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Motivation

Automated approach

This project has received funding from the European Union’s Horizon 2020 research and 
innovation programme under the Marie Skłodowska-Curie grant agreement No. 847635

Challenge

How to automatically create a model? 

Experimental data Model

Analysis

Main goal of many sciences is to create a model from a real system

Common scientific approach Automated approaches

• Hypothesis

• Design experiments

• Data evaluation

• Expert bias avoidance

• Productive experiments

• Processing of large datasets

• Initial data taken from healthy individuals

• Construction of a hybrid model

• Data would be collected from sick people

• Model refinement with sick-people data

• Helpful approach to design medical devices
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Experimental data

Hybrid systems capture the mixed continuous and discrete behaviour

Problem: find a LHA model that is close to the data

Linear hybrid automaton (LHA) 

x ∈ [2,3]

x ∈ [2,3]x ∈ [0,1]



ẋ = 1


x ∈ [0, 3] 

q1



ẋ = 0

x ∈ [0, 3]

q2



ẋ = -1


x ∈ [0, 3]

q3

Non deterministic mode changes

time

x

3
2
1

x’

Executions of an LHA

Piecewise Linear (PWL) functions

x

AUTOMATED APPROACH

Time-series data

A

C

E

F

G

D

B H

Figure 2. Distributed Encoding of Motor State and Crawling Speed by Interneurons in Freely Moving Worms
(A–D) Motor states of pirouette action sequence. White dotted lines show crawling trajectory. Arrows indicate crawling direction.

(E) Behavioral state transition diagram indicating motor states as circles and possible transitions as arrows.

(F–H) Ca2+ imaging in freely moving animals.

(F) Example trace showing RIM activity as normalized GCaMP/mCherry fluorescence ratio (black) and corresponding crawling speed (green). Pink bars overlay

reverse crawling periods. Asterisk indicates reversal with no detectable RIM activity peak.

(G) Regression analysis of crawling speed versus RIM Ca2+ signal slope. R2 indicates goodness of linear fit for instantaneous and maximum (in parentheses)

reverse speed (red) and instantaneous forward speed (gray). Permutation test p value ****p < 0.0001 indicates probability that correlation was obtained by chance.

(H) Average Ca2+ signals of the indicated neurons triggered to reversal start (left) or end (right). Upper and lower traces represent 90th and 10th percentile of all

data, respectively. Number of recorded worms and reversal events are indicated.

See also Figure S3.
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Improved hybrid 
automaton model

New time-series data Hybrid automaton model
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Reachability analysis 
over space constraints

distance(model, data)  ≤ ε

• Adaptive synthesis algorithm

• Model construction for an initial data set

• Iterative model improvement when considering new data

• Precision guarantees in the model

• Solution based on reachability analysis

Adaptive synthesis algorithm for model inference

Software: HySynth

Collaborators: Christian Schilling & Thomas A. Henzinger
Publications

Inference from normal and abnormal behaviours
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