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Integration and Application of Sensors and
Robotic Technologies
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Perceptual robots are ideal in real-world environments such as medical and manufacturing
sectors through the perceptual activity of human-robot interaction. Difficulties in geometric
positioning of sensors due to the structural complexity of perceptual robots and proposing
corresponding solutions have been the main challenges in the development of perceptual robots.
The integration of 3D electronics into 3D objects through the 3D printing process can be a potential
solution for designing actual perceptual robotic systems. The three-dimensional printing process
can be divided into the extrusion method and the chemical deposition method. 3D printing offers
the advantage of being able to fabricate complex 3D electronic device structures in a single setup,
allowing design flexibility and the convenience of customization. Therefore, through the platform
of three-dimensional sensor system, and further research on its extension to mechanical, chemical
and biomedical fields of perceptual robotics.
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SERAERS © BLAN - A ANSEA HIIRETE (empathetic) 145 - MiB%ES A (LS /7 B o] DABEUR
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Ft O He3s B NEER T2 HLB B B UAsERS - © BRTIE SRS - B RS
il A BAR BN B IR EAE A B ERFRR - @ RGIRDURITE EGIRRE - (AL - AR EAFFE
THRERIBS A ABETRE T RN AR A ) - RN B ER R E B A ThRERI bR A P22 -
P NEA—IH S TR E B A MR SR B b - Ty 1 B A R M R i
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R HT 25 FO At o Ak A B8 AR N B ESNET 22 R - T it 8 A A sy - DT Hug
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TEIRGHI ga% 5T 71 » EEEERHZE Y n] B ERIE R R RN B p e A\ EEI 288 — B R L -
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@D S (sputtering) ~ ®? IEEBEIR (ink-jet printing)® & 5L5E (additive manufacturing,
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—HEE A NMEFESEE =R RAIPIR - EFEFEEMEENE FIE -
i AM FR =AEE T SRR E =M aE R B B S - [E 2(a) BUR T —E =HEED
RIFI(ESRFAETER - @0 =B B R =T TR A ESNFT - EIRAEHM
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Wk AT DME R B &V EE RSV AR T HEE M - 2E 3(a) s - BERIRIEEY)
B E R AR E I =AEEE S R B R o SHEARTE (fused deposition model, FDM)
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HIER GV E E SRR R B 2 T P A BB RE A = AEE B A - [ 3(b) R T —
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1 > s RS EE 2 [ FE (electroless deposition, ELD) FfiiiAMEIR T EFEM LRk E 2 -
Hrh ELD fERALEDIE T2 — » RlEfaiENR BETEBYE @ #8 7T —EEELER
FRASR IR B T - SEEE R - R T R =M T =M E A - HOERER
(1) REER - (2) FEMEAE(LEBA - ETREEE - 3) EREENRA LET(LEE
f# (electroless plating bath) [EIts - & 3(c) Bz T —{E=HEENRIAOEREEY - Z2AEE (poly
lactic acid, PLA) EIRIFYREERIAE 35 °C T HBZER (poly-dopamine) & 3 /INEF » Rk —E
W2 OREIE DS R AN aE 2 FRIRE S ERE - % - S OB AR R iz A
BTV E 35 °C THETIEMIEN - (EHMMIUBERIREE - P fEng s sisEn) BB
150 nm » HALETEERIE S (polyethylene terephthalate, PET or polyimide, PT) &A= » 7]
i ELD ARELE =AEEMER - a0E 3(d) s » RS - EEE - DU R EE
FE P& (flexible printed circuit board, FPCB) = ¥
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() Z4EEPRI B R B 0 R BRI R - WAL T RS 69 B HBI T BAR TR » A B M0y 4%
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1. BRI E R 2E A

SEBEEFHEE SR SHEEIFRM - CASRIII EOHSE SRR B A A » @9 (F R
ar ACPHYRGHTER A - AL RS ER R Bt 7 5 28 P B O B e &L P Bk 1R BB A R R e e SR
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2RI RERERET -

@ | Solid state IC~ Output pins | (b)
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4, ZHEMB I BN o () PRI RETERAE > AR ERREAES —#

fidbie %5 B o Y Copyright 2019, Wiley-VCH. ; (b) AR R ERBHRELZALTE

D) AR 0 (i) AR (i) REBERAZALNERT 0 AR (V) MBHRERE
HE B (v) HEAMOE H o YO Copyright 2019, Springer Nature °

2. {LEBRUENEYHEER A

tEs NS5 — {8 A RIS FI R (LB O - SREE(LER I E 2 BB A AR RS L - (b
BRI R AR (LER (electrochemical) FIYEER (optical) JiiEFAREZ HIMLER S IE - B T &
FHEs AL EQRE S - B 7RG - DUEREEREM S EEE - =HEEIR T
e R A S BRI ERS - B R E S S E L ERN ST EES S — - Y &
Tt B 2 P 2R DS R AN A F = B AL B EGH AR L /EFERR (working electrodes, WE) F1
FE7REMR (counter electrodes, CE)  Z22Z & i (reference electrodes, RE) FAE 43 » HIME A 781
FALSREIK o SR T BL—(E ¥ MY (FIFE < 50.8 x 24.1 mm?®) ENRIEE BRI FEAS & » DUEERR /7
R ERHE I A E B TEI S B F G - AE 5(a) A - 25 &M - TIEEMR
TR EMHEIRIEFENRLR L TUEEN (collection pad) HI#ENRITES —{EFER L - (& 5(a)
Al BRI B — DT (L A (B - BEAHENREES A FERRIER
AR LT B ST A L ER i o BE AR =Rk 2 4 FH 2R BRI R 7 » T B A LR Rk il 255 HI F 2
T 2 7 L R 75 T8 5 R EE2E (organophosphate) 23 - 9
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’ Gripper
Chemicals "  Chemical signals PP

Synthetic bacteria ™" " Biological signals Luria broth
Fluorescent proteins  4o¥ Optical signals
+
Electronic circuits : Electrical signals % (— Hot plate
J
Soft robots é Mechanical signals
— B 4 o = i 49 .
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RE o LAV VS (5 P Ry T o R {1 T 7 ) = AL BT T P B B L BB T T U s

76 FHEHTAN 231 H7 111.6
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6. 4 A M BB AMBE A o (a) TH WEMG ATk M E 864 = 4 ep R E
7 A 2y B 55 9% o OY Copyright 2019, The Korean Society of Plastic and Reconstructive
Surgeons. ; (b) Z4EP Rl o) BRAC KM » @ EH (conformal) = 4 7] B -2 5= b oy 2
B4 1 ) B A B AR 4 #3525 b o ©2 Copyright 2019, PLOS ONE. ©
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