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Fig. 1. Multielectrode array and real time monitor window of MEA60 system. (a)
Multielectrode array (MEA) composed of 8X8 arrays. - Retinal piece attached on
MEA - Real time recording window of retinal ganglion cell activity : 60 channels are
shown. (b) Schematic cross-section of MEA, not to scale.

100w

1600us 1600us 1600us

Fig. 2. Spike sorting method. (a) Spontaneous retinal ganglion cell action potential
recorded with one of MEA channel. X axis'time, Y axis:amplitude (uV); two blue
lines show noise bandwidth and white line shows threshold level for detection of
spike. (b) Signal was detected when the original recording data crosses the threshold.
Duration of window was set with 1600 psec. (¢) Waveform window shows the
superimposed waveforms aligned at the threshold crossing times.
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Select point

Fig. 3. PCA-based Cluster. (a) One examplar waveform composed of 40 sampling
pomnts. (b) 2D projection of PCA-based clusters. All 1945 points represent each wave-
form of Fig. 2C. X value represents calculated principal component 1 (PC1) and y
value represents calculated principal component 2 (IPC2). Circle indicates the point

which represents waveform of Fig. 3 (a).

A
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(b)

Fig. 4. Waveform detection

a)W_
1§

from PCA-based Cluster. (a)

s 100 yy

Spontaneous

retinal ganglion cell action potential recorded with one of MEA channel. X
axis ‘time, Y axis:amplitude (¢V); two blue lines show noise bandwidth

and white line shows threshold level for detection of spike. (b)

"wo PCA-

based clusters were shown with different colors. (¢) Two waveforms from
two PCA-based clusters were shown with different colors.
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Table 1. How to calculate the PC1 and PC2.

o 1) o 2 x( 0 U xlt) o 2At) * x)
1 0.12016 -0.05679 6 0.77496 -0.34074
2 0.1458. -0.0597 6 0.8748 -0.3582
3 0.16368 -0.04463 8 1.30944 -0.35704
.. 4 0.16923 -0.02002 0 ] .0
5 0.15765 0.0079 -5 -0.78825 -0.0395
6 0.12165 0.05126 -12 -1.4598 -0.61512
7 0.07219 0.13677 ~26 -1.87694 -3.55602
8 0.05311 0.221 -66 -3.50526 -~14.586
9 0.0592 0.25971 -89 -5.2688 -23.1142
10 0.04525 0.23142 -112 -5.068 -25.919
11 -0.07125 -0.11961 ~-118 8.4075 14.11398
12 -0.08093 -0.29965 -120 9.7116 35.958
13 -0.03872 -0.34964 -95 3.6784 33.2158
14 0.02416 -0.36447 -58 -1.40128 21.13926
15 0.08412 -0.34021 -31. =2.60772 10.54651
16 0.12564 -0.29689 -11 -1.38204 3.26579
17 0.15127 -0.25321 0 0 0
18 0.16857 -0.2117 23 3.87711 -4.8691
19 0.17982 -0.1733 39 7.01298 -6.7587
20 0.18692 -0.13853 44 8.22448 -6.09532
21 0.19171. -0.10488 45 8.62695 -4.7196
22 0.19456 -0.07079 49 9.53344 -3.46871
23 0.1954 -0.03815 49 9.5746 -1.86935
24  0.19502 —0.01 52 10.14104 -0.52
25 0.19474 0.01337 49 9.54226 0.65513
26 0.1952 0.03405 49 9.5648 1.66845
27 0.19549 0.04689 49 9.57901 2.29761
28 0.19647 0.05326 46  9.03762 2.44996
29 0.1977 0.0564 45 8.8965 2.538
30 0.19858 0.0617 43 8.53894 2.6531
31 0.19746 0.06869 43 8.49078 2.95367
32 0.1954 0.07263 45 8.793 3.26835
33 0.19357 0.07449 42 8.12994 3.12858
34 0.19047 0.07459 41 7.80927 3.05819
35 0.1846 0.07443 38 7.0148 2.82834
36...0.17785 0.07257 36 6.4026 2.61252
37 0.17064 0.07042 35 5.9724 2.4647
38 0.16226 0.06652 32 5.19232 2.12864
39 0.1522  0.05903 26 3.9572 1.53478
40 0.14433 0.05149 25 3.60825 1.28725
SUM 178.9189 58.57998
PC1 PC2

Since 1600 psec waveform is composed of 40 sample points,
all the columns have 40 rows.

The first column shows the ¢1(t): first eigenvector (¢
1)=[ ¢ 1(1),..., 41(40)]).

The second column shows the ¢2(t): second eigenvector ( ¢
200)=[ 4 2(1),..., 42(40)D.

The third column shows the amplitude of each x point.

The Sum of forth column is PCl1, since PC1 =3 4 1(1)*x(t).
The Sum of fifth column is PC2, since PC2 =2 @ 2(t)*x(t).
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PCA-based Waveform Classification of
Rabbit Retinal Ganglion Cell Activity

Gye-Hwan Jin*, Hyun Sook Cho, Tae Soo Lee* and Yong Sook Goo

Department of Physiology & Biomedical Engineering’
Chungbuk National University Medical School, Cheongju, Korea

The Principal component analysis (PCA) is a well-known data analysis method that is useful in linear
feature extraction and data compression. The PCA is a linear transformation that applies an orthogonal
rotation to the original data, so as to maximize the retained variance. PCA is a classical technique for
obtaining an optimal overall mapping of linearly dependent patterns of correlation between variables (e.g.
neurons). PCA provides, in the mean-squared error sense, an optimal linear mapping of the signals which
are spread across a group of variables. These signals are concentrated into the first few components,
while the noise, i.e. variance which is uncorrelated across variables, is sequestered in the remaining
components. PCA has been used extensively to resolve temporal patterns in neurophysiological recordings.
Because the retinal signal is stochastic process, PCA can be used to identify the retinal spikes. With
excised rabbit eye, retina was isolated. A piece of retina was attached with the ganglion cell side to the
surface of the microelectrode array (MEA). The MEA consisted of glass plate with 60 substrate
integrated and insulated golden connection lanes terminating in an 8X8 array (spacing 200 um, electrode
diameter 30 uym) in the center of the plate. The MEA 60 system was used for the recording of retinal
ganglion cell activity. The action potentials of each channel were sorted by off-line analysis tool. Spikes
were detected with a threshold criterion and sorted according to their principal component composition.
The first (PC1) and second principal component values (PC2) were calculated using all the waveforms of
the each channel and all n time points in the waveform, where several clusters could be separated clearly
in two dimension. We verified that PCA-based waveform detection was effective as an initial approach

for spike sorting method.

Key Words : PCA, Retinal ganglion cell, Microelectrode array (MEA), Principal component
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