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1. Introduction

The "Urban Traffic Basic Data Collection System" mainly functions to report the urban road
vehicle traffic conditions and status to the intersection signal control system and the central
database. At the same time, following the concept of the Internet of Things (IoT) management,
it accomplishes the management of its own devices. The system includes wireless geomagnetic
vehicle detectors (SDET), receivers (SRCV), repeaters (SRPT), data processing center (SDPC), urban
center server (including database server), and management client.
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The overall structure is based on the latest loT technology while considering the specific
characteristics of this system to achieve remote maintenance and management
functionalities.

The entire system adopts a modular design and object-oriented development technology,
providing interfaces for system functionality extension. The vehicle detector employs a
modular structure design due to its limited resources and development environment
constraints. This choice aims to reduce redundancy and facilitate maintenance effectively.
Upper-level services and client application systems are developed using object-oriented
programming techniques, establishing interfaces and inheritance relationships. While this
approach may introduce some redundancy, it ensures logical clarity and minimizes
maintenance efforts.

Establishing a product development platform using mature technologies aims to improve



implementation speed, reduce implementation costs, and avoid wastage of resources
caused by redundant development efforts. The vehicle detector utilizes the development kit
provided by the processor manufacturer, making it easy to set up the development
environment. The data processing center runs on embedded Linux, utilizing Fedora as the
development platform. Fedora is an open, innovative, and forward-looking operating system
and platform based on Linux. It allows anyone the freedom to use, modify, and redistribute
it, both now and in the future. The OS porting work is done in collaboration with experienced
domestic companies.

Wireless commmunication employs existing, advanced, and mature technologies.

The serialization and aesthetic improvement of the product can be achieved through
collaboration with relevant enterprises to collectively complete the work. Currently, the
product has not been serialized, but in the coming years, the goal is to expand the company's
scale and establish cooperative relationships with other companies to develop various
related products, such as parking lots, access control systems, etc. Any application that
requires vehicle detection can be developed and applied, leading to the serialization of the
product line.



2. Function and Characteristics

The "Urban Traffic Basic Data Collection System" is a product widely applied in the urban traffic
vehicle management system. Its main principle involves a wireless geomagnetic vehicle detector
capable of collecting various parameters of traffic vehicles, such as vehicle speed, traffic flow,
headway time, occupancy time, etc. The system consists of a data collector, wireless transceiver,
data processor, and a primary lithium battery. The data collector includes magnetic sensors,
voltage amplifiers, and an AD converter. The wireless transceiver is a short-distance, low-power
digital transmission module operating in the 2.4 GHz frequency band, compatible with the
802.15.4 protocol, capable of forming a mesh network where each module can function as a
routing node, coordinator, or terminal node, with an internal protocol stack. The data processor
comprises a microprocessor and data acquisition interfaces, among other components.

2.1 The wireless geomagnetic vehicle detector

The wireless geomagnetic vehicle detector is a well-known manufacturer's geomagnetic sensor
developed based on the "Gauss Theory of Geomagnetic Field." It operates by detecting the
continuous disturbance in the magnetic field intensity caused by the passage of a vehicle
containing ferromagnetic material over a specific geographical coordinate point. The sensor
samples and compares this data with the initial sampled data to calculate the impact of the
vehicle's passage on the Earth's magnetic field at that point. The detector then processes this
data in a microprocessor and converts it into binary, digital, or analog format as needed. The
processed data is transmitted wirelessly to the on-site data processing center, where it is further
processed using embedded microprocessors. Finally, the processed data is sent to the urban
center server or on-site signal controllers, providing users with essential traffic data such as
headway time, occupancy time, vehicle speed, and traffic flow based on the movement of
vehicles.

The main design challenges of the wireless geomagnetic vehicle detector include volume, power
consumption, communication distance, and algorithm.

Its key technical characteristics are as follows:

- Small Size

- Easy and Simple Installation: It requires no power lines, data cables, or road construction
permits.

- Ultra-Low Power Consumption: It can operate continuously for up to 5 years.

- Use of Lithium Iron Phosphate Battery: The detector utilizes high-quality military-grade
lithium iron phosphate batteries with stable high working voltage, high discharge voltage,



and low self-discharge rate (less than 1% when stored for one year at 25°C). It can operate
within a wide temperature range of -45+3°C to +85+2°C.

- Long Communication Distance: It can achieve a communication distance of up to 150
meters from the receiver.

- Detection Capability in Various Vehicle States: It can detect vehicles moving at high speeds,
at slow speeds, and even stationary vehicles.

- Strong Anti-Interference and Adaptability: The detector exhibits strong anti-interference
capabilities and can adapt well to various environmental conditions.

- Minimal Maintenance: Generally, no maintenance is required under normal road conditions.

- Long Usage Life: Due to its extended operational time, it results in very low average annual
costs.

2.2 Receiver

The receiver uses 2.4GHz wireless communication technology and adopts an existing short-
range communication protocol. Its main function is to act as the data aggregation endpoint for
wireless data and transmit the data to the data processing center via the RS422 interface. It can
also allow a maximum of 16 wireless geomagnetic vehicle detectors to join the network. If there
are more than 16 vehicle detectors, additional repeaters must be added. The receiver is powered
through the data processing center, and at least one receiver is required for each data collection
section or intersection.

2.3 Repeater

The repeater also uses 2.4GHz wireless communication technology and adopts an existing short-
range communication protocol. Its main function is to extend the communication range
between the receiver and the wireless geomagnetic vehicle detectors, while also increasing the
capacity of the short-range wireless network terminals (wireless geomagnetic vehicle detectors).
Each repeater allows up to 16 wireless geomagnetic vehicle detectors to join the network.

The repeater can be powered using various methods, including direct 220V AC power supply or
solar power.

2.4 Data Processing Center

The data processing center receives and organizes the data on the passage of vehicles in the
road. It is connected to the receiver and efficiently processes the data. The processed data is
then transmitted to the urban center server or intersection signal controller using
communication means such as optical fiber or other methods and utilizing the TCP/IP
communication protocol.



The data processing center operates on an embedded Linux system platform with Cortex-A7 as
the core processor, providing a stable and efficient local data transmission and processing device.
Each data collection section or intersection requires at least one data processing center device
and receiver. It serves as the network coordinator and processing center for that location, capable
of managing and controlling over 65,000 wireless geomagnetic vehicle detectors theoretically.
The data received by the receiver is processed by the data processing center and then sent to
the signal controller or central server through Ethernet, serial port, or /O port.

The main technical features of the data processing center are as follows:

® Display of Communication Information: The center can display communication messages,
communication status information, wireless geomagnetic vehicle detector detection
information, and status information. This includes the detector's operational status, power
supply voltage, and communication status.

® \Wireless geomagnetic vehicle detector Information Browsing: The center allows browsing of
information related to the detectors, including their types (functionality), positions, and
attributes.

® System Time Modification: The capability to modify the system time as needed.

® Detector Parameter Modification: The center enables the modification of detector
parameters, including communication parameters, vehicle detector position information,
vehicle detector-to-lane mappings, and operational parameters.

® \Versatile Output Options: The data processing center supports various output options,
including TTL high effective, TTL low effective, normally open contact, normally closed
contact, RS485, RS232, Ethernet, and more. Customized output configurations can be
tailored to specific requirements as needed.

In summary, the data processing center offers a range of features for information display,
browsing, and modification, providing flexibility and adaptability to cater to different needs in
the "Urban Traffic Basic Data Collection System."

2.5 Urban Center Server

The urban center server uses Socket programming technology and the TCP/IP communication
protocol to receive business requests from data processing centers and management clients.
Simultaneously, it utilizes Oracle or SQL Server databases for fast storage and organization of the
vast amount of collected traffic data.

2.6 Management Client

The management client controls and manages data processing centers and wireless
geomagnetic vehicle detectors through the urban center server. It can access the operational



status of every intersection or road section device in the city.
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The main functions of the management client include:

® Subzone Management: Managing and organizing different subzones within the city for
efficient traffic management.

® Intersection or Road Section Management: Controlling and overseeing the operation of
intersections or road sections equipped with wireless geomagnetic vehicle detectors.

® Vehicle Detector Installation Information: Managing the installation locations of vehicle
detectors, corresponding lane relationships, and parameter settings.

® Data Processing Center Time Calibration: Ensuring accurate time synchronization for data
processing centers.

® Traffic Statistics Data Query: Accessing and querying traffic-related statistical data for
analysis and planning purposes.

® Vehicle Detector Status Query: Checking the status and operational conditions of individual
vehicle detectors.

® Vehicle Detector Packet Loss Rate Query: Monitoring the packet loss rate of vehicle
detectors over the last 24 hours.

® Vehicle Detector Fault Query: Identifying and investigating any issues or faults related to
vehicle detectors.

® Data Synchronization between Server Database and Local Database: Ensuring seamless
synchronization of data between the urban center server's database and the local database
of the management client.

2.7 The System Design Features



Establishing an overall architecture based on the Internet of Things (loT) reference, the system
enables wireless connections between the wireless geomagnetic vehicle detectors, receivers,
repeaters, and data processing center for unified management. When a vehicle moves or stops
on the detector, it detects the vehicle's status and sends the headway time and occupancy time
to the urban center server or intersection signal controller through the data processing center.
The intersection signal controller adjusts its control strategy based on traffic flow, headway time,
and occupancy time. The server handles data storage and provides fundamental data for other
management and decision-making systems. The most crucial task of this system is to provide
vehicle detection data to other systems while also performing self-management tasks, including
detector parameter modification, battery monitoring, and operational status checks.

A user-friendly visual human-machine interface is crucial as it serves as the system's facade and
reflects the convenience of maintenance and status monitoring. The system allows modification
of each vehicle detector's parameters, monitors the status of each vehicle detector, and enables
control and monitoring of intersection or road section devices. All these functionalities are
presented in a user-friendly manner.

Regarding the relationship between the management client, urban center server, and database
server:

City center server Database server

N o7

Management client

Each intersection or road section must have one data processing center device and one receiver
installed. The number of vehicle detectors installed at an intersection or road section is
determined by the minimum number of repeaters required.:

N, = ||\|T(Nc_+1)
12

Where N, means the number of vehicle detector routers, N, means the number of vehicle

detectors, and INT means integral number.
For example: If 24 vehicle detectors are required to be installed at one intersection, then,

10



according to the formula, 2 vehicle detector routers are needed.
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3. Core Product - Wireless geomagnetic

vehicle detector

The wireless geomagnetic vehicle detector achieves precise collection of geomagnetic signals,
with comprehensive algorithms, high energy-saving mode, and a reliable wireless
communication network. The core technology of this product lies in the collection of
geomagnetic signals. When a vehicle moves or stops on the detector, it impacts the
geomagnetic field as shown in the diagram below:
H;[Hu
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Vehicles in the Earth’s magnetic field disturbances
The wireless geomagnetic vehicle detector first collects signals at regular intervals through
geomagnetic sensors. The collected signals are then processed to generate waveform curves,
which are then passed to the algorithm. The algorithm identifies the vehicle's status, such as
presence, absence, movement, or stationary, and transmits this information wirelessly.

The algorithm used in the detector is a combination of dynamic and static algorithms. It
primarily analyzes waveform characteristics, applying filtering, sampling curve analysis, and anti-
interference techniques to achieve accurate detection. The wireless communication uses the
IEEE 802.15.4 protocol, which incorporates collision and retransmission mechanisms, enabling
long communication distances (over 150 meters) and reliable data transmission. Additionally,
the system implements wireless security mechanisms, allowing registration to the network only
with proper authentication through passwords.
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4. Technical Specifications

The wireless geomagnetic vehicle detector is the core device of this system. The final design aims
to achieve hardware stability, mature software, and precise algorithms, making it a new type of
vehicle detector with promising market prospects. Through a reasonable architecture, the
detector provides users with traffic flow, occupancy time, headway time, vehicle speed, and
other data while also incorporating management functionalities for the vehicle detectors and
data processing center equipment. The following technical specifications meet the
requirements for functional implementation.

41 Technical specifications of the ClairGeo-SDET wireless

geomagnetic vehicle detector include:

- Detector lifespan: 5 years

- Wireless communication distance: 150m

- Maximum detection height above ground: 60cm
- Dimensions: Diameter: 87mm, Height: 96mm

- Operating current: <100uUA

- Wireless frequency band: 2.4GHz

- Wireless data rate: 250kbps

- Wireless power output: 18dBm

- Operating temperature: -45+3°C to +85+£2°C

- Storage temperature: -55°C to +1207C

4.2 Technical specifications of the ClairGeo-SRCV wireless receiver

include:

- Maximum capacity: Can accommodate up to 16 wireless geomagnetic vehicle detectors in
the network.

- Dimensions: 200mm x 150mm x 75mm

- Power supply: Powered by the data processing center.

- Operating voltage: DC 5V

- Operating current: 50mA

- Wireless frequency band: 2.4GHz

- Wireless data rate: 250kbps

13



Wireless power output: 18dBm

Operating temperature: -45+3°C to +85£2°C
Storage temperature: -55°C to +120C
Receiver sensitivity: -110dBm

Relative humidity: 93%

4.3 Technical specifications of the ClairGeo-SRPT wireless repeater

include:

Maximum capacity: Can accommodate up to 16 wireless geomagnetic vehicle detectors in
the network.

Dimensions: 200mm x 150mm x 75mm

Input voltage: AC 85V to 265V / Solar power / Lithium battery / DC 5V / DC 48V
Operating voltage: DC 5V

Operating current: 50mA

Wireless frequency band: 2.4GHz

Wireless data rate: 250kbps

Wireless power output: 18dBm

Operating temperature: -45+3°C to +85£2°C

Storage temperature: -55°C to +1207C

Receiver sensitivity: -110dBm

Relative humidity: 93%

Battery lifespan: =3 years

4.4 Technical specifications of the ClairGeo-SDPC data processing

center include:

14

Dimensions: Length 213mm, Width 173mm, Height 86mm

Output interfaces: Dual Ethernet, RS232, RS485, |O

Input voltage: AC 85V to 265V

Operating voltage: DC 12V

Operating current: 180mA (without LCD screen) / 400mA (with LCD screen)

Wireless frequency band: 2.4GHz (only available for integrated model, not standard
configuration)

Wireless data rate: 250kbps (only available for integrated model, not standard configuration)
Wireless power output: 18dBm (only available for integrated model, not standard
configuration)



- Operating temperature: -45+3°C to +85£2C
- Storage temperature: -55°C to +120C
- Relative humidity: 93%

4.5 System detection technical specifications include:

- Vehicle flow accuracy: 97%

- Speed accuracy: 95%

- Occupancy time accuracy: 98%

- Headway time accuracy: 98%

- Time occupancy rate error: Less than +2%

15



5. Comparison with other commonly used

traffic vehicle detectors

5.1 Comparison with inductive loop detectors:

The inductive loop detector is a traditional traffic detector that works by burying induction loops
in the road and connecting them to the vehicle detector. When a vehicle passes over the loop,
the change in loop inductance caused by the vehicle's presence is detected, and the status
signal is transmitted to the vehicle detector for data collection and analysis.

Advantages of inductive loop detectors over other detectors include low cost, high reliability,
high detection accuracy, and all-weather operation, making them the most widely used vehicle
detectors currently.

Disadvantages:

® During initial installation of the inductive loops, road cutting is required to embed them,
which can lead to traffic congestion and disruptions on major urban roads during the
construction period.

® The installation of loops can damage the road surface and shorten the lifespan of both the
road and the loops. This is particularly problematic for asphalt roads, leading to increased
maintenance and operational costs and affecting the system's availability.

® Inductive loops are susceptible to environmental influences such as road sinking, cracking,
and freezing, leading to false detections.

® Due to their measurement principle, the detection accuracy of inductive loop detectors
significantly decreases during congested traffic or when vehicles are closely spaced, making
them less suitable for traffic flow detection at urban intersections.

® Once set, inductive loop detectors are fixed and difficult to adjust when road conditions
change.

Overall, the wireless geomagnetic vehicle detector in this system provides advantages over
inductive loop detectors in terms of installation convenience, maintenance, and adaptability to
changing traffic conditions. It offers a reliable and efficient alternative for traffic data collection
and management.

The following results are based on actual measured record.

Record comparison between earth coil detector and vehicle detector

16



Infrared coil Vb vb Reporte | VD/ Cail
occupancy occtpanc 1 occtipanc ) sbee d speed | Infrared | Infrared
y y d

1430 1873 1690 145 | 14 1.182 1.310

1017 1321 1250 172 | 20 1.229 1.299

898 1212 1110 20.1 20 1.236 1.350

884 1101 1095 19.8 | 21 1.239 1.245

818 1040 1005 22.1 20 1.229 1.271

575 771 705 31.6 | 30 1.226 1.341

530 716 605 33.6 | 36 1.142 1.351

497 606 610 375 | 35 1.227 1.219

449 551 500 435 | 42 1.114 1.227

396 496 430 44 44 1.086 1.253

390 495 485 46.7 | 45 1.244 1.269
5

369 496 410 505 |50 1.111 1.344
5

366 496 400 50.1 |50 1.093 1.355
4

359 447 395 516 |50 1.100 1.228

355 447 390 516 |50 1.099 1.242

334 385 355 52.1 55 1.063 1.153
5

324 495 355 580 |58 1.096 1.528
5

311 385 335 60.8 | 60 1.077 1.238

309 330 380 60.8 | 60 1.230 1.068
5

306 386 335 62.0 |61 1.095 1.261
5

Contrast chart of occupancy:
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Experiment conditions:

Inductive Loop Detector: Following the installation requirements for the inductive loop detector,
we created a 5-turn Tm x 1.2m loop and connected it to the receiver of the inductive loop
detector. The receiver's contact was then connected to a microcontroller to calculate the
occupancy time, and the data was displayed on a computer.

Infrared Detector: The occupancy time was calculated by using an infrared detector that detects
the infrared light blocked by the vehicle's body.

Analysis: From the ratio comparison chart, it can be observed that the smaller the range of curve
variation, the more ideal the situation, with a straight line being the most ideal scenario. Looking
at the ratio comparison chart, the "VD/Infrared" ratio curve has a smaller range of variation,
indicating better performance.

VD

“VD/ Infrared” variation range:1.05 < ———— <1.25
Infrared
L L Coil
“Coil / infrared” variation range: 1.05<———<1.55
Infrared

According to actual experiment, wireless geomagnetic vehicle detector (VD) is more accurate
and more dependable, and the premise is that the detected results by infrared detector are the

most reliable.

5.2 Comparison with video detectors:

19



Video detectors use video cameras as front-end sensors, and detection areas are set on the video
images collected by the cameras. When a vehicle enters the virtual detection area, it causes a
change in the background grayscale value of the image. The processor then processes the image
to determine the presence of the vehicle and detect traffic parameters such as flow and speed.

Video detectors have the advantages of collecting large amounts of information, high accuracy,
reliability, and ease of installation, debugging, and maintenance. They can flexibly set detection
areas as needed and provide real-time video images for management purposes.

However, video detectors depend on the quality of the video footage, which can significantly
impact detection results. Prominent factors affecting the performance include adverse weather
conditions (rain, snow, fog), lighting, trees, and dynamic shadows caused by vehicles.

In comparison, the wireless geomagnetic vehicle detector (VD) has shown better accuracy and
reliability in the previous testing, making it a preferable choice over video detectors in certain
situations where environmental factors can affect the performance of video-based detection
systems. The VD detector is not affected by adverse weather conditions or lighting, providing
consistent and dependable vehicle detection data.

5.3 Comparison with microwave detectors:

Microwave vehicle detectors operate based on the induction principle of emitting
electromagnetic waves to detect vehicles. Taking RTMS microwave as an example, it hangs on
the roadside and emits continuous low-power modulated microwaves within a fan-shaped area,
leaving a long projection on the road surface. RTMS divides the projection into 32 layers, with
each layer being 2 meters. Users can define the detection area as one or multiple layers. RTMS
calculates the traffic information of target vehicles based on the echo returned by the detected
vehicles and periodically sends this traffic information to the control center via RS232.

RTMS exhibits higher accuracy in detecting on high-speed highways with single vehicle types,
stable traffic flow, and uniform vehicle speed distribution, and is not affected by weather
conditions. However, in congested traffic conditions or areas with uneven distribution of vehicle
types, especially where there are many large vehicles, the detection accuracy will dramatically
decrease due to occlusion effects. Moreover, microwave vehicle detectors cannot detect
stationary vehicles, making them unsuitable for installation on congested urban roads or
intersections. Additionally, microwave vehicle detectors require a certain distance from the
nearest lane to avoid blind spots.

5.4 Comparison with normal vehicle detectors

20



Comparison Video Detector Inductive Loop | Microwave Magnetic

ltem Detector Detector Detector (VD)

Installation Easy, quick Difficult, slow Easy, quick Easy, quick

Configuration Medium Easy, quick Medium Easy

Detection Visual Assumed Assumed Assumed

Accuracy confirmation

Flexibility Flexible Not flexible Flexible Flexible

Detection Area Up to 8 lanes 1 lane Up to 8 lanes 1 lane

Sensitivity Moving and | Moving and | Only moving | Moving and
stopped vehicles | stopped vehicles | vehicles stopped vehicles

Directionality

4 directions

Not applicable

2 directions

1 direction

Impact of Mixed | Affected Affected Affected Not affected
Vehicle Types

Maintenance Low Very high Low Low

Cost

Lifespan 7 years Less than 5 years | 7 years 6 years (battery

replacement to
continue use)
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6. Simulated loop detector output

Currently, some systems are designed to work with ground loop detectors. This requires our
developed wireless magnetic vehicle detector (ClairGeo-SDET) to be able to output signals in a
manner similar to ground loop detectors.

Simulated Loop Detector

The coil outputs generally include TTL high-active, TTL low-active, normally open, and normally
closed. Ground loop detectors usually provide outputs in the form of pulses and dry contacts.
The ClairGeo-SDET can fully simulate the output modes of ground loop detectors, achieving
"presence" and "no vehicle" binary outputs. The occupied time can be determined based on the
length and width of the ground loop installation, and the output function can be customized
according to specific requirements.

The ClairGeo-SDET converts the waveform formed by the collected data into a square wave and

sends it to the SDPC (Data Processing Center). The SDPC then transforms (using the output
function) to generate the same square wave output as the ground loop detector.

22



7. Application

The traffic basic data collection system is widely used and can be applied in various scenarios,

including:

Inductive traffic signal control system

Red-light violation capture system

Speeding violation capture system

Access control systems

One-way street violation capture system

No-entry violation capture system (no left turn, no right turn, restricted areas, etc.)
No-parking zone (yellow grid) violation capture system
Parking lot space guidance system

Urban parking guidance system

Urban tollgate automatic monitoring system

Public security traffic command center system construction

The list above is only a selection of commonly used applications. The traffic basic data collection

system can be adapted and applied in various traffic management and surveillance scenarios to

enhance traffic safety, efficiency, and overall management.

7.1 Application in Traffic Induction Algorithm

1. System structure:
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2. Actual installment diagram:

3. Explanation:

One or several deters are installed for each lane, and the actual number and installation location
are determined by traffic control algorithm.

When detector cannot communicate with intersection or section acquisition center, or the
number of installed detectors is over 10, detector routers must be installed.
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7.2 Application in Speeding Snapshot System

1. System structure:

Internet/ I
| ntrane - —
Intersection or road section control center l Portable computer
| == =
Snapshot subsystem

Wireless network

I I I
| | |

Vehicle detector

2. Actual installment diagram:

-
Traffic signal controller
Snapshot equipment
Vehicle detector center

: ’ /‘—'—— .
Network communication /

’

sy,'
-

\

3. Explanation:

Detector processing center (intersection or section acquisition center) trigger signal through
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vehicle heads of 2 detectors installed for each lane. Speed is calculated using the formula of

V = T and then transmitted to vehicle identification system or urban center server.

Identification system receives the speed value to judge whether there is speeding according to
speedy-limiting threshold. If speeding is confirmed, the snapped images and vehicle
identification information are then transmitted to urban center server.

7.3 Application in Traffic Light Violation Snapshot System

1. System structure:

Server

Snapshot subsystem I

Internet/ k
Intra E—
A Portable computer

Intersection or road section control center

me'
Signal control system

Wireless network

| | |
| E| E

Vehicle detector

2. Actual installment diagram:
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3. Explanation:

Detector processing center (intersection or section acquisition center) receives detection
information from detectors in each lane, transmitting to signal controller, snapshot system, and
urban center server.

When phase control is changed, signal controller informs the red light lane to snapshot system.
Snapshot system is triggered according to red light lane and the signal of “with vehicle” from

run red light detector in the lane, the snapped image and identification information are
transmitted to urban center server.

7.4 Application in Access Control System

1. System structure:
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K. o

Camera Entrance

L

Portable computer

Camera Exit
@ Intersection or road section control center @
Gate door machine Entrance | Gate door machine Exit

- i -~ i L~ - -~ -~

Vehicle detector

2. Actual installment diagram:

Control room

Electronic display screen

Automatic gate

Electronic display screen

Vehicle detector

3. Explanation:

There are two processes for vehicle detector in access control system: the one is to trigger vehicle
identification device to work, and the other is to control gate device up or down, and count
entered/existed vehicle number.

7.5 Application in Urban Parking Inducible System:
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1. System structure:

— Intersection or road sechon control center Portal le
1

2. Actual installment diagram:

-~ 7~
\ Vekhucle d.n‘wlur‘

The traffic signal detsctor comrol cemter

;
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8. Transportation, storage, installation, use

8.1 Transportation and Storage:

The packaged products can be transported using conventional transportation tools. During
transportation, avoid intense vibrations, exposure to rain or snow, direct sunlight, contact with
corrosive gases, and mechanical damage. It is necessary to transport the vehicle detectors in an
inverted position.

The products should be stored in a well-ventilated, dry, and storage area free from acidic, alkaline,
or corrosive gases. The vehicle detectors should also be stored in an inverted position.

8.2 Preliminary Site Survey for Installation:

Before installation, a thorough site survey is necessary. This includes assessing the installation
site, planning the positions for data processing centers, receivers, relays, vehicle detectors, and
antennas based on the site conditions. Drawing a detailed layout on paper or electronically to
mark the construction dimensions on the road surface is also part of the preparation process.

8.3 City Traffic Basic Data Collection System Installation

Each inspection point requires the following equipment:

® 1 Data Processing Center device
® 1 Receiver
® 1 Wireless Magnetic Vehicle Detector

If the number of installed detectors exceeds 16, it will be necessary to install a repeater to extend
the wireless communication range and accommodate additional detectors in the network.
The number of repeaters:

N, = ||\|T(Nc_+1)
12

Where N, is the number of repeater, N, is the number of vehicle detector, and INT means

c

integral number.
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For each intersection (site), the following equipment needs to be installed:

Wireless Magnetic Vehicle Detector
Data Processing Center
Receiver

Relay (if the number of detectors exceeds 16)

At the city management center or management department, the following equipment needs
to be installed:

® City Center Server
® Management Client

8.4 Installation of Wireless Magnetic Vehicle Detector

8.4.1 Preparation of EQuipment

Wireless Magnetic Vehicle Detector

8.4.2 Number of Installations

The number of wireless magnetic vehicle detectors to be installed depends on the application
method and the specific requirements for each type of detector:

® Full-Function Detector: Install at least 1 unit per lane.
® Speed Detection Detector: Install 2 units per lane.

® Queue Length Detection Detector: The number of installations is not fixed. Generally, install
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1 unit every 10 meters backward from the stop line.
® Red Light Trigger Detector: Install 1 unit per lane.
® Front Road Segment Full of Parked Vehicles Trigger Detector: Install 1 unit per lane.

8.4.3 Installation Tools

The following tools are required for the installation of the wireless magnetic vehicle detectors:

Drilling Machine (Water Drilling)
Drill Bit with an external diameter of ®102mm
Water Bucket and Water

[ron Hammer

Rubber Mallet

Iron Chisel

Water Boots

Screwdriver

Epoxy Resin

Fine Sand

Measuring Tape

Iron Shovel

Water Pumping Tool

Specialized Extrusion Tool

Road Drilling Machine
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8.4.4 Installation of the Vehicle Detector

® Use a highway drilling machine to drill a hole with a depth of >130mm.

® Place the inverted vehicle detector into the hole in an upright position. If the top of the
vehicle detector is below the road surface, add fine sand at the bottom. If it is above the
road surface, it indicates that the depth of the hole is insufficient. After leveling it with the
road surface, use a specialized extrusion tool to secure it.

® Other Notes: The wireless magnetic vehicle detector is inverted and in a power-off state for
power-saving purposes during transportation. When installing it officially, place it in an
upright position. Determine the installation position based on the function of the vehicle
detector.

® Caution: The installation position should not be too close to high-voltage cables, as it may
affect the normal operation of the wireless magnetic vehicle detector.

8.4.5 Installation position

For each lane that requires detection, at least one vehicle detector should be installed. The
specific installation quantity depends on the application method.

For SCATS (Sydney Coordinated Adaptive Traffic System) system, the vehicle detector should be

installed 3.5 meters behind the stop line, on the centerline of the lane, as shown in the diagram
below:
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The green dots represent the detectors.

If detecting speed, one lane requires the installation of 2 detectors. The distance between each
detector and the stop line can be set through the management software or data processing
center. To ensure accuracy, the distance between the two detectors should be at least 3 meters
and should not exceed 6 meters.

Speeding Vehicle Detector Installation Position Diagram

8.5 Installation of Data Processing Center
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8.5.1 Preparation of the equipment

Data Processing Center

The data processing center equipment has the following peripheral interfaces:
RS485, RS232, Ethernet, USB, I/O Ports

8.5.2 Installation Quantity:

One data processing center is installed per intersection or road section.

8.5.3 Data Processing Center Installation:

- Place the data processing center inside the equipment rack and secure it.
- Connect the 220V AC power supply cables: ground (GND), live (L), and neutral (N).

8.5.4 Installation Position:

The data processing center can be installed in the intersection cabinet, road section cabinet, or
other system cabinets.
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Intersection or road section control center

Installation location for data processing center

The bracket for the data processing center is optional and can be selected based on the specific
conditions of the equipment rack.

8.5.5 Data Processing Center Connection with Other EQuipment:

- The data processing center equipment sends the collected basic data to the city data center
through Ethernet, 3G, or other means. It requires ordinary twisted pair cables to connect
with a hub, router, or 3G DTU (Data Terminal Unit).

- ltis connected to SCATS through a 37-core cable using the SDPC type data processing center.

- For other signal controllers, serial cables, Ethernet cables, or IO cables can be used for output
connections.

Once both the data processing center and the receiver are installed, perform actual
communication tests to check the signal line connections. After powering on, if a green dot
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appears in the middle of the interface, it indicates that the connection between the data
processing center and the receiver is normal.

8.6 Receiver Installation

8.6.1 Equipment Preparation:

- Receiver

8.6.2 Installation Quantity:

- The number of receivers should be consistent with the number of data processing centers at
the site.

8.6.3 Receiver Installation:

- Fix the receiver on a suitable pole near the data processing center.
- Connect the receiver to the data processing center using a six-core cable.

37



The connection between the data processing center and the receiver is shown in the diagram
below: (Please refer to the provided diagram for details)

. Receiver
RS422 interface and power cable (6 core)

Data Processing Center

Around 3m

=R

Controller Cabinet

T W R T SET o] [ A7 2 v AT A 4
LRI TT AL TPLT TR LA LY
Y O A7 7 7 A 4

E1- P VAT EA

8.6.4 Installation Location:

The receiver should be installed on a suitable pole near the data processing center, such as a
traffic signal pole or a red-light camera pole. It is important to ensure that the six-core cable can
pass through the pole and that there are no significant obstructions around the receiver that
could block the signal.

8.7 Repeater Installation

8.7.1 Equipment Preparation

Repeater
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8.7.2 Number of Installations

The repeater should be installed under the following circumstances:

- When there are obstructions between the detector and the receiver, a repeater is needed.

- When the visible distance between the detector and the receiver exceeds 150 meters, a
repeater is needed.

- If the number of detectors at an intersection exceeds 16, a repeater is needed. The number of
repeaters required can be determined using the following formula:

v, = e
16

Where N, is the number of repeater, N, is the number of vehicle detector, and INT means

c

integral number.

8.7.3 Repeater Installation

- repeater only needs to be powered.
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Repeater

AC220V cable

=>3m

8.7.4 Installation Position

The repeater can be installed on signal poles, electronic police poles, or solar power poles.

- If installed on a signal pole or electronic police pole, connect the AC 220V power supply to the
L and N terminals inside the repeater.

- If installed on a solar power pole, connect the solar panel output power line to the solar power
input terminal inside the repeater.

- The repeater has installation holes at the back, which can be fixed to the pole using clamps or
brackets.

8.8 Field Parameter Configuration

Field parameters are configured through the data processing center using the touchscreen. The
main configurations include:

® Setting the wireless network ID for the intersection or section. Typically, it is set to the
intersection code (numeric).

® Configuring SDPC communication parameters, including the intersection or section code,
IP address, server IP address, etc.

® Configuring SDPC communication with the signal controller.
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Parameters

of Communication

ntersection ID ‘[_‘U(HIU()Z_‘; Yersion

Local II 192. 168 7 Mask 255. 255. 255. 0 Gateway 192. 168. 1. 1

Serve I 92. 168. 1. 254 Port ‘\'ﬁi’»(’l Debug IP ‘ 192. 168. 2. 48

Other I 32, 168. 1. 254 Port 2000 [/0 Setting 1

Protocol of Ethernet 710 v Prot f Seria 71 " Baund Rate 7!15200

Coordinator Internal Port2 | v Serial Select 232 JV I/0 Board Common

|

Interval Time of Serve :t}() ‘VV‘ Send Data to Server Send Data to Other

Interval Time of Other &0 lV Other Communication | Ethernet Uart R 1/¢
Save

[tab [ 1 [ 2 [ 3 [Besplf

s e o]
(vt [ 7 8 [ offf ]

VD 1D

Pic Delete

Configure the mapping between the vehicle detectors and the lanes.

p
0

0
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VD

0

Save b
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0
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Lane Detector and Corresponding Relationship

P
402 ¢
= C

00007177

)istance between stop line + 11300 0

ST Tt ashiod e DEracke
1-Master Vehicle DL[LLI(‘v

Delete Save a

[

l,l
0
VD

l)
W 1 00007084 .
TOAI 9

Wby by by by by by )
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2
2
)
i IBTS (s) 0
v : '
v T0CN(s) 900 ?
Output Order 12
VD Function |3-Aprriyve and Leave |[»
Sample Interva 3_201115 v (I)
_|D
Delete Save
ll
0
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® Information browsing.
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Information of VD

VD 1D Lane 1D | Vol (mv) Attribute Downloaded Status VD Version
00007099 101 Master Vehicle Detector
00007420 102 Master Vehicle Detector
00007344 103 Master Vehicle Detector
00007343 201 Master Vehicle Detector
00006951 202 Master Vehicle Detector
00007401 203 Master Vehicle Detector
00007104 301 Master Vehicle Detector
00007369 302 Master Vehicle Detector
00007060 401 Master Vehicle Detector
00007177 102 Master Yehicle Detector

Page: 1/2 ﬂl Ul Sum of VD: 12
Wireless Network Architecturéxm;m%t
VD ID Hardware Address INetwork [DI Type I Local | Management |

Main operating interface.



2023-08-03 Thu 09:17:59 (N N
[ntersection ID: 20000024

Local [P: 192. 168. 1. 47

Server IP: 192, 168. 1. 254

Sum of VD: : On-line VD: 0

System is operating properly

Note: The codes of the vehicle detectors are determined and set before leaving the factory.

8.9 City Center Server Installation

Server Configuration:

- CPU: At least 2.0GHz clock speed.

- Memory: At least 2.0GB RAM.

- Hard Drive: At least 140GB storage capacity.

- Network Card: T000M (1Gbps) Ethernet.

- Internet Connection Speed: Broadband with at least 2Mbps bandwidth.
- Operating System: Windows 7 Service Pack 1.

Install Service Program:

- The installation files are included in the system distribution CD.

- Locate and run "VehicleDetectorServiceSetup.msi".

- Follow the default options during the installation process.

- After installation, you will find the "VehicleDetectorService" in Windows services.

- If using a server load balancing solution, additional configurations will be required.

8.10 Management Client Installation

Management Client Configuration:
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- CPU: At least 2.0GHz clock speed.

- Memory: At least 2.0GB RAM.

- Hard Drive: At least 140GB storage capacity.

- Network Card: T00M (100Mbps) Ethernet.

- Operating System: Windows 7 SP1 or Windows 2008 Server.

Install Management Client Program:

- The installation files are included in the system distribution CD.

- Locate and run "Traffic Data Collection System.msi".

- Follow the default options during the installation process.

- After installation, you will find the following icon on your desktop:

(Double-click to launch the Management Client)

[ @ = ] |

8.11 Client Functions
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8.11.1 Subzone Management
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8.11.3 Detector Management
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In the Detector Management interface, you can set the position, lane, and operating parameters
of the vehicle detectors. Right-click on the corresponding intersection to adjust the time and
restart the data processing center:
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8.11.4 Traffic Statistics Data Query
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You can perform statistical queries on selected intersections based on lanes and time periods:
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8.11.5 Intersection Detector Status Query
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8.11.6 Intersection Detector Packet Loss Rate Query
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You can check the wireless data packet loss of each detector at the selected intersection within
the last 24 hours.
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8.11.7 Detector Fault Query
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8.11.8 Client Communication Parameter Settings
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8.11.9 Data Synchronization
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9. After-Sales Commitment and Training

Plan

9.1 Technical Support for the System

We will provide strong technical support for the system. Our company has a technical support
center that handles customer complaints, ensuring timely investigation and resolution of any
issues. We aim to respond within 12 hours and provide on-site assistance or other necessary
actions within 24 hours.

9.2 After-Sales Service

Customer satisfaction and service excellence are our top priorities in after-sales service. We offer
a one-year warranty and lifelong maintenance policy for the contracted equipment. The specific
standards are as follows:

Service item ) Maintenance service
) Material expense
Time expense
First year Free Free
Second/third year Charge material expense at | Free
cost

From the fourth year | Charge material expense at | Charge proper service
on cost expense

Note: Any requests for software or hardware improvements, expansions beyond the warranty
period are not covered by the warranty. However, we will continue to provide the most favorable
and high-quality services to the customer for any such requests.

9.3 Training Plan

9.3.1 Training Range

It is an important part of system engineering to train technicians for Party A. As the quality of
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training will influence the implementation and maintenance to the project, training program
should be attached great importance by both parties. Based on our prior experience in
software development and system integration, training program can be variously preceded by
stages and by groups, from the elementary to the advanced, from theory to practice, and from
group teaching to live demonstration, according to the project implementation scheme.

Target Trainee Equipmen | Network Data base Application
t Software

Manager V vV vV V

Section Chief  J [ o {

System Administrator | * A A o

Network A * A {

Administrator

Data Base | A A * A
Administrator

Operation and | A A A *
Installation

Technician

Notes:
v Macro technical and operation training.

Macro technical and operation training is for managers to fulfill their macro-management,
analysis, and decision-making as well.
® Basic technique and operation training.
It is aiming at Section Chiefs to benefit their overall understanding about the techniques used
in the system, and to instruct technically on system administration.

A Relevant technique training and control.
The target trainees are various sorts of administrators. It will help them master all techniques
used in the system and facilitate the close cooperation between them.

* It requires all administrators specialized in techniqgue and operation to thoroughly

study and give priority to the most important aspects.

» Host computer technique: including computer system technique: computer operation
and usage technique, Raid fault-tolerant technique, backup technique, network
management technique, and Windows operation system.

» Network technique: including local area network swapping technique, wide area
network route technique, security technique, administration of network technique,
Internet technique, and network product introduction.

» Theoretical Training: including the rationale, basic operation, and configuration
technigque for main computer and network system, to make preparations for project
implementation and maintenance.

» Field training: provide on-the-spot guidance and technique support to technicians in
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the project implementation field to achieve daily maintenance and administration
ability to system.

Training promises: 1. We promise to perform overall training to customers in technique
and operation, and to ensure customer maintenance administrators with the abilities
of independent performance, administration, operation, failure treatment, daily
maintenance and test. 2. Training program provided by original producer will be
arranged by us as per customer demands. 3. All training curriculum and teaching
material provide by us are free.

9.3.2 Training Content

Training before installation: After signing the contract and before goods arriving and
installing, training will be undertaken by training department of the manufacturing
enterprises, and its location can be arranged in either our company or the seat of
customer. Training contents mainly refer to equipment installation, debugging, and
maintenance, LAN principle and design, programming, installation, implementation
and maintenance of system and network administration.

Training on site: after equipment arrived, installed and accepted, training will be made
for their technicians about the installation, operation and usage, and administration of
the purchased equipment and software.

9.3.3 Training course syllabus and scheme
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Series Training Experiment Degree of
Course Name .

No. Hour Environment |Course

0 Introduction to the System |2 Yes Senior

1 Vehicle detector installation |2 Yes Senior
Vehicle detector router )

2 . ) 2 Yes Senior
installation
Intersection or section )

3 o Yes Senior
acquisition center

4 On-site configuration 2 Yes Senior

5 Windows set up 1 Yes Elementary

6 LAN principle and structure |2 Yes Medium

7 Database installation and|2 Yes Medium
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usage

Server software set up 1 Yes Senior
The installation and usage of
application  software  of|3 Yes Senior

management client section




