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IBM Analytics

Harmony aMBSE Process
Harmony aMBSE Delivery Process

=3 E_r% [more regs]
._> Ej—* > Define Stakeholder

Initiate Project Requirements
4

&5 ready for hand off
System Requirements [else]
Definition and Analysis

E S h I 3
.
Perform kteration Retrospective
W

[’ 7l>:j = " ]::

Architectural Analysis Architectural Design
Control Project
Lo
" Perform QAAudt
!3 I'-:E]

Manage Change
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IBM Analytics
Handoff Prerequisites
System Architecture Model
Subsystem Logical
Specification Interface
' s
| «trace»
\I(* * * *
Subsystem Subsystem Service Flow
Requirement Use Case Specification Specification

(normally modeled as Schema

events, possibly with
arguments)

x : :
| «trace» | N
___________ [ Logical Data ]

2 Internet Things © 2019 IBM Corporation
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How is this Architectural Model Organized?

E--@ «HarmonySE= AirSurfaceControlSystem
[ Components ; Eh .
Packages E!EI ArchitecturalDesignPkg

9 ActorPkg r-[] Block Definition Diagrams
D RequirernentsAnalysisPkg bE, Blocks

FunctionalAnalysisP!
b & FunctionsiAnalysPic (2 Comments

BE:I DesignSynthesisPlkg
=0 Package ; @ Matrix Views
=P rchitecturalDesignPkg = ..
-[J Block Definition Diagrams = g--?talcfcgEESsDecompositinnpkg
i~ Block Definition Diagrams
Q Matrix Views
t-[1 Block Definition Diagrams =i Packages

bg Blocks
bo Comments
& t
=00 Packages E Umm;n s
E!--E:\ ACESDecompositionPkg connectors
o9 Comments P ACES_HydraulicsPkg
=i |71 ACES_PowerPkg

=-0 Pack z :
B ACES HydraulicsPkg =51 ACES_Control_SurfacePkg
tl ACES_PowerPkg bg Blocks
E-53 AECIESantroLSurfacePkg b"_“ Comments
t-= Blocks . .
5-gh Comments : g Matrix Views
JQ Matrix Views BD Packages
El [:I Packages Bb FApkg
E‘“.Eé:!-gp:agckages BD pad(ages
£ RotateSurfacesPkg #-F7 RotateSurfacesPkg : = =
]...%n Tags (32 Tags =-§7 InterfacesPkg
£ Use Case Di . :
S U:: C:::s ‘agrams : % Use Case Diagrams = Packages
H-E7] ACES_Contral_Surface_RetractingPkg Use Cases |_:_| DataTypesPk
k\ f-£1 ACES_CDntro\_Surface_With_TrimP% #-F7 ACES_Control_Surface_RetractingPkg b =] yp 9
}_éEﬁi\CES ManagementPk f-f1 ACES_Control_Surface With_TrimPhkg % Blocks
#-f WBScenariosPkg -4 ACES ManagementPkg [#-(= Data Types

EJ--&I SubsystemUseCasesPkg Ejbﬂ Parts
-0 Requirements Diagrams

(f rchitecturalAnalysisFkg
/ 5T InterfacesPlg

Packages '<:> VE'LIET}"F]ES

.gtg':';rf:fkg I:—:IEI SubsysterninterfacesPkg

#( Dats Types --{E-w Events

%ﬂ E?; EI[E Interface Blocks

-0 ValueTypes [ IACES_Power_Aircraft_Power

=] E‘:’ SubsysteminterfacesPkg

-1"‘5" Events

(2 Interface Blocks

I8 CES_Power_Aircraft_Power
IACES_Management_AMS

E iACES_Management_ACES_Power

Q iACES_Management_ACES_Contrel_Surface
IACES_Hydraulics_Aircraft_Hydraulics
IACES_Management_ACES_Hydraulics
IACES_Control_Surface ACES_Hydraulics

IACES_Management_AMS

IACES_Management_ACES_Power

IACES_Management_ACES_Control_Surface

IACES_Hydraulics_Aircraft_Hydraulics
IACES_Management_ACES Hydraulics
IACES_Control_Surface_ACES Hydraulics

E 1ACES_Control_Surface_ACES_Power

S E:I"'tl MergedinterfacesPkg

MDD

IACES_Control_Surface ACES_Power
(-0 Tags
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Hand off Workflow

1Tips

Hand off elements
common to
multiple

subsystems to the
shared model

The Systems Engineer leads an

Inputs:

SRS, System Architecture

Logical ICD, Data Types, Scenarios
Subsystem UCs (cpticnal)

Lo

Gather Subsystem
Specification Data

—_—

>
Create Subsystem Model
Lo

Create Shared Model
3

Define Interdisciplinary
Interfaces

&

Define Subsystem

Physical Interfaces E&

Allocate Requirements to
Engineering Disciplines

Outputs:

Shared and Subsystem Models
Physical ICD

Subsystem SRS

Interdisciplinary Product Team (IPT)

in the hand off effort.

4+ InternetoiThings

Hand off
specification
elements to

individual
subsystems

Allocate

requirements to

engineering
disciplines
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Creation of Shared and Subsystem Models
EI,D Projects
. . . . -3 » AirSurfaceControlSystem (RO
= Either with the SE-Toolkit automation or manually, 0 AL Comtrel Suat et incPheMouel (20)
" ACES Control_Surface_ With_TrimPkgModel (RO]
Create EI ACES_Control_SurfacePkgModel ?
. : F-C0 Compenents
— A singular Shared model for the physical ,é,...[:,gcksges
1 #-E ACES_Control_SurfacePk
interfaces and types they need . % ACES Control S 9
_ 1 e Physicallnterfaces (REF)
A sep_arate model for each subsystem, which 513 ProdetmedTypes (RED
contains E PredefinedTypesCpp (REF)
) - ] 5] RequirementsPkg (REF)
» (Copied) subsystem specification from the & SubsystemSpecPkg
. . g8 ACES HydraulicsPkgModel (RO)
system engineering model ACES_ManagementPkgModel (RO)
ACES PowerPkgModel (RO)

4 SharedModel (RO)
-0 Components

» Reference to the requirements in the SE

MOdeI =03 Packages
£ C S (RO)
- Reference to the Shared Model o % InterfaceePleg (RER)

EI ‘[0 Packages
- #-f7 DataTypesPkg (REF)
. @5 MergedinterfacesPkg (REF)
L - b SubsystemInterfacesPkg (REF)
. (,_—,- Tags
----- ET Physicallnterfaces (RO)
#-§7 PredefinedTypes (REF)
57 PredefinedTypesCpp (REF)
=51 RequirementsAnalysisPkg (REF)
- 2 Matrix Views
EI I:l Packages
. #-f7 RequirementsPkg (REF)
. #-§7 UseCaseDiagramsPkg (REF)
(2 Table Views
E Tags

5 Internet Thing‘s © 2019 IBM Corporation
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Canonical Model Organization

6

Internet

SE_Model |
SSN_Spec
§82 Spec .
Types i‘“x
SubsystemN_Model
JI'1\
551_Spec n g
Interfaces - «imports
A S A
“wimparts «imparte
Subsystem1_Model | Subsystem2_Model |
o «lsages» /
! ) «Usage»"., ; «lsage»
«refines v «refines 8 ; ;
Shared_Model Y \r
Interfaces
Domains

CommonTypes

Things
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Shared Model Organization

» Purpose: To hold information relevant to more than one subsystem
» Physical interfaces and physical data/flow schema
* Intent
» Create the physical interfaces and trace them back to the logical interfaces
» Create the physical data/flow schema and trace them back to the logical
data/flows

SRR ] SharedModel

+- 1 Components

=1+ Packages Derived here in the shared model
+EI Physicallnterfaces

+EI CommonStereotypes

+-f] Requiremenﬁﬂ.nalysisFIiM REF from SE Model
-5 InterfacesPkg (REF)

+-5 1 PredefinedTypes (REF)
: +E| PredefinedTypesCpp (REF)
+- 7 Profiles

7 Internet Thing‘s © 2019 IBM Corporation
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Subsystem Model Organization

« Purpose: To hold information relevant to a single subsystem
» Physical interfaces and physical data/flow schema

* Intent
 ldentify deployment facets, allocate requirements to them, and define their
interfaces

=RR ) ACES Control_SurfacePkgModel
- Components

EI|_| Packages — Copied from SE Model
. -5 ACES_Control_SurfacePkg €
-5 DeploymentPkg <€ Discipline-specific allocations

-5 SubsystemSpecPkg —€—
il SubsystemCommonPkg

+-57] Physicallnterfaces (REF)

il RequirementsPkg (REF) (5\ REF from SE Model
E':I CommonStereotypes (REF) € REF from Shared Model
-5 PredefinedTypes (REF)

. -5 PredefinedTypesCpp (REF)
-0 Profiles

Discipline-specific requirements

8 Internet Thing‘s © 2019 IBM Corporation
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Modeling Physical Interfaces with Protocols

= Many interfaces will be implemented over a bus protocol:
— Example

* Logical: Navigation Subsystem <-> Radar Subsystem uses event
herezaRadarTrack(t: RadarTrack)

» Physical: 1553 Bus Message with bit-level mapping to the message content
» Such interfaces are typically done as follows
— Identify the protocol
« If a standard — add a reference to the standard
* If custom — define the protocol
— Specify the application-level protocol
» For every message in the logical interface, define a corresponding bus message

» For every type in the logical interface, define the details of the corresponding bus
message

— Add «represents» dependency from the physical element to its corresponding logical
element

— Construct a table view
— Review to ensure completeness, adequacy, correctness, and coverage

9 Internet Thing‘s © 2019 IBM Corporation
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Useful Stereotypes for Physical Interfaces and Types

EIEB S Stereotype : bitmapped in CommonStereotypes
D CDr‘r‘IFIDﬂEﬂtS Used In deployment General Description Relations  T2305  Properties
=[] Packages architecture to characterize [t defotcrder =8
EI Physicallnterfaces . . . e Lol
5147 CommonStereotypes engineering discipline-specific i
-G8 Classes aspects (known as deployment S
g Matrix Layouts facetS) Tirming_Constraints
- Object Model Diagrams Usage
- Stereotypes bit_0
5% interruptmapped bit_1
-5 memorymapped bit_2
~#5% statichechanical bF‘B
--#5% software EI':—4
--#5% electronics o
. bit_6
~#5% mechanics bit_7
-5 hydraulic bit 8
-#5x electrohydraulic bit_g
5% voltagemapped IJi'.:IIII
[#H-z5x digitalVoltage bit_11
[H]-#53 bltmapped Stereotype : bytemapped in CommonSterectypes = n bit_12
-85 ow_ee_Interface General Description Relations Tagds  Properties bit_13
ESE ee_me_interface [ Use defautt order EE X pE
[#H-25x byternapped =Tl P
A ph}rsicaIRealizatN Endianism Big Quick Add
AT EE_l"I'_‘,."_iﬂtEFFECE Format Name: l:l Walue: I:I Add
-(Z Table Layouts MNumer_Of Bytes
£ RequirementsAnalysisPkg (REF) Start_Address
Db InterfacesPkg (REF) Starting_Byte_Number Locate o
EZI"'E PredefinedTypes (REF) Z:?:Zg_ccnsjaims Stereotype : bitmapped in Physicallnterfaces
EEI---&I PredefinedTypesCpp (REF) Usage — : _
EHD F'TI:I'F“ES. General Description Relations Tags  Properties
Quick Add Name: [bitmapped || Label...
Name: Valus: Add Applicable to: | Argumert, Attrbue, Class, Object, Type ~]
[ New Tem
Locate (0].4
10 Interneto:Things R
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Example use of stereotypes in physical interface definition

«llmappeds

et e

«hitmapped: statusField:unsigned char . . . . .
E»d:ytersgppeds}rangedPressu?e-int This bit-mapped attribute contains HVW status information
' Start Address: Hardware memory map

E «=hytemappeds: measureStatus:char bit 0- 0 if gk, 1 if bad
bit 1-2: Active Channel 0.2

bit 3-7: Error Code 0 . 15

= Mumber_Of Bits:RhpInteger=8
%ﬁSErt_Address:thString=D.ﬁ.DD: 1FFF

.: tu . %ﬁbit_ﬂ:ﬂhpString=Ermrs: 0 = Mo Error, 1 = Errors found
: N ¥=abit_1:RhpString=low bit of Active Channel {value in range of 0 .. 3)
0 s %ﬁlbit_l:F‘.hpSh’ing=high bit of Active Channel {value in range of 0., 3)
.': \‘:_:l %ﬁbit_S:F‘.hpString=Ermr code (value inrange 0., 15)
0 %ﬁbitﬁ:F‘.hpSh’ing:Ermr code (value inrange 0 .. 15)
;' Eﬁlbit_E:F‘.hpSh’ing=Ermr code (value inrange 0 .. 15)
] %ﬁbit_ﬁ:F‘.hpSh’ing=Ermr code (valueinrange 0 .. 15)
.. 15)

%ﬁlbit_?:F‘.hpSh’ing=Ermr code (value in range 0

%Ellﬁming_ﬂnnsh’aints:l:'.hpst'ing =Valid 1ms after a write to the measurestatus attribute
%ﬁIUsagE:F{hpSt’ingﬂW writes any value to measurestatus attribute, waits ims, then can read HW ...

b
#iyt=mappeds
measureStatus:char

This is a write-only register to command the HW to measure its status.

a|.’E-""E|'u:|ia|nism:F'.I'||:|S1J'in5| =Big
EFormat:F‘.hpString
gﬁNumer_Df_Bytes:F‘.hpInteger=1
%ﬁsmrt_.ﬁ.ddress:ﬂhpsting =0A00-01FE

%Smrﬁng_ﬁyte_Number:F‘.hpInteger
%ﬁﬁming_Cnnstraints:F‘.hpString=.ﬁ. write of any value to this address causes HW status to appear in statusField in 1...

(S Units:RhpString
%ﬁUsage:thSt’ingﬂﬂa‘rite any value to get the measured hardware status,

11 Inter

© 2019 IBM Corporation
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Control Bus Protocol Base Structure

=)

Defining Physical Interfaces: The Application Protocol

Message structure (Summary]
Byte Pos

B
CBP_Command
=]
Field Description Contral Bus Protocol message defines the s
01 cmd Command {message 1D} structure for the CBP across RS-232 links. OSDISPLAYJTATEfMSG
2-3 length Entire length of message in bytes Each sender and receiver must provide a GLDISPLAY_ALARM_MSG
=12 + sizeOf(content) protocol stack to marshal and unmarshal °§D15PLAY_ERRDR-MSG
4-5 senderlD ID of message sender messages. 95DISPLAY_HYDRAULIC_PRESS_MSG
6-7 receiverlD ID of message receiver QESEI'_PO\"IER_SOURCE_MSG
8-11 CRC 32-bit CRCcontent OEGEI',ALARM,CODE,MSG
12-12+n content M ge content as defi OEGEI'_CDNTROL_POS_MSG
subtype \\ — = IEET_STATUS_MSG
o}

Unless otherwise specified: Big Endian
Space complexity

An array of unsigned jpis is used to hold
the message content. This array is only
big enough to hold all the content.

2PERFORM_BIT_M5G
HIREPORT_FRROR_MSG

SET_CONTROL_POS_MSG
Different commands have different fields
Type  Size in bits

3ENABLE_MSG
$EDISABLE_MSG
in the content. OIREENABLE_MSG

char 8 . . ) <IBIT_REPORT_MSG
shot 8 - . The CRC is 32-it 8 CONFIGURE_MSG
X i T Used directly for message that have no
long 32
double 32

HEERROR_MSG
$ELIFETICK_MSG
$EMOVE_ TO_MSG
$3MOVE_DONE_MSG
IMOVEMENT_ERROR_MSG
$ENON_OP_TEST_MSG
$ESTART_MsSG
3STOP_MSG

data payload, jngl START. STOP.
EMNABLE. DISABLE, REENABLE,
REQ_POS_MSG.,
REQ_TRIM_POS_MSG. Otherwise use
the appropriate subtype.

e —
CRC:unsigned int

4= Endianism:RhpString =8ig

o = «bytemapped: cmd:CBP_Command
T = <bytemapped: length:unsigned int

QﬁNumar_Of_Bytes:thlnhegar=4 E v P < d

&.hstart_Address:RhDSh'\ng

<$3HEREZA_CONFIGURATON_MSG
H
. E <«bytemapped: CRC:unsigned int ggHEREZA_PDSITION_MSG
. 3
" E «hytemapped s senderID:unsigned int 2REQ—POS—MSG
4 starting_Byte_Number:RhpInteger =68 L . 3 . £ IMOVE_TRIM_TO_MSG
g'l’ Constraints:RhoStri - . E shytemappeds receiverID:unsigned int
iming_Constraints:RhpString o i

451 Usage:RhpSiring=32 bit CRC for the message L /

$EREQ TRIM_POS_MSG

prre— :
senderID:unsigned int

4= Endianism:RhpString =8ig

Qﬁ!Numer,OfﬁBytes:thInbeger=2 "
&.‘:Smrt_Address:RhDSmng .
4 starting_Byte_Number:RhpInteger=4 g

g Timing_Constraints:RhpString

e —
cmd:CBP_Command

4= Endianism:Rhp3tring=Big

Qﬁ\Numer_Df_ByDes:thlnbeger=2
K H %SmrtﬁAddress:thst'ing
¢ 2 #=starting_Byte_Number:RhpInteger=0
= Usage:RhpString=ID of the sender system or subsystem s % (5Timing_Constraints:RhpString
N - sage:RhpString=5pedifies the command byte of 2 message
¥ Usage RhpString =Specifies th d byte of
N — P —
receiverID:unsigned int length:unsigned int

4= Endianism:RhpString =Big &= Endianism:RhpString=Big

4=INumer_Of Bytes:Rhplnteger=2

zb"siart;m:h:iress:thsh'ing

#Inumer_Of Bytes:RhpInteger=2

g Start_Address:RhpString

4= Starting_Byte_Number:RhpInteger =2
g‘ﬂ Timing_Constraints:RhpString

4=iStarting_Byte_Number:RhpInteger =6
ab" Timing_Censtraints:RhpString

451 Usage:RhpString=ID of the receiving system or subsystem

%5 Usage:RhpString=spec’s the length, in bytes, of the entire message

12 Interneto:Things
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Control Bus Protocol (CBP) Msgs Spec

o)

Control Bus Protocol message defines the
structure for the CBP across RS-232 links.
Each sender and receiver must have a stack to
marshal and unmarshal messages.

bdd [Package] Physicallnter faces [Control Bus Protocol Structures]

Unless otherwise specified: Big Endian

(e}
Message structure
Byte Pos Field Description
01 cmd Command (message D)
23 length Entire length of message in bytes
=12 + sizeOf{content)
4-5 senderlD ID of message sender
6-7 receiverlD ID of message receiver
811 CRC 32-bit CRCcontent
12-12+4n content Message content as defined in
subtype
o

oBlockn
CBPMessage

__| An array of unsigned ints is used to hold
the message content. This array is only
big enough to hold all the content.
Different commands have different fields
in the content.

The CRC is 32-bit.

Used directly for message that have no
data payload, ing] START, STOP,
ENABLE, DISABLE. REENABLE,
REQ_POS_MSG,

|

e —
CBP_Command

Enumerationt fterals
$EDISPLAY_STATE_MSG
$EDISPLAY_ALARM_MSG
EDISPLAY_ERROR_MSG
EDISPLAY_HYDRAULIC_PRESS_MSG
< §SET_POWER_SOURCE_MSG
$3GET_ALARM_CODE_MSG
©SGET_CONTROL_POS_MSG
<2GET_STATUS_MSG
<EPERFORM_BIT_MSG
$SREPORT_ERROR_MSG
ESET_CONTROL_POS_MSG
$EENABLE_MSG
©EDISABLE_MSG
$EREENABLE_MSG
$EBIT_REPORT_M5G
$3CONFIGURE_MSG
EERROR_M5G
ELIFETICK_MSG

“Blocos
CBP_ControlSet

for SET_CONTROL_POS_MSG &
GET_CONTROL_POS_MSG

Position units are
(0.01 degrees of angle) OR
0.01cm)

<1

messages.

Position units are (0.01
degrees of angle OR 0.01
cm)

Values
= lowPas:double
= highPas:double
= lowTrimPos:double
= highTrimPos:double
= lowExtPos:double
= highExtros:double
surfacelD:unsigned int

For
DISPLAY_STATE_MSG &
GET_STATUS_MSG

for
DISPLAY_ALARM_MSG &
GET_ALARM_CODE_MSG

.
= stateID:unsigned int

Values

= alarm:unsigned int

Space complexity —_— REQ_TRIM_POS_MSG. Otherwise use °§MDVE_TO_MSG
Type Size in bits the appropriate subtype. $ZMOVE_DONE_MSG
char ©EMOVEMENT_ERROR_MSG
short 8 Values ©ENON_OP_TEST_MSG
o1 = amd:cBP_Command SisTART 156
iy = length:unsigned int ©EsTOR_MSG
double 32 S cRCaunsigned int GEHEREZA_CONFIGURATON_MSG
i senderID:unsigned int ogHEREZA,POSWON,Msc;
H receiverIDiunsigned int ©ZREQ_POS_MSG
$EMOVE_TRIM_TO_MSG
$EREQ_TRIM_POS_M5G
Operations
<Blocke
CBP_SurfaceConfiguration
This shows the structure of
the contents field for
CONFIGURE and Bk “Blozr Sk Be
HEREZA_CONFIGURATION BP_state c8p_alarm AL 15 (=i

r
DISPLAY_HYDRAULIC_PRESSURE

Units are in Pascals

Valves
E pressure:double

r
DISPLAY_ERROR_MSG

Position units are (0.01
degrees of angle OR 0.01
cm)

Time units are in ms

Values
E surfacelD:unsigned int
E errorType:unsigned int
= mdPos:dauble
= measuredPos:double
= duration:unsigned int

Valves
E leftElevator:double
E leftElevatorTrim:double
= efiFlightspoiler:double
= lefitGroundspailer:double
= leftinboardaiieron:double
= leftinboardaiieronTrim:double
= leftinboardWingFlapTrim:double
= leftinboardiringFlap:double
= lefi eadingEdge:double
= left_eadingEdaeExt:double
= left eadingEdgeSiat:double
E leftLeadingEdgeSiatExt:double
E leftoutboardAileron:double
= leftdutboardAileranTrim:double
= leftoutboardvingFlap: douible
= leftoutboardwingFlapTrim:double
= lowerRudder:double
= lowerRudderTrim:double
= rightElevator:double
= rightElevatorTrim:double
= rightFiightspoiler :double
rightGroundSpoiler:double
= rightinboardaileron:double
E rightInboardAileranTrim:double
E rightInboardWingFlap:double
= rightinboarditiingFlapTrim:double
= rightt cadingEdge:double
= rightt cadingEdgeExt:double
= rightt cadingEdgeSiat:double
= rightt cadingEdgeslatExt:double
= rihtOutboardaileron:double
rinh#w thnarddilarnnTrim: des thls

T

13 InternetoiThings
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Showing the physical messaging details for an ICD*
MName in cls -t| Name in Attr A | Classflier in Attr A | MName in tags - ‘ Value in tags
E CBP_Hydraulic Status E status E Hydraulic Status
- E CBP_Move E position <» double &= Numer_Of_Bytes =T
= Rhapsody provides custom table = Se.. St o SaoceTe
. Q CBP_Maove E position <» double = Format 3 4 byte |EEE floating point format
I ayo ut too I S u S I n g CO ntext ECBP_MDVE E position < double 4 Usage 423 Commanded postion
E CBP_MoveDone E surface|D <» Suface|DType 4 Numer_Of_Bytes ian
E CBP_MoveDone E time Used < Interval_In_MS =1 Usage 4= Duration of movement time in ms
p atte rn S to S h OW C O n te n tS a n d E CBP_MoveDone E time Used < Interval_ln_MS %= Starting_Byte_Number 4215
E CBP_MoveDone E posAchieved <» double =1 Format 4 4byte |EEE floating point format
m etad ata Of th e Vari O u S E CBP_MoveDone E poshchieved < double 4 Numer_Of_Bytes =11
Q CBP_MoveDone E posAchieved <» double il Usage 43 The measured posttion achieved in movement
E CBP_MoveDone E poshchieved < double 4 Starting_Byte_Number %31
m e SS ag e S . H e re We S e e E CBP_MoveDone E poshchieved » double = Endianism i=iBia
ECBP,MoveDone E time Used < Interval_In_MS &= Numer_Of_Bytes =T
C o I u m n S . E cBP_MoveDone = surfacelD < Surface|DType = Endianism i=hig
. E CBP_MoveDone E surfacelD <» Surface|DType =1 Starting_Byts_Number =10
E CBP_MoveDone E surface|D < Suface|DType 4 Usage 431D of the referenced control suface
M =] cBP_MoveDone = timeUsed < Interval_ln_MS = Endianism i=iBig
- eS S ag e n a.m e E]CBP_PowerSource = powerSource <» POWERSOURCE_TYPE
E CBP_PowerStatus E status E PowerStatus
H E]ceP_ReportEmor = when B TmeDate_Type
- Message CO nte nt fleld 5l cBP_ReportError = emorType <» ERROR_TYPE
Q CBP_Repaort Emor E surfacelD <» Suface|DType
. E CBP_ReguestConfiguration E surface|D < Suface|DType
- C O nte nt fl e I d m etad ata 5] CBP_RequestSWStatus = surfaceID <» Surface|DType
E CEP_State E statelD <» SystemOperationalState %=1 Endianism i=Big
- E CBP_SurfaceCorfiguration E lowPos » double %=1 Starting_Byte_Number %210
- C O nte nt fl e I d m etad ata Val u e ECBP,SurfaceCordigumt\on E lowPos <» double i Usage 4= spec for low movement range end point. Starting_Byte is relative to start of contents.
E CBP_SurfaceCorfiguration E lowPos » double = Endianism i=Bia
Q CBP_SurfaceConfiguration E lowTrimPos <» double = Starting_Byte_Number 418
E CBP_SurfaceConfiguration E lowTrimPos < double 4 Usage 41 Spec for low end of Trim range. Number of BYtes is relative to start of cortents
Q CBP_SurfaceConfiguration E lowTrimPos <» double = Format 3 4 byte |EEE floating point format
E]ceP_surfaceCorfiguration | = lowTrimPos <> doublg %= Endianism i=Big
ECEP_SurfaceCnrdigumhnn E lowTrimPos » double %= Numer_Of_Bytes i
£ ceP_surfaceCorfiguration | = highPos <> doublg &= Numer_Of_Bytes =3
E CBP_SurfaceCorfiguration E surface|D < Suface|DType 4 Endianism iciBig
Q CBP_SurfaceCorfiguration E surfacelD <» Suface|DType = Numer_Of_Bytes =l
E CBP_SurfaceConfiguration E surface|D < Suface|DType %1 Starting_Byte_Number #=122
QCBP_SurfaceEnrdlgurat\nn E surface|D <» Surface|DType il Usage 431d of the suface this configuration refers to. Number of BYtes is relative to start of contents
E]ceP_surfaceCorfiguration | = highExtPos <> doublg % Starting_Byte_Number %120
ECEP_SurfaceCnrdigumhnn E highExt Pos » double %= Numer_Of_Bytes i
E CBP_SurfaceCorfiguration E lowPos <» double %= Format 4 4-byte |EEE floating point format
E CBP_SurfaceConfiguration E highExt Pos < double 4 Usage 43 Spec for high end of extension range. Number of B'tes is relative to start of conterts.
Q CBP_SurfaceCorfiguration E highExtPas <» double = Endianism i=iBig
ECBP_SurfaceCurrfigumhun E highExt Pos < double 4 Format 43 4byte |EEE floating point format
ECBP_SurfaceEnrdlgumt\nn E lowPos < double 4 Numer_Of_Bytes =T
ECBP,SurfaceCordigumt\on E lowExt Pos <» double % Starting_Byte_Number %116
ECEP_SurfaceCnrdigumhnn E lowExt Pos » double = Format = 4byte IEEE floating point format
E CBP_SurfaceConfiguration E lowExdPos <» double =1 Usage %231 Spec for low end of extension range. Mumber of B'tes is relative to start of conterts.
ECBP_SurfaceCurrfigumhun E lowExdPos < double 4 Numer_Of_Bytes =11
ECBP_SurfaceCordlgurat\on E lowExdPos <» double = Endianism i=iBig
E CBP_SurfaceConfiguration E highTrimPos < double 4= Endianism iciBig
E CBP_SurfaceCorfiguration E highTrimPos » double =l Usage =3 Spec for high end of tim range. Number of BYtes is refative to start of cortents
E CBP_SurfaceCorfiguration E highTrimPos <» double %= Format 4 4-byte |EEE floating point format
* Inte rface Control Docu ment ECEP_SurfaceCnrdigumhnn E highTrimPos » double %= Numer_Of_Bytes i
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Adding traceability between logical and physical interfaces

» Harmony SE has a «represents» stereotype to traces

elements across different abstraction levels

» This can be done diagrammatically or using the Harmony

SE Modeling Toolkit
= For every physical interface service

— Create a «represents» dependency back to the
logical interface element it represents

15 Interneto:Things

é‘
Options
Select a Source and Target Panel
l Select Source J l Select Target J Colla
pse
Class Mo Type
Expand
CBP_State Mothing
Create Basic Dependency
Profile: Stereotype:
| HarmonySE YJ | represents YJ
Create Dependency with Selected Stereotype
Existing Dependencies ~ Existing Dependencies to Remote Resources |

Reception: evGotoFailedState=<represents==
Reception: evEnter_WARM_state==represents==
Reception: evEnter_OPERATING_state==represeni
Reception: evEnter_FAILED_state==represents==

< T

—[ Dependencies l Selection Information J
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Adding traceability between logical and physical interfaces

M Create a table to view the relations

Found 28 elements

Mame in pkg | Mame in Physical Representation

| To element in LogicalRepresenta. ..

Bl [ Message TypesPkg
] CBPMessage
= CBPMessage
=] CBPMessage
=] CBPMessage
= CBP_CortrolSet
| CBP_Emor
= CBP_HydraulicStatus
= CBP_HydraulicStatus
= CBP_Move
= CBP_Move
E CBP_MoveDone
| CBP_MoveDone
= CBP_MoveDone
E CBP_PowerSource
| CBP_PowerStatus
= CBP_PowerStatus
=] CBP_ReportEmor
E CBP_RequestConfiguration
E CBP_RequestConfiguration
=] CBP_RequestSWStatus
= CBP_Request5WStatus
= CBP_SWStatus
] CBP_SWStatus
= CBP_State
| CBP_State
=l ceP_State
= CBP_State
E CBP_SurfaceCorfiguration

16 Interneto:Things

&t checkPower

E‘ﬁbev RequestHydraulic Status
E‘ﬁbreq EMABLE_Command
E‘ﬁbrequest_l-hrdmulic_Status
E‘ﬁbhereza Position Set

E‘ﬁbev Emor

E‘ﬁbhereza Hydraulic_Pressure
E‘ﬁbhereza Hydraulic_Pressure
& Command_To_Position
E‘ﬁbev MoveTo

E‘ﬁb lUpdated_Position

& evMovement Done
E‘ﬁbhereza Position
E‘#Seled_Baﬁer_f_ﬂs_Snurce
E‘ﬁb lUpdate_Power_Status
E‘ﬁbupdate PowerStatus

E‘ﬁb Report Emor

E‘ﬁb Req_config_parameter

E‘ﬁb Req_config_parameters
Elerequest_SW_Integrity_Check
E‘ﬁbrequest_SW_lntegrit'_.r_Dweck
E‘FSW_Status

&l SW_Status

E‘ﬁbev Enter_FAILED state

ke evEnter_ OPERATING state
& evEnter_WARM _state
E‘ﬁbevGutn Failed State
E‘ﬁbherezaﬂnnfigumtinn

Table Layout : Logical_Physical in CommonStereotypes - @
‘ General I Descripti || Columns ‘ Relations | Tags I F‘mperties|
Advanced Options.. =i g - I
Type Property Column name Context Column width
General Attribute Mame Mame in pkg pky
General Attribute Mame MName in cls cls
Relation Attribu...  To element Toelementinp..  physicalRealization

Context table:
Contest patterr:
{pkgtPackage”, {cls}Class, {physicalR ealization}represents

F

Column name format:
$[Property] in $[Context)

Advanced Table Options P
Appearance:
[ Collapse 13t column
‘wihen pushing "Enter’ move selection to:
Align column header menu to: Right -

Locate QK

Table View : Messages Realizing Logical Interfaces in MessageTypesPkg -
General | Description | Relations | Tags I Properties =
Name: Messages Realizing Logical Interfaces =
Stersotype - E E
Layout Logical_Physical in Common Sterectypes '] E
Scope: Message TypesPkg -
Locate oK
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Subsystem models

» There is a separate package created for each subsystem model

EI--B ACES_ControlSurfacePkgModel
[+ Components
=~ Packages
-5 ACES_ControlSurfacePkg
- SubsystemSpecPkg
EI DeploymentPkg
-5 RequirementsAnalysisPkg (REF)
-5 Physicallnterfaces (REF)
EI CommonStereotypes (REF)
-5 CommonPkg (REF)
-5 PredefinedTypes (REF)
-5 PredefinedTypesCpp (REF)
I':'II:I Profiles
-k3 HarmonySE (REF)
-3 SysML (REF)

= We will
v ldentify the engineering disciplines involved
v Allocate requirements to those engineering disciplines
v Specify the interfaces between those engineering disciplines
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Deployment Architecture

= The Harmony Process defines the deployment architecture:
— The Deployment Architecture is the
« |dentification of Deployment Facets (architectural elements from different
engineering disciplines)
» The assignment of functional and other responsibilities to those deployment facets
» The definition of interfaces between deployment facets from different engineering
disciplines
» Deployment architecture specifically does not identify discipline-specific architecture within
the deployment facets
— The internal structuring of deployment facets is the responsibility of the related
engineering discipline
» Deployment architecture is shown on block (class) diagrams with
— Stereotyped deployment elements indicating their pedigree
— Interfaces between the deployment elements
= Harmony uses

— Ports and connectors for dynamic connections; e.g. those that carry information,
energy, materiel or fluids

— Associations and links for static connections; e.g. those such as mechanical fastenings
and cable management
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B4

Deployment Arch

itecture Facets for Control Air Surfaces Subsystem

wsoftwanzs 1 eelectronices
Mission: Show the TR T =T T itsElectronicsBlock:ElectronicsBlock
deployment architecture
for the Control Surface 1 TtsEETimerBlock:EETimerBlock
subsystem type {SW_EE_Timer | pTimer
pTimer [I] ( O_[] J -
.5z o electronics
«Intesface,sw_ee_interfaces
SW_EE_Timer
" 5 1 itsEEl tControkEEM tControl
pHydraulicControl EWIEEIELZER S pHydraulicsControl
[|] € o1
ft iSW_EE_Hydraulics
i itsEEHydraulicsControkEEHydraulicsControl
ISW_EE_Movement | pg e
pSurface |:|] Il O_[]
iSW_EE_Hydraulics
aInterfaoesw_se_interfaces
iSW_EE_Hydraulics
i itsEEComm:EEComm
iSW_EE_Comm pComm
pComm [ | O—(}
iSW_EE_Comm
alnterfzces .
" pHydraulics
IME_HY [ Sk '
. IEE_ME_Movement r. IEE_ME_Hydraulics
«Interface sw_s=_imerfase «Interface, sw_se_interfaces «Interface,ee_me_inerfaces «Imerface,ee_by_imerfaces
iSW_EE_Movement SW_FE_Comm iEE_ME_Movement iEE_ME_Hydraulics O iEE_ME_Movement O iEE_ME_Hydraulics
pMotor ’J_‘ pMotor ’J_‘
1 amachanicss == 1 e
itsr icalBlock:! icalBlock Block:Hy Block
- - -

—Inte

ary Interfaces

Electro-hydraulic

19 Interneto:Things

mechanical

© 2019 IBM Corporation



IBM Analytics

Define the Interdisciplinary Interfaces

B ﬁB ACES_Control_SurfacePkgModel
3 Components «Interface,sw_se_interfacas
-0 Packages S = .

£ ACES. Control_SurfacePkg InterdisciplinaryInterfacesPlg=i5SW_FE_Timer
=2 [l'.igepbymenthg
1S Classes E smemorymappeds timerRegister;unsigned int
]% Comments

= Interfaces E =memorymapped: timerControlRegister:unsigned short
i 1

E amemorkmanteds 2erofimer):void
() itsSoftwareBlock E smemorpmanoeds star§limer):void
g itsElectronicsBlock E smemorymanpeds stoofimer():void
[g itsMechanicalBlock

{5 itsHydraulicsBlack E wmemorymagoeds readimeni): void ~\ smemonmagpsds
=-[7 Packages zeroTimer():void
=t E:I IEterdisciplinarylnterfacestg
== Interfaces e o . N
EIQ «sw_ee_interface» iSW_EE_Timer b BmTIEI:l H F‘.hpStrlng

=} .
(= Attributes ) ) gNumer_Df_Bytes:F‘.hpSh'lng
- «memorymappeds timerRegister I
; EE «memorymappeds timerControlRegister bREngE_High:thREal
[E-(= Operations Ci=]
é] «memorymappeds zeroTimer() bREI’IQE_IDW.RhDREEl
: E «memorymappeds startTimer()

an . .
B cmemonmappeds stopTimerd [=5tart_Address:RhpString

- «memorymappeds readTimer( a[,_—,-I'1'|rnir|g|_Cn::nnstraints:I-'-'.h|:|S1:rir|g|
£-H «sw_ee_interface» iSW_EE_Hydraulics

E-(2 Attributes %ElUsage:thString=Write a 1 to bit 0in timerControlRegister

-~ «memorymapped» aperature
E «bytemapped» pressure

EIE «sw_ee_interface» iSW_EE_Movement v

(2 Attributes

- «bytemappeds» measuredPosition =memarymagg=ds

(- «bytemappeds commandedPosition timerControlRegister:unsigned short

EIE asw_ee_interfaces iSW_EE_Comm

-2 Attributes Writing 0 to a bit has no effect. Writing a 1 to a bit invokes the specified behavior.

«hitmapped= contrelRegister blt U - 7Fero timEr
E «bitmapped= statusRegister

«bytenappeds receiveBuffer bit 1 - start time from zero

«bytemappeds transmitBuffer bit 2 - stop timer
E «<bytemapped» interruptMumber g
. bit 3-7 unused
E Operations
é] «bitmapped» setControlValues(bool parity,beol pa
*i&| «bitmappeds getStatusl) #=iBitmap:RhpString =bit 0=zero, bit 1=start, bit 2=stop
«bytemapped» readlncomingValue)

«bytemapped> sendOutgoingValue(unsigned int v EﬁNumer_Df_Bytes:thString=1

E «interruptmapped= IncomingValueReady() a(,_—,-ﬂF‘.angE_High:thReal
= Q «ee_me_interfaces iEE_ME_Movement g
(= Attributes [*=Range_low:RhpReal
~H «qualifieds valveAperature {15tart_Address:RhpString =0A00-0002
= rotationRate AT . .
----- H «ee_hy_interface iE_ME_Hydraulics [ Timing_Constraints:RhpString
[-(F Table Views #-lUsage:RhpString=hit 0 - zero timer ...bit 1 - start time from zera.. .bit 2 - stop timer,..bit 3-7 unused
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Show the Interdisciplinary Interface Details in a table

Class ‘ Operation ‘ Atrtibute | Attribute Type ‘ Tag ‘ Tag Value |
E iEE_ME_Hydraulics
B EEE_ME_Movement
= rotationRate <int
= valveAperature < double %= High_Range =25
E valveAperature <> double %=ILow_Range t=T]
E valveAperature <> double %=1 Units “=iem
E valveAperature <> double #=laccuracy Qon
E valveAperature <> double “precision Qon
B Hisw_EE_Comm
E cortrolRegister <> unsigned int %= Number_Of_Bits Qs
E cortrolRegister <> unsigned int %3 Start_Address %10AD0:0100
E cortrolRegister < unsigned it %=1 Usage %=1 Sets comm parameters
E cortrolRegister < unsigned it 4=Ibit_0 %=1 Parity: Disable (0) Enable (1)
E cortrolRegister < unsigned it &=bit_1 %=1 Parity Mode: Even (0). Odd (1)
= cortrolRegister < unsignedint  &bit_10 = Intemupt Enable: Disable (0), Enable (1)
= cortrolRegister < unsigned int &bt _2 &=L SB First (0). MSE First (1)
= cortrolRegister < unsignedint  Egbit_3 =1 Data Length: 7bit (0), &bt (1)
E cortrolRegister < unsignedint  ébit_4 = Number of Stop bits: One stop bit (0, two
stop bits (1)
= cortrolRegister < unsigned it =1bit_5 %=1 Channel number bit 0
= cortrolRegister < unsigned it =1bit_6 %=IChannel number bit 1
= cortrolRegister < unsigned it =1bit_7 %=1Channel number bit 2
= cortrolRegister < unsigned it =1bit_8 %=1Channel number bit 3
= intemupthumber | <> unsignedint %I Numer_Of_Bytes =2
E intemuptMumber <> unsigned int %3 Start_Address %10AD0:0106
E intemuptMumber < unsigned it %=1 Usage %=1 This specifies the software intemupt to
raise when data amives in the receive
buffer and intemupts are enabled in the
= receiveBuffer < unsigned int %= Numer_Of_Bytes =2
= receiveBuffer < unsigned int &1 Start_Address %=10A00:0410
= statusRegister < unsigned int %3 Start_Address %=10A00:0102
E statusReqgister < unsigned it %=1 Usage %=1 Provides hw comm status
E statusReqgister < unsigned it =1bit_0 = %nopback (Listen enable) D=disable,
=enable
E statusRegister < unsigned it &=bit_1 a 1meirlg ermor detected 0=No emor,
=emar
= statusRegister < unsigned it &=bit_10 =
E statusReqgister < unsigned it =1bit_2 @?verrun emor detected D=No emor,
=emar
E statusRegister < unsigned it 4=Ibit_3 %=1 Parity emor detected 0=No emor, 1=smor
E transmit Buffer <> unsigned int %=1 Numer_Of_Bytes U=
E transmit Buffer <> unsigned int %3 Start_Address 104000104
E transmit Buffer < unsigned it %=1 Usage %1 A wiite to this address signals the system
to send the 2 bytes to the selected
E IncomingValueReady
E getStatus
E readlncomingValue
E sendOutgoingValue
E setControlValues E receiveBuffer < unsigned int %=1 Usage %=1 Read incoming data as 2 bytes
B HisW_EE_Hydraulics
= aperature < unsigned int %= Numer_Of_Bytes =2
= aperature < unsigned int %=1 Range_High %=165535 fully open)
= aperature < unsigned int %=1 Range_low %10 fully closed)
= aperature < unsigned int &1 Start_Address %=10A00:0120
= aperature < unsigned int %=1 Usage %I R/AW. Wiite to set the aperature. Read to
see it's cument value
= pressure <rint &= Numer_Of_Bytes =2
= pressure oint 2 Start_Address = 0A00:0122
E pressure <rint = Units fkioPascals §Pa)
E pressure <rint o Usage: =1 Read orly. Provides the cument value of

21 InternetoiThings

pressure in the hydraulic circuit.

— Operation

= For each interface:

 Metadata attributes
— Attribute / value property
 Metadata attributes

Class Operation | Atrtibute Atribute Type | Tag ‘ Tag Value
B & isW_EE_Movement
dz Numer_OF_Bytes =2
83 Start_Address %=1 0A00:0126
iz Units 420.01 Degrees
[= commandedPositi_.| <> int 21 Usage %31 Sets the commanded angle from -180 to
180 degrees in units of 0.01 degrees
E measuredPostion | <> int &= Numer_Of_Bytes =2
= measuredPosition | < int 43 Start_Address %1 0A00:0124
E measuredPostion | <> int &= Units #1001 Degrees
[ measuredPostion | <> int 4 Usage “%z1Read only. Frovide measured postion in
range -180to 180in 0.01Degree units
O = iSwW_EE_Timer
= timerControlRegis... <> unsigned =1 Btmap &bit O=zero, bit 1=start, bit 2=stop
short
[= timerControlRegis... | <> unsigned %= Numer_Of_Bytes =
short
E timerCortrolRegis... | < unsigned § Start_Address %=1 0A00-0002
short
E timerControlRegis... | < unsigned i1 Usage &bt 0 - zero timer
short bit 1 - start time from zero
bit 2 - stop timer
bit 3-7 unused
E timerRegister < unsigned int | %1 Btmap =132 bit unsigned
= timerRegister < unsigned int %= Numer_Of_Bytes =T
[= timerRegister < unsignedint %=1 Range_High =232
= timerRegister < unsigned int %=1 Range_low L=1i]
= timerRegister < unsignedint  #3 Start_Address %=1 0AD0D-0000
E timerRegister < unsigned int %=1 Usage %3 This is a read only register holding the
elapsed time in ms
| readTimer [= timerRegister < unsignedint %3 Usage & First stop the time by writing 1 to bit 2
Then read the value (in ms) from the
& startTimer = Usage &= Wiite 3 1 bit to bit 1. Starts time from
cument value. F a 1bit iis written to bit 0,
the timer starts from 0
& stopTimer = Usage &= White a 1 bit to bit 2. Stops the timer.
& zeroTimer %= Usage %=1 Wiite a 1to bit 0 in timerControl Register
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Derivation for Deployment Facets Requirements

= While some requirements may be directly allocated to a deployment facet, many must be
decomposed into derived requirements before allocation.

electrohydraulics

electronics

software

req [Package] DeploymentPkg [Limb Asxsembly Move Joint Use Case Regquirements]

«Requirements

requirement_52

pm—

requirement_20 ID = LASWOO2

ID =LAD20

Movement of the joint must be
explicitly enabled and disabled by a
user action (default DISABLED].

The software shall compute the force to apply at each joint from the degree
of user intent (pressure in the assodated direction on the limb segment
controlled by the joint) using the eguations: 8

[m——
requirement_53

ID = LAEHOD02

The electrohydraulic unit shall deliver force
up the max allowable for the joint type with
an accuracy of +/- 4% of the force applied.

el e - = 5 8 ifinputPress < sensitivity threshald, thenF =0 g
requirement_44 L7 2 g B else
_ o ! & - F =inputPressure = forarScalingFactor + Offset e - "
1D = LARHDOL oo ederives K : ?E”VE” if F>maximum allowed, then F = maximum allowed er\ﬁgn requ};:n?;:‘t_ss
The eletrohydraulic actuator '1' ) = E P —
must power up in a non-moving 2 | requirement 51 S, 2 =
state and require a digitial ;«&erive» | sderives- g
electronic signal to enable P «derives | 1D = LASWO01 wRequirement: - e The mechanics shall translatz
movement. N i requirement_21 . the force delivered by the
N q = . electrohydraulic unit near zero
. i| The software shall be able to _ edetiver loss
b i| accept commands to enable 1D =LAD2L penve .
1| and disable the movement and Force applied joi o’
—_— H n I pplied at a joint shall be f—
requeirez:n;'ri 4 : control those actions via the proportional to the detected user intent
- ' electranics. (zs determined by pressure) within e
ID = IDEEO01 ! maximum speed and force constraints,
The eletronics shall power up supplyng a [Emr— T ‘\‘
signal to the electrohydraulic unit to disable requirement_50 2 N -, [r——
movement 57 - o requirement_55
1D = IDEE002 dderiver “deriver MEW\” =
. pr— .| D = IDEEDO3
The electronics shall accept a e requirement_57 N
software commend to enable the requirement_54 = The electronics shall report the limb
electrohydraulic movement by D = LASWOO3 1D = LAEEDO4 speed assodated with each joint
setting and holding a digitial movement within the maximum
electronic signal reserved for that - The electronics shall report the range with an accuracy of +/- 4%
purpose, The software shall moniter the limb speed associated with of speed.
speed of limb movement and each joint movement at least
decrease the force requested every 10 ms with a lag of no
P 50 as not to exceed maximum more than 2 ms. Rearemantn
requirement_§5 allowavble limb speed, requirement_30
" «Requirtmernts —
D =LAsW007 requirement_31 D =LA030
The software shall read aderive» T~ 1D = LAO31 “R‘?""""‘e':” = If & joint reaches it's maximum
measured limb speed, joint Del q d1oint requirement_. allowed force, the system shall
force, and joint angle for each Slivers tDressudrEharlvl bjo'n D = LA032 peak at that force as long as
Joint. mg:;g}iré f*g:;E:" ';inis aid al the user intent remains
directions in whic}l-. force can be The Pilot (or maintenance — unchanged or increases in
applied engineer) shall be notified of & 1 value.
N deliverd pressures and speed o2 T
=7 of movement at all joints with a g %y
- “ederives delay of no more than 0.5s and derive» vc:deriven
o= an accuracy of +/- 4% of - g
rr—— “_’n"“; = = delivered value. g EEr—
requirement_s4 e - aderiven F\ “1"“"’;’67 requirement_6&6
ID = LASW004 . ederives fequrEne
ID = LAEEDOG . D = LASWO00S ID = LAEEQD3
The electronics will provide measured limb speed, The software shall send “Repirements The softy hall limi i
T ISU n Vi t th The electronics shall limit the
force, and joint angle for each joint to the software messages to the Coordination TR ETEE fn,.i:‘japsg; j:mlgml ® output force at a value above
with an accuracy of +/- 4% of the measured value System every 10ms for each 10 = LAEEDDS electrohydraulics unit by maximum allowable force but
and a delay of no more than 1 ms. joint speed, angle, user input monitoring the output force below the force that would
strength, and output force. i and redudng the commanded damage the mechanics,
The electronics shall support g
communication with the force when it approaches the electronics, and electrohydraulics.
Coordination subsystem for maximum allowable force.

22 InternetoiThings

sending CAM bus messages.
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Allocations of Requirements to Deployment Facets

2

Mission: show the derivation and
allocation of discipline-specific
requirements

seferompoadfegquirement s
FuncReg_40

The system shall report an error if the system
has not achieved the commanded position +/-

0.5 degrees of a control surface within 3.0 Ll
seconds and shall enter FAILSAFE_STATE. T
A . Soaeri\re»
,: wxTavmnes
; requirement_25
| The software shall command the
E position of the control surface with an
! accuracy of 0. 1 degrees of angle
«dllocates 7 ‘
! g wxolwanes
; 0 requirement_26
E ,’I The software shall command the
! sgllocate®  hydraulic aperature with a fidelity
E r,’ ,,-;] of 0.5 mm
; v sallocates e
P — .- allocates
SoftwareBlock e
Attributes e :
Operstions e ==== <allocates

23 InternetoiThings

wderomposadfequinements
FuncReg_36

The precdision of the commanded values shall be
+/- 0.1degrees of angle or +/- .1 cm of
distance. The range of accuracy of commanded
and measured positions achieved shall be +/-
0.5 degrees or angle of 0.5 cm of distance.

AN

e AT

B

aderives” -
swmechanices
reguirement_23

The mechanics shall be able to
position the control surface

. whnydraulics
E ' »J:Ierive o within 0. 1 degrees of angle HydraulicsBlock
; «l:jerive» ": o, I Aftributes
' ! “ Operafions
jsderlve» ' o reguirement_22 "
5 aezafiwanes . L‘l“‘
; requirement_21 ' sallocates
N d - wlqierive» The electronics shall report "
3 T measured value aperature with 5
' an accuracy of 0.5 mm .
The electronics shall be able to | S,
contral the hydralic value H [ -
aperature with an accuracy of i " smechanicss
0.5 mm :. ‘,‘ MechanicalBlock
- T ' <allacate> Attribustos
-7 . '-\ welectronicss
e : ElectronicsBlock Clperations
-7 f Attributes
requirement_24
Operafions
The electronics shall report to
___.---="""%7 the software the measured
20T position of the control surface
within 0. 1 degrees of angle.
© 2019 IBM Corporation
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Allocations of Requirements to Deployment Facets

Derived Requirement

Requirement

Name

Subsystem

-T|From v|

To

A | Description

= |

) ACES_SS_requirement_32
o/ ACES_SS_requirement_33
o/ MCES_S5_requirement_34
o MCSCUNT _requirement_10
) ACSCUNT _requirement_11
) ACSCUNT _requirement_12
o MCSCUNT requirement_13
o MCSCUNT requirement_18
o MCSCUNT _requirement_15
) ACSCUNT _requirement_21
o ACSCUNT _requirement_24

I ACES_ControlSurface
[CIACES_CortrolSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
I ACES_ControlSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
(I ACES_ControlSurface
I ACES_ControlSurface

o MCSCUNT requirement_25 (TJ ACES_CortrolSurface
o BCSCUNT requirement_26 (TJACES_ControlSurface

o MCSCUNT _requirement_3
) ACSCUNT _requirement_7

o/ CorfigReq_1

/! CorfigReq_3

' DerCorfigReg_1
/ DerConfigReq_2
 DerFunReqg_1

/ DerlntReq_1

/' DerintReq_10

/ DerlntReq_11

/ DerlntReq_12
 DerlntReq_14

o/ DerlrtReq_2

o/ DerlrtReq_8

' DerReqlnt_13

/ DerStartUpReg_1
/ DerStatupReq_2
! DerStartupReq_3
! EmorReq_26

! EmorReq_27

) EmorRleq_28

) EmorReq_29

o/ EmorReq_3

o/ EmorReq_34

o/ EmorRleg_35

) EmorReq_36

o/ EmorReq_37

[CJACES_ControlSurface
I ACES_ControlSurface
[CJACES_ControlSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
I ACES_ControlSurface
[CIACES_CortrolSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
I ACES_ControlSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
(I ACES_ControlSurface
I ACES_ControlSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
I ACES_ControlSurface
[CJACES_ControlSurface
[CIACES_CortrolSurface
[CJACES_ControlSurface
[CJACES_ControlSurface
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Hand off from Systems to Software

= At this point, the hand off is complete, and the down stream engineering (software,
electronics, mechanical, ...) can begin

= So you are ...
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Real-Time Agile Systems and Software Development

Welcome to www.bruce-douglass.com

You've found yourself on www.bruce-
douglass.com, my web site on all things real-time
and embedded.

On this site you will find papers, presentations,
models, forums for questions / discussions, and
links (lots of links) to areas of interest, such as
® Developing Embedded Software
e Model-Driven Development for Real-Time
Systems
Model-Based Systems Engineering
Safety Analysis and Design
Agile Methods for Embedded Software
Agile Methods for Systems Engineering
The Harmony agile Model-Based Systems
Engineering process
The Harmony agile Embedded Software
Development process
Models and profiles I've developed and
authored
e List and links to many of my books.

The menu at the top of each page either takes
you to the relevant page or to a list of relevant
pages.

There is even a members only site for those who
want to access to even more stuff. | teach and
consult on all these topics - see my About page.

Policy on Using These Materials

All materials on this web site are free for reuse
and distribution, provided their source (me or this
web site) is appropriately attributed. | retain sole

copyright.
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THIRD EDITION REAL-TIME UML
ADVANCES IN THE UML FOR WORKSHOP FOR EAL'THVIE DESIGN
REAL-TIME SYSTEMS MBEDDED SYSTEMS P ATTERNS
AG I I. E SYST E MS ROBUST SCALABLE ARCHITECTURE
FOR REAL-TIME SYSTEMS

ENGINEERING

Second Edition

sruce Powel Douglass

BRUCE POWEL DOUGLASS o
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Harmony aMBSE Deskbook Version 1.00
Agile Model-Based Systems Engineering Best Practices with IBM Rhapsody

REAL-TIME AGILITY

Bruce Powel Douglass, Ph.D.
t

Black Edition:
Rhapsody Only

Bruce Powel Dougl:

DOING HARD TIME

/ DEVELOPING REAL-TIME
/ Systems witH UML, OBJECTS,
FRAMEWORKS, AND PATTERNS

'© Copyright IBM Corporation 2017, All Rights Reserved
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An Embedded Software Engineering Toolkit
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