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Tém tit - Robot dang hinh ngudi 1a mét linh vue nghién ciru cia
khoa hoc robot. Cac nghién ctru trong linh vure nay tap trung vao viéc
moé phong va ché tao lai cac bd phén (canh tay, ban tay, chan...), va
c4c hoat dong (cim, ndm..) cta co thé con ngudi. Cac ing dung chinh
ctia [inh vuc ndy bao gdm chi gia trong y té, robot tiép tan, robot giai
tri. Dé c6 thé sir dung robot dang ngudi trong cac linh vic nay, viée
moé phéng ding cu truc giai phiu cua timg bd phan 13 can thiét. Tiép
dén, dé thu thap thong tin diéu khién cac bd phan ndy twong ty nhu
céch con ngudi st dung cac “cam bién” xuc gidc (nhu da) va cam
bién hinh anh (nhu mét), cé nhiéu cach nhu: Str dung cam bién xtc
giac, camera nhan dién hinh anh hoac cam bién nhan dang chuyén
dong. Bai bao nay trinh bay qua trinh khao sat, phan tich, ché tao mot
ban tay robot va (mg dung cim bién Leap Motion dé mo phéng lai
cac ctr chi cia ban tay con nguoi.

Twr khéa - Robotics; robot hinh ngudi; hé théng co dién tu; leap
motion; thuc té€ o

1. Pit van dé

Theo [1], khoa hoc robot hién dai chi thuc sy phat trién
vao gitra thé ky XX nho vao sy phat trién cia didu khién sb
(numerical control) va co khi chinh xac (precise
manufacturing). Ngay tir thoi ky ddu nay, ngoai viéc ché tao
cac canh tay robot cong nghiép chuyén thuc hién cic cong
viéc lap di lap lai va co yéu cau chissnh xéac cao, robot dang
hinh nguoi (humanoid robot) ciing 1a mét linh vuc dugce cac
nha khoa hoc quan tdm. Robot dang hinh nguoi 1a mét nhanh
nghién ctru ctia khoa hoc robot quan tim dén viéc mé phong
va ché tao lai cac chi va cac hoat dong cua co thé con nguoi.
Theo kién thirc cta tac gia, mot trong nhimg robot dang hinh
ngudi dau tién trong khoa hoc robot hién dai 1a két qua hop
tac ctia bénh vién Rancho Los Amigos (M¥) hop tac voi Dai
hoc Stanford vao nam 1963 [2]. P6 la mét canh tay gia cho
ngudi khuyét tat véi sau khép co thé duoc diéu khién bang
may vi tinh. Khong lau sau do, vao nam 1968, gido su
Marvin Minsky ciia Vién Cong nghé Massachusetts da ché
tao thanh cong mét canh tay robot mé phong lai canh tay cua
con ngudi [3]. Pay 1a cac thanh cong budc dau ctia nganh
ché tao robot dang hinh ngudi. Trong nghién ciru robot dang
nguoi, cac nghién ctru vé ban tay robot mo phong lai ban tay
nguoi nhan duoc nhiéu sy quan tm vi ban tay 1a phan thyc
hién da sb cac cong viée trong cudc séng hang ngay.

Theo [5], mot ban tay con ngudi bao gom 14 xuwong dot
ngén tay (phalange), 5 xuong d6t ban tay (metacarpal) va
8 xuong co tay (carpal) (Hinh 2). Hinh 3 m6 ta ban tay con
ngudi bang cac khép co hoc cia Ivan Virgala va cac dong
tac gid [7]. Cling theo tac gid nay, khi mo hinh héa ban tay

Abstract - Humanoid robot is a research division of robotics. This
field focuses on simulating and fabricating parts of the human body
(such as limbs, muscles) and their corresponding actions/movements.
Some popular applications of humanoid robot are prostheses in
medical field, receptionist robots and entertaining robots in service
field. To operate in these fields, high fidelity models of robot based
on human anatomy are required. Furthermore, to capture precise
movements of those parts, various types of sensor such as tactile
sensors, cameras, or motion sensors should be used. This paper
presents an approach to model, design and fabricate a robot hand that
mimics simple movements of human hand. Analyzing the human
hand anatomy is carefully conducted in this study. A Leap Motion
controller is also used to capture real-time movements of a human
hand for the simulation purposes.

Key words - Robotics; humanoid robot; mechatronics system; leap
motion; virtual reality

con ngudi trong khong gian ba chidu can tdi thiéu 24+6 bac
tu do. Dé so sanh, cac canh tay robot cong nghiép phd bién
thudng chi c6 dén séu bac tu do [8]. C6 thé thiy, ciu tric
céc khép, co, xwong cta co thé nguoi 1a phirc tap.

Hinh 1. Ban tay robot mé phong ban tay nguoi “UNIPI hand” [4]

Proximal phalanges

Metacarpals

Carpals

Hinh 2. Cdu triic xwong ban tay ciia con ngieoi [6]
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Hinh 3. M6 td ban tay nguoi bang céc khép co hoc [T]

Trén thé gi6i, da c¢6 cac nghién ctru vé viée ché tao ban
tay robot mé phong lai cac chi ciia con nguoi [9-13]. Tai
Viét Nam, da c6 nhom sinh vién cia Truong Pai hoc Bach
khoa Ha Noi nghién ciru va ché tao dugc canh tay robot mo
phong canh tay nguoi danh cho nguoi khuyet tat [14]. Cac
nghién ctru vé robot dang hinh nguoi chu yéu xoay quanh
cac chu dé: Thiét ké cac chi tiét co khi mo phong chinh xac
cac md, co va khop [9, 10]; Phat trién va tich hop cac cam
bién xtic gidc nhan biét duoc cac tac dong cia moi truong
[11]; Ung dung cac phuong phap diéu khién chinh xéc
nham giam d6 tré ciing nhu tang tinh linh hoat [12, 13].

Tir cac phan tich trén, c6 thé thy, viéc ché tao robot hinh
ngudi mo phong lai cac chi ctia con nguoi 1a kho khan.
Ngoai ra, viéc Iya chon phuong an diéu khién cac chi nay
theo hudng co khi hoa linh hoat [17] hay theo hudng giai
phiu hoc chinh xac nhu [18] ciing 1a van dé duoc quan tam.
Trong khuon khd bai bao nay, tac gia trinh bay qué trinh
phan tich, ché tao phan co khi ctia mé hinh ban tay robot mé
phong lai cu tric ban tay con ngudi theo hudng giai phiu
hoc chinh xdc va tmg dung cam bién Leap Motion [15] dé
tién hanh mé phong va diéu khién tir xa cac Chuyen dong cua
ban tay robot. Bai bao tap trung giai quyét cac van dé sau:

- Khao sat va dé& xuét dugc mot méd hinh dé ché tao
nhung van dung theo gidi phau hoc va cé thé thyc hién
duogc cac ctir dong don gian nhu ban tay that.

- Mo hinh c6 khdi lugng nho nhung van dam bao co
tinh cho cac hoat dong va cu chi don gian.

- Ung dung Leap Motion dé thuc hién viéc mé phong
va diéu khién tir xa khong cham: Ban tay md hinh c6 thé
bat chudce cac ctr chi don gian tur ban tay that.

2. Giai quyét van dé
2.1. Gidi phdu hoc ban tay ngwoi

pé nghién cliu ché tao chinh xé&c ban tay robot, viéc
phan tich giai phdu hoc ban tay ngudi 1a can thiét. Ban tay
con nguoi gdm 27 xuong phan lam ba nhém nhu da giéi
thiéu & Muc 1. Nhoém 14 xuong dt ngon tay lai dugc phan
thanh ba nhém nho 1a xuwong dot xa (distal phalanges - DP,
5 xuong), xuong dot gitra (intermediate phalanges - IP,
4 xuong), va xuong dot gan (proximal phalanges - PP,
5 xwong). Theo [7], trén mdt ngodn tay, cac xuong duge ndi
v6i nhau bang cac khép c6 tén goi theo giai phiu hoc twong
{mg nhu sau: Xuong DP dugc ndi véi xwong IP bang mot
khép quay DIP (mdt bac tur do); Xuong IP dugc ndi véi
xuong PP bang mot khép quay PIP (mot bac tu do); Xuong
PP duoc ndi véi xuong dbt ban tay (metacarpal) béng mot
khop cau MCP (ba béc tu do); Va xuong db6t ban tay duoc
ndi voi cac xuong cd tay (carpal) bang mot khdp CMC (sau

bac ty do). Pham vi cta bai bao chi dung lai & viéc md
phong cac chuyén dong cua cac ngén tay trén ban tay
ngudi, khong bao gom mé phong chuyén dong cua ca ban
tay. Vi vay, tai khop ndi giita xuong PP va xuong d6t ban
tay, d¢ thuan tién trong viéc ché tao, khdp nay duoc tac gia
giGi han lai thanh khép quay mét bac tu do. Luc nay, ban
tay robot co thé thuc hién dugc hai dang chuyén dong chinh
1a chi cac ngén tay va nam cac ng6n tay lai. M6 hinh cac
khép ngoén tay ¢ thé duge thu gon nhu Hinh 4. Riéng vai
ngon tay cdi thi khong co6 khép DIP va PIP ma chi ¢ khop
IP (ndi gitra xwong dot xa va xuong ddt gan).

Ngén gitra
Ngoén ap at
oP [ Ngén tré ] 1vactydo
Ngon ut
g . Cé dinh
DIP [ ]
DIP oF ]
PP [ ]

Ngon cal

PIP

MCP

Hinh 4. M6 td ban tay ngieoi theo mé hinh dé xudt

Vi cac gia thiét nhu trén, ta c6 thé khao sat dong hoc

clia mot ngdn tay bat ky bing mot vector ¢ ba tham sb:
[(6pr 6p Oumcl”

Vi, 0p; 1a gbe quay cua khop dinh DIP, 0;p 1a gbe quay
cua khop gitra PIP va 0, 1a goc quay cta khép ban MCP.
Khac véi khép quay cua robot cong nghiép c6 thé cé gia tri
rat 16, cac goc quay clia ban tay robot bi gidi han boi day
ching. Theo [15], v&i mot ban tay nguoi binh thudng, gia
tri cua cac goc quay nay dugc cho trong Bang 1.

Bing 1. Ving gid tri ciia cdc tham s6 trong
vector dong hoc cua mot ngon tay

Géc quay
Ngon ax Op; 0:p Opm
Ut —30°+90° | 0°+90° |—10°+40°
Ap ut —30° +90° 0°+90° |—10°-+20°
Giira —30° +90° 0°-+-90° |—-15°=+15°
Tré —30° +90° 0°+90° |—20°+10°
Cai —-10° = 30° 0°+90° |-10°-+100

2.2. Khio sdt, thiét ké, va ché tao cdc thanh phan ciia
mo hinh

Duya trén phan tich giai phiu va mo hinh dong hoc ban
tay con nguoi, phan co khi cua ban tay robot c6 thé ¢6 hai
hudng ché tao chinh: Ché tao cac khép sao cho mdi khép
duoc diéu khién béng mdt dong co servo riéng biét nhu
nghién ciru ciia Kawasaki va cac dong nghiép [17]; Hodc
ché tao sao cho cac khép duge didu khién bang hé théng
day ching nhén tao nhu [18]. Mdi _phuong phap déu co
nhiing wu - nhuge diém dic thi: Néu mdi khép déu hoat
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dong doc 1ap véi nhau nhu d& xuét ciia Kawasaki thi s6
luong dong co can st dung phai trong ing véi sé khép (14
dong co, Hinh 5), tuy nhién, cac ngén tay c¢6 thé thyc hién
duogc nhitng cir dong phirc tap mot cach chinh xac; Néu mo
phong lai hoat dong ctia ngén tay bang day chang nhan tao
thi s6 lugng dong co servo can sir dung chi 14 nam va viéc
mo phong s& gan vai thyc té giai phau hoc ban tay hon. Tuy
nhién, viéc diéu chinh lyc cing ciia ddy chang nhén tao dé
tao ra cac cir dong phu hop 1a twong d6i kho vi tinh phirc
tap clia cac bé co va ddy chang hitu co thyc té.

3rd joint

% 3rd motor
Ball-screw
£ 2nd joint
e

Ball-screw

i Ist joint
i im
2nd motor
Ist motor
P

Hinh 5. Ban tay robot véi cdc khép hoat dong doc ldp [17]

Vi tiéu chi mo phong lai ban tay ngudi mot cach chinh
xéc theo giai phau hoc, viéc chon sir dung day chéng nhan
tao 1a phuong an tdi wu. Hién nay, cic md hinh ban tay
robot sir dung day chang nhan tao phd bién dugc str dung
Ia m6 hinh c6 tra phi MechTE [19] ctia hdng Custom
Entertainment Solutions va mé hinh InMoov [20] cua tac
gia Gael Langevin. M6 hinh InMoov dang nhan dugc su
quan tim tir phia cong dong vi sy mién phi va tinh mo
(open-source). Hién tai co rat nhiéu mo hinh sira déi dya
trén mi ngudn cia InMoov duoc cong bd tai [20]. Tac gia
lwa chon mé hinh ciia InMoov cho dé tai nay ngoai hai ly
do trén, con do cac vu diém sau cua InMoov: thu vién ban
tay ciia InMoov c6 thé dugc in 3D mot cach d& dang; day
chéng nhan tao ¢6 thé st dung cac vat liéu gia ré va san co
nhu day cudce fluorocarbon hoac day cude thép.

Diém khéc biét ciia md hinh dé xuét so v6i mé hinh gbe
1a cc thong s6 khi in 3D. Theo d& xuét [20] thi d¢ dién day
(infill) nén 16m hon 30% va d6 day mdi 16p in 3D nén 16n
hon 0.3mm. Tuy nhién, vi cdu hinh in ¢6 d6 dién day 25%,
d6 day mdi 16p in 0.2mm va cau trac hinh hoc tam giac,
md hinh vin dam bao d6 cimg ving véi khdi lugng md
hinh giam khoang 13% (Bang 2). Hinh 8 va Hinh 9 thé hién
phan thiét ké 3D ban tay trén may vi tinh va mo hinh ban
tay da in 3D thanh cong. Ban tay duoc in 3D c6 d¢ chinh
Xac cao bang nhya PLA.

Bing 2. Théng s6 in 3D

Céu hinh Géc Thay dbi
Do dién diy (Infill) 30% 25%
$6 16p twong in (Shell) 3 3

Do day mdi 16p (layer thickness) 0,3mm 0,2mm
Céu hinh hinh hoc dién diy (infill| Loai hinh | Loai tam
geometry) vuong O giac A
Khbi lwgng tong thé 550g 479g

Vé phan dign, cac day chéng nhan tao trong mo hinh
InMoov cé thé dugc diéu khién bang bat ctr dong co nao
cho phép dicu khién gbéc quay chinh xac. Vi md hinh trong

bai bao nay, tac gia d& xuat sir dung nam dong co servo véi
cac uu diém: Toc d6 dép tmg nhanh, didu khién goc quay
chinh xac bang phuong phap diéu ché d rong xung PWM,
kich thudc nho gon cho phép lép kin trong mé hinh ban tay.
Tiép theo can tinh toan momen cho dong co dé dam bao
dong co c6 thé diéu khién cac day chiang nhan tao co dan.
Cac tai liéu trudc day thuong chi chon dong co theo kinh
nghiém. Qua trinh tinh toan nhu sau: Khi cac diy chang bi
ubn (flexion) hodc d&n (extension) s& tao ra momen trong
céc khép. Trong cau hinh ban tay dé xuat, momen tai khép
MCP s& 16n nhat (canh tay don dai nhat va chiu tai ciia toan
bd ngon tay, Hinh 6). Luu ¥, do khép CMC d b ¢b dinh
nén ta khdng xét momen tai khép nay (ngoai ra ban tay
luén huéng thang ding). Luc cang ddy ching 16n nhat 1a
xép xi F, = 9,09N khi toan bd cac ngén tay dudi thang [22].
Véi d, = 6mm ta tinh dugc momen tai khop MCP
Tycp = F»d, = 0,5562kg.cm. Vi F,d, = F;d; =
F, = Ols—zgz ~ 0,5194N. Khdi luong ngén giira (ngén nang
nhat) 1a 15g nén chi can dong co tao duoc lyc kéo day ching
I6n hon 9,09N thi c6 thé dan ngén tay. Ngoai ra, cac day
ching nhan tao duoc gin vao dia quay (c6 ban kinh
d = 15mm) trén dong co servo (xem Hinh 8) nén momen
t6i thiéu ma dong co phai tao dwoc 14 Teppe = Fod =
9,09.1,5 = 13,635Ncm = 1,3903kg.cm. Dya vao cac
thong sb nay co thé chon cac dong co servo phu hop. Dé
dé& dang diéu khién va tranh qua tai, tac gia lya chon nam
dong co servo MG996 voi momen téi da 3,5kg. cm tai dién
ap hoat dong 4,8V.

F2

Ommitym@)

d1=105mm

Hinh 6. So do tinh todn momen cho dong co

Hinh 8. Ban tay robot da in 3D hodn thién
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Dé phat hién chuyén dong ciia ban tay va cho ra tin hidu
diéu khién twong tmg, c6 nhiéu phuong phap c6 thé ké ra
nhu: Sir dung cam bién xuc giac [11], st dung camera va
{mg dung cong nghé xtr li anh [12, 16, 17], sir dung cam bién
phat hién chuyén dong [15]. Trong bai bao nay, tac gia st
dung cam bién Leap Motion (Hinh 9) 1a cam bién phat hién
chuyén dong ciia ban tay nguoi dugce phat trién boi Cong ty
Ultraleap. Khong gian lam viéc cta cam bién nay vao
khoang 0,23m?. Hoat dong cta cam bién Leap Motion dua
vao hai camera géc rong (c6 truong nhin 140° X 120°) voi
d6 phan giai 640 x 240 pixel va ba LED hong ngoai. Bo
cac camera va dén LED nay c6 nhiém vu thu thdp cac buc
xa hong ngoai ¢6 budc song 850nm (1a budc song cua birc
xa hdng ngoai phat ra tir co thé ngudi binh thuong, Hinh 12)
[21]. Dya vao céce tin hiéu bue xa thu dugc, ta c6 thé 1ap ban
d6 mo hinh 3D canh tay ctia nguoi diéu khién. Bo diéu khién
Leap Motion hién dang dugc str dung rong rai trong cac ting
dung thuc té a0 (VR) va tuong tac khong cham.

Hinh 9. Cim bién Leap Motion va giao dién diéu khién

Dé giao tiép gitra cam bién Leap Motion va may vi tinh,
hang Ultraleap c6 cung cp bo giao dién 1ap trinh tng dung
(Application Programming Interface — API) c6 tén LeapC
API. Day 1a bd API danh riéng cho Leap Motion dugc viét
bang ngdn ngit C nén co thé chay dugc trén nhiéu nén tang
hé diéu hanh khéac nhau. API LeapC hoat dong dua trén
nguyén tic xay dung lai cdu tric xuwong (skeletal model) tir
anh hong ngoai thu dugc tir Leap Motion. Cach sir dung
API LeapC c6 thé duogc tom tit theo so 6 Hinh 10.

Khéri dong hodc
Reset cam bién

Chup céc khung

hinh trong viing

lam viéc cua cam
bién

iém tra
céc camera va
IR LED

Phaén tach va xac
dinh cdu tric
xuo'ng ban tay
(skeletal model)

Dura ra tin higu

digu khién twon,
rng dua trén

trang thal trrée

Y
Tiép tuc
tracking?

Hinh 10. Quy trinh xit Ii anh dwa trén API LeapC

Théng sé dau vao Vi tri ban
tay (cac théng 56 toa A6 x.y,z, —]
cac goc quay roll, pitch, yaw)

Leap Motion Controller bt ca::
chuyén déng va théng sé
twong (kng

Servo diéu khién cdc day
ching nhan tao cho ra cu [—
chi twong rng

Arduino Mega 2560 [€—» "“PCAPIL:;DE‘“"’"Q

Hinh 11. Liu do diéu khién cdc ngén tay trén
ban tay robot mé phong
Céc thong sb toa do cua ban tay cing véi cac gbe quay
roll, pitch, yaw duoc Leap Motion thu thdp. Thong qua
LeapC API va mot IDE bt ky, ta c6 thé dua cac thong so

nay vao Arduino dé diéu khién cac dong co servo didu
khién cac day chang nhan tao cho ra ctr chi twong ung trén
mo hinh ban tay.

3. Két qua thi nghiém

Nhu di dé cap, cam bién Leap Motion s& thu cac buc
xa hong ngoai ¢6 budc song 850nm va dung lai ban d6 mo
hinh ban tay nguoi. Néu trong moi truong ¢6 nhidu ngudi
hodc ¢6 nhiéu ngudn birc xa c6 bude song tuong duong thi
cam bién s& bi nhifu. Dé han ché t4i da cac nhiéu gay hai,
thi nghiém dugc thuc hién trong phong kin véi ngudn sang
1a dén huynh quang. Thi nghiém dugc mo ta nhu sau: Trang
thai ban dau cuia ban tay 1a mdi ngon tay khép ho mot goc
5° twong tmg véi bd thong sé dong hoc [5 5 5]T. Khi
Leap Motion Controller bit cac chuyén dong dwoc dinh
trude tir ban tay that, vi diéu khién s& diéu khién cac dong
co servo ubn hodc gidn cac day chang nhan tao dé ban tay
mo hinh cir dong theo ban tay that. Sau khi két thuc mot thi
nghiém thi ban tay dugc cai dat lai vé trang thai ban dau.
MGdi thi nghiém dugc thuc hién trong 50 lan. Két qua dugc
cho trong Bang 2.

Trong két qua thi nghiém, c6 mét s6 1an API ciia cam
bién Leap Motion khong nhan dién dugc khung hinh ciia
ban tay. Tuy nhién, ty 1¢ phan trim nhan dién ding véi timg
clr chi dé ra déu 16n hon hoic bang 90%. Cac dong co servo
hoat dong on dinh, day chéng nhén tao khi chay 200 thi
nghiém lién tuc chua c6 dau hiéu bj din hay dut. Cac khop
ngoén tay gap va dan theo ding ctr chi cua ban tay that.

&
b v

Hinh 12. Cdc cir chi trong thi nghiém

Cont|gurad Ter tp-tacing dbvice X
(Press v’ to ehonge)

b L

o s 158

i \ e ——1

Hinh 13. Nhdn dang ban tay bing Leap Motion va
LeapC API tuwong ting
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Vé d6 tré diéu khién, do Leap Motion Controller lién
tuc giri dir liéu toa do va goc quay vé vi diéu khién nén cé
thé xay ra hién tugng tran by dém. Hién tuong nay xay ra
khi cac dong co servo chwa hoan thanh viéc diéu khién day
chéng clia bude trude thi vi diéu khién d3 nhan duoc dix
lidu vi tri méi va didu khién dong co servo véi bo dir liéu
ma&i. Vi vy, sau mdi cir chi thanh cong, tac gia d& xuat mot
khoang delay x4p xi 1s dé dam bao cac cir chi khong bi
chdng chéo. Do co ché nay nén cac ctr chi trén mé hinh ¢6
thé bi cham so véi cir chi cia ban tay that.

4. Két luan

Mo hinh dap tmg tot cac yéu cau dé ra 1a dé ché tao,
nhén dién cu chi chinh xac va ctr dong theo dung tin hi¢u
diéu khién. Tuy nhién, do mé hinh dwoc in bing nhya PLA
hién tugng bong troc bé mit 1a khong tranh khoi. Huéng
giai quyét tot nhit 1a ché tao lai cac chi tiét chuyén dong
bang vt lidu c6 d6 clmg vimg cao hon. Ngoai ra, do gioi
han khédp MCP con mot bac tu do nén chuyén dong cua ban
tay chwa dugc tw nhién. Van d& nay co thé duoc giai quyet
trong cac phién ban sau. Tlep dén, do gi6i han cua cam bién
Leap Motion, hién tugng nhiéu 1 khong thé tranh khoi. Dé
giai quyét van dé nay, tac gia dé xuét sir dung thém cong
nghé xir Ii anh bang camera thudong dé nhan dién s6 ngén
tay két hop v6i nhan dién khung xuong ban tay tir LeapC
API dé cho két qua chinh x4c hon.
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