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Summary: Robotic aerial systems have seen a significant development in recent years, both 

due to technological development and the various missions that can be accomplished by the 

onboard equipment, leading to innovative approaches in inter and transdisciplinary fields due to 
technological and information management challenges, starting with concepts, materials, 

technologies, programming and ending with the educational and human resources area. 

The article wishes to present the UAS multi-agent systems from the perspective of information 

exploitation and sharing. 
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Acronyms and symbols 

UAV/UAS Unmanned aerial 

vehicles/system 

ISR Intelligence, surveillance, 

reconnaissance  
MAS Multiagent system WLAN Wireless Local Area Network 

NLS Neutrosophic Logic System GCS Ground control station 

MMAS Max-Min Ant System CACM Clever Ant Colony Metaphor 
EO-IR Electro optic - infrared WI-FI wireless local area networking 

STEM Science, Technology, Engineering, Mathematics 

TCP-IP Transmission Control Protocol - Internet Protocol 

 

1. INTRODUCTION 

 

Robotic aerial systems have seen a significant development in recent years, both due 

to technological development and the various missions that can be accomplished by the 

onboard equipment, leading to innovative approaches in inter and transdisciplinary fields 

due to technological and information management challenges, starting with concepts, 

materials, technologies, programming and ending with the educational and human 

resources area. (STEM concept), [21, 23]. 

 Specialized literature reveals a series of multiagent UAS in complex architectures 

that can carry out elaborate tasks and missions, sensor node networks on different 

locations [1, 2, 3, 19]. 
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2. MULTIAGENT SYSTEM PROPOSAL 
 

2.1. Information processing 

 

The multiagent system consists of the following subsystems: the aerial system (both 

fixed and winged air vectors in modular design with flexible equipment, mission-

adaptable), portable control station (portable platform, equipped with capabilities of 

command, control and maintenance), communications system, air-handling control 

platform and intelligent information management, see Figure 1, [3]. 

 
FIG.1.  MASIM multiagent  aerial system, [3] 

  

2.2. Exploiting information 

  

Unmanned aerial systems respond to any type of applications and missions carried out 

by classical aircraft and even an extension to the dangerous mission area, low life cycle 

costs, outstanding efficacy increasingly causing aerospace builders to turn to this type of 

research. 

The ISR concept (intelligence – processed information, surveillance – information 

refinement through persistent observations and continuous collection, and reconnaissance 

- short-term coverage of a specific objective located in areas of interest) refers to the 

timely obtaining of accurate and relevant information at the same time as continuous and 

synchronized mission planning. ISR is based on the active use of wide-area sensors, 

information processing, exploitation and dissemination systems, providing full and 

effective decision support. ISR achieves a unique synergy that is based on the collection, 

provision, analysis of persistent and concentrated coverage, providing the ingredient for 

effective decisions in both urban and extra urban areas [5, 6]. 

The main missions specific to aerial platforms networks are: support in fire fighting, 

search-rescue, crash situations in crowded locations. The current state of the distributed 

vector-based control concept of air vector-type agents shows that a multi-agent system 

(MAS) is based on a concurrent, asynchronous, stochastic, and distributed computerized 

system architecture. These features of a multi-agent system provide the functions of a 

dynamic system with discrete events, which can be studied with analytical 

methodologies, especially with Petri networks [7, 8]. 



SCIENTIFIC RESEARCH AND EDUCATION IN THE AIR FORCE – AFASES2017 

 

51 

The main function of multi-agent control systems is the use of the concept of "agent 

coordination" to implement the "distributed control" concept. The ad-hoc network allows 

any two nodes to communicate, either directly or through an arbitrary number of other 

nodes acting as relays. The network protocol is an implementation of the dynamic ad-hoc 

network routing protocol. A monitoring architecture has been incorporated for detailed 

performance monitoring. 

In order to establish a robust networking framework for aerial platforms, it is 

necessary to consider: the establishment of the architecture (the number and types of 

platforms according to with the mission); mission planning (feasibility, optimal 

trajectories); information exchange between component platforms; data merger to 

increase bandwidth efficiency; optimization of sensor arrangement; avoiding collisions 

and obstacles (sense and avoid), [9, 10, 11, 12]. 

The difficulty of reconfiguring such a hierarchical control system can be solved with 

the Multi-Agent System with reconfiguration potential. The use of a single central 

controller for a group of platforms is complicated by the increase in the number of agents 

because the central controller has to be informed of all the knowledge and intentions of 

the agents. 

The proposed IT solution aims at implementing neutrosonic algorithms to optimize an 

overflow area and a network of UAVs required in overflight action, after a predetermined 

purpose and under specific surface conditions. 

Pre-configuring the sensor quality parameters with which UAVs can be equipped (the 

distance from which they can detect, whether they can detect day and night, etc.), the 

application will automatically run the optimization algorithms, proposing one or more 

overflight solutions as output data, according to the purpose set: 

- generating the number of optimal UAVs to be used (with the appropriate sensors); 

- the flight path for each UAV (trajectory/waypoint) equipment, e.g. increasing the 

likelihood of finding the missing person in the shortest possible time. The flight path 

consists of sets of GPS coordinates that will be automatically transmitted by the piloting 

console application. The resulting flight path will have to meet the following essential 

conditions: the overflight area to be fully covered; covered areas may overlap or not; 

there is no collision risk; the cost of flying is optimal as time and energy consumption. 

The Mobile Surveillance and Command Center is currently equipped with a UAV 

pilot solution based on an open-source web-based graphical targeting architecture using 

manual mapping (Google Earth). The solution can run on mobile devices such as 

tablets/notebooks to ensure mobility. This solution will be integrated at the database level 

through automated script-based transfer with the optimization solution proposed in this 

project to simplify the UAV operator's task of manually entering the overflight plan, 

eliminating any errors, and offering advantages regarding costs and time. 

 

2.3. The IT application  

 

The IT application will be developed in web technology under a Windows-based 

HTML5 /Javascript platform that involves the exclusive existence of a browser (IE, 

Chrome or Firefox) and a minimum resolution of 1024x & 68 with a local, internal 

database that can keep track of route paths or a possible history of changes. The 

application will be able to run a set of reports on covered areas, time necessary for 

overflight, estimated energy consumption, etc. 

The portability level of the application implies the possibility of also running on 

operating systems dedicated to mobile devices with Java support (tablets or laptops).  
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The secondary functionalities of the application are: configuring various 

administrative or operational users, configuring automatic data transmission in 

TXT/XML format, archiving or restoring the database. 

In the UAV system architecture, each node (multicopter, wing, GCS) will be equipped 

with wireless TCP / IP networking devices (WLANs) generally associated with 

communications in the IEEE 802.11 standard as follows, See figure 2: 

A. GCS 1: WI-FI modem and access point 

B. GCS 2: WI-FI Modem 

C. Multicopter 1: WI-FI modem and access point 

D. Multicopter 2: WI-FI modem and access point 

E. Flying wing: WI-FI modem. 

 
FIG.2 MASIM system architecture 

 

3. AERIAL VECTORS 
 

The master air vector is chosen in the fixed flying wing configuration (see figure 3), a 

configuration that was analyzed by numerical simulations and experimental tests in the 

subsonic sphere at INCAS Bucharest, the results being disseminated in a series of 

scientific references [13, 14, 17, 18]. 

 

  
FIG.2 MASIM flying wing, [13] 

 

The multicopters complete the aerial vector network by performing missions defined 

and selected by the high-speed vector (flying wing), data acquisition (EO-IR or biometric 

data) missions on delimited areas, see Figure 3. 
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a 

 
b 

FIG.2 MASIM Multicopter, (a. multicopter, b. precision agriculture map) 

 

4. CONCLUSIONS AND FUTURE RESEARCH DIRECTIONS 
 

The main future research directions include: identifying innovative technologies for 

tactical and operational decision support based on mobile sensor networks; developing 

strategies to increase the performance of air platforms (fixed wing and rotating wing) 

while miniaturizing them; designing special algorithms for miniaturized aerial platform 

missions; developing coordination strategies for the control of miniaturized aerial 

platforms (using a single autopilot for the formation head); developing "sense and avoid" 

strategies to avoid fixed or mobile obstacles. 

With regard to the patenting of some of the innovative solutions within the project, the 

following are being taken into account: the solutions to increase the performances and 

capabilities of flying wing and rotary wing aerial platforms by modularity and the 

introduction of the morphing adaptability concept [15]; innovative mission planning 

algorithms under conditions of resource and airspace management restrictions based on 

the use of neutroscopic logic and NLS or social network analysis methods including 

CACM and MMAS solutions, 20, 24]; filtering and control algorithms that are specific to 

the models resulted for representation of  the network of aerial platforms with sampled 

information; software implementation solutions for data control and distributed filtering 

algorithms. 

STEM approaches [21], the UAV limits [22] and the experimental methods of 

assessing UAV performance [25] determine a conceptual propagation in the adjacent and 

interaction domains of robotic technical systems with the human resource that makes and 

uses this type of aerial vectors. 
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