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The changing nature of products is disrupting
value chains, forcing companies to rethink and
retool nearly everything they do internally.”
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Problem Statement for Traffic Management System

* 1. General Background
The city of Autoville has just elected a new city council with a mandate to reduce traffic on the
highways and thoroughfares.
After receiving a grant of $200M from the federal government, they have decided to acquire a traffic
management system to help them identify areas and times of high traffic density so they can
take measures to alleviate the effects of it.

The city of Autoville has 100 miles of highway with 10 interchanges and 300 miles of thoroughfares
with 100 major intersections.

Systems will include controlled parking facilities, availability monitoring and dissemination,
emergency management, traffic control and prediction, and support for electric vehicles.



SysML Requirements Diagram

req [Package] User Requirements [Diagram]J

— satisfiedBy
«Capability» «Rule(System)» Sensor Spacing
«block» 1
Calculate Traffic Levels 1
I
I
1 X
:«trace» «requirement»

«requirement» UREQ_02

UREQ_01 txt
The system shall provide traffic data for intervals not greater
than 1 mile for highways and Y mile for thoroughfares.

satisfiedBy
«Rule(System)» Sensor Spacing

txt
The system shall identify traffic levels on all highways and thoroughfares.

A\ ) N /

:«satisfy»

: «satisfy»

«satisfy» «satisfy»

[Package] User Requirements [Table] 'ﬁ [Architectural Description] All Views [AV-1] B]




Operational Concept with Boxes

OV-1a [High Level Operational Concept] High Level Traffic Control Concept [OV-1a]J
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Operational Concept with Graphics

OV-1a [High Level Operational Concept] High Level Traffic Control Concept [OV-1a Graphic]J
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Traffic Management Use Cases and Stakeholders

OV-1d [Whole Life Enterprise] Traffic Whole Life Enterprise [OV-1d]J
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Capability Taxonomy with Implementing Resources

CV-2 [Architectural Description] Capabilities [CV-2 Resources]J

«Capability»
Calculate Traffic Levels

«Capability»
Traffic Prediction

«Capability»
Respond to Traffic Event

exhibitingElement
«EnterprisePhase» Traffic Architecture Phase1
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Flow Calculation SW

exhibitingElement
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Prediction SW

«Capability»
Traffic Control

«Capability»
Coordination

exhibitingElement
«Software» Emergency Services SW
«EnterprisePhase» Traffic Architecture Phase1
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Event SW

exhibitingElement
«Performer (System)» Control Center
«Performer (System)» Control Room
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Control SW
«Performer (System)» Traffic Display Board
«Software» Traffic Signal SW

exhibitingElement
«Software» Emergency Services SW
«EnterprisePhase» Traffic Architecture Phase1
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Control SW

«Capability»
Traffic Surveillance

Traffic Context [ﬁ

«Capability»
Traffic Reporting

«Capability»
Communication

exhibitingElement
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Report Generation SW

exhibitingElement
«Software» Sensor Processing SW
«EnterprisePhase» Traffic Architecture Phase1
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Display SW
«System» Traffic Sensor
«System» User Interface
«System» Video
«Software» Video Processing SW

exhibitingElement
«EnterprisePhase» Traffic Architecture Phase1
«EnterprisePhase» Traffic Architecture Phase2

«Capability»
Provide Traffic History

«Capability»
Parking Management

exhibitingElement
«Performer (System)» Internet
«Performer (System)» Parking
«EnterprisePhase» Traffic Architecture Phase2

exhibitingElement
«EnterprisePhase» Traffic Architecture Phase2
«Software» Traffic Data Archive SW




Operational Structure

OV-2 [Performer] Autoville Context [OV—2]J

WS->TC:WR : Weather Report

N

EP->TP:ES : Event Schedule

TS->TP:TF : Traffic Flow vTP—>TC:AP : Accident Prediction

PK->TC:PK : Parking Data

TS->TC:TF : Traffic Flow TC->CS:SR : Service Request

g

CS->TC:SS : Service Status

P> TC->CM:AR : Accident Report
TA->TC:.TAD /Traffic Archive Data

TC->TA:TAD : Traffic Archive Data

CS->CM:SS : Service Status

. TC->MM:TR : Traffic Report ) .
TC->FE:TSS : Traffic Signal Schedulev T&->CM:TPR : Traffic Planning Report

[Performer] Autoville Traffic Context [OV-6b]




Interaction Summary (ICD)

Information Exchange Producer Needline Consumer
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Traffic Management Systems

SV-1/SvcV-1 [System] Traffic Context [SV—1]J

CS->TMS:TSM : Traffic Stat

P

us
) . CRCooRom | [

CS->IN:TR : Traffic Report
> I
PK-CS:PK : Parking Data —> !
CS-pIN:PK : Parking Data |
gs->RM:SR
CS->TS:TSS : Traffic SignallSchedlile

CS->UI:RT : Road Topology

EV->CS:ES : Event Schedule

P R

CB->UI:SS : Service Status 1 \
)\ CS->UI:TR : Traffic Report
CS->UL:TF : Traffic Flow |
) CS->ULLES : Event Schedule
CS->Ul:VD : Video Data J

RM->CS:SS : Servige|Status J

)

WS->C$:\WR : Weather Report J
P E—

\_ ES->CS:SS : Service Status CS->ES:SR : Service Rgquest

CB1>CP:TPR : Traffic Planning Report

TS->CS:SD : Sensor Data
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Proposed Parking Lot System

Pressure sensor

Display Boards S—

System controller _
lot1 Snaces & barrier mOtOK Exit
Lot1 Spaces Traffic lights
Lot2 Full S — \___ | FULLI/ °
Lot 3 Spaces / e % Parking Lot

Serial Links Safety barrier

IR beam
sensor




Parking Control Context

ibd [Block] Parking Context [IBD]J

£ «itemFlow»

«itemFlow» J
STR-PL:VH : Vehicle

STR STR
PL-STR:VH : Vehicle
itemFlow»
v STR-PL:VH : Vehicle
«itemFlow» T
PL-STR:VH : Vehicle Motorist

«itemFlow»

«itemFlow»
PL-DB:DI : Displdy Info

«itemFlow»
PL-DB:DI : Display Info

<

L-DB:DI : Display Info

>

Flow»
:DI : Display Inf]

L «itemFlow»
PL-DB:DI : Display Info

PL-DB:DI

«itemFlow»
PL-DB:DI : Display Info
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«itemFlow»
: Disglay |

«itemFlow»
v STR-PL:VH :

2 «itemFlow»
PL-STR:VH :

DB

L

«itemFlow»

PL-DB:DI : Di

«itemFlow»

=

-DB:DI : Display Info
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Parking Lot System Model

ibd [block] Parking Lot System [PhysicaI]J

prS : 5Vhigh

Car mot : 12Vhigh
h@h:5vmgh$ ImN:12VNghT Th@h:12VNgh
: 5Vhigh
: 12Vhigh
|ow:5Vh@hT T
high : 5Vhigh
irS : 5Vhigh
e : l0Ucomms
4
4
allocatedFrom ’
«ltemFlow» dbPress - :’_ o __ T : serialByte
«ltemFlow» keyPress .7
«ltemFlow» rbPress &
4
allocatedFrom S~~~ 77T 7T 77 i : dispString
«Connector» ctrl-io
Tl - : ~lOUcomms

Operator

gL : 12Vhigh

rL : 12Vhigh

low : 12Vhigh
> |

—>
high : 12Vhigh

fL : 12Vhigh

serial connection data
Type RS232/V24

inputs : 1 start bit, 2 stop bits, no parity
7 data bits:
0-3 : key value
4 : keypad press (see bits 0-3 for value)
5 : display button press
6 : reset button press

output : 4 bytes, each byte:
1 start bit, 2 stop bits, no parity
7 data bits: ASCIl number




Parking Area with Charging Space

ibd [Block] Parking Area [IBD]

«problemy

«problemy
Charging Space will need a power Source

Charging will require payment system

«problemy

«itemFlow»
v CHG-EC:PW : Power

Payment System will require secure comms

«problemy ﬁ «problemy

How will people know a charging space is available? Will need charging company overSIth
I

[Package] Parking Lot System [BDD]E}




System Model Simulation PTC Integrity Modeler [P TC

CAPABILITIES

« Simulate SysML
model visually

« Store simulation
information within
system model blocks

 Drag and Play
Simulation

* Connect to third-party
simulators (MATLAB
Simulink™ etc.)

BENEFITS

PTC Integrity” Modeler

Reuse blocks containing
simulation data within
diagrams

Simulate behavior

Reduce design
walkthrough efforts

Validate complex
behavior early

Project cost reduction Reduce design errors



ThingWorx Platform

ThingWerx

A PTC Business

loT Platform

Predictive COLDLIGHT
Analytics

Augmented Reality* @ﬂ

Connectivity
Connectivity and Device
Management

Device Cloud
Private Device Cloud

0 Marketplace

Smart Extensions and
Applications

Application Enablement
Application Enablement ° Cassandra

Platform Big data for operational data

Composer

Rapid Application
Development and Graphical
User Interface Builder

ColdLight

Machine learning and
predictive analytics

Federated Deployments
Deploy how you like

Digital Twin* ///////




ThingWorx Composer —Rapid Application Development  PTC

» Customer Portals
— Mashup of Data Sources

* Mobile Applications <
— Smartphone and Tablet Applications to enhance "~

Product Experience

* New Internal Applications
— Field Service Applications
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Systems Engineering and Thing\Worx

PTC Integrity Modeler — Automated ThingWorx Code Generation

Layer PTC Integrity Modeler  system Live ThingWerx System Real World

Design
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Updated Parking Area with Charge Space

ibd [Block] Parking Area [Updated IBD]

:IAC Power IF

L .
: AC Power -

:|Credit Approved - Charge Spacd St
[ T cred '
Credit Request : Charge Request

: ControlComms IF
: Charger|Comms IF : DC Power IF

: Charger |Connected
L : DC Power

A
: Bnd Charge

A
: Start Charge
: Charger Comms IF [ 1 : DC Power |F
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Predictive Analysis

Neuron is an advanced
learning technology that
simplifies and democratizes
the once complex and time
consuming science of
advanced and predictive
analytics.



Intelligent Applications

' 4
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Neuron ThingWerx

* Explanatory Analysis
 Actionable Insights

 Operationalized
Predictions




Predictive Signals

Shovi/Hide Log Showi/Hide Debug Info 4 Reload Default Fullscreen

7~ . Choose Predicti Soil M 16in her only) '
N# NeuronDiscover

X Choose Filter All Data n

e |
PREDICTIVE SIGNALS

Category View

= Weather Wind Chill AVG 0 to 1 DAY prior
(j Time and Lecation

LY

“ Soil Temperature

" Weather Solar Radiation 24—
" \Weather Potential Evapotranspiration 288
* Weather Air Temperature
" \Weather Apparent Temperature S5.25
™ Waeather Wind Chill 316- . l l
0 260~ N | | |
2 % 8 & 4 ) 9

-

46.0—

B8 e s s

w

*

Weather Wet Bulb Temperature :
2 EA %

+ " Woather Diffuse Radiation % %, £ "'\Q{ %, "”u{ ""%9‘ e"a‘
+ Waeather Direct Radiation 02_:6’ % % ‘9’-0, %e},- 6:961 )'9’%\ o%) .9%'"6-
+ * Weather Air Pressure
100.0 — Feature Value Avg. Goal Population Z Scc
2:: Weather Diffuse Radiation AVG 4 to 5 DAY prior [17.26 - 36.71) 33.66 10,061 33.17
40.0 = Wealher Relative Humidity AYG 8 1o 9 DAY prior 8.75 - 62.78) 31.76 8.170 35.32
200 - - - Weather Relative Humidity AYG 10 to 11 DAY prior  [8.75 - 73.56) 31.22 5.405 35.49
= Profile 1 p,o,'i,e 2 P,O,',,e 3 Weather Wind Direction AVG 0 lo 1 DAY prior (115.37 - 235.3) 30.17 4.365 36.23

COLDLIGHT

APTC Business



Predictive Analyzer

Show/Hide Log Showi/Hide Debug Info 1 Reload Default Fullscreen

‘:} NeuronDiscover e iy s B el '

PREDICTED PERFORMANCE ESTIMATED MODEL ACCURACY
Soil Moisture Prediction Next Week @ 16in
320— O
. =
. 594~3; /6
8.7 . Jud

| | | | I
> % 8 8 N xs RMSE PEARSON CORRELATION VALIDATION RECORDS
L % [

Choose Filter All Data '

% %y, %, %, % %
% % % % 0.06 0.98 14827
IFACTORS INFLUENCING PREDICTION FOR +1 DAY
ENSEMBLE METHODS
Feature Name Feature Value Influence

Toeatm NS Toeations ':. Enabled Learning Technique
v, BACKPROP

Weather Wind Chill AVG 0 to 1 DAY prior 69.5 %
LN DECISION TREE

Weather Apparent Temperature AVG 0 to 1 DAY prior 69.58
v @ LINEAR REGRESSION

Wealher Air Temparalure AVG 0 to 1 DAY prior 69.5
v @ GRADIENT BOOST

timestamp_month_of year 4 April

COLDLIGHT

APTC Business




Questions and Answers

Thanks for your attention!

Speaker
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