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Abstract. Through the development of computer image processing technology and UAV technology, after 

installing high-definition cameras on UAVs and taking high-resolution images, the technology of directly 

generating DOM images in the surveyed areas using software has been well-developed. However, under the 

emergency conditions such as dealing with disasters, the long-term processing time required for aerial 

surveys of UAVs has become a major efficiency constraint to surveying and mapping. This paper focuses 

on the rapid mapping and mosaicking of survey images from unmanned aerial vehicles under emergency 

conditions, and elaborates current research status, difficulties and resolvents of the rapid mapping of 

existing UAVs. 

1 Introduction 

In the traditional surveying and mapping process, after 

measuring the ground object, topographic points, 

corresponding coordinates and elevation data through the 

measurement tools such as RTK and total station, it is 

necessary to process the data in the image processing 

software. The detailed information of the measured area 

is reflected by the point, line and surface data. With the 

development of UAV control technology and image 

processing algorithms, UAVs are equipped with high-

definition cameras for high-altitude or low-altitude aerial 

imagery. The collected images and positioning data are 

unified and processed in digital photogrammetric 
workstations, which can produce high-definition DOM 

images and DEM terrain data. Such processes have 

become mainstream in research and actual mapping. 

The process [1] of UAV aerial survey mainly 

includes:  

1) Arrange the ground control point (GCP) in the 

survey area to obtain the coordinate of the control points 

for the images;  

2) Assign the UAV routes according to the range of 

the measured area and fly according to the routes;  

3) Mark the control points in the images taken by the 
UAV and use the processing software to operate the 

aerial triangulation and image mosaicking;  

4) Base on requirements, generate DOM, DEM and 

other mapping results. 

After acquiring aerial images from UAV, the image 

processing mainly includes two parts in the image 

processing software: tilt correction and image 

mosaicking. 

2 Tilt correction of UAV image data   

After acquiring the UAV aerial survey data, the 

traditional way is to use software to rebuild the 

surveying image based on the aerial images. This section 

expatiates the principle of tilt correction during the 

reconstruction process, and describes the problems faced 

in the reconstruction process with related algorithms and 

key technologies. 

2.1 Image distortion and correction 

When the camera in UAV captures images, the images’ 

edge is deformed due to the distortion caused by the 

camera lens itself. This distortion can be named as image 

distortion. The coordinate distortion of the points on the 

images can be expressed as [2]: 
The main point of the image is O (x0, y0). The radial 

distortion coefficient K1, K2, and the eccentric distortion 

parameters are P1, P2. P (xi, yi) shows the point (image 

points) position on the distorted image. 

 

After determining the camera image distortion 

mapping relationship, the distorted images are 

interpolated and resampled to perform distortion 

correction [3]. 
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2.2 Geometric distortion and correction 

Due to the angle tilt of the camera and the angle of the 

terrain itself, the aerial survey image of the UAV is also 
deformed. This deformation can be named as geometric 

distortion. 

At present, there are two main conventional methods 

for geometric distortion correction. One is to use the 

ground control point (GCP) to generate polynomial 

fitting correction through aerial triangulation calculation; 

the other is to use a large scale map to correct by 

registering with the same name points. 

For the tilt correction method based on polynomial 

fitting, the general polynomial form is like [4]: 

 

(x, y) is the coordinate position for the image point 

and (X, Y) shows the corresponded ground point for (x, y) 

with the coefficients ai and bi. 

Xiao [5] proposed an image correction method using 

affine invariance. The initial affine matrix of the camera 

was calculated by estimating the camera axis orientation 
parameters, and the corrected image was obtained by the 

inverse affine transformation. Wu [6] proposed a tilting 

image correction method based on spatial transformation. 

The method is based on the image sampling interval to 

determine the overlapped coordinate domain and 

coordinate point set of the two neighbouring images, and 

the corrected coordinates are obtained by using the 

inverse transformation equations of the model to realize 

the correction. 

2.3 Geometric distortion correction without 
control points 

During the actual mapping process, it is very difficult to 

obtain multiple control points with precise coordinates in 

the regions of mountains, lakes, oceans, etc. In addition, 
in uninhabited areas such as deserts and plateaus, it’s 

also hard to get sufficient same-name points in such 

large-scale maps. Once in the emergency phase which 

needs fast survey response, there is a lack of time to 

establish control points. While using UAV mapping, 

traditional feature point recognition and map registration 

methods are difficult to perform effectively, and may 

face the circumstances that processing survey images 

data without control points, which requires aerial survey 

research of UAVs without control points recognition. 

Xu [7] proposed a geometric correction method 

based on POS parameters. In the absence of ground 
control points, the corrected POS parameters are directly 

used as image orientation parameters. The image 

correction is achieved by collinear equations and indirect 

methods. Li [8] established a UAV remote sensing 

image set correction model based on flight attitude 

change, and proceeded image set correction without 

control points. Hu [9] proposed a geometrically 

correcting method for images using image initial outer 

orientation elements and digital elevation model data. 

3 Rapid mosaicking and processing of 
UAV image data   

The traditional aerial survey process mentioned above 

has the characteristics of long calculation time, and the 

long processing time seriously reduces the efficiency of 

surveying and mapping for the post-disaster 

reconstruction and other mapping scenarios that require 

rapid mapping. This section analyses the rapid image 

stitching and presents the current research progress. 

As the aerial image of the drone has the 

characteristics of small displacement and high overlap 

rate, some characteristics of the image data are used to 
analyse, calculate and register the same name image 

point during image mosaicking phase. Several common 

registration methods [10] include image-based, object-

based, least squares and feature-based image matching. 

The feature-based image matching, as it adapts to 

various ground features such as buildings and terrains, 

and can deal with the situation of discontinuous images 

and shadow shading well, is suitable for the current 

UAV aerial image processing. 

3.1 Image stitching based on image features 

The steps [11] of the feature-based image matching 

strategy are feature extraction, determination of 

candidate feature points, transformation parameter 

estimation or final feature correspondence. Among these 
steps, the image pyramid is generally established before 

feature extraction, which uses the feature of local 

invariance to enhance the effect of feature registration. 

According to the characteristics of aerial imagery, the 

extracted features generally include point features, line 

features and surface features. According to different 

kinds of features, there are different corresponding 

extraction and matching algorithms and operators. 

For the image matching strategy based on point 

features, the SIFT and SURF descriptors proposed by the 

local invariance of the image are more commonly used. 
Based on the feature point invariance of image rotation 

scaling, these descriptors and algorithms have been 

widely used as image stitching tools. Also, a lot of 

improved algorithms for SIFT [12] and SURF [13] have 

appeared. Gong [14] proposed a way to automatically 

splicing small-area images using the optimized SIFT 

feature matching algorithm and using GPS data which 

are recorded in UAV to assist coordinate processing. 

Wang [15] proposed a feature point correction splicing 

method to get SURF features of adjacent images through 

the POS information in UAV, which also used the 

gradual adaptive weighting strategy to fuse the images. 
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3.2 Fast stitching optimization of images 
supported by hardware and video means 

Due to the large number of aerial imagery of UAVs, 
even with efficient image feature recognition and 

stitching algorithms, the operation time without control 

points is very long. Therefore, in addition to improving 

the stitching speed and stitching accuracy in software 

algorithms, some scholars have proposed to improve the 

computer graphics accelerator card GPU technology for 

processing stitched images. Liu [16] proposed a texture 

scheduling algorithm combining CUDA technology and 

Voronoi graph index. It uses NVIDIA's parallel 

computing architecture based on general GPU 

computing platform to improve the GPU running speed 

and improve the image stitching speed. 
With the development of real-time image processing 

technology and UAV products, rapid real-time analysis 

of video has begun for rapid mapping of aerial surveys 

of UAVs. During the rapid video processing, surveying 

video is captured by the UAV during aerial surveying, 

then the video is quickly compressed in the image 

processing module of the UAV, and finally transmitted 

in real time through a mobile network such as 4G/5G. 

After the processing system receives the video, key 

frame is extracted among the video stream. Through 

affine transformation processing of the key frame image, 
the position of the video key frame is located in this 

method. And the remaining steps are basically the same 

as the aerial image processing steps of the UAV. Zhou 

[17] proposed a method for transforming and splicing the 

key frames of aerial survey video of UAVs. Sun [18] 

proposed a set of UAV video processing system, and 

combined the display of the UAV tracking coordinates in 

the mapping results. Xue [19] proposed a system that 

combines UAV video live broadcast and real-time 

construction of orthophoto model. The current research 

system for real-time processing of aerial survey video of 

UAVs is still in its infancy, and has the characteristic 
that combining multiple usages, such as analysing video 

information for rapid response of fires [20], which are 

not completely developed for getting surveying results. 

However, the real-time processing of the video changes 

the processing phase of the surveying result from after 

the outside field work to during the outside field work. 

In the scene where the surveying result is urgently 

needed, the speed of mapping can be accelerated, and it 

can also be regarded as a rapid measurement tools of the 

UAV images. 

4 Conclusion 

The processes and algorithms for mapping through aerial 

imagery of UAVs have been carried out to a more 

advanced stage of research, and several handy software 

has emerged. However, the algorithm for rapid mapping 

and hardware development under emergency conditions 

is still in the early stage, and it is mainly used for the 

correction and splicing process of aerial image. The 

processing speed of many software algorithms is still 

limited by the hardware processing efficiency. With the 

development of UAVs, software algorithms and 

hardware technologies, the rapid mapping technology of 

unmanned aerial photography will be more proficient, 

and the efficiency of traditional UAV mapping 

technology will be greatly improved. Through the usages 

of the rapid mapping technology and UAV surveying 

technology, the efficiency for the modern constructions 

such as airports, roads and railways will be highly 

enhanced with fast-developing and detailed site or scene 

information models. 
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