IMMC 2022 Greater China Problem A (Autumn) (English f&j{& ££88)
Smart lamppost deployment

Background

Nowadays, autonomous driving technology is developing rapidly. The Society of Automotive
Engineers (SAE) has established the level of autonomous driving. According to the degree of
automation of the vehicle, six levels of driving automation from LO (manually controlled) to L5
(full driving automation) are defined (Reference link for autonomous driving levels). At present,

autonomous driving technology has begun to move from partial driving automation at the L2 level
to conditional driving automation at the L3 level. For L3 autonomous driving cars, the driver only
needs to take over the malfunctioning car when the system fails or exceeds working conditions.
After the automatic driving system is activated, the vehicle itself can complete the tasks of steering,
acceleration, deceleration, road condition detection and reaction under the operating conditions
specified by the automatic driving system.

Problem and context

In order to facilitate vehicles to better implement the L3 level autonomous driving tasks, the smart
roadside infrastructure represented by smart lampposts has been considered to be a powerful
solution. By refitting existing ordinary lampposts into smart lampposts (installed with sensors and
communication units), smart lampposts can collect road data through sensors and upload them to
the cloud server, and then download to the original lamppost or share it with other lampposts after
the server completes the calculations. Autonomous driving cars can obtain the road data they need
by communicating with neighboring smart lampposts.

Lampposts are almost everywhere in the city, but it is obviously not a good choice to modify every
lamppost. Therefore, your team is invited by your client, a smart lamppost construction company,
to provide a planning scheme and evaluation framework for smart lamppost modification. The

basic conditions and information for your team are as follows:

(1) You need to choose some lampposts for modification. There are three configurations for
the smart modules installed on the lamppost. Only one configuration can be selected for
each modified lamppost (but you can choose different configuration on different
lampposts). The information of the three configurations is shown in Table 1.

Table 1: Smart lamppost configuration and price

Type Hardware Configuration Price (US$)
A Sensor 5000
B WiFi Access Point 3000
C Sensor + WiFi Access Point 10000



https://www.sae.org/news/press-room/2018/12/sae-international-releases-updated-visual-chart-for-its-%E2%80%9Clevels-of-driving-automation%E2%80%9D-standard-for-self-driving-vehicles

(2) The sensor in the smart module contains a pair of LiDARs. Compared with traditional
cameras, LiDAR can directly obtain 3D scene information and is not affected by lighting
conditions, which means it can also work well at night. In particular, LIDAR cannot obtain
detailed image information, so no matter where it is deployed, it can protect privacy well.
The effective detection distance of the LiDAR is 80 meters, and the view of two LiDARs
are combined together by view stitching to achieve a 180° horizontal field of view (as
shown in Figure 1). The sensor data is uploaded to the cloud to complete processing and
calculation to achieve object detection, traffic monitoring and other functions. Autonomous
vehicles can use WiFi to establish connections with neighboring smart lampposts to obtain
cloud data, thereby indirectly using smart lamppost sensors to achieve better scene
perception and route planning functions.

Figure 1. Schematic diagram of LiDAR detection range

(3) The WiFi in the smart module can be used to communicate with the autonomous driving
car. As a widely used and powerful communication technology, WiFi can be easily
deployed on autonomous vehicles and smart lampposts. It transmits the information
(processing results of sensor data) from the cloud server to the autonomous vehicles,
thereby enabling the vehicles to obtain traffic information using sensors mounted on smart
lampposts. Driving automation at the L3 level requires fine-grained road information, so a
large amount of data needs to be transmitted. In order to meet the communication needs,
the fifth generationSG WiFi (WiFi5 reference link) with strong communication capabilities

will be used. A WiFi access point can provide a maximum throughput of 800 Mbps,
support for communication with 4 autonomous vehicles at the same time, and a coverage

range of 100 meters (as shown in Figure 2).

(4) Three factors need to be considered when evaluating the lamppost modification plan in an
area. 1) The first is cost. The modification plan should try to save the cost of lamppost
modification in the unit area; 2) The second is the coverage of the road in the area that the


https://en.wikipedia.org/wiki/IEEE_802.11ac-2013

sensor can detect. We hope that as many areas on the road as possible can be detected by
the sensor, especially some important areas such as traffic intersections and crosswalks, etc.;
3) The third is the coverage of the road by WiFi communication and the number of
connections supported. We hope that vehicles can communicate with lampposts in most
areas to obtain data, and in areas with dense traffic, it is possible to enable as many
vehicles as possible to establish WiFi connections with lampposts at the same time.

Figure 2. Schematic diagram of WiFi coverage

(5) You can freely choose the road area you are interested in for planning. The road map and
lamppost distribution data can be acquired on the official website of the local government,

for example, the map data of Hong Kong at https://www.map.gov.hk/gm/map/).
Tasks

1. Based on the aforementioned factors that need to be considered when evaluating lamppost
modification plans in an area, establish an indicator framework for evaluating smart lamppost
modification plans, define how to quantify and measure these indicators; and use your indicator
system to establish a mathematical model to evaluate the smart lamppost modification plans.

2. Select an area in any city (more than 200m>200m, and the number of lamp posts is more
than 30), and give a plan for smart lamppost modification, including determining which
lampposts need to be modified with which configurations.

3. Use the model you built to evaluate the smart lamppost modification plan. Please discuss: 1)
How the evaluation model you established can help you improve your modification plan; 2)
During the evaluation of the modification plan, did you find any advantages or
disadvantages in your model? Talk about what improvements you plan to make to your
model.

Submission

Your team's solution paper should include a 1-page Summary Sheet. The body cannot exceed 20
pages for a maximum of 23 pages with the Summary Sheet and maps of selected city areas
inclusive. The appendices and references should appear at the end of the paper and do not count
towards the 23 pages limit.
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