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NXP Vision Toolbox — Introduction

Faster Time to Market
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What is Vision Toolbox and How Can It Help?

“Typical” ADAS computing domain partitioning: Sense — Think — Act

Sense Think Act
MathWorks* MathWorks* ; ; MathWorks*
MATTAB MATTAB MATTAB

Central Path

Feature I . Actions
Modeling Map Planning
Data Enhancement Object Classification Sensor Fusion Trajectory
Object Detection Object Tracking Localization Maneuvers
Feature Extraction Segmentation Mapping i
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Tools Ecosystem

MathWorks Tools for Fast Prototyping & Validation

- Image Processing -  Computer Vision - Advanced Driving System . Robotic System
Processing, 3D workflow, Analysis Object detection, Recognition, Labeling, Sensor Fusion & Tracking, Coordinate transformation, ROS,
Calibration, Stereo Vision, Tracking, Classification, Scenario Generation Ground Vehicle Algorithms, Code

Extraction Generation, Log File and Analysis

- Deep Learning

Design, Train, Transfer, Pretrained,
Framework interop

-1

BORR DO A ooee
[
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https://www.mathworks.com/products/image.html
https://www.mathworks.com/products/computer-vision.html
https://www.mathworks.com/products/deep-learning.html
https://www.mathworks.com/products/automated-driving.html
https://www.mathworks.com/products/robotics.html

Traditional vs. Model-Based Design Dev. Process

Redefine the design based on test insights

Update design based on prototype results

Integrate tested existing code to new design

Integrate

o
-@- P Depl
’Q\ rototype eploy -]:'

Test
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Embedded System Development @
In MATLAB Environment for S32V

Simulate, Test, Build and Deploy




NXP HW & SW Solutions for ADAS

S32V: Vision S32R: RADAR

Front View Surround View Driver Monitor Front L/M Range Corner Radar Imaging Radar

MathWorks+ MathWorks* MM
2 SPT
* + N
MATIAB Vision Toolbox MATT.AB Radar Toolbox

Development Environment

Central Processing

Aut. Driving Al Perception Planning
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ADAS Solution with MATLAB — Concept

S32A Application Domain
(BLBX2-xx)

MathWorks+

4\

MATTAR

Sensor
Fusion & Tracking

Phase Array

S L4

L

Radar
Toolbox

S32R Radar Domain
(RDK-S32R274)
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NXP Vision Toolbox — Preview

4\ MATLAB R20184 - o *
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*) Contertam This is a list of tuples of local file s
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Usag= exanple:

config.MakeJobhy = 0
config.Optimize =
conflg.beploy = trus:
config.TargetIphddress = *"134.27.168,142"
config.DeployPath = '/exanples/main_videore:

truesy
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config.ExtraFiles={('../data/Negamind.avi',’
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NXP Vision Toolbox — Installation

[# NXP Vision Toolbox for $32¥234: Installation Guide - X

Weicome lo step-by-step installation guide for NXP Vision Toolbox for S32V234 Automotive Vision Processors

The NXP Vision Toolbox enaties aditing, simudabon, compiling and deployment of designs
fom MATLAB environment i conunction wth NG Vision SOK and NXP ARMIAFEX
Build Tools that needs to be installed separately

I PN Mansge Ade-0nf piner by source

— | ety

1 g Package Toolbox
| Finar oy Typa

. e NXP Scppornt Package SIIVIIE vern - Ak
. N e . s M0 1epvaserts S MATLAR S A-On o e il L . .

Get Hanvware Sty [@ 2at-0n txsiorer - o X

Based on Mathraorks® softwane inchuding Image Procossing® and Computes Vision
System Toolboxss® the NXP Vision Toofbax offers designers a straghtiorward
development tool that makes waon accebersiors programming easy. NXP soflwate slong
wath the NXP Vision Toolbox prowdes a comgeahansive enablament emeronment that
1e0uces development time

Fitter by Progust I
Check for Undates

zme A wanad HYF 8STTman (v newoen |

LSt 158w 0 (O RS0 QI
8 New pccoumt The NXP 2czowm gives ao
contmnt zn Sy HOO"s Mosel Sams Deilgn Sommeity Sign up nowl
Stiza COMMENNY. IS SOrY BSMTTILNy st -

NXP Support Package S32V234 R | e

st ©

V0 oy N Rl Bament Ownggr Toitazs Swarn
il LTI

Thes tooitos regresents P MATLAS inuadier 20500 10« the N0 Vision Tooltas fr S33VR34 \hew Licare

cadl, Install and Actrmta NXP Yisinn Toolt

from NP website and Step 2 Genarate a free-of-cost Icanse from NXP website

= Sap 1 Dolondthe 10 Voo Tk

nstall is as Add-On useg MATLAS instater download and install into toolax License folder
Ovorvow Functons
Go To NXP Downioad Ste Generate License Fila
To install the NXP Vision Tootbax for S32VZ34 Autormotive Vision Processor, ploase foliow those steps: Instadl MLTBX Fie as Add-On Acthane NXP Vision Toolbox
1 Go w0 MATLAB Ade-On Manager and sakact the NXP Support Package S32v234 walbox
2 Seloct Open Foldar opticn % navigale 1o the nstalation path Verfy Vision Toolbax Instailation Verfy Vision Toolbox Licanse
3 Run NXP_Support_Package_S32V234 m script and follow the steps shoawn an the U1
Jawriosd & sl NOF Vigon SDK and BuiMd Toals kx A A
The NXP Vision Teabox for MATLAB complamuantary INtGgrated devel t snvaromant for S32V234 peocasso y
s sty ok obryacis bttt ek XX LAY Step 3: Downlcad and matall NP Vision SDK software package Step 4 Wat until the SDK nstallation 18 completed and

which = & hgh-porforrance automnolive processor desgned 1O suppon sale compulagon-inlensive spplications in tho aren
of vison and sensar fusion. The NXP Vision Toolbax for MATLAB enabias aditing, simutation. compiing and daplayment of Go To VSDK Download Stte
designs froot MATLAB exrvronment.

than create S32VZ_SDK_ROOT and APU_TOOLS
system vanablas
Instat VSOK and ASMARU Compd o BEIV234_SOM_ROOT « (VSLK_izcal_sviainase s

) . | APU_TOCLE = {Complie jccal_aiiAPy_ bar_v1 0
Based an Mathworks® saltware induding lmage Processing and Computer Vision System Tociboxes the NG Vision Tooltxx - Eaamiaiicn aoes ac) Ry 4

offers designons a straightforwaed devalopment 1ool that makes Vison acoseratons programiming aasy. NXP software, along

vith the NXP Vigion Toobax provides a comproherizive enabloment environmert that roduces devalopment timo Dptionsd) Cownloard SO Cand it Image
Step 5 Download 8 pre-tudt SO Card Image for S32V Evaluation Board

Ploase vist our cosnmurily - HitpeMcoenmunty nxp camicommunityimbed! - for examples and support Check NP Vision Toolbox Quick Start Manual instructions 1o leam haw Downioad SO Cand imags

10 deploy the pra-budt image on your own SO Carg and boot up the
Faaturas S32V platform deectly fom MATLAB
- Sagmiess imegration with MATLAB environment i segy vinion gppdcalion deveiopmesnt, senulations and Wos! running
suppoet GoTo & P l = |

0 To Support Site To NXF Vision T % Sita
- Ganerats coda for Linux ™ bosed appications with direct dowrrioad 1o target suppont 5 ) Go : ooRE SR Ciose

L Buit-in succart for IO functions 10 confrol onboard camera and disolay =
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NXP Vision Toolbox — Software Development Flow

MATLAB (
4\ AR MathWorks:
MATLAB MATLAB
Coder™ Simulation
] -
Vision SDK MATI.AR’
Compiler Base/Pro . .
« Single MATLAB Environment for
complete development, simulation, build
& running on the NXP targets
Vision IDE
5 « Support for I/O functions (cameras &
’ displays)
Ethernet JTAG ) ) .
. « Automatic deploying & running on
rarget M S32V234EVB and S32V234SBC
SLaes . Ready to use examples for Computer
. Vision Toolbox applications
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https://www.mathworks.com/help/vision/examples.html

Objects & Features
Detection Demo on S32V




Object Detection — How To

- Cascade Detectors: Local Binary Pattern (LBP) or Haar
Sliding Window Window Pyramid Merge Threshold

- The object detector has an associated sliding window that is sliding from left to right and top to bottom to
all possible positions

- The sliding window is also scaled between minimum object to maximum object, forming the window
pyramid

- All possible detections in a specific range are merged into an object and if their number is larger than the
merge threshold then we have a detection
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Local Binary Pattern — Object Detector

- LBP feature = rectangle divided in 3 columns and 3 rows resulting 9 smaller rectangles of equal size

- The values of each smaller rectangle are added resulting a 3 by 3 matrix M. The centre value, M, ,, is
compared with the other values, M;; (i,)) # (2,2)

- If the centre value is grater than the neighbour’s value then 0 is written, otherwise a 1 is written, resulting a
8-bit number

- The 8-bit number is mapped to value which is the feature value of the input image
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Haar — Feature Detector

. Haar like feature is made of 2 or 3 rectangles each one with an associated weight, that satisfies
Yk 4 g;w;h; = 0, where k is the number of rectangles, and g; is the weight, w; is the width, h; is the height

of the rectangle i

Yitwi— in+hi_1 1(r,c)
r=Yi C=Xj

- The future sumis Y 1 g; > /W,h, where [ is the input image, w is the input image width,

h is the input image height

- By compering the feature sum with a threshold we select one of the two values which is the feature value
of the input image
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Kalman Filter

- The filter has as input the list with the new detections, the old list of filtered objects, and the time elapsed from
the last call, and as output the new list of filtered objects

- The best fit is the old object with the closes center from the new object center
- If there are not any old objects that overlap then an object with no history is created

- In the image below the blue rectangles are the old object and the red rectangle is the new one

old object 0
and possible fit
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Kalman filter (cont'd)

- Uses a model and observations to make more precise estimations and it is supposed that both
the model and observations are affected by noise

- The noise information is passed to Kalman filter through two matrices

1

JAtte 2 SAtay,? 0 0 0 0

CAPo,2  Attoy,? 0 0 0 0

0 = E[W, W, T] = 0 0 iAtte,? SAPol?: 0 0
0 “APo,? Aoyt 0 0

0 0 0 0 ow® 0

0 0 0 0 0 o4

- The variances were found using empirical research
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Object & Feature Detection with S32V

b
1
2
3
4
5
e
7
g

9
10
11
12
1z
14
15
16
17
18
15
20
21
22
23
24
25
26
27

features_detection_s32v234_camera_roi_kf_main.m | + |

% Connect with S32V board and Create a camera object

r
t - 1&0 . 1 . .
5320b] = nxpvt.s32v234('134.27.166.2497); ) i STEP 1: Create an object to connect with the NXP S32V
input = nxpvt.cameraboard(s320bj, 1, 'Resolution', '720x1280"'); " 1 from MATLAB

! .

face detector = nxpvt.CascadeCbjectDetector('data/lbpcascade frontalface.xml',
'ScaleFactor',1.1, 'MinSize',[150 -1], 'MaxSize', [400 -1], 'SkipCdd',1, 'MergeThreshold',4);1 STEP 2: Initialize the LPB & Haar

eyepairb detector = nxpvt.CascadeObjectDetector('dataihaarcascade_mcS_eyepair_big.xm;',...‘ 1 Detectors
'ScaleFactor',1.1, 'MinSize',[150 -1], 'MaxSize',[-1 -1], 'Skipodd',1l, 'MergeThreshold',1); oo
e -
coder.varsize('filteredObjects’); <+——— STEP 3: Initialize the Kalman Filter

filteredobjects = {FilteredCbject ([0 0 0 0])}:

while true :

S
wn
_|
m
Y
»
®
@
<.
o
o)
o
=
)
3
@
n
=
o
3
=
%)
0]
W
N
<
7))
o
5
<
O
)
3
@
)

frame = input.getsnapshot(): !

o

% et faces

[face bbox, ~] = step(face detector, frame); 1

] . .
[face bbox kf, filteredObjects] = filter objects(face bbox, filteredObjects, T): : outthe(kﬂeCUOnSlnmng Kalman

L filter

% Get features
STEP 6: Run Feature Detector only

I
I
eyepairb bbox = loopl eyes(face bbox kf, frame, eyepairb detector); 4—-—-—4 within the filtered ROI

% Display results
nxpvt.cv.rectangle (frame, face bbox, [255, 0, 0], 2);

a

r
I . -
1 STEP 7: Display prediction results and capture frames on
nxpvt.cv.rectangle (frame, eyepairb bbox, [0, 0, 255], 2); ! the screen for validation

nxpvt.imshow (frame) ;

end
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Object & Feature Detection — Demo on S32V HW

exts Decurrset;

» G % work b repos b adestib devZ 5 vision toolbox » examples * apps » Objects Festunes Detections.

S DA vie
| Cument Fotter T Ulter - Clmenkveporade_b_dendvision_toslbos mamples.appsi Ohjecs Festuies_Detection\festuies_detection_3126214_camers_ssi M_maman X Wedspace = |
Narme - | festuures_detection_132234_carers_soi__mainm |L—_—_ RIS S Name = Vikse
_ 1 function features_detection_s32v234_camera_roi_kf main(varargin) Sécodagen T L vancer e _sooe:.. ST
s fuatures detection | camary_roi_ki_mawm 2 =
8= width = uint32(1280);
‘- haight = uint32(720);
3
[ B if (nargin ~= 1 &s coder.target ('MATLAE'))
¥=- srrxor("Invalid parametera. Usage! fsatures_destection_s32vaN4_camera_roi k¥ main('152.1€6.1.0")"),
= end
5
10 - if nargin = 1
3- iphadress = varargin{:)y
12 ~- $320b) = nxpvt.s32v234 (ipAddress) s
13 $ Clsanup aftar CrrisC
14 - cleanupodb) = onCleanup(8() destroyobj (s32003)))
15 —- and
16
17 - if coder.target ('MATLAR')
18 - input = nxpvt.cameraboard(s320bj, 1, 'Resolution', '720x1200'):
By alse
20 - input = nupvt.videoinput('scny', 1, width, height, true, false);s
= end -
22
28 - face detector = napvt.CascadatbjectDatector('data/lbpcascadse frontalface.xml', ‘'ScaleFacror',1.1, 'Minsive’, [150
= syepairdb_detector = nxpvt.Cascadedbjectistactor('data/haarcascada_mcs_syspair big.xml', ‘'ScaleFactor’',1.1, ‘Minsi
25 Vipair detector = nxpvt.CascadedbjectDatector ('data/haarcascada_me lefr +aml', »r',1.1, 'MinsSi v [0
2¢ Vrpair datect = nxpyvt . CascadsdbjectDetac ads mcs righteye.xml', ¥'y1.1, 'Minsize’', |

27 \mouth_detec = nxpvt.CascadsObis ie Siza', (00
28 incse_detector = nxpvt.Cascadelbliec ‘Mingiza’, [30 -1
25 i
30 - coder . .varsize (' filteradobiacts')
o= filteredObjects = (FilteredObject([D 0 0 0})):
32 -

< i >

Conmant Vindew @

JE >

fentures, Sdtection a326234. camers JoL M mslm (Functien) & B a2

en_detection 3326234 camers_ro M_main Ln 1 Col 1
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CNN Demo on S32V

CCCCCCCCCCCCCCC



CNN Selection

Deep Learning Toolbox in MATLAB provides a set a Pretrained networks to speedup the SW development

100 —— T T T T T T T T
S ework Do S paans 1o
alexnet 8 227 61.0 227x227
l 1 vgg16 16 515 138 224x224
8 - § vgg19 19 535 144 224x224
' squeezenet 18 4.6 1.24 227x227
g [ nception-ResNet2 | qoogIenet 22 27 70 224x224
g st @:.inci200  |inceptionv3 48 89 239 299x299
8 — densenet201 201 77 200  224x224
or - Bhcwnerrs j resnet18 18 44 117 224x224
sl ®coootenet | resnet50 50 96 256 224x224
s resnet101 101 167 446 224x224
T | inceptionresnetv2 164 209  55.9 299x299
SduagzeNet
i |
AlexNet
50 ° . L L : L 1 L

1 2 3 4 5 6 7 8 9 10 20
Relative Prediction Time Using GPU

Source: MathWorks Website
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https://www.mathworks.com/help/deeplearning/ug/pretrained-convolutional-neural-networks.html
https://www.mathworks.com/help/deeplearning/ref/alexnet.html
https://www.mathworks.com/help/deeplearning/ref/vgg16.html
https://www.mathworks.com/help/deeplearning/ref/vgg19.html
https://www.mathworks.com/help/deeplearning/ref/squeezenet.html
https://www.mathworks.com/help/deeplearning/ref/googlenet.html
https://www.mathworks.com/help/deeplearning/ref/inceptionv3.html
https://www.mathworks.com/help/deeplearning/ref/densenet201.html
https://www.mathworks.com/help/deeplearning/ref/resnet18.html
https://www.mathworks.com/help/deeplearning/ref/resnet50.html
https://www.mathworks.com/help/deeplearning/ref/resnet101.html
https://www.mathworks.com/help/deeplearning/ref/inceptionresnetv2.html
https://www.mathworks.com/help/deeplearning/index.html

SgueezeNet Model Used for Demo
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CNN Object Prediction with S32V

| TestMySqueezeNetm

_i
2
3
4
S5
&
7
g
9

10
11
12
13
14
15
1le
17
18
19
20
21
22
23
24
25

[+
% Connect with 332V board and Create a camera object
532 = nxpvt.s32wv234('134.27.168.245", 123);

A

cam = nxpvt.cameraboard(s32, 1, 'Resclution', '720x1280');

% Process frames from $32V SonyCam and Predict
while (1)

% Get video frames from 532V SonyCam

a

img = cam.snapshot() .data;

% Resize image to fit SgueezeNet network
[origwidth, origheight, ~] = size(img):
img = imresize(img, [227,227]);

a

o

% Predict with the SgueezeNet network

[proc, classIdx] = mySqueezeNet (img) ;

% Display results

load classNames

img = imresize (img, [origwidth, origheight]);
img = insertText (img, [10, 101, [classNames{classIdx(1l)} °
num2str (proc (1) * 100) '%'1, ... <

'BoxCOpacity', 0, 'TextColor','green');
nxpvt.imshow (img) ;

end

STEP 1: Create an object to connect with the NXP S32V
from MATLAB.

STEP 2: Read video frames in real-time from S32V onboard
ISP SonyCam

STEP 3: Run the SqueezeNet CNN to detect the objects
within the video frames captured by S32V ISP

STEP 4: Display prediction results and capture frames on
the screen for validation

\
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SqueezeNet CNN — Demo (Simulation & S32V HW)

‘ MATLAB R2018b - inal use (= )

Search Documentation

@ Tal ¥ » o orepo » adastvdascau ¥ vision_toolbox » examples » apps » CNN
Current Folder ® [ Editor - Crepo\adast vdascaulvision_toolbox\examples\apps\CNN\ TestMySqueezeNetm ® % Workspace ®
| Name | | TestMySqueezeNetm x[#] _ Name ~ Value
£ classNamesmat 1 I~ function TestMySqueezeNet s |
8GenerateMySqueezeNeLm 2—- cle
{1 squeezenet mat 4
TS - SRR 5 ¥ Lokd Yagh and Eestie f¥
b= 332 = nxpvt.s32v234('134.27.168.249"', 123);:
1= cam = nxpvt.cameraboard(s32, 1, 'Resolution', '720x1280'):
8
9— cleanupObj = onCleanup(@() disconnect(s32)):
10 % Process frame from S32V SonyCam
1= £ while (1)
12 = img = cam.snapshot().data; -
13 = [origwidth, origheight, ~] = size(img): Uit
14:== img = imresize (img, [227,227]):
15
16 % Predict with the SqueezeNet network
17 = [proc, classIdx] = mySqueezeNet (img):
18
19 % Display results
20— load classNames
TestMySqueezeNetm (Function) v |21 = img = imresize(img, [crigwidth, origheight]);
Load image sind resize it 22 = img T insert‘?ext(irng, . [10, 10], [classNames{classIdx(l)} ' ' num2str(proc(l) * 100) '%'], %
o . 23 . | BoxOEﬂty‘ . 0, 'TextColor' .,"_green \ ):_ v
@) disconnect(s32) <t =
Command Window ®
fx_ >>
<l >
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CNN Fine Tuning & Reuse

Load pretrained network

Early layers that learned MathWorks-

Last layers that

m, S Les
e ‘ Cs Deep Learning Framework
. . MATTAT Vision Toolbox Interoperability
Replace final layers assess network accuracy ,
New layers to le
feesturze s;;:iﬁcam _ _ \‘ /

to your data set Testimages .
P
) I mmp o
e Car - -
[ Trained network J Tras
Fewer classes
Learn faster

Microsoft
Cognitive
Toolkit

Train network
© Training images

CaTSe

L2
L 1)

100s of images
105 of classes COMPANY PUBLIC | 25 m

Source of Images: Math\Works Website



https://www.mathworks.com/help/deeplearning/ug/pretrained-convolutional-neural-networks.html

Conclusions
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Achieve Efficient Development Workflow

Using MATLAB and various toolboxes,
design engineers can: /4
- Maintained one design in MATLAB g>\D

- Design faster and get to C quickly

- Test more systematic and frequently
- Focus on algorithm improvements l

Auto generate
optimized C/C++

\ ¥ 4
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Getting Help

Vision Toolbox Online Community Vision Toolbox home page
Examples & Help WWW.NnXp.com/visiontoolbox

~

[2 | communiTy Vision Toolbox for MATLAB™ B3 o<
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