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Abstract: With the continuous development of e-commerce, the demand for express delivery services is constantly increasing.
The emergence of unmanned express vehicles has perfectly solved the problem of end logistics. This article takes the living area
of Hangzhou University of Electronic Science and Technology as an example. Based on the existing unmanned vehicle parking
nodes, the greedy algorithm is first used to solve the optimal original path between the starting point and each node of the
unmanned vehicle delivery route. Then, combined with machine vision theory, the real-time road conditions are measured
through Hough transform and object detection, and the path planning is re carried out. Finally, based on Flexsim, an unmanned
express vehicle delivery model for the living area of Hangzhou University of Electronic Science and Technology is established,
Compare the efficiency of express delivery before and after machine vision path optimization to determine the degree of

optimization in path planning.

Keywords: Machine vision; Express unmanned vehicle; Path Planning; Target recognition.

1.

With the vigorous development of the internet e-commerce
industry, express delivery companies are springing up like
mushrooms after a rain, and the path planning of unmanned
express vehicles is receiving more and more attention from
experts, scholars, and enterprises[1]. Against the backdrop of
the booming development of the big data era, the mature
development of 5G, artificial intelligence, and the Internet of
Things technology is the prerequisite and foundation for
building unmanned delivery[2]. By combining camera,
infrared sensing, ultrasound, GPS, radar, and other
technologies to control the movement of express delivery
vehicles. In addition, in unmanned delivery technology,
people can use a series of technologies such as video
recognition and pattern recognition to achieve real-time
scanning and reading of courier information for merchants
and users, saving a lot of time and improving transportation
efficiency[3]. The express delivery route problem is an
important application field for unmanned vehicle path
optimization. With the increasing popularity of online
shopping consumption, the delivery volume of express
delivery within university campuses has also increased, and
express delivery operations are facing many problems[4]. In
order to better meet the daily needs of teachers and students,
improve the quality of campus express delivery services,
optimize the terminal express delivery process using more
intelligent methods, and make campus express delivery more
reasonable, standardized, and convenient, it is necessary to
solve the problem[5]. Based on the rapid development of 5G
and other related technologies, autonomous driving
technology is becoming increasingly mature, and the
application scenarios of autonomous vehicles are constantly
expanding, providing important development opportunities
and technical support for end logistics distribution. The
demand for express delivery on campus is concentrated, with
fixed locations and good road conditions, making it the most
suitable for unmanned vehicle delivery. However, due to
significant differences in road facilities and conditions within
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each park, the path setting of unmanned vehicles lacks
detailed optimization, resulting in reduced efficiency[6].

2. Road Condition Detection
2.1. Hough Transform

The Hough transform mainly transforms image space
problems into parameter space problems. For an image, there
is a one-to-one correspondence between the points in its space
and the points in its parameter space.

In Figure a, there is a straight line L in the Cartesian
coordinate system, and the vertical distance from the origin o
to the straight lineis p.  The angle between the perpendicular
and the x-axis is 0.

As shown in Figure 2.1, each coordinate point (x, y) on the
line corresponds to a parameter coordinate system, and a
curve can be obtained. To determine the parameters of a
certain line, you can select two points with different
coordinates, so that you can find two intersecting curves, and
the intersection point of the curves is the parameter. As shown
in Figure a. Therefore, the coordinates of the intersection
points that the most curves pass through in the parametric
coordinate system are the parameters possessed by the
straight line[7]. The method to obtain this point is to use an
accumulator to combine different (0,p) By using an
accumulator for statistics, the final result will be the largest
statistic ( 0,p) As a straight line parameter.

2.2. Greedy algorithm

Greedy algorithms refer to the process of always making
the best choice when solving problems from the current
perspective. That is to say, without considering overall
optimization, the algorithm achieves a local optimal solution
in a sense. The greedy algorithm cannot obtain the overall
optimal solution of all problems, and the key is the selection
of greedy strategies. Greedy algorithm is a simpler and faster
design technique for solving some optimal solution problems.
The characteristic of greedy algorithms is gradual progress,
always making the optimal choice based on the current



situation and certain optimization measures[8], without
considering various possible global situations, saving a lot of
necessary time and exhausting all possibilities to find the
optimal solution. The greedy algorithm adopts a top-down
iterative method for continuous greedy selection. Greedy
selection simplifies the problem into a small sub problem. For
each greedy selection step, the optimal solution of the
problem can be obtained. Greedy algorithms should not be
traced back, as local optima must be obtained at each step, but
the resulting global solution may not necessarily be optimal.
Greedy algorithms typically follow the following steps:

(1). Establish a mathematical model to describe the
problem.

(2). Divide the problem to be solved into several sub
problems.

(3). Solve each subproblem to obtain the local optimal
solution of the subproblem.

(4). Merge the local optimal solutions of the subproblems
into the solutions of the original solution problem.

The main problem addressed in this article is the unmanned
vehicle delivery path planning problem, which is a classic
travel salesman problem. The route selection of unmanned
vehicles from one node to another is considered as a sub
problem, with the shortest distance as the greedy strategy[9].
The unmanned vehicles depart from the source node, each
time taking the node with the shortest distance as the next
destination, ultimately passing through all nodes and
returning to the source node, to obtain an approximately
optimal path.

3. Route Planning for Express Delivery
Unmanned Vehicles

Due to the fact that Hangzhou University of Electronic
Science and Technology is equipped with two unmanned
vehicles, it is considered to divide the 10 nodes into two parts
based on north and south (nodes 1-5 are north and nodes 6-10
are south), and the two unmanned vehicles will be responsible
for distribution. Therefore, this article will plan the paths of
the living areas on both north and south sides.

3.1. Road model drawing

In order to facilitate the measurement of the distance
between each node, it is necessary to first draw a road model
diagram between each node. The following figure is a road
model diagram based on AutoCAD, Figure 4-6 is the north
road model of the living area, Figure 4-7 is the south road
model of the living area, 0 is the location of Cainiao Station,
1-10 represents the location of each node, and the connecting
line represents the road situation between nodes.

3.2. Drawing distance weight map

Based on the road model diagram, calculate the distance
between nodes, and then use Visio to draw an undirected
distance weight map for solving the TSP problem, as shown
in the following figure. Figure 1 shows the north of the living
area, and Figure 2 shows the south of the living area

The distance weight graph represents the connected roads
and their lengths between each node and establish the distance
matrix diagram between each node as follows:

Distance matrix of nodes in the living area:
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r 0 90 210 370 340 3007
90 0 160 320 290 210
210 160 0 160 130 90
370 320 160 0 120 250
340 290 130 130 0 120
L300 210 90 250 120 O A
Figure 1.
0 250 360 430 460 5307
250 0 110 180 210 400
360 110 O 70 200 370
430 180 70 0 130 300
460 210 200 130 O 90
L1530 400 370 300 90 0
Figure 2.

3.3. Optimal Path Solution for Unmanned
Express Vehicles Based on Greedy
Algorithm

Based on the mathematical model of TSP problem, with the
shortest distance as the greedy strategy, starting from the
source node[10], each step selects the node with the shortest
distance as the target, until passing through all nodes and
returning to the origin, finally obtaining an approximately
optimal path.

Solution results:

0-1-2-5-4-3-0

Import the second distance matrix:

0-6-7-8-9-10-0

Based on the above method, the optimal delivery route for
unmanned express vehicles in living areas is determined:

Delivery route to the north of the living area: Cainiao
Station - Node 1- Node 2- Node 5- Node 4- Node 3- Cainiao
Station

Delivery route to the south of the living area: Cainiao
Station - Node 6- Node 7- Node 8- Node 9- Node 10- Cainiao
Station

4. Simulation of Unmanned Express
Vehicle Delivery Routes Based on
Flexsim

4.1. Mathematical Model Conditional
Assumptions

The assumptions for establishing a mathematical model are:

(1). Packages on campus can be mixed together for delivery;

(2). The driving speed of unmanned vehicles remains
constant;

(3). Unmanned vehicles have a constant waiting time at the
stopping point;

(4). Do not consider the time required for students to pick
up items;

(5). If the degree of congestion on the road surface is
greater than 50%, the driving speed will be reduced by
50%;4.1.1 ofo shared bicycle enterprises development
business model

4.2. Establishment of simulation system

According to the actual road model in the living area, a
two-way network node is used to set the path for unmanned
vehicles. The network node is connected to the temporary
storage area using A, and to the forklift using S. As shown in
the figure, the forklift connected to the network node will only



drive on the set path.

4.2.1. Entity parameter settings

Forklifts are used to simulate unmanned express trucks,
with parameter settings: average driving speed of 2m/s, and
waiting time of 3 minutes at the stop.

Due to the inability of forklifts to fully simulate the
functions of unmanned express trucks, the unloading time is
used to approximate the waiting time of unmanned express
trucks at the docking point.

The generator is used to simulate the function of starting an
unmanned express truck at Cainiao Station, and is set to start
once an hour based on the Arrival Schedule.

The temporary storage area is used to simulate the delivery
nodes of unmanned express vehicles. In addition to the
coordinates corresponding to the coordinates calculated
above, only transportation tools need to be set up for
transportation.

4.3. Simulation process and data analysis

The simulation of the unmanned express delivery vehicle
delivery system in the living area simulated above shows that
the unmanned vehicle completes a delivery task in the
northern part of the living area over a distance of 960 meters,
taking 1402 seconds, about 23 minutes. However, before
optimization, it takes an average of 31 minutes, which
improves delivery efficiency by about 25%[11].

The unmanned vehicle completed the delivery task in the
southern part of the living area of Path 2, with a distance of
1180 meters and a time of 1521 seconds, which is about 25
minutes. Before optimization, it took an average of 38
minutes, an increase of about 34%.

5. Conclusion

The main text is divided into two parts: the first part is
based on machine vision to identify targets on the road and
evaluate the road conditions; The second part is to model and
calculate the optimal path of unmanned express vehicles in
living areas using greedy algorithms with road length as the
weight. Finally, modeling and simulation were conducted
using Flexsim. The main conclusions drawn are as follows:

(1). Obtain relevant data on the current unmanned express
vehicle delivery system through investigation: unmanned
express vehicle parameters, running time, path, and express
traffic.

(2). After optimization, the delivery distance of unmanned
express vehicles has been reduced, the number of stopping
points has been reduced, the delivery time has been reduced,
and the delivery efficiency has been significantly improved.

Applying unmanned express vehicle technology to
campuses not only improves delivery efficiency and
effectively solves the "last mile" problem of campus delivery,
but also has important significance in ensuring campus
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epidemic prevention and safety. Machinery replaces
manpower, and automation is the theme of the times[12]. At
present, the size of unmanned express vehicles determines
that they are still in a niche field. Studying and optimizing the
path of unmanned vehicles can help the development of the
unmanned vehicle industry, and also enhance the public's
understanding of unmanned express vehicles, enabling them
to integrate into the express industry more quickly and
providing convenience for the public
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