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Abstract. Because of the active transit and complex road conditions, the con-
struction road is prone to congestion and material scheduling challenges. As a
result, this paper proposes an off-site material flow control method, as well as an
on-site right-of-way-based transportation vehicle scheduling method, which is
combined with Internet of Things (IoT) sensing equipment to collect information
about the transportation process in order to achieve precise material flow control
and management. The application of the technology proposed in this study to the
Labashan wind farm project demonstrates that the scheduling method can signif-
icantly improve the efficiency and reliability of material transportation, reduce
interference on the construction site, and provide useful reference and guidance
value to the management and logistics scheduling of similar projects.

Keywords: material scheduling; wind power construction; collaborative con-
trol; route planning; right of way

1 Introduction

China's onshore wind energy resource-rich areas are mainly distributed in remote areas,
the construction of the project has inconvenient transportation, covers a large area, the
construction location is dispersed, altitude span, moving frequently, etc., transportation
and scheduling of materials has become one of the major challenges during the con-
struction of wind power projects. On the one hand, wind turbine capacity tends to ex-
pand continuously, causing the aggravation of wind power equipment, putting forward
increased requirements for the transportation stability of the transport vehicles; on the
other hand, the wind turbine foundation pouring belongs to the continuous large volume
concrete pouring, in order to prevent faults, cracks and other quality problems, the pour-
ing needs to be continuous between 12 and 18 hours, which puts forward a high stand-
ard of the efficiency of the material transportation and scheduling.!'* Therefore, in or-
der to ensure the stability and efficiency of material transportation and scheduling in
wind power construction, it is critical to reasonably arrange material transportation and
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construction machinery deployment in accordance with construction procedures to en-
sure the smoothness of the road and stability of the equipment during transportation, as
well as to reduce the impact of bulky transportation on regular traffic.

Traditional construction management is primarily based on manual operation, which
has noticeable latency and lack of accuracy. Many researchers and organizations use
information technology to conduct more efficient scheduling mode study.™ Bertazzi L
et al. optimised lorry routes based on stochastic demand for goods.™ Rossi A et al.
developed a new production scheduling algorithm after carefully considering the effects
of two main factors: production lead time and material transfer time between different
processing units.[7! Zhang S J et al. considered the real-time dynamic location of ma-
terials to improve the efficiency of material distribution through real-time tracking of
materials.[®! Zhang J Y et al. analyzed the time uncertainty of vehicle transportation of
materials and developed a path planning algorithm model to find the ideal path for
timely transportation of materials.”) Wu Q Y et al. developed the best path configura-
tion model by organically integrating the maximum vehicle carrying capacity and dis-
tribution path planning problems, taking into account distribution efficiency and distri-
bution cost.'” Zhong G L developed the intelligent control technology and scheme for
the concrete transportation process of high arch dams, as well as tested the technology's
viability in the construction of a 300m-class high arch dam.!""? Based on the Shenzhong
Channel immersed tube tunnel pouring project, Wu X D et al. created the BIM-Internet
of Things (IoT) concrete intelligent pouring system, which allows for dynamic sched-
uling of vehicles and other controls.!'?!

The above research achieves real-time monitoring and optimum scheduling of ma-
terial transportation and scheduling efficiency, which has certain relevance to the intel-
ligent control of the construction process. However, due to the unique characteristics
of wind farm construction, such as the remote location and mountainous terrain, com-
munication network coverage is insufficient; wind power equipment is too heavy; the
stability of the transport vehicle traveling has higher requirements, and so on, intelligent
monitoring and scheduling technology for wind farm material transportation vehicles
must be studied. To overcome the aforementioned issues, this research suggests a ma-
terial scheduling management technique. The technique is based on Internet of Things
technology and artificial intelligence algorithms. It solves the problem of incomplete
communication network coverage in wind farms. Through real-time monitoring of the
material transportation process, it realizes the scientific planning of the material trans-
portation route, so as to avoid the vehicle passing through the bumpy road, ensure the
stability of its travel, and finally completes the intelligent scheduling of the material,
solving the material transportation and scheduling difficulties encountered by the on-
shore large-scale wind power project during construction.

2 Principles

2.1  Material Intelligent Dispatch Matching Model

1)Material intelligent dispatch
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A relatively general engineering material scheduling control model is established by
allocating engineering material supply and demand, manufacturing and usage, storage,
and transfer of matching relations. The production demand model is built based on the
construction demand and the material demand of the material management side. The
material intelligent scheduling model is depicted in Figure 1.
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Fig. 1. Material Intelligent Dispatch Matching Model Flowchart

By obtaining material production information, tracking the entire manufacturing
process, logistics and warehousing of materials, and understanding the state of material
reserves. Obtain material utilization data by tracking the scheduling, shipping, building,
and recycling of materials. Based on material production, consumption, storage, and
other data information, the entire material flow process is finely controlled. At the same
time, according to the advance entry of each fan pouring resource allocation, in order
to timely discover the mixing building, transport trucks, vibrating machine, and other
pouring machinery resource allocation short boards and errors, and timely elimination
of resource allocation due to irrationality caused by the dam pouring efficiency impact
factors. Timely dissemination of current pouring resource allocation early warning in-
formation to all levels of construction management staff, in order to increase manage-
ment personnel's understanding of site pouring quality.

2)Intelligent monitoring

Given the limited conditions of the construction right-of-way in the field, as well as
the simultaneous pouring of multiple fans and work surfaces, intelligent technology is
used to monitor the road traffic situation and vehicle operation information, control the
vehicles on the road accordingly, guide vehicle transportation, and optimise material
scheduling. A radio frequency identification card installed at the discharge port of the
mixing building recognizes the information of the mixing plant's corresponding trans-
portation vehicle and obtain information on the time the transportation vehicle arrives
at a mixing building, when it leaves, and how long it stays. Similarly, a vehicle identi-
fication card is installed at the wind turbine's concrete pouring point to track the time
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the transport truck arrives to the concrete discharging point, the length of its stay, and
the time it departs. Combining video monitoring, access instructions, flow monitoring,
and other transportation road monitoring technologies, it intelligently controls one-way
access, tunnel access, high-pressure access, and high-risk access nodes in the construc-
tion area, as well as developing an intelligent control method for the "environment" in
engineering material transportation.

2.2 Internet of Things (IoT) Technology Applications

Onshore wind power projects are frequently located in plateau mountainous areas,
where communication network coverage is limited and the positioning of construction
roads is also hampered. Traditional GPS satellite positioning and 4G/5G mobile com-
munication make high precision positioning and data transmission of transport vehicles
difficult to achieve. To address this issue, this paper proposes a self-organized network
extension technique for location-based communication that combines UWB indoor po-
sitioning and Lora wireless communication technology to deploy a chain of base sta-
tions in tandem, allowing network extension to areas with insufficient signal strength
coverage. Furthermore, the aforementioned positioning communication method is com-
bined with traditional GPS positioning and 4G/5G mobile communication schemes to
enable seamless switching between the two intelligent positioning communication tech-
nologies and achieve timely and accurate information transmission during vehicle
transportation. The wind power IoT system is shown in Figure 2.
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Fig. 2. Wind Power IOT System

2.3  Point Analysis of Key Elements of Transportation Route Bumps

During the transportation operation (especially when transporting large parts), the mon-
itoring equipment continuously measures the vehicle's time, positioning, angular veloc-
ity, linear acceleration, and tilt. By analyzing and calculating the data, it is able to iden-
tify the degree of bumps in each vehicle location during the transit process. If the an-
gular velocities of the X, Y, and Z axes of the vehicle are oy, ®y, and ®,, respectively,
the vehicle is called bumpy if there is a transient fluctuation (a change of more than 3
rad/s in 1 s) over a short period of time (At < 1 s). Send bumps to the driver prompt via
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the vehicle display terminal, record the vertical direction (Z-axis) instantaneous accel-
eration a, calculate the amplitude of the vehicle bumps, and record the vehicle location
A1 = (x1, y1) and speed Vi. When the car continues to encounter bumps on a certain
portion of the road, the coordinates of the start and finish positions of the bumps can be
recorded, and the road segment can be labeled by merging route information from the
map.

If there are several routes or transportation schemes for on-site transportation of
large products, route planning can be performed using the results of the above study to
avoid bumpy roads and steep hills to the greatest extent possible. When combined with
the vehicle's real-time positioning data, it generates information about key complex
road sections and point elements on the transportation route, recognizing that during
the transportation of large parts, it provides early warning to key positions and predicts
potential failures ahead of time.

3 Implementation Effect Analysis

3.1 Project Overview

The Laba Mountain Wind Farm is located in Tielu Town, Heilongtan Town, Mali
Town, and Dezhou Street in Dechang County. It is one of the first large-scale wind
power and photovoltaic bases in the country, and it is part of the Yalong River Basin
Water, Wind, and Solar Complementary Green Clean Renewable Energy Demonstra-
tion Base project. The project has a total installed capacity of 192 MW, with 60 wind
turbines rated at 3.2 MW each. The units are distributed in the northern and middle
sections of the main ridge of Laba Mountain, as well as the branches that run along the
Yalong River Valley on the west side. It measures around 22 km length from north to
south and 15 kilometers width from east to west. The altitude range of the project cov-
erage region is 2200 m to 3400 m. The construction front is about 78 km long. The 39
working surfaces are dispersed among the high alpine forest areas along the line. The
major access road to the project is approximately 80 km long and features steep terrain,
sharp bends, and steep slopes.

3.2 Construction Status of Intelligent Dispatching System

Based on the above-mentioned technical solutions and engineering information models,
and in accordance with the needs for refined scheduling and control of engineering
material transportation, and oriented to the process control of the Labashan project, an
intelligent material scheduling control system is established to achieve visual manage-
ment. Compared with the traditional manual operation, according to the real-time situ-
ation of transportation, it can effectively control the efficiency and orderliness of engi-
neering material transportation, and reduce engineering construction.

The perception layer comprises a variety of underlying hardware components, in-
cluding as positioning equipment, vehicle-mounted terminals, on-site network exten-
sion equipment, intelligent vehicle-passing control equipment and so on. The transmis-
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sion layer covers wide area network access and the development of on-site communi-
cation systems such as a 4G communication network, GPS network, UWB positioning
network, Lora communication network, and an AP point-to-point wireless bridge net-
work. Each network is installed and deployed based on the consumption scenario. The
data layer comprises services such as data collecting and transmission, storage, and
message middleware, as well as data interfaces, external interfaces, and third-party in-
terfaces. The application layer can deliver application services to large-screen, mobile,
and vehicle-mounted terminals. Its functions include vehicle transportation dispatch
management, intelligent vehicle control, on-site traffic flow monitoring, and large-scale
transportation vibration monitoring and analysis, all of which delve deeply into the
value of various sorts of data in mountain wind farm development. The architecture of
the intelligent scheduling system is shown in Figure 3.
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Fig. 3. Intelligent dispatching system architecture diagram

3.3  System Application

When a large-scale transport truck completes a single transport task, it saves the rough
points and road section information, which it can then label and display on a map. Be-
cause the bumpy points and road portions encountered by several large-scale transports
are widely overlapped, the driver can be advised at this critical moment by display
screen warnings, signboards, speed design, and so on. When combined with the estab-
lished safety transportation indicators, it is decided whether the transportation complies
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with the safety driving criteria. At the same time, it offers data support for fault tracing.
Compared with the traditional manual operation, it can effectively guarantee the safety
and stability of transportation vehicles. The system monitoring interface is shown in
Figure 4.
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Fig. 4. Measurement exercise monitoring interface

The technology was successfully utilized in the Labashan wind farm building pro-
ject, saving ¥ 9,022,000 in labor expenses by decreasing the construction period. The
cost of transporting heavy parts and lifting wind turbines was lowered by ¥ 2,880,000
as a result of improved efficiency. The platform's paperless office, remote monitoring,
and intelligent early warning, among other things, reduced project management person-
nel input by 9 persons and vehicle trip mileage, saving ¥ 5,089,200 in total. The entire
economic advantages came to ¥ 17,041,200. The economic benefits resulting from the
application of the system are shown in Table 1.

Table 1. Economic benefit

Reduced time  Number

Contractors  Type ( ths) ( ) Unit price o Travel costs Total
months persons
200000
4176000
a 1.5 87 y /person-month 0.16 / ¥
A b 15 / 3400000 y /month (o4 / y 1224000
280000
¢ 7 4 y /person-month 0.28 150000 ¥ 2195200
200000
4896000
a 1.5 102 y /person-month 0.16 / ¥
B b 1.5 / 4600000 y /month (54 / y 1656000
280000
c 7 5 028 150000 ¥ 2894000

y /person-month

In the table, a, b, and c are the labour cost, transport cost and lifting cost, and reduc-
tion of project management staff cost, and a is the contribution of the system.
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Conclusion and Outlook

(1) This paper investigates the intelligent control of engineering material scheduling,

aims to meet the demand for engineering material transportation control under vari-
ous working conditions, and proposes a type of intelligent control technology for
engineering material scheduling. The effectiveness and practicality of the proposed
engineering material scheduling intelligent control technology are demonstrated
through application in real-world wind power projects. Compared to the previous
way, this technology has produced outstanding achievements in terms of material
transportation efficiency, construction cost reduction, and transportation safety.

(2) The technique is not only relevant to wind farm projects, but it can also be pro-

moted and applied to other engineering sectors such as photovoltaic power plant
construction, which meets similar challenges such as challenging topography, incon-
venient transportation, material dispersion, and so on. Intelligent scheduling tech-
nology can significantly increase construction efficiency and management levels.
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