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Ung dung gia cong ki thuit s trong thiét ké
robot thin mém

Ta Dlrc Tung
Nghién ctru sau tién si, Pai hoc Tokyo, Tokyo, Nhat Ban

TOM TAT:
Robot than mém (Soft-bodied Robot) 14 mdt hudng nghién ctru mai
trong nganh thiét ké robot. Khac véi robot truyén thong dugc lam
bang cac vét li¢u clrng, robot than mém duya vao cac tinh chdt mém
déo, bién dang, hodc dan hoi cua vat lidu dé thiét ké va didu khién
hoat dong ctia robot. Do dic tinh d& dang thich ing véi sy thay dbi
Tdc gid: hinh dang dé phu hop véi méi trudng xung quanh, robot than mém
TS. Ta Durc Tung phu hop cho nhitng nhiém vu lién quan dén tuong tic voi con
nguoi, kham pha, va quan trac moi trudng. Trong hau hét cac thiét
ké, robot thin mém thuong dugc hop thanh bai mot khdi vat lieu
mém lién tuc (Soft Continuum). Diéu nay khién cho robot than
Email:-tung@akg. t.u-tokyo.ac.jp mém co thé dé dang duoc ché tao hang loat bang cac cong nghé gia
cong ki thuét so (Digital Fabrication). Bai viét nay sé diém qua mét
s0 cong nghé gia cong ki thuat s6 dugce sir dung dé thiét ké, ché tao,

Don vi cong tac: Dai hoc Tokyo,
Nhdt Ban

Ta Dirc Tung dang lam nghién ciru sau

tién sy tai khoa Dién va Hé théng Théng va dleu khién robot than mém. Nhiing robot nay duoc 1ay cam hung
tin, Bai hoc Tokyo. Ta Dirc Tung tdp trung tir cdu tric co thé ciia cac loi con tring (sau do, tuyén trung) va bo
nghién citu cac méng gia cong ki thudt so, sat (ran) Céc cong nghé gia cong ki thuét s6 duoc nhac dén trong
ché tao mach di¢n mém deo, va robot than bai viét bao gdm: muc dan dién va in mach dién Ién gidy, in 3D vat

mém. Ting nhdn bang tién sy nam 201 9,
va thac sy nam 2016 tir khoa Qién tw Vien
thong, Pai hoc Tokyo. Tung tot nghiép tir

liéu dan hdi, tich hop gia cong mach dién vao chu trinh in 3D.

khoa Ki nghé Phdn mém thudc truong dai Tir khéa: robot thin mém, muc dan dién, in 3D, gia cong ki thudt s6
hoc FPT vao nam 2012. Hién Tung la

thanh vién cia ACM, IEEE, IEICE, IPSJ, 1. Gi6i thi¢u

SICE, va VANJ. Nghién ctru robot 13 mot trong nhitng nganh thé manh ciia Nhat

Ban. Bac biét nhiing canh tay robot cua cac hang nhu FANUC hay
DENSO dang dugc sir dung hét sirc phd bién trong cac nganh cong
nghiép ché tao ciing nhu cac day chuyén lap rap. Tuy nhién, & dam
bao tinh chinh x4c trong céc thao téc, robot truyén thong dugc ché
tao tur cac vét liéu cung, diéu nay phan nao han ché kha nang thich
g voi su thay ddi cia méi truong xung quanh. Xuat phat tir thuc
té d6, mot nhanh méi cua nganh nghién ctru robot - robot than mém
- ra doi véi tu tudng st dung cac vat ligu mém déo va dan hoi dé
thiét k&, ché tao, va didu khién robot. Pdi véi dai chiing, mot vi du
dién hinh ctia y tuong robot thin mém cé thé tim thay trong nhan
vat nguoi may Baymax (tir b phim hoat hinh “Big Hero 6”), mot
robot dugc ché tao tir mot bong bong khi c6 thé cir dong va tuong
tac v6i con ngudi. Tuy nhién, trong gigi nghién ctru thi ¥ tuong vé
robot thdn mém dwgc manh nha tir kha lau véi nhimng thir nghiém
ban d4u vé co ciu chap hanh mém [1]. Tuy nhién sau d6 cac nghién
ctru vé robot than mém déu rai rac va chua c6 thém dot pha moi.
Nam 2011, nhém nghién ctru ciia Whitesides tai PH Harvard trinh
bay mét robot hinh sao 4 canh [2], véi toan bd co thé duoc lam tir
silicon va diéu khién boi cac khoang va dng dan khi (Pneumatic
actuator). Nghién ctru nay d4 danh thirc nhanh robot than mém dang
trong thoi gian ngi dong. Véi su phd cip cia cong nghé in 3D,
nhiéu nhom nghién ctru da dé dang ché tao cac robot than mém
khac, gop phan thiic day cac thanh qua kham pha cua viée thiét ké
va dleu khién robot than mém. C6 nhiéu nguyén nhan khién robot

than mém thu hut duoc sy cha ¥ caa gidi nghién ciru robot.
https://doi.ore/10.15625/vap.2021.0012 u hut duge sy chi y cua gidi ng

84


mailto:tung@akg.t.u-tokyo.ac.jp
https://doi.org/10.15625/vap.2021.0012
https://paperpile.com/c/qU8sLm/2VG1
https://paperpile.com/c/qU8sLm/qsZa

Tuyén t@p KH & CN NhGt Ban

bt Science and Technology in Japan

Mot so dac diém cd thé ké dén nhu sau:

e Robot thain mém dé dang thay d6i hinh dang dé phu
hop voi khong gian va dic diém moi trudng.

e Do dic tinh mém va dan hoi cua vt liéu, robot than
mém an toan hon khi tuong tic véi con nguoi.

e Do robot thin mém thuong 1la mot khdi vat liéu
mém lién tuc, n6 dé dang duogc ché tao va tuy bién
bang cic cong cu gia cong ki thuat so.

Tuy nhién, bén canh cac loi diém hip dén, thi thiét ké
robot thain mém ciing c6 nhirng thur thach can phai
nghién ctru tinh toan ki lugng. Méc du toan bg co thé
dugc lam bang vat lidu mém déo, cac co cdu chip hanh
va cam bién hién co trén thi truong lai dugce chu yéu
lam tir vat liéu cimg. Nhiing chi tiét bo phan nay chi
thich hop cho ché tao robot cimg. Khi dem nhirng bd
phan nay tich hop vao robot than mém, do sy khong
twong thich gitta tinh chit co hoc cua vat liéu, robot
than mém ché tao ra sé& bi gioi han vé kha nang diéu
Kkhién va pham vi hoat dong. Ngoai ra, do tinh chét lién
tuc cta két cau co thé, diéu khién chinh xac hanh vi
ctia robot than mém 1a mot thur thach 16n dbi voi cong
ddng nghién ctru robot than mém. Mot diém yéu nira
ctia robot than mém nim & hiéu ning ciing nhu nhu
cuong do6 lyc tac dong ma robot than mém c6 thé san
sinh khi hoat dong. Tinh t&i thoi diém hién tai, luc tac
dong san sinh boi robot than mém thudng yéu hon so
v6i robot truyén théng. Cling 14 canh tay robot, nhung
robot truyén thdng thi chinh x4c va manh mé&, con
robot thAn mém, mic du uyén chuyén hon, thi lai yéu
va kho diéu khién. Tim kiém giai phdp cho nhing
diém yéu néu trén cua robot thin mém ciing 1a cac
huéng di chinh cua cong dong nghién ciru robot than
mém Nhat Ban. Bai viét nay, thay vi dé cap hét cac
van dé néu trén, sé& thao luan va gidi thidu vé Gmg dung
clia cac cong nghé gia cong ki thuat sb trong thiét ké
ché tao robot thdn mém. Thiét nghi, ciing gidng nhu
su phé cép cua phin mém may tinh da dem lai co hoi
cho Viét Nam hoa minh vao dong chay cong nghé cua
the gidi, sy phd bién cua cac thiét bi gia cong ki thuat
s6 dang mo ra co hoi mdi cho cac nganh ché tao va
nghién ctru trong nudce tiép can va hoa nhap véi trinh
d6 nghién ctru san xuét ctia thé gidi. Chinh vi vy tac

Robot

gia tin rang viét tap trung vao cong nghé gia cong ki
thuat s6 s& dem lai nhiéu gié tri cho ngudi doc.

2. Mot s6 nghién ciru vé irng dung gia cong Ki thuat
s6 trong robot thin mém

2.1 Muc in déin dién - Instant Inkjet Circuits

Muc dan dién duoc phat trién tir 1au. Tuy nhién, hau
hét cac muc in dan dién déu can dén qua trinh nung két
v6i nhiét d tr 180°C - 250°C. Khong ¢6 qua trinh
nung két nay thi mau in s& khong tré nén dan dién. Bac
diém nay lam giéi han dang ké vat liéu nén (substrate)
khi in mach dién. Nam 2013, nhom nghién clru cua
gido su Kawahara da gioi thiéu loai myc in dan dién
v6i c6 thé duoc nung két ¢ nhiét d6 phong (20°C) [3].
Muc nay (Silver Nano-particle Ink), duoc san xudt boi
Mitsubishi Paper Mills ¢c6 mot s6 dic diém noi bat nhu
sau:

o Muc bac nano: muc dugc hop thanh boi cac hat bac
c0 4 nm.

e Muc c6 thé dugc in bing bt cr may in phun vin
phong nao.

e Muc dan dién c6 thé in én chat liéu giéy anh san co.

e Ban in sé tré nén dan dién chi it gidy sau khi in &
nhiét d6 phong.

e Murc do dan dién cua ban in cai thién hon nhiéu so
voi cac loai muc in dan dién trude do.

Str dung muc bac ndy, nhom nghién ctru c6 thé nhanh
chong in mach dién, cam bién do 4m, cam bién cham,
ang ten RFID, ang ten thu hoach nang lugng tir song
dién tir. Ngoai ra, néu sir dung két qua nghién ctru vé
ché tao mach dién nhiéu 16p tir myc bac [4], ching ta
¢6 thé in nhiéu ung dung phtc tap hon nhu ma tran
LED, loa tir gidy, hodc cudn day dé dung trong cac ing
dung truyén dién khong day (xem thém & Hinh 1).

2.2 In 3D véi muc in din di¢n

May in 3D dem dén cho nguoi dung mot by cong cu
manh m& dé ché tac cac mé hinh 3D mdt cach nhanh
chong va chinh xac. Tuy nhién, hdu hét cic cac may in
3D déu chi tap trung vao nang cao kha ning tao hinh.
C6 mot nhu cau dit ra 1a ngoai viéc in hinh 3D, li¢u
may in 3D c6 thé in ludn ca cac thanh phin chirc ning

Hinh 1 M¢t so vwng dung ciia mywc din dién nano bac
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Hinh 2: Mjt sé thanh pham ciia Pphwong phdp in 3D véi muc in din dién

nhu mach dién, cam bién, co ciu chép hanh hay
khong? Mot s6 may in 3D tiép can van dé in mach dién
bang cach dung nguyén liéu 1a nhya PLA chira carbon
dé in cac thanh phan dan dién. Tuy nhién do dién tro
suét cua loai nguyén li€u nay kha cao nén mach dién
in ra bi gidi han rat nhiéu vé chuc nang.

Tt mot huéng tiép can khac, nghién ctru c6 tua dé PEP
(3D Printed Electronic Papercrafts) [5] vé tich hop céac
thanh phan chirc ning vao mé hinh in 3D gi6i thiéu tai
hoi thao ACM CHI 2018 di dé xuét ding két hop muc
bac dan dién gi6i thidu & phan 2.1 va phuong phép gia
cong Laminated Object Manufacturing (LOM) dé in
mo hinh 3D véi mach dién bén trong. Qua trinh in 3D
bang phuong phap nay c6 thé tom tit bao gom:

e Thiét ké mo hinh 3D
e Dit cac thanh phan chirc ning vao mé hinh 3D
o Co cau chip hanh (Actuation Primitive)
m  Tim phat nhiét
m Loa
o Cam bién (Sensory Primitive)
m  Cam bién dién dung
m  Cam bién dién tro
o Hién thj (Display Primitive)
m LED
m  Electroluminescence
o Lién lac (Communication Primitive)
m Radio-frequency identification (RFID)
m Truyén dién khong day - Wireless
Power Transfer (WPT)
e Dung myc dan dién dé in cac 16p chirc ning néu
trén
e Dung may in 3D dang LOM dé ghép cac 16p vat

liéu va 16p churc nang thanh hinh 3D that
Mot sb thanh phdm cta phuong phép in 3D v&i muc
in dan dién co thé xem ¢ Hinh 2 va video ¢ dudng dan
sau: https://vimeo.com/252080903.

2.3 Robot siu do véi cim bién va co ché chip hanh
béng muc da~n dién

Robot thin mém thuong duge 1am bang céch gin cac
thanh phan cam bién va co cdu chap hanh cing vao
khéi vat liéu mém. Su khac nhau vé tinh chit co hoc
cua vat liéu cimg va mém gy ra nhiéu gi6i han trong
viéc thiét ké robot than mém. V&1 myc tiéu giap cho
viéc thiét ké robot than mém dwoc uyén chuyén va dé
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dang hon, nghién ctru [6] - trinh bay tai ICRA 2019 -
da dé xuat dung cam bién va co cau chap hanh in dugc
b?mg muc bac dé thiét ké ché tao robot thin mém.
No6i mét cach don gian thi ban in bé‘mg muc dan dién
s& thay d6i dién tro khi bi ubn cong. Loi dung dic diém
nay, nhom téc gia da thiét ké cam bién uén cong bang
viéc in mot dién tro bé‘lng muc bac. Nhom tac gia ciing
nhan ra r.':flng tam nén dé in muc bac dan dién 1a mot
c4u trac nhiéu 16p trong d6 mdi 16p lai c6 mot hang sb
gian né vi nhiét khac nhau. Loi dung diéu nay, nhém
tac gia da in mot thm phat nhiét bﬁng muc bac. Khi
mac tim phat nhiét nay vao ngudn dién, ban in s€ néng
1én va ty udn cong do su khac nhau ve hang sO gian ng
vi nhiét cua cac 16p glay in. Khi tim nén ty udn cong
thi dién tré ctia chinh tAm phat nhiét thay doi. Bang
cach d6, nhom tac gia da thanh cong trong viéc in cam
bién va co cdu chap hanh ubn cong chi bang mot miu
in muc bac dan dién.

Hinh 3: Robot dgng cén trung dwgc in bﬁng muyc in
dan dién

Phat hién nay duoc nhom tac gia ding vao thiét ké va
ché tao robot sau do bang gidy co thé in dugc (xem
thém ¢ Hinh 3). Robot dang con tring nay c6 thé duoc
phat trién thém dé tré thanh cac diém thim do méi
truong. Ngoai ra do co thé ctia robot sau do nay 14 bang
gidy nén sau khi hoan thanh nhiém vu, robot c6 thé
hoan toan ty phén huy trong moi trudng. Diéu nay gitup
bao v€ mdi trudng va giam thleu yéu cau bao tri robot.
Ngoai ra, do robot c¢6 thé in rit nhanh chong dé dang
bang cong nghé in mach dién néu & phan 2.1, ching ta
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hoan toan c6 thé nhanh chong ché tao hang loat cac
robot siu do bang gidy nay. Xem thém video vé nghién
clru ndy tai duong dan sau:
https://www.youtube.com/watch?v=t72KasCojqE

2.4 Ché tao robot thin mém hinh rin véi mady in 3D
Mot trong nhiing budc phat trién quan trong ctia nganh
gia cong ki thuat s6 chinh 14 su ra doi ciia cac may in
phun 3D da vét liéu. Ngoai cac vét liéu nhya truyén
thong nhu PLA hoic ABS, cic dong may in phun 3D
da vat liéu c6 thé in cac vat liéu mém va dan hoi. Céc
vat liéu nay co thé dugc in két hop véi cac vat lidu
cling dé tang tinh uyén chuyén trong thiét ké robot than
mem.

Trong nganh robot, robot hinh ran (snake-like robot)
duoc nghién ctru tir kha l4u. Sy uyén chuyén va kha
nang thich ung cao vdi moi truong hoang da cua cac
loai rin d3 trd thanh nguén cam himg cho cac nha
nghién ctru robot dé bat chude va ché tao cic robot
hinh rdn nhdam ung dung trong cac nhiém vu tham do,
quan tric, va ctru h. Tuy nhién, hau hét cic loai robot
hinh rin nay déu 1a robot than cing, va dugc lép thém
banh xe (passive wheels) dé di chuyén. Trong tu nhién,
rin thuong loi dung tinh chat ma sat dang hudng cla
cac vay trén than dé di chuyen Cac vay trén da ran
duoc sap xep sao cho h¢ s6 ma sat truot vé phia trude
nhé hon rat nhiéu so v&i hé s6 ma sét trugt vé phia sau
va hai bén. Dua trén dic diém nay, nhom tac gia cua
nghién ciru [7] d dé xuét ding may in phun 3D da vat
liéu dé in mau da cho robot thAn mém hinh rin. Mau
da robot niy c6 dic diém ma sat giébng nhu da ran
(xem Hinh 4). Béng cach két hop vat liéu c6 hé s6 ma
sat trugt cao va vat liéu co hé sd ma sat trugt thép,
nhém tac gia thiét ké va thir nghiém téc do di chuyén
clia robot than mém hinh rén véi cac mau da khac nhau
nhim tim ra mau da cho té¢ d6 di chuyén nhanh nhét.
Nghién ctru nidy mang lai mot goc nhin rd hon vé viée
ap dung co ché di chuyén cua ran vao thiét ké, ché tao,
va t6i uu hoa phuong thirc di chuyen cua robot than
mém hinh rédn. Xem thém video vé nghién ctru nay tai:
https://www.youtube.com/watch?v=qyOHkjAOTao

F

Hinh 4: Robot thin mém hinh rin véi lop bung
dwoc mé phong tinh ding hwong ciia da rin

2.5 Ché tao va diéu khién robot dang lwon bién/tuyén
trung

Ngoai kha nang di chuyén trén can, mot sb loai dong
vat hinh day co thé boi dudi nude nhu luon bién hodc
tuyén tring. Ché tao robot than mém véi kha ning di
chuyén trén can 1an di chuyén dudi nudc s& mé rong
pham vi Gmg dung cuia robot thdn mém. Nghién ciru
tai [8] dé xuat mot thiét ké cho robot than mém c6 thé
boi str dung hop kim nhé hinh dang dé diéu khién mot
robot than mém minh day ¢& nho. Bing viéc thiét ké
than robot nho (dai 50 mm) va nhe (nang dudi 20 g),
nhom tac gia hudng tdi st dung robot trong cac nhi¢m
vu thim do kham phé nhitng viing khong gian chat hep
ma cac robot than ciing khac gap kho khan trong viéc
tiép can (xem Hinh 5). Mot trong nhing thir thach khi
thiét ké robot kich ¢& nho biét boi d6 1a viéc ban than
robot phai cir dong véi tin sé cao thi mai co thé di
chuyén trong méi truong chat 1ong. Nhom téc gia su
dung hién tuong Snap-through Buckling ctia mot tim
vat liéu dan hoi dé tao giup robot cu dong voi tan sb
cao. Ngoai ra, 1y cam hung tir cach thirc sip xép cac
b6 co cua cic loai c4, nhom tac gia dé xuat cach sap
xép chong lap cic co cdu chap hanh dung hop kim nhé
hinh dang dé hinh thanh séng co hoc chay tir dau t6i
duoi cta robot. Chinh séng chay doc than ctia robot 1a
nhan t6 day robot boi vé phia truée. Nghién ciru ciing

“} <Y’

Hinh 5: Robot thin mém luwing cuw cé thé bo trén can va boi trong long chit long.
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danh gia hanh vi boi cua robot khi boi & cac moi
treong chat 16ng voi do nhat khac nhau.

Ngoai tap trung thiét ké robot than mém biét boi, loi
dung céu triic co thé minh day gidng nhu sau do,
nghién ctru nay ciing danh gia kha nang di chuyén trén
can cua robot ndy. Bang cich thay ddi thong sé diéu
Kkhién, robot ¢ thé bo trén can nhu siu do va boi trong
long chat 1ong gidng nhu lwon bién. Xem video tai:
https://www.youtube.com/watch?v=Lx5Fr-2xudw

Dua trén nhitng két qua nghién ciru nay, nhom tac gia
cling hudng toi viéc phat trién robot than mém c6 thé
di chuyén bang cach nhay, bo, va boi trong cic moi
truong khac nhau.

3. Mt s6 lab nghién ciru tiéu biéu céia nhat ban
trong linh vuc cong nghé gia cong ky thuat so va
robot thin meém

(1) Kawahara Lab - DH Tokyo (The University of
Tokyo)
Website: http://www.akg.t.u-tokyo.ac.jp/
Giao su chu nhiém: Yoshihiro Kawahara
Mang nghién ctru chinh: Truyén dién khong day,
Tuong tac nguoi - may, Muyc in dan dién, Gia
cong ki thuat s6, Robot than mém

(2) Umedachi Lab - BDH Shinshu (Shinshu
University)
Website: http://fiber.shinshu-u.ac.jp/umedachi-
lab/

Giao su chi nhiém: Takuya Umedachi
Mang nghién ctru chinh: Robot thin mém, Dicu
khién phan tan

(3) ISI Laboratory - DH Tokyo (The University of
Tokyo)
Website: http://www.isi.imi.i.u-tokyo.ac.jp/
Gido su chd nhiém: Yasuo Kuniyoshi, Ryuma
Niiyama
Mang nghién ctru chinh: Robot hinh nguoi, Ly
thuyét Diéu khién, Robot than mém

(4) Aero/Aqua Biomimetics Lab - DH Céng nghé
Tokyo (Tokyo Institute of Technology)
Website:
http://www.tanakah.mech.e.titech.ac.jp/index_e.
html
Giao su chu nhiém: Hiroto Tanaka
Mang nghién ctru chinh: Robot mé phdéng sinh
hoc, Robot bay va boi
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