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About NAVISTAR

= Major manufacturer of
commercial trucks, buses and
defense vehicles

= $11 billion in revenue in 2019

= Year-over-year market share
increase in the last five years

= Customer-centric DNA and
industry-leading focus on
customer uptime

= Global alliance with TRATON
Group speeding technology
innovation and further cost
improvement

On Highway

Renewed and
expanded entire

Severe Service

vehicle portfolio
in last three years

Medium
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About Global Product Development

» Global Product Development (GPD) is an engineering organization within
Navistar

« Controls & Software (C&S) is a GPD group responsible for designing and
Implementing engine and vehicle electrical and electronics components

» engine and vehicle control applications
* embedded software
» electronic component integration

« Model Based Design (MBD) within Controls & Software
MBD used extensively for engine and vehicle control applications
= Algorithm development
* Production intent software code generation
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= Background and context
 Model Based Design (MBD) and Components
« Data objects
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Component Based Development and Architecture

« Create components and make connections

Simulink top model with Reference Models or AUTOSAR Composition with SWCs
¥4 arch_top - Simulink - O >
g ® | [Pajarch_top Pk - %
. > Control
= — . E ontroller
. Sensor =
=4 wiper_swilc wiper_command [] E
“ sensor N I 4 actuator ™ Act u ato r
)AtoD SwitchState #{motor_command  current_control B [
e
Ready 114% VariableStepAuto
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Top-down vs. Bottom-Up workflows

« Top-down

« Authoring defines components
« Authoring makes connections
* Create ARXML

* Create skeleton models

* Bottom-up

» Create models independently
» Generate ARXML

» Authoring integrates components

« Authoring connects existing
iInputs/outputs

NJ/.

lterating between Simulink model and AUTOSAR Architecture.
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Data Management for MBD

« Data objects elaborate graphical designs
= Define interfaces
= Describe behavior

Where are these Simulink data objects stored?

P vwatp * - Simulink - O x
SIMULATION DEBUG MODELING FORMAT APPS = = 2]
wwatp  »  Circuit Diagnostics ™ Functional Range Diagnostics ™
vwatp 3
boolea
1]

single [0..250.996] (km/hr)

- CCRXP_vWhIBsdVehSpd
éJCRXP_VWhIBSd 'ehSpd

CCRXP_vWhIBsdVehSpd

BEUES| e

= Control deployment/code generation

495 * Inport: '<Root>/CCRXP {lghlBsdVehSpdCANErr"

496 * Inport: '<Root>/CCRXP viwhlBsdWehSpd '

497 * MultiPortSwitch: '<S17»/Multiport Switchi’

498 * Sum: "£547:/Add”

499 74

588 if (!Rte_IRead_vwatp_Step CCRXP_flgWhlBsdVehSpdCAMErr_CCRXP_flgWhlBsdVehSp
se1 oM {

582 temp_MultiportSwitch_p = ((uint8)VWATP_nrZeroUint8_SC);

583 temp_MultiportSwitchl_b =

564
585 ¥ else {

-workspace (e.g. from .m or .mat files)
-Simulink Data Dictionary

AUTOSAR Signal: CCRXP_vWhiBsdVehSpd *
~
Data type: |single v| | .
Dimensions: I:IE Dimensions mode: | auto

Initial value: |[0] | Complexity: real
Minimum: I:”ﬂ Maximum:
Unit: |kn'u’hr | Sample time: -1

Code generation options

Storage class: | Auto

Description:

SPN 84 Wheel based Vehicle Speed

< >

ok || cancel || Hep Apply
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= Qur organization’s workflow and motivation
* Functional/algorithm focus vs software implementation
« Agile architecture development
* Production code generation
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Functional focus

« Functional focus vs. software implementation

AUTOSAR.Signal =>
Rte_IRead_vwatp_Step_uAmbTRaw_uAmbTRaw

N/ STAR



Organic architecture using bottom-up

« Can we facilitate “implicit authoring”?
Ensure I/O Signhal names exactly match

Jopadsur Apedoig

4 top_model * - Simulink - ] X -
« Can we grow the system organicall
W W | ?
E <« top_model é? .
| o [ - Add com t t
] ol i : CO onents as appropriate
Al B
2 @ %
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SWCB_Out3 ,
SWCA_Out1 > E L= top_model
S _
— 2 @ ||[*atop_madel b -
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qV_IN2_swcB swca_ouzp E SWCB_Outs SWCA_Outt
~ i
NV IN3 swce SWCB_Qut2 |----nnmmmeeeeemmm e % SWCB_Out2 - f ot swes swes
- SWCB_Out1 SWCB_Out1
NV INd SWCB B
1 S SWCA Out3 - qv_In2_swes swca _outzp
SWCB_Out3 SWCC_Out1
NV, IN5_SWCB - - NV_IN3_swcB SWCB_Out2 SWCE_Out2
7] = N
[-F| AV-ma_swes swea_outsp
SWCB_Out3 SWCC_Out1 -
« v AV, INS_SWCB R
Ready View 1 error 150% VariableStepAuto = <
SWCC
AV IN1_swee
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(&1
B NV IN3_swee
« A
Ready View 1 error 132% VariableStepAuto
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Streamlined production code generation

« Can we go from functionally focused MBD to production code easily?

How easily can we go from here...

| vwatp * - Simulink — O *
MODELING FORMAT

i wwatp ¥ Circuit Diagnostics *°  Functional Range Diagnostics

! |[Pafvwatp » -

R ]

boolea to here?

I I
495 * Inport: '<Root>/CCRXP flgihlBsdVehSpdCANErr'

ﬂ .'3'"19'e [0..250.996] (km/hr) CCRXP_vWhiBsdVehSpd 496 *  Inport: '<Root>/CCRXP uiihlBsdVehsSpd'

i CCRXP_VWhlBSd &%%P_VWNBSdVBhSPd j:; ) 5[::11: i F::;ji;::; ' £517>/Multiport Switchl

b I 499 */

sy O T s p—— S 588 if (!Rte_IRead wwatp_Step CCRXP_TlgWhlBsdVehSpdCAMErr_CCRXP_flgWhlBsdVehsp

e 501 OX

582 temp MultiportSwitch p = ((uint8)VWATP nrZercUint8 5C);
583 temp_MultiportSwitchl_b =

584 Step CCRXP vihlB=dVehSpd CCRXP wilhlB=dVehSpd
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= Solution
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Simulink Data Dictionary advantages

« Design data management
* Create and manage data object definitions
« Specify design data using Model Explorer interface

 Persistent repository
« Repeated data loading not required
« Automatically associate design data with model
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Simulink Data Dictionary gaps

« Functional focused support (abstraction)
« Uses data object class not abstract type
* Includes code generation specifics

« Organic architecture (parallel development and implicit authoring)
« Doesn’t match input/output names explicitly
« Bottom-up approach possible but integration complicated
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Navistar Enhanced Data Dictionary

» Goals
 Enhance and add functionality
« User friendly (particularly function developers)
« Support Controls & Software organization’s workflow

« Approach
« Simulink Data Dictionary as “database” e
+ MATLAB Engine API for Java N/;‘)KTA'[;ETT({L‘A’FQ? /

Product Version: Data Dictionary 4.1
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Data abstraction

* Functional view 8 0w Dictonany — o«
File Edit Project Windows Help
. - U - H o 5 =
* Inputs SHEPe DI BRR2ZY
W Projec.. & | & -—— —-Q\ = B
[ J Outputs = Axis | Curve | Define (I Input 2 l& Local | Map |4Né'm4‘| Output )
& 244 _trunk ~ @ - - -’
_ - - -— S
) ) v & ExampleSysten|| | Add Data Object | _ - Find in Model
e Calibrat Desription
a. I ra. IO nS ﬁ SWCA - —Na.r-na bioegii | Base Type O@Etﬁmpe Min Max Unit Initialvalue Dimensions
e SWCB ﬂswcs_o.m ; single o0 1 1
SWWCT b
° etC = 2 G Oy )B’ -0 0.1 1
. - - 3 SWCB_OQut3 o  single ~0 1 1
- 4 SWCC_Outl - single -0 1 1
| - -
4 SWCA/LookUpExamples * - Simulink - — i x -
SIMULATION MODELING L ’
= 4 LookupExamples - Calibration F7
© [Pafswea b [Pl Loskupexamples - ’—’ ’ - @- _;’
a - C P> —_—g N Add Data Object Find in Model
o= = ! ‘ —
&= ( - om;,vcs_oma» j -£SWCA_out! N SWeAou , ,’ Nan}\ Value Description Base Type Offset Slope Min Max Unit Dimensions
; L Come 10 FT TOORUPT SWaA - —: —_— — \Scalar_CaIibration,_S,C.& [0 single -0 1 ] 1 km/hr [1,1]
- i5:C_XAXIS1_SWCA i
] - - = ny -— — N -
- ( ‘ Scalar_Callbration_SWCA
~
i A
MY_NVRAM_VALUE_SWCA SWCA,_Outz
[ Activity Log 2 l = B
- <SWCB_Outi> ’ jifswm_bum
SWCB_Out1
Curve_1D_F1_LOOKUP2_SWCA
X_Axis:CX_AXIS2_SWCA
swe_outro oo TSworom LED)
- <SWCB_Out2> ! - SWCA_Out3
(i SWCB_Out2 Map_2D_F2 LOOKUP_SWCA
e X_Axis.CX_AXIS3_SWCA
Y Axis CY _AXIST_SWCA B MY_NVRAM_VALUE_SWCA
» @
Ready 129% FixedStepDiscrete
. e TA P
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Implementation hiding

« Simulink guides data management (helpful)
« Simulink requires implementation specific knowledge (inconvenient)
 Algorithm developer vs. software engineer

¥4 SWCA/LookUpExamples * - Simulink

Great, I'll just create my Cal

SIMULATION MODELING
L (0] - e == Stop Ti inf I . .
w o T w8 5 Fe i d @ P Simulink.Param?
New @ Sa.ve T Library Connect Signal ) Tune = Mo -
~ @@ Pint v  Browser nputs Editor ‘arameters o m pt. Pa ram ?
.|L:_ _E|\'_',i.'- :‘i.‘ti,;:'.':
1@ . . ) ?
=y L X :j"‘”"“‘"'“‘"“ Variable 'Scalar_Calibration  SWCA' does not exist. AUTOSAR.Param:
& SWCA LookUpE: I
| L i | pExamples « Suggested Actions
. i - ¥ fused
3 Create a new variable. Fix M SO conrtused...
U
- [ ] )
o & ( e 1D_F1_LOOKUP1_SWCA Create New Data
= o X Axis:C XAXIS1 SWCA

Mame: Scalar_Calibration_SWCA

Scalar_Calibration_SWCA f—l_..
min ) .
4,—' £ SWCA loca Value: <expression>
MY_NVRAM_VALUE_SWCA

Location: Data Dictionary (SWCA.sldd) x
f Create Cant'.
(2) > -

(]
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Implementation hiding concept

o User enters functional attributes
 Min, Max, Units, etc.

« Hide and automate deployment requirements
* Object Class )

[ Code rI nfo File Edit Pl'cje.ct '.":"inclc»t.-ls Help . . .
SHMEFfDRNBRRRRY
4 Projec.. 22| & B ||E Axis [ calibration 52 | =] Curve [ Define = Input [ Local
* etc. E

= Map [ Nvm = Output
Add Data Object

E!n::& 244 _trunk
v @3 ExampleSysten Name Value Description Base Type Offset
r SWCA
o SWCB
o SWCO
B Model Inconsistency — m} *
Component - SWCA [ =electAll to Add [ selectAll to Delete
Add data objects in Data Dictionary:
Calibration: Scalar_Calibration_SWitA
[ Define: Scalar_Calibration_SwWCaA,
Delete data objects from Data Dictionary:
Mo inconsistency
<
[0];4 Cancel
[ Activity Log 22
MNFOT Camnnnen t Cinenad- SVWCR
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Implementation hiding details

« Hide and automate deployment requirements
* Directly support production code generation omm——

AUTOSAR.Parameter: S®alar_Calibration_SWCA *
~

-~ -
valuer s ?
Data type: single v >>

B Dsta Dictionary - B X% Dimensions: |[1 1] [: complexity: rea

File Edit Project Windows Help . -

: B . - P - Minimum: |0 i Maximum: |1

EHE A~ rDNBERRRY - : -

W Projec.. Unit: kmy/hr

Calibration 7 Code generation opti
@ o 00 QAU e o,
v @@ Exi Storage cl#5s: InternalCalPrm ) -
ﬁ Add Data Object Custom attribUtes ™ ™= ==
;ﬁh s a2 . . HeaderFile: N N
Name Value Description Base Type Offset Slope Min Max Unit - —_—
- i —— ; , PerInstanceBehavi( Parameter shared by all instances of the Software Component )
1 Scalar_Calibration_SWCA [0] single ~0 1 0 1 km/hr 5--_ _—"
Identifier: v
il T .
[ Calibration 2 Alignment: -1
Add Data Object i ieds Description: I m glad I dOn t
Name Value Description Base Type Offset Slope Min Max Unit Dimensions
1 Scalar_Calibration_SWCA [0 single -0 1 1] 1 km/hr [1.11 n eed to kn OW t h is
[ Activity Log 2 = 0 ‘ ‘
@

Data Source: SWCA.sldd A
< >
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Functional developer assistance

« Consolidated model synchronization

All missing/extra data objects vs Simulink 1 type at a time

double

<SWCA_Outl>
SWCA_Qut1

double
.—b SWCB_Out3
£ SWCB_ous
ut.

SWCB_O SWCA_Outt

.—'douhle SWCB_Out1
SWCB_Out1 -

SWCB_Out

double
SWCA_Ou2 <SWCA_Out2> D

¥4 Diagnostic Viewer - m] X

SWCC Out SWCC_Out1 Diagnostics
_Lul _ : . "
EBREREL&I T - &= - -
SWCA
- Update Diagram & 1 ‘

03:47 PM Elapsed: 0.520 sec

SWCB_Out2
u?g -

SWCB O Cannct resolve Simulink signal cbject "MY_NVRAM_VALUE_SWCA' for state of 'SWCA/MY NVRAM VALUE Memory'.
- Caused by:
Lod s Variable "MY_NVRAM_VALUE_SWCA' does not exist.

= Suggested Actions

« Create a new variable.

MY _NVI Fixed : Variable 'MY_WVRAM_VALUE_SWCA® has been created.

Component. Simulink | Category: Elock ermror

4

Update Diagram &5

03:47 PM Elapsed: 1 seo
Cannct resolve Simulink signal cbject "SWCB_Out3' for output port 1 of “SWCA/SWCB Qut3’.

Caused by:
= Variable 'SWCB_Out3' does not exist.
- Suggested Actions

» Create a new variable. Fix

Component: Simulink | Category: Model error
Cannct resolve Simulink signal cbject "SWCB_Outl' for output port 1 of "SWCASSWCB Outl'.

Caused by:
= Variable 'SWCB_Outl' does not exist.
- Suggested Actions

» Create a new variable. Fix

ﬁ Data Dictionary

File Edit Project Windows Help

== H tB '. “' ‘% ED rﬂﬁ ﬂ ﬁ Model Inconsistency

wa Project Explorer ES] ¥ = 8 |

Resolve Inconsistency usin

Apply CDF

Validate Component

@ 244 _trunk
v @ ExampleSystem
e SWCr
= Open Component
Resolve Inconsistency using
P S necy

Check Component's Inputs

Component : SWCA
Add data objects in Data Dictionary:

Input: SWWCE_Dut]
Input: SWCE_Cut?
Input: SWCE_Outd
Input: SWCC_Out]
Cutput: SWCA_Out]
Output: SWCTA_Out?
Clutput: SWCA,_Outd

Calibration: Scalar_Calibration_SWWCA
[JiDefine: Scalar_Calibration SWCA
Local: SWtA_localA

Local: S\WiCA_localb

I MY RARM_WVALLUIE_SWCA

Delete data objects from Data Dictionary:
(g

SelectAll to Add

Cancel

[ selectall to Delete

NYSE: NAV
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Functional developer assistance

» Typical use case automation
« Automatically select ‘single’ datatype on creation (project preference)
 Fixed-point datatypes automatically defined from slope/offset
* Boolean datatype automatically sets Min/Max
« Min/Max checked on data entry

a

AUTOSAR. Signal: SWCEB_Out2

Data type: | fixdt(0,32,0.1,0)

Dimensions: |1
Initial value:
Minimum: |0
Stored integer values (derived)

Minimum: |0

Unit:

Cnre neneration ontinns

X | File Edit Project Windows Help
~ i . =y
<< : H =1: =) «“" 1%

o H XN

i Dimensions mode: auto

Complexity: real [ Activity Log &2

i Maximum: 4294967295

Data Type Assistant Proj.. 8| = O ||E Axis | Calibration =] Curve =] Define = "nput &2 | Local =2 Map ==l Nvm =] Output
Mode: Fixed point ~ Signedness: Unsigned ~| Word length: |32 P kv Add Data Object
— joe - - =] (Vg1
= EERSIEIREY Slope: 0.1 ~ @4 ExampleSy Name Description = Base Type Offset Slope Min Max
Bias: 0 ik SWCA 1 SWCB_Out1 single -0 1
Data type override: Inherit Calculate Best-Precision Scaling o SWEE > SWCB out3 single -0 1
B SWCC =
Fixed-point details B SWCC_O ut1 smgle -0 1
Representable maximum:  429496729.5 .
A\ Maximum: 4294967295 Outside representable range by 3865470565.5 (38654705655 x precision) -SWCB—OUQ uint32 -0 0.1 0 4294967297
A Initial value: Parameter not set
Minlwm: o & Editing Failed x
Representable minimum: 0
Precision: 0.1 Refresh Details Min and Max value must be within the range of =elected base type

Maximum: 4294967295
Sample time: -1

>

Cancel Help Apply
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Enable organic & parallel architecture development

 Enable and enforce

» Select inputs from other outputs

« Support parallel bottom-up growth
 Allow manual input creation

ile  Edit  Project  Windows

- .H I'|'_|'| ST & o

4 ProjectExpl.. 52| = O | E Axis

&3 =44 trunk
v &% ExampleSystem
F SWCA
o SWCE
e SWCC

[ Activity Log

Help

compatibility

1 "L _1: v v T | L T e e
4 Proj.. &5 | T O E Axis = Calibration = Curve = Define
i Add Data Object
&% =44 trunk
W Lﬁ Example Syste Name Desc
Lk SWCA 1 SWCB_Qut3
o= SwWCE 2 SWCE_Qut2
e SWCC
DR ®HITRY
[=3 Calibration E Curve =5 Define E3 *inp <
Add Data Object [ Activity Log | ] Output Data Objects &3
Name Description
1 SWCB Out3 v [k SWCB
2 SWCBOut2 4% SWCE_Qutl
B Add Data Object in Input EE gﬁgg_gaig
How doyou wantto add data object in Input cate h Dﬁ;WCC
W_OUTT_SWiCT
O Manualky - -
@® From Output signals present in project

O Browse sldd
<

r

0K Cancel
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Implementation considerations

* Duplicate I/O data objects « Simulink Data Dictionary references
 streamlined/independent « complete project and
component development coordination required
* requires integration e component integration
reconciliation after completed at implementation

component implementation

 supports “dangling inputs”  “dangling inputs” require
for resolution later Immediate external component
modification
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Current status and beyond

« |nitial Simulink Data Dictionary based tool launched Q4-2019
* |nitial improvements and support for R2020a added Q2-2020
* Ongoing user feedback improvements in progress

« Currently in use on a production intent project
» Already supported several vehicle intent software releases

* ToDo
* |[ncorporate usability feedback
« Can we take advantage of more built-in Simulink capabllities?
 Embedded Coder Dictionary
« Code Mappings Editor
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Summary

« Navistar’s Controls & Software group uses Model Based Development (MBD)
« to facilitate embedded application development by 100’s of engineers
* 0N 4 projects and growing
* including 2 projects in production

* Navistar's Enhanced Data Dictionary
« Supports Controls & Software’s functional focused organization
* Provides robust and streamlined component based workflow
« Supports parallel component development
« Eases production code generation
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