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Verbal Expression

Yegs! How are you? IStnlo? "
: Are you QK? DO ygu want
No! y Can l|do for you?
Is wrong?
| Is so|good?
Command Expression Do you wants to play game.
. Let’s want to|sing a son
Sound indow What Love you!
Go out. Am hunary.
Love me? play! Feel dood!
Want songs? | takl Feel sad!
to play? | eat. Am lonely.

nttosturmth f . Feet .
Vant fo; Go home Feelsick

Want a game?
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SIGNAL PROCESSING
Translation DEVICE
COMMANDS

Feature |——p
Algorithm

DIGITIZE n’
SHINAL Extraction

SIGNAL
ACQUISITION

Normal

Abnormal
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Donoghue JP. Connecting cortex tQ machines: recent advances in
brain mterfaces. Nature Neurosci. V.5 1085-1088 (2002)
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BCIl in Association Cortex, by CALTECH, USA

Prosthetic Arm System

|“J|,..IL Neural algnal

Dalwnnlim

Recording from PRR:
Chronic Electrode Array
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nelral signsl Q‘.,
Epinal cord ¥ i
" Infury 5 .
Gonprake L
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am
JIUL_ Bontral signal \ ..-_:'__,_.-
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Interface to Many
Output '

: = 7
; * Decode/Cognitive Controller
r’ e~ Muscle Stimulation (Patient)
C\.é ¢ = * Robot

« Autonomous Vehicle
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Effector organ

If, D/a maged » Relay center
When / Output devices
Motor nerve = Machines
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Waveforms of
evoked response

Afferent peripheralpatlway Spike sorting
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= Visual cues (rat side)

Data acquisition .
Tripple-step
system
comparator

Real-time
Control

Water
bottle

: Step motor s s
Rotating } e j i I‘“‘f |||| |
wheel -0.5 0 05 0.5 005 -0.5 0 05 -0.5 0 0.5

TIME (sec)

M £ 0.5xSD

Patent No.10-2005-0037579
NEURAL SIGNAL BASED CONTROL DEVICE AND
MG, 2,11, StapIOL S ENET 22791 CONTROL METHOD BASED NEURAL SIGNAL
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CW[3,2,1], Stop[0], CCW[-1,-2,-3]

DataFile

_ol x|
MWindow Help _|

8]x|

DEME[(EB(E ko BOERNDE
MUY ARARAG v [RA|®

Fotate 3 times '15

Aotate 3times '40

o
-~ Water Reward Edit  Miew Server
0 'Isigﬂma 0 | sig005a 0 ~|=igl0%a |0 «|sig0l3a
0 vlb 0 ~|b 0 ~lb 0 ~|b
0 =le [T =le R I M=l
[1] vld |U vld 0 vld |U ~|d
0 ~lsigiiza [0 ~]sig0oea [0 =]sig0ia [0 =] sig014a _Acd Unit| [Def Unit]
1 - 0 ~ 0 - 0 -
[T=lb [0 =b [T =6 [0 =6 Saennel
W_;lc IEC mc IEC Gain scop Cur chan,
0= 0 ~ 0~ 0 - Gain SO0
l_—ld. [C =g [ =4 [ =4 ¥ Pasitive Filter [
mslgDDSa msigDDTa ,Esigl]ﬂa msinga I~ Negative Thri®y =1
4 :l' b mh mh mh I Zera ;gfﬂg Jremp\ates
mc mc mc IEC Sort Width 600
0 =]d |E| ~]d 0 =d |E| ~|d
Wi oAl
[T =]signda [0 =]sigiosa [0 =]sloliza [T =] sig0iGa — e g
mh 0 ~|b 0 ~lb 0 ~|b % slg05~08 Draw Lines
[0 =]e [0 =]e [0=]= 0 =]e I~ sigla~12 g;'?ﬂs‘(ﬂl ;)0"0
md md md md " sigl3~16 Eraze {sec 20
Active wif 50
MAThan, w10
fwe, of Sel 1: 0 fwve, of el 2: 0 _ Preproc | e
Stop Preproc
Fotate Once  [B Fotate Once  [20
Rotate Twice |10 Rotate Twice |30

Start Fotation :I

i~ Do not rotate

i+ Fotate Forward

" Fiotate Backward
# of Rotation: 0

" Do not Rotate
= Rotate Forward
= Rotate Backward

# of Rotation: 01

Stop Rotation

Load Cfa, |

Average window: I
{rnin: 100 ms) 1 7.5

Total # of Rotation: 0

Save Cfg,

=l

P

ding and cont

% : —select mode 5 Mewr Cfa,
A L] e | P
e it | [ e 10 20 30 I TFEE T o T Set.,, |38 Mur,, [ Activi..
m,, m,, sd,, sd,

: \ 4 :

feature : :

data extraction | g g i |G i

. 1» 92« | quantization i . HING

acquisition ——] and source unit —| control unit p=

part selection : i

part : :

Step Motor ¥
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Water drinking duration (5) =

Data asquistion unit Triple-step
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w

20
15
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Real-time
control

Water
nozzle

Step moter

. Retaling wheel
with =motch
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Time (=)
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{43}
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1 1 460
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455
e e _. 450
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A & 445
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WD Frequency / min

o
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T

o

-0.5 0 0.5
TIME (scc)

-0.5 0 0.5

12 3 456 7 8 91011121314
TRIAL

ec)

812}

-0.5 0 0.5 -0.56 0 0.5

WD Duration / min

TIME

12 3 4 5 6 7 8 910111213 14
TRIAL
_ NEURON1 NEURON2
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=
T
F
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Step Motor

0.91 0817 "0.99
28 82%

Hyung—Cheul Shin, hcshin@hallym.ac.kr, 011-9791-1645, Hallym University

115,71 23 \0.83
W;’ |.ﬁ¥§w
_ 0.6 .
CW ccw
2 .29 39 .49
35.00% 26.12%
T6-WD T6—-NWD
19 .28% 44.09%
2,77 28
STOP STOP
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CW([3,2,1], Stop[0], CCW[-1,-2,-3]
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6
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41 6%

GROUP 1
RH16

LH11

RH6
RH2(8a,b)
RH1(8a)
RH1(8b)
LH2(10a,d)
LH1(10a)
LH1(10d)
RH1(8b)
RH1(8b)
RH1(8b)
RH1(8b)
RH1(8d)

BCI system using spontaneous
activity of SI cortex for rats to

&

i,

s

:

n=

GROUP 2
LH18

LH7

RH10
RHZ2(8c,d)
RH1(8c)
RH1(8d)
LH2(10b,C)
LH1(10c)
LH1(10b)
RH1(8d)
RH1(8d)
RH1(8d)
RH1(8d)
RH1(8b)

quench thirst?

without using sensory input

and muscle movement?

minimal number of neurons for

a BCI?

efficiency of BCI dependent on

trial numbers?

operating without motor

cortex?

specific to animal’s intention?

What kind of SI neurons are

good for BCI?
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[Summary] B&ESH MAMNIE 22 E=S &=26 AANZHIXERE J[HS 9XE =&
18 Experiments were done.
1) ZI0§ BCl &8: 23%
2) NIZA 29| correlation coefficient2t= 22
3) PSD, Correlation Dimension2] Histe 24, Burst Ana|y3|801|k| BCl S84 AZZAHE B
4) SE84HO ZSI=sSSs e ABs F U022 JIHLE BT £, OIHMIEEIZ2E O St o=

Relationship Analvysis

T 1TV T1F T 1 AW TLTW TLF T AV dTV dE s Foys FoXT W FodE Fod AT
=3 22.67 18 4.535 156 135 4.31 5 -7.05 =5 -0.z2 -31.2 -=27.78 -4.75
=18 21.53 18 4. 51 Z0.54 22 3. 36 -0.99 4 -0.95 -6 22,22 -z22.04
=6 16.95 26 2. 35 21.5 29 2671 A.57 = 0.32 26 96 11.538 13.85
=7 16.57 25 =2.39 =0 28 2.567 3.39 3 018 20. 46 12 7.539
s12 15.07 17 =19 =Z1.52 e z Az E.45 15 -0.77F A28 88.235 —24.1 38
=15 8. 96 15 1.79 5.83 11 2.236 =213 -7 0. 4465 —23. 77 -38.889 24.916
s1 5 61 17 1.582 121 z4 1.811 3,46 7 a 4019 A41.1 76 -0.567
=16 . 16 17 1.79 11.39 15 2277 Z.935 1 0. 457 54 63 5.55 272
=11 461 11 1.5 7.43 15 1.782 =2.82 4 0.z252 51.17 365.36 158
=9 311 4 =N =] 1911 15 3.822 16 14 1.022 514.47 350 365
s17 2. 89 =] 1.3 2.39 v 1.228 -0.5 -1 - 0072 -17.3 -12.5 -5.538
=5 2.83 7 1.46 5.67 21 1.486 5.54 14 0.03 Z206.4 200 1.9651
=8 257 =] 1.16 9.15 19 1.7335 5.55 11 0.58 256 1537.5 49.65
=14 1.9 5 1.37 7.02 17 1.579 5.12 12 0.209 269.47 240 15.25
=10 1.74 5 1.25 1244 Z6 1.725 10.7 =1 0.475 514.94 420 57.54
=13 1.62 4 1.47 2.1 4 1.883 0.45 ] 0.413 29. 63 a 25.0395
=2 056 2 1 26.5 z29 S5.119 26.23 27 2.12 A5G4 1350 211.3
s4 0. 56 2 1 5.78 13 1.599 5.22 11 0.6 9321 550 59.94

3&@

T1TW vws T1F:r—0858, p<0.001 TLTW ws_TLF: r—0._814 ,p<0.001 dTVWWws. dF: r—0879,p<0.001
TITW ws. T1AW: r—0.879,P<0.0017 TLTW vs_. TLAVV: —0701.p=0.001 JdTW wvs. dAW: r—0.741 ,p<0.001
T1Fws. T1AW: r—0 56, p=—0.016 dF ws. dAWW: r—0.447 ,p—0.063

Y dTWws. % dF:r=0957 ,p<0.001
%% dTWW ws . % dAVY: r—=0.945, p<0.001
% dF wvs . % dAWW: r—0.905,p<0.001
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Summary for the 1D movement control using CA1 Hippocampal single neuron pair

19 Experiments were done.

1)  Maximum efficiency of the 1D: 21%

2) Correlation coefficient of CA1 neuron pair vs. Efficiency = not related

3) PSD, Change of correlation dimension vs. Efficiency = significantly related.

4) Increase of the efficiency: related to the frequency of the accessing water disk

TI1TWW T1F T 1AM TLT™WA TLF TLA WA o T dF o oo ThAY #wdF oo W

Subject1y 21.2 22 3,45 25,7 15 5,18 4.5 -7 2.72 2.72 —31.2 TaE
Subjectl12 21.1 13 .84 2.2 12 2,45 —1z2.9 -1 —3.38 —&1.1 =Tl =574
Subject19 2.3 14 1.93 139 17 A,16 —4, 4 IS 2,23 —24 21.4 11E.E
Subjiectz 1&.7 10 5,99 24 16 5,39 7.3 [S] —0.6 A3, 24 B0 =1
Subject1 5.2 13 4,21 153 14 3,93 .1 1 —0.zg 0, 85 7.6 —& Bk
Subject1g 2.2 21 0,95 4,92 1o 1.77 —7.28 -11 o.22 —29.2 —£2.3 86,1
Subijiects 2.6 16 2.8 23 26 3,179 10,4 10 0.38 B2, 08 525 13.5:
Subjiect3 11.1 =] £, A5 2.2 10 4.6 1.66 1 0,15 14,9 11.11 3,37
Subjectl10 10,1 14 2,59 4,1 2 7.4 —& -1z 4,21 —E9 4 —25.7 1265,
Subiiect 1 2,19 =] 3.27 e .2 12 4.2353 T.99 3 1.5 7. 568 33.33 424
Subject14 2.1 = 3,22 v 14 1.8 5.9 5 —1.42 2.8 BE.5 —de
Subject1 7.6 =] 3,03 0.& 1 2,13 -7 —& —0.9 —a2 —88.8 —29.7
Subljiecty 5,39 13 1.7 1.94 £ 1.8 —4.5 —2 0.1 —59. 6 —59.23 5,830
Subjecta 5.4 IS [SH 7.3 =] 2,93 3.6 [S] —3.54 32,33 200 =TI
Subject13 3.2 [S] 1.9 1.8 5 1.3 —-1.4 -1 —0.6 —43 7 —16.6 =i
Subjiecta 2,34 £ 2.1 11.2 15 2,86 9. 54 11 0.7 A7 T 275 38,7
Subject1t 1.2 £ 1.63 7.1 16 1.6 5.3 12 —0.03 294 4 300 —1.38:
Subjiects 1.41 IS 1.69 13,7 26 1.895 123 =25 021 270.9 VBB &7 122
Subjiecte o] o] ol 2B 2 23 3,93 zE.z 23 3,93
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2—D Movement Control
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(F) = M + 0.5xSD + 1
(B) =M ~ M + 0.5xSD
(L)=M — 0.5xSD ~M — 1
(R) <M — 0.5xSD —1

Start = M -0.5xSD
Stop < (M — 0.5xSD) — 1

in X, Y coordinate, n = 60,
P1:5.8 £ 0.1,-0.3 £ 0.1
P2:59+0.1,-8.1 £ 0.1
P3:0.1 £0.2,-8.3 £ 0.1
P4:-49 +0.1,-8.5+ 0.1
P5:-46 £ 0.2,-0.03 £ 0.03

o
o i LT

a1

o = Sk il

b

_________________________

____________________________
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Real-time Control of 2-Dimesional Machine Movement

Capable to access target object from 5 different positions

Rat. No.19
MA2Z24a 2
2 Neurons used
Target Target 2b (32.76 Hz)
M2 algorithm
Total 5 Trials
Target Target
position 4 Target position 2

position 3
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P1 P2 P3 P4 Ps

BMI Efficie
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% BMI Efficiency

o
o

o

o

Correlation between the efficiency of TG tasks and commands

P1 related to the % L, (r)=-0.7786

P1 inversely related to the R/L ratio ((r)=-0.6351)
P2 the ratio between L+F and R+B ((r)=0.5748)

P2 the ratio between L+F and RtB’ (r)=0.6155 P3 inversely related to the R/L ((r)=-0.5680)
P3 inversely related to the F, (r)=0.6976 and positively correlated to the F/B ((r)=0.6053).
P4 the ratio between R+F and L+B, (1)=0.6211  p4 the ratio between R+F and L+B ((r)=0.6204)

P5 related to the % R, (r)=0.7046

P5 positively related to the R/L ratio ((r)=0.5665)
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RaviDuel Simulation RaviDuel Competition
Mode Mode

I r
y

BCl System

Internet <&

Cam Server

Ll

S S
User 1 % User 3

User 2
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iDuel

Ravy

A window of the game,
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A window of a session of the game, RaviDuel+.

http://raviduel .
hallynm.ac.kr
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Extra-cellular many single neuron recording from pre-frontal cortex
and CA1 hippocampus from dogs

. Experimental Animal and surgery II.  Multi-channel single neuron recording

R T

Dogs: Yorkshire terrier (1.6~2.7 Kg)
Head plug & Microelectrode

Recording electrode (8~16 channel) implantation
Vocal cord surgery

Dog’s brain map
Plexon data acquisition system
Single unit isolation

® O
©E O
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A BCI system for 2-dimensional movement control

. BCI System Digram

PG wlth DEI
Acqusision Capability

I Brain Computer Interface System I

al Wave for {MAP)

Sound Window
b -
= Internet p— 3
- — -
L P -— =
Sound Window -~ Game Server
Control Computer

ks
B
&

(® Sound generation through a soundwindow
program for feedback to the dog to recognize
navigational outcome.

@ 2-Dimentional movement control to get food
reward

® Internet connection to play game with people

.  Command generation Algorithm

A B

3 - — - — 3 f v —————

2 :,_-l_—"“* 2ps

im 1

| I

3 Forwa 3 3 wieps
2 ng:kwr:ld 2 : 2 staps
1 Right 1: 1 step
0 : La 0 : stoy

Direction & Steps

Neuron A

Neuron B for step value
for direction value

@ Neuron A’s Activity > Triple—threshold Algorithm—>
4 commands (Forward, Backward, Left & Right).
@ Neuron B’s Activity=> movement distance (3, 2, 1,

0 steps).
® Every 200 msec
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2-Dimensional Sound Window

11

[2]

[3]

M

[T =msns am e e

i=)

#z mazn | smAzas |

SNE—E On | o I

My [OTEEET e [{1E

Sound Window Program

II.  Allocated human voices (n=9)
on the 2-D Sound Window

BAP MooL MATNA

Pl

Hhe T me)

;I Por Num
7

—BETDs WE e gw

MUKGOPA | MUKGOSIPA JUSEYD

JUINNIM JOENUN XX BAEGOPA

@ Server states

@ Control for Size & Number of the sound beeping

region
@ Server setting and switch for sounds

@ Lists of sound files

® Freequency of sound and manual control of food
disk

L e YEYOD
T oo ge
E;zmsa W2 R -
Foedr——
e e — -
o | -

@ Navigating red point controlled by the
change of neural activity.

@ If the red point stay in a section of the
sound window, then allocated beeping
sounds were generated.

@ If it stays in a sector more than a
second, then an allocated human
voice were generated.
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Russian
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Food Disc Pathways

W ovamenton Axis lgsementon tis Hormmmaton Axi

IEERRE:

| =

Posion on Axds
t
Posionon Axis

et

Tims (ssch U (=2
Food : Intention No food : No Intention
D s E D s E L 2 s
644 2636 4L 7I% 243.1  189.7  78.08% BHZGEE R R
Distance (mm) | shortcut | efficiency
P2 P3 P4 Navigation Pathways from each target poistion
Type 1 Type 2 Type 3
: 1 1
P1 dog P5 — @ ® ®
g R Cobre-ComtmizD, L \
=
. . .
i (1) l / 25% 50% 25%
b s . = = 542%  35.4%  10.4%
239.1 78.9 33.0% / 65.2% 34.8%
@ (o2
55.6% 44.4%
— 40.0% .0%
P Ps ._I 0.0 60.0
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Differences of Neural activities

A A Backward
No food , With food, V.Intention, Rest
Right Left
o5 Xk ok
% r
45 —
g 35 % Ff‘mj)d
g_ N lI—| m Nofood %\\\
= ' m Withfood At
o 15 Vi ,
s isual Intention
3 -: M Rest
> Nofood Withfood Visual Rest
Intention
Diffences of Neural activities in each tasks
Mean
Comparison Difference @ P value
Nofood vs With food -20.723 4.266 * P<0.05
Nofood vs V.Intetion -8.678 1.787 ns P>0.05
Nofood vs Rest 12.579 2.590 ns P>0.05
With food vs V.Intetion 12.045 2.480 ns P>0.05
With food vs Rest 33.302 6.856 *** P<0.001
V.Intetion vs Rest 21.257 4.376 = P<0.05

Correlation between the duration of TG tasks
and commands

P1 related to the R/L, F/B and (L+F)/(R+8)
ratio ((r)=0.5485, 0.679, 0.8803
respectively)

P2 the ratio between R+F and L+B

iri=0.5642g; and R/L ratio
1)=0.6347

P3 strongly related to the (L+F)/(R+B)
((r)=1)

P4 the ratio between R/L ((r)=0.7175)

P5 positively related to the R/L ratio
((r)=0.7994)
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Fully automated Internet game between a BCl-interfaced dog and a
human internet user

|.  System Diagram for Internet Game b/w Il. Automated Fishing Game
BCl| dog and internet users
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Decoding olfactory information from a doq:
Medical Doc Doq for early cancer detection

Dachshund

1: olfactory bulb

Nucleus
Hypothalamus } g

\ )/

Integrated behavioural, endocrine
and autonomic responses
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Wireless Communication & Display for freely moving BCI dog

Data communication Waveform Chart
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Graph On/Off
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Simultaneous recording of NIRS response and electroneural responses

NIRS setup

Imagent from ISS

4-channel optical probe (core 400 um)
Light sources are 690 and 830 nm
Sampling rate is 20.2 Hz

Optical fibers

Optical post .

Electrical recording setup
1-channel tungsten electrode
Sampling rate: 2000 Hz

Post holder

Manipulating
arm Animal preparation
@ Female Sprague-Dawley rats (250~300 g)
@ Anaesthetized with urethane
Tungsten @ Needles of bio-stimulator are inserted in the B4
electrode and E1 of the left whisker
@ Optical fibers are placed on the skull surface

(used dental cement)

Sources

Detector

BioMedical Optics Lab., Yonsei University
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Development of a Dog commanding 9
human expressions using a Sound Window
as an aural 2-D neuro—feedback

A fully automated internet game
between a Dog and a human player

= BMI (Brain-Machine Interfgce)

o 23 2 23
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Published Papers

1. IEEE-CS ICHIT 2006 V.2 600-604, Development of a Neuron Based Internet Game Driven by a Brain-Computer
Interface System

2. Electronics Letters 2007, Vol. 43, Issue 25, 1408-1410, Development of neuronal signal mapping method for 2D encoding-
based brain-computer interface system
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Brain Volume (cm3)

- ® Australopithecus afarensis
1800 1T . + Australopithecus africanus
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FiG. 4. Brain size (in cm?) plotted against time (Myr) for specimens attributed to Hominidae.
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