
Author's copy 

Distributed processing applications for UAV/drones: a 

survey 

Grzegorz Chmaj, Henry Selvaraj 

Abstract – Distributed Processing Systems are the ones that include multiple 

devices (which could be of many types, such as PC computers, mobile devices 

etc.) that have computational and communication capabilities. Their com-

putational power is jointly used for collaborative processing of variety of 

tasks – and this processing is realized in distributed manner. UAV - Un-

manned Aerial Vehicles (also called drones) gain significant attention over 

recent years. They have been employed to realize multiple tasks such as sur-

veillance or environmental monitoring. First implementations were based 

on single UAV, later the potential of multiple UAVs collaborating in a team 

was noticed. Many applications were implemented in distributed manner, 

using multiple collaborative UAVs and the distributed processing systems 

principles. In this paper we survey the applications implemented over coop-

erative teams of UAVs that operate as distributed processing systems.  
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1 Introduction 

Distributed processing systems contain multiple devices (called nodes) equipped 

with processing capabilities (based on general purpose processor, ARM chips or any 

other processing unit) and communication unit providing the network communication. 

Nodes join the designated system, become its members and contribute with their pro-

cessing power and any other capabilities they possibly might have – such as peripherals 

attached. The resources in the distributed system are limited [1]. All member nodes 

along with control element, communicating over common network layer – constitute 

the distributed processing system. Such system can process a common task that is in-

ternally split into sub-tasks (called blocks) that are further processed by different nodes 

– and the result is yield by the control unit. As the task is inputted to the control unit, 

and result appears there as well, the whole system can be perceived as a virtual machine 

– having the computation and communication infrastructure inside. Tasks processed by 

distributed processing systems can be of various types. Popular distributed processing 

systems such as grids [2] and public computation systems [3] usually perform the com-

puting (such as signal processing, image analysis, etc.) and the result is the processing 

result, or some answer (e.g. “object found in the processed image”). The evolution of 

distributed processing systems brought a new task types – that produce the results that 



immediately affect the distributed processing system itself, modifying its operating pa-

rameters.  

Unmanned Aerial Vehicles – UAVs (also called drones) are the flying objects that 

are not equipped with any pilot on board. They can be either controlled from the ground 

station, or by autonomous onboard control algorithms. Recently the small-sized drones 

are gaining very big attention both in research and commercial world. The researchers 

focus on optimization of onboard operational algorithms, swarming, navigation sys-

tems and many others, while industry companies try to employ drones for commercial 

applications, such as surveillance [4] or package deliveries [5]. The strong interest 

about UAVs and UAS (Unmanned Aerial Systems) is also expressed by the govern-

ments considered as long-term future systems with high potential [6]. Multiple drones 

communicating with each other and being commonly controlled are called swarms or 

teams. UAVs participating in such groups are often equipped with processing capabil-

ities, various sensors (such as cameras) and connect to the common communication 

network. This way, such drone swarms fulfill the principles of distributed processing 

system – in which drones are the nodes, and the system fully manages by itself using 

its internal algorithms and mechanisms.  

2 The goal of the survey  

This paper describes the applications of distributed processing systems for 

UAV/drones swarms and teams. We focus on computer engineering aspects (and re-

lated), the implementation of collaboration mechanisms between nodes of distributed 

systems, communication, and principles of distributed processing that are used in ana-

lyzed distributed processing systems built over groups of UAVs. However, system par-

ticipants are not limited to UAVs, structures including both UAV and UGV (Unmanned 

Ground Vehicles) participants are included in the survey too. Systems analyzed in this 

paper do not limit UAV size – we include systems using large drones, medium-sized 

UAVs, mini helicopters, micro-UAVs and others. For the purpose of this survey, we 

classify the distributed processing applications into following categories: 1) general 

purpose distributed processing applications, 2) object detection, 3) tracking, 4) surveil-

lance, 5) data collection, 6) path planning, 7) navigation, 8) collision avoidance, 9) co-

ordination, 10) environmental monitoring.  

3 Distributed processing applications for UAVs 

3.1 General purpose distributed processing applications 

Many solutions dedicated to distributed processing in UAV systems are meant to 

provide under-the-hood functionalities – where other applications are built on top of 

them. Such architecture designated to manage the resources in the team of autonomous 

vehicles (aerial UAVs and ground UGVs) was presented in [7]. DFRA – Distributed 

Field Robot Architecture uses object-oriented approach and implements the interaction 

of software objects / agents through a decentralized group of vehicles. Each resource 



present at the vehicle member of the team can be discovered by any other vehicle or the 

human operator. DFRA was implemented using Java and Jini middleware and applied 

to the team containing both UAV and UGV units. More complex solution for the soft-

ware platform was presented in [8]. Authors propose the modular infrastructure aimed 

to coordinate distributed control, vision control and communications. The communica-

tions layer is implemented using control flooding (broadcasting information) in which 

incremental data passing is used (UAV receiving the message from broadcaster, re-

ceives not only data related with broadcaster, but also sender’s knowledge about other 

UAVs). Tasks are distributed among vehicles and assigned based on distributed collab-

oration of UAVs.  

3.2 Object detection 

The most popular application of UAV swarms implementing distributed processing is 

the object detection – based on the data gathered by data sources such as cameras and 

radars. This application, also called ATR (automatic target recognition), strongly em-

ploys the image processing and signal processing algorithms.  

The use of Bayesian search (and also localization) in a distributed manner was pre-

sented by the authors of [9]. The search and localization algorithm uses the process of 

filtering multiple observations coming from the pointed-down cameras attached to ve-

hicles. In the target localization process (single objects are considered), the probability 

of a true detection of an object is a function of the image resolution (at the target’s 

location), and the visibility of the target. The multiple-target search was presented in 

[10] – where, similarly, the team of UAVs in which each one is equipped with the 

camera is employed. The monitoring area is divided into regions, and the probability of 

target existence in each of the regions is calculated. The distributed UAV platform uses 

the sharing of measurement information, information updates due to environmental fac-

tors and changes, keeping in mind the limited communication and sensing capabilities. 

Based on the existence probability and the shared data fusion, the distributed probabil-

ity map updating model is implemented. The important aspect regarding the distributed 

processing algorithms is that the UAVs communicate only the neighboring vehicles in 

their range – i.e. the overlay communications network is not used in this case.  

3.3 Tracking 

Tracking is the application related to object detection – often times the mission goal 

states, that once the target is detected, then it is being tracked by the same UAV team. 

The object detection and tracking can be implemented as one application. The high 

level definition of the distributed tracking system was given in [11]. The description 

contains the technical details of such elements as: vehicle, object tracker, flock guid-

ance and geolocation – and the relations between them. The implementation details and 

parameters are also provided, along with possible algorithms. The example of the 

search & tracking application was presented in [12]. The proposed system can switch 

between search & tracking modes and still use the information that was gathered during 

past operation. It deals with the scenario where the tracked target is lost – then the 



search is performed again and the recursive Bayesian filtering is used. Vision measure-

ments were used in [13] and [14] to build the collaborative distributed tracking system. 

In [13] the information gathered by multiple UAVs is fused along with the goal of 

minimizing the data transmitted between vehicles. Cameras are directed to POI (Point 

Of Interest) with the necessary adjustment according to the vehicle/target movement. 

The geolocation of POI is calculated by vehicle, also including the vehicle/target move-

ment, however due to the collaborative nature of the system, the dynamics of POI is 

recalculated so it is not a function of any UAV state.  

3.4 Surveillance 

Area surveillance operated by teams of UAVs is considered as one most perspective 

distributed processing applications, remaining one of most controversial at the same 

time. The use of dynamic task reconfiguration (also mentioned in section 3.1) was em-

ployed to perform the surveillance task through the team of heterogeneous UAVs 

equipped with various sensors. Multiple tasks require significant computing power so 

maximizing the use of processing resources brings the valuable profit. Another ap-

proach to the distributed surveillance application – perimeter surveillance – is described 

in [15]. The proposed approach of the cooperative perimeter surveillance employs the 

team of UAVs (each having limited connectivity capability) and allows insertion/dele-

tion of team members. Even though the distributed processing fashion is used for the 

surveillance process, the results are communicated to the ground station that constitutes 

the central element of the system. Vehicles communicate only with their neighbors met 

at the same location – so depending on the relations of positions of UAVs there are 

many communication schemes – what adds the another aspect to the distributed pro-

cessing problem. The algorithm implementing the distributed processing perimeter sur-

veillance includes such parameters as: perimeter length, number of UAVs to the ‘left’ 

of given vehicle, and to the ‘right’ of a given vehicle. Another aspect of the surveillance 

is the prioritization of area sections taken into the consideration.  

3.5 Data collection 

Wireless sensor networks (WSN) are the structures of multiple data sources that are 

spread over the area for the data gathering purposes – and captured information is sent 

to the central unit (such as computing center). They usually register environmental 

quantities such as temperature, air pressure, wind, etc. – but are not limited to. The 

technological advance in WSNs first allowed the bidirectional sensor-central unit com-

munication – sensors started to be capable not to only send gathered data to the central 

unit, but also to receive various information, including the control messages. Second, 

it allowed to consider UAVs as the autonomous sensors – or more to say – the units 

handling multiple sensors onboard, but still filling the WSN unit paradigm. The auto-

mated sensing platform employing multiple UAVs was presented in [16]. The data 

gathered is analyzed at UAVs, to process the noise and other uncertainties introduced 

by the airborne operation of UAV. Then the data fusion is performed, also in coopera-

tive distributed manner at UAVs – unlike other approaches in which it takes place in 



the central unit (usually ground-based), so the result is provided by the team of UAVs 

autonomously. The problem of decentralized data fusion is also deliberated in [17], 

where authors put special attention at decentralization of the presented sensing network. 

Therefore, no common communication unit is used, fusion is done in a distributed man-

ner at UAVs and sensors know only about neighboring network connections. Decen-

tralization was implemented using Kalman filter that requires the fully connected net-

work (i.e. each unit in the network is connected to every other one), that in practice can 

be implemented only for small sized systems (or the concept of overlay network can be 

used). Authors used the tree algorithm and showed that it will be sufficient for this 

application, regardless the full-connectivity requirement.  

3.6 Path planning 

The swarms of UAVs operate in diversified environment – that can contain various 

ground and aerial obstacles that need to be taken into the consideration in the path plan-

ning process. Multiple obstacles on a way of multiple collaborative UAVs, each 

equipped with sensor(s) form the distributed processing problem. The generation of 

optimal path is usually not possible in the feasible time, thus the path planning applica-

tions are trying to produce the solution as close to optimal as possible, but in a very 

short time. Authors of [18] presented the algorithm that uses the particle swarm opti-

mization and delivers the path of quality dependent on the computation time. The UAVs 

that are the members of the distributed processing structure concerned, are considered 

to have the limited-sensor and limited-communication capabilities. The outcome of the 

UAV-based distributed system is a set of paths, each assigned to single UAV – so the 

swarm can reach the geographical goal without collision with ground and aerial obsta-

cles, and the other UAVs as well. Each UAV computes the path for itself, and if the 

communication distance allows – it shares its plan with others. Vehicles sharing infor-

mation during the flight, update their paths if necessary (e.g. because of predicted col-

lision with other UAV). In [19], the team of UAVs forms the monitoring structure that 

supplies the information for path planning adaptive algorithms. In this solution, also the 

exceptional events are supported, such as: vehicle leaves or joins the network, sensor 

enters/leaves the network. UAVs communicate with each other, so the path is created 

in the distributed collaborative manner.  

3.7 Navigation 

The path planning is closely related to the application of navigation – both of these 

involve directing the UAV in some direction or position. Usually, the path planning is 

considered as flying from one position to another, while navigation is considered as 

determining the actual position of the vehicle(s). Nowadays GPS satellites provide a 

way to calculate the position of the GPS signal receiver, however this calculation might 

be not accurate enough, or the GPS receiver might be impossible to place on the UAV 

(e.g. due to energy consumption). Therefore various variants of navigation are still in 

consideration. The distributed processing navigation framework was presented in [20] 



where the data from image sensors is the base for applied algorithms. A swarm of ve-

hicles monitors the environment and takes multiple targets in the consideration – the 

image data is processed in the distributed manner and each target is labeled with a sig-

nature (containing various elements, such as position on the image focal plane, time, 

and optionally the position obtained from GPS). Data from multiple vehicles is fused 

to get the greater picture of the area. The approach presented in [21] uses the multiple 

ground stations that cooperate with UAVs and together form the distributed processing 

system (unlike the [20], where all the processing is done airborne). Each vehicle is 

associated with a ground station, and gathers the data from sensor that it is equipped 

with – and the images (and other sensor data) are filtered and fused by the ground sta-

tion (using Extended Kalman Filter) what produces the detailed information about ve-

hicles’ motion. Next, the information about all UAVs is fused and the state of each 

vehicle is estimated.  

3.8 Collision avoidance 

The algorithms for the collision avoidance must be implemented in the cooperative 

swarm of UAVs, as the vehicles operate in close vicinity of each other and some of 

vehicles might need to change the spatial position in the swarm formation. Collision 

avoidance is often used interchangeably with obstacle avoidance. For the purpose of 

this paper we consider collision avoidance as avoiding the physical contact between 

UAVs in one swarm. The comprehensive collision avoidance study, including various 

types of vehicles was presented in [22]: two cases for AGVs (Autonomous Ground 

Vehicles) and one for UAV. The distributed application for UAVs considers that vehi-

cles share their information between each other about location and anticipated direction 

of movement. Communication algorithm keeps these information up to date, so it’s 

ready for use in critical moments. The application works in a distributed manner, so 

each UAV is controlled by separate agent that implements several avoidance algo-

rithms, combining cooperative and non-cooperative methods. The CSM (Collision 

Solver Manager) unit is defined to manage both collision detection and collision solv-

ing – it manages the results from individual collision solvers to produce the final avoid-

ance result. There are many solutions presented in the literature that address the colli-

sion avoidance aspect – but in non-distributed manner. The [23] uses lateral accelera-

tion to avoid detected collisions, multiple collisions are also supported. System pre-

sented in [24] is fully decentralized, but assumes that the data about other vehicles is 

known to each UAV (obtained from radar, or other source of information) – what can 

be problematic in real systems. Small amount of work in this topic exposes the potential 

of distributed processing applications dedicated to mutual collision avoidance.  

3.9 Coordination 

While many of applications mentioned in this paper operate on high level and realize 

the actual mission goal, it’s impossible to disregard the coordination application that 

serves on the basic level and is indirectly used by other, higher level applications. The 



coordination mechanisms may provide the following: team formation, attitude align-

ment, rendezvous problem, coordinated decision making, flocking, coupled oscillators, 

position synchronization [25], [26]. The decentralized optimization of UAV swarm 

control was presented in [27], showing the methods to coordinate vehicles with multiple 

decision markers. The communication for solution passing in the system is also a part 

of the model and includes the uncertainty of messages delivery. Consensus problems 

in multi-node systems were discussed in [25] and lists the shared knowledge as one of 

main problems in for distributed control. The distributed processing system must adjust 

to the changes – consensus is the convergence to a common value. Authors list the 

following aspects as the key ones to address in consensus problems: finding the equi-

librium state to which the consensus protocol converge, information uncertainty, com-

munication delays and others.  

3.10 Environmental monitoring 

The environmental monitoring is the wide research field for single UAV solutions, 

where the monitoring of the environment is realized just by one vehicle [28]. Later the 

approach was extended into multi-vehicle systems. The partnership of University of 

Colorado, University of Alaska, MIT and University of Oklahoma proposed the Center 

of Collaborative Mobile Sensing Systems to design the distributed system for environ-

mental monitoring [29]. This work describes the design aspects of environment moni-

toring with distributed systems, focusing on: wildfire (fire-fighting operations, in-

creased capabilities of wildfire modeling and prediction); polar (heterogeneous mixes 

of UAVs equipped with sensor used for data acquisition); storm (in-situ data acquisition 

in severe storms – in altitudes from the ground to the cloud) [29]. The following areas 

were identified as the critical to implement environmental monitoring systems: assured 

ad hoc communication; collaborative guidance, navigation and control; data fusion and 

visualization; regulatory issues and societal response; robust airborne platforms; sensor 

integration.  

Fire detection and monitoring. 

The need of monitoring of frequent delivery of high-quality information was addressed 

in [30] and authors propose the team of LASE (low attitude short endurance) to coop-

eratively monitor the propagation of forest fires and fire perimeter. Each vehicle can 

gather that much of information to navigate autonomously, it also has IR camera and 

has limited communication range (can communicate only with UAVs within the range 

of both). The described approach uses the centralized way, in which UAVs send the 

data to the ground station, but also the vehicles share the information while rendezvous 

meeting during perimeter search. The solution for both fire detection and extinguishing 

was presented in [31]. It contains the monitoring and planning station where all the 

control is concentrated, but also the image processing algorithms. The communication 

layer implements the BBCS (Black Board Communication Systems) that implements 

the distributed shared memory (blackboard) in which each network node has its own 

local copy of the blackboard portion it is accessing. The task allocation is done either 



by manual allocation or distributed task allocation module that manages the allocation 

autonomously in the group of robots.  

Pollution detection & Water management.  

Unlike other objects or phenomenon, the pollution can’t be detected in a distance – 

therefore the UAV has to reach the immediate vicinity of the pollution to detect. The 

system presented in [32] uses UAVs equipped with attractive beacon that activates 

when the sensor is in contact with chemical pollution. Once it happens, other vehicles 

are informed and follow the attractive beacon to reach the pollution area. Next, the 

swarm of UAVs encloses the contaminated area and follow the cloud.  

The work presented in [33] presents the use of distributed team of UAVs applied to 

water management and distributed irrigation control. Vehicles measure the electromag-

netic radiation and are equipped with imagers operating at different wavelength. Sys-

tem operates in the distributed manner with the ground-based station that serves as the 

data aggregator and the image processing unit.  

4 Conclusion 

Many collaborative teams of UAVs run the applications that are using the principles of 

distributed processing systems. Depending on the specific requirements, limitations and 

goals – various approaches are implemented. The research mentioned in this survey 

shows, that cooperative swarms of UAVs are demonstrating great usefulness and have 

much better properties and operational parameters than applications running on single 

UAVs. The work described above often concentrates on the mission-specific aspects, 

leaving the distributed processing ‘under-the-hood’ layer as the secondary area, some-

times full of assumptions and issues to solve. Therefore we consider the work on the 

distributed processing layer applicable to UAV teams as the promising future research 

field.   
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