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“As an accident of history most road
carriages in the Middle Ages
inherited the old Roman cart gauge
of approximately 4 feet, 8-1/2 inches.
Julius Caesar set this width under
Roman law so that vehicles could
traverse Roman villages and towns
without getting caught in stone ruts of
differing widths. Over the centuries
this became the traditional standard”.
the book Gordian Knot: Political
Gridlock on the Information Highway
by W. Russell Neuman, Lee
McKnight, and Richard Jay Solomon.
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N2 chart representation

Qutput

Input

8 March 2011

Applying holisitc thinking/ 1.21 INCOSE

NCOSE
L2011

Aggregated (synthesized) subsystems

Subsystems within
subsystem

10

March 2011

Applying holisitc thinking / 1.21

|[NCOSE
L=2011
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N2 chart representation

0 0

0 0 0

0 March20M1 Applying holsite thinking / 1.21 INCOSE

NCOSE
L2011

Dr Joseph Kasser - National University of Singapore
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Enabling systems:

Near-by Mobilit * Development tools

*  Production line

System
* Tests & training
Body Chassis Power segment Sensors Command &
segment segment segment Control segment
—
Exterior || Wheelsand || ll\EAIeftric dogztcat?cl)?] | Computer |
i otor | subsystem
subsystem tires subsystem subsystem subsystem Y
Seat Transmission | | I&o;:ag?onn | Electrical |
bsyst | subsystem Electricity e subsystem
subsystem Supply u subsystem
subsystem
Floor | Suspension | | Attitude - Electronics |
subsystem teerin e REIIEL subsystem
subsystem Y S g subsystem
subsystem
Rainshield | braking | _ sensors |- HMI |
subsystem subsystem Sl subsystem
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Mission statement:

System main
mission

System
Secondary
missions

Key business
goals

Primary market

Secondary
market

Assumptions

Risks

Issues

NbSMS*

Provide affordable self mobility
capability at nearby
neighborhood

Provide the mobility capability
for diversified purposes

* Schedule — 12 month for 15t
prototype

* System target cost — 10,000
IS

Market sector/group — elderly
people

Currently or perceived — adults
working from home, youth

Reasonable road conditions (no

obstacles, stairs, sharp corners).

Competition

Definition of: diversified
purposes and nearby
neighborhood.
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Mission statement:
NbSMS* Power Segment

System main
mission

System
Secondary
missions

Key business
goals

Primary
market

Secondary
market

Assumptions

Risks

Issues

2012 a1 25

Provide rechargeable power
capacity for the NbSMS

Provide steering capability for the
NbSMS

e Schedule — 10 month for 15t
prototype
» System target cost — 3500 IS

Market sector/group — small
vehicles

Currently or perceived —

home charging capability

Competition

Definition of:

Mission statement:
NbSMS* Chassis Segment

System main
mission

System Secondary
missions

Key business
goals

Primary market

Secondary market

Assumptions

Risks

Issues

© |wia DONT YT nNmw NIt D

Provide smooth, stable and safe
movement capability on paved and
dirt roads.

Provide appropriate NbSMS

dimensions. Provide transmission and

suspension capabilities.

* Schedule — 10 month for 15t
prototype
» System target cost — 1500 IS

Market sector/group — small cars
Currently or perceived —

Dirt and paved road conditions (no
obstacles, stairs, sharp corners).

Competition

Definition of:

41



07°100 O°1>°9N7A NATAT

70 7w (F)o'p'vn 0'IO0N DMONAN DX NNDY71E AN W
170N

(NM'wnn) Nn'ynn yIx'a7 0'YITIN 021ORNN —

NOIYNAN N7 D'WOTIN DWIX'AN —

trade study/n'x7mr'o yxa7 v —

127 21751 7D v novnn oTInn oy nndon? van? v
D'1DVUN D"ONNN

217007 PN NYNT YTAN? X TopnT wr — (%)



nmyy nimn
NNy Nn1'2A021

Technical parameters definition

dimensions (length, width, height)

vibrations
Passenger and payload weight
Angular inclination

Automation & control (safety)

Maximum range & dynamic parameters

Obstacle detection

continuous operating time
styling and shaping (safety)
Maximum slope climb capability
reliability (MTBF)

purchase & operating cost

Maneuvering capability on paved/dirt

roads
Mean Time to repair (MTTR)

External

List of figures
maximum
maximum

List

On paved road
any kind
List
On paved road

Operating hours

List

meters

Hz, Amplitude
kg
degrees
list

Km & m/sec &
m/sec?

m
hours
list
degrees
hours
KIS+KIS/year
list

days

0.9X1.5X1.

0
See fig...
200

30

Table 1
80 To be divided

1

8
Table 2

12

750
15+ 5 To be divided

Table 3
3



n'mxy niTm Table 1
NNy Nnaroa . .
Automation & Control Requirements

Table 2

styling and shaping

navigation

Technical
parameters

Obstacle detection

Activation control Start-up activities

viellodity sl Driving activities

Input interface unit Stopping activities

Output interface

) Failure detection activities
unit

Safety brakes activation

Warning indicators

Safety brakes Table 3
operation . -
P Maneuvering capability
SEIEY 9B Technical parameters Paved/dirt
Air bags roads (1)
Right and left hand Unpaved road (rock size) mm _
Rearward field of Single step size cm _
e puddle depth am 10
Rotation radius cm _
2012 a1 25 © |wia DONT YT nNmw NIt D 44
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bualt from/
built 1n

Component

allocated to/
performs

Function J

mnputs/
input to

output from

outputs/ l tnggered by/

[tem ]‘

joins thru/joined thm |

triggers

joins/joined to
Interface

connects to/

connected to

comprised of’
connects thm/ comprises

connected thr

N\

Link

transfers/

transferred by \_

specifies/
specified by

[ Requirement ]

.

specifies/
specified by
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NbSMS Physical block diagram

pbd MbSMS J

Environment Body Inputs.Link
Environment Chassis ITnputs Link .
* Environment A
Chassis Segment .
body-chiassis Body Seament
body-sensors
b
S
=
—
control-chassis ERE =
=3
=
- =]
2 2
= 5
wy
&
i
)
o Driver Input Link
= 5
% Control Segrment Driver Cntrl Output Link 2TET _8
& ” 2
= = =
= 2 8
g Obstacle Output L. - E -
[=]
B
c
a8
Obstacle
=
Sensors Segment e =
oF
Obstacle Input Link B
=
L )
GPS Input Data
Link A
Energy Input Link
Power segment
Energy Output Link Energy Source
Project: Crganization: Date:
MbSMS - Mear by Self Mobility Systemn HIT - Holon Institute of Technology 02 June, 2012
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> 1907 N9 AN

SRD
SRs - System ni*arye nwT@
Requirements nI*ArYIe-x7 niw 1@
~ = ~
Functions FRs Constraints Components

- - = m
SSS Tmﬁl::?jé © © D=am

NRXN
nYT

noun .
\/ Allocated Architecture

SSDD
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(Requirements type) mw°17 A1°0

(Technical) Requirements

Functional

Performance

Composite

Constraint

Non-(technical) Requirements

NA

descriptive

Data

Verification

test

N

Y

Non Functional

- Legal
Title Legislative
Political
Policy
Procedural
Moral

SRs - System
Requirements

FRs - Functional
Requirements

+ Constraints

System Requirements

N

nNnivpn Nniv"Tn "

Constraint

Regs.

2012 a1 25
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Constraint II

1Mo5mp 4
2o (n) QA
vInSx Q4

Component Function

A “component” is defined as a A "capability" is defined as a
group of related requirements. group of related requirements.
The word “component” may be The word "capability"” may be
replaced with “element," replaced with "function,"
“assembly," or other term useful "subject," "object,"” or other term
for presenting the requirements. useful for presenting the
[MIL-STD-498] requirements. [MIL-STD-498]
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Requirements Allocation
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Functional ‘<<::::::>> Architectural

Domain Domain

Allocated to

P—
)

T i ‘ Component ]

data items: ‘ —, data items:
© Outputs — —_— e OutputS/ InputS
° Inputs e — e

triggers

Function h

Transferred by

* TrigEers

Link |

ni7'yo= ]'\'7D'=TI|79]']=D'X|7]I9

Function=activity=capability [ Component
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TR NDBSMS - D1XP1IDT NRYPI

Name performs
Chassis F.1.1.1 Detect Vibration
Segment g9 Dampen Vibration
F.1.7.1.1 Change Wheel Direction
F.1.7.1.2 Emergency Change of Wheel Drection
F.1.7.2.3 Stop Structure
F.1.7.3.4 Move Structure
perform chassis segment function
Behavior Type: Integrated (Root)
Body F.1.4.1 Perform Body Function
Segment perform body segment function
Behavior Type: Integrated (Root)
Control F.1.2.1 Calibrate System & Perform INIT BIT
Segment | £ 1) 2 Perform Periodic BIT

F.1.2.3 Perform Maintainance Routines

F.1.3 Provide Training Capability

F.1.5.1 Aceept, process & acknowledge Driver Data and Cmnds
F.1.5.2 Process & Display Info

F.1.6.1.1 Calculate Trajectory to Required Waypoint

F.1.6.1.2 Calculate Alternative Trajectories

perform control segment function

Behavior Type: Integrated (Root)

Power
segment

F.1.7.2.1 Calevlate & provide Emergency Stop Thrust
F.1.7.2.2 Calculate & provide Required Stop Thrust
F.1.7.3.3 calculate & provide directional Thrust
F.1.7.4.1 Accept & Store Energy

F.1.7.4.2 Convert Energy to Motion

F.1.7.4.3 Handle, Calculate & Indicate Energy Status
F.1.7.4.4 Handle Battery

perform power segment function

Behavior Type: Integrated (Root)

Sensors
Segment

F.1.4.2 Perform Different Sensors Function
F.1.6.2.1 Calculate Obstacle Location]
F.1.6.2.2 Provide Detection Signal
F.1.7.3.1 Calculate Self Location

F.1.7.3.2 Calculate Self State Vector
perform sensors segment function

Behavior Type: Integrated (Root)
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idef0_a-0 perform chassis segment function )
| | | | | | 3
: : Converted Energy (Thrust) — : : i« : Stoplng Trajectory : :
e Detected E‘Zté‘l'niﬂ Vibl‘atiUnS’"":” """""" EE— —— R e ~ T
: : . Directional Thrust — > : . :
Emergency Ghanged Wheel Direction ; ; ; i Moving Trajectqry : :
SN SNSRI USRI 1 ' Emergency Thrust Stop  —————————————— perform chassis segment ————————————— =]
: Emergency Turn Command — ; ; function . Damped Vibration : :
. Thrust Stop — ; ; = ; ’ >
___________________ T,l_l_rn_n!ng_'e\sheel_teﬁ!terna_t!\_e,T_@J_______i,___________i,___________i,________—_
Turnning wheel to Required WP Command 5
i 7 Y
' Chassis Segment
Project: Organization: Date:
NbSMS - Near by Self Mobility System HIT - Holon Institute of Technology 09 June, 2012
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Chassis segment function

hier perform chassis segment function )
perform chassis
segment function
Function
Fiil.1 =15 SR ] F.1.7.1.2 F.1.7.2.3 F.1.7.2.4
Detect Dampen Change Wheel ChEl'nergePE,: Stop Structure Mowe Structure
Wibration vibration Direction ange of W...
Function Fonchion Function Function Function Function
Project: Organization: Date:
MbSMS - Mear by Self Mobility System HIT - Holon Institute of Technology 09 June, 2012
ffbd perform chassis segment function )
F.1.1.1 F.1.1.2
Detect Dampen
Vibration » Vibration
Chassis Segm... Chassis Segm...
Ref. AD-@@ @ Ref.
F.1.7.1.1 F.1.7.2.3
Ch%l';geectjégeel Stop Structure
Chassis Segm... Chassis Segm...

- O (or J+{ or) (or)
F.1.7.1.2 F.1.7.3.4

Emergency .
Change of W... Mowe Structure

Chassis Segm...

Chassis Segm...

Organization: Date:

HIT - Holon Institute of Technology 09 June, 2012

Project:
MbSMS - Mear by Self Mobilty System
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Perform

chassis se

men

t funct

effbd perform chassis segment function J

External
Vibrations

Detected
External
Vibrations

F.1.1.1

Detect Vibration

F.1.1.2

Chassis Segment

Dampen Vibration

Damped
Vibration

Chassis Segment

Converted
Energy
(Thrust)

Turnning
wheel to

Alrernative
Traj.

Turnning
wheel to
Required WP
Cormrmand

Emergency
Thrust Stop

Ref.

Thrust Y
Stop
F.1.7.1.1 F.1.7.2.3 TSt-D[::iFg
; rajectory
Change Wheel L]
Direction Stop Structure
Chassis Segrment Chassis Segment

Updated

Wheel
Direction

F.1.7.1.2

Emergency Turn
Command

F.1.7.3.4

Emergency Change
of Wheel Drection

Move Structure

Chassis Segment

Chassis Segment

Moving
Trajectory

Project:
MbSMS - Mear by Self Mobility System

Emergency
Changed Whee...
Organization:

HIT - Holon Institute of Technology

Date:

09 June, 2012
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SRD . System Requirements = nirarypie-x? w1
7 = Functional ] . ~~
Functions = Requirements Constraints @ Components

Scenarios ----.----------------*---

Ty
L
...... u
"
"

ﬁﬁ ........... ®-____

SSDD
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Design
Decisions
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Design V&V

V&V Domain ~ (b__’,/ﬁ{ i
£
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MBSE Activities
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SRD = System Requirements Document
SSS = System/Segment Specification

SSDD = System/Segment Design Document
SRS = software Requirement specification
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Unaddressed leaf-level requirements Query

Lists any leaf-level requirements that are neither refined by requirement,
specify something, nor the basis of anything
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.(7vn 2> N7 nnwpn) Constraints

Unaddressed leaf-level function Query

Lists in the transcript all leaf-level functions that are not allocated to a
component
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Unverified leaf-level requirements Query

Lists any leaf-level requirements that are not verified by verification requirements
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Deadlock (]Ix9'7?) - A deadlock is a situation wherein two or more
competing actions are waiting for the other to finish, and thus neither ever
does.

Livelock (nimaTann)— A livelock is similar to a deadlock, except that the
states of the processes involved in the livelock constantly change with
regard to one another, none progressing

Starvation (n2aVvOn) - Starvation is a multitasking-related problem, where a
process is perpetually denied necessary resources. Without those resources,
the program can never finish its task

Race (YIN'n) - A race condition or race hazard is a flaw in a system or
process whereby the output and/or result of the process is unexpectedly
and critically dependent on the sequence or timing of other events. The
term originates with the idea of two signals racing each other to influence
the output first.
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Chassis segment scenarios

effbd change direction and move J

( Turnning wheel to

Required WP Command

Directiona
Thrust

F.1.7.1.1 (F.1.7.3.4
Change Wheel )
— Diraction i Move Structure
| Chassis Segment Chassis Segment

Turnning wheel to
Alternative Traj.

Converted Energy
(Thrust)

)

lUpdated Wheel
Direction

Emergency
Changed
Wheel Direction

effbd change direction and stop )

Turnning wheel
to Required WP
Command

(Ernergenq.r Thrust

Stop

Thrust
Stop

=

F.1.7.1.1 F.1.7.2.3
Change Wheel
— Diraction —m  5top Structure
Chassis Segment Chassis Segment

Turnning wheel
to Alternative
Traj.

Updated | {Converted
Wheel Energy
Direction |\ (Thrust)

Project:
MbSMS - Near by Seff Mo...

Organization:

HIT - Holon Institute of ...

Date:
09 June, 2012

Project:

MNbSMS - Near by Seff Mobilt...

Organization;

HIT - Holon Institute of Tec...

Stoping
Trajectory
Date:

09 June, 2012
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Ing scenario.

ffbd sys-seg fueling scenario /J
Eeomos oo SRR ’ ’ ‘ ' SRR R e SR R oo
. drive to e.:ner(_:p,r station {horine}
: : : : F.l.7.4.1
| . T L ; Iready. at WP N change direction . Aaccept &
H H a f 1
F.1.6.1.1 0.2 and stop ™ Store Energy
i . _______ Ao Calculate IChassls Segment _ Power segment |
8 0 Trajectory to 8 8 8
Required Waypoint - - -
| U .
_'—'—C?ntrol Segment change direction and
| Fi74.3 : meve i
Handle, Chassis Segment
Calculate &
7= E Indicate i
Energy Status
1 Power segment | |
| Project: Organization: N
MbSMS - Mear by Self Mobility System 09 June, 2012

e Simulator for "sys—'seg fueiing scenario” (Llniversi"ty Editi(')n)

-

Control Tools Help

& =S L

Time

File Edit Wiew
3 & m| = »

Scale Control

|N0rmal

Edit Order | R ecompute Order | 1

F.1.7.4.3 Handle, Calculete & Indicate Energy
Status

F.1.6.1.1 Calculate Trajectory to Reguired
Waypoint

F.1.7.1.1 Change Wheel Direction

F.1.7.2.3 Stop Structure
F.1.7.4.1 Aaccept & Store Energy
F.1.7.1.1 Change wWheel Direction

F.1.7.3.4 Mowve Structure
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Simulation completed.
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— documents system-wide design decisions
— describes the proposed architectural design of the system

— describes the system’s concept of operation

— lists the allocation of the system requirements to its
components

— |s prepared by the system engineering, with the help of
the software and other specialty engineering groups
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Level Definition Description Development
Cycles
| Revision or Variant | The project team is familiar with the solution (which [to 1.5
k. has already been accomplished in-house), however
Design ) P
) small revisions are still required
2 EllgillEEI‘il]g ( }ﬂp or | The project team knows what to do and is familiar with 2103
{antiv ; the solution, however a full R&D effort is required
Adaptive Design |
3 | Original Design or | The project team knows that a solution is feasible and M+2t03
Viability proof that the technology exists, however the team does not
exists : know how to attain such a solution since it has never
AR been attempted in-house before
4 | Research or No The project team does not know whether or not a 17 4
viability proof solution 1s priSlHE or the technology available, M+21t03
’ research required
M = means Many cycles for level 3 components
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MULTIPLE EXIT FUNCTION

ITERATE

domain set for iterate

LOOP 3
ani ion Function in am
CONCURRENCY \ rerate T

SELECT

loop anncdation

1
Function in a

3

oz #1 Functicn an Exit

Concurmsncy Branch
Ref. @ @ OR Muiti-ext @ e é@——[ Ref. \
o Fumnction

Second
Function in a
Concurmsncy

daomain sat for replicate

With coordirfation .| Functionen a

Coordinate
Branch

h

COMPLETION CRITERION — |

7
branch £3 Fumction in a N

Replicate il ﬁ.‘

BRANCH ANNOTATION

Relationships between Common Graphical Representations in
REPLICATE System Engineering, Jim Long, President Vitech Corporation, 2002

Figure 2 — Control Constructs Available for Function Flow Block Diagrams

The FFBD presents only the control sequencing for the functions
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Fast Food Restaurant Example
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Fast food Restaurant Simulation

"2l Simulator for "Operate FF Restaurant” (University Edition)
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