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Design 

Gap

Possible Platforms:

4: Common among four designs

3: Common among three designs

2: Common between two designs

1: Unique designs

Model-based Product Family Optimization

Pull: Commonality 

Cost Savings

Push: Product 

Differentiation
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Benefits:

Cost savings: economy of scale

Engineering efficiency improvement

Product design cycle time reduction

…

Objective: Enable cost savings with product family optimization that balances tradeoff 

between commonality and product differentiation. 

Design/ 

optimization

Technology Requirements:

Scalable: number of products

Easy to learn and use

Interactive and interesting

Knowledge creator 
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Challenges to Product Family Optimization

Design Optimization
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ModelProduct 

ModelProduct 

ModelProduct 
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sizing

Inputs

Cost Model 
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Combinatorial +Attribute

Mixed 

Continuous 

integer 
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Pareto 

frontier 

exploration

Robust design

Actual or 
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Scalability

Design Space Exploration

Decision Making

Quantify benefits 

of commonality

Data

Analysis

Commonality 

selection

Visualizing family and 

product  level attributes

Standard work 

for commonality 

selection

Interactive 

decision 

making

Human in 

loopFeatures of product family problem in black

Technical challenges shown in red

Practical challenges shown in green

Constraints
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Commonality Decision Making Process

Build individual baseline models

Individual product optimization 

(NSGA-II)

Optimization results post processing

Select commonality with interactive 

visualization

Integrate model with optimization 

tool

Generate alternative concepts

Compare performance and cost 

savings

Design Space Exploration

Decision Making
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Post-processing
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What Do We Need in Future

 Design as a process -- Exploration + Decision Making

 Minimize/eliminate post processing

 Interactive visualization

 Decision making 

 Designer access to exploration process

 Knowledge generation

 Brain Mapping -- capture 


