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LNN Sine Wave Readout Error vs. Time

 

 

NRMSE (no retraining)

NRMSE (retraining)

Symbol Error Rate (no retraining)

Symbol Error Rate (retraining)

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

MEA Electrode Column Number

M
E

A
 E

le
c
tr

o
d
e
 R

o
w

 N
u
m

b
e
r

Pattern Set Used to Encode Sine Wave Input
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Overview 
•Successfully developed sensory coding algorithm to translate living 
neuronal network (LNN) inputs into stimulation patterns 
•Sine wave test signal encoded via sensory encoding algorithm, transferred 
to LNN, and decoded from neuronal spiking 
•Preliminary assessment of short-term memory and plasticity effects in 
LNNs in the context of sine wave sensory input 

Sensory Input Coding 
•Effective input patterns must evoke computationally useful responses in 
cultures of rat cortical neurons on MEAs. 
•Candidate electrical stimulation patterns evaluated for evoked-response 
separability and reliability via a support vector machine (SVM)-based 
method 
•Genetic algorithm used to construct subsets of highly separable patterns 

LNN Input / Output – Sine Wave 
Find effective input pattern set, use to encode sine wave, and evaluate readout. 

Conclusions 
•Sensory coding algorithm can find effective codes for transferring information 
into LNNs at over 20 bits per second. 
•Repeated stimulation of LNN over several hours with same patterns may cause 
plastic changes that improve response separability 
•Some memory of previous input exists for certain input patterns 
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Communication Results and Plasticity 
•Variations in neuronal responses to the same input patterns resulted           
in a lower and more stable readout error over the course of several hours 

Train 
Patterns: 
MEA 
stimulated for 
10.7 minutes 
with 100 
candidate 
patterns 

Optimize : 
Sensory coding 
algorithm finds a 
set of 16 input 
patterns with 
91% readout 
accuracy 

Input Test: 
Optimal 
patterns used 
to represent 
0.16 Hz sine 
wave sampled 
at 4 Hz, 4 bits 
per sample 

Decode: 
SVM Classifier 
trained on 20-
minute data 
blocks and used 
to recover input 
signal from LNN     
spiking 

Evaluate: 
Recovered 
output 
compared 
against input 
signal 

𝒙𝒊(𝒕) =  𝒆−(𝒕−𝒔𝒊)/𝝉𝒔𝒊   
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Raster Plot of Stimulation and LNN Response for Three-Pattern Subsequence

MLP SVM Kernel: 
𝒕𝒂𝒏𝒉(𝜸𝒖′𝒗 + 𝑪𝟎) 

Weeks in 
vitro 

Culture # of Unique 
Patterns 

Inter-
Pattern 

Delay (ms) 

# of Trials Per 
Pattern 
 Per Run 

Time Per 
Run (min.) 

Total Time 
(hours) 

Mean Spike 
Rate (Hz); 
Burstiness 

Index  

Plot Symbol 

3 A 100 100 30 10.7 9.0 272;  0.17 

3 A 100 100 30 10.7 9.5 196;  0.23 

3 C 100 100 30 10.7 3.8 23.5;  0.33  + 

4 B 100 100 30 10.7 9.5 17.6;  0.43  □ 

5 A 100 10 100 20.8 12.1 298;  0.10 

5 D 400 50 100 50.3 12.5 156;  0.08 

6 A 100 100 30 10.7 17.8 200;  0.25 
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Genetic Algorithm: 
Selects For Most 
Separable Pattern 
Subsets 
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Mean Binary SVM Classification Accuracy for Calculation of Preceeding Sample from Present LNN Response

 

 

Experimental Data

Chance Performance

Stimulation Pattern (Sine Wave Sample Value) 

Mean SVM Classification Accuracy for  
Calculating Preceding Sample from Present Response 
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