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Nghién ciru, thiét ké robot thong minh
hinh dang giong ngwoi ho trg day hoc tiéng Anh
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Tém tit:

Bai bao trinh bay két qua thlet ké hé thong co dién cho mgt robot thong minh hinh dang glong nguoi nhim h tro day hoc tleng
Anh. Robot ¢6 ngoai hinh gibng mot cau bé, cao khoang 1,2 m, niing 40 kg, gém phan thén trén véi 21 bic tw do (1 dau, 2 canh
tay, 2 ban tay, 1 khung long nguc) va 1 mo dun di dgng c6 3 banh xe da hu’o’ng H¢ thong diéu khién bao gom mot may tinh diéu
khién toan bj hoat ddng ctia robot (tinh toan cac chuyen dong, nhan dang va dong b0 giong noi, nhan dang khudn mit, cir chi,
nhin ménh 1€nh tir trung tim glam sat, dleu khlen tir xa, thu nhn tin hi¢u tr cic microphone, camera, nhén va gu'l tin hiéu cho
bo diéu khlen mo dun di dong) va b dleu khlen phan than trén. Cac microphone, loa va camera dwgrc bo tri & dau va nguec clia
robot dé thue hién cdc chirc ning giao tlep bang giong néi, thu thap hinh dnh. Myt man hinh cim {ng dugc bo tri trudc nguce cua
robot cho phép robot cé thé twong tac voi nguoi va hién thi cac thong tin can thiét. Robot c6 kha nang giao tlep vOi nguoi bang
giong noi, thwe hién cac thao tac nhw chao héi, thé hién cdm xuc, biéu dién mia, hat, ing dung cho viéc h trg day hoc tleng Anh

trong truwdng tiéu hoc va ¢6 thé mé rong ding cho nhiéu \ing dung khac trong thuc té.

Tir khéa: robot day hoc tiéng Anh, robot hinh dang giong nguoi, robot thong minh.

Chi s6 phén logi: 2.2
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Dét van dé

Hién tai, viéc ap dung cac ky thuat cong nghé cao cua cugc Cach
mang cong nghiép 1an thir 4 (CMCN 4.0) vio nhiéu linh vuc xi hoi da
mang lai nhimg loi ich to 16n, thiét thuc. Linh vye gido duc dong vai
tro quan trong trong viéc gop phan xdy dung nén tang nhéan lyc cho cac
nganh nghé khéc. Thoi glan qua, nhiéu giai phap khoa hoc va cong nghé
da dugc ung dung trong gido duc thong minh nhu: cong nghé thong tin,
md hinh hoa, md phong... Trén thé giéi, & cac nude nhu My, Nhat Ban,
Han Qudc, Thuy S§, cac robot thong minh, hinh dang gidng nguoi di
duoc dua vao day ngon ngi tai céc trudng mAu gido va tiéu hoc. Cac
nghién ctru chi ra viée img dung robot trong ho trg day ngon ngir di dem
lai hiu qua cao, gitp hoc sinh phat trién cac kj nang ngon ngi nhanh
hon rat nhiéu [1]. O nudc ta, viéc ap dung cac robot thong minh gibng
nguoi vao day hoc tleng Anh cho hoc sinh tiéu hoc con han ché. Vi véy,
viéc dua robot vao ho tro giang day tiéng Anh s¢ gop phan nang cao chit
lwgng day va hoc tiéng Anh cho hoc sinh tiéu hoc.

Mot trong cc linh vue phat trién ciia CMCN 4.0 14 inh vue robot.
Robot phuc vu ngdy cang dugc (mg dung phd bién, chang ¢o thé tuong
tic, song chung va phuc vu con ngudi trong mét s6 hoat dong, mot so
cong vice cua doi song xa hoi. Theo Hi¢p hoi robot thé €161, robot phuc
vu duoc phan loai thanh loai phuc vu ca nhan va chuyén dung. Robot
phuc vu ca nhén str dung cho muc dich phi thuong mai, cac ung dung ca
nhan nhu: 1am viéc nha, chim s6c ngudi tan tat va nguoi gia, hd tro phuc
héi chire ning, hd tro di chuyén Loai robot phuc vu chuyén dung duoc
dung cho myc dich thuong mai, lam viéc trong cic mdi truong déc biét,
nhu robot phuc vu trong cdc vién bao tang, trung tam trién 1am, xir Iy cac
sur cd trong cac nha may di¢n hat nhan...

Robot phuc vy thong minh hinh dang gi(f)ng ngudi, ¢o thé thye hién
mot s0 chire nang nhu con ngudi 1a san pham tich hop cua nhiéu linh
vuc k¥ thuat cong nghé cao, bao gom: co khi, dién, dién tir, tw dong hoa,
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xu ly tin higu, 18p trinh nhing, quan tri co so dit li¢u, tri tu¢ nhan tao...
Vi vdy, vicc nghién clru, thiét ké, ché tao mot robot thong minh c6 hinh
dang giong ngudi, l'rng dung hd tro day hoc tiéng Anh c6 ¥ nghia lon
trong viéc lam chu cac k thuat cong ngh¢ cao, tao ra mot nén tang vé
hé thong diéu khlen hé théng phan mém tuong tac tw nhién, gop phan
thiic day su phat trién, (mg dung ctia nganh cong nghé thong tin va thiét
ké, ché tao robot.

Bai béo trinh bay viée thiét ké mot robot thong minh, hinh dang
gibng ngudi thude dé tai khoa hoc va cong ngh¢ cap quéc giama s6 KC-
4.0.04/19-25, voi myc tiéu robot ¢6 thé hd trg day hoc tiéng Anh trong
trudng tiéu hoc.

Doi tong va phuony phap nghién ciiu

Tinh todn, thiét ké robot thong minh hinh dang giéng ngudi ding
hd tro giang day tiéng Anh trong trudng tiéu hoc dua trén co s& nghién
clru, tich hop cac kién thirc tir céc linh vue khoa hoc khac nhau. Trudc
hét, nghién ciru vé gido duc tiéng Anh tiéu hoc, tim sinh Iy tré em tiéu
hoc, chuong trinh tiéng Anh cia Bo Gido duc va Pio tao, cac hoat dong
day va hoc tleng Anh trong 16p hoc, nhimg giai phap dé nang cao chat
lu’ong day hoc tiéng Anh. Tlep dén nghién ctru, g dung, phat trién khoa
hoc va cong nghé thiét k&, ché tao robot, tir d6 dua ra céc phuong phap,
cong cu, chuong trinh, kich ban sir dung robot hd trg day va hoc tleng
Anh cho gido vién va hoc sinh nham nang cao chét lugng hoc ngoai ngir
cua hoc sinh.

Robot thong minh hinh dang giong nguoi da va dang dugc nghién
clru, phat trién nhim dua vao phuc vu con ngudi trong doi song hang
ngay ¢ nhiéu linh vuc khéc nhau. Cac robot nay dugc thiét ké da dang
theo mtrc d9 tinh vi, phirc tap va dg thong minh khac nhau. Céc loai robot
¢6 hinh déng hoan toan giong ngudi, di chuyén bang 2 chan d dugc
nghién ctu va ché tao nhu: ASIMO [2], NAO [3], HPR-4C [4]... Ban
thiét ké hé théng robot ASIMO dugc thé hién nhu 6 hinh 1.
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Abstract:

This article presents the design of the mechatronic system for
an intelligent humanoid robot, which is employed for teaching
the English language. The robot’s appearance looks like a boy,
at 1.2 m tall and 40 kg weight. The robot consists of an upper-
body with 21 degrees of freedom, a head, two arms, two hands,
a ribcage; and a mobile platform with three omnidirectional
wheels. The control system consists of a computer that controls
the entire operation of the robot, including motion planning,
voice recognition and synchronization, face recognition,
gestures, receiving commands from the remote control and
monitoring station, receiving signals from microphones,
cameras, receiving and sending signals to the mobile module
controller and the upper body controller. Microphones,
speakers and cameras are located at the head and chest of the
robot to perform voice communication and image acquisition
functions. A touch screen is arranged in front of the robot’s
chest allowing the robot to interact with people and display
the necessary information. The robot can communicate
with people by voice, perform operations such as greetings,
expressing emotions, performing dances, singing, applications
for supporting English language teaching in primary schools
and has extensible for many other practical applications.

Keywords: English teaching robot, humanoid robot, intelligent
service robot.

Classification number: 2.2
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Hinh 1. Thiét ké hé thdng ctia robot ASIMO [2].
PK: diéu khién.
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Bén canh do, cc loai robot hinh déng gidng ngudi nhung ¢6
thiét ké di chuyén nho mo dun di chuyén dang cac banh xe nhu
Twendy-One [5], Pepper [6], Armar [7], Aila [8]... Thiét ké tong
thé robot Twendy-One duoc thé hién nhu & hinh 2. Hé théng co
dién ctia cac robot thong minh hinh déng giéng nguoi rat phirc tap,
do chung thuong c6 mdt lugng 1on cac bac tu do ¢ cac bd phan
khac nhau, dong thoi mat do thiét ké cua cac thiét bi rat cao. Cac
thiét bi bao gém céc co chu chép hanh, cam bién, mach diéu khién,
truyén thong, may tinh xir Iy cac thuat toan nhan dang moéi truong,
con nguoi, am thanh va hinh anh.
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Hinh 2. Thiét ké hé thoéng cta robot Twendy-One [5].

Thong s6 ki thudt ciia hé thong robot Twendy-One dugc thé
hién ¢ bang 1.

Bang 1. Théng s6 ky thuat cta hé théng robot Twendy-One.

Tén thong s6 Gia tri

Téng s6 bac tu do 47 + cac banh di dong Omni

Tay 14 [dof] (7x2)

Ban tay 26 [dof] (13x2)

ch 3 [dof]

Bung 4 [dof]

Co céu di chuyén 4 banh da huéng Omni
Khéi luong 111 kg

Téng 13 cam bién (4 & mdi tay, 1 & mdi cb tay, 1

(e I s i & dhu, 1 & bung, 1 & dé)

Téng 562 diém (241 diém mdi ban tay, 54 diém

(LT i méi tay, 26 diém & bung)

Camera 2 céi

Cam bién siéu am 12 c4i xung quanh dé

Téc do di chuyén 0,75 m/s

Tailon nhdt 62 cdtay 34 kg

S6 bo diéu khién 7 bd (Pentium M 1,8 GHz)

Trong pham vi nghién ctru, cu tric cia robot dugc chon dé
thiét ké 1a dang robot hinh déng gidng ngudi nhu phan déu, cd,
than, 2 cnh tay, 2 ban tay va mot mo dun di chuyén bang cac banh
xe da hudng.

Noi dung nghién cifu
Thiét ké hé thong co dién ciia robot

Kich thudc va hinh dang clia cac b phan trén robot dugc thiét
ké dua trén ty 18 va kich thudc giai phau cia co thé nguoi, co hiéu
chinh cho phu hop véi robot. 0 ph?m than trén, cac bac tu do cua
robot dugc lya chon va tinh toan dé dam bao robot ¢6 thé thao tac,
biéu dién gin gidng voi hoat dong cua con ngudi. O phan than
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dudi, m6 dun di dong dang banh da huéng dugc chon dé dam bao
kha nang di chuyén linh hoat trén nén phang ¢ khong gian hep
trong nha.

Thiét ké robot dam bdo hai hoa va cén bing gita chirc nang,
hinh dang, cong suit, trong lugng, kha nang ché tao cua robot.
Phan than trén cua robot gom dau va cac canh tay c6 du sé béc tu
do dé dam bao thao tac, biéu dat, bleu dién trong cac hoat dong ho
trg day hoc tiéng Anh. Phin di chuyén dam bao linh hoat, c6 kha
nang phat hién va tranh cac chudng ngai vét. Robot dugc tich hop
cac thiét bj va cam bién dé c6 thé tuong tac voi con nguoi bing
giong ndi, hinh anh, dap mg cic yéu cau trong hd tro gidng day
tiéng Anh cho tré em mot cach hiéu qua. Trong qua trinh lam viéc,
robot ¢ tuong tac voi ngudi nén ching dugc thiét ké dé dam bao
an toan cho nguoi sir dung. Robot ¢6 cac cam bién dé tranh va
cham v6i ngudi, cic bo phan ciia robot dugc thiét ké dé khong gay
nguy hiém cho ngudi sir dung. Ngoai ra, robot dugc thiét ké theo
mo dun héa dé dé dang thay thé, phat trién, ning cap cac thiét bj va
tinh nang ma khong can thiét ké ché tao lai nhiu bd phan.

Thiét ké tong thé robot: hoc sinh tiéu hoc c6 do tudi tir 6 dén
11, chiéu cao trung binh tr 110 dén 150 cm, cén nang tur 20 dén
42 kg. Do vay, kich thudc va hinh dang bén ngoai cua robot dugc
tinh toan, thiét ké twong duong véi kich thudc va hinh dang ciia
hoc sinh tiéu hoc nhim dam béo su phu hop va than thién khi robot
twong tac v6i hoc sinh. Ngoai ra, tim 1y hoc sinh tiéu hoc 13 to mo,
hiéu dong, kha nang tap trung hoc tap khong cao nén thiét ké robot
dam bao duoc su hép dan va an toan.

Robot dugc thiét ké co ngoai hinh gidng mot cdu bé, cao
khoang 1,2 m, khéi 1u’0ng khoang 40 kg. Robot bao gdm phan
than trén glong nguoi va than dudi 1a mot mo dun di dong. Phan
than trén co tong cong 21 bac tu do, bao gom 1 than trén; 2 canh
tay, mdi canh tay c6 6 bac tu do; 2 ban tay, mdi ban tay c6 3 bac ty
do: 1 dAu c6 3 bac tu do. M6 dun di dong c6 3 banh xe da hudng
aé robot ¢6 thé di chuyén tir do trén mat phang nim ngang. Thiét
ké t6ng thé cua robot dugc thé hién & hinh 3.
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Hinh 3. Thiét ké tdng thé cha robot.

Céc thiét bj ¢ khéi lwgng 16n hau hét duoc b tri ¢ san mo dun
di chuyén dé trong tdm ctia robot & vi tri thap nhat c6 thé, dam bao
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sy on dinh khi di chuyén. Phan khung két cdu chinh ctia robot dugc
thiét ké bang nhom hop kim, ¢6 khoét 16 dé giam khoi lugng. Cac
chi tiét ngoai hinh, vo dugc thiét ké dé c6 thé ché tao béng cong
nghé in 3D.

Thiét ké phan thin dw6i va mé dun di chuyén ciia robot: md
dun di dong cho phép robot di chuyén twong tac voi méi truong va
con nguoi. Tinh linh hoat di dong cua mo6 dun di dong phu thudc
vao loai banh xe va viée b tri cac banh xe. Cac mé dun di dong co
thé sir dung cac banh xe da huéng (nhu mecanum, omni) dé c6 thé
di chuyén theo bt ky hudng nao ma robot khong phai thue hién lai
quay vong nhu v6i cac banh xe thong thuong. Cac m6 dun di dong
dung banh da huéng thuong duge st dung dé tang cuong kha nang
di dong trong nha cta robot.

Mo dun di dong cta robot dugc thiét ké c6 3 banh da hudng,
duoc din dong boi 3 dong co DC servo ¢ gin vai cac hop giam
toc hanh tinh, nho cac banh da huéng ma robot co thé di chuyén
linh hoat theo cic hudng khac nhau. Nguon va cic mach diéu
khién cuia mo dun di chuyén duoc b tri bén trong dé cia mo dun
di chuyén. Dé 1ap ban d6 duong di, tranh chudng ngai vit, dam bao
an toan tranh va cham, xung quanh mé dun di chuyen dugc trang
bi céc cam bién quét lade, hong ngoai, siéu dm va tiép xuac (hinh 4).

Hinh 4. Thiét ké phan than dw&i va mé dun di chuyén.

Thiét ké phan ddau robot: dau robot dugc thiét ké tao hinh véi
du cac by phan nhu: mat, mii, miéng, tai. Doi mat 1 tim diém cua
khuén mat, thé hién nhiing thong diép va biéu cam quan trong.
Mit robot dugc thiét ké voi cac dén LED, c6 thé thay doi hinh anh
hién thi theo trang thai biéu cam cua con nguoi. Cac camera dugc
b4 tri bén trong cic mit ciia robot tai cac vi tri quan sat giong nhur
mat nguoi. pé léy tin hi¢u am thanh phuc vu cho viéc nhan dang
va déng bo giong nodi, mdt mach cac microphone dinh hudng am
thanh dugc b tri trong dau ciia robot. Ngoai ra, thiét ké con danh
khong gian trong dau robot dé o thé b tri cac thiét bj nang cap
thém khi can thiét. Thiét ké phan dau robot hinh dang giéng ngudi
duoc thé hién & hinh 5.

Hinh 5. Thiét ké dau robot.
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Diu cua robot ¢ 3 bac tu do. Trong do, bac tu dq tht nhat cho
phép hién thue hoa cac cur dong xoay quanh truc c6 va quan sat
xung quanh dé mo rong tim nhin; bac ty do thur hai cho phép robot
c6 thé ngang va gat dau, nhin Ién va nhin xudng; bac tw do thi ba
cho phép dau robot ¢ thé lac sang trai va phai.

Thiét ké phan than trén ciia robot: khung két cau phin than
trén c¢6 dang hinh chit nhét duoc gan chic chdn vao tim eo trén,
cac bo phan khac nhu canh tay, dau, cac thiét bi dién diéu khién
duoc lip trén khung nay. Phan nguc bao gdm man hinh trong tac
duoc bo tri ¢ trude ngyc dé hién thi cac thong tin trang thai cia
robot va cac thong tin gitip cho viéce tuong tic voi con nguoi. My
tinh didu khién trung tam, mach ngudn, hién thi ngudn, quat tin
nhigt, loa, nit dimg khan cép cung duge b6 tri & trong nguc va
bung cta robot. Dé phat hién cac dbi tuong, cic cam bién siéu am
duogc dat tai nguc va bung cua robot (hinh 6).

Hinh 6. Thiét ké phan than trén.

Thiét ké canh tay robot: canh tay 1a mot trong nhiing bo phén
quan trong nhét trong thiét ké robot thong minh hinh déng giong
ngudi, s6 bac ty do cua canh tay quyét dinh tinh linh hoat cta no.
bé dép tng kha nang hoat dong trong khong gian thao tac, canh
tay can c6 6 bac tu do. Thiét ké canh tay can dam bao khdi luong
nho, md men quan tinh thap va do cimg cao. Do véy, két cau cia
céanh tay robot chu yéu duogc lam b?lng vt liéu ¢ khéi luong nhe,
d6 bén dam bao. Trong 6 bac ty do cia mdt canh tay robot c6 3
bac tu do ¢ khdp ba vai, 1 bac ty do khdp khuyu tay va 2 bac tu
do ¢ khdp ) tay. Mdi bac ty do duoc dan dong boi mot dong co
DC servo. Viéc tinh toan mo men cac dong co duoc tién hanh dya
vao viée tinh cac thong s dong luc hoc nhu md men quan tinh cia
cac khop, vi tri khoi tam thong qua phan mém thiét ké, két hop v6i
téc; d6 quay 16n nhét ciia cic khop. Thiét ké canh tay robot dugc
thé hién 6 hinh 7.
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Hinh 7. Thiét ké canh tay robot.

Thiét ké ban tay robot: ban tay robot giéng ban tay ngudi 1a
mot trong nhitng bo phan co thict ke khé va phirc tap. P9 linh hoat
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ctia ban tay cang cao thi do phirc tap cang 16n. Trong ban thiét ké,
céac ban tay cua robot dugc thiét ké c6 3 bac tu do, gém 1 béc tu do
O ngon cdi va 2 bac tu do 6 cac khop trén cdc ngon cua ban tay. Ban
tay robot duoc thiét ké don gian hoa bang cach cho cic ngén nho
chum lai. Vi thiét ké nay, ban tay robot c6 thé dong mé, thuc hién
cac thao tic don gian nhu co, dudi, cam, nam (hinh 8).

Hinh 8. Thiét ké ban tay robot.
Thiét ké h¢ thong diéu khién ciia robot

Robot thong minh giéng ngudi bao gdm nhiéu bd phan nhw mé
dun di chuyén, céc canh tay, ban tay, ¢o... Hé thong diéu khién cua
robot 1a mot hé thong co tinh phirc tap, tich hop cao, doi hoi phai
dat dugc nhiéu tiéu chi k¥ thuat dong thoi nhu: dam bao tich hop
hé thong cdc may tinh nhung dam nhiém viéc giao tiép bang t1eng
néi, xt Iy anh két hgp voi hanh dong; diéu khién duoc moi chuyén
dong ctia mot hé thong ¢6 nhidu dong co dan dong khac nhau; xir
1y duogc tit ca céc tin hiu khac nhau tir cac cam bién; dam bao sy
truyén thong giao tiép nhanh va chinh xac, kha ning ké thira va
phat trién, dong thoi phai gon nhe va an toan.

Hinh 9 mb ta thiét ké so bo cua hé théng didu khién trén robot
bao gom 1 méy tinh c6 chirc ning diéu khién toan b hoat dong cua
robot nhu tinh toan céc chuyén dong cho cac bd phan ciia robot, xir
ly tuong tac tiéng noi, nhan dang hinh anh, nhan ménh Iénh tr by
diéu khién tir xa, thu nhén tin hiéu tir cac microphone, cameara va
thong qua giao tiép TCPROS/UDPROS nhén va giri tin hiéu diéu
khién cho bo diéu khién phan than trén va dudi.
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DC: dong co.



Khoa hoc Ky thuat va Céng nghé | Ky thuat dién, ky thuat dién td, ky thuat théng tin s

Bo diéu khién phan than dudi gm mot may tinh dam nhiém
viée diéu khién mo dun di dong, bao gom viéc nhan va xu ly dir
liéu tir cac cam bién quét lade, dinh vi, dinh hudng, cam bién an
toan phat hién chudng ngai vat, dong thoi didu khién cac dong co
DC servo dan dong & cac banh xe thong qua céc drivers. B9 diéu
khién phan than trén dam nhan viéc diéu khién phan than trén ctia
robot, bao gom viéc nhan va xu 1y tin hiu tir cac cam bién phat
hién chudng ngai vat ¢ nguc va bung cia robot, cac cam bién can
bang, tiép xtc; diéu khién 21 dong co & cac canh tay, ban tay va co
ciia robot, ddng thoi hién thi céc trang thai cuia robot. Robot con co
cac microphone, loa va camera dugc b6 tri ¢ dau va nguc dé thuce
hién cac chire ning giao tiép bang tiéng néi, thu thap va xir Iy hinh
anh. Céc thiét bi nay duoc két ndi v6i may tinh chu trén nguc ciia
robot. Mot man hinh cam (mg dugc b4 tri trude nguc cua robot
dé hién thi phan mém giao tiép, diéu khién, twong tac gitta nguoi
va robot, cling nhur cac trang thai cua robot. HE thong diéu khién
ngoai robot bao gdm mot tram méy tinh diéu hanh, giam sat va mot
b tay cam diéu khién tir xa. Hé thong ngudn dién cua robot ¢6 thé
cung cp ning lugng cho robot hoat dong lién tuc trong it nhat 6
tiéng ddng hd, c6 kha nang tu bio vé ngat ngudn khi xay ra cac su
c6 dé dam bao an toan.

Sdn pham nghién ciru

) Phién ban robot duoc thiét ké trong bai béo di dugc ché tao,
lap rap va thu nghiém. Céc thong s0 ky thuat quan trong cua robot
dugc thé hién ¢ bang 2.

Bang 2. Thong s6 k§ thuat cta robot.

Théng sb Gia tri Don vi tinh
Kich thudc robot (rgng x siu x cao) 520x480x1260 mm

Trong lugng 40 kg

Piu (3 béc tu do) 1 cai

Canh tay (6 bac tu do) 2 cai

Ban tay (3 bac tu do) 2 cai

Mb dun di chuyén 1 Mo dun
Banh Omni 3 banh

Téc d6 di chuyén 16n nhit 0,5 m/s

Ngudn dién 24 vDC

Trong qua trinh thir nghiém, h¢ thong co, dién, diéu khién cua
robot hoat dong 6n dinh, dap umg dugc cac chue nang va yéu ciu
co ban d& ra. Hinh 10 thé hién hinh anh viéc thu nghiém robot
twong tac tiéng Anh voi tré em.

Bii bao di trinh bay viéc tinh toan, thiét ké chi tiét hé thong
co dién cuia robot thong minh c6 hinh dang giong nguoi, tmg dung
cho viéc day hoc tiéng Anh cho hoc sinh tiéu hoc. Robot dugc thiét
ké c6 hinh dang giong mot cdu b¢, dam bao kha nang di chuyen
thuc hi¢n cac thao tac glong con nguoi. Thiét ké da tich hop day
du phan cung cua hé thong dién, diéu khién, hé thong cam bién,
truyén thong. Nghién ctru ddm bdo viéc thiét ké, ché tao, mo dun
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Hinh 10. Thr nghiém robot tu’o'ng tac voi tré em bang tiéng
Anh.

hoa, tir @6 cho phép nang cép, phat trién san pham theo cic dinh
hudng Gng dung khac nhau.

Mot trong nhitng hudng tiép theo d6 1a thiét ké, ché tao dé ting
céc tinh ndng cua robot. Khép hong va eo cua robot dugc thém cac
bac tu do, cho phép robot ¢6 thé cti nguoi, di chuyén phan than
trén linh hoat hon.
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