A

TARGET DETECTION & CLASSIFICATION IN RADAR
POINT CLOUD USING MATILAB

Mr. Suresh Selvam, RNTBCI
Mr. Naresh Babu Napa Thulasiayya, RNTBCI




AGENDA

_SAE - ADAS LEVELS DEFINITION

_ADAS SENSORS

e

LT T T 33 J B g
TNy Y'Y



SAE - ADAS LEVEL DEFINITION

Source: www.sae.org

INTERNATIONAL.

What does the
human in the
driver’s seat
have to do?

What do these
features do?

Example
Features

SAE J3016™LEVELS OF DRIVING AUTOMATION

SE SE SE
LEVEL O LEVEL 4 J LEVELS

You are driving whenever these driger support features You are not driving when these automated driving
are engaged - even if your feet argoff the pedals and features are ergaged - even if you are seated in
you are not steerifig ‘the driver’s seat”

You must constantly supervise these support features; When the feature These automated driving features
you must steer, brake or accelerfte as needed to requests, will not require you to take

maintain safety you must drive over driving

These are driver support features

These are automated driving features

These features These features These features These features car'drive the vehicle This feature
are limited provide provide under limited corditions and will can drive the
to providing steering steering not operate unless all required vehicle under
warnings and OR brake/ AND brake/ conditions are met all conditions
momentary acceleration acceleration
assistance support to support to
the driver the driver

s automatic s lane centering +lane centering » traffic jam *|ocal driverless W *same as
emergency OR AND chauffeur taxi level 4,

braking «pedals/ but feature
«blind ¢ «adaptive cruise | *adaptive cruise pte i can drive
ok control control at the peeang everywhere
WL, same time Wheehnayie in all

may not be =
*|ane departure : conditions
warning installed

[ ]
For a more complete description, please download a free copy of SAE J3016: https://www.sae.org/standards/content/]3016 201806/

pyright



http://www.sae.org/

ADAS SENSOR

RENAULT PROTOTYPE
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TARGET DETECTION & CLASSIFICATION

— Goal

» Our goal is to have an optimized confusion (decision) matrix which minimize False Positive Rate (FPR) and
improve the classification accuracy/reliable Ground truth data considering different infra structures, RADAR
mounting position and weather conditions. It's also enables us to benchmark RADAR performance and

determine the ADAS sensor configuration suitable to Renault-Nissan vehicle lines.

B [nput

* Point cloud data are extracted from ADAS sensor in RENAULT Vehicle

B Problem Statement

 Target detection & Classification using point cloud data.
« Automatically predict the primary classes with help of Optimum Classification Model

* The primary classes are CAR, TRUCK, POWERED TWO-WHEELER, BICYCLE and PEDESTRIANS

I Solution

 Target detection is achieved by DBSCAN Clustering technique.

« Statistics and Machine Learning Toolbox helped for Classification Model selection & Training

 Classification Model is Trained based on Cluster parameters (Length, Width, Speed and RCS)
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SENSOR POINT CLOUD DATA

v' Point cloud data are captured at sensor level

Sensor

v Data stored in terms of Mat file format for C,Oﬂgigtata

further processing

A MATLAB R2016b

HOME PLOTS APPS SHORTCUTS VARIABLE

e EA
Current Folder 1 Workspace
D Mame * Mame =
palaiaBaciie Fields [ fRange [[JfVelocity JfAzimuthAngle [[fElevationAngle ] fRCs [Hmete |[LIIPEG
Thumbs.db | [B}Radar_derived_data
# JPG File 1 [ o200 5886 010 008e 84.9298 " Radar_detection_data
| MAT-file 2 | o2 15829  osess 01001 70572 Radar_primary._data
3 | o0 1sees 0297 02677 -T2722) 03] Vehicle
4 | o200 15988 08413 02078 622069
5 | o200 151 02314 02278 776927
6 | ez 9%7s 1219 02955 2993
7 | 19eee  -01e9 o003 02239 387179
8 | 208 o4se2 03m7 02248 395643
9 | e o4t 0381 02385  -33.334)
10 | 21505 0269 008 01987 -423%49
1 | 21358 s o280 02075 334363
Test750_20191025_163849_000.rmat (MAT-file) v |z | 225 0822 02013 01971 -41.1969 v
EH Mame Yalue — < - - *




PRE-PROCESSING

v' Each Frame data are aligned and grouped as per the

Pre-

parameter names Processing

v' Processed data are plotted in bird eye view along

with CC Image
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CLUSTERING

v Moving point cloud data are grouped as a Cluster

v" Cluster for Target detection using DBSCAN clustering
algorithm

v' Rectangles are created as per the Cluster - .

parameters o ool .
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CLASSIFICATION

1. GT
preparation

SHORTCUTS

PID Tuner

2. Launch
the
Classification

v

Optinization

11

Classification

P BE L]

Classification
Leamner

Appication
Compier

B 8 B8 @8 ©

System  Signal Analyzer  image Instrument  WATLAB Coder
dentiication Acquistion Control

APPS

@ Command Window

39 » OneDrive - Alliance » INWH100738 » Desktop b Task » POC » 01 Sensor da|

Cl
Train models to classiy data using supervised machir
Statistics and Machine Leaming Toolbox 11.0

Learner app

New to MATLAB? See resources for Getting Started.

A

fe > |

Export Model
W Export the currently selected dlassifier in the
History list to the workspace to make predictions with new data

= Export Compact Model
QP Export the currently selected classifier in the History list
without its training data to the workspace to make predictior.

3. Load the

Generate Code

QF Generate MATLAB code for training the currently selected .
dassifier in the History list, including validation predictio -
[— GTin
GET STARTED CI 'f' t'
- - assification
e Learner Tool

DECISION TREES

B B @

[7]
Conplx | edum Tres SimolTree  AtTroes

Tree

NT ANALYSIS sification Learner - Scatter Plot

CLASSIFICATION LEARNER

=N

5. Choose 4. Select the

£

v" Major part of this work will be

“Classification model”.

2

the optimum oS e el 2 e 5D Y v Classification can be done in 7
Classification Model [Dacbowdiogs BT ®
Model Training = vtory | steps.
i1 TreeSpeed [Draft]
i| lastehange: oo 474 features




s A
GT PREPARATION

2. Launch 3. Load GT 4. Select the 5. Choose 6. I.Er)r(;?gdthe 7:rLrJ§ﬁéQe

1 GT. t_h_e . |n . features for the op’gimqm Classification Classification
Preparation Classification Classification qu_el Classification Model for Model for
Learner app Learner Tool Training Model el Braliciion

P% Variables - Training_data

v Ground Truth Information needed for Train the 2 ) Training data 3 (Predicted data |
3496x 1 struct with 6 fields
Classification Model Fields (] Frame [ Length H{ width [ Speed H RCS [HH Class
1 [ ]  19.06% 6.8460 44245 -3.3380
v GT information gathered from Clustering Parameters - 2 oL N o R L
3 2 1.8442 1.7252 -0.9550 2.0446
. 4 2 26,4999 4,2659 5.9004 2.2503
[Length’ WIdth’ Speed’ RCS] 5 2 1.0359 0.4595 6.8230 -6.5822
. B 2 7.0494 0.4532 61871 -12.8263
v" Manually add the class name with help of the 7 2 Mse13 3302 6043 7597
a 2 £.9075 1.3148 £.2037 -13.6442
reference camera |mage 9 2 1.0778 0.38a87 £.4659 05492
10 2 49150 0.5209 £.1164 -3.5473
11 2 21762 0.1255 61872 -15.2300
12 2 45367 1.2801 6.0072 9.4321
13 2 1.2544 2.2113 53715 2.8461
14 2 2.9858 1.7389 41,7454 18,9583
15 2 2.3494 2.1413 43551 1.8454
16 2 1.0308 0.7303 474038 53.0629
17 2 0.3708 2.0315 46,3022 -3.7469
13 2 1.4100 21475 43,0505 -0.1754
19 2 0.5126 24733 39,5648 2.3273
£




LAUNCH THE CLASSIFICATION LEARNER APP

o A

6. Extract the 7. Use the
2 Launch the 3. Load GT 4. Select the 5. Choose Trained Foel i)
L E Classificatio n_ FRELES e 1712 G ) Classification Classification
Preparation Classification Model Classification
Learner Tool Training Model ol o Model for
retrain Prediction
[11 b o - 7 -
v Select the “Classification Learner” App in App tab
4\ MATLAB R2016b
HOME PLOTS SHORTCUTS A ARNEREE L B9 E (2] Search
g > = A o] . = - -
8 v v 68 B8 8 O® @ © &) o @
Get More  Install Package Curve Fitting Optimization PIC Tuner System Signal Anahyzer Image Instrument MATLAB Coder  Application Clas=ification Distribution Neural Met
Apps App App Identification Acquisition Control Compiler Learner Fitting Clustering
= : : S Classification Learner =
@ EHE b b Users b 7022369 » OneDrive - Alliance » INWH100732 » Desktop » Task » POC » 01 5ensor dal Train models to classify data using supervised machine learning (classificationl earner) P
Current Folder ) Statistics and Machine Learning Toolbox 11.0
Mame Mew to MATLABT See resources for Getting Started. X1 | Mame Value
= Data Base File £
%] Thumbs.db 4\ Classification Learner — O 4

CLASSIFICATION LEARNER

Y c 9. .. -0l

o7 Fo{ T =~ A R <. B

| S— - L

-
Mew Feature PCA AllQuick-  AllLinear  Complex  Medium Tree Advanced  Train Scatter Confusion ROC Curve Parallel Export
Session *  Selection To-Train Tree Plot Matrix Coordinates Piot ~ Model =
FILE FEATURES CLASSIFIER TRAINING PLOTS EXPORT

o
I‘."'__I

Classification Learner tool is available in APPS tab

Data Browser

w History




TN
LOAD THE GT IN CLASSIFICATION LEARNER TOOL

6. Extract th 7. Use th

v' Load the excel GT values to MATLAB Workspace 2. Launch 4 Select the 5. Choose Trined M Tranedt
p LEr cl t.?.e : fea';[/lljrgslfor gl‘e o%'glmqm Classification Classification

. . . reparation LaSSI ication Learner Too = 0 _e a'aSIdICIatIOI‘I Model for Model for

v' Import the data in Classification Learner Tool eamer app raining ode retrain Prediction

4\ Classification Learner

CLASSIFICATION LEARNER VIEW 4| New Session - o X
':: ::' L= Step 1 Step 2 Step 3
Feat PCA Al Quick Al Linear Complex Medium T Select a table or matrix. Select predictors and responze. Define walidation method.
eature = u
i Combineddataset] -~ Mame Type Range Import as S
| ASSIFIER Length double 0.0106032 .. 46.9... Predictor -
From Workspace E Width double D.0148931 . 14.4.. Predictor - Protects against overfitting by partitioning the data set inte
Start a new session by selecting data from v Speed double 199950 _ 160.57 Predictor folds and estimating accuracy on each fold.
. o 89959 .. . "
the workspace and specifying a validation scheme RCS double _37.5516 .. 32.918  Predictor »
rom File Class cel 2 unique Response ~ Cross-validation folds: 5 folds
Start a new session by importing data ‘|’ | 5
from a file and specifying a validation scheme
() Holdout Validation
Recommended for large data sets.
w
) Mo Validation
W Current model ) ) ) .
Use columns as variables Mo protection against overfitting.
Model number 0 A
Status: Queued Use rows as variables
Classifier Prepare data for classification Read about validation
Yo classifier type selected
Feature Selection _
4] features usedin the model, hefore PCA & SEREEETE EIREE




SELECT THE FEATURES FOR MODEL TRAINING

6. Extract the

List of features (for Targets) 2.Launch ~ 3.Load GT 5. Choose Extract
1. GT the in the optimum ST
Preparation Classification Classification Classification Model for
v Length Learner app Learner Tool Model o,
!-Jl.--_._.._'.“.a.-\-u :-__--x:-_'.--__--:-:*- - ) )
I ~— — e —— = Z o
‘/ W|dth [ CLASSIFICATION LEARNER R (2 S — B M
v Speed 12 1B E @ @ @ > [ % [ y
p i All Advanced  Train Scatter Confusion ROC Curve Parallel Export
Plot Matrix Coordinates Plot ~ Model =
‘/ RCS CLASSIFIER TRAINING | PLOTS | exroRT |
@ | ScatterPlot | Confusion Matrix 3¢ | [
Original dataset: Combineddataset1 [l
[Draft] 15 | (®) Data
474 features [ ]
Model predictions
[ ]
L ]
1 ®
L ]
| L . Predict
10 - .. I [Ors
N .‘ X |Length B
. .
=
| S . . ¥ | Width w
= . .
| E . L] - .
| : . * . Classes
: 6L -
1 - . . *s I =
b wr -Dthers
1w Current model ™ L IR N bt
- . »
|Model number 1 ~ . *
|[Status: Draft b
Classifier ot
Preset Complex Tree . . . . . : - : ' : How to investigate features
Maximum number of splits: 100 0 5 10 15 20 25 30 e 40 45
(= plit criterion: Gini's diversity index Lenath
v g

‘Surroaate decision solits: Off

Original Dataset: Combineddatasetl Observations: 3024  Predictors: 4 Response Variable:  Class  Response Classes: 2 Size of Dataset: 448 kB

Validation: 5-fold Cross-Validation

AN

7. Use the
Trained
Classification
Model for
Prediction
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CHOOSE THE OPTIMUM CLASSIFICATION MODEL

v' “All Models” is not suitable for our research problem.

Because found less accuracy.
v Applied

than “All Model” in Statistical and Machine learning tool

box

and got high accuracy

4\ Classification Learner - Scatter Plot

Prepiaration

2. Launch 3. Load GT 4. Select the 5. Choose 6. I;rfg?]c;tdthe 7:|.tJaS-ﬁ etge
the in features for the optimum Classi;ication Classi;ication
Classification Classification Model Classification Model for Model for
Learner app Learner Tool Training Model

retrain Prediction

T =]

w B

New Feature  PCA
Session +  Selection

FILE FEATURES

| Data Browser

* History

| 1 Tree
i|| Llastchange Disabled PCA

w T urrant rancal

All Quick-

% : @:

To-Train

Complex | Medium Tree Simple Tree  All Trees

Tree

DISCRIMINANT ANALYSIS

Linear Quadratic All

Dizcriminant Discriminant Discrimina...

LOGISTIC REGRESSION CLASSIFIERS

W

[u

oo
=8| B [
]

q
L]

C
]

q
L]

v' Select “Complex tree” model
v' Step1: Initial level classification on “CAR” & Others
v' Step2: Car, Truck and others
v' Step3: Car, Truck, Powered two wheeler, Bicycle &

Others.
Step4: Car, Truck, Powered two wheeler, Bicycle,

Pedestrians and others



N
CHOOSE THE OPTIMUM CLASSIFICATION MODEL

. 6. Extract the 7. Use the
v" Added value to this MATLAB tool 2. Launch 3.Load GT 4. Selectthe /= 5. Choose Trained Trained
1. GT. t_h_e . U features for the oppmqm Classification Classification
Preparation Classification Classification qu_el Classification Model for Model for
v" Reduced manual effort by 80% A Training Model retrain Prediction

v Accuracy increased 95% (overall classes)

v Fast execution

4\ Classification Learner - Scatter Plot

cLASSPRATON EARER PP VY o

— |00 l
I = Rl » S -
| My
News Feature  PCA GET STARTED EEE er Confusion ROC Curve Parallel Export
| Session *  Selection . 4 Matrix Coordinates Piot  Model =
| | TR
FILE FEATURES % m K‘;}I - PLOTS EXPORT
| B = -
Daia Bl AlQuick- ™ Al 5  AlLinear
* History To-Train W v L
AaEn n
. ginal dataset: GTdata S
1o Tree , I I IS B .
DECISION TREES TOP & ® Data

Lastchange: [Disabled PCA .

(=]

Model predictions

Y

Complex | Medium Tree Simple Tree  All Trees

)

Tree L
I I I S . .
N . Predictors
DISCRIMINANT ANALYSIS OP & .
. X |Length w
. o | Width v
Linear Quadratic All .
i Discriminant Discriminant Discrimina... [ ] ™
¢ . L Classes
I LOGISTIC REGRESSION CLASSIFIERS TOP &

-Cﬂr
-Others
A .

w T urrant rancal



.
EXTRACT THE TRAINED CLASSIFICATION MODEL FOR RETRAIN

. Extr
2. Launch 3. Load GT 4. Select the 5. Choose 2 DTS 7. Use the
t ; the Trained Trained
1. GT the in features for the optimum Classificati Classification
Preparation Classification Classification Model Classification on Model Vel
Learner app Learner Tool Training Model for retrain Prediction
4\ Classification Learner - Confusion Matrix g ‘

CLASSIFICATION LEARNER

& 9 | @ b KM O E

New Feature PCA Al Quick- AliLinear | Complex Advanced Tran  Scatter Confusion ROC Curve Parallel
Session v  Selection To-Train  Tree Pt Matrix ‘Coordinates Piot
i s = 5 Sa— 'y ] o= -
FILE f FEATURES CLASSIFIER TRAINING PLOTS
I 1o 3 . : Export Model
Data Browser ® | ScatterPlot | Confusion Matrix ] W Export the currently selected classifier in the
- History ' History list to the workspace to make predictions with new data
Model 1
1 Tree Accuracy: 98.9% Export Compact Model
Lasichange: Disabled PCA 4/4 features W Export the currently selected classifier in the History list
without its training data to the workspace to make predictions with new data
Generate Code
V Generate MATLAB code for training the currently selected
14 classifier in the History list, including validation predictions
O False Discovery Rates
0
0
-g What is the confusion matrix?
@
35
L
'_
Others 20 566

| w Current model

Model number 1 PN

Status: Trained

Accuracy: 98.9%

Prediction speed: ~110000 obs/sec

Training Time: 2.4096 sec Cé/_ 069

Classifier %

Preset Complex Tree v Predicted class

Original Dataset: Combineddataset1 Observations: 3024 Predictors: 4 Response Vanable Class Response Classes: 2 Size of Dataset: 448 kB Validation:  5-fold Cross-Validation




USE THE TRAINED CLASSIFICATION MODEL FOR PREDICTIONN

6. Extract the

2. Launch 3. Load GT 4. Select the 5. Choose Trained
1.GT the in features for the optimum essTielui
Preparation Classification Classification Model Classification Model for
Learner app Learner Tool Training Model e
4\ MATLAB R2016b - X
HOME VARIABLE (2] ﬁ (2] @ B4 BElae @ISearch Documentation ,0'
EEZI mm=] =]
Cpen + | Rows Columns I:||::E|:| EE‘EIE . Transpose
New from EP"N - Insert Field Delete Field 2.l Sort -
| Selection
VARIABLE SELECTION EDIT
L=l Ey| ﬁ b C: b Users » z022569 ¢ OneDrive - Alliance » INWH100738 » Desktop » Task » POC » 01_Sensor data post treatment » Classification » AP
Curtent Folder ® Workspace ©
Mame = | GTdata | trainedClassifier | Name = Value :
& Folder 1x1 struct with 5 fields [&] £1 Ix1 Figure
RadarData_Cluster_Result_cbject_classification... Bafmd name 0
RadarData_Cluster_Result_cbject_classification... Field = Value E GTd;ta 2620x5 table
RadarData_Cluster_Result_ocbject_classification... predictFen @ix)exportableClassifier.predictFen(predictorExtractionFen(x)) [nl ald dir ' | Jeere\ ()2 256G

RadarData_Cluster_Result_cbject_classification...
= Figure
ﬂ Trained_model_combined_data_set.fig
ﬂ Trained_model_first_data_set.fig
ﬂ Trained_model_retrained_data_set.fig
ﬂ Trained_model_second_data_set.fig
= Function
fﬂ trainClassifier.m
= =

Trained_Classification_Model.mat

= Adobe Acrobat Document
" heuel2012.pdf
= Microsoft Excel Worksheet
E32) 500_GT data.xlsx
B3] 2620_GT_data.xlsx
@ Combined_data_set.xlsx
@ Combined_data_set_1.xlsx

B3] Drive_RPS28_750Mhz_20190612_160533_000_Da...
B35 Drive_RP528_750Mhz_20190612_160533_000_Da...

@ MNew Microsoft Excel Worksheetxlsx
!@ Test750_20191025_161744_000_GT_data.xlsx
@ Test_data.xlsx

Trained_Classification_Model.mat (MAT-file) W

RequiredVariables
ClassificationTree

)’-\bout
|-[r| HowToPredict

Txd cell

1x1 ClassificationTree

‘This struct is a trained classifier exported from Classification Learner ...
1x548 char

—E| trainedClassifier

1x1 struct I

Command Window

Mew to MATLAB? See resources for Gettinﬁ Started.
f—g > save ('Trained Classification Model', 'trainedClassifier') < >
)E Command History @
v' Save the Trained Classification Model as a MAT File | - ===

= yun{"C:M

- 15

{55 T oS I VI cS T 8 |

[

run "

v In run time Test data can be passed to this Model il
clc
view(trainedClaszifier....

v' We can get output as Predicted Class and AcCuracy | - r . oreoooceoo. ..

clc w

A

7. Use the
Trained
Classification
Model for
Prediction
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VALIDATION & TESTING [CONFUSION MATRIX]

Validation &
Testing

4\ Classification Learner - Confusion Matrix

[ CLASSIFICATION LEARNER

!
Al Cuick- All
To-Train
CLASSIFIER
Data Browser @ [ Scatter Plot 2 | Confusion Matrix 0
r % F@I’y n _— n _— n _— n _— n L/
Plot
- 1 Tree Accursey: 99.0% | Model 1 © .
‘ Lastchange Dizabled PCA A4 festures I Number of observations
o e 2 s § e fr s O = § 4 True Positive Rates
False Negative Rates
13 3
Positive Predictive Values
False Discovery Rates
What is the confusion matrix?
]
]
i
o Others 10 644 2
=
|_
W Current model
Model number 1 ~
Status: Trained
Wecuracy: 99.0%
Prediction speed: ~130000 obsisec
Training Time: 2.2362 sec Truck 6 3 34
Classifier
Preset: Complex Tree
Maximum number of splits: 100
Split criterion: Q|_n| 5 dl\«:ersny index C@f O@s ?’QF
Surrogate decision splits: Off o
Caatucn Ealnction b Predicted class

Original Dataset: Combineddataset Observations: 3603 Predictors: 4 Response Variable: Class Response Classess 3 Size of Dataset: 534 kB || Validation:  5-fold Cross-Validation




N
VALIDATION & TESTING [CONFUSION MATRIX]

Bicycle Class Training and comparison with

Confusion Matrix Validation &

Testing

136 0.563457 0.292464 22.10053 -14.0013 Bicycle 90.57971 136 0.563457 0.292464 22.10053 -14.0013 Bicycle 94.69697
137 0.665289 0.228352 20.36071 -6.52483 Bicycle 72.12544 137 0.665289 0.228352 20.36071 -6.52483 Motorcycl 74.19355
139 1.67219 0.195452 17.11607 -10.9888 Bicycle 41.66667 139 1.67219 0.195452 17.11607 -10.9888 Motorcycl 35.25412
140 1.689168 0.338876 19.74515  -9.0905 Bicycle 41.66667 140 1.689168 0.338876 19.74515  -9.0905 Motorcycl 35.29412
142 0.421595 0.104306 21.7875 -10.502 Bicycle 90.57971 142 0421595 0.104306 21.7875 -10.502 Bicycle 94.69697
143 0.,421595 0.104306 21.70503 -10.502 Bicycle 90.57971 143 0421595 0104306 21.70503 -10.502 Bicycle 94.69697
144 0.421595 0.104306 21.76888 -10.502 Bicycle 90.57971 144 0.421595 0.104306 21.76888 -10.502 Bicycle 94.69697
145 0.,421595 0.104306 21.43214 -10.502 Bicycle 90.57971 145 0421595 0.104306 21.43214 -10.502 Bicycle 94.69697
146 0.421595 0.104306 21.08489 -10.502 Bicycle 90.57971 146 0.421595 0.104306 21.08485 -10.502 Bicycle 94.69697
147 0.,421595 0.104306 21.08546 -10.502 Bicycle 90.57971 147 0421595 0.104306 21.08546 -10.502 Bicycle 94.69697
148 0.421595 0.104306 20.83558 -10.502 Bicycle 90.57971 148 0.421595 0.104306 20.83558 -10.502 Bicycle 94.69697
149 0.,421595 0.104306 20.6356 -10.502 Bicycle 90.57971 149 0421595 0.104306 20.6356 -10.502 Bicycle 94.69697
150 0.421595 0.104306 20.45561 -10.502 Bicycle 90.57971 150 0.421595 0.104306 20.45561 -10.502 Bicycle 94.69697
151 0.421595 0.104306 20.45561 -10.502 Bicycle 90.57971 151 0.421595 0.104306 20.45561 -10.502 Bicycle 94.69697
152 0.421595 0.104306 20.15561 -10.502 Bicycle 90.57971 152 0.421595 0.104306 20.15561 -10.502 Bicycle 94.69697
191 Bicycles are Trained
Confusion_Matrix Confusion_Matrix_Percentage
GT\PrediqBicycle |Car Maotor Truck Others GT\PrediqBicycle |Car Mator Truck Others
Bicycle 174 4 13 ] ] Bicycle 91.0995 2.0942 6.8063 0 0
Car 0 0 0 0 0 Car 0 0 0 0 0
Motaor 1] 1] 1] 1] 1] Motor 1] 1] 1] 1] 1]
Truck 0 0 0 0 0 Truck 0 0 0 0 0
Others 0 0 0 0 0 Others 1] 1] 1] 1] 1]




. A
DECISION TREE - CLASSIFICATION MODEL GRAPH VIEW

v' Selected as “Complex tree” model
v Initial level classification on “CAR” & Others Teating

Validation &

4| Classification tree viewer
N

File Tools Desktop Tree Window Help
| :+‘.\_ Z—‘.\_ {ﬂ'?

-
Click to display: | ldentity e Magnification: |100% ~ Pruning level: |0of 7 v

Speed<19.5464-Speed>=19.5461

Speed<4.20441 LA Speed>=4.20441 Speed<114.085%% Speed>=114.085

Speed<d4 8297 L5 Speed>=34.8297 Length<2 028657 Length>=2.02

Speed<3.20276 /a5 Speed>=320276 Length<2 86627 2\ Length>=2 86627

4 A ==2 040 <! A == l == < ¥ 3 ==
dT e%h‘QEZDDﬁ Length 2 erg Length=5 26724 Length>=5.26724 Length<2.04 146 {ail ength>=2.04146 Length<7 8464 ength>=7.84649 Others car

i s i 28 B} A = - A =
Others car Width=0.9997 59 445 Width>=0.999759 tﬁ rg“-ﬁDSTﬁ‘IM & Leeptith=0.8363843\ Length>=4. 6BIH8<-32.9012 RCS>=-32.9012 P

i S Wi = AN =
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DECISION TREE - CLASSIFICATI

v' Selected as “Complex tree” model

v Next level: Car, Truck and others

|4 Classification tree viewer

ON MODEL GRAPH VIEW
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DECISION TREE - CLASSIFICATION MODEL GRAPH VIEW

v' Selected as “Complex tree” model
v Final step: Car, Truck, Powered two wheeler, Bicycle

Pedestrians and others

4. Classification tree viewer
File Tools Desktop Tree Window Help
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EXPERIMENTAL RESULTS

File Edit View |Insett Tools Desktop Window Help
Ddde KRR URL- R 0E ad
100 100 - 100 -
. E * moving -
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" W ar
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SUMMARY

- Added value by using Statistical & Machine learning tool

boX
~Reduced manual effort by 80%

Achieved Accuracy 95% on real time data (for primary

classes)

Fast execution in training & testing phase
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