Neural-based navigation system for 4x4 Jaguar Platform

Thesis Adivsors: Prof. Dr. Ing. Corneliu BURILEANU,
As. Univ. Drd. Ing. Ana Neacsu
Student: Alexandru-Madalin Costea

Facultatea de Electornica, Telecomunicatji si
Tehnologia Informatiei

July 2020

Alexandru-Madalin Costea ETTI Neural-based navigation system July 2020 1/27



Schedule

Overview

Detection algorithm
m Modified Tiny YOLO
= Patch Model
= Neural networks results

Path finding algorithm

B References

Contributions

Alexandru-Madalin Costea ETTI Neural-based navigation system July 2020 2/27



Overview
[ Jelelele}

Overview

Alexandru-Madalin Costea ETTI Neural-based navigation system July 2020 3/27



Overview
[¢] le]e]e}

Purpose

The purpose of the project is to ~» create an autonomous navigation system with a
top-down view, using neural networks.
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Objectives

Create a dataset;

Train and compare different neural networks for object detection;

Implement a pathfinding algorithm;

Control the 4 x 4 Jaguar platform to move according to the output of the algorithm.
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Image Dataset

Acquisition details:

= Total no. of images: 100

m Classes:

= Jaguar — Robot
= Red — Obstacle

= Blue — Pass-through object
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General Overview
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Figure: General Overview of the System

Neural-based navigation system
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Modified Tiny YOLO

Tiny Yolo NN
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Figure: Tiny Yolo Architecture
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Modified Tiny Yt

Separable Convolutions

psc | — DEPTH Bscul — DEPTH
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(a) Depthwise Separable Convolution (b) Unconstrained Blueprint Separable Convolution

— DEPTH

(c) Subspace Blueprint Separable Convolution
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Modified Tiny YOLO

Separable Convolutions

psc | — DEPTH Bscul — DEPTH
WISE WISE
(a) Depthwise Separable Convolution (b) Unconstrained Blueprint Separable Convolution

— DEPTH

(c) Subspace Blueprint Separable Convolution

Separable convolutions split standard convolutional layers ~~ same output,
reduced computational cost [4].
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Modified Tiny YOLO

Subspace Blueprint Separable Convolution
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Figure: BSC-S Operations
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Modified Tiny YOLO

Computational Cost

Standard Computational Cost:

kernel_size x input_depth x output_depth x output_size
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Modified Tiny YOLO

Computational Cost

Standard Computational Cost:

kernel_size x input_depth x output_depth x output_size

BSC-S Reduction in Computational Cost:

4 A 5 q output_depth
input_size input_size x F= 22 1

: : <F : : : T =
kernel_size x output_size x o kernel_size x output_size x input_depth  input_depth
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Modified Tiny YOLO

Computational Cost Example

tion in Computational Cost:

. B : : output_depth
input_size input_size x =2 1

5 : <F : : 5 T =
kernel_size x output_size x o kernel_size x output_size x input_depth ~ input_depth
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Modified Tiny YOLO

Computational Cost Example

BSC-S Reduction in Computational Cost:

. B : : output_depth
input_size input_size x =2 1

5 : <F : : 5 T =
kernel_size x output_size x o kernel_size x output_size x input_depth ~ input_depth

64
416 % 416 416 x 416 x —

32 1
3><3><416><416><32+3><3><416><416><32+32_0'0415

A BSC-S block has a reduction of computational cost of 100% - 4.15% = 95.85%
compared to the standard convolutional layer.
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Patch Model

Patch Model Dataset

16 x 16 pixels patches;
Total no. of images:

= 423 background;

= 1096 jaguar;

m 261 red;

= 441 blue.

(a) Background (c) Red

Scripts:

= patch annotation;
= patch split;
m patch encoding — pickle library.
(b) Jaguar (d) Blue
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Patch Model

Patch Model NN
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Figure: Patch Model Architecture
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Neural networks results

Results

Modified Tiny YOLO:
m Overall Confidence (C):

C = Objectness x Class Confidence ‘

= Non-max suppression which uses loU:

Intersection

loU =

Union

Patch Model:

= SoftMax Activation S turns the last outputs
into probabilities.
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Path finding algorithm
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A* Algorithm

(b) A* Cell Path [5]

(a) A* Graph

The A* algorithm makes use of a cost to choose the path.
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A* Algorithm

(b) A* Cell Path [5]

(a) A* Graph

The A* algorithm makes use of a cost to choose the path.
Cost ~» sum of the cost to the child node and the heuristic (distance) from the child node
to the end node.
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Heuristics

(a) Manhattan Distance [5] (b) Diagonal Distance [5]

@

(c) Euclidean Distance [5]

Figure: Types of Distances
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Helpful Functions

‘ Jaguar Direction

find robot front;
objective direction compared to
front of the robot;

robot turning command towards
objective.

(a) Jaguar Direction

White Objects

non-obstacles painted black;
obstacles painted white;

white block expanded for
clearance.

(b) White Objects
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Jaguar Movement

Translating pixels path into ~~ physical distances and commands.
Directions: ["bottom-right’, ’'bottom’, ’'bottom-right’, ’'right’]
Angles: [45, 90, 45, 0]

Distances: [27, 60, 33, 13]

if path[i][0] > path[i + 1][0] and path[i][1] == path[i + 1][1]: # west
vector.append("left")

if path[i][0] < path[i + 1][0] and path[i][1] < path[i + 1][1]: # south—east
vector.append("bottom—right")

~wn =
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Final output of the proposed system

Figure: Final output of the proposed system
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Contributions

Modified Tiny YOLO

m Dataset;

m Separable convolutions implementation;

= Architecture fine-tuning;
Patch Model

m Dataset;

= Architecture;

m Bounding box coordinates.
Pathfinding System

m A~ algorithm implementation;

= Direction script;

= Clearence script;

= Robot commands script.
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Thank you!
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