3 St Annual INCOSE
international symposium
S\

July 17 - 22, 2021

Applying Systems Engineering for
architecting a Smart Parking System

z z z IgfrvhIruj2v|p s5354



Agenda \a

 Introduction

* Understanding the Context

* Developing alternate architectures

« Specifying chosen alternative and Validation
« Conclusion



Smart Cities and Smart Parking

Smart Cities:

Average driver in
New York spends
107 hours/year
searching for
parking

INRIX Study 2017

efforts to enhance experience of city dwellers and stakeholders
by providing innovative facilities/amenities/governance
using information and technology

e congestion, pollution
e loss of productive time
e discontent and frustration

www.incose.org/symp2021
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Need for Systems Engineering

Smart Parking:

focus on technology
localised solutions
focus on drivers

Smart Parking

Needs of different stakeholders
Integration with other smart city systems
Scalability and inclusion

Lock-in to proprietary systems

www.incose.org/symp2021 4



Objective Wiy

Define a reference architecture of a Smart Parking System

such that
- it enables advanced solutions based on parking data

while also

- defines guidelines for individual parties to provide their services
- ensures smooth integration of data and services

- allows phased adoption and scaling
- allows evolution based on varying needs and technological advancements



Understanding the context



Stakeholder & their needs

e Display status on road-signs
Municipality | e Customer adoption
e Convenience features e Scalability and flexibility
, e Data Security e current & long term data
Drivers
e |Issue redressal
e Unified interface, but choice
Law e Track stolen vehicle
Smart enforcement
Parking
System
: - e Standardised interface to
FEng et grsi’fizgt?gr:ns]cfrv\\/lices SoE data
TS g entrepreneurs

Minimum investments Scale and adoption




Prioritisation of needs

Stakeholder Need Priority
Drivers Convenience features 9
Drivers Choices for unified interface 8
Drivers Data security 9
Municipality Scalability and flexibility 8
Municipality Consolidated trends from parking data 7
Parking lot owners Minimum investments 8
Digital entrepreneurs Standardised interface to data from all lots 9




Stakeholder value network

Municipality
greater user base
Drivers
convenience features lot coverage

5 Law
= ( Smgrt enforcement
g data sharing standards FEILITS
@ System
o)
[&]

real time parking data ( r
Parking lot P 9 . R Digital
owners Lentrepreneurs

from majority parking lots




Stakeholder value network

opportunities for new

Drivers

A 4

Parking lot

lots / optimisation

Municipality

consolidated

funds
A 4
Smart W
Parking
System J

A

parking data

owners

historical data

Digital
entrepreneurs

Law

enforcement
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Developing alternate architectures
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Functions of a Smart Parking System

[Smart parking functions }

A 4 A 4 \ 4

provide information for Sl r_emote : provide ability to track
) ) reservation of parking .
real time displays SoEEEs vehicle

[provide parking trends }
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Functional flows

Reserving a parking space

availability or
unavailability

[ Collect - o
payment '
|
' q’
Issue
confirmation -
\ ticket

© Query )
ndividuallots | — |~ T T 2 Check parking
out aval . availability

®

Showing availability on information displays

<
aggregate parking status info
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Form follows function

Reserving a parking space

callocates
driver : Driver

«aliocates
parking app : Third Party Parking App

«aliocates
parking Lot : Parking Lot

«allocates
parking Data Management : Parking Data Managem ent

o

¥

" Operate
parking app of | _ |
choice

Receive
res ervation
| > request

| |
2
Query
individual lots

about available
parking

-

Confirm
availability or
unavailability

" Collect — ]

I[l slot avaiable)

v

. Issueslot J

¥
Issue
confirmation -
L tick et |
|
¥ 2

I

©®

R I

Showing availability on information displays

salocates

notification Billboard : Notification Billbcard

alocates
smart City Control Center : Smart City Control Center

+

‘smart Parking Lot : Smart Parking Lot

calocates

calocates

System System

"salocates
query_sérv : Query Services

«alocates
: Siot ing and

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

stat

+ display

information

Tlnm

W
:register with
Smart City
Control Center

i receive
— > status request [~ — — |

: aggregate
information
from ditferent
lots.

¥
" tsend status
— | information to
bilboards
Jéuwm

<
<
aggregate parkng

| status info

fo
mel

< format and.
send response I
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Architecture alternatives

Integrated

e

sy

bdd [Package] 01 htegrated [ SPS-Central-integrated | J

SmartParkingSystem - Central Integrated

«block»

smart City Ofﬁcol parking Lot} 1..*

«block»
Parking Lot

city parking appl1

«block»
City parking app

«block»
Smart City Office
rking Data Management

«block»
Parking Data Managem ent

1

driverl'

municipal corporation
«block» «block»
Municipal corporation Driver
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Architecture alternatives

Federated

Ty

iy

bdd [Package] 02 Federated [ SmartParkingFederatedBDD ] J

«block»

‘Sm artPaakingFe de ratveﬁ

parking Lots | * municipality
«block» «block»
Parking Lot Eﬂdpal corporation
- =
parking app !parking Data Management
«block» | «block»
Parking app Parking Data Management

smart City Office drivers
«block» «block»
Smart City Office Driver
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Architecture alternatives Y
Semi-Federated
bdd [Package] 03 Semi-Federated [ SmartParkingSemiFederatedBDD ) )
«block»
SmartParkingSemiFederated
parking Lo\|" parking appl‘ smart City Office driverl‘
«block» «block» «block» «block» «block»
Parking Lot Third Party Parking App Municipal corporation Smart City Office Driver

parking Data Managemen;l parking Data Nhnagementl

«block» «block»

Parking Data Management Parking Data Management
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Architecture alternatives

Integrated

Federated

Semi-Federated

bdd [Package] 01 hiegrated | SPS-Centrakntegrated | ]

bdd [Package] 02 Federated | SmartParkingFederated800 | J

sblocks |
fenartparkiogdy grated |
&l 4? T T
smart Gty Office, parking LG\J;| 5 municipal corporation driver )
sblocks ablocks «blocks ablocks
Smart City Office Parking Lot | Municipal corporation Driver
city parking app |1 rking Data Management
aiockr | “locks
City parking app | Parking Data Management
act [Activty] ntegrated Make Reservation | Integrated Make Reservation | J
walocates T salocates

\i

—| Advantages: ]

e Central control and security

e Quick deployment

e Uniform experience

e Central data for aggregate use
cases

Limitations:
e Central infrastructure bottleneck
e High connectivity requirement
e Stifle innovation

- /

| «block»
|Sm artParkingFederated

parking Lnlsl' ) municipaity
«blocks

bdd [Package] 03 Sem.-Federated [ SmartParkingSemiFederatedg0D | J

9 j‘%—[
 smartCiy Office | givers

|Smart City Office

«blocks «blocks
Parking Lot Municiple Corporation

""’""E,"PP‘[ _ [parking Data Management

:E_mqﬂ%rkinqﬂnmn?duaéﬂ

parking Lnll‘ parking appl‘ municipalty, smart City om:gl
ablocks block» «blocks «blocks
| Parking Lot Third Party Parking App Municipal corporation Smart City Office
parking Data Management parking Data Management,

wblocks «blocks
Parking Data Management Parking Data Management

act [Actvity] Sem Federated Make Reservation [ Sem Federated Make Reservation ]J

sblocks | ablocks
Parking app 'Parking Data t |
act [Activity o T

df

Advantages:
e Variety and competition
e No barriers to innovation
e No central bottleneck

Limitations:
e Support for aggregate use
cases
e Silos of individual solutions
e Small players may not adopt
e No central control, security

«aliocates callocates

«allocates
driver : Drivar parking app : Third Party Parking App

parking Lot : Parking Lot

Advantages:
e Variety and competition
o e Better coverage through
standardisation
e Allows innovation subject to
standards
e Supports aggregate use cases

Limitations:
e Limited central control
e Needs incentives in early
phases

\
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Choosing an alternative 7

Criteria Centrally operated Federated Semi-Federated
weight
(Stakeholder : need) rating rationale rating rationale rating rationale
[ [ o . g . . -, lots integrated into
Drivers: remote all lots covered in only for lots providing any ; .
« Performance on identified priorities _ o | 3 ! 2 ostem-whehmigh
reservation central system smart features
develop slowly
« Suitability f text vers availabil
U I a I I O r CO n eX Drivers: availability g 3 central trackin 1 separate tracking for 5 central tracking in app of
. tracking 9 each lot - choice, depends on app
« Alignment am takehold -
Ig n e n a O n S a e 0 e rS . L all parking lots available
Drivers: choice in modes 8 1 only one choice 1 choice linked to parking 3 through interf ‘
. . . rough interface o
interfaces of interaction lot choicg
Drivers/residents: added 6 1 depends on i \ dependent on individual 3 new services possible
features and services epends on cily app parking lots through entrepreneurs
Digital service
N iders/ § . 9 1 depends on data 1 need to partner with 3 i:ldoewe:::;?er:t;e
providers/entrepreneurs: sharing by city parking lots |-p~ y i I
Parking lot owners: access to drivers :;r;::ie:glr;:z‘::rsoz’?’;e can benefit from
incentives for supporting 8 1 through central 1 additional smart 3 innovations in the
smart features system features ecosystem
Parking lot owners: bound t tral independent to create Jimited by standards that
differentiating features to 1 0 ound to centra 3 their own system of 1 imited by standards tha
attract drivers system smart features must be supported
Parking lot owners: ibili i
o bound by central - flexibility, but driven by flexibility 1o increase
flexible levels of 8 1 system 2 cost 3 levels of support by
supporting smart features leveraging the ecosystem
Net rating 134 90 221
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Specifying chosen alternative and validation
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Specifying the chosen alternative

* Function allocations

* Interfaces and interface
requirements

» Constraints and derived
requirements

Sufficient guidelines for individual parties to build
their sub-systems

«block»
Smart Parking System Semi-Federated

security standards
prescribed by national
standards body"

Text = "All parking lots shall
share aggregate parking
data with Smart City office

once a day"

allow at most 2/3rd of its
spaces to be reserved,
keeping some spaces open
for drivers without
reservation"

municipality

«block»
Municipality ‘

N «requirementy

Long term trends

Id="5"

Text = "The smart city office
should provide long term
parking trends to the
municipality based on data
aggregated from parking
lots"

drivers | * parking apps [1..*
«block» «block» parking Lots }1..* smart City Office
Drivers Parking apps «block» «block»
«satisfy»/ 2 / Parking Lots Smart City Office
/ Z = ~
«requirement» 4 ] \ =~ \«satisfy» P 3 ~ «satisfy»
reservation format / / ! \ -+ ~ ~
Id="1" / 4 / \ = g :
Text="Any app shall  «satisfy» esatistys , A & R;I?rq:ﬁ:‘:::”ss
provide reservation | P xsatisfy,,«gatisfy» > \“Sﬂ"Sfy” —
confirmation in a [ Id="2
standardised QR code / 7 q° \ Text = "All parking lots shall
format" / < - \ support standard REST API
/ P \ for querying availability,
4 - / requesting reservation, etc."
2 © - \
«requirement» - / v
Data security A «requirement»
Id="6" «requirement» Reservation limit
Text = "Data storage and Datasharing Id="3"
transmission shall adhere to Id="4" Text = "A parking lot shall
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Agent Based Simulation for validation

Driver behavior

Parking lot behavior

ol @ charges
text © revenue
text (D reservableSpaces

I Reservations

@ rumspaces
@mww-l-ﬁnhﬂ
Eooccupiedist
@msuxmmk-ng

(@ availableSpaces

e

N B

App behavior

Chack b Avaiabity

requetEeaerston

setRandomDestinationLot

Behavior

DS

t toReserve

e

i
i
e g

goTowardsLot

goToFinalDestination -

Drivers seeking
parking (green
shows reservation
secured)

Parking app
showing number
of requests
served

Test scenario

Parking lots
showing open,
occupied and
reserved spaces
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imulating the model

A SmtPkgLot_ResOpt1 : Simulation - AnyLogic Personal Learning Edition = O X
.—.—— sec [date] : =
Smart Parking Lot operation in Pune, India (beta) > bl B ;
N N O >R
%age of vehicles that
will need to park © €« ama
Console ?:( j = | bvents

%age of space that O

can be reserved in
any parking lot

. 200 Light traffic (300 cars/hour)
Traffic density from o
Karve Roa dt:n d City end ® 600 Medium traffic (800 cars/hour)
Qo Heavy traffic (900 cars/hour)
Traffic density from Qao  Hantialic Gaocanhon
J M Road end ® 00 Medium traffic (600 cars/hour)
Q90 Heavy traffic (900 cars/hour)

Initial model to visualise performance of a smart parking system (that allows checking capacity and reserving slots)

in an urban environment of Pune, India

© Nikhil Joshi and

INCOSE India Chapter MBSE Local Working Group
Please include attribution in any direct or derivative use

0sec/sec EPS O FPS 39 Step 68,097

Running 0 sec 4% of S12M =

> | @ @ m C‘}- @ A, Idle [] (\g 23




Results and validation

Satisfaction increases as Reservable spaces increase upto 66%

Beyond 66% satisfaction stable or decreases

Validates chosen target for requirement

1. No Reservations Allowed

@ satistied 498 (27%)
unsatisfied 605 (33%)

@ nighly unsatisfied 746 (40%)

2. Reservations limited to 33%
of available spaces

@ satisfied 509 (28%)
unsatisfied 666 (37%)
@ nighly unsatisfied 639 (35%)

3. Reservations limited to 66%
of available spaces

@ satisfied 525 (30%

unsatisfied 714 (41%)
@ nighly unsatisfied 488 (28%)

4. Reservations allowed for all
available spaces

. satisfied 499 (27%)
unsatisfied 865 (46%)
@ nighly unsatisfied 507 (27%)
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Conclusion
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Summary Wi

* Application of SE framework for social system architecture
« Captured stakeholders needs and context

« Analysed functional flows for different use cases

* Developed alternate architectures

« Elaborated chosen architecture with detailed requirements
* Developed simulation model to validate choice
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Insights Wiy

 Formally approach and models ensure holistic solution

« Can avoid technology lock-in

« Simulation models provide valuable insights

« Can adapt and extend architecture

« Approach useful for such large scale, evolving, deployment
of systems
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Yatin Jayawant Meena Hattarge
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