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Preface 

Taiwan has always been the most important supply chain in the global telecommunications 

industry, and also an important city providing solutions for Smart Cities around the world. 

Today, the application of 5G has become an inevitable trend. The government is promoting the 

policies of "Taiwan 5G Action Plan" and "Forward looking Infrastructure Plan", and is also 

planning the development of six core strategic industries. We look forward to building a 

development environment for 5G innovative applications, promoting digital construction and 

setting a mart city model. At the same time, we will establish Taiwan's leading position in 

communications and continue to promote Taiwan to become a global digital base. 

In recent years, many countries around the world have noticed the development of Multi -

Function Smart Pole (smart pole). Various domestic regions have also successively 

demonstrated the erection and carried out projects such as Internet of Things street lamp posts 

and smart poles. However, due to the lack of consistent specifications and inspection standards 

for smart pole products, and the failure to focus on the connection with international 

specifications, there comes out a situation of going their own way. Meanwhile, the vertical 

integration of related industries is not easy, and the close connection of domestic supply chain 

cannot be established. In fact, the smart pole can be multiplex and used as the carrier of 5G 

small base station. Moreover, it can also be used to integrate other hardware equipment to play 

a role in the application of technologies such as environment sensing, mobile network, electric 

vehicle charging, artificial intelligence analysis, internet of vehicles and edge computing, thus 

playing an important role in networking and collecting big data. 

With the background of the time, with the support of the BSMI (Bureau of Standards, Metrology and 

Inspection) of the Ministry of Economic Affairs and the Technology Department, the 5G Smart Pole 

Standards Promotion Alliance, which was established spontaneously in the industry, has programmed 

the "5G Smart Pole System Design Specifications". Such an event was organized by the Taipei 

Computer Association and invited Pegatron, Grand Eternity, ChungHwa Telecom, Auden, HwaCom 
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and other member manufacturers to serve as the main cadres for planning. It is expected that this 

specification can combine the basic spirit of completeness, inclusiveness, efficiency and 

internationalism, so that all cities can easily adopt this specification as a reference for the construction 

of smart pole system. The Alliance has also designed a variety of multi-functional poles to meet 

various potential and possible application needs. It also considers the cost and functions in designing, 

provides reasonable construction costs, and conforms to international standards, which makes it 

easier for the industry to expand the international market. 

Appreciate for the concerted efforts of the Alliance cadres and members in planning and 

formulating industrial standards. In the process of writing, a great thank should be expressed 

to the Standards Inspection Bureau and the Technical Department of the Ministry of Economic 

Af fairs for their guidance and assistance, and kindly express my special gratitude to them. It is 

expected to integrate the development of communication technology and innovative science 

and technology in the future, and use 5G smart poles to weave the basic network of smart cities, 

which will also become the cornerstone of the big data analysis platform. It is also hoped that 

the domestic supply chain of 5G smart rod industry can be established, and the export 

opportunities of 5G smart rod overall solutions can be expanded at the same time, to become 

an important promoter of global industrial technical specifications, and echo the government 

driven digital national innovation economic policies.  
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1. Coverage  

This document contains relevant specifications and definitions of 5G smart pole system. 

 

2. Norms Referenced  

ANSI C136.41 

CNS 10007 Hot Dip Galvanized Coatings on Iron and Steel 

CNS 10522 Emergency Public Address Equipment 

CNS 1157 Alkyd Resin Enamel 

CNS 12390 A3288 Method of Test for Determining Degree of Pavement Compaction of 

Bituminous Aggregate Mixtures 

CNS 1247 H2025 Methods of Test for Hot Dip Galvanized Coatings 

CNS 13438 Information Technology Equipment - Radio Disturbance Characteristics - 

Limits and Methods of Measurement 

CNS 14115 Limits and Methods of Measurement of Radio Disturbance Characteristics of 

Electrical Lighting and Similar Equipment 

CNS 14165 Degrees of Protection Provided by Enclosures (IP Code) 

CNS 14335 Luminaires 

CNS 14546 LED Traffic Signal Lanterns and Lamp Housing 

CNS 14555 Road Traffic LED Display Panel 

CNS 14657 Acoustics - Determination of Sound Power Levels of Noise Sources - 

Precision Methods for Anechoic and Semi-anechoic Rooms 

CNS 14676 Electromagnetic Compatibility 

CNS 14677 Sound System Equipment 

CNS 15233 Technical Specification for LED Street Lights Set in The Whole Station 

CNS 15233 Fixtures of Roadway Lighting with Light Emitting Diode Lamps 

CNS 15511-2 Electric Vehicle Conductive Charging System ï Part 2: Interface 

Requirements 

CNS 16120 Video Surveillance System Security 

CNS 2253 H3025 Aluminum and Aluminum Alloy Sheets, Strips and Plates 

CNS 2253 H3027 Aluminum and Aluminum Alloy Extruded Products  

CNS 2931 Molded Case Circuit Breakers 
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CNS 4908 Anticorrosive Primer for General Use 

CNS 5422 Residual Current Operated Circuit Breakers 

CNS 601 Ready Mixed Paint (Synthetic Resin Type) 

CNS 61347-1 Lamp Controlgear ī Part 1: General and Safety Requirements 

CNS 61347-2-13 Lamp Controlgear ī Part 2-13: Requirements for D.C. or A.C. Supplied 

Electronic Controlgear for LED Modules 

CNS 62087 Audio, Video and Related Equipment ï Determination of Power 

Consumption 

CNS 8886 Methods of Salt Spray Testing 

ITU-G.651 

ITU-G.652 - International Telecommunication Union 

MIL STD 810G Tai-Nei-Ying-Tzu No. 0940087319 Seismic Design Specifications and 

Commentary of Buildings 

Tai-Nei-Ying-Tzu No. 0990807042 Design and Technique Specifications of Steel 

Structures for Buildings 

Industrial Development Bureau, Ministry of Economic Affairs No.25 Regulations for 

Installation of User's Electricity Device 

Section 2.1.4.3 of the National Highway Lighting Application LED Street Lamp 

Feasibility Assessment Difference Evaluation Report 

Construction Specifications of Taipei City Government Chapter 02319 

Construction Specifications of Taipei City Government Chapter 027265 

Construction Specifications of Taipei City Government Chapter 03377 

Huan-Shu-Kung-Tzu No.1091159220 Order,  Air Quality Index 
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3. Abbreviations  

The followings are the abbreviations used in this article: 

AC: Asphalt Concrete 

CLSM: Controlled Low Strength Materials 

CPEȸCustomer Premise Equipment 

DASȸDistributed Antenna Systems 

FWAȸFixed Wireless Access  

LPWANȸ Low Power Wide Area Network 

OLTȸOptical Line Terminal 

ONTȸOptical Network Terminal 

ONUȸOptical Network Unit 

RSUȸRoadside Unit 

WDM: Wavelength Division Multiplexing 
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4. Structural System  

5G Smart Pole System Architecture: 

 

Figure 4-1 Schematic Diagram of 5G Smart Pole System Architecture 

 

(a) Infrastructure layer: 

The infrastructure of the pole structure system includes: communication equipment 

warehouse, pole, base, common pipeline, loop control box, charging control box, charging 

post, and monitoring data management center machine room. 

(b) Communication awareness layer: 

Equipment and systems integrating communication reception and environment awareness 

includes: camera lens, small base station, interactive digital billboard, digital road sign, 

antenna, environmental detection equipment, traffic sign, emergency call system, public 

promotion player, smart lamps, etc. 

(c) Signal transmission layer: 

The transmission layer can be broadly divided into wired and wireless transmission modes. 

(d) Platform layer: 
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Including central control center, lighting management, warning management, scheduling 

management, traffic sign management, environmental detection data collection, camera 

monitoring management system. 

(e) Application layer: 

Street lighting, environmental detection, traffic sign management, Wi Fi sharing, signal 

transmission, emergency call, public announcement, digital advertising, etc., and 

corresponding services provided by the perception layer. 

Designing Principles of 5G Smart Pole System: 

(a) Because of the need to cope with the height requirements of different scenes, modular design 

is used in pole body. 

(b) The 5G smart pole system includes the pole itself, external communication sensing 

equipment, bottom power distribution and each equipment warehouses. 

(c) The height, arm length, spacing and other standards of the pole body shall be tested, and the 

relevant data shall comply with the relevant government regulations (CNS and the 

Construction Department of the Ministry of the Interior and other relevant units' regulations). 

(d) The working environment, installation space, load bearing, overall safety, stability, 

maintenance, and other factors of the attached equipment shall be comprehensively evaluated. 

(e) The materials of the pole body include hardness, strength, wind resistance, shock resistance, 

corrosion resistance and water resistance (CNS, Construction Department of the Ministry of 

the Interior and other relevant units). 

(f) The appearance design shall be adjusted according to the surrounding environment, culture, 

landscape and other factors. 

(g) It is necessary to evaluate the load bearing requirements, load design and the standard service 

life of the structural design of the external communication sensing equipment. 

 

4.1 Pole System Design  
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Including design principles, pole body design, load weight setting, waterproof requirements, 

windproof requirements, shockproof requirements, anti-corrosion treatment, pole body height, 

other requirements, etc. 

 

4.1.1 Pole Height  

The height range of the pole should be 3 m~15 m. The height of the smart pole should be 

selected according to the actual application scenario. 

Table 4.1.1-1 5G Smart Pole Application Scenarios 

Scenarios Height of 5G Smart Pole 

 

 

 

 

 

  

Road 

High, fast speed road 8-15 

Main, secondary road 8-12 

Branch road 6-8 

Viaduct, bridge, interchange road 8-12 

Commercial pedestrian street, park, community, sidewalk, 

small car lane 

3-6 

Layered design principle shall be used in 5G Smart Pole 

(a) Lower layer: the height is less than 2.5m, suitable for supporting equipment (power supply, 

gateway, router, etc.), charging post, interactive digital signage, emergency call, equipment 

warehouse, etc. 

(b) Upper layer: 2.5m-8m high, applicable to digital road signs, traffic signs, video surveillance, 

public push notification, Wi Fi equipment, FWA equipment and other facilities. 

(c) Pole top: the height is generally more than 8m, and it is advisable to deploy 

telecommunications network, environmental monitoring, intelligent lighting, and other 

facilities. 

 

4.1.2 Load Weight Setting  

Weight, capacity, transmission interface and transmission mode of attached equipment: 

Table 4.1.2-1 Relevant Values of Attached Equipment 

Attached 
Equipment 

Max Weight 
Reference 
Power 

Interface (Reference) 
Transmission Mode 
(Reference) 

Telecommunication 
network 

90 kg 150W Optical fiber Wired 

Wi-Fi device 3 kg 2W Network port Wireless or wired 
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LPWAN 1.3kg 12W NB-IOT, LoRaéetc Wireless 

Road-Side Units (RSU) 15kg 26W Network port Wired 

Intelligent lighting 15 kg 250W 

RS485ȳNEMA Standard 
interface, 

0-10V, PWM, DALI Output 
interface 

Wireless or wired 

Environmental 
monitoring 

1.2 kg 2.5W Network port or serial port Wireless or wired 

Video surveillance 3.2 kg 48W Network port or optical fiber Wired 

Traffic sign 26 kg (5 lights) 50W Network port or serial port Wired 

Public push 
notification (Host) 

1 kg 36W HDMI Wired 

Public push 
notification 
(loudspeaker) 

2.02kg 13W Network port Wired 

Emergency call for 
help 

2.5 kg 12W Network port Wired 

Road digital sign 46 kg 600W Network port or serial port Wired 

Interactive digital 
signage 

4.9 kg 70W Network port or serial port Wired 

Charging post 6 kg 7k~17.6kW Network port Wired 

Gateway 1.5kg 47W Network port or serial port Wired 

Switch 1.5kg 20W Network port or serial port Wired 

Edge computing 7kg 330W Network port Wired 

The above table only shows the attached equipment inside the pole body, and the more detailed 

specification requirements of WG1 attached equipment are described in 4.2.3. 

 

4.1.3 Composition of Pole System  

The pole system is composed of pole body, foundation cage, cross arm, equipment 

warehouse (including expansion), door lock and other modules. Power distribution module, 

communication module, lightning protection module, grounding module, etc. are built in the 

equipment warehouse. 

 

4.1.4 Pole Body Design  

According to different use environments, the pole body can be circular or polygonal, and the 

appearance of the pole body can be designed according to the local cities and cultural 

characteristics. On the premise of effective economic scale and mass production cost, the 

following requirements shall be met: 

(a) The pole structure and overall safety shall comply with the "Code for Design of Steel 

Structures of Steel Buildings (I) Code and Interpretation of Steel Structure Allowable Stress 

Design Method" issued by the Construction Department of the Ministry of the Interior [1], 
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which should be checked. 

(b) The materials for the pole body design shall be carbon steel and low alloy steel. The steel 

plate material shall comply with the specification of "CNS-2473-G3039-SS400" [2], and the 

steel pipe shall comply with the specification of "CNS-4435-G3102" [3]. The height, 

structure, load and other factors shall be comprehensively considered in the design of pole 

thickness. 

(c) When new materials such as high-strength aluminum alloy are used for pole body design, 

their performance shall comply with the relevant provisions of CNS 2253 H3025 [4] and CNS 

2257 H3027 [5]. It is recommended to use SS400 mild steel with a thickness greater than or 

equal to 6mm. 

(d) For the process and design of combined connection, such as the strength of welding seam 

and the strength of bolt connection, please read the design specifications or relevant technical 

regulations in detail. 

(e) Nonfunctional reflective and anti-glare surface treatment process shall be used for the pole 

body. 

(f) The pole body should also have anti pasting function, and the height of the anti-pasting area 

should not be less than 2.5m. 

 

4.1.5 Anti-Corrosion Treatment  

Shall meet the following requirements:  

(a) Hot dip galvanizing or hot dip aluminum shall be used for anti-corrosion treatment of steel 

poles, and the surface can be painted or sprayed according to actual needs. 

(b) The rust prevention treatment of hot-dip galvanizing and hot-dip aluminizing on the pole 

surface shall comply with the provisions of CNS 10007 [6] and CNS 1247 H2025 [7]. 

(c) The painting treatment shall comply with the provisions of CNS601 [8], CNS1157 [9] and 

CNS4908 [10]; 

(d) The corrosion resistance of the pole body shall be verified by CNS8886 " Methods of salt 

spray testing " [11]. 

 

4.1.6 Load Requirements  

The actual load weight of the pole body shall match the load capacity of the pole body. In 

addition to integrating existing functional equipment loads, space shall be reserved for increasing 
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system loads in the future. The limit of pole top weight shall be designed according to different 

pole body design and size, which can be referred to relevant regulations. 

 

4.1.7 Wind Resistance Requirements  

In terms of wind resistance design, the design shall comply with the "Technical Code for 

Design of Steel Structures of Steel Buildings (I) Code and Interpretation of Allowable Stress 

Design Method for Steel Structures", "Code and Interpretation of Wind Resistance Design for 

Buildings" [12], "Code for Design of Building Foundations" [13] and "Code for Design of 

Concrete Structures" [14] issued by the Construction Department of the Ministry of the Interior, 

and meet the following requirements: 

(a) The wind pressure standard is calculated as 60m/s (Grade 17), and the basic wind pressure 

shall not be less than 499kgf/m ² (Refer to P.51 Wind Speed and Pressure Conversion Table 

of "Typhoon 100 Q&A" issued by the Central Meteorological Administration), the time is 5 

minutes or more. 

(b) The design value of material strength shall be greater than the maximum stress of the base, 

pole, cantilever, equipment and its connecting accessories under the combined value of wind 

pressure; 

(c) The deflection angle of the pole body caused by the maximum wind force shall not exceed 

the design value when the mounting equipment has requirements for deflection angle. 

Table 4.1.7-1 Wind Resistance Design Parameters of Pole Body 

Pole height (m) 

Range of pole 
bottom 
diameter 
(mm) 

Total windward 
area (m2) 

Basic wind pressure 
(KN/m2) 

Wind power 
level 

3-6 ʾ280 ʾ5 

0.65 ʿ17 
6-10 ʾ350 ʾ3 

10-15 ʾ450 ʾ3 

15-20 ʿ450 ʾ3 

 

4.1.8 Seismic Requirements  

It is necessary to consider the seismic capacity of the whole bearing bar. It shall comply with 

the provisions of "Code for Seismic Design of Buildings and Commentary" [15] revised by TNYZ 

ORDER No. 0990810250 of the Ministry of Interior on 100.1.19. If it is required to be able to 
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withstand an earthquake of magnitude 6 without collapse, it is recommended that the earthquake 

of magnitude 7 be used for seismic design. In case of modular multilayer design, the impact of 

shear stress on the structure shall be evaluated. 

 

4.1.9 Other Requirements  

When designing 5G smart poles, the expandability of functional equipment shall be fully 

considered, and processing interfaces and installation space shall be reserved for mounting 

equipment and supporting facilities. In the later stage, the equipment can be easily installed and 

replaced under the condition of meeting the load requirements of the pole body. The reserved 

processing interface and installation space of the pole body shall meet the following requirements: 

(a) Equipment installation space shall be reserved on the pole body, and threading space shall be 

reserved inside. 

(b) During the design of the pole body, the reserved threading holes shall be polished smooth 

without burrs and sharp edges, and waterproof rubber mud shall be added. 

(c) The position of the supporting transmission cable shall be reserved inside the pole body, so 

that the supporting cable can be pre-installed as required. If the optical fiber distribution box 

cannot be mounted outside the pole, space should be reserved inside the pole to install the 

transmission optical fiber distribution box ODB. 

(d) Flange installation position shall be reserved at the top of the pole body, which is convenient 

for installing small base station of telecommunication network, radio monitoring, 

meteorological monitoring, and other equipment. In addition, the installation position of 

lightning pole shall be reserved. 

(e) The material of antenna outdoor protective cover must have such excellent properties as low 

dielectric, low loss, high strength, flame retardancy and heat resistance. 

(f) As specified in CNS 15,200-7-7 [16], all equipment must meet UV resistance requirements. 

(g) The dust-proof and waterproof grade of all attached equipment shall be at least IP65. Or other 

waterproof design methods such as waterproof boxes/boxes can be used to make the 

equipment pass the IP65 test. 

 

4.2 Equipment Mounted  

The design of 5G smart pole body can be divided into three layers according to the height: 

pole top, upper layer, and lower layer. Different layers mount different devices that support 



22 

 

various application functions: 

ï Pole top (above 8m): 5G related telecom network equipment, WiFi AP, antenna, FWA 

equipment, C-V2X (external light crossbar) and other related equipment are expected 

to be placed here. 

ï Upper layer (2.5m ï 8m): For example, image monitoring, environmental monitoring, 

public push notification, traffic signs, digital road signs, optical and radar sensing 

application devices will be attached to this layer. 

ï Lower layer (2.5m): The attached equipment on this layer is emergency call, interactive 

digital billboard, charging post and other equipment. To facilitate people's daily use, its 

location should be designed at a height that people can touch. 

The attached equipment shall comply with current standards and relevant laws and regulations. 

The attached equipment includes but is not limited to the equipment types mentioned in this 

specification. The height of the above equipment types can be adjusted according to different 

requirements of different counties and cities and different scenarios. 

  

 
Figure 4.2-1 Layered Diagram of 5G Smart Pole 
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Figure 4.2-2 Schematic Diagram of 5G Smart Pole Mounting Device 

(Quoted from the "Smart Pole Technical Specifications and Verification Industry Cooperation" 

of the Institute for Information Industry) [17] 

 

4.2.1 Height Design Principle of Mounted Equipment  
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Figure 4.2.1-1 Schematic Diagram of 5G Smart Pole Mounting Device 

(a) Communication device 

The antenna and the small base station should be installed at the top of the pole at 10-

12m. 

(b) Intelligent lamps 

The following two conditions shall be met for simulation by reference to the road setting 

parameter conditions in the documents of the Construction Department of the Ministry of the 

Interior "Code for Design of Urban Roads and Ancillary Works ï Chapter 19" [18] and the 

Ministry of Economic Affairs Energy Administration "Technical Specification for Setting 

LED Street Lamps in Taiwan", such as pole height, road width, pole spacing and other 

parameters: 

(1) Simulated illumination uniformity Ó 0.33; (Simulated illumination 

uniformity=simulated minimum illumination/simulated average illumination) 

(2) Simulated average illuminance Ó 10 lx, or according to the road lighting demand 

specified by the procurement unit 

(c) Extension pole 

Adjust the lamp height in different environments according to the suggestions on the 

installation principles of street lamps provided by the Public Works Department of Taipei 

City Municipal Government [19]: 

(1) Sidewalk: It is recommended that the mounting height of the light pole is 4 meters, 

and the distance between poles is suggested to be 16-35 meters. 

(2) The road width is 8-11 meters street lane: the mounting height of lamp pole is 

recommended to be 8 meters or 5 meters, and the distance between poles is 

recommended to be 28-36 meters and 17.5-22.5 meters. 

Road width 11-15 meters street lane: 10 meters or 8 meters is recommended for the 

height of light pole, and 35-45 meters and 28-36 meters are suggested for the distance 

between poles. 

If the road width is more than 15 meters: the mounting height of the lamp pole is 

recommended to be more than 10 meters, and the distance between the poles is suggested to 

be about 35-45 meters. 

With reference to the "Professional Services for the Integration of Taipei Street Lamps, 

Signage and Pole Attachment Facilities" issued by the Park Street Lamp Engineering 

Management Office of the Public Works Department of Taipei Municipal Government [20], 
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the height of the extension pole is tentatively determined to be 5m or more. At the position 

6m above the ground, the length of the extension pole shall be adjusted after the pole body 

simulates the conditions of wind resistance, earthquake resistance and waterproof. Each 

county and city can also adjust the length and shape of the extension pole as required. 

(d) Road Sign 

With reference to the "Professional Services for the Integration of Street Lamps, Sign 

and Post Attaching Facilities in Taipei City" [21] and the "Kaohsiung City Comprehensive 

Replacement of Energy Saving (Smart) Street Lamps and Maintenance Plan" of the Park 

Street Lamp Engineering Management Office of the Public Works Department of Taipei 

Municipal Government, the length of the road sign is 1.5m~2m in principle, and the width is 

set at 1m in advance. The height of the device can be adjusted according to the requirements 

of the county and city governments. 

In addition, according to Article 18 of the "Rules for the Setting of Road Traffic Signs" 

[22] of the Ministry of Transports, "as for the vertical clearance standard of hanging signs, 

the average road shall not be less than 4.60 m, and the expressway shall not be less than 4.90 

m; The distance between the pillar or support and the edge of the shoulder shall not be less 

than 60cm. ", It is tentatively determined that the road sign is mounted at a height of 5m. 

(e) Traffic Signs 

According to the "Rules for the Setting of Road Traffic Signs and Signs" issued by the 

Ministry of Transport, the types of signs include warning, prohibition, indication and 

assistance. The size specification of each sign shall be set according to the regulations of the 

Ministry of Transport. According to Article 18 of the "Rules for the Setting of Road Traffic 

Signs and Signs", the setting of signs must meet the following requirements: "The setting 

height of vertical signs shall be 1.2 m to 2.1 m from the lower edge of the sign to the top of 

the road edge or side ditch, and the sign shall not interfere with pedestrian traffic. The same 

pillar in the same direction shall be limited to three sides at most and shall be arranged from 

top to bottom according to the order of prohibited signs, warning signs and indicator signs.", 

Therefore, the lowest traffic sign is placed about 1.2m above the ground. The number of 

traffic signs attached shall be determined according to the design of each county and city. 

(f) Traffic light (Red & Green Signal Light) 

The mirror size shall be marked in accordance with the "Rules for Setting Road Traffic 

Signs and Markings". In principle, it is based on the traffic signs of three traffic lights. 

However, considering that traffic lights have more functions, the number of lights varies from 
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three to five. After referring to the frame size of several manufacturers and the number of 

signal lamps, the length range can be between 1m and 2m, and the width can be set at 0.35m. 

It can be adjusted according to the needs of each county and city. 

(g) Internet of Vehicles(C-V2X) 

The equipment composition of the Internet of Vehicles includes Roadside Unit, Lidar, 

and Radar. At present, domestic manufacturers are still in the experimental stage, but it is 

likely to introduce the Internet of Vehicles into the application of smart poles in the future. 

Therefore, in the WG1 specification, the routing and placement space of Internet of Vehicles 

related equipment will be reserved first. The roadside unit is not only responsible for 

receiving and sending the information of the Internet of Vehicles related equipment, but also 

configured with an antenna, so it is recommended to place it on the top of the pole to avoid 

unnecessary interference to the traffic. According to the design of the pole body, the roadside 

unit will be placed at a height of more than 8m from the ground. Lidar and radar need to scan 

the real-time dynamics on the road, so they should be placed close to the ground. It is 

recommended to design the mount height above 3m. In the future, the mount height will be 

adjusted according to the design requirements of each county and city and the components 

used. 

 

(h) Video surveillance 

The monitoring system is divided into cameras belonging to the police and government 

units and cameras belonging to the Ministry of Transport. Because of their different purposes, 

their heights and placement positions are also different. The cameras belonging to the police 

and administrative units are used to assist in scientific and technological law enforcement. 

Therefore, they are required to have high definition and can distinguish the photography 

quality of the license plate level. The actual purpose of the Ministry of Transport is to observe 

the real-time images of traffic flow at important intersections. The surveillance camera 

belonging to the police unit is recommended to install an additional extension pole to adjust 

the angle to face the direction of traffic at each intersection, and it is recommended to install 

it at a height between 3~6 meters (according to the Public Works Department of Taipei 

Municipal Government's "Taipei City Street Light and No. 1 Pole with Hanging Facilities 

Common Pole Integration Professional Service Case __ Final Report"). 

(i) Environment Detection 

It is recommended to be placed above 2m from the ground, which can be adjusted according 



27 

 

to the difference of each brand, or the different seat height of each county and city. 

(j) Public push notification 

At present, it is recommended to place it 2.5m above the ground. 

(k) Emergency contact 

It is recommended to install it somewhere people can reach. At present, it is 

recommended to install it somewhere 1.2m above the ground. 

 

4.2.2 Function Configuration  

According to the different application places of smart poles, there are five different situations 

in a broad sense, and the functional configurations of these five situations are shown in Table 

4.2.2-1. Both the standard and optional functions will be designed into the smart pole together. 

The use of charging posts and solar energy is also added to the new category. If there are other 

needs, they can be discussed and updated to the specification. Here we take the application 

scenarios of Type 2, Type 3 and Type 4 as examples, attach the layout diagram of the smart pole, 

and provide the location, height, relevant reference regulations and actual cases of the mount. 

 

Table 4.2.2-1 Reference Examples of Basic Application Scenarios of 5G Smart Pole 

 

 

  

4.2.2.1 Layout Diagram of Type 2 Smart Light Pole  

Type 2 is used on primary and secondary roads and intersections. Besides providing 

communication services, attached devices and applications also provide traffic sign related 

attachments such as traffic lights, traffic signs, etc. This smart pole must also provide image 

monitoring, including image monitoring equipment belonging to the police and government units 

 

Remarks: Ɏ Standard configuration; ɏ Optional; Scenario selected according to the actual application 
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and image monitoring equipment for the Ministry of Transport to observe real-time traffic flow. 

Due to the application scenario, most of the attached devices are installed on the upper layer and 

top of the smart pole. Smart pole is arranged as follow in Type 2 scenario: 

 

Figure. 4.2.2.1-1 Schematic Diagram of Type 2 Smart Pole 

 

(a) Top of the pole 

ï Telecommunication network: small base stations, antennas and other equipment are 

installed at the top of the pole, which will not interfere with signal transmission. In 

addition, the RSU of C-V2X is also recommended to be installed at the top of the pole, 

so that the signal transmission is not easily interfered. 

(b)  Upper layer 

ï Traffic sign:  It is recommended to set the traffic sign on the extension pole about 6m 

from the ground, and the height after mounting is about 5-5.5m from the ground. 

ï Road sign: it is mounted on the extension pole about 6 meters from the ground (refer to 

Figure. 4.2.2.1-1) as high as the traffic sign. The specification of road sign can refer to 

4.2.3.9. In addition, the layout of the extension pole can be adjusted according to the 

design requirements of various counties and cities and manufacturers. At the same time, 

in order to avoid permanent deformation of the pole caused by external factors or the 

attached weight, the attached load of the extension pole must also be checked. 

ï Smart lighting: For the height setting of lighting equipment, please refer to the "Chapter 
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19 of the Code for Design of Urban Roads and Ancillary Works" issued by the 

Construction Department of the Ministry of the Interior. The erection height is converted 

from the road width, and then the installation distance between smart poles is calculated 

according to the height. Figure 4.2.2.1-1 shows that the intelligent lighting lamps are 

placed on the extension pole near the top of the pole before the height of 8 meters. The 

mounting height and distance of smart lamps can be appropriately adjusted according to 

the design requirements and cost assessment of each county and city. 

ï Image monitoring: Whether it is fish eye camera, PTZ, or gun camera, it is 

recommended to build an extension pole to make the camera in the best position to avoid 

other equipment on the pole blocking the shooting angle. As shown in Figure. 4.2.2.1-

1, an extension pole shall be set up at a height of 6m to place the respective image 

monitoring equipment of different units, which shall be distinguished from other 

equipment. The height of the image monitoring extension pole is also different from that 

of other extension poles. No matter it is suspended or installed on the extension pole, 

space is reserved to prevent interference with other equipment. 

ï Environmental monitoring: In the Type 2 scenario, the smart pole is placed at a height 

of about 8 meters above the ground and close to the top of the pole. The pole body in 

the Type 2 scenario sets the environmental monitoring as optional. 

ï Internet of Internet of Vehicles: The equipment composition of the Internet of 

Vehicles includes the aforementioned RSU mounted on the top of the pole, as well as 

radar and optical data. Referring to the demonstration of smart poles near Huabo in 

Taichung by the Industrial Institute, it is recommended to place the radar and lidar on 

the extension poles near the road surface, so to scan the road surface for incoming 

vehicles and notify the RSU for transmission. 

(c) Lower Layer:  The pole body under 2.5m in principle. 

ï Traffic signs: the road signs with the lowest distance from the road surface can be 

placed from 1 to 1.2m from the pole, and at most three traffic signs can be placed on 

one smart pole. 

The mount height in the Type 2 scenario is only the recommended height. If the counties, 

cities, and manufacturers have reasons for design needs and cost considerations, they can adjust 

the mount height and mount equipment. 
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4.2.2.2 Layout Diagram of Type 3 Smart Light Pole  

       

Figure. 4.2.2.2-1 Schematic Diagram of Type 3 Smart Pole 

        The Type 3 scenario is in the residential and commercial walkway and park scenic area, with 

many users and many application functions available. According to the location principle of 

attached equipment mentioned in 4.1.2, the layout is described as follows: 

(a) Top of the pole 

ï Telecommunication network: small base station, antenna, CPE, WiFi AP and other 

devices are mounted at the top of the pole, which will not interfere with signal 

transmission. 

(b) Upper layer 

ï Smart lighting: For the height setting of lighting equipment, please refer to the "Chapter 

19 of the Code for Design of Urban Roads and Ancillary Works" issued by the 

Construction Department of the Ministry of the Interior. The erection height is converted 

from the road width, and then the installation distance between smart poles is calculated 

according to the height. The figure shows that the intelligent lighting lamps are placed 

on the extension pole near the top of the pole before the height of 8 meters. It can be 

appropriately adjusted according to the design requirements and cost assessment of each 

county and city. 

ï Image monitoring: Whether it is fish eye camera, PTZ, or gun camera, it is 

recommended to build an extension pole to make the camera in the best position to avoid 

other equipment on the pole blocking the shooting angle. 

ï Environment detection: It is recommended to use extension poles to increase the 

placement space. In the Type 3 scenario, poles are mostly used in parks and hiking areas. 
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The pole itself is low in height, so there is no extra space to place large equipment 

(c) Lower Layer: The pole body under 2.5m in principle, most devices here are for human-

computer interacting. 

ï Public push notification:  announcement or emergency broadcasting. 

ï Digital display board: it can be used by manufacturers to advertise and charge 

advertising fees 

ï Interactive digital billboards: In the future, you can plan payment services or map 

guidance and other functions to provide services for pedestrians in pedestrian areas. 

ï Emergency contact: Emergency call can be used to request emergency assistance when 

needed and necessary. 

 

4.2.2.3 Layout Diagram of Type 4 Smart Light Pole  

The smart pole in the Type 4 scenario mainly integrates the attached charging post to the pole 

body. The current use scenarios of smart poles are designed in parking lots, roadside and other 

application scenarios. The field of charging posts is the future development trend. In the future, 

electric vehicles will be more popular, and the demand for charging posts will also increase. If the 

smart pole can be used to provide charging services for passers-by, the range of activities and 

convenience of electric vehicles can be improved, thus creating more business opportunities and 

cooperation models. Based on the above considerations, WG1 has designed the use situation of 

the Type 4 smart pole in advance for the reference of the county and city governments or 

manufacturers. The layout of the attached equipment is as follows: 

 

Figure 4.2.2.3-1 Schematic Diagram of Type 4 Smart Pole Mounting Device 
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(a) Pole top 

ï Telecommunication network The mini base station, antenna, CPE, WiFi AP and 

other devices mounted on the top of the pole and will not interfere with the transmission 

of signals. Since the Type 4 smart pole will not be placed on the main roads or crossroads, 

temporarily itôs not suggested to install the Internet of Vehicles , which is a relatively 

low frequency device. 

(b) Upper layer 

ï Smart lighting: for the height of lighting equipment, it is recommended to convert the 

erection height from the pavement width according to the specifications in Chapter 19 

of the "Design Specifications for Urban Roads and Ancillary Works". Then calculate the 

erection distance between poles according to the erection height. The schematic diagram 

shows that the smart lighting fixtures are first set up at a height of 8 meters, which can 

be adjusted according to the needs of various counties and cities. 

ï Image monitoring: Whether it is a fish eye camera, PTZ or gun type monitor, it is 

recommended to build an extension pole so that the monitor can be placed in the best 

position, so as to avoid other equipment on the pole blocking the camera angle. 

ï Internal equipment:  It is recommended to place the network communication equipment, 

including gateways, switches, etc., above the power distribution panel, near the 

maintenance hole, which is more convenient for maintenance. 

(c) Lower layer 

ï Distribution board: WG2 defines the power required by the Type 4 smart pole and turns 

out the mounted equipment connected to the pole through the distribution board. It is 

also recommended to place this switchboard near the maintenance hole for easy 

maintenance. 

ï Charging post: At present, there are two types of charging posts: AC charging post and 

DC charging post. The AC charging post is light in weight and small in size, and can be 

locked on the smart pole without affecting the load bearing structure of the pole. On the 

smart pole of Type 4, it is recommended that the AC charging post be the first choice for 

design. 

ï Box: In the Type 4 scenario, the solution to the new box is in the 5G communication 

equipment of WG3. Part of the equipment can be placed at the lower layer of the pole 

body, which can reduce the weight of the pole top, and if the internal equipment of the 

pole body fails or is temporarily adjusted, the lower layer box can be directly opened for 
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maintenance. This solution can also be used in the design of POC (Proof of Concept) in 

the future, which not only facilitates the adjustment of wiring and the elimination of 

errors, but also eliminates the need to adjust the elevator, thus saving POC funds and 

increasing security. In addition, such design is not limited to Type 4, but can also be 

designed in other situations if required by the designer. 

ï  

4.2.2.4 Loop Control Box  

The box shall be made of hot-dip galvanized plates with a thickness of 1.5mm or more, and 

the hot-dip galvanized plates shall be sprayed with outdoor powder after welding. The base of the 

box shall be made of cold rolled steel plates with a thickness of no less than 2mm, and the surface 

shall be hot-dip galvanized after welding. The chassis shall have the following design concepts: 

modular structural design, convenience of internal equipment installation and maintenance, strong 

and vandal resistant chassis, natural or forced cooling solutions, and a certain degree of waterproof 

function. Base station equipment, power supply equipment, storage battery, temperature control 

equipment, transmission equipment and other supporting equipment can be installed in the chassis 

or installation space can be reserved for the above equipment. The actual design requirements and 

restrictions can be customized according to different requirements. 

 

4.2.3 Equipment Mounted and Functions  

4.2.3.1 Pole Top  

4.2.3.1.1 Requirements for Telecommunication Network Equipment  

The telecom network equipment (including but not limited to 4G/5G small base station) shall 

be installed through the mounting space, threading hole and power supply capacity reserved by 

the 5G smart pole. The telecom network equipment shall comply with the relevant regulations in 

NCC. The telecommunication network equipment can be installed in the pole top chamber at the 

top of the 5G smart pole, which is connected with the top of the 5G smart pole through the flange 

structure. The pole top chamber supports 360-degree horizontal rotation angle adjustment and can 

ensure its strength. Refer to Appendix A for reference design of pole top chamber and flange plate. 

The pole body design shall consider the wind resistance of the pole top chamber. The outer mask 

of the pole top chamber of the telecommunications network equipment must be made of non-

metallic materials to avoid the signal shielding effect. The waterproof design shall be considered 
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for the pole top compartment. The telecommunications equipment must function normally, and 

the outlet and grounding terminal shall be reserved. 

 

Table 4.2.3.1.1-1 Parameters (Recommended Values) of  

Telecommunication Network Equipment (Small Base Station)  

Pole height 

Load 

bearing 

demand 

Circuit breaker demand Basic requirements for pole body 

Power 

consumption 

requirements 

Circuit breaker 

demand 

 Pole diameter 

(Top - 

Bottom) 

Material Thickness 

ʾ15 m 90 kg 600 W 

Input capacity 20A, 

output 1  Ĭ16A + 3Ĭ 
6A 

ʾ550 mm 

Carbon 

steel, high-

strength 

aluminum 

alloy 

ʿ6 mm 

 

Table 4.2.3.1.1-2 Example of Telecommunication Network (4G/5G) Specifications 

Telecommunication 
network& 
Wireless 
communication 
equipment 
(5G sub6G/mm Wave, CPE) 

Working Voltage DC12V/19V/48V 
PSU 85~277V AC 

Power Consumption 150W 

Size Ï 550mm x 1100 mm 

Weight 90kg 

Working Temperature -10Ü C ~ 60Ü C 

Communicate Interface RJ45 

Ip Rating IP65 

 

Table 4.2.3.1.1-3 Example of telecommunication network (5G mm Wave) specification 

Telecommunication 
network 

(5G Wave) 

 

Operating Temperature -10Ü C ~ 60Ü C 

Size ű<350 mm 

Weight <15 kg 

Power Consumption <150 W 

Frequency n257/n258/n260/n261 

Antenna Wire 128T/128R 

Wireless Communication 
Technology 

5G NR FR2 

Maximum Output Power 43 dBm 

Communicate Interface 10Gbps RJ45 

 Ip Rating IP65 

 

4.2.3.1.2 Requirements for Wi-Fi Equipment  

Install Wi Fi devices on 5G smart poles to realize the function of public networking. Wi Fi 
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equipment shall comply with relevant regulations in NCC and IEEE 802.11 [23] series standards. 

The Wi Fi equipment should be installed on the top of the pole in an external way. 

 

Table 4.2.3.1.2-1 Reference Example of Wi Fi Device Specifications 

Wi-Fi 
Equipment 

Working Voltage 802.3at PoE (30W) 

Power Consumption  2W 

Size 226.7mm x 256.7mm x 90.3mm 

Weight 3kg 

Working Temperature -40Ü C ~ +85Ü C 

Communicating Interface RJ45 

IP Rating IP67 

 

4.2.3.1.3 Requirements for Fixed Wireless Access Equipment  

Install FWA (Outdoor AP Unit) on the 5G smart pole to access 4G/5G signals. This can be 

used to provide Wi Fi or transfer out RJ45 for control. FWA equipment shall comply with relevant 

provisions in NCC series standards. FWA equipment should be installed on the upper layer of the 

pole body in an external way. The following specifications are for reference only and can be 

adjusted appropriately with the design of each county and city government. 

Table 4.2.3.1.3-1 Example of FWA Equipment Specifications 

FWA Equipment 

Working Voltage 12V/3A 

Power Consumption  30W 

Size 110mm x 105mm x 217mm 

Weight 2kg 

Working Temperature Ethernet 

Communicating Interface 12V/3A 

IP Rating IP66 

 

4.2.3.1.4 Requirements for Roadside Equipment  

With the development of Internet of Vehicles, communication between self-driving and other 

road users and traffic infrastructure is increasingly frequent. The installation of RSU on the pole 

in combination with 5G/WiFi, DSRC (Dedicated Short Range Communications) or C-V2X 

(Cellular Vehicle to Everything) helps to provide real-time traffic signals and road condition 

information to road vehicles and pedestrians, thus avoiding unnecessary accidents. 
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Table 4.2.3.1.4-1 Example of RSU specification 

RSU 

Working Voltage 802.3at PoE (30W) 

Power Consumption  26W 

Size 
1.In the Poleȸ400mm x 300mm 
2.Out of the Poleȸ<15ес(liter) 

Weight 15kg 

Working Temperature -40Ü C ~ +85Ü C 

Communicating Interface RJ45 

IP Rating IP67 

 

4.2.3.2 Upper Layer  

4.2.3.2.1 Requirements for Intelligent Lighting Equipment  

Smart lighting includes lighting equipment and smart management. Intelligent lighting can 

realize remote centralized management and control, and support lighting status monitoring, 

lighting power monitoring, as well as convenient query, positioning and other functions. The 

design and device selection of intelligent lighting shall comply with the relevant requirements of 

CNS 15233 [24], electromagnetic interference shall comply with the relevant requirements of 

CNS 14115 [25], safety shall comply with the relevant requirements of CNS 61347-1 [26] and 

CNS 61347-2-13 [27], and dust and water prevention shall comply with the relevant requirements 

of CNS 14165 [28]. According to the Construction Department of the Ministry of the Interior - 

Chapter 19 of the Code for Design of Urban Roads and Ancillary Works, in order to control the 

dazzle, the lighting equipment should give priority to the use of shielded lamps on the main and 

secondary trunk roads and expressways, rather than the use of unshielded lamps. The service roads 

shall give priority to the sheltered or semi sheltered roads. The protection grade of the lamp shall 

not be lower than IP65, and the lamp wire shall be connected at the wiring terminal in the lamp, 

instead of wiring in the pole. 

 

Table 4.2.3.2.1-1 Example of Smart Lighting Specifications 

Intelligent 
lighting lamps 

Working Voltage 100-277V 

Power Consumption  250W 
Size 710mm x 350mm x 169mm 
Weight 15kg 

Working Temperature -30Ü C ~ 50Ü C 

Communicating Interface 1̡ 10VȳDALI (NEMA) 

IP Rating IP66 
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Table 4.2.3.2.1-2 Street Lamp Controller 

Street lamp 
controller 

Working Voltage 90-264Vac 

Power Consumption  250W 

Size ʌ120mm x 108mm 
Weight 0.2kg 

Working Temperature -40ÁC ~ 80ÁC 

Communicating Interface RS485, LAWAN (NB-IOT, LORA, and more) 

IP Rating IP66 

 

Table 4.2.3.2.1-3 Ethernet to RS485 Converter 

Ethernet to RS485 

converter 

Working Voltage 12-48Vdc 

Power Consumption  12W 

Size 45mm x 135mm x 130.6mm 
Weight 1kg 

Working Temperature -20 ~ 70ÁC 

Communicating Interface Ethernet 

IP Rating IP66 

 

4.2.3.2.2 Requirements for Network Power Supply Splitter  

At present, the design of the switchboard on the smart pole only transfers AC power. 

Although the switch can transfer POE power, some devices can only accept DC power and limit 

it to a certain range of voltage levels. In order to meet the DC power supply requirements and 

signal supply of the device, the network power supply splitter (POE Splitter) must be used to 

separate the Ethernet and power supply. Ethernet is the signal interface of the attached device. The 

power supply is adjusted to the DC voltage range suitable for the attached device through the 

transformer inside the splitter, and then supplied to the attached device. 

 

Table 4.2.3.2.2-1 Reference Specifications for Network Power Supply Splitter 

Ethernet to RS485 

Converter 

Working Voltage 36 ~ 57 VDC on PoE 

Power Consumption  21.6W 

Size 26.1mm x 70mm x 95mm 

Weight 0.25kg 

Working Temperature -20°C ~ 70°C 

Communicating Interface Ethernet 

IP Rating IP30 
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4.2.3.2.3 Requirements for Environmental Monitoring Equipment  

Environmental monitoring equipment includes highway meteorological monitoring 

equipment. For the quality of highway meteorological environmental monitoring equipment, refer 

to the "Air Quality Standards" in Article 6 of the revised and issued Order 1091159 220 of the 

Environmental Protection Department of the Executive Yuan. The characteristics of the sensor 

(such as safety specifications) can be determined according to the relevant requirements and 

specifications of the general electronic sensor equipment of the Bureau of Standards and 

Inspection. The interface of meteorological environment monitoring equipment shall adopt RS485, 

RS235 or RJ45 specifications, and the meteorological monitoring equipment shall be tested and 

certified by the meteorological department. 

 

Table 4.2.3.2.3-1 Example of Environmental Monitoring Specifications 

Environmental 
monitoring  

Working Voltage 100~240V AC 

Power Consumption  2.5W 
Size 180mm x 268mm x 138mm 
Weight 1.2kg 

Working Temperature -10ÁC ~ 60ÁC 

Communicating Interface RS485 

IP Rating IP65 

 

4.2.3.2.4 Requirements for Image Monitoring Equipment  

As for the standards related to image monitoring, the ONVIF standard Open Network Video 

Interface Forum is more popular internationally, a lot of big international manufacturers support 

this standard mainly because of its high compatibility and integrity. Standards related to IP camera, 

NVR and other devices are defined in ONVIF profile S. For the security of image processing and 

network monitoring, it is recommended to review and strengthen the CNS16120 [30] series of 

standards issued in Taiwan.  

The image monitoring on the smart pole can be divided into two types: one is under the 

jurisdiction of the police and the other is under the management of the Ministry of Transport. The 

differences in their functions and applications are as followings: 

(a) Police monitor 

ï Main functions: cooperate with the police in handling cases, detect license plates, 

and improve public security. 
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ï Location: in the roadway, the main intersection. Smart poles can be placed on the 

side of roads or in the middle of main roads. 

ï Arrangement range: It is recommended to place the incoming vehicles at each 

intersection. It is recommended to install an extension pole on a smart pole and 

adjust the lens direction to prevent interference from street lamps and other 

equipment on the smart pole. 

ï Number of cameras required: multiple cameras, which are installed in different 

directions at each intersection according to the needs of the police and government 

units, to facilitate scientific and technological law enforcement. 

ï Erection height: suggested to place it at a lower position to capture of license plates 

and faces on the road. According to the suggestions in the "Professional Service 

Plan for the Integration of Street Lamps, Signals and Posts Attaching Facilities -- 

Final Report" provided by the Park Street Lamp Engineering Management Office 

of the Public Works Department of Taipei Municipal Government, the monitor 

should be installed at a height of 3-6m above the light pole. 

ï Camera quality: HD quality, the license plate must be clearly captured, so the 

demand for bandwidth is also large. 

(b) Ministry of Transport Monitor 

ï Main functions: to observe the running state of the traffic flow and the real-time 

image of the traffic flow. 

ï Location: mainly important road sections and intersections. The collection of traffic 

flow data at each intersection includes the collection of total flow, traffic by vehicle 

type (large, medium, small cars or locomotives can be judged) and turning traffic 

(straight, left turn, right turn). Dynamic instant messages can be reported according 

to the "transmission cycle". The transmission cycle can be set to 1 sec, 2 sec, 5 sec, 

1 min and 5 min. Periodic information is suggested to be returned every 5 minutes. 

ï Equipment range: gun type fixed camera or fish eye adjustable angle camera can 

be used, covering a wide range. 

ï Number of cameras required: few seats, because the angle can be adjusted, and 

no image details are needed to observe the overall traffic flow. 

ï Erection height: it is recommended to place it at a higher position to observe the 

overall situation. It is suggested that the placement height should be more than 5m 

according to the "Continued expansion of domestic developed video vehicle 
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detectors" provided by the Transport Research Institute of the Ministry of 

Communications. 

ï Camera quality: generally, only the remote traffic flow needs to be photographed, 

so the demand for bandwidth is small. 

 

Table 4.2.3.2.4-1 Example of Image Monitoring Specifications 

Image 
monitoring 

Working Voltage 802.3af PoE 
Power Consumption  4.8W 
Size Ï 210 mm x 332mm 
Weight 3.2kg 

Working Temperature -40ÁC ~ 50ÁC 

Communicating Interface Ethernet 

IP Rating IP66 

 

The camera of the Ministry of Transport is a vehicle flow detection-oriented camera, which 

needs to collect and analyze the real-time information of traffic flow at important intersections 24 

hours a day. Important images and data can be extracted and sent back to the network monitoring 

system host (NVR ï Network Video Recorder) for access. The storage days shall be adjusted 

according to the unit demand of each county and city. The stored images can be provided to the 

Ministry of Transport and other units for the development of management strategies and relevant 

laws and regulations. At the same time, it can also meet the needs of science and technology law 

enforcement, and access and capture images. 

The usage of cameras must comply with the administrative regulations of various counties 

and cities, such as the "Regulations of Taipei City on the Administration of the Setting of Video 

Surveillance Systems" [31] of Taipei City, the "Key Points for the Administration of the Setting 

of Public Security Surveillance Video Recording Systems in the Police Department of Xinbei 

Municipal Government" [32] of Xinbei City, and the "Regulations of Taoyuan City on the 

Administration of the Setting of Surveillance Video Recording Systems" [33] of Taoyuan City. 

 

4.2.3.2.5 Requirements For Traffic Signal Equipment  

The traffic signs on the 5G smart pole should give priority to the visibility of traffic signs, and 

then attach other equipment. Please refer to CNS14546 [34] for chromaticity range and central 

bright light, CNS14676-5 [35] for surge protection, CNS13438 [36] for electromagnetic noise, 

and CNS14165 [37] IP54 for water and dust prevention of lamp modules. It is suggested to refer 

to the "Rules for the Setting of Road Traffic Signs and Signs" issued by the Ministry of Transport 
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for the principles of attaching traffic signs and warning signs at intersections. 

Table 4.2.3.2.5-1 Example of traffic sign specifications 

Traffic sign 

Working Voltage 80-240 Vac 

Power Consumption  50W 

Size 1775mm x 355mm x 470mm 

Weight 26kg 

Working Temperature -20ÁC ~ 74ÁC 

Communicating Interface Ethernet/ RS-232 

IP Rating IP54 

 

4.2.3.2.6 Requirements for Traffic Signs  

According to the "Rules for Setting Road Traffic Signs and Signs" issued by the Ministry 

of Transport, the types of traffic signs include warning, prohibition, indication and assistance. 

The size specification of each traffic sign shall be set up according to the regulations of the 

Ministry of Transport. According to Article 18 of the Rules for the Setting of Road Traffic 

Signs and Signs, the setting of vertical traffic signs must meet the following requirements: 

(a) The height of the vertical sign shall be 1.2m to 2.1m from the lower edge of the sign to 

the edge of the road or the top of the side ditch. The sign surface shall not interfere with 

pedestrian traffic. When the poles are set in the same direction, at most three sides of the 

same pole shall be arranged from top to bottom in the order of prohibition signs, warning 

signs and indication signs. (From the original document of the Ministry of 

Communications) 

(b) ѝThe vertical clearance of hanging signs shall not be less than 4.6 m for general roads 

and 4.9 m for expressways; The distance between the pillar or support and the edge of 

the shoulder shall not be less than 60cm. In case of special circumstances, appropriate 

changes can be made under the principle of not affecting vehicle traffic as much as 

possible. (From the original document of the Ministry of Transport) 

(c) The signboards indicating the names of the intersecting roads shall be set at the 

appropriate locations of the intersections, and the locations along the whole line shall be 

consistent as far as possible. This sign is a white border with white characters on a green 

background. The size of the board should be adjusted according to the number of 

characters and their arrangement. If the road belongs to the highway system, the route 

number of the road shall be added to this sign, and the pattern and color of the route 

number shall be consistent with that of the highway number signs at all levels. (From the 
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original document of the Ministry of Transport) 

                                     

Figure 4.2.3.2.6-1 Schematic Diagram of Intersection Road Sign 

The use situation of 5G smart light pole includes expressway/expressway (Type1) and 

main/secondary trunk road (Type2), so the placement of traffic signs must be designed 

according to the above principles. It can be changed according to the current environment of 

each county and city. 

 

4.2.3.3 Lower Layer  

4.2.3.3.1 Requirements for Public Push Notification Equipment  

The public push notification equipment on the 5G smart pole is usually used in special 

emergencies. The loudspeaker sound needs to be heard by the public, so the suggested sound 

pressure type can refer to the emergency broadcasting equipment specifications in Article 133 of 

the Fire Protection Law of the Ministry of the Interior [38] "Standards for the setting of fire safety 

equipment in various places". In addition, the fire protection unit uses the existing national 

verification standards such as CNS14657 [39] and CNS14677 [40] for voice pressure level 

accuracy, sound power, directional characteristic distinction test, frequency characteristic test. It 

is suggested to continue to use this standard, because it may be modified according to the actual 

situation. 

 

Table 4.2.3.3.1-1 Reference Specifications of Public Push Dispenser (Host) 

Public push 
notification 

Working Voltage 100~240V AC 

Power Consumption  36W 

Size 154.2mm x 143.6mm x 37.8mm 

Weight 1kg 

Working Temperature  

Communicating Interface HDMI 

IP Rating IP52 
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4.2.3.3.2 Requirements For Emergency Call Equipment  

The emergency call equipment shall be installed at the bottom of the pole, and its performance 

and installation requirements shall comply with the relevant provisions of CNS10522 [41]. The 

emergency call equipment should be placed within the reach of people, so that people can directly 

use the emergency call equipment to contact in case of emergency. 

 

Table 4.2.3.3.2-1 Emergency Call Reference Specifications 

Emergency call 

Working Voltage 90V ~ 240Vac 

Power Consumption  12W 

Size 150mm x 220mm x 250 mm 

Weight 2.5kg 

Working Temperature -30 ~70 , 

Communicating Interface Ethernet 

IP Rating IP55 

 

4.2.3.3.3 Requirements for Digital Road Marking Equipment  

The visibility of road digital signs should be given priority to for the road digital signs of 5G 

smart poles, and then other devices should be attached. It must comply with the relevant provisions 

in CNS 14555 [42]. 

 

Table 4.2.3.3.3-1 Example of specifications for digital road signs 

Digital road 
sign 

Working Voltage 110Vac/220Vac 

Power Consumption  600W 

Size 1350mm Ĭ 582mm Ĭ 90 mm 

Weight 46kg 

Working Temperature -10  ~ 70 

Communicating Interface Ethernet 

IP Rating IP65 

 

4.2.3.3.4 Requirements for Outdoor Display Board Equipment  

The performance of outdoor billboards shall meet the relevant requirements of CNS 62087 

[43]. Outdoor billboards can be used for policy advocacy, emergency broadcast and advertising. 

The communication interface shall be Ethernet interface, and the display interface can be VGA, 

HDMI, DP, DVI or SDI. 
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Table 4.2.3.3.4-1 Specifications of Digital Signage for Information Publishing 

Digital Signage 

for Information 

Publishing  

Working Voltage 100 ~ 240Vac 

Power Consumption  468W 

Size 1242.6mm x 713.6mm x 88mm 

Weight 110kg 

Working Temperature -5ÁC ~ 50ÁC 

Communicating Interface Ethernet 

IP Rating IP56 

 

4.2.3.3.5 Requirements for Interactive Digital Signage Equipment  

The performance of screen interactive equipment shall meet the relevant requirements of 

CNS 12506 C5226 [44]. The waterproof and dust-proof model IDOOH-210-IR [45] is IP65. 

 

Table 4.2.3.3.5-1 Example of Interactive Device Screen Specifications 

Interactive Device 

Screen 

Working Voltage 90V ~ 240Vac 

Power Consumption  120W 

Size 345mm x 265.3mm x 100 mm 

Weight 6.34kg 

Working Temperature -20ÁC ~ 70ÁC 

Communicating Interface Ethernet/RS-232/RS-422/RS-485 

IP Rating IP65 

 

4.2.3.3.6 Requirements for Charging Post Equipment  

    The performance of electric vehicle charging equipment shall meet the relevant requirements 

of CNS 15,511-2 [46]. 

 

Table 4.1.2.3.3.6-1 Charging Post Specification Reference 

  

4.2.3.3.7 Edge Computing Server Requirements  

The reference specifications of Edge Computing are as follows: 

Charging post 

Working Voltage 200-240Vac 

Power Consumption  17.6kW 

Size 272mm x 260mm x 371 mm 

Weight 6kg 

Working Temperature -30ÁC ~ 50ÁC 

Communicating Interface Ethernet 

IP Rating IP55 
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Table 4.2.3.3.7-1 Reference Specifications for Edge Computing 

 

4.2.4 Equipment Installation Requirements  

See Table 4.2.4-1 for the general installation and fixing methods of 5G smart pole mounting 

equipment. The mounting equipment installation scheme shall be customized according to the pole 

type, which must meet the strength requirements. 

  

 
Edge Computing 

Working Voltage 85~277V AC 

Power Consumption  330W 

Size 254mm x 244mm x 209mm 

Weight 7kg 

 
Working Temperature 

-20ÁC ~ 60ÁC 

Communicating Interface Ethernet 

IP Rating IP65 
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Table 4.2.4-1 Installation Method of 5G Smart Pole Mounting Equipment 

Mounting 
Equipment 

General fixing 

accessories 
General installation method 

Telecom 

network

Ɏ5Gɏ 

 

1) The installation methods of small base platform include top installation 

of pole body (recommended), side hanging installation, embedded 

installation at the bottom, etc. 

2) There shall be no metal objects that block or affect the RF signal within 

2m of the main beam direction of the antenna radiation of the small base 

station. If there is metal shelter, the installation position, direction angle, 

etc. of the small shielded base platform shall be adjusted. 

3) Other equipment (such as Wi Fi) with antenna attached to the pole shall 

be installed in the middle or lower part of the pole. In addition, it is also 

necessary to avoid the direction of the main beam radiated by the 

antenna of the small base station and maintain a vertical distance of 

more than 1 m from the small base station. 

4) Other electronic equipment mounted on the pole without antenna shall 

avoid the direction of main beam radiated by the antenna of small base 

station and shall keep a vertical distance of more than 0.5m from the 

small base station. 

5) Fix the adapter flange with screws. 

Wi-Fi Device 

 

Most of them are fixed by clamps and screws 

FWA Device 

1) FWA equipment is installed in the middle layer of the pole body in the 

way of side hanging. 

2) Other electronic equipment mounted on the pole shall be kept at a 

vertical distance of more than 0.5m from FWA equipment. 

3) Fix with clamps and screws. 

Light Device 

 

The integral lamp is connected with the pole and fixed with screws. 

The lamp arm and the pole body are integrally formed, and the light source 

will be installed on site. 

Image 

monitoring 

 

Select the appropriate mounting bracket according to the shape of the pole, 

and the bracket is usually fixed with clamps and screws. 

Traffic 

management 
 Fix of cross arm 

Digital 

signage and 

interactive 

digital 

signage of 

roads 

 

Designed according to the shape of the pole, and fixed with clamps and 

screws 
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4.3 Connector and Pipeline /  Requirements 

The pole body connectors can be divided into two categories: 1. Devices connected to the 

outside of the pole body. 2. Connections of equipment mounted inside the pole body. To prevent 

the liquid from being spilled on the smart pole due to weather or human factors, the connection of 

external mounting equipment on the 5G smart pole must be waterproof to a certain extent. The 

internal connector will not directly contact the external environment, so the waterproof level is 

lower than that of the external connector. However, the cement base will still be elevated inside 

the pole body, and drainage grooves will be made to prevent rainwater or liquid from seeping into 

the pole body through the heat dissipation holes. In addition, cable will reserve some length for 

bending wiring. The water drop can be drained to the bottom to prevent the liquid from directly 

pouring into the exchanger or important equipment inside the pole body.  

Figure 4.3-1 Schematic Diagram of 5G Smart Pole Connector and Pipeline Classification 

 

4.3.1 Outside the Pole  

The equipment outside the pole body will be directly connected with the outside, and there 

are mainly two different waterproof treatment methods: 

(a) Cable Gland: Wrapped waterproof treatment shall be carried out for the pipeline at the rear 

end of the connector. It can accommodate cables with different interfaces for waterproof 

treatment. 
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(b) Waterproof connector: waterproof treatment shall be carried out for the connector itself. 

Waterproof mechanism shall be added on the positive and negative connectors, and the 

connection shall be directly covered, and waterproof treatment shall be carried out. 

 

4.3.1.1 Waterproof Connector of Cable Conduit  

This waterproof treatment is to lock the cable connected to the attached device to isolate it 

from the outside world to have the waterproof function. Please refer to Figure 4.3.1.1-1: 

 

Figure 4.3.1.1-1 Schematic Diagram of Cable Gland (not an appointed manufacturer) 

 

Figure 4.3.1.1-2 Internal Structure of Cable Gland 

The cable connected to the mounting device needs to pass through the waterproof 

connector (cable Gland) first. At this time only the Cable is in the center of the connector. Use the 

Seal (A.) in the connector shown in Figure 4.3.1.1-2 to fix the position of the cable so that it will 

not easily shift or fall off, and then use the Seal nuts (B.) and the external nut (F.) to lock it, and to 

achieve the waterproof effect.             

Cable Gland has different sizes (different diameters). Each county and city government 

and manufacturer can match connectors of different sizes according to the number of devices 

attached to the smart pole and different needs. Please refer to Figure 4.3.1.1-3. The waterproof 

grade is recommended to be IP65 or above. The county and city governments and manufacturers 
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can adjust the waterproof grade according to the current field and needs. 

 

 

       On the application level, connectors are different due to different signals of attached devices 

and different interfaces of Power. It is recommended to install a waterproof enclosure outside the 

attached equipment and install a waterproof connector on the enclosure for the cable gland. Then 

connect the cable with the correct interface from the main system through the cable gland and lock 

it (refers to Figure 4.3.1.1-4) to complete the waterproof. 

-  Advantage 

The focus is on the cable, so it will not be limited to a specific interface. As long as the cable 

can be locked and isolated from the outside through the cable gland, it can achieve waterproof 

effect and reduce costs. 

 

4.3.1.2 Special Interface Waterproof Connector (fixed interface)  

The basic system architecture of the 5G smart pole will pull the optical fiber into the pole 

body, connect the switch, then convert it to Ethernet, and then connect it to each mounted device. 

If the interface used by the attached device is different, the converter will be added for interface 

conversion. If the waterproof method of the cable gland mentioned above is not used, it is 

necessary to conduct waterproof treatment for the connectors of each interface to ensure that the 

cable and the attached equipment will not malfunction due to external environmental factors when 

connecting. The interface used by the 5G smart pole when connecting various attached devices is 

as follows: 

  

(For reference onlyȲnot an appointed manufacturer) 

Figure 4.3.1.1-3 Diagram of Cable Gland with Different Sizes [47] 

(For reference onlyȲnot an appointed manufacturer) 

Figure 4.3.1.1-4 Cable Gland Application [48] 

(For reference onlyȲnot an appointed manufacturer) 
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(a) RJ45 (Ethernet) connector 

After the switch is transferred out of Ethernet, connect the waterproof connector of the 

positive end. In addition, fasten the waterproof negative head to the reserved space on 

the mounting equipment. Connect the waterproof positive and negative heads and fasten 

the nuts to isolate the external environment. The waterproof grade is recommended to 

be above IP65, and some manufacturers may even go to IP66 or IP67. However, all 

counties and cities can make necessary adjustments according to the design and 

connector specifications of attached equipment. 

Figure 4.3.1.2-1 Schematic Diagram of Waterproof RJ45 Joint Mechanism 

 

Ethernet cable can be configured with cables (CAT-5e, CAT-6, CAT-6A) of different 

categories (CAT) according to the bandwidth and speed required by each attached 

device. The design of the pipeline must meet the impedance requirements (100 ɋ) of 

TIA-568-C.2, the color, stranded wire, and other requirements of the pipeline. RJ45 

connectors must conform to T568A and T568B twisted wire and pipeline colors. T568B 

is used among most of the industry manufactures. 

 To avoid signal interference, it is recommended to use STP Cable (Shielded 

Twisted Pair) or SFTP (Shield Created Twisted Pair) when wiring twisted pairs. 

According to the requirements of counties, cities, and manufacturers, if cables above 

CAT6 are used, woven mesh and cross shape divider can also be added to the outer layer 

of the pipeline. In this way, the interference between twisted pairs can be isolated, and 

the balance structure inside the pipeline can also be maintained so that it is not easy to 

be damaged (see figure 4.3.1.2-2 below). 

At present, POE (Power Over Ethernet) is the main connection of most attached 

devices in the smart pole, which can not only carry out Ethernet transmission, but also 
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provide power saving connectors and connectors. As mentioned in the previous 

paragraph, the transmission speed will increase in the future, so it is recommended that 

the network route should be above Category - 5e. It is recommended that according to 

the IEEE802.3bt protocol, at least Type 3 or above, with 4 twisted pairs (also defined in 

TIA-568-C.2). The minimum power consumption output requirements shall be changed 

according to the requirements of each county and city and the current design. The 

manufacturer recommends that the impedance of the POE strand be about 10 ɋ. 

 

Figure 4.3.1.2-2 Schematic Diagram of Cat 6 or above Ethernet Cable Section (For 

Reference Only) 

 The following is the reference of Ethernet cable pinout, impedance, turn in wire, 

withstand current and wire diameter. The appropriate Ethernet cable can be selected 

according to the design requirements of the county and city governments and 

manufacturers. 

Table 4.3.1.2-1 Ethernet T568B Cable Pinout Indication 

Pin 
Pair 

Color Description 
Impedance 

Control 

Gauge 

(AWG) 

1 2 Orange White  TX+  

 

 

100ɋ 

 

 

 

 

22, 24, 26, 28 
( According to the manufacturing 
capability and design requirements of 

cable manufacturers) 

2 2 Orange TX- 

3 3 Green White RX+ 

4 1 Blue TRD2+ 

5 1 Blue White TRD2- 

6 3 Green RX- 

7 4 Brown White TRS3+ 

8 4 Brown TRS3- 
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 The Ethernet cable is mostly placed inside the pole, connected to different 

mounting devices from the exchanger or gateway, and placed far from the ground (the 

upper layer or the top of the pole). Although a metal protective net has been installed at 

the bottom of the pole to prevent rodents from climbing up the inside of the pole, some 

Ethernet cable manufacturers will still add environmental rodent repellents on the outer 

PE material to avoid rodents from eating. 

(b) RS485 connector 

RS485 is divided into full duplex and half duplex. The external connection can be 

converted into M12 waterproof connector, and the other end can be adjusted according 

to the connector specification and pin of the internal converter or exchanger. At present, 

there are many kinds of connectors that can be used in the industry, such as 9 pin D-Sub, 

Terminal Contact and Wire to Board (WTB) connector. The waterproof grade is 

recommended to be above IP65, and some manufacturers can reach IP66~IP67. 

Counties and cities can make necessary adjustments according to the design and 

connector specifications of the attached equipment to ensure that the signal transmission 

is normal and meets the requirements of waterproof grade. 

 

 

Figure 4.3.1.2-3 Diagram of M12 to RS486/RS232 Waterproof Adapter 

 

Figure 4.3.1.2-4 M12 A-Coding Front View (Picture is for Reference Only) 
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Table 4.3.1.2-2 M12 RS485 Half-Duplex Pinout Diagram (picture is for reference 

only) 

 

The sequence of the above pin Definition is not uniform, so the sequence should be changed 

according to the pin of the connector on the equipment of each network operator. 

 

Figure 4.3.1.2-5 Diagram of Application of Specific Interface on Smart Pole 

 

-  Advantage 

The mounting equipment manufacturer does not need to reserve the length of the pipeline 

connected to the inside of the pole body, but only needs to connect the waterproof joint from 

the outside. 

RS485 

Pin# Description 
Twisted Pair/ 

Impedance Control 

1 RS485 GND  

2 PWR  

3 GND   

4 RS485+ 120ɋ 

5 RS485- 



54 

 

 

4.3.2 Inside the Pole  

The inside of the pole body will not contact with the outside directly, and its waterproof 

requirement is lower than that of the outside, so it is not necessary to use waterproof joints for 

connectors. 

 

4.3.2.1 General Connector  

(a) SFP/SFP+ 

The optical fibers can be divided into two types, single mode and multi-mode. The 

switches inside the single-mode pole will choose different SFP (small form factor 

pluggable) transceivers according to the current optical fiber type and smart pole 

deployment distance. After the light is transferred to electricity, it is connected to the 

switch or gateway inside the pole body. 

 

When designing the interior of the pole, attention shall be paid to the types of the optical 

fiber source (single mode or multi-mode), the transmission speed to be supported, the distance 

of wiring, etc. Select the correct SFP Transceiver according to these conditions and connect it 

to the switch or gateway in the pole. The connector of the optical fiber to SFP Transceiver is 

usually LC (Lucent Connector). Single mode and multi-mode optical fibers shall also comply 

with ITU-G 652 [49] (non dispersion shifted single-mode fiber), ITU-G 651G [50] (multi-

mode fiber). 

 

Figure 4.1.3.2.1-1 Schematic Diagram of SFP Optical Block Module 
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In addition to the advantages of transmission rate, the biggest feature of optical fiber is its 

long transmission distance. The wavelength of multimode optical fiber is generally between 

850nm and 1300nm, and the wavelength of single-mode optical fiber is about 1310nm to 

1550nm long. The larger the wavelength, the less the signal attenuation. For new cabling, it is 

recommended to give priority to single-mode fiber, because single-mode fiber can support 

transmission of longer distance. If the environment has already laid optical fiber cables, it is 

necessary to select the appropriate SFP Transceiver based on the original optical fiber type. The 

price difference between the two types of optical fibers is not significant, mainly depending on 

the distance of cabling. If the connection from the smart pole back to the monitoring 

management center basically exceeds 2km, it is recommended to use a relatively flexible single-

mode optical fiber for cabling. The operation shall be carried out according to ANSI/TIA-598-

D [51] (Telecommunication Industry Association and Electronic Industries Association), the 

pipeline color and relevant conditions shall be specified. 

The optical fiber cable itself has no electrical characteristics and will not generate high heat. 

When deploying multimode optical fiber, it is recommended to use fiber categories of OM3 or 

above. Single mode OS1 and OS2 can be used as well. The connection distance of the optical 

fiber pipeline shall be considered, and the single-mode or multi-mode pipeline shall be 

considered when the pipeline is buried. The counties and cities can also adjust according to the 

current design needs. 

Since most optical fibers are pulled to 5G smart poles from machine rooms far away, and 

some pipelines will be buried underground, it is necessary to consider the anti-rodent mechanism 

(such as rats or squirrels) when designing pipelines. It is recommended to place metal mesh at 

the bottom of the pole to prevent rodents from drilling in from the bottom and damaging the 

pipeline inside the pole. For the buried optical fiber from the remote-control platform to the 5G 

smart pole, there are two common practices in the industry: 
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(1) Metal Free Anti Rodent Bite Material 

Figure 4.1.3.2.1-2 Diagram of Optical Fiber Metal-Free Anti-Rat Bite Cable  

(For Reference Only) 

 

(1.1) Environmentally friendly capsaicin 

Mix environment-friendly capsaicin into the PE outer wrapping (Polyethylene: PE) of the 

cable (please refer to the PE outer wrapping position above). However, the effective period of 

this material cannot be determined, and it may lose the function of rat protection after installation 

as time goes by. The manufacturer does not recommend using this material. The manufacturer 

suggests using physical methods to effectively withstand rodent bites. 

(1.2) Glass yarn 

In this way, the glass yarn material is directly incorporated into the yellow Aromatic 

Polyamide Fiber to enhance the toughness and firmness of the cable. In addition to preventing 

the expansion of optical fiber cable, it also has the effect of withstanding rodent bites. 

(2) Metal Anti Rodent Bite Material 

Figure 4.1.3.2.1-3 Diagram of Optical Fiber Metal Anti Rodent Bite Cable (For 

Reference Only) 
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(2.1)  Armor 

A layer of chrome plated steel strip is added between the outer coating and 

waterproof non-woven fabric. The purpose is to increase the hardness. On the one 

hand, the pipeline is not easy to be compressed and deformed by external forces, and 

on the other hand, it is also used to prevent rodents from biting. The purpose of 

chrome plating on the outer layer of the steel strip is to improve the surface hardness, 

beauty, rust prevention, and other functions. 

(3) Waterproof 

The waterproof treatment of optical fiber pipeline is shown in the figure of 

transition of metal free and metal anti rodent materials. There are two methods: 

(3.1) Glue filling and fiber paste 

The gap between the innermost bundle tubes is filled with glue and fiber paste, which 

can not only achieve waterproof effect, but also prevent external forces from causing 

optical fibers to vibrate, be hit, or be bent. 

(3.2) Waterproof non-woven fabric 

A layer of waterproof non-woven fabric is added between the fiber-reinforced 

polymer and the outer covering to increase the waterproof effect. 

There will be differences in the way different manufacturers produce this. 

 

4.3.2.2 Waterproof Mechanism Inside The Pole  

Although there is little contact with the external environment inside the pole, there will still 

be some moisture inside the pole. In addition, heat conduction is required inside the pole to 

discharge the heat energy of the internal equipment through the gap and opening, a small amount 

of moisture will certainly enter the pole. In addition to increasing the waterproof performance of 

pipelines and connections, some manufacturers suggest adding drainage ditches on the cement 

base at the bottom of the pole. At the same time, bend the pipeline so that the water drops do not 

flow directly into the equipment along the pipeline, but drop into the ground against the drain tank 

and out of the pole. 

 

4.3.3 Test Methods and Specifications for Cable and Pipeline Outside 

The Pole  
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 The cable is responsible for the wired transmission of signals and power within and between 

smart poles. It includes power cable, communication cable and optical fiber cable. It is 

recommended to meet the requirements of environmental protection regulations such as RoSH 

directive. Lead free, low smoke and halogen-free materials should be used in the design. 
For smart pole cables used outdoors, it is recommended that the following specifications 

should be met (or other specifications corresponding to the same level) to ensure transmission 

quality and safe use. 

 

4.3.3.1 Power Cable  

Take PVC insulated and covered cable as an example: 

(a) Conductor resistance test: CNS 3301 Section [52]ȲCNS 689 [53] 

The conductor resistance test must be carried out in accordance with the provisions of 

Section 6 of CNS 689, and the test results must conform to the values specified in Tables 1 

to 6 of CNS 3301. 

(b) AC withstand voltage test: Section 6.4 of CNS 3301, CNS 689 

The test shall be conducted in accordance with 8.1 (water test) of CNS 689 or 8.2 (air test) of 

CNS 689.ȴ 

(c) Insulation resistance test: Section 6.5 of CNS 3301, CNS 689 

The test shall be conducted in accordance with 9.1 of CNS 689, and the measured results 

shall conform to the values specified in Tables 1 to 6 of CNS 3301. 

(d) Flame resistance test: Section 6.14 of CNS 3301           

Cut the test sample with a length of about 300 mm from the finished product, place it at an 

angle of 60 degrees with the horizontal plane, burn it for 30 seconds at the oxidation flame of 

the gas burner at 20 mm from its lower end, then slowly remove the flame, measure the time 

when the cable flame goes out naturally, and the flame must be stable and not affected by 

breeze in an appropriate way. 

(e) Aging resistance test: Section 6.7 of CNS 3301, CNS689 

The test shall be conducted according to the provisions of Section 17 of CNS 689, and the 

heating temperature and time shall be in accordance with the provisions of Table 5 of 17.2 in 

CNS 689. 

(f) Tensile strength and elongation test: Section 6.6 of CNS 3301, CNS 689 
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The tensile strength test must be carried out in accordance with the provisions of Section 16 

of CNS 689, and the tensile speed shall be in accordance with the provisions of Category A in 

Table 4 of 16.3 of CNS 689. 

(g) Other items: please refer to CNS 3301 

 

4.3.3.2 Communication Cable  

(a) Ethernet 

Cables for communication network shall conform to relevant performance specifications of 

ISO/IEC 11801 [54] (or other cable performance specifications of the same level) and relevant 

safety specifications of UL444 [55] (or other safety specifications of the same level). The type 

of terminal connector shall conform to ANSI/TIA-568 [56] or T568A [57]. 

 

4.4 Pipeline Arrangement in Pole 

        At present, when the smart pole is built, there is no specific sorting requirement for the 

internal pipelines. After the attached equipment is connected, the pipeline is not hung inside the 

pole in a specific way. Since the control of different devices integrated in the smart pole is in a 

centralized switch or gateway, and there are many connection ports of the switch or gateway, the 

pipelines are easily entangled, thus two problems will occur: 

(a) Signal disturbed 

When the signal line and power line are twisted, it can possibly affect the signal quality. 

Meanwhile, the space in the pole cannot be effectively utilized. 

(b) Difficulty in maintenance 

Due to excessive winding of pipelines, construction operators are easy to touch or pull 

irrelevant pipelines by mistake when replacing specific pipelines, thus causing unnecessary system 

damage. 

 Therefore, WG1 is recommended to make preliminary arrangement of the pipelines inside 

the pole body in addition to reserving the space for drawing the pipeline during the pole body 

design. At present, the suggestions discussed within the alliance are as follows, but they still need 

to adapt to the current design environment. Design changes can be made to meet the needs of 

counties, cities, and manufacturers. 
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4.4.1 Splitting of Cable Clamp 

 At present, when the smart pole is built, there is no specific sorting requirement for the 
internal pipelines. After the pipeline is connected to the equipment, it is suspended inside the pole 

body and is not fixed in a specific way. It is recommended to use cable management clamps to 

bundle the same type of pipeline pipes together and separate them from the power pipeline. At 

present, there are many kinds of wire clips on the market. It is recommended to use a wire clip 

that is easy to unlock when selecting, place it near the maintenance hole where the installation and 

maintenance personnel can reach. There is no mechanism that can be fixed or supported on the 

inner wall of the pole, so it is recommended to use Din Rail to install it inside, and the wire clip 

can be fastened on the rail. The material and number of holes shall be adjusted according to the 

current design. 

 

 

 

 

 

 

Figure 4.4.1-1 Wire holder (for reference only) 

 

Figure 4.4.1-2 Screw lock with wire fixing device (for reference only) 
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Figure. 4.4.1-3 Wire Combiner [58] (for reference only) 

 

4.4.2 Subsystem Shunting 

If there are many devices attached to the pole body (Type 2 smart pole), there are many 

switches or gateways required, and most manufacturers will make the connection on the same side 

of the product. However, due to the different placement positions of the attached equipment, some 

of them are even attached to the left and right sides of the smart pole respectively, and the pulled 

pipelines are easy to wind and difficult to arrange. Therefore, it is recommended to add an 

additional exchanger to hang on the left and right sides of the smart pole respectively, classify the 

mounting equipment into left and right sides, connect the left mounting equipment to the left one, 

and connect the right mounting equipment to the right one, stagger the left and right wiring, and 

reduce the possibility of pipeline entanglement. Refer to Figure 4.4.2-1. 

Figure 4.4.2-1 Differences before and after modification of analog signal routing 

 

If the routing and layout according to this strategy are as follows, please refer to Figure 4.4.2-

1. On the left side (a) all the connection ports of the subsystem switches of the smart pole are 

concentrated on the left side. If the mounting device is on the right side, the connection can only 

(a) 
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be made successfully by winding. If the power cord near the bottom of the pole body is connected 

to the equipment, the winding of the pipeline will be more obvious. (b) The split flow strategy is 

adopted. After adding a switch of the subsystem of the smart pole (left and right). In the simulated 

wiring diagram, the wiring is significantly improved. 

If the left and right power lines are separated after being pulled out from the lower 

transformer panel, the wiring inside the pole body will be more orderly. Please refer to Figure 

4.4.2-2: 

Figure 4.4.2-2 Power Line Shunt Diagram  

 

Although this diversion method is conducive to the diversion of pipelines, the cost of an 

additional switch or gateway will increase. It is also necessary to evaluate whether there is enough 

space inside the pole body to accommodate so many Netcom equipment and its power supply 

(standby power supply is required), and whether it is convenient to disassemble and install them 

when maintenance. 

 

4.4.3 Split Flexible Conduit 

The wiring arrangement method of the above wire clips needs to be locked inside the pole 

body, but the thickness and material of the pole body will vary according to the requirements of 

different counties and cities. Locking the wire clip may cause perforation and damage the 
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waterproof mechanism, and it is also necessary to consider that the wire management should also 

be divided into power cables and signal cables. If too many wire clips are used, space will be 

wasted, and the locking holes of the smart pole will become more, which will affect the overall 

supporting force of the pole, and it is easy for water to seep into the interior of the pole. Therefore, 

it is not recommended to use the wire clips mentioned above for wire sorting. 

Another method of wire arrangement is to use wave pipes wrapped by perforated discs 

connected from the base of the pole body. At the maintenance hole of the switchboard and 

exchanger, wrap the wave tube for the same type of pipeline to separate the strong current and 

weak current. The cost of wave tube is not too high, and it does not need to be locked on the smart 

pole, which will not cause leaks in the waterproof mechanism. The installation is also very 

convenient and fast. 

 

Figure 4.4.3-1 Diagram of Split Wave Pipe [59] (for reference only) 

 

4.5 Reference Design 

According to the joint consultation results of the 5G Smart Pole Alliance, the use scenarios of 

smart poles are divided into five categories (Type 1~5), of which the use scenarios of Type 2 are 

located at intersections and trunk roads, and the design is the most complex. Therefore, we first 

provide the first version of the reference design based on the use situation of Type 2. The purpose 

is to provide each county and city government or designer with a preliminary reference and 

framework, and not to make any manufacturer profit. Therefore, the information provided by the 

manufacturer is put in the appendix of the specification. In the text, only the proposed framework 

and design concept are provided, without manufacturer information. The structure and smart pole 
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design shall be changed according to the current design requirements of each county and city 

government, and the reference design in the alliance is unnecessary. 

In addition to the use situation of Type 2, we also provide the internal reference design of the 

loop control box for reference only. If the counties and cities have other needs, they can make 

changes according to the current situation. 

 

4.5.1 Type 2 Traffic Trunk Road  

4.5.1.1 Layout and Height of Mounted Equipment  

According to the use situation of Type 2, it is mainly on the main roads and intersections. The 

attached equipment is listed in 4.2.2.1, which is divided into pole top, upper layer, and lower layer. 

The attached equipment diagram is as follows: 

 

Figure 4.5.1.1-1 Schematic Diagram of Type 2 Mounting Device  

 

Each mounting device has its mounting height and its laws and regulations or refer to the 

construction drawings and Proposal of each county and city. The following pages are classified 

according to the application scenarios of each attached device. List the mounting equipment 

required for each application scenario and list the mounting height and calculation method 
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recommended in domestic specifications and construction drawings, and then list the source of 

specifications and construction drawings for reference. This design is based on the use situation 

classification discussed by the 5G Smart Pole Alliance as a design reference. In the future, counties 

and cities can make changes according to the current design needs, and non-mandatory 

specifications to be followed. 

 

Table 4.5.1-1 

Application 
field 

Equipment 
mounted 

Reference height 
range 

Recommended 
height 

References 

Intelligent 
lighting 

Intelligent 
lamps 

Urban roads 
Road width (W) * 1 

Street lamp 
mounting: 8m 

ü Construction Department of the 
Ministry of the Interior - Code for 
Design of Urban Roads and 
Ancillary Works, Chapter 19 

ü Energy Administration of the 
Ministry of Economic Affairs 
"Technical Specifications for 
Setting LED Street Lights in 
Taiwan" 

Monitoring 
system 

360 Á fish eye 
photography; 
Gun camera 

Ministry of Transport 
Ó 5m 
Police administration 
units: 3-6m 

360 Á fish eye: 
7.5m 
Gun camera: 6m 

ü Operation Research Institute of the 
Ministry of Transport - continued 
expansion of domestic R&D video 
vehicle detector 

ü References provided by the 
manufacturer 

Traffic signal Traffic signal 
(Traffic lights) 

Traffic signs 
(Suspension/Vertical) 

Traffic signal: 
4.6m~5.6m 
Traffic signs: 
ü  Expressway: ʨ

4.9m 

ü General roadsʨ
4.6m 

Traffic signal: 
4.9m 
Traffic sign: 
4.9m 

Rules for setting road traffic signs, 

markings, and signals 

ü Chapter II Signs (18, 202) 

ü Chapter IV Sihnals (Article 220) 

C-V2X RSU-Road 
Side Unit 
Radar 
Lidar 

RSU: Pole Top 
Radarʨ3m (for reference 
only)  

Lidar ʨ3m (for reference 
only) 

RSU: 8m 
Radar: 6.7m 
Lidar: 6.16m 

In the experimental stage, the height is still 

being adjusted 

Environmental 
detection 

Environment 
detector 

2m 2m Manufacturer's advice  

(a) Pole body inner diameter 

Since there is no fixed code for the diameter of extension pole and pole, the design of 

pipe diameter can be appropriately adjusted according to the actual situation. The design of 

the pipe body of the smart pole in the type 2 scenario at the main roads and intersections should 

support the weight of the above attached equipment, not hinder the beauty of the city and the 

vision of road users, so the pipe diameter should not be too long. With reference to the 

"Summary Report of Professional Services for the Integration of Taipei Street Lights, Signage 

and Pole Attaching Facilities" issued by the Park Street Lights Engineering Management 

Office of the Public Works Bureau of the Taipei Municipal Government, the pipe diameter is 

set to 35.5cm. Therefore, the Type 2 pole is also being designed with the diameter of 35cm as 
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the benchmark. At present, the space can accommodate the internal mounting equipment, so 

this pipe diameter is temporarily taken as the design reference. 

(b) Intelligent lighting 

The height of lamps and the spacing between poles shall be matched with the simulation 

of average illuminance and uniformity of illuminance, and the height and spacing can be 

adjusted under different roads and environments. Please refer to 4.2.1 (b) for explanation. 

In accordance with the "Code for Design of Urban Roads and Ancillary Works ï Chapter 

19" issued by the Construction Department of the Ministry of the Interior, to reduce glare on 

expressways or main roads, the type of lamps should be mainly shielded lamps. The service 

road or road can allow more glare, and the semi shielded type is preferred. 

 

If the lamps are mainly on trunk roads, the above reference data also mentioned that to 

prevent glare from interfering with the vision of pedestrians, or even causing unnecessary 

traffic accidents, it is recommended to give priority to the selection of shielded lamps. 

 

Figure 4.5.1.1-2 Diagram of Maximum Photometric Coverage 

 

The biggest difference between shielded, semi shielded and unshielded lamps lies in the 

maximum photometric coverage of the light source. The maximum photometric coverage of 

shielded lamps is 0 Á~65 Á, that of semi shielded lamps is 0 Á~75 Á, and that of unshielded 

lamps is 0 Á~90 Á. Due to the small coverage of the maximum luminosity, the light of the fully 

shielded lamps has less chance to directly shine on the eyes of passers-by, causing glare, 

affecting vision and causing unnecessary traffic accidents, while the unshielded lamps are easy 

to directly shine on the eyes of passers-by, causing discomfort because of the large coverage 

of the luminosity. 
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(c) Monitoring system 

The monitoring equipment on the smart pole is maintained and operated by two units: the 

police administration unit and the Ministry of Transport. According to the "subsequent 

expansion of domestically developed image vehicle detectors" provided by the Operation 

Research Institute of the Ministry of Communications, compare the differences between the 

cameras of the two units in terms of use, mounting height and application scenarios: 

According to the above reference specifications, we will mount the gun camera used by 

the police station on the extension pole 6m above the ground, and set the fish eye 360 Á camera 

of the Ministry of Transport on the lamp extension pole 7.5m above the ground. This mounting 

height is only for reference and can be adjusted according to the design requirements of each 

county and city and the use situation of the manufacturer. 

 

Table 4.5.1.1-2 Comparison of Monitoring System Equipment 

 

(d) Traffic signals 

ï Traffic signals 

According to Article 18 of Chapter II of the "Rules for the Setting of Road Traffic Signs 

and Signs" issued by the Ministry of Transport, the vertical clearance of suspended signs 

shall not be less than 4m (Ó 4.6m) for general roads and 4m (Ó 4.9m) for expressways 

 

  Police administration unit Ministry of Transport 

Aim 
Improving public security 
 (Vehicle license plate identification) 

Observe the running state of vehicle flow 
(Traffic flow) 

Position 
Mainly roadway, supplemented by main 

road mouth 
Major road sections and road interfaces 

Height Relatively low position 
(3-6m) 

Relatively high position 
(above 5m) 

Camera range 

Small range, fixed 
(Because the camera angle is locked to a single lane, which is 

mainly used to identify the vehicle license plate, multiple 
cameras are required) 

Large scope and changeable 
(The picture covers multiple lanes and a wide range. The camera lens 

has the functions of moving, zooming in and zooming out) 

Number of 

cameras required 

at the interface  

Multiple seats 
(In principle, it is necessary to set fixed lenses for the lanes 

in each direction of the road entrance) 

1 set 
(It can be remotely controlled, and the angle can be changed as 

required, so one seat is enough) 

Quality 

requirements 
High quality General 
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Figure 4.5.1.1-4 Diagram of Type 2 Hanging Mount Equipment 

 

Considering that the reference design of Type 1 may also be provided later, the use 

situation of Type 1 is in the expressway scene. According to the regulations of the 

Ministry of Transport, the hanging signs on the expressway should be more than 4.9m. In 

order to continue the design of traffic signs and traffic signs to the Type 1 smart pole, 

Type 2 also uses the same mounting height. 

 

ï Traffic signals 

According to the "Rules for Setting Road Traffic Signs and Signs" issued by the Ministry 

of Transport 

Article 202, Section II, Chapter II: 

The light colors of traffic control signs shall be red, yellow and green, and shall be limited 

to six mirrors (left and right up arrows), except that red and green are used for one-way 

traffic rotation control on ramps, narrow roads, narrow bridges, tunnels or construction 

sections. 

Article 220, Section VI, Chapter IV 

If cantilever, portal, or suspension type is adopted, the bottom of the light box shall be 

4.6 m to 5.6 m higher than the road surface to maintain the safety clearance of the vehicle. 
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Figure 4.5.1.1-5 Diagram of Type 2 Traffic Sign Mounting 

 

The height of the type 2 traffic sign is currently set to 4.9m, which is the same as the 

mounting height of the suspended mounting device. 

 

The traffic lights, commonly known as Red & Green lights, are set according to the 

rules of the Ministry of Transport on the setting of road traffic signs and signs 

Article 202, Section II, Chapter II: 

The light colors of traffic control signs shall be red, yellow and green, and shall be limited 

to six mirrors, except that red and green are used for one-way traffic rotation control on 

ramps, narrow roads, narrow bridges, tunnels or construction sections. 

Article 204, Section II, Chapter II 

The side length of the mirror is 30cm (0.3m) for general roads; For high (fast) speed 

highways or special sections, it depends on the actual situation. 

 

 In principle, take 30cm as an example for one mirror, and at most six traffic sign 

mirrors with a total length of 180cm. The length of Type 2 smart pole is also designed 

according to this regulation. In addition, the pole body design in the "Summary Report 

on Professional Services for the Common Pole Integration of Taipei Street Lamps, Signs 
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and Pole Attachments" of the Park Street Lamp Engineering Management Office of the 

Public Works Department of Taipei City Municipal Government is also based on this 

design specification. One side is 30cm, the number is 6, and the total length is 180cm. 

 

Figure 4.5.1.1-5 Design Reference of Traffic Sign of the Public Works Department of 

Taipei City Municipal Government 

(Cites the "Summary Report on Professional Services of the Public Works Department 

of Taipei City Municipal Government on the Integration of Street Lamps, Signage and 

Post Attachments in Taipei City") 

 

ï Traffic Sign 

 According to Article 18 of Chapter II of the "Rules for the Setting of Road Traffic Signs 

and Signs" issued by the Ministry of Communications, the vertical clearance of hanging 

signs shall not be less than 4m (Ó 4.6m) for general roads and 4m (Ó 4.9m) for 

expressways. 
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Figure 4.1.4.1.1-6 Diagram of Type 2 Hanging Mount Equipment 

 

Considering that the reference design of Type 1 may also be provided later, the use 

situation of Type 1 is in the expressway scenario. According to the regulations of the 

Ministry of Communications, the hanging signs on expressways should be more than 

4.9m. In order to use the design of traffic signs and traffic signs for the smart poles in the 

Type 1 scenario, the Type 2 also uses a mounting height of 4.9m. 

 

(e) C-V2X 

ï Road Side Unit 

Through discussion with other alliance members, the antenna on the roadside unit is also 

a kind of communication equipment, so it is recommended to place the top of the pole 

and place it outside the pole according to Type 2. 

ï Radar and Lidar 

It is recommended to hang it above 3m, and there should be no obstacle blocking the 

scanning range, otherwise it may cause wrong action. 

 

4.5.1.2 Pipeline Management  

The use situation of Type 2 is the most complex. After the design of mounting and line 

management, it can be extended to other types of smart poles. Or, if each county, city or  
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manufacturer has their own design needs, it can also be adjusted according to the actual 

situation. 

 

Figure 4.5.1.2-1 Diagram of Type 2 Attachment 

 

The overall system pipeline can be divided into strong current and weak current. Strong 

current refers to the AC power directly pulled into the smart pole from the switchboard, and weak 

current refers to the signal pipeline, which is connected to other attached equipment from the 

exchanger or gateway. In the Working Group 2 specification, there will be a detailed description 

of the strong current Power cable, while the signal Cable and its connector have been described in 

detail in the previous chapter. The external materials (PVC and XLPE) and current demand of the 

strong current pipeline are large, so the diameter of the line is relatively thick, taking up more 

space. The weak current pipelines are mostly made of PE, and the current gauge is also small, so 

the pipe diameter is also small. The interface and requirements of connectors and pipelines are 

described in the subsequent Appendix chapter. 

4.5.2 Type 4 Charging Post Smart Pole  

4.5.2.1 Layout and Height of Mounted Equipment  

Type 4 is used in the parking space on the road. The biggest feature of Type 4 is that the pole is 

equipped with an electric vehicle charging pile, which can be used by electric vehicle owners 

while parking at the roadside. In addition, the pole body is also equipped with surveillance video 

equipment, which can provide license plate identification information of passing vehicles to assist 

scientific and technological law enforcement. 
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Figure 4.5.2.1-1 Type 4 Smart Pole Mounting Intention 

(a) Pole body inner diameter 

- The design of the pole body is slightly different from that of Type 2. The upper part of 

the pole body is mainly columnar, with an inner diameter of 35cm, but a control box will 

be added to the lower part, with a length of 50cm x 50cm and a height of 120cm. The 

lower half of the box can be used to place communication equipment such as O-RAN or 

DAS communication equipment, and then pull the pipeline to the pole top chamber to 

connect the antenna. The lock design and space size inside the control box can be adjusted, 

and further discussion will be made according to the design requirements of each county 

and city. 

- Type 4 is designed as a two-part type, so it is recommended to add more cable glands at 

the outlet to increase the probability of waterproofing. 

(b) Charging post 

- There are several manufacturers in the charging pile field in the alliance, they suggest 

that the height of the charging gun should be higher than 1.1m. It should not be too 

close to the ground. If it is flooded, there is still a distance to prevent the charging post 

from being damaged by flooding. Due to the limited plane area of the control box at the 

bottom of the pole body, and without affecting the overall stress and the pressure 

resistance of the overall structure, the current design first adopts AC charging posts. The 

charging wattage is between 7kW and 10kW, and the weight and size are lighter than 
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DC charging posts. 

(c) Intelligent lighting 

- Since the field of Type 4 smart pole is not on the main road, the height of lighting 

equipment is reduced to 6 meters. In the actual design, the road width and the 

placement position of the smart pole must be evaluated first, and then the height of the 

smart lamp can be calculated. 

(d) Switchboard: 

- The height of the switchboard is still 1.5m above the ground. Ask the county and city 

governments for their opinions according to WG2 and place the switchboard above the 

highest flooding height. 

 

4.5.2.2 Pipeline Management  

Please refer to the design concept in 4.5.1.2 for line management. 

 

4.5.3 Loop Control Box  

4.5.3.1  Layout and Height of Mounted Equipment  

The loop control box is located near the smart pole. A Taipower meter will be placed on the 

top layer, which can not only facilitate recording the power consumption of the smart pole, but 

also serve as the responsibility dividing point for fixed network operators and smart poles. In 

addition, some edge computing servers can also be placed in the loop control box to reduce the 

traffic back to the cloud. It can not only provide the instant response of the smart pole mounted 

device, but also increase the efficiency and efficiency of the attached device service. 
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Figure 4.5.3.1-1 Diagram of Circuit Control Box 

(a) Size and layer of loop control box 

- There is no fixed form and specification for the size and layering of the loop control 

box, but it is determined according to the size of the actual field. It should be noted that 

the height and width of the placement should not block the sight and use space of 

pedestrians and drivers. 

- The current circuit control box design refers to the equipment supply box on Zhongxiao 

East Road, as well as the internal waterproof and heat dissipation design. 

- The current control box is managed by one office on each floor. Each floor has a door 

lock or anti-theft mechanism. Only the floor under the jurisdiction of the office can open 

the door lock on the current floor. However, it is still necessary to change the design and 

properly use the space inside the pole according to the future POC (Proof of Concept) or 

the needs of various counties and cities and innovate methods to achieve the anti-theft 

mechanism and replace the door lock management. 

(b) Placement position 

- Central separation lane: the circuit control box placed on the central separation island must 

pay attention to the opening position of the control box. The door opening position shall not 

be close to the road as far as possible to prevent the maintenance personnel from colliding 

with the incoming vehicles on the road when operating the equipment inside the control box. 
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Please refer to figure 4.5.3.1-2 below. The green tick is the recommended opening position, 

and the red cross is the non-recommended opening position. 

Figure 4.5.3.1-2 Door opening direction design of circuit control box 

 

- Sidewalk: if the circuit control box is to be placed on the sidewalk, the sidewalk must be 

cleared more than 1.2m to ensure the safety and basic rights and interests of pedestrians. 

 

(c) Equipment mounted in the box 

- Taipower electricity meter 

The ammeter in the loop control box is divided into two parts. One is used by the mounting 

device on the smart pole. Because the work consumption of the charging post is large, 

another independent ammeter is used for the charging post. 

- Switchboard 

After the introduction of Taipower meters, the power distribution panel is also required for 

power protection, and then sent to the attached equipment in the loop control box. 

- Fixed network equipment 

The optical fiber is needed if the smart pole needs a fixed network connection back to the 

remote-control platform. In case of GPON architecture, the loop control box must be equipped 

with optical fiber junction box and Optical Network Terminal (ONT). 

- Uninterruptible Power System ï UPS 

If the normal power supply and transmission is short due to force majeure, the uninterruptible 

power supply system can temporarily provide power until the power supply and transmission 

return to normal. Each county and city government can choose which use scenarios of attached 

equipment are more important and give priority to providing power to maintain the normal 
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operation of the equipment. For example, on the main roads with heavy traffic, the traffic signs 

need to normally operate no matter whether the power output is normal or not, so as not to 

cause traffic accidents. Therefore, the traffic signal can be connected to the uninterruptible 

power system to switch and provide temporary power until it returns to normal in case of 

power supply problems. The uninterruptible power supply system includes the host and three 

batteries. Because of the large volume and weight of the batteries, they are placed at the bottom 

of the box. 

- Network Video Recorder ï NVR 

The video images of the monitoring system can be stored in the loop control box near the 

smart pole, which can reduce the flow of the image stream back to the control platform in the 

background. According to the current design of the county and city governments, decide 

whether the network video recorder should be placed near the smart pole or in the back-end 

computer room. 

- Edge Computing 

It can provide data analysis and more immediate services on the devices mounted on the smart 

pole. For example, license plate identification and vehicle flow identification, or other 

scientific and technological law enforcement analysis can be performed on edge computing 

devices, and the results will be sent back to the back-end platform. 

- Communication equipment 

Communication equipment includes three different 5G architectures proposed by various 

manufacturers (Small Cell, O-RAN, DAS) 

 

4.5.2.3 Pipeline Management  

Please refer to the design concept in 4.5.1.2 for line adjustment. 

 

4.6 System Engineering 

4.6.1 Pole Foundation Construction  

4.6.1.1 Foundation Pedestal  

The base is designed at the bottom of 5G smart pole, which is mostly buried underground. 

Its functions mainly include: 
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(e) Support the weight of the pole itself and various attached equipment on the ground, and 

transfer the attached weight of the entire smart pole to the lower soil and rock plate 

(foundation). 

(f) The additional load and pressure caused by environmental factors on the overall structure of 

the support, such as the size and support of the maintenance hole, whether the depth and 

material strength of the base are enough to carry the load and the weight of the pole, and the 

calculation of the head-on wind resistance, in order to avoid typhoon or strong wind, 

casualties and accidents caused by the collapse of the smart pole due to excessive wind. 

The load weight and relevant assessment of the above foundation base will be simulated and 

calculated by the structural experts first, and the project can be formally started only after the 

certificate is presented after the conditions are met. 

 

4.6.1.1.1  Classification of Foundation Pedestal  

At present, the fabrication methods of foundation pedestal can be divided into two categories: 

independent foundation and raft foundation. Each has its own advantages and disadvantages in 

terms of construction. The county and municipal governments and contractors need to evaluate 

the appropriate type of construction according to the current environmental needs. 

ï Independent foundation 

The independent foundation is the design used by most smart poles at present. The 

foundation seat directly transfers the weight of the smart pole and the stress on the pole 

to the soil layer below through the independent foundation. This method is applicable to 

the condition that the soil layer is hard enough to bear the stress of the pole, and the load 

above the building is relatively light. Smart poles are relatively small and light in the 

category of buildings, so at present, most smart poles, street lamps and electric poles use 

this kind of independent base. The reinforcement method of independent foundation is 

simple, and the materials can also be saved, which is also one of the important 

investigations of SI companies. As for the size of the foundation base and the amount of 

concrete to be poured to support the weight of the overall smart pole, the construction can 

only be carried out according to the drawing after the structural technician conducts 

simulation calculation and gets certification. 
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Figure 4.6.1.1.1-1 Diagram of Independent Foundation (for reference only) 

 

ï Raft foundation 

The area of raft foundation base is larger than that of independent foundation, and the 

area contacting the bottom foundation is also larger, which can bear the average force, so 

that the foundation base is stable and not easy to collapse when bearing external forces 

and attached weight, so the seismic effect is also good. If the foundation of the current 

design section is relatively soft and difficult to bear the attached weight, it is 

recommended to use raft foundation. In terms of cost, the raft foundation has a large area 

and requires more reinforcement, so the demand for cost will increase and the 

construction method will be complex. As for the size of the foundation base and the 

amount of concrete to be poured to support the weight of the overall smart pole, the 

construction can only be carried out according to the drawings after the structural experts 

are current environment and design requirements for simulation and certification. 
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Figure 4.6.1.1.1-2 Diagram of Raft Foundation (only for reference) 

 

4.6.1.1.2  Basic Construction Procedures  

 
Figure 4.6.1.1.2-1 Diagram of Foundation Base Construction 
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(a) Depth of foundation base excavated first 

The foundation base of the reference example has a depth of 2m, plus a PC base plate 

with a thickness of 10cm. It is estimated that the overall depth must be at least 2.1m. 

During excavation, some deep space must be reserved for the next step of grounding and 

related construction. Therefore, the overall excavation depth can be about 2.2. 

(b)  Implantation of grounding wire and grounding copper pole 

The grounding pole is one of the important constructions of the foundation base, 

connecting the energy equipment of the pole body and the grounding conductor. In 

addition to being embedded deeper than the low strength backfill materials (CLSM ï 

Controlled Low Strength Materials) base plate, the grounding wire should also be 

reserved 2~3m long behind the ground level, so as to connect the power distribution panel 

under the smart pole or other equipment that needs grounding. Taking the example, the 

buried depth is 2.1~2.2m, the manufacturer suggests reserving 2~3m on the pavement, 

and the total length of the grounding wire is estimated to be about 5.1~5.2m. The depth 

of grounding shall be adjusted according to the current design requirements of the county 

and municipal governments. The depth of the foundation base and the length of the 

underground and above ground wires of the buried ground wire shall be adjusted. 

(c) Bottom layer concrete (PC - Precast Concrete) backfill 

Low strength backfill material (CLSM) is mostly used for the bottom layer of the 

foundation pedestal according to the manufacturer's recommendations, because the 

foundation pedestal itself will be filled with Reinforced Concrete (RC) of higher strength 

to support the weight of the pole body and the overall stress. The compressive strength 

of low strength backfill concrete provided by the manufacturer shall not exceed 

84kgf/cm2 at most. According to the construction example in the above figure, backfill 

10cm of concrete. 

(d) Erection of reinforcement base 

Wait for the initial setting of the bottom layer of the low strength backfill material. The 

setting time will vary depending on the backfill material. The average type can last for 

12~36 hours, and the early strength type can last for 3~6 hours. After setting, fix the 

reinforcement keel on the bottom layer, install the reinforcement, measure the horizontal 

angle with a level ruler, and make appropriate adjustment to ensure that the balance is 

achieved. Do not tilt, otherwise the mounting equipment on the smart pole and the weight 
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of the pole itself will easily topple or even bend, causing unnecessary injuries and traffic 

accidents. 

(e) Pouring concrete 

After binding the steel bars, the poured concrete solidifies into reinforced concrete, which 

bears higher pressure than the low strength backfill material, and is enough to support the 

overall weight and stress of the smart pole. Establish the foundation base according to 

the above reference. 

(f) Pour in non-shrinking cement mortar for cushion thickness 

The characteristic of non-shrinkage cement mortar is that it will not shrink in volume, 

and it is resistant to impact and early drying (rapid setting) and has strong pressure 

resistance. Therefore, it is placed between the smart pole and the base to bear part of the 

mount and the weight of the pole. Cross drainage ditch shall also be added on the base 

poured with non-shrinking cement, which can drain the water drops left inside the pole 

body and drain the pole out of the body. 

 

Figure 4.6.1.1.2-2 Diagram of Cross Drainage Ditch 

 

(g) Lock base plate 

After the non-shrinking cement mortar is grouted, lock the nut on the base plate of the smart 

pole on the ground. One of the main reasons for locking nuts is to increase safety and prevent 

the reinforcement of locking nuts at the accident scene from being inserted into the human 

body to cause more serious casualties. 

 

4.6.1.1.3 Grounding Construction  

The Construction Department of the Ministry of the Interior [Chapter 16062 Grounding 

and Connection of Electric Equipment - Chapter 1 General Rules] [60] can use welding powder 

fusion and copper clip to fix the copper grounding pole and grounding pipeline. Copper clamp is 
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preferred by the industry. According to the general rules of the Construction Department, it is 

recommended to use green PVC insulated wires for grounding pipelines. The diameter of green 

PVC insulated wire pipe can be selected from 8mm 2/14 mm2/19 mm2/22 mm2 according to the 

manufacturer's recommendations, and the recommended diameter of grounding copper bar is 

19mm. However, the size and length of pipelines and copper poles should be adjusted according 

to the current use situation and design space of the county and city governments and 

manufacturers. According to the grounding design of WG2, the power supply deployment inside 

the smart pole is three-phase three wire, which belongs to the second type of grounding in the 

specifications of the "Rules of the Ministry of Economic Affairs of the Executive Yuan - Electric 

Equipment and Devices for Users" [61]: 

ï "In the power supply area of three-phase three wire ungrounded system of electric power 

industry, the low-voltage power supply system of user transformer shall be grounded. The 

resistance value shall be less than 50 ɋ." 

ï No matter how the diameter and pipe diameter of grounding pipeline and copper grounding 

pole change, the most important thing is that the resistance to ground must be below 50 ɋ. 

The depth of the grounding copper pole also needs to evaluate the soil material. It is 

generally recommended to dig 2 to 3 meters deeper. If necessary, the grounding resistance 

improver can be used. The main function of the earth resistance improver is to reduce the soil 

resistance around the grounding electrode, so that the total resistance to ground can be controlled 

within the required range. 

  

4.6.2 Pipeline Construction  

4.6.2.1 Demarcation of Responsibility  
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Figure 4.6.2.1 Diagram of Responsibility Boundary 

 

At present, there are two kinds of manufacturers will participate in the construction of smart 

pole bodies and related pipelines. One is the SI company that undertakes pole body design and 

erection, equipment weight mounting, overall structure trial calculation, pipeline laying and other 

projects, and the optical fiber layout company that is responsible for laying optical fiber and other 

communication pipelines. After determining the bid, SI Company will contract to its related 

downstream manufacturers to complete the whole project construction. Optical fiber layout 

operators cover a wide range, and communication operators will also participate in the laying 

layout of optical fiber. Taking the fixed network system architecture as an example, the dividing 

point between the responsibilities of SI Company and the optical fiber layout operator starts 

roughly after the ONU transfers the Ethernet signal, as shown in Figure 4.6.2.1. SI Company will 

pull the optical fiber and cable near the smart pole to be built through the common pipeline leased 

by the county and municipal governments, then start the construction of pipe laying and lead up. 

Basically, PVC pipes are the main pipelines in the buried pipe design, and cables and optical 

fibers can be pulled inside. The ideal design is that one pipe and one line are recommended, and 

one cable or optical fiber is pulled in a PVC pipe. However, in some use situations, more attached 

equipment is required, and the power consumption requirements are greater. In addition, WG2 is 

designed as three-phase and three lines, so the pipeline design is unlikely to be the same as the 

most ideal design, one pipe and one line. Moreover, if the first line meets the requirements of the 

current smart pole design, the cost is also high. After discussion with the manufacturer, in terms 
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of the design of the power cord, it is recommended that three cables be in the same PVC pipe, and 

two PVC pipes on a smart pole, one in and one out. A detailed description will be given in 4.6.2.5. 

 

4.6.2.2 Common Pipeline and Divergent Parts  

 

Figure 4.6.2.2-1 Diagram of Common Pipeline and Branch (refer to "Planning and Design 

Concept of Songshan Line Common Pipeline Project") 

 

Common pipeline is a comprehensive channel that is planned by the government to 

accommodate pipelines and configurations of different units underground in the construction of 

emerging cities such as new towns, new communities, and redevelopment areas, to facilitate 

unified management and maintenance of underground facilities. In the common pipeline, different 

pipelines such as power, telecommunications (including military and police telecommunications), 

tap water, sewer, gas, waste, oil, gas, cable TV, street lamps, traffic signs, etc. will be managed by 

layers and zones. Its purpose is not only to facilitate the management and transportation of all 

bureaus and offices, but also to reduce the construction scope of contractors. It can not only reduce 

the number of road renovations and refills, and damage other pipelines due to construction, but 

also do not affect the city appearance and the road use right of the general public. The relevant 

regulations can refer to the "Common Pipeline Law" issued by the Construction Department of 

the Ministry of the Interior. 

Common pipes are classified as main pipes and supply pipes: 

(a) Main pipes 
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Most of them are arranged under the driveway, mainly to accommodate the main cables 

or trunk pipes that do not directly supply the service areas along the line. The pipeline 

shall have the functions of monitoring, lighting, drainage, and ventilation to facilitate the 

maintenance personnel to enter the repair and installation of new pipelines. 

(b) Supply pipes 

The main pipe branches out to provide nearby pipelines and services, mostly under the 

sidewalk and slow lane. It can also be divided into branch pipe, cable trench and cable 

run. 

 

(1) Branch pipe 

 

Figure 4.6.2.2-2 Diagram of Branch Pipe [62] 

 

The pipeline channel branching from the main pipe can support the energy demand 

of nearby facilities along the road. Pipelines such as cables, tap water, gas, etc. can 

be directly led up and pulled to the wisdom pole or used by each household. 

(2) Cable trench 

It can provide cable, optical fiber, traffic sign, local telephone and other cable 

requirements, suitable for placing under the sidewalk, and can provide relevant 

services at any time. Space must be reserved in the middle structure for maintenance 

personnel to take shelter and carry out maintenance. 
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Figure 4.6.2.2-2 Diagram of Cable Trench [62] 

(3) Cable run 

Street lamp cable, fixed network optical fiber, communication optical fiber, and 

related cables can be provided. It can be placed under the lane to provide the services 

required by the sidewalks on both sides. 

 

Figure 4.6.2.2-3 Schematic Diagram of Cable Pipeline [62] 

 

The erection of the smart pole will be diverted from the main pipe to the supply pipe. The 

supply pipe will be led up and buried under the pavement or pedestrian walkway through the 

branch part, and then connected to the loop control box and smart pole. 

The cables and optical fibers used by most control boxes and smart poles will be pulled from 

the supply pipe to the bottom of the smart pole through the handhole or buried PVC pipe, then 

connected to provide strong and weak current signals, so that the smart pole can operate normally. 

For the relevant construction manufacturers of smart poles, the county and municipal 

governments are open to SI companies and optical fiber layout operators to rent common pipes. 

They can set up necessary pipelines in the common pipes to the vicinity of the contract project, 

and then "lead up" to the branch part. Through the branch part, PVC pipes are pulled through the 

waterproof casing to the soil layer and then connected to the lower part of the smart pole. 
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Figure 4.6.2.2-4 Example of Actual Construction Drawing of Common Pipeline and 

Division 

 

Please refer to Figure 4.6.2.2-4. The pipe trenches of cable lines (strong current) and signal 

lines (weak current) will be separated and attached to the wall of the common pipe with the fixing 

clip of the wire slot to prevent the pipeline from falling off and twisting. When it gets near the 

smart pole, it is led up and connected to the smart pole through PVC pipeline. The function of the 

branching part is to "lead up" the pipeline required by the smart pole from the relay station in the 

common pipeline, and then through this branching part, extend outward to its destination to 

complete the wiring. 

 

4.6.2.3 Pipeline Planning  

It is pulled to the branch part through the common pipe and led up to the control box. The 

pipeline planning from the control box to the smart pole can be divided into power cable and weak 

current signal cable. The two cables are pulled into the bottom of the smart pole by different PVC 

pipes, and the pulled signal and power cable also changes due to different scenarios (Types 1-5). 

(a) Power pipeline planning 
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Figure 4.6.2.3-1 Schematic diagram of three-phase three wire power supply pipeline 

distribution (refer to WG2) 

 

The power line part is designed according to WG2. Three phase three wire is used 

without grounding, and the voltage inside the input pole is 220Vac. Please refer to Figure 

4.6.2.3-1. Three three-phase three wire cables will be pulled into the control box in turn 

and connected in series with the smart pole behind the control box. Therefore, there will 

be two bundles of PVC pipelines on the smart pole: one is "input PVC pipeline", and the 

other is "output PVC pipeline" 

 

Figure 4.6.2.3-2 Diagram of Three phase Three wire Power Cable Lead Up 

According to WG2's demand for the number of power cables and the manufacturer's 

recommendations, one "input PCV pipe" and one "output PVC pipe" of the power supply 
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contain three three-phase three wire power cables. The manufacturer suggests that the 

inner diameter of 10kW pipeline pipe is 55 mm2, the outer diameter thickness is 20 mm2, 

and the total outer diameter is 70 mm2. Considering that Type 4 has a charging pile, there 

will be an additional power cable, but it will also be put into the same PVC pipe at the 

same time. Therefore, the diameter of the PVC pipe is not fixed, and appropriate 

adjustment and modification can be made according to the current design environment 

and conditions. 

 

 

Figure 4.6.2.3-3 Diagram of Power Pipeline Planning 

 

A little gap will be left at the junction of PVC pipe input and output, and at the 

opening of reinforced cement, so that rodents and insects can easily drill into the smart 

pole. For this reason, the manufacturer suggests that the outlet on the PVC pipe should 

be coated with foaming agent, which will harden after solidification and fill the gap 

beside the PVC pipe to prevent the invasion of pests or reptiles, causing unnecessary 

damage and short circuit of pole equipment. In addition, during the whole construction 

process, PVC adhesive must also be used to closely connect PVC pipes to prevent 

unnecessary fracture and water leakage caused by gaps. 

(b) Smart pole subsystem: fixed network 
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Figure 4.6.2.3-4 Diagram of Fixed Network and Traffic Sign PVC Pipeline 

 

The fixed network is connected to the loop control box through the GPON 

architecture, and then connected to the next smart pole through the L3 switch. Since the 

fixed network optical fibers between poles are connected in series, two PVC pipes for 

input and output must be reserved under each smart pole base. If multiple optical fibers 

need to be placed in the smart pole, they can also be placed in the same PVC pipe, and 

the optical fibers will not affect each other. In addition, if there are traffic lights of traffic 

signs on the smart pole, the power cord will also be pulled from the traffic sign control 

box to connect the light mirror of each traffic sign. According to the actual construction 

cases of manufacturers in the alliance, each traffic sign mirror is controlled in the traffic 

sign control box, and each mirror pulled from the traffic sign control box will pull out a 

power supply and a ground wire. The sectional area of power line for each traffic sign is 

recommended to be 3.5mm2. There is one traffic sign for each two-way road, and each 

traffic sign has at most six mirrors. Therefore, each traffic sign will have 12 pipelines, 

which will be concentrated into cables and pulled outward to the traffic sign control box. 

Therefore, two PVC sleeves for traffic signs will be reserved in the PVC pipeline design, 

one for the power supply and control of traffic signs on the left and the other for the power 

supply and control of traffic signs on the right. 
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(c) 5G Communication 

 
Figure 4.6.2.3-5 Diagram of Small Cell PVC Pipeline Embedding 

 

No matter Small Cell, O-RAN or DAS will pull the optical cable into the smart pole. 

After internal discussion, it is recommended that a telecommunications company provide 

a PVC conduit. The optical cables of telecom operators and optical fiber distributors can 

be led up from the side ditch or common pipe and then connected from the PVC bundle 

pipe to the optical fiber splice box (FTB). If the communication equipment on the smart 

pole needs more than one optical fiber, it can be welded from the core bundle in the optical 

cable and connected to the communication equipment. As the internal consensus of the 

Alliance is that the communication equipment of two telecom operators can be placed on 

one smart pole at most, two optical fiber PVC conduits will be pulled first, and managed 

by two telecom operators or optical fiber distributors respectively, which is convenient 

for management and will not be responsible for ownership. 
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Figure 4.6.2.3-6 Diagram of O-RAN PVC Pipeline Embedding 

 

 

Figure 4.6.2.3-7 Diagram of DAS PVC Pipeline Embedding 

(DAS RAU can be placed on the top of the pole or the lower control box according to 

the different design of the manufacturer) 

 

The embedding of the O-RAN and DAS structures on the PVC pipeline is slightly 

different from that of the Small Cell. The WDM connected to the control box is connected 

to the communication device on the smart pole. The Small Cell only needs to directly pull 

the optical cable from the computer room of the telecommunications company to the 

smart pole. The optical cable pulled from the control box still adheres to the principle of 
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one PVC bundle pipe for one telecommunications company. A smart pole can contain at 

most two telecommunications company's equipment. 

 

4.6.2.4 Side Ditch Wiring  

Roadside ditches were originally used to remove rainwater or other liquids accumulated on 

the ground by environmental or human factors. At the same time, the upper part of the side ditch 

is close to both sides of the ground, which can also be used for pipeline laying. The optical fiber 

cable can be pulled up from the side ditch to the base of the smart pole. Taking Taipei City as an 

example, according to Article 5 of the Administrative Measures for the Construction of Cables 

Attached to Sewer Bridge Tunnels in Taipei City [63], cables can be suspended on both sides of 

the side ditch 20cm below the surface of the ditch cover. If the width of side ditch is less than 

30cm~40cm, no cable or optical fiber cable can be laid. In addition, up to 8 cables can be placed 

in the side ditch. Except for one cable reserved by the county and municipal governments, each 

telecom company can only apply for one cable at most. However, if there are major facilities and 

cable telecom companies, they can add a second cable after application approval. In addition, 

according to Article 5 of the "Regulations on the Administration of Cables Attached to Sewer 

Bridges and Tunnels in Taipei City" [64], the diameter of the cables attached to the side ditch shall 

not exceed 2.3cm, and the total area of the overall cross section shall not exceed 1% of the area of 

the side ditch. 

The above are the specifications and regulations of Taipei City. The county and city 

governments can adjust according to the current laws and regulations or the actual situation. This 

specification is only for reference, and the contractor should also be consulted to meet the design 

requirements. 

 

Figure 4.6.2.4-1 Diagram of Side Ditch 1 [65] 
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Figure 4.6.2.4.2 Diagram of Side Ditch 2 (only for reference) 

 

4.6.2.5 Pipeline Construction and Compliance with Regulations  

The process of smart pole related projects can be roughly divided into several stages: 

(a) Construction assessment 

After winning the bid, it will take 2-3 months to prepare documents, certification of structural 

experts and other relevant data before construction. 

(b) Application for road permit 

After the completion of the construction evaluation, the contractor needs to apply for the road 

permit, and the whole project can be completed within the period of applying for the road 

permit. 

(c) Excavation 

At this stage, the documents and road passes have come into force, and construction can start. 

At the beginning, the road surface will be excavated to the depth of pipeline burial and a little 

extra spare space will be provided. If the common pipeline leased by the government is used, 

the construction area can also be shortened. The Contractor will sort out the gravels and 

sundries after excavation to facilitate the subsequent setting out and actual site measurement. 

(d) Lofting 

The Contractor will prearrange the pipeline and survey the location on site to ensure that the 

pipeline is placed in a reasonable space and can be connected to the destination. After the 

correction is confirmed to be correct, the county and municipal government will conduct re 

inspection, and the construction can be started only after the re inspection is confirmed to be 

correct. If the setting out is inconsistent with the design drawing, the Contractor will be 

required to make correction and re inspection. 
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(e) Construction 

The main purpose of the construction is to erect the PVC pipeline in the excavated trench. The 

backfilling shall be started after confirming that the buried depth of the pipeline complies with 

the government's specifications. Taking Taipei City as an example, Article 8 of the "Taipei City 

Road Excavation Administration and Self Government Regulations" [66] stipulates that the 

vertical depth between the top surface of the road underground and the road surface: 

(1) Not less than 50cm on the sidewalk 

(2) The road width shall not be less than 70cm below 8m 

(3) The pavement width shall not be less than 120cm when it is more than 8m 

 

 

Figure 4.6.2.5-1 Diagram of Pipeline Construction 

 

In addition, the depth of the green belt (pavement garden area) shall not be less than 50cm, 

and PVC adhesive can be used between PVC pipes to make them more compact, to avoid 

fracture at the joint after completion. The diameter of PVC pipes will be adjusted according to 

the current use situation. If there are many internal pipelines, larger PVC pipes will be 

considered. 

 

(f) Pipe trench backfilling 

Backfilling after pipeline laying is the last and very important stage. The backfill 

materials are divided into ground and underground. The quality of backfill material and 

construction method will directly affect the road safety in the future. If the construction is 

improper, it may cause cracks on the pavement, which will not damage the compressive 
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strength of the materials under the ground and the overall structure but will only cause aesthetic 

damage and affect the city appearance. Please refer to Figure 4.6.2.5-2 (left). In serious cases, 

the backfill material under the ground is damaged, causing structural damage, overall collapse 

and endangering driving safety. Please refer to Figure 4.6.2.5-2 (right) below 

 

 

Figure 4.6.2.5-2 (left) Ground Cracking (right) Backfill Material Structural Damage (for 

reference only) 

 

The backfilling of pipe trench is divided into two levels: the backfilling of original materials under 

the pavement and the backfilling of fillers from the asphalt layer to the depth of pipe trench. After 

the pipeline is installed, the manufacturer will backfill the depth from the deepest part of the pipe 

trench to 20cm below the road surface. After the initial setting is tested, and it is confirmed that 

the backfill material is indeed coagulated and can withstand moderate pressure, the raw materials 

from 20cm below the pavement to the pavement will be paved for backfilling. The following 

construction methods will be used for backfilling from the depth of pipe trench to the asphalt 

backfilling of pavement: 
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Figure 4.6.2.5-3 Pipe Trench Backfilling in Layers (Asphalt vs. Low Strength Filler) 

 

(1) Backfilling of filling materials with the same depth of pipe trench 

For pipe trenches with underground depth of more than 30 cm, liquid low strength filling 

material (CLSM) shall be poured from the bottom to 20 cm below the surface. CLSM is 

composed of cement, pozzolanic admixture, granular materials, and water in a set proportion. 

Pozzolanic contains silica and alumina, which will help to increase the cementation of CLSM 

after chemical reaction with cement. Taking Taipei City as an example, according to Chapter 

03377 [67] 3.5.4 of the Engineering Construction Specifications of the Taipei Municipal 

Government, the initial setting state shall be reached four hours after the CLSM is poured in, 

and the Contractor shall deploy CLSM according to the actual situation. Early strength agent 

can be mixed with early strength type, blast furnace cement or concrete. The Contractor must 

complete the test after four hours of initial setting of CLSM, so that the road surface can be 

backfilled and the whole pipe trench works can be completed on the same day. There are two 

methods to test the strength of CLSM: one must comply with ASTM D6024-96 [68] (the 

American Society for Testing and Materials). Another method is to let a person of more than 

60kg stand on the CLSM initially solidified in the pipe trench for more than five minutes and 

pass the inspection if there is no sign of collapse at the place where he stands. The second 

method is a testing method. It needs to record the whole process and upload it to the Taipei 

Road Excavation Notification APP. The process can only be completed after it is approved. 
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Figure 4.6.2.5-4 (left) After CLSM backfilling, ask 60kg staff to stand on it for 5 minutes to test,  

(right) Diagram of Backfilling CLSM to Pipe Trench (for reference only) 

 

In addition, according to the inspection requirements of 3.5.1 in Chapter 03377 of the Taipei 

Municipal Government Construction Specifications, the compressive strength of CLSM 

should reach 40~80kgf/cm2. In the process of backfilling, CLSM backfilling can be carried 

out in two times: the first time, from the bottom to the middle of the pipeline, the depth of 

the first backfilling can be adjusted according to the excavation depth of the pipeline and the 

current site environment. After the initial setting, the second backfilling shall be carried out 

below the asphalt layer, and the pressure test shall be carried out again. It is suggested that 

the CLSM for the first backfilling should be mainly of high fluidity in the process of 

deployment, and the gap filling should increase the compactness. The CLSM for the second 

backfilling should increase the compressive strength and initial setting time. 

There is another material for backfilling pipe trench, with sand and concrete gradation. 

Concrete gradation includes natural and recycled materials. Natural concrete gradation refers 

to the ingredients made of natural rock or gravel through crushing, screening, or mixing 

procedures. Recycled concrete gradations are rolled from stone waste, waste concrete, waste 

ceramics, etc. After backfilling, these graded granular materials do not need four hours of 

initial setting, such as CLSM, and can bear the load immediately. However, because they are 

less mobile than CLSM during backfilling, some small gaps cannot be filled. Therefore, the 

manufacturer recommends using CLSM for backfilling in smart pole related projects. 

However, the backfilling method shall be changed according to the design requirements of 

each county and city, and the backfilling method can be appropriately adjusted or matched 

according to the environmental requirements. 
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(2) Backfilling of original pavement materials 

The backfilling of raw materials shall not be carried out until the CLSM has initially set 

and passed the inspection. Depending on the material of the construction pavement, asphalt 

(Asphalt Concrete - AC) can be backfilled or rigid reinforced concrete (RC) can be filled on 

the sidewalk, and the surface backfill material shall be laid at least 20cm below the surface. 

Chapter 02742 of the Construction Specifications of Taipei Municipal Government 

Engineering "After the asphalt is paved with a paver, the rolling machine will roll (initial 

rolling, secondary rolling, and final rolling) and compact it. According to the specifications 

of Annex [69] "Chapter 02742 Asphalt Concrete Pavement - Annex. pdf" of Taipei Municipal 

Government Engineering Construction Specifications, the degree of compaction: 

V Road with a width of more than 8m: the compactness shall reach 95% 

V Road with pavement width less than 8m: compactness reaches 93% 

The actual test method can refer to CNS 12390 A3288 [70] test method to verify the 

compactness. 

 

4.6.2.6  Smart Pole Wiring Hole Design  

An outlet hole is reserved at the junction between the bottom of the pole and the PVC bundle 

pipe leading up, so that the pipeline and optical fiber can pass through the hole at the bottom after 

being led up from the PVC bundle pipe and access to the inside of the pole. Cable Gland will be 

added to these openings to increase the waterproof performance. 

 

Figure 4.6.2.6-1 Diagram of Bottom Hole of Pole Body (only for reference) 

 

After summing up the required quantity of PVC bundle pipes embedded in the pipeline in 

Section 4.6.2.3, the first version of the preliminary plan is suitable for the wiring opening of the 
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Alliance smart pole. Please refer to figure 4.6.2.6.2 below. In actual design, it is also necessary to 

make appropriate pipeline configuration and adjust the diameter of PVC bundle pipe for wiring 

opening. 

 

Figure 4.6.2.6.2 Diagram of Smart Pole Chassis Perforation (For Reference Only) 

 

4.6.2.7  Hand Hole Position and Function  

The handhole is used for additional wire pulling and wiring requirements. For example, the 

power cord of the charging pile will pull an additional cable from the control box to the required 

smart pole. At this time, it is necessary to embed another PVC pipeline near the smart pole from 

the control box, lead it through the handhole to the smart pole to facilitate the maintenance of the 

pipeline. Another function can also be used as a maintenance hole to facilitate the maintenance 

personnel to replace the pipeline and lead up. The distance between two adjacent handholes is 50 

meters. The shape of the handhole can be round or rectangular, and the anti-skid design is made. 

Handholes on sidewalks need not be designed underground. However, if it is on the traffic trunk 

road and road, it is necessary to design the handhole underground. In order to prevent unnecessary 

traffic accidents caused by the impact of passers-by during their movement, the underground 

handhole needs to be covered up. 
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Figure 4.6.2.7 Diagram of Hand Hole (Picture is Only for Reference) 

 

4.6.3 Construction Process  

The construction of smart pole includes pre-construction, pipeline embedding, foundation 

base embedding, smart pole construction and inspection after completion. 

(a) Pre construction: 

 Before construction, the contractor shall send professional technicians to the site to 

actually investigate the location of the smart pole and attach the equipment, and confirm the 

placement position of the pipeline site and the cable demand, setting out and confirming the 

location of the smart pole base and the excavation path of the sidewalk. 

In addition, if the contracted project is to replace the old pole, it is necessary to investigate 

and record the original low hanging equipment base on the smart pole, contact the unit that 

attaches the equipment 10 days before the construction for on-site investigation and 

coordination. The attaching equipment on the old smart pole shall be moved to other places 3 

days before the pole body replacement. 

(b) Road permit application 

When applying for a road permit, you must first confirm with the land ownership unit the 

excavation path, the pipeline arbitrage of each unit and the joint site survey. At the same time, 

relevant documents required by the road permit shall be filled in, and the construction plan and 

traffic maintenance plan shall be submitted. In addition, the application and pendant 

examination shall be submitted on the management system of each county and city government. 

After the operation of being prepared and uploading the data, it should be noted that the 

line is a version of the government's road management center. After passing the examination 
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and issuing the road permit, it is necessary to post a notice on the site and inform the residents, 

drivers, and pedestrians in the area in advance to avoid civil complaints caused by the 

construction. 

(c) Excavation and installation of smart pole foundation 

Please refer to 4.6.1.1.2 Foundation Construction Process to restore the smart pole 

foundation and pavement first. 

(d) Construction 

After the construction of the foundation base is completed, please refer to 4.6.2.5 for pipe 

laying and backfilling to the road repair. During construction, safety facilities and construction 

billboards shall be placed according to the delivery and maintenance plan to prevent road users 

from unnecessary accidents. 

(e) Pole erection and wiring 

After the pipeline operation is completed and the leading pipeline is reserved, the pole 

erection and wiring can be started. Before construction, signboards and safety facilities shall 

also be placed to protect the safety of road users. 

The construction of poles and tie lines shall be carried out in daytime as far as possible, 

and the road use right of road users shall not be affected. In addition, the power of the 

streetlights of Taipower will not be supplied until 6:00 p.m., so the construction personnel can 

safely set up the wiring of the smart pole and pipeline from daytime to 6:00 p.m., so there is no 

need to worry about the fire line operation caused by the power supply of the power cable. 
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Figure 4.6.3-1 Diagram of Pole Erection 

 

If the old pole is renewed, the construction unit can take down the attached equipment on 

the old pole first, and notify the management unit of the attached equipment to attach and repair 

after the installation of the new pole is completed. 

(f) Self-inspection and road permit settlement 

Self-inspection on site: arrange personnel to regularly inspect the completed intersection, 

and immediately arrange for improvement if there is any defect. Road permit closing operation: 

within 30 days after the expiry date of the road permit, relevant data shall be attached according 

to relevant regulations to handle the completion closing. 

 

(g) Project acceptance 

After the independent inspection, the government agencies need to actually conduct field 

survey and accept the results of smart pole erection, and be present for review seven days before 

partial or full completion. In case of any shortage of public security, use and cleaning in site 

construction, it shall be improved immediately, and time shall be arranged for another review. If 

it is confirmed that the safety and various tests are safe, it can be used after the review of the 

management unit. After the use, the Public Works Bureau shall conduct another field survey to 

check whether the use will cause public safety or hinder the right of use of pedestrians. The overall 
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acceptance process can be referred to Figure 4.6.3-2 below, taking as an example the "Standard 

Operation Procedure for Opening to Use after Inspection by Park Street Light Engineering 

Management Office of Public Works Bureau of Taipei Municipal Government before Project 

Acceptance". The actual construction acceptance shall be carried out in accordance with the 

specifications of the county and city government where the contracted project is located, and in 

cooperation with the competent authority for review and acceptance. 

 

 

Figure 4.6.3-2 Project Acceptance Flow Chart 

(h) Smart pole and pipeline positioning signs 

The GML system is added to the system of the municipal government for the location 

and length of smart poles and pipelines, so that you can find and maintain them later. 

 

4.7 System Management and Maintenance  

According to the government's bid, as a contracting company, SI Company will purchase 

equipment according to the equipment specifications of various agencies, obtain the warranty and 

performance commitments of the equipment manufacturer, and provide education and training for 

the unified management of SI Company. After the construction and acceptance of the pole body 

and attached equipment are completed, the government authorities will sign a warranty contract 

with SI Company for two years or more, and SI Company will be responsible for the maintenance 

and operation. After the expiration of the contract, if the government agency does not renew the 
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contract, the maintenance and platform management will be returned to each government agency 

for self maintenance. The government authority can also extend the maintenance contract and let 

SI company continue to manage, or the government agency may open a "patrol inspection bid" so 

that the contractor can be responsible for the inspection of physical attached equipment and the 

maintenance of the management platform to a large extent. 

Maintenance and operation can be divided into two parts: one is the routine inspection of the 

attached equipment on the actual pole body, and the other is the system operation management 

and maintenance of the management platform. 

ï Check of the attached equipment of the actual pole body 

The inspection and acceptance items jointly developed by the contractor SI Company and its 

equipment manufacturers shall be reviewed by the government authorities, and then the 

maintenance personnel shall carry out advanced calibration and inspection in the actual field 

one by one according to the items developed. The normal operation of the equipment attached 

on the physical pole body is usually inspected once a quarter, but the inspection cycle will be 

adjusted according to different competent authorities and projects. 

ï System operation management and maintenance of management platform 

There are relevant documents for system operation management and maintenance proposed 

in WG4 specification for reference. At present, the actual practice is still that the contractor 

SI Company will uniformly build the project interface management and the platform 

management behind each application equipment. 
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5.  Product Power Safety System  

5.1 Power Supply Design  

5.1.1 Control Box and Smart Pole Power System Input  

(a) The three phase three wire ungrounded system is used for the supply of the Taipower 

transformer box to the control box and the smart pole system, and the line voltage input to 

the control box is 220Vac. The grounding system shall meet the grounding requirements 

specified in this specification. 

(b) The line voltage supplied by the control box to the smart pole is 220Vac; The grounding 

system shall meet the grounding requirements specified in this specification. 

(c) For each control box, L1, L2 and L3 phase lines shall be staggered in sequence by the Taiwan 

Power Distribution Box. The control box supplies power to several smart poles matched with 

it to keep three-phase load balanced. Refer to Figure 5.1.1-1 for the smart pole power input 

circuit. 

 

Figure 5.1.1-1 Smart Pole Power Input Circuit 

(d) The power supply design shall comprehensively consider the maximum value of the electrical 

load of all equipment. In addition to the sum of the maximum values of the electrical load of 

all equipment such as 5G smart poles and control boxes, sufficient margin shall be reserved. 

It is recommended that 25% power margin be reserved for each smart pole for the use of the 

expanded attached equipment. 

(e) The supply voltage of the smart pole at the end of the system shall not be lower than 90% 

of the rated voltage. 














































































































































































































































































































































































































