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X - i $% Kalman Filter
'?5\% Predicted state and covariance
| Xp = F*Xe;

bR

| Pp = F*Pe*F' + Q;

ol

Estimation
| S = H*Pp'"*H' + K;
| B = H*Pp'

K = (S\B)';

|% Estimated state and covariance
iXe = Xp+K* (z-H*Xp) ;

| pe - Pp-K*H*Pp;

4 % Estimated measurements
Ay = H*Xe;
— 12
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o o 9 | Automotive Adaptive Cruise Control Using FMCW and MFSK Technology =0

Search
matrix _
(i MATLAB VECTOR FIELDS TOP & ~ New Figure
A |
SELECTION == I X OFTIONS
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bame 4 | Value - FINANCE TOOLBOX PLOTS TOP = ]
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E folder ‘MenthlyClim ; File Edit View |Inset Tools Debug Desktop Window Help
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@] Gd 1x1 digraph
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Search Documentation

Documentation
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@ Confidential Prerelease Documentation — Subject to Nondisclosure Agreement

Automotive Adaptive Cruise Control Using FMCW and MFSK
Technology

This example shows how model of an automotive radar in Simulink for an adaptive cruise control (ACC) system, which is an
important part of an advanced driver assistance system (ADAS). The example explores both single and multiple targets scenarios.
It shows how FMCW and MFSK waveforms can be processed to estimate the range and speed of surrounding vehicles.

Open This Example

Available Example Implementations
This example includes three Simulink® models:
- FMCW Radar Range Estimation: slexFMCWExample.slx

«  FMCW Radar Multiple Targets Range and Speed Estimation: slexFIMCWIMultiTargetsExample six
+  Multiple Targets Range and Speed Estimation Using MFSK: slexMFSKMultiTargetsExample six

FMCW Radar Range Estimation
The following model shows an end-to-end FMCW radar system. The system setup is similar to the MATLAB Automotive Adaptive Cruise Control Using
FMCW Technology example. The only difference is in this model the FMCW waveform sweep is symmetric around the carrier frequency.

FMCW Radar Range Estimation

FMCW Tr i Y

>

@—am Cramel =
&

Fos [Fidar Pos] |
Platform
Radar Plalform
- ) S | .
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Access

Files

Software
E AlB = C
=2 9

Code & Applications

A

Hardware

o
o
o

o (] Find Fies i [ Bvewveme

L Analyze code
) openvarae ~  fip Run ana Time

Simuink  Layout

FEEE -

e S

sapt v v Dets Workspace ) Clar Workspace v [/ ClearCommands. + ‘
o ! e S — T e e
o # G| L b G b demos b LTC b MATLAB Compiler » ForPresenter » DemoFinal »
Current Folder [Workspace | Command History |4 Figures - Figure 4
|| Figurer | || Figure2 | DiffLiveExample.mix SolarAnalysisScript.m + |
@) This file can be opened as a Live Script. For more information, see Creating Live Scripts, x
1 .
09 98 %% Estimate Solar Ratio
08 1 99
o7 g 08 100 — EstRad = model (delTTest,AvgRelHumTest) ;
ﬁu“ ;D'G 101 — PredInt = predint (model, [delTTest AvgRelHumTest
fos S04 102
2 3
@0 & o2 103 %% Plot Estimated and Measured Solar Ratio
e 2013 104 D
02 E
o 105 — createFitFigure (DayOfYearTest, EstRad, PredInt, Sc
IPG : v
© a 8
2001 20035 20055 o 20075 20095 20115 Year 2000 o Day Of Year ——r B
[ Figure3:SolorFt < | lfSrgsass| General model: M
1 model (delT,RelHum) = a* (1+b*RelHum)* (1-exp (-c*de
_ Mk y N " Coefficients (with 95% confidence bounds) :
e i1 2 [, o An 3, e
e o e S aa i a = 0.7995 (0.786, 0.8129)
. e b= -0.003053 (-0.003328, -0.002777)
3 - w1 =0 m0 a0 %0 c = 0.01015 (0.007716, 0.01258) |
Hos AR n = 1.757 (1.666, 1.847)

0.2

e

11-| Ready

Relative Humidity

20 10
Temperature Change (°F)

50 100 180 200 250 300 350
Day Of Year

94.751 percent of data points are within estimated bo

Saved color settings are corrupted.
Resetting to defaults.
Jx >>

< i

»

script

[tn 86

Col 20
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CLASSIFICATION LEARNER VIEW

Ell:' ) 4 4 4 D & Advanced | [T Scatter Plot

) ) - [T] confusion Matrix
Import Feature Fine KN | Medium KNN Coarse KNN  Cosine KNN Train
FILE | FEATURES | CLASSIFIER |

| FLOTS

Data Browser (O] | Scatter Plot 0

4\ MathWorks

| 4\ Curve Fitting Tool

File Fit View Tools Desktop Window Help A X

- 0|9 Q@@ |EE) % B o8O

||v History | Variable on X axis:

VM
Linear SVM

Scatter Plot of humanActivityData for: k-Nearest Neighbor

Wmean_total_acc_x_train

Tree Variable on Y axis:
Simple Tree

Wmean_total_acc_y_train
Tree

Medium Tree

Legend
Tree

Complex Tree Correctly classified
® laying

S Sitting

iRV : ®  ClimbingStairs

VM

Fine Gaussian SVM

KNN
Fine KNMN

_train

Y

Misclassified - true class is:
X Laying

Sitting
# Climbing Stairs

Wmean_total_acc

w Current model

Type: k-Mearest Meighbor Show Classifier Results
Preset: Fine KMNM

Data Transformation: Mene Classifier Results
Status: Trained Color of misclassified points
represents:

True class ] L 02 04 06 08
Wmean_total_acc_x_train

¥ ¥ Visualization Settings a
View: |3D Array Directivity i)
Option: Folar v‘
Show Geometry: [7]
¥ ¥ Array Characteristics a
Array Directivity: 13.50 dBiat 0 Az; 0 EI
Array Span: x=0my=15mz=15m
Number of Elements: 16

EDITOR PUBLISH VIEW
Efunetion [trainedClassifier, wvalidationfccuracy] = trainClassifier(trainingData) =
+% trainClassifier (trainingData)

% Auto-generated by MATLAB on 29-Jan-2016 16:15:00

% Extract predictors and response
% This code processes the data into the right shape for training the
% classifier.

m

- inputTable = trainingDatar

= predictorNames = {'SepalLength', 'Sepalwidth', 'PetalLength', 'Petalwidth'}:
- predicters = inputTable(:, predictorNames);

- response = inputTable.Species;

- iscategoricalPredictor = [false, false, false, false]; %#ok<*NASGU>

% Train a classifier

% This code specifies all the classifier options and trains the classifier.
- classificationKnNN = fitcknn(..

predictors,

response,

'Distance’, 'Euclidean',

'Exponent’, [],

'NumNeighbors', 1,

'DistanceWeight', 'Equal"',

'Standardize', true,

'ClassNames', {'setosa': 'versicolor'; 'virginica'}):

% Create the result struct with predict function

66 — predictorExtractionFcn = @(t) t(:, predictorNames); i

[ trainClassifier Ln 89  Col 55

-25
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parfor m = 1l:numel(freq)
AR(m) = axialRatio(sp, freq(m)

, 0, 90);
RL(m) = returnLoss(sp, freq(m));

File Edit View Inset Tools Desktop Window Hel
NEAS KR UDEL-[S[0E|=D end
Mesaadd[¢ i ?6DLO

. . X = cos(pi*(0:N)/N);

. " . ,g\’ r - | X = gpuArray(x);
PR 3D M IFAT I -~
dt = 6/N~2:

[xx,yy] = meshgrid(x,y);
vv = exp(-40*((xx-.4).72 + yy."2));

16
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International Trends — Gasoline
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1990
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B T AL

T Figure 2 [ =)
File Edit View lnsert Tools Deskiop Window Help =
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7.17 7.41 7.70 7.73
7.48 7.61 7.78 7.79
7.57 7.79 8.01 7.80
7.69 7.98 8.03 8.13 =
7.96 8.14 8.38 8.56 H
8.10 8.32 8.61 8.74 o
8.18 8.38 8.54 8.73 3
8.24 8.41 8.56 8.73
L J
T
1996 _1 200: 2011 2014
mean miila
|
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Try again Yes
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4\ MATLAB R2017a - prerelease use

HOME

ERMATLABIZ 1T B S8 B§ 12

Eh fdienC anflicinn m

W

DataAnalytics4PredictiveMaintena.. ~

-

Bl & & O S @) magic

X

3 oo

4\ MathWorks

EUN _

SR Find Files I s = . : '
- H o Ly Fina < G s e = [2 @ [ Run Section @
|L) Compare v | GoTo w Comment % ;
Mew Open Save Source : Breakpoins  Run  Runand |- Advance  Runand
v - ~  Control (= Print ¥ \4 Find + Indent - o e Time
FILE . NAVIGATE ‘ | BREAKPOINTS
<P EE » C: » Jobs » Statistics_and_Mathine_Learning » PredictiveMaintenance » 5. PredictiveMaintenance »
Current Folder | Bz Editor - C:\Jobs\Statistics_and_Mathine_Learning\PredictiveMaintenance\5. PredictiveMaintenance\DataAnalytics4Predict...
Name - DataAnalytics4PredictiveMaintenance.m I+ L
bak ~|| 66 w—
Data 67 %% Easily extract information from tables
DataAnalytics4Predictiv... 68 — X = trainFDO01Unit1.Time;
DataforNeural 69 — y = trainFDO01Unit1.HPCOutletTemp;
html 70 % interactive plot capabilities when selecting x and y
mps 71
. 72 %% Interactive visualizations to aid discovery
MATLABIZTHI= 73— figure:
EE‘ E E:J_ilj\] Hj‘]i)ﬁ: 75 — h(|) = 5ubp|ot(3,3,i); ?%n ﬂ uﬁ)&ﬂﬁé
HTEF . 76— end ITMATLAB/L RS -
ey ETTgTeeTe=a A,
77— figure; -
) classificationTraining.m el fc?r : -’i+1 15 o
ﬁ . - .
st 79 — h(i) = subplot(3,2,i-9); v
‘& DataAnalytics4Predictiv... | | >
= DataAnalytics4Predictiv... Command Window ®
~ dataClass1.txt >>
_] dataClass11 >> MATLAB# & 475 08] . A] L
8. dataClassC.csv Jx >> B ITMATLAB# & FI R £

- P
Workspace _ ®
Name ~ Value
[-Hfile 'C:\Jobs\Statisf
[-Hfilename "train_FDO001_L
| [ trainFDO01Unit1 192x26 table
MATLAB TAEZ[A]
(workspace), 7Lt
AUEFENFRE
< >
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Array (#741)
BEZMERNAEE
(FEEKE, (EE4ERE)

Matrix (#/5%)
B/ 2-D array (m-by-n)
L1111

Vector (/&) : E
1-D array (1-by-n or m-by-1)

Scalar (ir&E
ﬁ/\ﬁ
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d urgtion

daltitet"llnje @

calendarDuration

NN IR

categorical

ZES

e

intX single double
uintX

HER

function
handle

PR A A 2

57 12) T AT

WY

——

%

FSy

SRt
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BEERYES:

i

Sl x = A(2,end)

A(7,k) —K =

j - A(end,1l) = x
x = A(1:6,3)
P x = A(l:end,3)
x = A(:,3)
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7.17 7.41 7.70 7.73
7.48 7.61 7.78 7.79
7.57 7.79 g8.01 7.80
7.69 7.98 g8.03 g8.13
7.96 8.14 8.38 8.56
8.10 8.32 8.61 8.74
8.18 8.38 8.54 8.73
8.24 8.41 8.56 8.73
— >y
7.8331 8.0397 8.2195 8.3236

sin
sind
sinh
asin
exp
log
log2
loglO
sqgrt
nthroot
abs
angle
floor
ceil
round
mod

4\ MathWorks

max

min
mean
median
std

sum
prod
diff
gradient
cumsum
cumprod
corrcoef
cov
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LIVE EDITOR " =
G

- ILE . \ AL STYLE " LY - -

plot(days,delta) @ @

axis([1 365 -30 30]) 0+

title('Solar Declination')

xlabel('Day of Year') 5

ylabel('Degrees’)

<10
Estimating Sunrise and Sunset
20
Knowing the local latitude (¢), the sun's declination (§) and the solar time correction (SC) allows us to calculate the time of
sunrise and sunset. Sunrise and sunset are calculated in Standard Time. 30
0 100 1% 220 25 300 350
-1 Day of Y
smwke:lZ-fL—J%ﬂﬂi-ﬁ E-
15 Sunrise and Sunset
sunset = 12 + S5 Lzmméuad s
18° 60

sunrise = 12 - acosd(-tand(lat)*tand(delta))/15 - solarCorr/60;

sunset = 12 + acosd(-tand(lat)*tand(delta))/15 - solarCorr/60;

clf

plot(days, sunrise, days, sunset, 'LineWidth', 4)

axis([1 365 0 24])

title('Sunrise and Sunset')

xlabel('Day of Year')

ylabel('Time of Day')

legend( 'Sunrise’, 'Sunset') 5 . |
50 100 150 20 250 300 50

hold on
patch([days flip(days)], [sunrise flip(sunset)], [6.97 0.69 0.34]) Day of Year -

- | SolarAnalysismix | FuelEconomy.mlx* | SunriseSunsetmix | final SunriseSunsetmix < | 4+ |

30
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search ﬁ —
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FUNCTIONS

ﬁ‘ linspace
Generate linearly spaced vectar

SEARCH SUGGESTIONS

linspace

help
doc
docsearch

Contents

linspace xl +]

. Search Documentation

A MATLAB  Language Fundamentals ~ Matrices and Arrays

linspace
Generate linearly spaced vector

The linspace function generates linearly spaced vectors. It is similar to the colon operator ": " but gives direct control over the number of

points and always includes the endpoints.

Syntax

v = linspace (x1,x2)
¥ = linspace (x1,x2,N)

escription
¥ = linspace (x1,x2) retur

v = linspace (x1,x2,N) returns ¥ linearly spaced points.

Array Creation and Concatenation

ow vector with 100 linearly spaced points in the interval [=1,x2].

expand all in page

example
example

example

example

Jnd all

11

» Create Vector of Evenly Spaced Real Numbers
» Create Vector with Specified Number of Values

> Create Vector of Evenly Spaced Complex Numbers

Input Arguments

» x1,x2 — Point interval
pair of numeric scalars

» ¥ — Number of points
100 (default) | real numeric scalar
Qutput Arguments

» y — Vector of linearly spaced points
vector

colon | logspace

expand all

expand all

31
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< MATLAB

< MATLAB

< Functions

zeros

Syntax
Description
Examples

Input Arguments
More About

See Also

= CONTENTS

< Documentation Home

< Language Fundamentals

< Matrices and Arrays

Documentation | 4 MathWorks: 5 ssess sm =5 ux =s
L=
ZEros o )
= B= K
Create array of all zeros
TR AN AECE |, (BFENE, SEEESHHNS , BahlthARE mE.
Syntax <MATLAB @ Zeros
A " ! T
X = zeros « {EEERAHD flEeFiA
X = zeros(n) < JEREHNENA iE
X = zeros(szl,...,szN) < BRBRIEENRER
= X =
X = zeros(sz) < MATLAB zeros
X = zeros(n)
24 S e — B < MATLAB &8 X = zeros(szl,...,szN)
X = zeros(__,"like",p) zeros X = zeros(sz)
X = zeros(___ ,typename)
Description Back Alt+Left E o
Forward Alt+Right . X = zeros(___,"'like’,p)
X = zeros returns the scalar 0. ptiz)
Find... Ctrl+F _
X = zeros(n) returns an n-by-n matrix of zeros. Tl S|
Zoom In Ctrl+Plus BASE
X = zeros(szl,...,szN) returns an sz1-by-...-by-szN  Zoom Out Ctri+Minus |, e ig X = zeros R[ENRE o,
returns a 2-by-3 matrix. print Cirep FHRER k
SiEsig X = zeros(n) IRE nxn N2FTHEF,
X = zeros(sz) returns an array of zeros where size v~ S3VeAs- e == . . N —
X = zeros(szl,...,szN) IREIRZTERA] sz1x..xszN 248 , Hrb sz1, ..., szN iETEMEERN
X = Lt returns an array of zero m| N . s
the inzeurt‘c;sr( L.Eenl);pizr::e )revious s nlaxe;’. S ) X = zeros(sz) IREI—PHTHEMAEEER , HPA/NEE sz EW size(X), il zeros([2 3])

Help Page Location

@ To view the installed version of this page in the Help browser, run this command:

|web(fullfile(docroot, ‘matlab/ref/zeros.html’))

@ To view this page at the MathWorks Web site, enter this URL in a Web browser:

https.//www.mathworks.com/help/releases/R2016b/matlab/ref/zeros.ntml

%) You may be required to log in to your MathWorks Account to view this page on
the Web.

o

Close | | Help

4\ MathWorks
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“Data analytics is a process of inspecting, cleaning, transforming, and modeling
data with the goal of discovering useful information, suggesting conclusions, and
supporting decision-making. ”

- - - Wikipedia
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Machine
Learning

Image
Processing

Language

C MATLAB lets

engineers do
Data Science
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themselves

\.

Neural
Networks

Optimization

Signal
Processing

Control
Systems

Financial
Modeling

Symbolic
Computing
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xls

) E

MXAFinIE

* Text

» Spreadsheet

XML

* CDF/HDF

* Image
* Audio
* Video

» Geospatial/Maps
* Web content

o't

& EEifalE)

- ODBC
« JDBC
« HDFS (Hadoop)

(SN
*CAN (Controller Area Network)
*DDS (Data Distribution Service)
*OPC (OLE for Process Control)
*XCP (eXplicit Control Protocol)
*TCP/IP
*|12C etc.

fEEinE
» Data acquisition
* Image capture
 GPU
* Lab instruments

4\ MathWorks
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Support o
Classification M\;’sﬁ:t::;s D'if:;?;:::m Naive Bayes N”;;Lﬁ,
Supervised :
Learning oK KRREAL RS AR OE  ROE A
Linear
. . SVR, Ensemble Decision Neural
/ %Eﬁ ﬂ% % ;J REQI'ESSIOH Reg(;tle-s;:mn GPR Methods Trees Networks
Machine XA AR R BIE S #HAT
Learning W%, DLSCBLN B B bR HEEREET AL R %
: {95 KR F
Mlds ]
U ised kMeans, kmedoids Hi hical Gaussian
nsuper)flse Clustering Fuzzy C-Means S Mixture
Learning
A AX 25 BX K& Neural Hidden Markov
Jo i B 5 ARTS Networks Model
SHEA IR BEESR
%gg%ﬁg%ﬁmﬁ KA 732K w5158 phae i 2g [a D Rk R A
H
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e [O])3 ( Regression)

Supervised
Learning

U]

Machine XA bR R B S AT
Learning WIZR, CAScEX B BUm

¥y e Fi
PlLas2>]

Unsupervised

Classification

7K

Regression

=] 5

VeI SCFFRERIE HETNE R

Learning

T2 5

B R R B A
BEAT 4L, DURIRE
345 (0 N BB AE

Clustering

ok

H #5:
fff 5 22 A8 B 22 R AR I % R
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e Regression Learner APP

Regression Learner App;e MATLAB 2017affE i 11— NN IR (APP) . BH#ERE T

4\ MathWorks
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A(t) = [ 10sin(2m * 2 = t + 30° )dt - 3
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A(t) = [ 10sin(2m * 2 = t + 30° )dt - 3

Sine Wave

RS

*al Block Parameters: Sine Wave X

Sine Wave
Output a sine wave:

O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in the two types are
related through:

Samples per period = 2*pi / (Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2*pi)

Use the sample-based sine type if numerical problems due to running for large times (e.qg.
overflow in absolute time) occur.

Parameters

Sine type: Time based >

Time (t): Use simulation time v

Amplitude:

10

Bias:

0

Frequency (rad/sec):
2

Phase (rad):

1/6

Sample time:

0

[] Interpret vector parameters as 1-D

J OK Cancel Help Apply
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A(t) = [ 10sin(2m * 2 = t + 30° )dt - 3

¥4 Example1 - Simulink
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Sine Wave Integrator
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% Commonly Used Parameters

Select:
Solver
Data Import/Export
Optimization
Diagnostics
Hardware Implementation
Model Referencing
Simulation Target
Code Generation
Coverage
HDL Code Generation

& Configuration Parameters: Example1/Configuration (Active) (
= All Parameters

Simulation time }

Start time: 0.0 Stop time: |20

Solver options

Type: Variable-step

~ Solver: auto (Automatic solver selection)

¥ Additional options

Max step size: 0.1 _ | Relative tolerance: |le-3

Min step size: |auto | Absolute tolerance: [augo -

Initial step size: auto | Shape preservation: |Disable All

Number of consecutive min steps: 1

Zero-crossing options
Zero-crossing control: Use local settings ~ Algorithm: Nonadaptive
Time tolerance: '10‘128*eps 7 '

Signal threshold: auto ‘
Number of consecutive zero crossings: ;'1000 '

Tackina and samnle time antinne
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