
2. General Framework

5. Experimental Results

➢ Extended view of the environment is possible through communication

➢ Challenges: Raw data for fusion is more useful, but incurs significantly more 
communication load; uncertainty in data from other sources needs to be 
quantified.

➢ Future Works: Study of higher (object) level fusion/composition 
mechanisms; Fuse information extracted from LIDAR data with other 
sensors (e.g., video imagery), Communication strategies to maximize 
situational awareness when fusion of information is used.

6. Conclusions

MAIN IDEA

Each car combines information received from its local (usually LoS) sensors 
with information from remote vehicles to create an extended 3-D map of 
objects around it. 

Three approaches to combining of information:

➢ Raw sensor data from remote vehicle (RV) may be selectively used to help 
processing of data from local sensors

➢ Processed sensor data from RV may be used to help with processing of 
data from local sensors

➢ Processed sensor data from RV may be combined with processed data of 
local sensors

“Composition/Fusion algorithm” 

➢ Each of the above approaches requires a different method of data fusion 
and map reconstruction

➢ This poster focuses on the first two.

3. Challenges and Approaches 

CHALLENGES: 

- Moving objects in the environment 
- Errors in perspective and scale adjustments
- Different resolution and noises from different sensors
- Communication losses and unavailability

This Work:  

FROBUST VEHICLE ENVIRONMENT RECONSTRUCTION FROM POINT 

CLOUDS 

Assume LIDAR data from two sources (or collected at different times). 

How to create an extended point cloud environment? 

Can irregularities be used to detect moving objects ?

4. Point Cloud Alignment and 
Irregularity Detection

Alignment and Composition of Scenes: Hierarchical EM-ICP Algorithm

The algorithm has two parts:
➢ Simultaneous Alignment of Multiple Point Clouds: Hierarchical Extension of ICP 

(iterative closest point):

- Perform pairwise alignment to {P1, P2, …, PN} and obtain N/2 point cloud.

- Recursively apply pairwise alignment to the merged point clouds until one is left.

➢ Outlier Rejection by Robust EM-ICP 

- E-step: For an estimated transformation, align two point clouds, calculate the 

closest distance for each point. A point is outlier if the closest distance > threshold

- M-step: For a given set of inliers, apply ICP to update the estimate of 

transformation parameters 

Irregularities on Road:

Jaywalking, sudden lane change, irregular movement of cyclist, deer on road etc.

Approach:

➢ Detect and track moving objects

➢ Align two point cloud frames (either consecutive from same sensor, or 

adjusted and corrected from different sensors).

➢ Apply threshold on the aligned point cloud to detect moving points

➢ Moving points are clustered to get moving objects

➢ Euclidean distance based nearest neighbor searching technique is 

applied on the centroids through multiple frames to track moving objects

➢ Predict irregular movement

➢ Linear regression is used to derive motion trajectories of moving objects

➢ A critical region is set around the host vehicle; its trajectory is also tracked

➢ Movement of an object is labelled as ‘Critical’ (i.e. irregular) if its motion 

trajectory passes through the critical region

Automated Vehicles use a number of sensing technologies, 
such as Lidar, Radar, and Cameras, which all rely on “line of 
sight” (LOS) view and favourable environmental conditions. Lack 
of these conditions leads to safety issues. 
Wireless communication is essential to acquire non line-of-
sight view and information regarding objects beyond the area 
directly sensed by local sensors . Such communicated data may 
even be more precise than what local LoS sensors can observe. 
Cooperative Cognition: mechanisms should be developed to 
allow vehicles to exchange their processed sensory data in order 
to improve their neighbour’s  cognition of the enviromnemt. 
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Movement of object1 is labelled as ‘Critical’ here; blue dot is the predicted location of 

collision if both HV and object1 maintain their current trajectories

Extraction and analysis of multiple moving objects in a complex scene (overlay of

objects indicate the moving trajectories, still areas are removed).

Reconstructed Extended Vehicle Environments from a collection of 40 point clouds: rural vs. urban 


