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ABSTRACT 

Multi UAV imaging system is the one of most popular 

application fields of UAVs. Currently,   they are widely 

used in bridge crack detection, air pollution 

monitoring, cooperation track, rescue work, and so on. 

However, there are many issues to be resolved in these 

applications. Imagery measurement,  crack recognition 

,  the optical and image processing technology are the 

basis to use the  aerial photography; communication 

networks is important to transmit photography and 

realize flight control; The cooperation and stable 

control of a fleet of UAV to ensure acquiring the 

reliable image; flying in formation is an effective way 

to enlarge the coverage area. These issues are 

proposed and reviewed in the paper.  And the main 

challenge for the application is concluded in the end. 

Keywords: Unmanned Aerial Vehicles ; Imagery 

measurement ; Communication; Formation and 

stable Control. 

 

1. INTRODUCTION 

 

Aerial photography is the most popular application of 

UAVs,  for example,  it is widely used in biology,  

geophysics,  geology,  surveying and mapping 

technology,  geography,  forest engineering,  plants 

protect,  oceanographic engineering, optical 

engineering and irrigation works. The number of 

articles (index in SCIE) mostly relative to Aerial 

photography in Baidu Scholar is shown in Table.1.  

These paper shows the remote imaging from UAV is 

effective way to monitor city and population status [1], 

the disasters [2],  spatial variability of soil parameters 

[3] and so on. And the image process technology is 

used in the air pollution monitoring [4], the concrete 

bridge inspection [5].   

Aerial photography-based surveillance is the most 

popular application of UAVs where cameras are often 

used. Especially, multiple unmanned aerial vehicles 

(UAVs) have received increasing attention for their 

multi point monitoring and map stitching [6][7][8]. Its 

structure diagram is shown in Figure.1 

In Figure.1, the motor system typically includes 

brushless motor and motor control; the image sensor 

normal use one or many thermal camera, one or many 

RGB camera; the flight control system has components 

of attitude sense, PID control, and so on; the 

information processing system includes feature 

extraction, situational awareness, planning system and 

supervision system; the communication system is 

responsible to communicate with another UAV. 

Multi Unmanned Aerial Vehicles Images is considered 

as a valuable method to improve the effectively, 

reliability, adaptability of these applications. For 

example: to increase the overall knowledge of the 

target’s state (position,  velocity,  etc.) and taking 

proactive measures [9],  to fit Virtual Reality 

applications [10] and face recognition applications 

[11],  to enlarge the ground coverage area [12],  and so 

on. 

These applications proposed some challenges and 

important issues in Multi Unmanned Aerial Vehicles 

Images: 

1) Measurement, crack recognition and image 

processing to fit the demand of application; 

2) Communication networks to transmit photography 

and realize flight control; (include image compressing 

and storage) 

3) The cooperation control of a fleet of UAV to ensure 

acquiring the reliable image; 

4) Flying in formation to enlarge the coverage area. 
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The rest of the paper is organized as follows. Section 2 

reviews the fusion-based crack detection, map 

stitching, and identification problem in multi-UAV 

imaging systems. Section 3 survey the Communication 

networks used in Multi Unmanned Aerial Vehicles 

Images. In Section 4, the cooperation control and 

flying in formation of multi-UAV imaging systems is 

discussed, Section 5 is the conclusions of this work. 

 

Table 1. The number of articles mostly relative to Aerial photography in Baidu Scholar 

Application 

fields 

biol

ogy 

Geophysi

cs 

geology Surveying 

and 

mapping 

technology 

Geograph

y  

Fores

t 

engin

eering 

Plants 

protect 

Optical 

enginee

ring 

Oceanographic 

engineering 

 

The number of 

articles 

288 164 152 116 108 102 89 37 38  

 

 

Fig1： The structure diagram of Multi UAV imaging system 

2. MEASUREMENT ISSUE IN MULTI-

UAV IMAGING SYSTEM 

Currently,  the deep learning,  the image and optical 

processing are most potential technology used in multi-

UAV imaging system [13] [14] [15]. 

2.1 The deep learning method 

 The machine learning methods and techniques have 

been widely used to detect crack and fault in aerial 

imagery [16]. The machine learning has mainly three 

algorithms: the supervised learning algorithms are 

expected to find the mapping from the features of 

unseen samples to their correct labels or target values; 

the unsupervised learning is to extract meaningful 

representations and explain key features of the data; 

the reinforcement learning algorithms interact with a 

real or simulated environment and is useful to improve 

performance in the task being learned [17]. 

Based on Convolutional neural network (CNNs), the 

deep learning methods extract representative features 

from the raw measurements provided by sensors on 

board a UAV. Like normal neutral networks, a CNN 

consists of an input and an output layer and multiple 

hidden layers. The hidden layers of a CNN typically 

https://en.wikipedia.org/wiki/Multilayer_perceptron#Layers
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consist of convolutional layers, pooling layers, fully 

connected layers and normalization layers [18]. 

The main concept to realize CNN is [20] [21] [22]: 

Sparse Connectivity: the inputs of hidden units in layer 

m are from a subset of units in layer m-1, units that 

have spatially contiguous receptive fields; 

Shared Weights: in CNNs, each filter  is replicated 

across the entire visual field. These replicated units 

share the same parameterization (weight vector and 

bias) and form a feature map; 

A feature map is obtained by convolution of the input 

image with a linear filter, adding a bias term and then 

applying a non-linear function.  If we denote the k-th 

feature map at a given layer as , whose filters are 

determined by the weights and bias  , then the 

feature map  is obtained as equation. (1): 

            (1)  

 The Convolution Operator: it has a 4D tensor 

corresponding to a mini-batch of input images, and a 

4D tensor corresponding to the weight matrix; 

MaxPooling: is a form of non-linear down-sampling. 

Max-pooling partitions the input image into a set of 

non-overlapping rectangles and, for each such sub-

region, outputs the maximum value. 

There is some typical application in Deep learning 

techniques: jellyfish monitoring [23], road traffic 

monitoring from UAVs [24], assisting avalanche 

search and rescue operations with UAV imagery [25], 

and terrorist identification [26]. 

 

Oliveira and Wehrmeister use deep learning 

technology to detect pedestrians in aerial images 

[27].they used three image datasets: GMVRT-v1[28], 

GMVRT-v2[29] and UCF-ARG Dataset[30]. These 

datasets contain aerial RGB images of pedestrians 

(positive samples) and non-pedestrians (negative 

samples). 

Andreas and Francesc introduced some disasters cases 

of UAV imaging applications,  for example,  in 

scenarios of detecting earthquake-triggered roof-

holes[31],  oil spills and flooding [32].In their work 

[2],  they use VGG architecture[33],  after comparing 

with AlexNet [34],  GoogleNet [35] and Inception-

ResNet [36] ,  for VGG architecture is easy to use,  

being automatically integrated to the TensorFlow 

open-source software library.  

In-Ho Kim and so on use region with convolutional 

neural networks(R-CNN)-based transfer learning to 

detect cracks on the structural surface. It is used to 

overcome the drawback of the high computational cost 

and a long operation time of CNN. The transfer 

learning use features and parameters extracted from a 

large image set with many labeled data when the 

labeled data are insufficient, for example, ImageNet 

[37] and Cifar-10 [38]. 

The deep learning method often is used separately by 

Multi UAV imaging system mostly in feature 

extraction and supervision stage, is cooperated in 

planning and situation awareness system. 

 

 

Fig2： Typical CNN architecture [19] 
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2.2 The image and optical processing 

technology 

To enlarge the coverage area, some image and optical 

processing technology are used in multi UAV image 

system, for example: a-contrario strategies [39], 

radiometric and image correction [40] [41], picture 

stitching methods [42], minimal cost path analysis 

[43], image percolation method [44]. 

1) The minimal cost path analysis 

Generally, the crack is defined as “a thin, linear object, 

mostly composed of dark pixels”. One of the minimal 

cost path analysis Strategies, the Free-form anisotropy 

proposed that if a pixel belongs to a defect, then a 

significant minimal path traverses that pixel. It is 

normally realized using a degree of coherence h 

between two sources based on the possibility theory 

[43]. These can be explained in (a) and (b) of Figure 

(3). 

2) The Image Percolation 

The percolation model is based on the natural 

phenomenon of liquid permeation, for example, pixels 

within the analysis window are percolated, starting 

with the central pixel. So the pixel of a crack is present

（linear structure） and the normal pixel is circular 

structure [44]. And these is shown in (c) and (d) of 

Figure (3). 

3) a-contrario strategies 

The strategies are to detect structures in an image by 

modeling the absence of structures rather than the 

structures themselves. In order to evaluate the 

likelihood that a subset of pixels (either connected or 

not as we will see further) corresponds to a crack,  

Aldea and Mascle focus on the number of false alarms 

(NFA) that quantify the number of cases where a 

detection may occur only “by chance.” [45].  

The other works of 1), 2), 3) are reported in the 

publication [46] [47], and so on. 

4) Picture stitching methods 

The conventional stitching methods are Scale Invariant 

Feature Transform (SIFT) [48] [49], Speeded Up 

Robust Features (SURF) [50], kd-tree based nearest 

neighbor matching methods [51]. This arithmetic has 

their open source library in OpenCV, MATLAB; and 

they are often commercial arithmetic in picture 

stitching.   

In [52] the Local Difference Binary (LDB) algorithm 

is used to describe the feature, the Local Sensitive 

Hash (LSH) is used to replace kd-tree search structure. 

In [53] popular piece-wise continual image model of 

the ChanVese model was presented to do Fault 

Fracture Density Analysis. 

5) Image correction and other multi UAV imaging 

arithmetic  

In [41], multi cameras are used, and image correction 

and calibration are important based on optical 

technology in modeling the distortion of the lens, 

especially for an action camera (used in internal 

orientation based on the modified mathematical Brown 

Calibration model in the OpenCV). 

In [40], based on optical technology, the radiometric 

correction is used for eliminating any external 

disturbance. Considering the reflectance characteristic 

of object, irradiance sensor calibration and tilting 

during the flights, the hemispherical directional 

reflectance factor (HDRF) and bidirectional reflectance 

distribution function (BRDF) model were used to do 

radiometric correction. 

The other main multi UAV imaging arithmetic mainly 

includes: A) Publication [4] proposed Pollution-driven 

UAV Control (PdUC) algorithm, it calculates a new 

direction based on air quality detection, and it made 

the more UAVs in a specified area to perform the 

monitoring works. Other related work is reviewed by 

[54]. B) Suarez, etc. proposed a fault detection and 

identification (FDI) arithmetic in a fleet of flight; it is 

carried out by a group of unmanned aerial vehicles 

(UAVs) with visual camera, and evaluated 

experimentally by multi indoor quadrotors [55]. 
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Fig 3： The minimal cost path analysis [a][b] and The Image Percolation[c][d] [39] 

3. COMMUNICATION ISSUE IN 

MULTI-UAV IMAGING SYSTEM 

The communication system is basis of multi-UAV 

system; it makes the Multi-UAV systems operated 

collaboratively. The communication is carried out by 

mobile ad hoc networks (MANETs), vehicular ad hoc 

networks (VANETs), software defined networking 

(SDN), UAV networks and other wireless networks 

[56]. 

Some UAV imaging system use wireless networks to 

transmit imagery, the most suitable way is that the 

control communication and imaging transmitting are in 

different channels. The main communication issue of 

multi-UAV is shown in Figure (4), mainly reference 

literature [57] [58] [59]. 

The multi UAV imaging system can also be regarded 

as a distributed intelligent agent system in which 

agents autonomously coordinate, cooperate, negotiate, 

make decisions and take actions to meet the objectives 

of a particular task.  

Meanwhile, multi UAV system has the following 

communication feature: shadowing, fading model,   

multiple-input-multiple output (MIMO) systems, the 

effect of Doppler shifts and spread, and so on [57]. In 

this multi imaging applications review, the 

communication application model, the communication 

propagation model (Doppler shifts and spread, fading 

channel model, etc.) are discussed. 

 

Fig 4： The main communication issue of multi-UAV 

3.1 The communication application 

models 

In Multi UAV application system, the widely used 

communication model is the “disk model”. The disk 

model assumes that there is a clear communication 

distance d (or received SNR) between UAVs. If the 

distance of two UAVs is less than d (or the received 

SNR large than a value), communication between them 

is 100% successful; otherwise, they cannot 

communicate with each other [60]. In [61], the concept 
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of “communication noise” is proposed to describe real 

communication between two UAVs. In some 

application, Fast Rayleigh fading is considered, then 

the probability of a successful transmission between 

nodes i and j is given by 

            (2) 

Where  

Γij is received SNR at node j from a transmitting node 

i; 

Nj is average noise power; 

Νis threshold of received SNR; 

d is distance; 

αis a value,  Pi  is a power value of transmitting node I; 

Cij is a constant. 

3.2 The communication propagation 

model 

Please use a 9-point Times New Roman font or other 

as close as possible in appearance to Times New 

Roman in which these guidelines have been set. The 

goal is to have a 9-point text, as you see here. Please 

use sans-serif or non-proportional fonts only for 

special purposes, such as distinguishing source code 

text. Right margins should be justified, not ragged. 

In multi UAV imaging system,  the propagation model 

includes air to air propagation,  air to ground (AG) 

propagation [57],  especially the AG propagation is 

mostly considered. The channel models include both 

large scale and small-scale effects. There are 

geometry-based stochastic channel models and non-

geometry based stochastic channel models; and the 

geometry-based stochastic channel models (GBSCMs) 

can be further classified into regular shaped GBSCMs 

(RS-GBSCMs) or irregular shaped GBSCMs (IS-

GBSCMs)[62][63]. 

1) path loss model 

The path loss when considering the probabilities of 

light of sight(LOS) nodes and no light of sight( NLOS 

) path loss  is described as equation.(3). 

                                           (3) 

Where PLLOS and PLNLOS is the path loss of LOS 

and NLOS,   P(LOS) is probability of LOS between 

the UAV and the ground node. 

2) Doppler Spread  

The Doppler frequency shift is calculated by 

equation.(4) 

                            (4) 

 ϴ is the angle between velocity and the direction of 

received radio signal,  

λ is the wavelength of the radio wave,  

v is the velocity of UAV. 

 3)  MIMO and MISO Channel Models 

It is obvious that multi UAV imaging system is MIMO 

and MISO system, and this enables a more robust 

communication for Cooperative Target Tracking [64] 

or Emergency Communication [65]. 

4. THE COOPERATION CONTROL 

AND FLYING IN FORMATION OF 

MUL-UAV IMAGING SYSTEM 

A UAV imaging system is potential vision-based 

navigation system. Optical flow technologies are also 

used in this navigation system, as well as SIFT and 

SURF. To get one or many high-quality pictures,  

except the high effective work flow (the DJI CINESSD 

imagery work flow is shown in Figure.(5),  the very 

reliable and stable control or cooperation control and 

the fleet flying in formation are important. 

 
Fig 5： The DJI CINESSD imagery work flow [66] 
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4.1 The vision-based navigation and 

cooperation control 

In vision-based navigation system, the translational 

motion of the UAV obeys a simple linear equation as 

equation (5)[67]. 

                   (5) 

Where  

xt  is current aircraft position 

ut  is the translational movement 

wt is noise. 

A relationship between the observations and the 

system state is described as follow: point P in 3D 

space. An estimate of P is , can be obtained by 

standard stereo reconstruction algorithm [68]. 

                   (6) 

Where ,S denotes the stereo reconstruction algorithm. 

 In [69], the most uncovered targets first algorithm 

(MUTF) is prosed. It is realized in three steps in 

Table.2. 

Table 2. Three steps of MUTF algorithm  

Step.1: UAV detects the motion states  

Tn of targets n with dm 

Step.2: according to the information in set N* and 

M*,  the UAV will find out all targets in N* covered 

by its neighbor set  M* 

Step.3: After choosing the destination,  the UAV 

 will broadcasting a message containing its decision,  

meanwhile,  it will fly to the destination 

4.2 Stable control and flying in formation 

1) Optical flow and its reconstruction 

Optical flow and its reconstruction technology is 

review in [70] .Optical flow is the pattern of apparent 

motion of image objects between two consecutive 

frames caused by the movement of object or camera. It 

is 2D vector field where each vector is a displacement 

vector showing the movement of points from first 

frame to second. 

Consider a pixel I(x, y, t) in first frame. It moves by 

distance (dx, dy) in next frame taken after dt time. 

Since those pixels are the same and intensity does not 

change, then have the equation (6) 

          (6) 

Do Taylor series approximation of right-hand side,  

remove common terms and divide by dt to get the 

equation (7). 

                                 (7) 

Where                   

Lucas-Kanade method takes a 3x3 patch around the 

point. So,  all the 9 points have the same motion. Use 

least square fit method,  get equation.(8). 

   (8) 

The Other method is introduced in publication [71] 

[72] [73]. 

2) Stable control Algorithm 

Publications [74][75][76] had reported the interesting 

related work. A simple example is shown below: 

Distributed Multi-UAVs Cooperative Localization is 

proposed in [77], it is realized in three steps in Table.3. 

Table 3. Three steps of Distributed Multi-UAVs 

Cooperative Localization algorithm 

Step.1: Each UAV updates its own state 

independently 

Step.2: Fusion center fuses all this information 

Step.3: The feedback is from fusion center to the 

 leader UAV 

3） Formation control 

A major strategy for formation control is to apply a 

consensus algorithm [78] [79][ 80]. To avoid 

obstacle, an approach of model predictive control is 

applied [81], and so on. In [81], it uses two methods 

to realize the formation control. 

Firstly, generation of the reference state trajectory by 

the leader arithmetic, it is shown in Table.4. 

Table 4. The generation of the reference state 

trajectory by the leader arithmetic 

Step.1: Acquisition of the current states 

Step.2: Computation of the desired states  

at next time step 

Step.3: Computation of the desired states  

along the prediction horizon 

Step.4: Generation of the reference state  

trajectory 



iJournals: International Journal of Software & Hardware Research in Engineering 

                                                                                                                                      ISSN-2347-4890 

Volume 6 Issue 10 October, 2018 

 
© 2018, IJournals All Rights Reserved                                                                      www.ijournals.in 
 

Page 34 

Secondly, trajectory tracking for formation flying 

arithmetic, it is shown in Table.5. 

4.3 Other control or planning problem 

Swarm intelligence is used in [84] to solve the multi-

UAV task allocation problem by using a threshold-

based approach [84].  In [85] the mission planning 

problem (MPP) is solved by multi-objective 

evolutionary algorithm (MOEA). This kind of 

arithmetic may have a potential application in Multi 

UAV imaging system. 

 

Table 5. The Trajectory tracking for formation flying arithmetic 

Step.1: Acquisition of the current states 

Step.2: Information transmission 

Step.3: Generation of the reference states trajectories 

Step.4: Transmission of the information 

Step.5: Optimization 

Step.6: Application of the control input 

Step.7: Repeat Steps 1–6 

Other interesting works is reported in publication 

[82[83], and so on. 

5. CONCLUSION 

As the end of this review, the challenges of the Multi 

Unmanned Aerial Vehicles Imaging system:  

1) The hardware resource of small UAV is normally 

limited. 

So, the algorithm of vision-based navigation, SLAM, 

and so on, should be simplified to embed it in small 

UAV. Meanwhile, this is two-fold things. Small 

volume and large resource embedded hardware, or 

even the special multi UAV imaging hardware is 

another promising solution. 

2) The software and database of multi UAV imaging 

system is needed in special applications 

Although, the ROS, OpenCV, MATLAB, NetLogo 

proposed the development platform for Multi UAV 

imaging system, there is also a problem that the less 

data and application knowledge limits the multi UAV 

imaging system applications. 

3) Energy effective problem 

Like most embedded wireless system, the energy is 

critical issue in the multi UAV imaging system. 
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