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Scientific Machine Learning (SciML): knowledge-embedded AI

• Physics/process-based model/ 
rules + neural networks (deep 
learning). 

•  Lack of data 

• Domain knowledge reduces data 
requirement for model training 

Physics/process

based 

model/rules

https://sciml.wur.nl/reviews/sciml/sciml.html



Nobel prize 2024: the year of AI and SciML 
The Nobel Prize in Physics 2024 The Nobel Prize in Chemistry 2024

Neural networks
Domain-knowledge based 

Computational model

SciML: Alphafold2 



OpenAI (ChatGPT) 

AlphaFold2

What are the 
differences 
between these two 
models?

Parameters: hundreds of billions

Type: Domain-Specific AI 

Model complexity: relatively low Model complexity: relatively high

Differences between black box and SciML models

Alphafold2

Training samples:  trillions of words

Type: Artificial General Intelligence (AGI) 

Parameters: millions 

Training samples: < 120,000 protein structures



SciML model typology

• Physics-guided model

• Physics-encoded model

• Physics-informed model

Faroughi, S.A., et. al. (2024)



SciML: 1. Knowledge-guided model  
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SciML: 2. Knowledge-encoded model  
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SciML: 3. Knowledge-informed model  



Content (example of improved design) 
Food loss & waste (FLW) prediction in the food chains 

FLW

The prediction accuracy between actual and predicted FLW 

on the testing data using different sets of predictors, each 

for 50 rounds 
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Scientific Machine Learning (SciML) to finetune the original model for FLW 
forecasting with knowledge-based rules (e.g. experts or other models)

Training

Finetuning



SciML for quality prediction in the food chains



SciML for taste prediction

Real target variable data

+
Synthetically generated 
target variable data with 

knowledge-based 
methods

A combined training 
dataset



Take away

SciML can help researchers in the food domain to employ AI to improve 
the efficiency and quality of their research, even when data availability 
is relatively limited. 

xuezhen.guo@wur.nl
Email contact: 

mailto:xuezhen.guo@wur.nl
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