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Abstract

In this paper, a graph data model is introduced to effectively recognize the situation between each
object on the road detected by vehicles or road infrastructure sensors. The proposed method builds a
graph database by modeling each object on the road as a node of the graph and the relationship
between objects as an edge of the graph, and updates object properties and edge properties in real time.
In this case, the relationship between objects represented as edges is set when there is a possibility of
approach between objects in consideration of the position, direction, and speed of each object. Finally,
we propose a spatial indexing technique for graph nodes and edges to update the road object graph
database represented through the proposed graph modeling method continuously in real time. To show
the superiority of the proposed indexing technique, we compare the proposed indexing based database
update method to the non-indexing update method through simulation. The results of the simulation
show the proposed method outperforms more than 10 times to the non-indexing method.
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Figure 1. Process of graph modelling
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Table 1. Properties of edges

Properties | Description

EdgeID Identifier of a graph edge

TTC Time to Collision

Deadline Deadline to Inform Message. Time limit that information must be transmitted to vertices
connected to the edge considering AOI, TTC

Table 2. Properties of vertex

Properties | Description

NodeID Identifier of a graph vertex

Trajectory Former 5 objects’ information. List of (loc, heading, speed)

Sensor Type | Type of sensors used for recognize objects ( 0:Camera, 1:Lidar, 2:Road Status )

Location Location of objects. (X, y)

Heading Heading of objects

Speed Speed of objects

Aol Age of Information. Data output time of recognize module of sensor — estimated execution time of
recognize module

Object Type | Type of objects (0:vehicle, 1:pedestrian, 2:motor cycle, 3: bicycle, 4:falling objects, 5: pothole,
6:construction)

MBR Minimum Bounding Rectangle of object. (x_left, y_upper, x_right, y_lower)
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Figure 2. Spatial index for graph vertex
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Figure 3. Data structure for spatial index for graph
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Table 3. Experimental environments

Division Specification

W Intel(R) Core(TM) i7-8750H CPU @ 2.20GHz 2.21 GHz
16G RAM, 500G SSD

SW Python 3.7, Windows 11
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Table 4. Experimental results

Division Execution time for 1 object (seconds) | Execution time for 500 objects (seconds)
Grid based Graph Index Method | 1.03466E-05 0.005173304
Non-Index Method 0.000130819 0.059463268
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