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• Most foods like dumplings are made without precise control of cooking parameters
• Dumpling “taste” may be adversely affected by improper cooking time

○ Taste considers factors such as crispiness and firmness, which is linked to cooking time
• Sooner or later, A.I. and robotics will be an important part of the food industry

○ COVID-19 has highlighted and likely accelerated the need for this

Problem Statements

Project Objectives

• Use thermal physics, A.I. Modelling, and Automation to standardize the 
cooking procedure 

• Adjust the model until it can accurately predict time needed to cook 
dumplings based on given inputs

• Minimize human interaction in the preparation of dumplings through 
cooking method and production method

Project Charter



• They are easy to cook
• The method of cooking (namely boiling) kills foreign particles that might be living on it
• There is little human interaction in the cooking of dumplings, so risk of spread is much lower

Utility as a food for the COVID-19 Era

Design & Process space that is intuitive and extendable 

• Consider familiar physical problem involving heat transfer physics.
• Consider familiar process parameters such as time, temperature, mass.
• Consider familiar hand-held measurement equipment subject to typical sources of repeatability 

and reproducibility variation.

Why Dumplings?



Science: Heat Transfer Physics and Food Science 

Thermal Conduction energy transfer in the form 
of thermal energy (heat) goes from the cooker wall 
into the water.

Natural Convection water boiling generates cavitation 
bubble collapse and turbulent flow, creating heat energy 
gradients.

Diffusion energy transfer in the form of thermal energy (heat) goes 
into the dumpling mass, changing the configuration of the meat proteins. 

Simplified model, 
thickness of slap delta-t

Spherical model, r = radians, k 
= heat transfer coefficient



Technology: Cooking Method and Process Monitoring 

1. Boiling Cooker: Composition of cooking vessel (metal vs 
stone), energy delivery method (electric vs gas).

1. Temperature/Time Regulation: Cooking medium temperature 
regulation by Infrared (IR) and time by digital timer.

1. Dumpling Composition: Composition controlled by weighing 
balance.



Phase I: Decide on Tools (Balance Scales, Utensils, Cooking Pots, 
Mixing Bowls). Consider equipment accuracy/ precision as applicable)

Phase 2: Dumpling Assembly Process Line Layout, including headcount 
allocation and utilization (takt) among each cook & master Chef.

Phase 3: DSD DOE – Optimal Orthogonality, Power, and Uniformity

Phase 4: Proper experimental execution: Preparing the dumplings to 
the indicated experimental settings, measuring/recording the 
response (cooking time).

Phase 5: Analysis and effective interpretation of data in JMP, summary 
of results, conclusions, and next steps.

Engineering: Experimental Setup/Design/Execution



• Collect Information on: Meat Type, Meat Mass, Veggie Mass (Cabbage/Mushroom), Total Dumpling 
Mass, Batch Size, Water Temp.  

• Collect 18 DSD runs and measure the response – Rising Time. 

Engineering: Data Collection Plan



Statistics: Definitive Screening Designs (DSD)
• DSD: Definitive Screening Design 

• Fold-over pairing is exploited in order to 
reduce your sample size (does all corner 
pairing to increase Power and 
orthogonality).

• Properties of DSDs:
• Small number of DOE runs
• Main effects Orthogonal (No Resolution II 

Confounding)
• Main effects uncorrelated with 2-way 

Interactions (No Resolution III Confounding)
• 2-Way Interactions are not fully confounded 

with each other (Resolution IV Confounding)
• Estimable quadratic effects – in a three level 

design (Non-Linear)



Statistics: Design Diagnostics
Observed certain Confounding:
• Resolution II: Batch Size with Meat (g)
• Resolution III: Meat (g) with Meat (g)* Vegi (Cabbage)
• Confounding associated with one Design Constraint:  

Meat + Vegi (Cabbage)+ Vegi (Mushroom)= Dumpling Weight

Identified 6 Independent Variables



Statistics: Stepwise Regression Goodness of Fit
Stepwise Regression Model showed very good goodness-of-fit (GoF).

Model coefficients explain >99% of the variability in Rising Time.

• Iterative procedure with an inexact solution.
• Significant overfit risk



Statistics: Main Effect and Interaction Effect
• Observed Significant Interaction Effects 
• Due to previous Design Constraint, the DSD DOE was not well structured.  The observed interactions 

may be due to competing physics and/or alias structure.
• Top four parameters are: (1) Water Temp, (2) Meat, (3) Vegi Cabbage, (4) Meat Type (Shrimp or Pork).  

Batch Size is less important which may indicate the heat transfer was quite uniform and least impacted 
by Batch Size.  Dumpling Weight was aliased with Meat and Vegi. 



Statistics: Reduced model
• Model Fit from DSD Design with RSM Structure



Statistics: Prediction Profiler
Case I (Default): Cooking time ~ 400 +/- 87 Seconds Case II (Temp=92): Cooking time ~ 236 +/- 100 Seconds 

Case III (Shrimp): Cooking time ~ 309 +/- 89 Seconds Case IV (Batch=7): Cooking time ~ 189 +/- 7 Seconds 

Case V (Dumpling Weight=24): Cooking time ~ 595 +/-118 Seconds 
How to Optimize Cooking Process:
• Faster Time
• Lower Variance in Duration
• Max Throughput 
• Power Saving



How to Optimize Cooking Process:

• Faster Rising Time

• Lower Variance in Duration 

• Max Throughput 

• Power Savings

• Monte Carlo Simulation

Engineering: Optimize Dumpling Process

Consider HACCP Control windows and 
Measurement Device Capability.

Power*Time = Energy.

How many dumplings depends on weight and time.



Engineering: HACCP and ISO 22000

• Introduction to HACCP: https://www.slideshare.net/Adrienna/introduction-to-haccp-57715003
• HACCP Description Chart: https://www.researchgate.net/figure/HACCP-DESCRIPTION-CHART_tbl5_260401936

https://www.slideshare.net/Adrienna/introduction-to-haccp-57715003
https://www.researchgate.net/figure/HACCP-DESCRIPTION-CHART_tbl5_260401936


Mathematics: Monte Carlo Robust Design Simulation
How to Optimize Cooking Process: 
Faster Time, Less Duration Variance, Maximize Throughput 
and Power Savings through Monte Carlo Simulation

Pork 
Cooking 
Recipe



Artificial Intelligence: Neural Modeling

• The previous Stepwise Regression Modeling 
approach could not predict Throughput and Power 
Consumption well. 

• We can utilize AI Neural Algorithm to facilitate 
prediction.

• This model ignores physics. Good thing or bad 
thing?

Diff between R-Squared may suggest 
an Overfit problem!



Artificial Intelligence: Recursive Partitioning
The previous Stepwise Regression Modeling could not predict the Throughput and Power Consumption well. Here we 
utilize AI Recursive Partitioning Algorithm. The R-squared may be lower for this model compared to the others due to 
limited sample size, but the model is still good with R-squared at least 50% across all three Y-axes. This is also where we 
determined our 85 C threshold.

Faster Rising Time

Maximum 

Throughput 

Power Saving



Summary/Conclusions
• Performed a Dumpling cooking experiment by designing a study using as an 18-run 

Definitive Screening Design (DSD).  
• Performed model diagnostics to ensure adequate prospective, orthogonality, 

uniformity and Power. 
• Executed experiment systematically.
• Inferred on the cooking time response using the DSD structure modeled with a 

Stepwise Regression approach using more than one convergence criterion.
• Determined A.I. will not win with such a small sample set, but given a significantly 

larger data set, may provide “hidden” insights.
• Optimized dumpling cooking experiment. 

• Identified/ quantified  Throughput & Power Savings as key metrics.
• Used Robust Design Monte Carlo Simulation by incorporating all HACCP control 

points including measurement capability (precision) as inputs. 
• Used Neural Modeling and Recursive Partitioning to go deeper in quantifying our 

understanding of the physics.



• Dumpling Cooking – Modeling and Simulation, Zhu Qiang:  9th International 
Symposium on Advanced Control of Chemical Processes The International Federation 
of Automatic Control June 7-10, 2015, Whistler, British Columbia, Canada

• Boiling, steaming or rinsing?(physics of the Chinese cuisine), Andrey Varlamov, Zheng 
Zhou, Yan Chen, Fudan University, Shanghai, China, 2018

• Introduction to HACCP: https://www.slideshare.net/Adrienna/introduction-to-haccp-
57715003

• HACCP Description Chart: https://www.researchgate.net/figure/HACCP-
DESCRIPTION-CHART_tbl5_260401936
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