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Market Needs Drive Increased Adoption of 
Electronics 

� Meet stricter legal requirements:
� Exhaust emissions
� Noise levels
� …
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� …
� Satisfy customer demands:

� Productivity
� Maintenance & Uptime 
� Safety
� …



System of Systems

Navigation/ManagementPowertrain
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Navigation/Management

Electrohydraulics
Operator Controls

Powertrain



Systems Engineering Challenge

4Vehicle architecture = Physical architecture + Elec tronic architecture
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“…each delay in the 
detection and 
correction of a 
design problem 
makes it an order of 

The payoff of early verification 

Where Errors are Introduced and Detected
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Source: “Migration from Simulation to Verification with ModelSim� ” 
by Paul Yanik. EDA Tech Forum, 2004 Mar 11, Newton MA

makes it an order of 
magnitude more 
expensive to fix… ”

Clive Maxfield and Kuhoo Goyal
“EDA: Where Electronics Begins”

TechBites Interactive, October 1, 2001
ISBN: 0971406308]



Today: Increased Use of Modeling & Simulation

� Capture machine requirements using an executable 
specification and trace electronic control requirements to 
design and implementation

� Verify component and system performance without 
hardware prototypes, and find errors early
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� Reuse and refine models throughout design process, 
explore design tradeoffs, and their effect on overall 
machine performance

� Difficult to simulate multiple domains to evaluate entire 
vehicle architecture

� Limited sharing and reuse of work between different 
domain experts and across design process



Example Benefits

Continental Develops Electronically 
Controlled Air Suspension for Heavy-
Duty Trucks 

Dongfeng Electric Vehicle Develops Battery 
Management System for Hybrid Electric Vehicles 
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HUSCO International Designs Intelligent Valve-Contr ol 
System for a 20-Ton Excavator with Simulink® and xP C
Target®
Development time cut by more than 50%

Duty Trucks 
Six months of hardware development 
effort eliminated 
Verification time cut by up to 50 
percent 

Management System for Hybrid Electric Vehicles 
Using Model-Based Design
Project completed ahead of schedule

Other examples
http://www.mathworks.com/industries/auto/userstorie s.html



Future: Integrated Environment for Virtual 
Machine Performance Verification & Validation

� Integrated modeling environment that covers multiple 
domains even for difficult problems, e.g., bucket-soil 
interactions

� Simulate entire machine architecture at different 

8

� Simulate entire machine architecture at different 
levels of fidelity, on your desktop 

� Reuse machine model and test cases for HIL 
integration and verification 

� Build machine only after machine architecture and 
performance has been verified through desktop and 
HIL simulations



“Big Hairy Audacious Goal”
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