
Intern Report

A report by Aarjan Budathoki



★ ADAS & ROS Study

★ ROS + Gazebo: Basic Simulation of 

Robotic Arm

★ VLP 16: Data acquisition & processing

★ PCL Library: Analyzing, processing, 

mapping indoor and outdoor 

environments

★ Lidar Dataset: Generation of a person 

dataset

★ Clustering

★ Kd-Tree

★ RANSAC Scratch Implementation

Overview



ADAS & ROS Study
Transition from a simulation 
environment to a real environment 
not more challenging than 
developing algorithm in first place.



ROS2 & Gazebo Revise

Understanding ros concepts:

Services

Actions

Various Industrial Gripper and Gripper Interfacing 
Commands



ROS2 & Gazebo Revise



Carla Installation

./CarlaUE4.sh -prefernvidia



Robotic Arm & Motion Planning (moveit2)

Robots like
1. ABB Robot
2. Universal Robot
3. FANUC
4. KUKA
5. Panda

Features
1. ros2_grasping
2. ros2_execution
3. ros2_data
4. ros2_actions



Motion Planning of Industrial Robotic Arms

❖ ros2 humble

❖ ubuntu 22.04

❖ moveit2



Motion Planning of Industrial Robotic Arms

❖ ros2 humble

❖ ubuntu 22.04

❖ moveit2



Pick & Place ABB Robot



VLP 16: Lidar Datasheet

● 16 laser/detector pairs mounted in a compact housing

● Lasers fire thousands of times pers second, giving 3d 

pcd in real time

● 5-20 hz = rotations pers second = adjustable

● Vertical fov = 30

● Range: 100m

● Lidar Specifications:

○ Range Precision & Accuracy

○ Scan Pattern



VLP 16: Lidar Datasheet



VLP 16: Data Format



VLP 16: Data Visualization in RVIZ



VLP 16: Data Acquisition, Processing & Visualization

● Lidar sends data through 
ethernet to laptop/pc.

● And sends data through UDP 
port.

● Lidar Driver
● Lidar Decoder
● Top view Visualization



VLP 16: Data acquisition & processing



VLP 16: Data acquisition & processing



Followed tutorial of pcl library official website:

● Matrix Transform
● PassThrough Filter
● Voxel Grid Filter
● Statistical Outlier Removal
● Read/Write point cloud data from/to .pcd files
● Understanding of .pcd and .bin file formats.
● HDL Grabber
● Plane Model Segmentation
● Euclidean Cluster Extraction

PCL Library



KiTTi Dataset



Lidar & Camera Frame Synchronization



Create Lidar Person Dataset

Lidar Data Annotation Tools Review:

1. Label Cloud
2. BasicAi
3. Latte
4. Kitti own developed software not open source 



Latte

Web browser based tool



Latte



Labeled Object file

<class names> <truncation> <occlusion> <alpha> <bbox coordinates> <3D dimensions> <location> 
<rotation_y> <score>



Obstacle Clustering 

● Read/load pcd file
● Downsampling

○ Voxel downsampling
● Segmentation(Road and other obstacles segmentation)

○ RANSAC/MSAC
● Clustering

○ Euclidean clustering



Clustering Algorithm Review

● Clustering LiDAR Data with K-means 
and DBSCAN: paper review

○ DBSCAN is preferable for 
segmenting LiDAR data due to 
its ability to handle arbitrary 
cluster shapes.

● OPTICS Clustering
○ High computation not good

● Euclidean Clustering: PCL

Ground Removal using M-SAC 



Density Based Spatial Clustering DBSCAN

● Groups points based on density, 
allowing clusters of arbitrary shapes.

● Requires tuning parameters 
○ ε (radius) 
○ m (minimum points per cluster).

● Can effectively identify outliers as 
noise.



RANSAC Algorithm

● Start with the input data
● Pick random samples
● Fit a mathematical model (line, 

curve, 3d shape, ...)
● Compute a cost by checking 

how many points fit the model
● Repeat until you found the 

model with the lowest cost

Parameters:

Estimator, min_samples, 
maxIterations, stop_score, Loss



RANSAC PseudoCode



Ransac for 2D lines



Ransac for 2D lines



Ransac for Planes

● Red = obstacles
○ Pedestrian, cyclists, cars

● Green = plane
○ Road



Kd-Tree

Optimized data structure for storing the 
points of the point cloud data(pcd) for 
easy search and retrieval



Fast Search using Kd-Tree



Continued



Kd-Tree Points Insertion



Radius Search in KdTree



Kd-Tree Implementation

For floating points x, y, z 

Output



Kd-Tree Implementation

Load pcd file format in 
pcl::PointCloud<pcl::PointXYZI>::Ptr cloud

Select any 1 random point from the cloud



Kd-Tree Implementation

Select any 1 random point from the cloud

Searched point Red
Neighbor points Green



Kd-Tree Implementation

Select any 1 random point from the cloud

Visualization:
Search point in red
Neighbor point in green



Continued



Flow:



Density-based Spatial Clustering of 
Applications with Noise
Data clustering algorithm proposed in 1996.

Eps: max radius of the neighborhood
minPts: min no of points in the neighborhood of a point

Robust to noise points away from the density core
No need to know the number of clusters.
Clusters of arbitrary shape can be found.

1. CorePoint: q such that it includes minPts neighbors
2. BorderPoint: q such that it doesn't have enough 

minPts neighbors
3. NoisePoint: cannot form a cluster with enough 

minPts and cannot be reached by any core points



Density-based Spatial Clustering of 
Applications with Noise: Algorithm
1. Arbitrarily select a point p
2. Retrieve all points 

density-reachable from p 
wrt eps and minPts.

3. If p is a corePoint, a 
cluster is formed

4. If p is a borderPoint, no 
points are density 
reachable from p, then 
DBSCAN visits the next 
point

5. Continue the process until 
all of the points have been 
processed.



DBSCAN Algorithm cpp implementation 
github review
https://github.com/james-yoo/DBSCAN 

https://github.com/james-yoo/DBSCAN


DBSCAN Algorithm 



Computational Complexity

O(n^2)

If spatial index used to store the objects
(point clouds) it is 
O(nlogn) 

n: number of database objects.

DBSCAN: Complexity



Kitti Data

With dbscan 

no use of kdtree

no preprocessing of 
the data 

around 123000 
points 

took around 12-20 
mins.



Our Environment Data

With dbscan 

No use of kdtree

No preprocessing 
of the data 

around 12000 
points 

took 8 second.



Preprocess the data

Voxel Downsampling
Cut the z data of the point cloud data for ransac ground plane segmentation
Do ransac segmentation for the roi frame
Remove the inliers i.e road
Add the outliers and the remaining z data 

kitti_data.pcd reduced from 123000 -> 67000-75000 points by 45-50% points reduction.
logictronix_enc.pcd reduced from 12000 points to around 10500-11000 points.



Time taken

kitti_data_filtered.pcd clustering time took 4-7 mins reduced from 10-15 mins.

logictronix_env_filtered.pcd data clustering took 6-7 sec.



Kd-Tree

Optimized data structure for storing the 
points of the point cloud data(pcd) for 
easy search and retrieval



Kd-Tree Points Insertion



Radius Search in KdTree



Kd-Tree Implementation

Select any 1 random point from the cloud

Searched point Red
Neighbor points Green



Kd-Tree Implementation

Select any 1 random point from the cloud

Visualization:
Search point in red
Neighbor point in green



Dbscan optimization using scratch Kd-Tree

Read the .pcd files

Convert the pcd file to std::vector<LidarPoint> 
LidarPoint{
 double x,y,z;
int clusterID;
};

kitti_filtered_data.pcd took 3-6 second which was 4-7 mins before.

logictronix_env_filtered_data.pcd took 1-1.3 second which was 6-7 seconds before.



Dbscan optimization using pcl Kd-Tree

Read the .pcd files

kitti_filtered_data.pcd took 450-700ms.

logictronix_env_filtered_data.pcd took 500ms.



DBSCAN Clustering performance summary



DBSCAN Clustering further optimization 
steps?

1. Parallelize the operation
a. For distance calculation
b. For neighbor search operation

2. Cluster expansion steps avoiding race condition when updating clusterID



Clustering LiDar Data with K-Means and 
DBSCAN







Dbscan Parameters understanding & 
estimation



Dbscan Parameters understanding & 
estimation



Adaptive Eps(d)



Adaptive Eps(d)



Further Flow:
1. Apply bounding boxes around clusters
2. Fusion of Lidar and USB camera data for clustering, tracking

a. Manipulation images using opencv library
b. Collision detection system based on motion models, lidar, camera measurements.
c. Feature Tracking

i. Detect features from images to track objects over time using binary descriptors
d. Projection of 3D lidar points into camera frame data
e. Using DL to detect vehicles in camera images

i. CNN, yolo, RNN, transformer vision models(attention mechanism)
f. Creating a 3D object from lidar and camera data

3. SFA3D like neural network, Point Pillar Models for ML based implementation to generate 3D object detection or 
segmentation

4. HIL & SIL in ADAS with ROS
5. Kalman Filter
6. Vehicle Kinematics
7. Image Segmentation

a. Find contours, and edges of multiple objects in an image
b. Background subtraction for video



Kd-Tree Implementation in RANSAC



Continued



PointCloud Reduction



Thank You!


