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CNH Industrial
Our Products

Trucks Buses Firefighting Equipment

Crawler Excavators CombinesTractors
Engines

and Transmissions
Skid Steer Loaders

Civil Protection and 

Defence Vehicles



 69,207 Employees Worldwide

 $33 Billion Revenue
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CNH Industrial at a Glance
Key Figures (31DEC2014)



 As CNHi has embraced the challenge of changing development methodologies 

from traditional to Model Based new kinds of development problems have 

arised.  

 Chief amoungst the challenges is the process of integrating the generated 

software into the software architecture.

 CNHi has analyzed the situation on many projects using both proprietary and 

standardized (e.g. AUTOSAR) software architectures.

 To achieve problem-free integration, it is first necessary to improve system 

design and software architecture processes.
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Integration – The Challenge



 CNHi began developing software using 

MBD techniques as early as 2003.  

 MBD currently used in many different 

types of vehicle systems: Engines, 

Transmissions, Aftertreatment, Body 

Controls, Hydraulics, Auto-Guidance.

 CNHi has many different teams 

implementing functions on many different 

vehicles in many locations globally.  

Standardization is an ongoing pursuit.

 In 2012 – 2013 CNHi was evaluated 

based on Mathworks MBD Maturity 

Framework.  Since then CNHi has been 

working on standardizing our approach 

and improving our capabilities.
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Model Based Development at CNH Industrial:

MBD Development at CNHi is improving.

This presentation covers one area we are 

improving – INTEGRATING control models 

into production controllers.



Integration Difficulties with MBD Projects
MBD + Proprietary Basic Software Package

Change Source

Traditional Sw Development Process Mixed Sw Development Process (July 2013)

SWCRs number SWCRs % SWCRs number SWCRs %

Improvement 

Specification
238 59,4% 326,5 57,0%

New Functionality Not Considered 0,0% 64,0 11,2%

Hand Code 95 23,7% 42,0 7,3%

Autocode 0 0,0% 40,0 7,0%

Framework 
(interfaces with Supplier Sw

Modules)

15 3,7% 63,5 11,1%

Documentation 53 13,2% 37,0 6,5%

Total 401 100% 573 100%

“Coding” Errors Decreased

Documentation Errors 

Decreased

“Integration” Errors Increased

Study was completed considering development of engine control software at CNH 

Industrial (“traditional” hand coding v. mixed MBD / handcode).  

• Defects decreased as a percentage of development (41% vs. 32%)

• Integration errors increased on percentage basis (3.7% vs. 11.1%)

Source: Cortese, Demetrio.  “New Model-Based Paradigm: Developing Embedded Software to the Functional Safety Standards, as ISO 26262, ISO 25119 and ISO 

13849 through an efficient automation of Sw Development Life-Cycle.  2014 SAE International (2014-01-2394)



 Model Development should be Simulink-Centric.  Modelers should focus on 

modeling, simulating and verifying functionality.  Little or no time should be 

spent writing basic software modules or interfaces.  Little knowledge of basic 

software architecture should be required of model developers.  

 SW Architecture & Interfaces should be documented only once.  This data 

should then be automatically applied to configure basic software and define 

interfaces for the models.
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Process Goals for CNHi’s Future SW architecture

So far this has only partially been realized.



 Application consists of roughly 800 models split between 2 identical controllers.

 Simulink + Embedded Coder for code generation.

 15 Model Developers, 3 Core Software Architecture Engineers

 4 Development Locations (Illinois, Pennsylvania, Belgium, India)

Integration Difficulties with MBD Projects
MBD + AUTOSAR
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Interfaces Configuration
Management

Network OS
Configuration

Pareto of Integration Defects, Release 35.0.1.0, 
logged in 2015 (Reported 21APR2015) 

+

Note:  New Requirements + Functionality Defects + Integration 

Defects = 240 total change  requrests for this particular release.
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Software 
Architecture & 

Design

Subsystem Design
&

Component 
Specification

Vehicle Function 
Specification

Model 
Implementation

Code 
Generation, SW 

Integration
&

Integration Test

MIL Test

HIL Test

OR
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Why do we have integration errors?
Study of Latest Combine Release

Errors in this phase include:

• Diagnostic Definitions

• Network Definitions

• HW I/O Definitions

Errors in this phase include:

• OS Specfication

• Inter-Model Connections

• Naming Conventions

• Typographical Errors

Sometimes we start here 

and wonder why we find 

errors in integration!



Model Developer SW Integration and BuildCore Diagnostics Standards Team

CNH ODX Template

DTC list template

Excel Spreadsheet

Excel Template generated from basic ODX

Application ODX

Automatic Import and ODX creation 

SWC-sSWC-s

Diagnostics Port 
names

Diagnostics BSW
DEM, DCM, J1939DCM

EcuC Parameter Values

Configuration of the CAN Tp 
and J1939Tp Connections

CANIf Diag items 

ODX Importer scripts

Arxml

Automated
VFB Composition

Connections with BSW

SW
C

D
A

rx
m

l

System Engineer

DTCs
UDS snapshot & FreezeFrame setup
UDS services/ subservices
J1939 DMx
Mapping between ODX Parameters and 
AUTOSAR Parameters in ODX Requirements

DTC Values (SPN from Network 
Team)
CNH Fault class number 
(predefined Severity, Lamp, 
Thresholds, Debounce behavior)
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Example:  Diagnostics Integration
Current CNHi AUTOSAR Workflow

Currently a Manual Process –

Human Error creeps in.

Credit:  Remigio Lanubile, Mauro Cerrato, Brad 

Nielsen et al for process definition.

Standards Team 

develops templates 

for diagnostics 

information

Engineers develop 

the project specific 

interface 

descriptions

Models are created 

by manually 

copying the data 

into the workspace

Basic Software is 

configured by 

importing data 

from diagnostic 

specification



Model Developer SW Integration and BuildCore Diagnostics Standards Team

Vehicle Feature Design 
Specification

Vehicle Network 
Database SWC-sSWC-s

COM Port names

Network BSW
COM, PDUr

Configuration of the CAN Tp 
and J1939Tp Connections

CANIf 

MCAL, etc.

Arxml

Automated
VFB Composition

Connections with BSW

SW
C

D
A

rx
m

l

System Engineer

.dbc Importer scripts
Network / ECU  

Specific .dbc File

manual edit

.dbc export scripts
+ Manual Editing

Signal Names
Parameter Groups 
Units
Repitition Rates
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Example:  Network Integration
Current CNHi AUTOSAR Workflow

Manual syncronization between 

.dbc file and model, susceptible to 

human error
Error isn’t found until this step.

Network design for each 

feature is defined in the 

feature specification

.dbc file is generated 

from vehicle database

Models are created and 

BSW are configured in 

similar process to 

diagnostics

Manual effort due to limitation of 

import script, susceptible to 

human error.
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Example:  Network Integration
Current CNHi AUTOSAR Workflow

Model Developer SW Integration and Build

SWC- #1

SWC - #2

Arxml

Automated
VFB Composition

Connections with BSW

Excel Data 
Dictionary

Scripted Update

Scripted Update

Arxml

Signal Names
Units 

Port Definitions
Default Values

SWC design is created 

using Simulink

An Excel data dictionary 

is updated by running 

custom scripts
If the models are updated 

without running the scripts, 

uncaught errors may be 

introduced

Errors are uncovered during 

automated VFB generation



 Up front specification.  Do not expect model development to be perfect if the 

model requirements are incomplete.

 Upfront definition of subsystem and software architecture, automatic population 

of architecture specification into model environment

 Ability to check design activities against the specification, through an 

automated mechanism, to eliminate errors before the integration phase begins.  

Part of “unit testing” activities.
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What is necessary to improve?



 Data Dictionary  - improvements to ensure that all models inputs are synchronized

 Automatic scripts to import the interfaces from the architecture definition files (e.g. 

ODX, .dbc, Excel) into the model, ensuring the model developer cannot make an 

interface mistake.

 Automatic scripts to check the models against the architecture definition files and data 

dictionaries prior to the integration activity.
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Where will CNHi focus it’s attention?
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OR, Re-Engineer the process . . . 

Network

Diagnostics

I/O

Manual VFB 

Creation

Reverse the procedure.  Perform the integration (e.g. develop the VFB) and export 

the ARXML into Simulink.  Architecture definition to software integration is then a serial 

process, rather than multiple activities happening in parallel.

Requires rigorous software architecture definition up-front.

Automated 

import

Architecture 

Defintion Files

BSW 

Configuration

ASW Model 

Development

Code 

Gen

Code 

Gen

ARXML 

Export

Build
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QUESTIONS?Questions?


