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Machine Learning for OBD
Background: OiBoard Diagnostics & Boundary

A On-Board Diagnostics is the requirement that vehicles must light the Malfunction
Indicator Light (MIL) if an emissions related component is reporting a signal outsit
Its expected operating range
A A threshold is determined based on empirical data

4" [ 3" : Preferred Guideline
More separation is better
Boundary
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Machine Learning for OBD
Background: OiBoard Diagnostics & Boundary

A Separation is needed to minimize:
A False failure
A False pass
A Diagnostic should run consistently on
A The certification test cycle: FT®
A In the field: In Use Monitoring Performance Ratio (IUMPR)

1k Boundary
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Machine Learning for OBD

Example: Pressure Sensor Diagnostic
A OBD Goal:

Delta Pressure Diagnostic Data

Delta Pressure

40 &0 80

|npUt #2 |npUt #1
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Monitor pressure and determine whether
connection is connected or disconnected

Delta pressure sensor (dP) measures pressure
relative to atmosphere

@ Disconnected/Failing positive pressure

@ Connected/Passingnegative pressure

All data units are normalized

Select the range (enable criteria) where
separation is acceptable

A Use values of Input #1 and Input #2 where there is
no overlap

Determine the separation boundary
A dP above the boundaryLight the MIL !!!

& BOSCH



Machine Learning for OBD

OBD Boundary Determination: Classic Method
A Make a grid of Input #1 & #2

Ve

A Each set of grid points has a column
‘ of passing & failing data
C g A Within each of the columns calculate
— for dP:
e Boundary A Mean (passing. faling)
‘ I, A Staindard Deviation (passing, failing)
m . D,
A Compute acceptable boundaries:
A Failing: * o,
| ‘ A Passing: * T,
A Separation is achieved where
A 1, < o,
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Machine Learning for OBD
OBD Boundary Determination: Classic Method

A Adjust the enable criteria to:

A Enable the monitor at any coordinates where
separation is achieved

A Where separation is marginal, enable the
monitor by selectively adding coordinates until
monitor runs frequently enough to meet in use

Classic Method

=20

2 monitor criteria
£ 40 .
e A Calculate the boundary based on the larger
8 -60 Of
=80 A ‘ Tn " 0"
100 - : 50
M/
30 . . . .
%0 8 70 g g 100 Use statistical analysis to guide us before we put
Input #2 Inputzl . . .
the enable criteria and boundary in the
controller!
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Machine Learning for OBD
Rationale for Machine Learning

A Data is continuous and plentiful
A Fit a continuous function

A What is Machine Learning?

A The ability of computers to learn without explicitly being programmed
A Inputs predict the outputs via a model which has been fit
A Fitting is known as training or optimization

A Multiple Linear Regression

A Logistic Regression

A Multivariate Gaussian Distribution

A Principle Component Analysis
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Machine Learning for OBD

Freely Avallable: Coursera Machine Learning Course

JANUARY 18, 2014

Online Course
Statement of Accomplishment

ANTHONY J GULLITTI

PLETED A FREE ONLINE OFFERING OF THE FOLLO
VERSITY THROUGH COURSERA INC

Machine Learning
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WWWw.coursera.org
Machine Learning Course, Andrew Ng

coursera Catalog Q Institutions | For Enterprise |~ Login [EESEGEV]

Machine Learning

Overview

Syllabus About this course: Machine learning is the science of getting computers to act without being explicitly
programmed. In the past decade, machine learning has given us self-driving cars, practical speech
recognition, effective web search, and a vastly improved understanding of the human genome. Machine

FAQs

that you probably use it dozens of times a d

Creators v More

Ratings and Reviews
Created by: Stanford University

Machine
Learning

Enroll Now

Starts May 01

# Taught by: Andrew Ng, Associate Professor, Stanford University; Chief Scientist,
o ’ - Baidu; Chairman and Co-founder, Coursera

Financial Aid is available for learners  +

who cannot afford the fee.

Learn more and apply.
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Machine Learning for OBD
Supervised Machine Learning

New Dataset

BRI Regression Classification

Two Types:

Input Output
(features) (label)

Training Dataset
Population

---- 08
0z . . \ .
2 3 4 5 &
AAAAAAAAAA

Output has continuous Output has aiscrete

---- possible range possible range

b Given the input feature segpredict
| the most likely output label value.
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Machine Learning for OBD

Regression
Training Dataset WEE) I<P Pe Po Poe é) Regression
Population Pe Pe

LI w&m W T Fr e )

D0 A Where: L

] A x = Input #1

00 A X, = Input #2 N SO B R
A Yp(X1,%) = Delta Pres Passing data Output has continuous
< - possible range

-- A vyi(X,%) = Delta Pres Failing data

A [b,bint,r,rint,statd =regresgy,X,alphd;

A alphais the requested confidence interval to
be returned inbint
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Machine Learning for OBD
Multiple Linear Regression

A Determine the parameters, y{x,) :* such

Linear Regression th a.t:
A y(x,%) predicts the mean value of dP

A Confidence interval of fit determines separation
o A -3° =99.55®%6 Confidence interval failing

o 20 A 4 =99.98®6 Confidence interval passing
£ o A Adjust the threshold as before

o A Give the algorithm some help

” A Filter out passing & failing data that overlap
-100 — 40
30 40 50 &0 -0 BO W
Input #2 Input #1
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Machine Learning for OBD Classicaton
Logistic Regression: A Classification Approach Lo

A Define an equation to be used as the boundary

Ay — —0 — @ —0 —WWow E — — —O Output has a discrete
A X, = Input H possible range
1=
A x,=Input 2 _ _
A x;=dPa Now an input! sigmoid(h(x))

15

A Predict theprobability that signal is passing
A Theprobability is achieved by using tsggmoidfunction

C e 2z Y
[ "QQ& &1Q , -
p QO 0.5

A Find the coordinates of Inputl#Input # and dP where: 0 _
A sigmoid(h(x)}F 0.5
A The resulting surface is the boundary

-0.5
-10 -8 4 6 8 10

h(x) O
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Machine Learning for OBD
Logistic Regression Training
A Optimize the parameters df(x)*
Ay = sigmoid(h(x))

Createy such that: A Minimize the difference between

—

. . A 0 andsigmoid(h(x)J¥or failing data
sigmoid
J ( --- )| O A 1 andsigmoid(h(x)Jor passing data
sigmoid ( B )| [0 — y=0 A MATLABfminuncc find the minimum of
Failing unconstrained multivariable function

sigmoid ( BRI )| [©

A Obijective function (Matlab syntax)

J\

sigmoid ( )| [1 J = sum(...

. LI y .*(log(sigmoid(X*theta))) + ...
sigmoid ( [ ) | [1 . y=1 (1-y) .*(log(Xsigmoid(X*theta))) ...
sigmoid ( EHEIE) | [@ | lambda./(2*m).*sum(theta(2:end).”2);

A Regularized_ogistic Regression
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Machine Learning for OBD

Logistic Regression Boundary

A To obtain the boundary
A Create a grid of points in the three
dimensiong; fullfact
A In 2D can use contour plot
A Input the grid values to the trained equation
A sigmoid(h(x))
A Find the coordinates where
A sigmoid(h(x)F 0.5
A Range 0.45 to 0.55
; A Explore adjusting the probability value to
- W/{ achieve the desired separation

Input #2 T A Closer to 1A passing bias

A Closer to 4 failing bias

Logisitic Regression

=20

=40

Delta Pressure

60

-B0
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Machine Learning for OBD
Logistic Regression Using Matlab Command Line

Logistic Regression using fitglm A Logistic Regression using Matlab routines
; A Script/Command line interface

mdl =fitglm (X,y,'Distribution’,'binomial’,'Link’,'log)t

=20

Xnew = grid of points

| P =predict(mdl, Xnew);
60 - ythres = P > 0.45 & P < 0.55;
80 - Xnew(ythres)A boundary
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Machine Learning for OBD
0

o\ Classification

A Classification Learner App
A T =table(X,));

Ve

A Logistic Regression & more!

A Extract to the model to the
workspace

mdl| =
trainedModel.GeneralizedLinearModel;

e . Xnew = grid of points

I SR P = predict(mdl, Xnew)
7| T S . ythres = P > 0.45 & P < 0.55;
: ] 7 | Xnewythres)A boundary
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Machine Learning for OBD
Further Approaches

A Multivariate Gaussian Distribution

A Principal Component Analysis
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Machine Learning for OBD
Multivariate Gaussian Distribution

Multivariate Gaussian

-4
2

A Model data using
Multivariate Gaussian Distribution

A Shown:2" of passing/failing
A Better applied to anomaly detection

A Only passing data
20 A Find outliers

Delta Pressure

Input #2 Input #1
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Machine Learning for OBD

Principal Component Analysis

A Principal Component Analysis Method
A Reduce the dimensions fro8D to2D

A Boundary could be a curve instead of a
surface

A Can be used for higher dimensional data

A Handling of a monitor witd+ inputs
A Reduce t8D or2D

Principle Component Analysis

Delta Pressure

Input #1 Input #2
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Machine Learning for OBD
Summary

A On-Board Diagnostics boundaries can be calculated using statistical techniques
A Widely used classic method using a grid of points

A Classic OBD boundary setting reduces the data to a grid of points as a basis for the
boundary

A Machine learning introduces the concept of using continuous functions as a basis
for the boundary

A Regression: Linear Regression use confidence intervdl f@ separation
A Classification: Logistic Regression provides a direct method for determining the boundary

A Striving for: Better quality boundaries, obtained more quickly, using less data

A OBD boundary determination is emerging as an excellent application for machine
learning !
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