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Copyright Notice And Disclaimer 

 
 
 
Copyright Notice 
 
The content available on this report ("the report"), including but not limited to all text, 
graphics, drawings, diagrams, photographs and compilation of data or other materials 
are subject to copyright owned by the Government of the Hong Kong Special 
Administrative Region or other entities. Except as expressly permitted herein or where 
prior written authorization is obtained from the Electrical and Mechanical Services 
Department, any reproduction, adaptation, distribution, dissemination or making 
available of such copyright works to the public is strictly prohibited. 
 
Permission is granted for users to download the materials herein to store them in local 
computers, provided that this is solely for personal or non-commercial internal use, and 
provided further that this copyright notice is downloaded at the same time. Users 
should note that the above permission only applies to Government copyright materials. 
Where third party copyrights are involved, an appropriate notice will appear in this 
report. 
 
 
Disclaimer 
 
The information contained in this report is compiled by the Electrical and Mechanical 
Services Department of the Government of the Hong Kong Special Administrative 
Region ("the Government") for general information only. Whilst the Government 
endeavours to ensure the accuracy of this general information, no statement, 
representation, warranty or guarantee, express or implied, is given as to its accuracy or 
appropriateness for use in any particular circumstances. 
 
This report can also contain information contributed by others over whom, and in 
respect of which, the Government may have no influence. 
 
The Government is not responsible for any loss or damage whatsoever arising out of or 
in connection with any information in this report. The Government reserves the right to 
omit, suspend or edit all information compiled by the Government in this report at any 
time in its absolute discretion without giving any reason or prior notice. Users are 
responsible for making their own assessment of all information contained in this report 
and are advised to verify such information by making reference, for example, to original 
publications and obtaining independent advice before acting upon it. 
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Purpose of the Project and Target Deliverables 

To facilitate UAV inspection, an autonomous UAV system is under development 
by the Department of Mechanical Engineering in the Hong Kong Polytechnic 
University. It enables E&M Inspectors to integrate such a useful tool into their 
workflow seamlessly by using machine learning object detection and intelligent 
path planning features. 

EMSD is currently cooperating with the Department of Mechanical Engineering, 
The Hong Kong Polytechnic University in this effort by applying the UAV platform. 
In the prior study named “A Pilot Study on the Design of an Autonomous UAV 
System for Bridge Inspection-No.: P18-0091”, our research team analyzed and 
verified the improvement of efficiency of using the UAV system in facility 
inspection.  

 

Project Description 

EMSD has commissioned the Department of Mechanical Engineering in the Hong 
Kong Polytechnic University to carry out a comprehensive study on autonomous 
UAV system for E&M installation inspection from 1 July 2018 to 1 July 2020. This 
study is based on the previous work “A Pilot Study on the Design of an 
Autonomous UAV System for Bridge Inspection” which verified the concept of 
using UAV for facilities inspection. In this Comprehensive Study, the team focused  
on upgrading the automatic level of UAV inspection workflow and extending the 
scope of application to the indoor scenario. With these improvements, the UAV-
assisted E&M facility inspection work has been demonstrated more efficient and 
intelligent. 

 

Trial Site 

The trial site is at EMSD Headquarters and during the final review phase. 

 

Type of Equipment/ Installation/ Technology Adopted 

(i) DNN based Aerial Image Post-Processing 

Artificial Intelligence is applied to identify objects at height to optimize the 
workflow of inspection. 
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(ii) Visual odometry for Indoor UAV navigation and image comparison 

The UAV utilized the visual odometry information obtained from its front camera 
and constructed a map for indoor navigation. The Images in the journey are 
captured at regular intervals for comparison between last missions. It is able to 
recognize the removal of large objects compared to the last mission.  

 

Trial Timeframe 

The team from Polytechnic University has carried out a comprehensive study on 
autonomous UAV system for E&M installation inspection from 1 July 2018 to 1 
May 2020. 

 

Name and Background of I&T Solution Provider  

The Department of Mechanical Engineering in the Hong Kong Polytechnic 
University collaborated with EMSD in this project. The department aims to achieve 
excellence in education and research in the discipline of mechanical engineering 
with global out-reach and impact. 

 

Details of Implemented Trials  

I. Methodology and Applicable Standards 

(i) DNN based Aerial Image Post-Processing 

 

Figure 1 Machine Learning technology for E&M facilities identification 

 



Final Measurement and Verification Report for I&T Trial Project 
Comprehensive Study on Autonomous UAV System for E&M installation Inspection              6 
 

 

Reference no.: EMSD/I&T/M&V/P0006 

 

In the application of bridge E&M facilities inspection, the current practice is a 
manual approach, yielding a large man-power investment, and high cost, low 
efficiency and poor reliability problems. Comparatively, artificial intelligence (AI) 
makes it possible to hand over this kind of complex, boring, and repetitive tasks 
to computers. It can recognize any a priori identified objects, which greatly 
reduces the cost of manual inspection and provides optimized energy-efficient 
solutions progressively under the premise of ensuring the safety of inspection 
staff. 

 

The mainstream of the object detection task is to adopt Convolutional Neural 
Network(CNN) based methods. They can extract high-level features by training 
data and predict class and localization of identified objects with a bounding box 
in test data (Figure 1). The CNN-based detectors differentiate into two branches: 
single-stage and two-stage. The research team adopts the single-stage object 
detector YOLO (You Only Look Once) based architecture to tackle with the real-
time identification problem in this project. 

 

YOLO has good performance trading off between accuracy and speed among 
other mainstream CNN-based detectors. It splits the input image into grid cells 
with the same size and predicts bounding boxes through them. A total of 52 
convolutions are used in the main network. According to the bridge inspection 
task, we collected 3 kinds of E&M devices as the proposed identification targets 
(Table 1).     
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Table 1 Three kinds of inspection targets 

Name Figure Comment 
Wind 

Turbine 
Generator 

 

智慧型路燈 

Roadlamp 

 

Currently 
used road 
lamp  

Panel 

 

 

 

To detect more contour and texture information of targets, the team built their 
own deep neural network (DNN) structure. They have pre-trained a CNN model 
and prepared pre-trained weights (Darknet19_448.conv.23) for the convolutional 
layers to improve better performance. Then, they defined the number of 
maximum batch sizes and designated the name and number of classes.They 
labeled each object on images from the dataset and used the visual GUI-software 
for marking bounded boxes of objects and generating annotation files. The total 
training time is around 9 hours. Figure 2 displays average-Loss during training. 
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(ii) Homography Alignment based Aerial Image Post-Processing 

The homography alignment based aerial image post-processing is designed for 
the regular inspection test in the same environment. In the 1st mapping round, 
the algorithm will map the environment and store both images and poses into 
the map file. In the following several identify round, the new aerial image is 
matched with the previous image which stored in the map file. The difference of 
images will be marked out automatically and alert the inspection engineer (Figure 
3). Comparing to the DNN based aerial image post-processing, in which pre-
learned objects can be identified. The homography alignment based aerial image 
post-processing bases only on the residual of the matched images and does not 
rely on any prior knowledge of the object. 
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Figure 2b shows the Mapping workflow. The input of the “Map Recorder” 
module consists of the camera input and the odometry input.  The odometry 
input contains the position and orientation of the newly captured aerial image. 
When the norm of the translation/orientation between the new image and 
previously recorded image exceeds a certain threshold, e.g. vehicle moves more 
than 0.5 meters or rotates more than 30 degrees, the new image together with 
its position and orientation will be recorded into the map databank. The map 
databank consists a series of images and a “map.csv” file. The csv file records the 
position and orientation information of these images.   
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In the Identification Round, the input is processed by “Matching”, “Homography 
Alignment”, “Residual Analyse”, “Binarization” and “Auto Alert” module in 
sequence (Figure 2d), In detail: 

Matching: the matching model will first extract the current position and 
orientation data from the current aerial image. Then, the algorithm will search in 
the map databank and find out the closest relevant image. These two images are 
then matched and sent to the homography alignment module. 

 

Homography Alignment: When two matched images are sent into this module, 
the ORB-features (Oriented FAST and Rotated BRIEF) of these two images will be 
extracted and matched (Figure 2f). Then the algorithm will find out the 
homography matrix of two images and then apply this matrix to the image. After 
this process, two images are well aligned.   
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Residual Analyzation: the two images are then transformed into the greyscale 
color space and the intensity residual image is calculated by subtracting the grey 
values of one image from another subsequently (Figure 2g). 

 

Binarization: At this stage, the greyscale residual image may contain some noise 
and alignment errors (Figure 2g). Through applying a binary type threshold, these 
noise and errors are filtered. Figure 2h shows the binarized residual image. 
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Auto Alert : By calculating the distribution of white pixels in the binarized image, 
we can find the difference between the camera input image and the relevant 
image in the map. We visualize these differences and alert the inspection 
engineer. 

(iii) Indoor Flying UAV Platform 

The team designed and assembled an indoor inspection UAV. The UAV platform 
is based on the standard F450 Airframe, PixHawk flight controller unit (FCU) and 
the 4S standard propulsion system. Powered by the Nvidia TX2 AI Computer and 
RealSense T265 Camera, the platform can perform reliable indoor flying ability 
and can achieve DNN classification onboard. The specifications of the 
components can be found in Table 2 and the outlook of the UAV can be found 
in Figure 2i. 

 

 

The RealSense T265 outputs the visual odometry information which contains the 
position and orientation of the vehicle. The TX2 forwards this information to the 
FCU through Micro Air Vehicle Link protocol (MAVLINK) and thus achieve closed-
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loop position control in the indoor environment. The UAV platform connects to 
the ground station (a laptop computer running Ubuntu and ROS system) through 
a 5GHz WIFI. At the ground station, engineers can program the automatic 
mission and browse aerial images through a shared folder. 

 

II. Measurement and Verification Activity Details 

The field test consists of one outdoor test and one indoor test. 

The team has conducted the field test in the EMSD headquarter (Fig. 3a). The 
dataset was collected by the camera on DJI Phantom4. The numbers of the 
dataset are shown in Table 3. Figure 3b are some examples of different types of 
E&M installations. 
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The experiments were conducted on the 64-bit Ubuntu 16.06 operating system 
with an Intel Core i5-4690 CPU and a NVIDIA GeForce GTX TITAN Black GPU. 
The performance is evaluated by the mean average precision (mAP) and the 
processing frame rate in frame per second (FPS).  In the multiple-object detection 
task, mAP represents the detection accuracy while FPS evaluates the processing 
speed. We used the test dataset to validate our YOLOv3 object detector and part 
of the results are listed in Table 4. The average precision is relatively high and 
real-time aerial image post-processing (FPS>20) is achieved.   

   Table 4 Detection Accuracy and Speed 
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Table 5 illustrates typical outputs of object detection with the machine learning 
technique. All the components have been identified by our DNN-based object 
detector. The confidence interval is a way of quantifying the uncertainty of an 
estimate. The confident intervals of the devices are mostly larger than 50. 
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Summary Results and Analysis  

I. Pre and Post-installation Comparison 

(i) Indoor test and object comparison 

The demonstration video is available at: https://youtu.be/TtFF2S5w900  

The purpose of this demonstration is to illustrate how DNN based identification 
technology can boost E&M facility inspection. We selected a streetlamp as our 
proposed inspection target. We first collected 900 photos of the streetlamp from 
different angles and with different backgrounds (Figure 12). Then we trained 
the model using the Yolo framework. We stopped training after 3000 loops as 
the lost value converged (Figure 13). 
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In this demonstration, the test field is a 5m x 5m square place inside the lab. The 
streetlamp was mounted on a tripod and placed at the center of the test field. 
The UAV took off at the right corner and then flew to the pre-defined streetlamp 
site. It flew around the streetlamp in a half-circle trajectory while the inspection 
camera was always focusing on the streetlamp (Figure 6 and Figure 7). 
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In the second round, the streetlamp was removed from the tripod. UAV flew the 
same trajectory and saved the aerial images in the shared folder. After two 
rounds of automatic inspection. We used the DNN based inspection post-
processing software to solve the aerial images. 
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As shown in Figure 8 and Figure 9, the streetlamp was detected by the DNN first 
and two sets of aerial images were matched according to the position 
information. The warning signal appeared on the aerial image recorded in the 
second loop as there is no streetlamp being detected. Our DNN based post-
processing software can solve a pair of images in less than 700ms second on the 
onboard computer. 
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II. Key Statistics/ Figures/ Infographics to Support the Results 

Below shows the detection of object for mast lighting at height and the 
training graph. 
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III. Analysis of M&V Results to Address the Target Deliverables 

The demonstration video is available at: https://youtu.be/S8TsFfcrtaw  

In this demonstration, the test field was chosen inside a corridor. In the mapping 
round, the UAV took off, flew along the corridor and landed automatically (Figure 
18). The aerial images and the poses were recorded in the map. 
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In the identification round, a chair was placed inside the corridor to simulate an 
unknown object. The UAV flew the same trajectory as what it did in the mapping 
round. The aerial images were then processed by the homography alignment 
based software. 

 

As shown in Figure 11, at the beginning of the inspection mission, the chair is far 
away from the view of the inspection camera. As there is no apparent difference 
between the aerial image and its relevant image in the recorded map, the 
software regards it is “Normal”. The UAV continued to fly forward and the chair 



Final Measurement and Verification Report for I&T Trial Project 
Comprehensive Study on Autonomous UAV System for E&M installation Inspection              24 
 

 

Reference no.: EMSD/I&T/M&V/P0006 

could be clearly seen on the aerial image. Our software sensed the difference, 
popped up the warning signal and marked the difference in the image. 

However, the User Interface may require further development to be more user 
friendly. Current use of the system requires manual typing of commands, which 
can be improved in the future. 

 

Conclusion and Way Forward  

This comprehensive study verified the possibility of using new technology (UAV 
and AI) to improve our current work. The automation level of the inspection work 
can be improved by introducing the artificial intelligent (AI) algorithm. The AI 
research proved that the application of machine learning promisingly reduces the 
cost of manual inspection and provides an optimized energy-efficient solution 
progressively under the premise of ensuring the safety of inspection staff.  

 

- END OF REPORT - 
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