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Piéu khién thiét bi bing cir chi tay véi Leap Motion va LabVIEW
Devices controlled by hand gesture with Leap Motion and LabVIEW

Nguyén Ting Kha Duy’, Nguyén Vin Mwét®, Lwong Hong Duy Khanh?,
Nguyén Thanh Long’
Truwong Pai hoc Cin Tho
e-Mail: ntkduy@ctu.edu.vn', nvmuot@ctu.edu.vn?, khanh111095@student.ctu.edu.vn®,
IongllllO4@student.ctu.edu.vn4

Tom tit

Ngay nay, cd&c md hinh xe, may bay va robot dang
ngdy cang phd bién trong nghién ciru va dao tao. Cac
thiét bi nay thuong dugc van hanh ty dong hodc diéu
khién truc tiép boi con nguoi. Nho vao su tién bo cua
cong nghé xur 1y hinh anh, ngay cang nhiéu cac thiét
bi c6 kha niang ghi nhan cir chi tay va chuyén doi
thanh céc tin hiéu c6 thé xir Iy bang may tinh. Trong
dé tai nay, ching t6i sir dung Leap Motion, mot thiét
bi cho phép ghi nhén céc ct chi tay trong khong gian
3 chidu v6i d¢ chinh xac 0.01 milimet dé diéu khién
cac md hinh trén théng qua cu chi tay. Viéc sir dung
thiét bi ndy s& ting cudng sy twong tac tu nhién giita
con ngudi va may moc. Ngoai ra, nho vao ngén ngit
1ap trinh d6 hoa LabVIEW va ngdn ngit 1ap trinh ma
ngudn mé Arduino gitp cho viée xay dung cac giai
thuat diéu khién tro nén don gian va nhanh chong.
Két qua nghién ciru cho thay cho thiy tinh ding dén
va tinh 6n dinh cao trong viéc diéu khién cac mo hinh
xe, may bay, va canh tay robot bang cir chi tay voi
Leap Motion va LabVIEW.

Tu khoa: Leap Motion, ctr chi tay, LabVIEW, xe,
canh tay robot, quadcopter, National Instruments.

Abstract

Nowadays, models of vehicle, aircraft, and robot are
increasingly popular in research and educational
training. These devices are wusually operated
automatically or controlled directly by human.
Thanks to the advance of image processing
technology, more and more devices can capture the
hand gestures and convert into signals that can be
processed by computer. In this study, we used Leap
Motion, a device allows us to capture our hand
gestures in 3D space with 0.01 millimeter accuracy, to
control the aforementioned models through hand
gestures. The use of this device will enhance the
natural interaction between human and machinery. In
addition, with the helps of LabVIEW graphical
programming and Arduino open-source platform,
building control algorithms is simpler and quicker
than ever. The experimental results show that the
correctness and high stability in controlling these
models of vehicle, aircraft, and robot arm by hand
gestures with Leap Motion and LabVIEW.
Keywords: Leap Motion, hand gesture, LabVIEW,
vehicle, robot arm, quadcopter, National Instruments.
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Ky hiéu:
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Ky Do loi cia bo loc Kalman
I Hé sb loc Kalman
Chir viét tat:
RC Radio Control
RF Radio Frequency

1. Phin mé diu

Trong nhitng nim gan day, cong nghé k¥ thuat dang
phét trién mot cach nhanh chong va anh huong dén
cach ma thiét bi tuong tac voi con nguoi. Nam 1973,
nhiing chiéc dién thoai di dong dau tién ra doi. Nguoi
st dung can bam céc phim dé diéu khién dién thoai
cia minh. Nam 1992, chiéc dién thoai cam tng dién
tré du tién duoc xuat hién tai Hoi chg COMDEX
dién ra ¢ LasVegas (My), thay déi cach twong tac véi
dién thoai bang cach cham vao man hinh cua né.
Ngay nay, vé6i su phat trién cua ky thuat xi ly anh,
viéc thu thap hinh anh 3 chiéu caa ban tay con nguoi
va dwa ra cc thong tin chuyén dong tay dé diéu khién
cac tro choi trén may tinh dwoc thuc hién maot cach
nhanh chéng va don gian, nhd vao thiét bi cé tén goi
la Leap Motion [1].
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H.1 Leap Motion trong gidi tri (nguon:
www.leapmotion.com)
Nhan thay tiém niang ng dung Leap Motion khong
chi dung lai 6 viéc diéu khién cac mé hinh tro choi 4o
trén may tinh (xem H. 1) ma con ¢ kha nang diéu
khién céac thiét bi k¥ thuat thong qua cir chi, hanh vi
clia ban tay trong khong gian. Didu nay s& giup mé ra
mot kénh giao tiép méi, gitp viéc twong tac giita con
ngudi va thiét bi may moc tré nén ty nhién, linh hoat
va hiéu qua hon. Viéc img dung cur chi tay dé dicu
khién cac thiét bi ky thuat co thé g dung trong viéc
diéu khién cac thiét bi nhu xe, robot, may bay... di
dén nhiing noi c¢6 dia hinh kho khin va méi truong
nguy hiém, noi ma con nguoi khé co thé thé tiép can
dugc. Bén canh do, viéc ting dung ctr chi tay dé diéu
khién thiét bi c6 thé ap dung cho vat 1y tri liéu nham
tao su hung tha cho bénh nhan trong qua trinh luyén
tap, gitip cai thién tdc do hdi phuc chirc ning tay.
Muc tiéu cta bai bao trinh bay phuong phap st dung
Leap Motion va phin mém LabVIEW dé diéu khién
mo hinh xe tdng, canh tay robot toan khdp xoay va
may bay tryc thang 4 canh (quadcopter) hoat dong
theo cir chi tay trong khong gian 3 chiéu. Cac mé hinh
st dung trong dé tai duoc chon lan luot tir don gian
dén phirc tap khi diéu khién bang ctr chi tay. M6 hinh
xe tang chi can didu khién bang cir chi tay trong mat
phing 2 chidu XZ ctia Leap Motion. M6 hinh canh
tay robot can diéu khién trong khong gian 3 chiéu.
Mo hinh may bay Nano Quadcopter can didu khién
trong khong gian 3 chiéu va can tap luyén cur chi tay
dé diéu khién vat thé bay 6n dinh trong khong gian.
2. Noi dung chinh
2.1 Thiét bi Leap Motion
Leap Motion 1a mot thiét bi ghi nhan hinh anh vé sy
chuyén dong cua doi tay trong khong gian 3 chiéu.
Leap Motion dugc thiét ké dé dat trén cac may tinh
hodc laptop mét cach thudn tién va c6 tim nhin hudng
lén. H¢ truc toa do cua Leap Motion la hé truc
Descartes (xem H. 2). Bén trong Leap Motion dugc
trang bi 2 camera héng ngoai, hoat dong nhu h¢
stereo vision [2-5] va 3 LED hdng ngoai, cho phép
tao ngudn sang cho cac vat thé can ghi nhan hinh anh.
Do d6 ngay ca trong méi trudng thiéu anh sang, Leap
Motion van hoat dong tbt.

+Y

H.2  Leap Motion va hé truc toa do (ngu&n:
www.leapmotion.com)

Thong s6 k§ thuat cua Leap Motion nhu sau:

e Tinsd cap nhat: 150 - 980Hz.
e GAc nhin: 120 — 150°.
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Tam nhin cta truc Y: 600mm.

TAm nhin cta truc X va Z: £ 300mm.

Do phén giai 1én dén 0.01mm.

Nhan dang ca hai tay va 10 ngdn tay rleng biét.
Cung cap thong tin vé hudng, vi tri va toc do timg
dbi tugng quan sat (xem H. 3).

Nhan dang cac khép xuong ban tay va ngoén tay.

e Nhan dang céc ctr chi xoay, trd, vay ban tay, ngon
tay va thanh cong cu cam trén tay.

H.3  Cidc cik chi nhdn dang véi Leap Motion (nguon.:
leapmotion.com)

Leap Motion dugc hd trg boi rat nhiéu ngén ngi 1ap
trinh dé xdy dung va phat trién tmg dung nhu:
JavaScript, Unity/C#, C++, Java, Python, Objective-
C, LabVIEW va dang mo rong cho nhiéu nén tang
khac.

2.2 LabVIEW va b} lgc Kalman cho Leap Motion
LabVIEW [6] la mot phan mém lap trinh d6 hoa, dugc
phét trién bai National Instruments. Bo thu vign LVH-
Leap [7] cho phép LabVIEW giao tiép véi Leap
Motion mot cach dé dang va nhanh chéng. LabVIEW
s¢ truy cap Leap Motion dé lay dir lidu toa do va
chuyén dong cua ban tay trong khéng gian 3 chiéu
(xem H.4).
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H.4 D6 thi toa dp ban tay trong khéng gian

Véi toe do cap nhat ciia Leap Motion 1én dén hon
150Hz, cac dap tng chuyén dong cia thiét bi véi ban
tay 14 rat nhanh. Néu ban tay chuyén dong qua nhanh,
trong khi cac thiét bi nhu canh tay robot, miy bay
quadcopter lai c6 quan tinh chuyén dong 16n thi dé
gay ra cac hu hong cho cac thiét bi khi van hanh. Do
d6, can str dung bo loc Kalman [8] dé 1am muot va tri
hodn cac chuyén dong tir ban tay trude khi sir dung dé
diéu khién thiét bi. Chu trinh ctia b loc Kalman rat
gon [9] dugc trinh bay nhu sau (xem B. 1):


http://www.leapmotion.com/
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B. 1 Chu trinh b¢ loc Kalman rut gon
Cap nhat thoi gian Cap nhat dir liéu
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R=(1-K)P« (5

B6 loc Kalman rit gon duoc 1ap trinh bang LabVIEW
(xem H. 5).
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H.6 D06 thi toa dj ban tay trong khong gian
Biang cach ding by loc Kalman, cac chuyén dong
rung lic ciia ban tay dugc loai bo, dong thoi ciing
muot hon (xem H. 6). Nhuoc diém khi sir dung bo loc
13 dit liéu sau khi loc sé& tré hon so véi dir liéu géc. Bo
loc cang t6t thi do tré cang cao. Piéu nay co thé dugc
diéu chinh thong qua bién I cta bd loc Kalman sao
cho hé théng hoat dong t8i wu nhét.
2.3 Diéu khién mé hinh xe ting va canh tay robot
M0 hinh xe ting dugc lam bé“mg khung in 3D [10], st
dung 2 ddng co budc cho 2 banh xich va 2 mach diéu
khién dong co budc. Mo hinh canh tay robot dugc
lam bang khung acrylic day 5mm, sir dung 3 dong co
RC (Radio Control) Servo cho 3 khdp xoay. Ca hai
md hinh dugc két hgp véi nhau nham tang khong gian
van hanh cénh tay robot (xem H. 7). Trong truong
hop can diéu khién doc 1ap thi ta van co thé thyc hién
duoc. Hai mo hinh duoc diéu khién béng Arduino
[11] va truyén nhén tin hiéu khong day voi LabVIEW
thong qua chudn RF (Radio Frequency) 433MHz
bang mach HC-11[12], st dung chip CC1101 cua
Texas Instruments.
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Dé didu khién mo hinh xe ting va canh tay robot biang
ctr chi tay véi Leap Motion va LabVIEW, hé théng
cAn mot bo phat tin hiéu RF 433MHz duoc két nbi
v6i may tinh thong qua mach chuyén dbi USB sang
RS232 [13] va dua vao vo in 3D (xem H. 8).

H.7 MG hinh két hop xe ting va canh tay robot
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H.8  Thiét bi phéat séng RF HC-11 433MHz
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H.9  So do hé thong diéu khién mé hinh xe ting va canh
tay robot voi Leap Motion

Pé diéu khién mo hinh xe ting va canh tay robot bang
ctr chi tay, can két ndi Leap Motion va thiét bi phat
song RF 433MHz v6i may tinh. D liéu cu chi tay tir
Leap Motion dugc tinh toan bang LabVIEW va gui
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dén bo phat song RF (xem H. 9), tir d6 didu khién su
van hanh cua xe tang va canh tay robot.

2.4 Diéu khién may bay Nano Quadcopter

M6 hinh may bay dugc sir dung trong dé tai la tryc
thing 4 canh Nano Quadcopter [14] véi kich thude
nho va trong luong nhe, an toan, it hu hong trong qua
trinh nghién cttu (xem H. 10). May bay dugc tich hop
cam bién gia toc va vén toc goc nén c6 do 6 6n dinh tot.
May bay sir dung chuén truyén thong khong day RF
2.4GHz. Bé diéu khién may bay Nano Quadcopter
v6i LabVIEW, hé théng cin mot bo diéu khién két
n6i voi may tinh (xem H. 11).

H.10 May bay Nano Quadcopter (nguon: www.
funcasetoy.com)

H.11 Mach diéu khién mdy bay Nano Quadcopter
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H. 12 So do hé thong diéu khién Nano Quadcopter voi
Leap Motion
Dé diéu khién may bay Nano Quadcopter bang cu chi
tay voi Leap Motion, cin két nbi Leap Motion va
mach diéu khién may bay v6i may tinh. Dit liéu cir
chi tay tr Leap Motion dugc tinh toan bang
LabVIEW va gui dén bd didu khién sir dung board
Arduino, tir d6 diéu khién mach phat song RF dé van
hanh may bay (xem H. 12). Chip DAC [15] trong
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mach ¢6 nhiém vy nhdn dit liéu tir Arduino dé tao tin
hiéu analog thay thé cac can gat trén mach diéu khién
may bay.

2.5 Giao dién chwong trinh diéu khién LabVIEW
Trong d& tai nay, LabVIEW vira c6 nhiém vu thu thap
dir liéu cir chi tay tir Leap Motion, tinh toan va xuat
dir liéu diéu khién ciac mo hinh. Bén canh do,
LabVIEW cho phép xay dung giao dién ngudi dung
trén may tinh mot cach nhanh chéng va don gian
(xem H. 13 — 14). W
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H. 14 Giao dién chirong trinh diéu khién mdy bay Nano
Quadcopter

3. Két qua thi nghi¢m
3.1 M0 ta thi nghiém
Dua vao vi tri cia ban tay trong khong gian lam viéc
cua Leap Motion, LabVIEW sg€ tinh toan va dua ra
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thong s6 diéu khién va gui dén cac thict bi van hanh

(xem

B. 2 Théng s6 diéu khién ciia cdc thiét bi va Leap Motion

2).

Gié tri van hanh Phuong phap diéu khién | Pham vi diéu
STT Muc tiéu T bang ctr chi tay trén khién trén Leap Ghi chu
(min — max) - .
Leap Motion Motion
T607d(f) dj cl‘luyén Truc X: .(tré’iz pha.ii), X: -150 - 50 mm Bé.nx tay Atré‘i diéu
1 cua mo hinh 0-0.3mfs Truc Z: (61, lui) ) khién mé hinh xe
< A . Z:-100 - 100mm .
xe tang cua ban tay trai tang (H. 16).
2 ,Truc Z cua 161 — 300 mm Truc Z: (do xa»)~ cua ban 30— 60 mm Ba.n; tay p,hél diéu
canh tay robot tay phai khién canh tay
Truc Y cla ) Truc Y: (d0 cao) ctia ban robot (H. 18-19).

3 canh tay robot 60 — 180 mm tay phai 140 — 300 mm Neon céi ciia tay
Kep oép ciia Do cao gilra ngdn cai tay trai (,iiéu khién
4 Céﬂﬁ t%l probot 0°—80° trai (truc Y) so voi ban -40 -0 mm kep gap cua canh
Y tay trai tay robot (H. 17).
Cong suat may bo cao ban tay
5 bay Nano 0—100% Truc Y (d6 cao) 100 — 360 mm diéu khién cong
Quadcopter sudt may bay
Di chuyén Nano Quadcopter

trai/phai ctia may 3 g 1En (H. 22).
6 bay Nano 0-1m/s Truc X (trai, phai) 150 — 150 mm Di chuyén 6.
Quadcopter lui, trai, phai cta
Di chuyén t6i/lui Nano Quadcopter
cia may bay dicu khién bang
7 Nano 0-1m/s Truc Z (t6i, lui) -150 — 150 mm vi tri ban tay trén
mat phang XZ
Quadcopter cua Leap Motion.

3.2 Piéu khién mé hinh xe ting va canh tay robot

Sau khi thuc hién thi nghiém diéu khién md hinh xe
ting va canh tay robot bang cir chi tay véi Leap
Motion, cac md hinh da hoat dong dung theo yéu cau

da dat ra (xem H.15). Cu thé nhu sau:

Mo hinh xe tang di chuyén theo dung theo ctr chi
tay trén mat phang XZ cua Leap Motion.

Téc do di chuyén cia md hinh xe (0.1m/s —
0.3m/s) thay doi twong tmg vé6i do xa (truc Z) ciia
ban tay trén Leap Motion (xem H. 16).

Kep gip ctia canh tay robot van hanh theo ctr chi
ngdn tay cai cda tay trai (xem H. 17).

Cénh tay robot van hanh theo vi tri ban tay phai
trong mat phing YZ cia Leap Motion (xem H.
18-19).

Khi vi tri tay vugt qua khoang quy dinh, Leap
Motion bj mat tAim nhin, mé hinh tu ngung hoat
dong sau 500ms.

B.'fmg viéc st dung bd loc Kalman, canh tay robot
khong dao dong manh theo sy thay déi dot ngot
cua vi tri tay, han ché dugc cac hu hoéng cua cac
dong co RC Servo.

DPoan video ghi nhén qua trinh diéu khién mo hinh xe
tang va canh tay robot voi Leap Motion dugc truy cap
gua duong dan: https://goo.gl/x5xZ10.
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H. 15 Biéu khién mé hinh xe ting va canh tay robot bing
cir chi tay trén Leap Motion
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H. 16 Diéu khién cong sudt mé hinh xe tang
Dién khién kep g:ip cua canh tay robot
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H. 17 Diéu khién géc mé kep gdp ciia canh tay robot

Diéu khién tryc Y cia canh tay robot
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I

.18 Diéu khién dé cao (truc Y) ciia canh tay robot

Piéu khién tryc Z cia canh tay robot
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H. 19 Diéu khién dé vieon xa (truc Z) ciia canh tay robot
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3.3 Diéu khién may bay Nano Quadcopter

Sau khi thuc hién thi nghiém, may bay Quadcopter da

hoat dong dung theo yéu cau (xem H. 20), cu thé nhu

sau.

e Do cao cua may bay Quadcopter thay ddi tuong
ung v6i d cao cua ban tay (truc Y) trén Leap
Motion (xem H. 21).

e Quadcopter bay theo hudng di chuyén cua ban
tay trong khong gian 3 chiéu.

e Khi vi tri ban tay vugt qua pham vi quan sat cia
Leap Motion, LabVIEW mat dit liéu toa do tay,
may bay lap tirc dap xudng.

e Bing viéc st dung bo loc Kalman, may bay
khong thay dbi vi tri qué nhanh theo sy thay dbi
do6t ngot cua ban tay. Do d6 may bay van hanh 6n
dinh.

e Leap Motion va LabVIEW phat hién chinh xac
cac cir chi can chinh cam bién va két ndi lai nén
hé théng van hanh chinh xac theo cic quy dinh
duoc dua ra.

Poan video ghi nhan qua trinh didu khién may bay

Nano Quadcopter vai Leap Motion dugc truy cdp qua

duong dan: https://goo.gl/ts9viG.

.20 Diéu khién mdy bay Nano Quadcopter bing cir chi
tay trén Leap Motion

Diéu khién cong sufit may bay Nano
Quadcopter
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H.21 Biéu khién cong sudt mdy bay Nano Quadcopter

4. Kétluan
Dé tai da thanh cong trong viée diéu khién cic mo
hinh thiét bi k¥ thuat bang ctr chi tay trong khong
gian voi Leap Motion, dwa trén nén tang lap trinh
LabVIEW va Arduino. Cac mé hinh trong dé tai véan
hanh 6n dinh va chinh xé4c theo cac yéu cau duoc dua
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ra, mac du LabVIEW chua dugc 14p trinh dé tan dung
t6i da cac ctr chi co thé nhan dang trén Leap Motion,
cling nhu chua sir dung hét cac kha ning di chuyén
clia cac mo hinh trong dé tai. Két qua thuc nghiém
cho thiy kha ning ‘ung dung cur chi tay v6i Leap
Motion dé diéu khién cac thiét bi thuc té hon, tng
dung dugc trong céac linh vuc gido duc, dao tao,
nghién ctru, do tham, y sinh, giai tri, v.v... Bang cach
do6, su tuong tac gilta con nguoi va mady moc trd nén
than thi¢n, linh hoat va hi¢u qua.

Tai liéu tham khao

[1] Leap Motion, www.leapmotion.com/product, truy
cap ngay 28/12/2014.

[2] Akira Utsumi, Jun Ohya, “Multiple Hand-Gesture
Tracking using Multiple Cameras”, Computer Vision
and Pattern Recognition, 1999. IEEE Computer
Society Conference, vol. 1, ISSN. 1063-6919, 1999.
[3] John Krumm, Steve Shafer, “Multi-Camera Multi-
Person Tracking for Easy Living”, Visual
Surveillance, 2000. Proceedings. Third IEEE
International Workshop, ISBN: 0-7695-0698-4, pp. 3-
20, 2000.

[4] Bruce D. Lucas, Takeo Kanade, “An Iteraltive
Image Registration Technique with an Application to
Stereo Vision”, 1IJCAI'81 Proceedings of the 7th
international  joint  conference on  Artificial
intelligence, vol. 2, page. 674-679, 1981.

[5] Dragos Calin, “Fundamental Guide for Stereo
Vision Cameras in Robotics”,
www.intorobotics.com/fundamental-guide-for-stereo-
vision-cameras-in-robotics-tutorials-and-resources,
truy cdp ngay 11/5/2015.

[6] NATIONAL INSTRUMENTS, “LabVIEW
System Design Software”, Www.ni.com/labview,
2015.

[7] LabVIEW Hacker, “LVH-Leap”,
www.labviewhacker.com, truy cap ngay 2/1/2015.

[8] Greg Welch, Gary Bishop, "An Introduction to the
Kalman Filter", University of North Carolina at
Chapel Hill Department of Computer Science, NC.
27599-3175, pp.5-11, 2006.

[9] Bilgin Esme, “Kalman Filter for Dummies”,
Www.bilgin.esme.org, truy cip ngay 12/2/2015.

[10] Wikipedia, “3D Printing”,
www.en.wikipedia.org/wiki/3D_printing, truy cap
ngay 18/1/2015.

[11] Arduino, www.arduino.cc, truy cdp ngay

11/1/2015.

[12] SEEED catalog, “HC-11 433MHz Wireless
Serial Port Module” www.seeedstudio.com, truy cap
ngay 18/1/2015.

[13] Prolific, “PL2303 USB to  Serial”,
www.prolific.com.tw, truy cép ngay 15/1/2015.

[14] Funcasetoy, “mini Ninja Hybrid Quadcopter”,
www. funcasetoy.com/#!mini-ninja-hybrid-727/cijj,
truy cép ngay 2/3/2015.

VCCA-2015

[15] TEXAS INSTRUMENTS,  “DAC8568
datasheet”, www.ti.com, truy cap ngay 2/3/2015.

Nguyén Tiing Kha Duy tot nghiép
Pai hoc chuyén nganh Dién tir
! Vién thong tai truong Pai hoc Can
" Tho nam 2009 va Thac si nganh

‘-- dién va khoa hoc may tinh tai
P}
£

truong Pai hoc Quéc gia Giao

thong Pai Loan nam 2013. Hién
anh dang la giang vién tai b mon Dign tu Vién
Thong, Dai hoc Can Tho. Chuyén nganh cua anh la
xtr ly video s6 (HEVC), va céc ting dung dién-dién
tar, tw dong hda trong ndng nghi¢p va thiy san dua
trén mang cam bién khong day.

Nguyén Vin Muét, sinh ngay
= - 05/01/1975 tai tinh Pdng Thap.
' ; Tt nghiép dai hoc nganh Dién tir
tai truong Pai hoc Can Tho nim
1998; nhan béng thac si nganh Ty
Pong Hoa tai truong Pai hoc
Giao Thong Véan Tai TP.HCM
nam 2009.
Tir nam 1998 dén 2007, anh 1a tro giang thudc Bo
moén Vién Thong va Ky Thuat Didu Khién, Khoa
Cong Nghé Thong Tin, truong Pai hoc Can Tho.
Tir nam 2008 dén nay anh 1a giang vién thudc Bo
mo6n Ty Dong Hoa, khoa Cong Nghé¢, truong Dai
hoc Can Tho. Tt nim 2012 &én nay, Thac sy
Nguyén Vin Muét 1 truéng phong thi nghiém Co
bién T, phd truong BO mén Ty Pong Hoa, khoa
Cong Nghé.

Lwong Hong Duy Khanh la sinh
vién khoa 37 nganh Ky thuat Co —
bign tu, tai khoa Cong Ngh¢,
truong Pai hoc Can Tho. Anh da
tham gia thyc hién 2 dé tai nghién
cttu khoa hoc cép truong va 1 dé
tai sang tao k§ thuat cap qu0c gia.
Cac linh vuc quan tam bao gom: luc va chuyen
dong, cam bién va chuyén ning, diéu khién tu
dong, mang khong day, 1ap trinh hé thong nhing.

Nguyén Thanh Long la sinh vién
khoa 37 da tot nghiép dai hoc
nganh Ky thuat Co — Dbién tu, tai
khoa Cong Nghé, truong Pai hoc
Céan Tho. Anh d3 tham gia thuc
hién 1 dé tai nghién ctru khoa hoc
cép truong Céc linh vyc quan
tdm bao gom: co khi CNC, diéu
khién ty dong hoa.
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