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2009

A

UNIST &7 |HXIAFEI St

™ B
e i

220k  Analog 2! RF IC design, wireless power
transfer, bio—electronics microsystems

E-mail bien@unist.ac.kr

Homepage bicdl.unist.ac.kr




3 HILY O]& 2= EX|E
=z Me| Of2=1 &%

Vol. 226 April 2016 | 11

L|AZ T} B

| ) —

i
A
rior
=2
gl__l
onl
gﬂ
rr
L
gl
oy O
[0}
e
o)
O
)
=
A=
i=l
[
>
0%

(Parkinson’s disease) 52 X|
brain stimulation(DBS), At =

A|ZE ZEX|(retinal implant), AZF AMZ A

lo on
o N
= 40
L ron
0= 4
(o)l Ok
2
(TR
[l
J
Lot
=4
$0
rir
ro
O
o
40
o)al
ﬂ
o
(@}
(@]
=y
@D
©

>
=
=
1>
0
-

AA H7| X (neural stimulation) 7[5

HU ofn
Jio
ikl
10

brain—machine—interface(BM) & HI=X|
0] M MAMCE o4 ¢t 7| 2tnt tet SOl

ICH3 0|2} CI20] Afn =S ZHo)| w2t o]

=i

g

7H

n

ival
T A
toir
™ Hu
2]

(o)

0z
fJ
4

=

M
=

ro

EALE Foivt Y

St7] flgt A of

0
inl
il
on
mjo
ro
Ok
I¢)
il
o
o
o
i
2
=)

1=
Olo 1A
H
>
oM
>
fol
~
I
0zt
>

[(neural re—

~

o
e
i
e
f
o
0

~
I3

N
>
on
10
M
=
Hu
=
ro

cording prosthetic device)2| &7
=1

2
=
L

e m o
1>
0o
2l
Rl
10
U

Mo o
nA
0F
2
o
o
0z
m
N
I
oz
2
N

e
1]

o
Rall
HU
10

HE )
22 24m QAP M MO T3 g

oo
$0
rr
=
o
Tol
ol
[e] Oz_
=2

o
(o
=

o
o
A
o

0l 7|z9 H& ool

B0l EAHMA 22 7|

oI of SHEH H FO| LTS AL UL, =L Bt o=
u] A

of 172 & Fo|oh 522 37 =iyt 2 A2 U2,

4 R
T
(@}
=2
=5
[
2
Rl
=
N
1
b

Qo] X |2 2ME |5t neural stimulation®]

|2 ol JHE UL, Z20] M=

0
4T

OlMS] F&(neuron)? LsH(iing) E48E SYeH T elec—
trode/probe)E 0|&3510f ZX|
neural recording &4 3|2 228 F76t04 5tLto] HH=X|

Y otof e tid AME = " AE MSE VISste

3 % 012 TR U sM6h| 913
=2

(multi—channel bidirectional neural stimulation and recording)
AAEI0] 52 gt =1 QL= 0|, of glofl £ T2 o2

=

g
T
A

2 o o
glz g4 e

H-I-
ol'o

wr
—

TS
=13

HHE X2 SXO| DBS HAIOA] [of & E2{0f A2 £E0]
AS HEZ Il neural recordinge AlBAC 2 alistn QT
N

Lxl(seizure) 1 22 0T EF O|HIE Q] LAMZTI0| HU i
triggeringS Sl stimulatorS ASA|7 = closed—loop SERQ)
AARIE Z[Z0f i ST QUTHS (- 1)H0l| LI*E QIS0 0[2{St
ANAES OfL27T front—end A& HMe| 22 &0t ofLzt

24

rx

XM 2 Be| OXlE Als A2, 22D 04 2

4 1
Rl
N0
or

3

X.j
EAl &
ST S

K| shel g & etofl 2Lt neural

interface system—on—chip(SoC) HENZ Jigt=|1 It

Stimulation

Bidirectional

Neural SoC

Bidirectional Analog Front-End

Multi-Channel Stimulator

1]

Digital Signal
Processor

Multi-Channel Recorder

Wireless Power Conversion

and Manaﬁe ment

Wireless Communication

Transceiver

a8 1. o AMSX2| SoCl 72 2Ex

2 ZojA= 0lafet HAZE MBI oltR T TXEZ
Alagiol 2125t A7K 8 7les S8, 32|70 ofe} B &

=

AL W Af|oll tHell M SFotAt St



N1Ees

Sk

2

IDEC

MWJZ&#

12

II. Neural Interface SoCOj| A

stimulator®} recorder?| 7| &
o At _?__IEI_| >
O Tl e

OFZ A=
(] =2 25 5)2 M=
ez SA6H, H7| A=
&t X=(voltage—controlled
={(constant-charge con—
015t X=2 7iok= WY
(constant—current controlled stimulation) S0| ZXHSICt X}=9]
DHOIM 71 St AMEe s Lol A=2
= X5 22l0f Tt MaHresidual charge)7t TtRoliA=
T, YR o= ot TIofel K07 L4531 T o] EAI0]
Jhe g S O =3 ok (3E 2)0iM 2 4 AUXOI

olr
M

neural stimulator®| 7|2 242 LB O 2 digital control logic,
(DA

>+>40HT|

trolled stimulation), 212|101 MFE

0| BL

digital-to—analog  converter(DAC), output current  driver,

charge balancer®| SEHZ 0|20 MUCE QUE2EE M 22

FHZol [EfEf DAC—output current driver2 X014 212Jo] X|=

J= TIF SEIE YMAA TF0| TES st ECk o] e

= Hf%% E& biphasic YEIE AE5IHH,

AL} anodic BAS Moo A= S& = Zoh L0
H

Slet E9of ot QUX| =2 Sict 5|0t

SHHoZ LMSH= mismatcholl 2ehA THHZ0| 222 &Y
Sl |1, 01Z 2FFlet HRIIIX| MHst | Yleiie B& 5
L= 55 BA9 charge balancer 3|25 [t LR 2 ottt
A= mHye| 4oz Ik FEfZ HO| AL &L, S8 2010l
2 CHE SRR M o 4 QIE= Qlojof iiAlo2 JSE=
BRE QUL Neural stimulationOf| M2 22 Ms X|HE= oot
25 EM(neural response)2 7| 5l tissuez2 MY 7hssot
ol F7(e HRIt SR5tH, S8 200 et HE 4
kQOo| Z2 AUn|HA IS Zt= TM=—tissue interfacedl| 25t
37|19 MFE( uA-1 mAO|Y) SEE == UO{OF SHCH HEDE
cathodic TF2} anodic MFO| UX|AM, CHefst m&o| AN
programmability, X's <~ CiAHE 2t&E Test M= Aot

Y,
HY AR S0| S2ot §s X|HO[CE

Skin/tissue
Wireless power and command
recovery/management

Neural Stimulator IC
Control
Logic

| Charge Balancer

Digital Signal Processor

Output
Current
Driver

Y

External Unit
\
Electrode Array

Wireless transceiver

T

Stimulation Waveform

Repetition period
Stimulation period
Anodic pulse
Pulse duration
: t
—| H Interphasic delay

_)k_ Cathodic pulse

Charge balancing period

33 2. Neural stimulator?| 7|2 1=t MME X2 ofe| E4

BMI AJARIOIN AE AMSE £ 3 GG | ${o O EA
neural recording & 3|2 A|AEIO|
electroencephalography(EEG), electrocorticography(ECoG),
neural spikelaction potential, AP)2} local field potential(LFP)2|
Z=2 JAHZC} 0| £ ALY 0|Al=l microelectrode array(MEA)
£ 0|85t 71 Telieeol HAlE AMs 7150 7Hset A2
AP2} LFPO|C}, LFP= recording site =20 X2 25
LO{X U= o neuronS0l| 2ol LMEl= SS9
S&EE 2J0/5HH, 100uVppoilA 1mVppel TI=E 211 1Hz 05k
OlA 2 200HzZ7FK|S] KiF=mt CHAOI A 2HEHEIC BHHOY| re—
cording site =20l 717t0] = 8 = 42| neurondi| 2|5k
LAE= AP AS 9] 42 40l 8 uvppel 37]0]

OF 100HZOl| A Z|CH 5~10kHz HEQ| FIf4 CHHO|A ZHEEFEICT

2t 22 neural recording AABISE2 HEE &5, 0|15
2™ A YE =™ 58 S5 LFPRF APSE SA| XI2| 3tALE
s0

£ 50 sttE *elste Hef= 7HEm QTP
3 Q= neural recorder && 3|29| 7|2 2
Mo HE low—noise amplifier(LNA), programmable gain am—
plifier(PGA), fitter, analog—to—digital converter(ADC)Z 0|20
UL, AAEIO] M2t Pt =M X0l UAs UL
Neural recorder front-end2| 2=
tissue interface 22 & B0} X &
CXE S 2 Het

—l—l- = =

2O A ASE FMI-

= OXE L



Vol. 226 April 2016 | 13

=582

TEsh= A0IH, ofeh 2l Tl Al Me|et HE0 H=2
(thermal noise®@} 1/f noise)zZt DC offsetnt 242 2L NEES
e 51t 3 SSX0E X2lg & 4 U=X|7} recording
3|2 Mo mziolCh m2kA F2of 0|2 e ot 3|2 A

71&S0] LYo Motel= &&olct 6t 0| tiAfd= =y

St 0 M ARt HAMZ o8| z|Ast g ZIX|0f Chgt
2oto] SRsICt 0|5 PloiM= A F1201 Cifeh S 24 I
T 3|20 Cliet H27F S0 F FAIEC recording chain2
Ne Z|=sfel M Am 2 HXNO| FAsHE Shst 4= QI

Skin/tissue
Wireless power and command
recovery/management
>
= Neural Recorder IC ®
s [
= <
= a
© > . i
-t o
£ - -]
o T ' =
L . %}
= A a
(7] . -
: w
Digital Signal Processor :
.
Wireless transceiver H
— \:’ _—

W\U‘J\W‘u”lﬂ i
ECoG FW 2.2&5::\!
s W’\ VAR

¢ ~500 pv
0.1-T kHz|

1! 3. Neural recorder?| 7|2 4=t 7|1Z0| 7ks6t
LMA MSO EY

II. Neural Interface SoC ¥3t
N =2 >

AL 0lAIE A1 A= 2 AF AS 715 AABIS XME Ty
E2lof wat AARS| M5 &7 S0| ChA CH2 7 |= o[t 7[gt
ARl 7|1 A 2 I O2X| Yo, 7 S GAl 2

fO[7} QI A CIERIS 7120 LHE ¢ ZAute] 0=

imulation2t 7ts38tHL 22 recording@t 7tset AIAEO]
QloLt zlZoll= stimulationg E51 19| sy 220 A=
ket & 1 PSS EEeh| flal 22 fR0N sYt X=g
Sall APRLLFPE 28l ME AsE 7126k 7150] 71 &
stimulation=recording SEN2| closed—loop AIAEIE JHEte 1
Qot E 2 o2 Hel ME As JVISS Solf AR 2Ee

St QUCH7E YhEtol ZE0| MZS I stimulations Adtich=
recording=stimulation SEH2| closed—loop AIAEIE JHE |11
U= FAMoICt, Xt HEH SO 02l A AF0Al CrYst
SEfQ] LSl neural SoC A|ABISO0| 7 EDT QoL 0] &
TR AT 5 S9=25Y ilELOiI L= ZTE ATHGHEH

(= 4o A= 2014 0] CHEHO| THSH AT TS0 M LESH |
ME MHE 25t 8- LISk neural interface SoC &7

Z05 HoFm Yt

- 8xd 7|= 2ot HY ME 1= 3|2E Helsln e,
= 3|29 AL Z|tf 30 uA =2 MR E S50t

— SoC Lo RAIxes et 2

ME e 2 TR MY 3|2 1|2 DSP
MedRadio T SMSL 47| S0 HHE0] UL
180nm CMOS 2XE 0|25t0{ T&15IUCtH

oh

2 4. IEEE JSSC 201401 LhaE L3F neural SoC

rot

(O3 5)0A= 2015E0] 0= thst A 20N L'
64/8-xHe LEISF neural interface SoC ¢t AT HoiZn

UL,

- 64xid 712 s|=et 8iE X225 2E ol
A= 29| AL |t 900uA =2 M=2E B3 4= ULt
— 65nm CMOS 3&E 0I83st0d FelsiRie, o aid & &
HA 0] 2+2H0.0169mm2(stimulator)2} 0
corder) 2M FARGH 042] SoC & 71 &2 TR d5s
LRACE



14

38l 5. IEEE JSSC 201501 A HE & fEret neural SoC

(a8 6)UlM= 20140] 0|=9] o2 &X| & 7|1} Chstof|
N 25 21 o 32-xg ek neural interface SoCe| 17
Z0E 2030 UL,

- 32xd ®7| = 328

— 0.25um HV CMOSZ2HE 0|23510 Tolsidie, A=2 &
S22 HASIRE F O HoZ L

2! 6. IEEE ESSCIRC 201401 Af 245

E e 32-%

=l neural SoC

IV. &k k| MA MS 22|
Ofd = HAMS[Zo A2
ZHEE>

= Q10|

front=end-%

i
0
Pl

Q
o
odl
=]
e
fil
1

M= -neural-interface SoC= =
SELSIEE AR e Sl Sl Ea 1 Y
SH0| of HE OMOS 882 AfE5101 eifol= =

ACL P KO =2 UUEA IS Zh=Fi=

ol
Q'E
]

i
o
ikl

—tissue interface

Ol M RI5k= neural responseES 27| flsiAs =28 379

M2E 2 4 oot 510, 012 shM= stimulator S2{0fA]
IHY SE0| LRSIt 0[QF E2| neural recording 222
ZESE LIHA| A S|259 42 M3 ABE x|Asts})|
flaliM= x

HYUS AMEotH Felole 0] Reloiti =
=]

QICt, kA stimulation £

10V OMOll M 20V77HK| S2fGH= ZR7H B0bM, BE MU0l
IYHo2 SX0| 7t55 E4 HiEX| 3N =2 0T M0
ISIE BHE 0|85t0] SI2ES BB, SHX|2t 0] DHY)
EXIAHS E2 & WolM RX|h= HAO| EFE CMOS
AXSEC 20, 7|4 capacitance®t on—Xgte] 20| AT
o= ACk= Xt UL, Mot HIPL S71eichs HEE Qloh
0|ef &2| 2 A4 159| B2 neural recording 3|2 ££9]

N AAIE UG 0] w2t stimulator 2|2 FRI7HA|
MEY HE CMOS BI=X| SHE AM&shs 8= UL,
=Y A= HF 27|0f SA7E Ldett.
(Og NoilMs 2 AA0AM HMeteh UYet ofg=1 front—
end 2|2E 7t/ BOF1 QU0 HE EMXIAHES 0|88
7% S&3dt0] 12.8ve
E
T =

(o]}

stackingZ} dynamic gate biasing 7|&
e E%*(Hl)d SEGIHAL Z|Of 1mALS] H gt 4~ Ql
E2}0|HE 180nm CMOS #& 27X

0] o] EFozs

a1

xast

stimulatore] M& ==
0|25t0] 7L5I5IHCE?
oM SYet ©

[ L]

mo rir

=St neural site

o
0o
ol
2

== stimulation®t recording2 4~ &
o stimulation 3|29 TXe £H0ZLRE MY recording
20| 32 HES ARIE Sof H5E HWeJt e, 0I5

E2t0|Hf LHO M=+g0] TFset AT ARAXIE L

39
_'E‘_U)

o} s cagli=aiee
SFEISERICrE T font—ond ol



Vol. 226 April 2016 | 15

Tek JuL @ Stop M Pos: 0,0005 CH2
*

Coupling
O

I10V

10 VI Probe
‘!U.&
Invert

M 25005 CH2 7 5.20%
MATH 5.00v 1.00000kHz

3 8 MoHE MR £ c=alolHol A3 o & 2P

V.2&)>
2 20M= AU 0142 2l FXIE et HliE dlsxiz|
S|=0| 7Hfst Alet Te Sefof chall T2
O TS A7} 2| SAE|HA AlZE 22 XISt
HO|HA JHIHQIS] @710 S&(customized) X|=22t
=HM0oZ AU 0|AE neural interface SoC= & B0 2
O LACHEL}, =1 5H0IIA 1004 H 0l ©Y recording
ZHE AAHOM 11

1

§9

51_

|'>|

b0

Jo i mﬁ o X
SNOmo N A

oo

& B SR
e, Mz 2| 7Is7K] 25 SgfeEl OaliEe) closed-loop
= 2t A SOl ol HE S22
S 7240] ot S8 20f0]l w2t proprietary SENE pro—
totype AIAEIO| JHL =D QPR = 2= QLo Sio0l= LS
z|MetE Heg zte g ZatE0T i F 7102 HOIL,
ESH MA| neural SoC MAEIS HsS0M 2 8B5S 2= in—
terface OF 271 ZIA 5|2 HHOI O JH{Et0] = 2|E0t OfL|2}

TUOIME B Zis 2 2= 7Itheict

stimulation 7|2t

w
Q
O
HuU
[
>
0
K
50
i
il

-

o

==
Al

1 W.-M. Chen 2], A fully integrated 8-channel closed-loop neu-

ral-prosthetic CMOS SoC for real-time epileptic seizure con-

trol, IEEE J. of Solid-State Circuits, vol. 49, no.1, Jan. 2014.

2 H.-G. Rhew 2|, A fully self-contained logarithmic closed-loop
deep brain stimulation SoC with wireless telemetry and wire-

less power management, IEEE J. of Solid-State Circuits, vol.

49, n0.10, pp. 2213-2227, Oct. 2014.

3 W. Biederman 2|, A 4.78 mm fully-integrated neuromodula-
tion SoC combining 64 acquisition channels with digital com-
pression and simultaneous dual stimulation, IEEE J. of Sol-

id-State Circuits, vol.50, no.4, Apr. 2015.

4 R. R. Harrison, The design of integrated circuits to observe

brain activity, Proceedings of the IEEE, vol. 96, no. 7, Jul.
2008.

5 X. Zou 2|, A 100-channel 1-mW implantable neural recording
IC, IEEE Trans. Circuits and Systems I, vol. 60, no. 10, Oct.

2013.

6 D Cong 2|, A 32-channel modular bi-directional neural inter-

face system with embedded DSP for closed-loop operation,

IEEE ESSCIRC 2014, pp. 99-102.

7 A. Banuaji and H.-K. Cha, A 15-V bidirectional ultrasound
interface analog front-end IC for medical imaging using stand-
ard CMOS technology, IEEE Trans. Circuits and Systems II,
vol.61, no. 8, Aug 2014.

8 A.Abdiand H--K. Cha, A high-voltage compliant neural stim-

ulation IC for implant devices using standard CMOS process,

J. of TEIE, vol.52;-no. 5, May 2015.

9 A-Abdi and H.-K. Cha, Bidirectional neural-interface ana-
logue front-end IC for implantable devices using standard
CMOS process, manuscript submitted and under peer review,
Mar. 2016

H2IHE

5 7

A

T

2%

Mgt |shstn
r

My|yeBstm

F GTR0F OfR/RF BN 312 Y AIAY A7)
E—mail hkcha@seoultech.ac.kr

Homepage http://eie.seoultech.ac.kr



e D e e =
U105 ) | BE D el AR
FMA RIS E =n RS B U®O ek

| T

T

I3 S ————
= | ll =

S| & . — + L
> > >

SN 3 2HEIE 250 IS Ao chet

16

SilvacoA}

Gateway

A =4

Schematic Editor

B.7M&

—

Gateway= SS/AI5S 2412 XIEsH, EDIF 200 #&= Sall EFAF A7|0HE]

Cateway= MY 282 Sofl U= @AM AEY + e, EF ¥=2

AMO|AR Chof 47| K HIA=ZXIE X2|g

C. Supported platform

- Red Hat Enterprise (32/64bit) Linux 5, 6

- Windows XP, Windows 7 Professional (32/64bit)

D E2l

« M O

- HEl-H, HE-AIE, ASE IC UXRIE MY 2 oXot= ZEst A7|0fE
A HoltH 7Iis

si= moll 32A-m2d] i3 CJAZYH0|, siAMS 2HE0{ SmantSpice 3|2
AEel0[EQ RASH Sgf

- HSPICES} B3HE]= 212 o= A
- I:|X|'O|_| %!O'”)\-I Af‘%ﬁl’% %ﬂ} Q%QJ E|-O|EE-|E|§ $|5H _g__IC}I_ %EAE‘HNAE
OIS AKX} Z2MEZ 1|of

- EDIF 2002 S50 EtAte] AZ|OHE] 24X E2EE XMet

- 5iLto] AF|OHEIC 22 E AIS2{0]M, NDL, LVSZ |6t HIZ|AE AA




255 7|5

- =, MEAZ 5t A7I0HE H Verilog-A 22| 4 80

- AlZ2o|H, A7|BIE-E2[2-20[0IR, LVS &S Ploll ZZHRI dE
S

- Bhs 2 5l 7|E A 29| o 20|82 I3 MR 1

28, P HHALE, thate S &2lshy| et 2ol AM 3 W

- 25 MBS 4 QL= 27, 2l0]2212], 7IE S|2040] XYS 9fet AS UK

- 210[01, A, H]
« AR :ruggf

- CIxfQI-E-012

AtE 2 2HEHO| THO|

 AfRAZ 2HOM REHC 29| MJ| YAl S, HIX| AE2|01H8 HMHE
Z301 AtE0l| He

- 20|222|E HE LS MEAL 28 2F & EDIFE 0[8¢t 7IE H|0[H 9
=¢jof 80|

- At ALBAIE RlRt =3 Vs B S8
« AF|IHEHC 2R HiZ HMAS o U= HiX| ZE AlS2(0[H S
- Of2t0|E{ 9] Z|A/F|H M2 2 AEZ| 2FE HAH

* 210|01—210[04, 2H0[0{—H, HE0f et 240[0], FAH/HHH HES XIH

oll

el AAE (C LAt BE

H
< HAE OI227 3|22 5t front—to—back A7 Xts3t &2M
cSliE ZE AFOHE] 3|2 AIZ2{0[M 2{|0]0FR, DRC, LVS & 7|M F=ot
USE nje= Z225 A2
< X[,

71271, LHRE, &5 AlZh 0f0] CHo[0a 9] @u2f|0] ZYS Pl
AE-T2 MM} SE-HEH A2 2
« AF|OHElD HAE-T2 A Aj0|2] S TRA-T2Y|02 AAIZF A

I|EEs Iﬂ—'—

- 29 7152 ORIl B, LI, HI0[E] AL, process skewofl ThEH EEAIS
MAzioz ot
- 715 Hghol 2iA F2/Aelol ThEt DC BlOIJAS HA|

o] 22 A RS tapeout2 ol 2i[0I0K2, AlZ201, LVSE flet
Al

o
EDF 2|0, Xis A2 AN
« P HHZZE CIXIQI 7[EQ] ME O|HO| N YSstE H2|AES X
9

- it mhele AlEe|0]d Zat

SI=E 518
- AF|0HE], AlZ201d H 24 Afojof A CIXIRI 2228 satMo2 X!

- 2F 4 H HYS fIet AT(OHE I/ A =y

Vol. 226 April 2016 | 17

444
=S5 =20l et
&/ DC HIO[0A

AR Sivulanon EICCAD [N

4 34
A HAE IC X!
ZHZ0I M| Gateway




Robot Camera

S
p e U

< Original Image>

X0 A Al

AE

—t

| 22

I

18

20022 E] 232 151 SOt &S| 0[012 Be=x| [EHSIZRUEE
O3] FE2 KI5 SoC(System on Chip) 2R = Liis|d o=
Btile 22 thslol| 71ACE 0] tHsl= KAIST 23|35 a7t st
E0| gteX| WSS & of oI HiS & SiS7k ofal, aA

ot 20 1t th=lofct

2002, 6E2= ARt th=l7t oMz =L Zoi 29 T=l=

2= QCH OfA 100E)(QF 500%) 0|0 A7tetn YloH
LEE0AE= thEZH0| £0zl= 2 thal= HARMCE ] &7t
SHMEE 223 P2 ATt EI=HS SRt BES IR
7| 5t S8t HDL MAIE HiIZIENM Evtots Stdlse
DI—[_l..

SoC Z22%= ZE FIIEEM SYs 221 YU SoC
FLHES XEFeiCf. SoC FhlZ== SoC 222| Fatx2| &
OIS 2ois HOIEER JH21S Sof AARICR HAS
2 gs 2 QU =0 UL, 0] A2 ZHIZ FPGAC 2
Ect EIIEER FPCGA A Sl Y2iE JAuM EF
EX9] H2| E= RIS TSk Eict o] YEE EffZ2 229
L%X19)(Motion Control)S ZXGHA| |E Herg 28| ==t

)
rr

SWw =225 E5 0

2
_|—|_

Input Image

=Y

Gaussian Key-Point
Filtering + DoG | Extraction
L E X K X _§ .}

Image Processing

. |

-

< Noise Filtering > < Labeling >

< Binarization > < Edge Detection >

Descriptor Vector Database
_Generation_ _ _ _ Matching |

Recognition

Embedded SW

=

Strategy ] Action
Attack | Punch, Kick
Avoid | Moving
Search | Turn Camera

Navigation | Motor Control

Interrupt Voice Recognition,

Wireless Communication

T

% 3 * Wireless
= V;noe Ilec:ngniuomn Communication
+ Direct Commai + Tocakion

« Strategy - Robot State




HURO-Competition 2&

SoC Drone

SoC Brain Board

thalol A8 sl 228 2x2% 4559 £20| Utk 25
2E2 19 ~ 2 ARES e FH=0IE Sejo] 2oz
0f2) 2of FHakt HAED, ISR SoC FHECE
F 2RSS Bxf 2uf 22 AROIN B
51 QI 2RSS 0/83H= o2, Jlnjaiet FHES HA
A

o
FEsiaL UTh EE2 el =

0

=]

-

Hu

7t SAfE HESH FEZ, XS0 7tSeteE AtM|
HHE fet Xto|=2 MLt ZSTIMTE FAIE|0] Ao, By
=)

= & 220l telgez IS0

Hgfs=e shkolc 2202 ZdE= “HURO-Compel-
tion" 2} “SoC EfEH=E" 12|11 &

LbEC

T
O
i
O]
%]
g
O
o
s
=)
CD!
|0
U

4
02
(ZZ)I__\
=
m
=2
g
i
_|
02
ot
5
i
o
O
ro!
—
N
mo
I
oxd O
QY\_\
[=)

HE FHots YAlo| 0jdgr|=, geet

el

|_|_|_

m]
-
HIYS flet e F&AD e oSS =|mlsiof =
]

Vol. 226 April 2016 | 19

S27IM
3] 72
3|3 X538 SoC 229 2016
iS5 « SoC Drone

+ HURO-Competition
+ SoC Taekwon Robot

o

2

o
=
om
o
+

I 2016 38 1 ~ 42 15

T

: A2 cHaH AR 3ol AHet Sl
S EE fSIRIMOR 291 0lY 6

olstz &=

1l

o

o o

 X[5E SoC 229 SH|0|X|
=) http://www.socrobotwar.org

i3] MH3| < QR ;4% 292
AA : O™ KAIST
CHS] 7HR L E2AM SXK[ZA TEST AH

EXRIZ TEST - 2% : 5% 252 ~ 27

o AA O™ KAIST

-4 B2 ZFXIA TEST
WiEns - YW 68 2U~3Y

o A IR KAIST

- islof NBEl= SHlE=0] thet 0|2/

[Si=amE=3

- 220 st 28 T2 0|=2/AEuSs
oMLl 3 c 2N 82 122 ~ 14

« EA X DCC
=t - U 109 14 ~ 16Y

o BA 1 LA KINTEX

CHS|A|AILHS  >HURO-Competition
O o S g/
-3 A MASARRS AR

 KAISTSAN/ES,

- SDIAMIEI RN /24t
Taekwon Robot

S e

DA S MRRE EEA /A
: KAISTS AAl/E A

- SDIAMIE{RFAL/SAL \r

AITRAL/E AL

ofn rlo o
0z 0% 0

\A
wv
(]
(@]

ofn rlo o =

0% 0x 0x 0%

>SoC Drone |
O & CHEIZ AN |
o 2 A KAISTESAN ¢

O RO\
 SDIAMIE R A
+ SDAMIE R

o rjo o
0z 0z O

29| >KAIST NAHMAS S HAMIE
« Tel. 042-350-8929
+ E-mail. socrobot@kaist.ac.kr-

Y .




IDEC Newsletter | £ X226

=13

ol

QL 2016 32 31y ROl HioIE Al e I ME MRV
7|18 dsts T3} 042) 350-8535 A 042) 350-8540 EM|0|X| http://www.idec.orkr

E—mail kimsky1230@idec.orkr g% Bhe a4 mS/dIE(DEC) [ ]
P AA SN MY ALSLAESR, el
2 of

L . BHER| SIS TIXE SKatolH A, DAL EEA]|,
AFH ==X 2(0f,





