with the number of layers 

parallel developing, we can roughly estimate the complexity degree for each autonomy 

levels (Table 3). As long as the different problems have different solutions, it is 

impossible to evaluate all implementations with the same scale, but the main outcome 

from this is to identify the amount of the research work or effort to reach the next level 

compared to previous levels. 

 

Table 2-3 Approximation of the AREIOM platform development effort 

Autonomy 
AREIOM Layers Number 

of layers 

Total 

score 
Increment 

Flight C. Navigation Mission Safety 

Level 1 - - - - 0 0 0 

Level 2 - - - - 0 0 0 

Level 3 - 2 1 - 2 5 5 

Level 4 - 3 2 1 3 9 4 

Level 5 - 3 3 3 3 12 3 

 

For our case, the Flight Control Layer is not included due to that we are using an 

already developed solution in our research. As we have seen in Table 3, the biggest 

step is between level 2 and level3 in the Increment column, but we can see a linear 

increment from level 3 to level 5 in the Total score.   

 

2.3.1 Navigation Layer 

The true intention of the navigation layer is to make the upper layers independent from 

the lower layer, namely the hardware layer. In the context of AREIOM platform, the 

open-source ArduPilot software system is used for controlling the UAV flight as a flight 

controller, which is presented as a Flight Control Layer in the layered architecture. To 

realize this concept, the MAVLink Abstraction Layer (MAL) has been developed.  MAL 

is a software component developed in our professorship, which acts as a software-in-

the-middle between the decision-making unit and the flight controller.  
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The second main aspect in this layer is the sensor data fusion. This includes image 

processing solutions for inspection object detection and localization, automatic 

damage assessment, and visual navigation. As long as, it is an input of the decision-

making layers, it has a major role in the system and it has to be implemented with great 

care. 

 

2.3.2 Mission Layer 

In autonomy Level 3, most of the aerial inspections are only sequential flight actions. 

Therefore, this type of system can be implemented with a finite-state machine or rule-

based systems. The realization is simple but capable of executing an inspection 

mission in a very restricted environment, and it cannot handle any unknown states. In 

autonomy Level 4, the system becomes more complex and covers all possible flight 

scenarios. It detects and avoids the obstacles, but still not capable of fully navigate 

itself. In autonomy Level 5, it reaches an advanced level, which can execute any type 

of mission and navigate through the obstacles itself in the given condition. In our 

research, we selected the expert system to implement AREIOM mission layer, which 

can imitate the human decision-making ability. The expert system will be the main 

decision-maker in any circumstances. 

 

2.3.3 Safety Layer 

The Safety layer is obliged to overcome the unpredicted and dangerous situations 

without any human instruction. In order to take the control in critical condition, it has 

the highest priority in the entire system. In autonomy level 4, it has a predefined routine 

to handle most of the risky cases. In autonomy level 5, it becomes more complex and 

it is capable of making an adaptive decision to the situation and learning from its own 

action based on advanced artificial intelligence approach. In the AREIOM platform, we 

have chosen the expert system to implement the mission and safety layers. It has two 

main rule-sets according to its responsibilities which are to run the mission and to 

guarantee the safe mission. 

 

2.4 Conclusion and Future Scope 

The autonomous unmanned aerial system is a new challenge and it is yet not clear 

how much autonomy is required. We have proposed 5 levels for the unmanned aerial 

vehicle autonomy and autonomy level reflected architecture. Based on our proposed 

concepts, it is possible to make a comprehensive plan to reach the target autonomy 

level. In each autonomy level, each core challenges have addressed in different priority 

to highlight the main difficulties. However, in our study, the core challenges are not 
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examined in detail. Moreover, in the future study, we will address the critical software 

components of the autonomous system and their application-specific requirements.    
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3 UAV Command and Control 

This chapter briefly explains the command and control units for the unmanned aerial 

vehicle based autonomous inspection system. Each unit of this system is introduced 

and explained, with the focus being set on the decision-making part that pertains the 

most to guiding and controlling the UAV. 

3.1 Research Focus 

A whole set of approaches and techniques have been used for the purpose of the 

above mentioned project in order to design a system that would assist the engineers 

and technicians solve this tedious task. The proposed system is composed from 

different hardware units as well as from several software parts that uniformly 

communicate between each other. As it is shown in Fig. 1, the architecture displays a 

strong link between the different software components that are running within the 

companion board and the Control Handler (CTH). 

 

In fact, CTH is the central decision unit for all command and control purposes. Its tasks 

range from the synchronization and the supervision of the diverse communications 

between all the software components, to the assessment and the validation of the data 

packets received from the camera sensors that are used for perceiving the surrounding 

real world and that are feeding their output to the image processing algorithms, i.e., 

the Feature Point Detection (FPD) unit for the purpose of controlling the Gimbal where 

the inspection and navigation cameras are mounted; by the mean of the Camera 

Gimbal Controller (CGC) unit. The CTH is responsible as well as of providing the 

knowledge base that is required by the Expert System (EXS) component for firing the 

suitable actions to be undertaken, based on each flying scenario, before transmitting 

them to the Flight Controller (FLC) through the MAVLink Abstraction Layer (MAL) for 

their execution by the UAV [7]. 
 

 
Figure 3-1 The mapping between software components and hosting hardware 
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As a matter of fact, the Control Handler manages the situational behavior of the UAV 

based on a decision-making mechanism that underlies within the Expert System. 

3.2 Expert System-based UAV Controlling 

The Expert System is an artificial intelligence-based inferring mechanism that relies on 

a C Language Integrated Production System (CLIPS) shell and that applies the RETE 

forward-chaining pattern matching algorithm [8], which consists of a rule-based 

reasoning engine that precisely distributes the production rule sets in a directed acyclic 

graph; i.e., the RETE network as shown in the illustration example in Fig. 2. The RETE 

network builds a set of independent nodes where each of which is representing a 

pattern that is occurring within the left-hand side of a rule and is used to assert a set 

of patterns that are represented by their related facts, in order to infer the possible 

matching of the rules that need to be fired in each match-resolve-act cycle. 
 

 
Figure 3-2 An inferring schematic for arming an UAV using the RETE network 
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Furthermore, the Expert System exhibits a bidirectional communication channel with 

the Control Handler, in such a way that all the messages that come from the other 

different software components are handled by the CTH. This ensures the 

decentralization of the overall system and makes the CTH repeatedly prepare and 

update the list of facts that are present in the Working Memory and that are needed for 

the functioning of each component. 

 

The list of facts is then used by the Expert System’s inference engine in order to 

activate; and store within the Conflict Set, all the terminal production rules that have 

been matched and whose left-hand side constraints have been fulfilled. This ensures 

that the right actions are taken by the UAV depending on the observed environment 

that is surrounding it and that is being detected by the sensors which are mounted on 

board. Depending on the rules which are defined within the knowledge base, the 

appropriate actions that are pertinent to every single flight and inspection scenario are 

undertaken by the UAV accordingly. 

 

3.2.1 RETE Network – Alpha Network 

The RETE network divides the graph into a set of alpha nodes and beta nodes. On the 

one hand, the alpha side of the graph; also called the left side, produces a 

discrimination chain that helps select distinct Working Memory Elements (WMEs) 

depending on simple conditional tests that match each WME’s or a combination of 

WMEs’ context classes and types against constant values. Each WME is passed to 

the following node in the graph, once it has been successfully matched against the 

conditions of the previous node, until it terminates at an alpha memory, where the set 

of WMEs that have matched every condition in each node in a given branch is stored. 

It is to be noted that the alpha memories are not conceived to materialize a set of 

WMEs that has failed to match at least one condition in a given branch. 

 

3.2.2 RETE Network – Beta Network 

The beta side of the graph, also referred to as the right side, consists on the other hand 

of beta nodes; i.e., join nodes, that strictly have two inputs and one output. In fact, this 

side of the graph is responsible of joining different WMEs as the network is being 

traversed and storing them in beta memories that characterize partial matches of the 

left-hand side conditions of a given set of production rules. Moreover, the inference 

engine finds all the possible matches for the WMEs that are asserted into the Working 

Memory during every match-resolve-act cycle, until a leaf node; i.e., a terminal node is 

reached when a fact or a combination of facts satisfies the patterns for a given rule to 

be fired. 
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3.2.3 RETE Network – Conflict Resolution 

Once all the matches are determined, the corresponding productions are activated in 

the engine’s agenda. The matching engine then classifies the instances of these 

activated rules in the agenda in a conflict set and defines in which order they should 

be fired following a given pre-defined control regime. Several conflict resolving 

strategies could then be applied for selecting the right rule to be chosen [9], based on 

different factors such as the saliency of the rule, which depends on its priority or its 

importance with respect to the flying scenario where it has been fired, the order of the 

rule, the recency of the rule, i.e., the time at which the facts that exist on the rule’s 

condition part have been asserted to the Working Memory, the complexity of the 

activated rule, or some other pre-defined criteria that are relevant to the flying scenario 

to which the activated rule is pertaining. 

 

3.2.4 RETE Network – Production Execution 

After having made sure that all conflicts have been resolved and depending on the 

specified controlling regime, the engine fires the appropriate rules’ instances which 

leads to executing a list of actions that are accompanying the fired rules. These actions 

can include, but are not limited to, running instructions to assert or retract WMEs from 

the engine’s Working Memory, which would make the engine enter a new match-

resolve-act cycle where the new updates to the WMEs would be taken into account in 

the newly updated Working Memory. It is also good to note that the inference engine 

follows the refraction principle, where every rule is fired at most only once in every 

match-resolve-act cycle, in order to avoid multiple instances of the same rule to be 

fired within any given flight scenario’s inference cycle. Lastly, the Expert System’s 

inference engine reports the fired rules to the Control Handler in every cycle and 

recommends then the suitable commands and packets that need to be transmitted by 

the MAL to the UAV’s flight controller, in order to accomplish the needed UAV’s 

maneuvers. 

 

3.3 Conclusion and Future Scopes 

This chapter mainly tackled the decision-making module that is responsible of guiding 

the system in assessing which actions are more appropriate to be undertaken by the 

UAV at any given point of time. The plan of evolving this system in using a more hybrid 

approach using other artificial intelligence techniques, such as machine or deep 

learning is part of the future scopes that are set for this project. These could assist the 

system in increasing the efficiency of the rules inference part in a way that would make 

the copter take the right decisions in a faster, more precise and thus safer manner. 
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4 Latency Considerations for Real-time 

Video Transmission in UAV Networks 

This chapter briefly explains the effects of the system design on latency for real-time 

video transmission in the unmanned aerial vehicle based autonomous inspection 

systems. 

Image Processing & 

Transmission Protocol Network Topology & Routing Protocol & Swarm Transmission Medium Ground Station

 
Figure 4-1 Overview of a UAV network for the real-time video transmission 

Figure 4-1 illustrates the factors which are affecting the real-time video transmission 

latency in UAV network, and these are classified into four main groups as it follows: 

image processing, video transmission protocols, transmission medium (wireless link) 

and ground station (client side).  

 

Table 4-1 Latency factors in UAV network 

Functional domain Latency factors 

Image processing Video capture (Frame rate) [11], latency during image 

enhancement (image rotation, resolution) [10], compression 

(encoding algorithms, bitrate) [10,11], buffer [10]. 

Video transmission 

protocol 

Push-based: RTSP, RTP, UDP [24]. 

Pull-based: HTTP (HLS, MPEG-DASH, Adobe HTTP Dynamic 

Streaming, Microsoft Smooth Streaming) [10]. 

Transmission medium Communication technology: Wi-Fi, WiMAX, 5G etc. [27]. 

Path loss: Interference, multipath fading, distance, 

transmission power, antenna technology etc. [19]. 

Network Topology and Routing Protocols: FANETs etc. 

[15,21,22]. 

Swarm Algorithms: Bee Ad-hoc, Ant etc. [21,22]. 

Ground station Processor and graphic card (decompression and play-out 

buffer) [10]. 
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4.1 Research Focus 

Although the research is focused on video transmission protocols and especially 

communication technology for the video transmission, it is significant to consider the 

system as a whole and see all performance criteria. Therefore, each group affecting 

system latency in the system is briefly explained. 

 

4.2 Image Processing 

4.2.1 Frame Rate 

The high frame rates have the lower capture times. An example of this would be a 30-
fps camera takes 33ms to capture each frame of video while 60-fps reduces it to 
16.5ms [11]. The delays caused in buffers will be reduced with higher frame rates [10]. 
 

4.2.2 Resolution 

The higher resolution the more data to be encoded, which causes more latency [10]. 
 

4.2.3 Image Enhancements 

Enhancements like rotating, scaling may also add latency [10]. 
 

4.2.4 Encoding 

There are several encoding techniques available such as H.261, MPEG-1, MPEG-2, 
MPEG-4. are used to reduce the data rate needed for transmitting video frames 
[11,12]. The H.264 compression standard is a very common technique for recording 
and compressing video in drones [11]. According to [12], it is stated that “The video 
compression technics play crucial role for wireless communication applications where 
the bandwidth is a limiting factor. Considering H.264 video codec has the lowest bitrate 
compared to H.261, MPEG-1, MPEG-2, MPEG-4.”. There are several factors affecting 
bitrate such as compression level, resolution, frame rate, light conditions etc. [10]. 
 

4.2.5 Buffer  

There are sometimes needs for short-term buffers between processing stages. These 
also put additional latency in the camera side [10]. 
 

4.3 Video Transmission Protocols 

In [24,26] video transmission protocols have been divided into two main categories as 
push-based and pull-based protocols, as it was given in Table 1. In order to promote 
high efficiency, traditionally UDP-based (RTP/RTSP) or TCP-based (RTMP) approach 
are utilized for the video streaming solutions [13]. In case of huge amount of network 
traffic, HTTP video streaming over TCP is widely used [13]. The Real Time Streaming 
Protocol (RTSP) [29] is a non-connection-oriented application layer protocol that uses 
a session associated with an identifier. RTSP typically applies the UDP protocol to 
share video and audio data, and TCP for control, if necessary [24,25]. WebRTC is an 
API that allows browser applications to make calls, video chats and to use P2P files 
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without any plugin [24,25]. RTP usually runs on top of UDP so that RTP has a lower 
transmission overhead compared to HTTP over TCP [26]. According to a complete 
analysis of the most used video streaming protocols, specially RTSP and WebRTC 
protocols are considered in [24], the use of the WebRTC protocol offers a better 
performance than the others. 
 

4.4 Transmission Medium  

4.4.1 Wireless Communication Technology 

In [27], the comprehensive information about wireless communication standards had 
been given by comparing them in different criteria such as communication range, 
latency, throughput and robustness. 
 

Table 4-2 Comparison of wireless communication technologies 

Technology Range Latency Throughput Robustness 

Wi-Fi 50-250 m 50ms IEEE 802.11.b: 6,5 Mbps 
IEEE 802.11.g: 25 Mbps 
IEEE 802.11.n: 200 Mbps 

Medium 

WiMAX 5 km 25 - 40ms 1 Gbps Low 

LTE-U 2 - 5 km 9ms 1 Gbps Low 

Zigbee 500 m 20ms 250 Kbps High 

Bluetooth 10m 100ms 1-3 Mbps Medium 

Ingenu > 2 km Insensitive Up to 600 Kbps Medium 

LoRa > 2 km low latency 
Class-C 

100 bps Medium 

SigFox > 2 km Insensitive 50 Kbps High 

5G 50 km 
(expected) 

< 1ms 50 Gbps (expected) Very high 
(expected) 

 
Considering each different criterion, the appropriate communication technology can be 
chosen depending on UAVs swarm application area. In cases where the high 
throughput is not necessary such as given in [18], when only the swarm configurations 
(i.e., height, distance between drones, speed, direction) are distributed to UAVs 
through the gateways, it was stated that the communication range of LoRa is eight 
times better than WiFi and provided %100 reliability. In terms of reliability and polling 
delay, LTE network had the highest performance compared to LoRa and WiFi. 
Therefore, it was suggested to use LTE network by UAV swarms when cellular network 
coverage is available [18].  
 

4.4.2 Path Loss 

There are several factors that limit the range of wireless video link. When the distance 
increases, the path loss itself will decrease the signal quality, and if there are obstacles 
between drone and ground station will give additional attenuation. However, in a rural 
area there are some less obvious challenges to the radio-link that require advanced 
solutions. The interference and multipath fading due to reflections are the two main 
issues to be considered [19,29]. Interference occurs by other sources of radio 
transmission in the environment which resulting in a noisy video image and limited 
range of the link, and if it is powerful, it can be eliminated by Typical High-Power 
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Blockers which “[…] can be radars, broadcast towers or military radios. Technical 
measures for handling interference can be to ensure good front-end channel filtering 
of the video receiver and use a directive ground antenna to minimize interference from 
other directions.” [19]. Multipath fading due to reflection causes sudden link dropouts 
and symbol delay spread [19,20]. Using MIMO (Multiple-Input Multiple-Output) 
antenna design, the multipath fading problem can be solved with the help of 
constructive combination of reflected signals [19]. 
 

4.4.3 Network Topology and Routing Protocols for Multiple-UAVs  

Flying Ad-Hoc Networks (FANETs) are basically form of an ad-hoc network for UAVs. 
It differs from Mobile Ad-hoc Networks (MANET) and Vehicular Ad-hoc Networks 
(VANET) where its requirements vary largely from traditional networking model [15]. 
FANETs ensures UAVs to connect and detach to the network frequently and this 
makes it best solution in most cases [17,23]. It is stated in [17] that, decentralized 
communication architecture is more suitable to ensure quick and robust 
communication between the UAVs. While FANET needs high computational power, it 
has various advantages over MANET and VANET in case of the following examples; 

• Mobility: High compactness [14,15,23] 

• Topology change: Fast [14,15,16,23],  

• Radio propagation model: Line of sight in most cases [14,15,16,23] 
 
There are several routing protocols for FANETs such as secure-based, energy-based, 
topology-based, swarm-based and so on [23]. The some of these are; 

• Position-based: ARPAM, GLSR, MPGR, AeroRP, CRUV, P-OLSR etc. [21], 

• Topology-based: OLSR, HWMP, AODV etc. [21], 

• Cluster-based: URP, ULSN, ERSUAV etc. [22], 

• Swarm-based:  APAR, BeeAdhoc and AntHocNet etc [20,21]. 
 
Routing protocols for FANETs have pros and cons regarding to their application area. 
Therefore, the different routing protocols can be used for different application areas. 
For example;  

• UAV Routing Protocol (URP) can be used for the UAV-based Internet of things 
(IoT) technology for agriculture to take care of crop health. [22] 

• UAV-based Linear Sensor Routing Protocol (ULSN) can be used to collect data 
and transmit from sensors to the sink node. [22] 

 

4.4.4 Swarm Algorithms 

In multiagent systems, self-organization and complex behavior can occur, even if each 
agent has a simple behavior strategy. The concept of the collective behavior of a 
decentralized self-organized system consisting of multiple agents is described as 
“swarm intelligence". and “[…] it is considered an optimization method in artificial 
intelligence theory.” [21]. In FANETs, the UAVs should have capability to share 
information with other UAVs to realize multiagent task distribution. The swarm 
intelligence has proved their efficiency in solving the routing problems in such self-
organized networks as MANET, VANET [20]. 
 
The swarm intelligence is one among sub-fields in artificial intelligence domain. 
Therefore, it includes several bio-inspired algorithms such as ant and bee algorithms 
[20].  
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• The Ant Colony Optimization algorithms for MANET: ARA, AntHocNet, Ant-
DSR, HOPNET [20].  

• The algorithms modelling bees’ behavior in wild life for MANET: BeeAdHoc, 
BeeIP, BeeAIS, Bee-MANET [20]. 

At this moment, there is no general solution for routing problems in FANETs. However, 
the solutions based on bio-inspired algorithms such as AntHocNet and BeeAdHoc 
prove to be efficient in comparison with the traditional routing algorithms such as 
AODV, DSDV, and DSR [20]. 
 

4.5 Client Side 

Processor and graphic card  
The CPU and graphic card play an important role in the client-side latency during video 
decoding process [10,11]. 
 

4.6 Conclusion and Future Scope 

In this chapter, a detailed overview of system design considerations for real time video 
streaming systems was given. We briefly discussed and presented the factors which 
cause latency in encoding methods, transmission protocols, communication 
technologies. Based on the investigated results in previous sections, the following 
steps should be considered and implemented.  
 

1. The appropriate encoding method such as H.264 and video transmission 
protocol (RTSP over UDP) should be implemented and tested. 

2. The key Wi-Fi performance metrics like RSSI, latency and throughput in indoor 
and outdoor environment should be analyzed after the implementation. 

3. If it is necessary, renewing the current Wi-Fi AP or different implementation 
such as Dual Channel Wi-Fi technology or the different communication system 
such as 5G or SDR (Software Defined Radio) solution should be considered. 

4. In case of integrating swarm communication technologies into our project, 
swarm intelligence algorithms must be studied in detail. Additionally, the 
appropriate communication technology should be chosen for the swarm 
application, and necessary equipment should be obtained. 

 
Furthermore, the most importantly the real-life experiments must be performed to test 
the efficiency of the video encoding methods, transmission protocol and 
communication technology presented in this chapter. 
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