Real-time seizure detection In IEEG using neuromorphic hardware
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o We developed a spiking neural network (SNN) and
implemented it on a mixed-signal analog/digital
neuromorphic chip (DYNAPSE).

e We build on previous detection of high-frequency
oscillations with the same technology [2].

o Dataset: 7 patients, 492 hours of recording, 62 seizures.

e Traditional seizure monitoring (e.g. seizure diaries) is often
Inaccurate. There is a need for more precise, automated
seizure detection systems.

e Chipsare time-frequency patterns initiating seizures [1).

e Researchgoal: To detect chirps in intracranial
electroencephalography (IEEG) with neuromorphic hardware.

1. Chirp pattems in IEEG initiate a seizure
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A) Raw IEEG data from the seizure onset channel.
B) Spectrogram shows a chirp pattern that initiates the seizure onset. Chirp count activation in violet.

2. SNN pipeline to detect chirps in IEEG using DYNAP-SE

4 Ve "\
a Software | b c Hardware
30-40 Hz
) TN
= o)
g - 25-35 Hz
C
2 2 TN
o -
o L -
L c 20-30 Hz
/’—‘\\
[ ]
) ‘ 15-25 Hz
Time (s) SN , 1
+ ® & 20 @ .
30-40 Hz | o 00 0 o0 ® 10-20 Hz (% On-chip
oe| w T ———— - S ———r———— = = population
25y ¢ IR 4 7 et Excitatory
. : : S— 0-10 Hz connection
e - e e e
S ,,-_p,:c,*""-'T\.':“'.':;:'-‘-'-'*'_:.:Ei:i-r"_‘-'-,-'-u. T _.-.i-'a.'t-,-'-'.-:,-'a.i .11'-1'_-;_:.:'.'..*'.*5"'-""-‘J h-iL-'.]_..-':{ .I.J'_.ﬂ';',,l‘,l‘:‘l_fr, / .
‘*‘*FAMH: | Ladiilande ah ud. bt utﬂh’ff' Freq. pops | cc:::ietﬁﬁ:?:
-50 : . : - = W -
> 20-30 Hz o 3
[— 50 e - L Al e R [ ]
o PP “'““mww e ' o Counting
S =0 T e o 0o 00| o o
4= 1
= ' ' ' ' Count. pop
Q 15-25 Hz
£ 100 — ‘
< N wPR—— ..,.“.ﬂmmmw
100 | e i St o
10-20 Hz
100 -
PRI — WWW‘WWW Delay pop >
-100 5 oAl : |
| | 0-10 Hz | | 0
250 e & & B it Grll o8 B el ~ Disinhibition
i :
0 n\\,n.,s'mh,"“J‘u"h"n"‘v-kwwﬁ."‘m,.aww"M;mfw'v".ﬂ,wﬂ“w*nﬂ'l,"ﬁ";’”rf\'i""ﬂ""f-r‘f'wmdu "H Disinh :
- TV N R ittshe i A | Isinh. pop
o . | 14 ~ - ° Time (s) 45
\ Time (s) AN J

A) IEEG filtered into frequency bands and encoded into events (ADM).
B) SNN (DYNAP-SE): Each population inhibits all but next lower frequency. Disinhibition blocks counting pop if highs are inactive.
C) The second and third lowest frequency SNN populations connect to the chirp count population, detecting the chirnp/seizure.

3. Hardware SNN detects chinps in iIEEG 4, Sensitivity and FAR for 7 patients
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Correct detection of 4 consecutive seizures. SNN output for Sum 492 62 56 6 110 90[81 96]
Patient 6 in neuronal populations corresponding to the 6
frequency bands and the chirp counting during 4 h of
continuous IEEG recording. The 4 chirp detections (vertical
violet bars) co-occur with the annotated seizures (vertical red Condusions
lines), indicating correct detection (true positives TP). . . .
We detected 56/62 (90%) seizures in pre-recorded iEEG data
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Detecting chirps in IEEG identifies seizures in real-time.

ECoG using a real-time spiking neural network hardware framework.
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