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TOM TAT

May bay khang nguavi lai (UAV) vai nhigu bign thé khac nhau da
xudt hign trong cudc sdng vai nhigu irng dung thue tién hitu ich.
Hién nay, cac may bay khang nguai & chi yéu duegc digu khién
bai cac thigt bj ngoai vi nhur tay cdm diéu khién, cén diéu khién,
chudt, ban phim... Bai bao nay trinh bay két qua thigt k&, ché tao
méy bay khaong nguai & dugc digu khign béng ging tay cam
bién vai cac chuyén dang bay co ban nhu tién |0i, ngang doc,
|én xuting. Bai toan dang hoc va ma hinh 30 cia méy bay khang
ngudri |ai duge xdy dung trong nghién citu nay theo chuén loai
méy bay khang nguai l4i hang trung vai 4 dang co (Quadcopter).
bang tay cam bién sir dung 2 cém bign IMU BDOF vai bo mach
chinh STM3ZFID3C8TE do chuyén dang udn cia ngdn tay dé xac
dinh chiéu bay theo thari gian thuc va truyén dit ligu qua giao tigp
khdng day LoRa. Phién ban dau tién cia may bay khang ngui l4i
v géng tay cam bién da dugc ché tao va thir nghiém thanh cong
viri ket qué cho thdy may bay bay dn dinh va theo dai tdt dif ligu
tir gang tay cam bign.

Tir khéa: May bay khang nguai l&i, Quadcopter, UAV, gang tay
cam bign.

1.DAT VAN PE

Su xuat hién ctia may bay khong ngudi lai (UAV) [1] cling véi
thai ky cong nghiép 4.0 va cong nghé diéu khién ty dong va su
tuong tac gilta ngudi - may, cac hé théng va thiét bi diéu khién phi
truyén théng trong nhirng nam gan day dang ngay cang thu hut
dugc sy quan tam trong nhiéu linh vuc nhu quéc phong, ctu hé,
néng nghiép thdng minh va cdng nghé sang tao. Mdy bay khong
ngudi 1ai c6 nhiéu dang khac nhau cé thé bay tu déng hoidc dugc
diéu khién tir xa bang nhiéu thiét bi ngoai vi khac nhau [2]. Ngoai
viéc st dung cac phuong thic diéu khién ti xa truyén théng nhu
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ABSTRACT

Unmanned aerial vehicles (UAVs) or drones with many variations
have gradually appeared in life with many useful practical
applications. Up to now, UAVs have been being controlled by
peripheral devices such as controller, joystick, keyboard,
mouse, etc. This paper presents the results of designing and
manufacturing a drone trontrolled by a sensory glove with basic
flight movements such as forward and backward, horizontal and
vertical, up and down. The kinematics problem and 3D model of
the drone are established in this study according to the standard
of medium-sized drones with four rotors (quadcopter). The
glove is sensorized with the two EDOF IMU sensors connected
to the main board STM32FIO3CETE to measure the flextion
motions of the fingers to determine the flight direction in
real time and transmit data via Lora wireless communication.
The first version of the drone and the sensory glove has been
successfully created and tested with the results showing the
stability flight and tracking well the data from the glove.
Keywords: Unmanned aerial vehicles. Quadcopter, UAV, sensor
glove.

tay cam diéu khién, can diéu khién, chuét, ban phim... [3], hién nay,
géang tay cam bién cling dugc nghién cliu trong cac ting dung diéu
khién robot va thiét bi théng minh [4, 5]. Khac vdi viéc st dung céc
phuong thic diéu khién truyén théng, hé théng st dung gang tay
cdm bién cho phép ngudi diéu khién sir dung cac clr déng tay tu
nhién dé diéu khién huéng bay, dé cao, t6c d6 va cac thao tac dic
biét cho UAV. Ging tay cdm bién c6 thé tich hop cac cdm bién nhu
cadm bién uén cong, gia t6c k&, con quay héi chuyén dé nhan biét
chinh xac ting déng tac ngon tay va cir ddng ban tay, ti d6 truyén
tin hiéu khong day dén may bay khéng ngudi lai dé thuc hién l1énh
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diéu khién tuang ting. Cac hé thdng nay cho phép ngudi dung diéu
khién UAV theo céach tu nhién hon, théng qua chuyén dong tay va
ngon tay, dong thai ma rong kha nang ting dung UAV trong méi
trudng han ché thiét bi ngoai vi hodc trong méi trudng doi hoi thao
tdc nhanh chéng va chinh xac.

Tai cac nudc dang phat trién, mic du UAV da dugc tng dung
trong nhiéu linh vuc nhu néng nghiép, giam sat cong trinh va tim
ki€m ctru hd, song cac gidi phap diéu khién hién tai van cha yéu
dua vao diéu khién truyén théng. Viéc nghién ctu va ché tao mot
hé théng diéu khién UAV st dung gang tay cdm bién nhdm tiang
tinh truc quan, gidm d6 phuc tap khi van hanh va ma réng kha
nang ung dung la rat can thiét. Dac biét, trong diéu kién dia hinh
phc tap, méi trudng kho ti€p can hodc yéu cau dé phan ting cao,
hé théng nay c6 thé hé trg ngudi van hanh diéu khién UAV nhanh
choéng, chinh xac va linh hoat hon. Mét s6 nghién ctu cling da thuc
hién phat trién phuong phap diéu khién may bay khong ngudi lai
bang st dung gang tay cdm bién [2, 6, 7]. Tuy nhién, cac nghién ctiu
nay mdi chi sir dung chuyén déng clia mu ban tay va cac chuyén
déng dan gidn clia ngdn tay ma chua xac dinh dugc cac géc chuyén
déng chinh xac ctia ngén tay dé dua ra cac lénh diéu khién chinh
xac va da dang hon. Bai bao nay thuc hién thiét ké va ché tao mot hé
g6m mot may bay khong ngudi lai dang vai 4 déng co (Quadcopter)
dugc diéu khién bang gang tay cdm bién. Trong d6, gang tay c6 gan
cac cdm bién & ban tay va ngén tay dé 18y di liéu phuc vu cho viéc
diéu khién Quadcopter qua giao ti€p khong day LoRa.

2. MAY BAY KHONG NGUCI LAI

2.1.Tinh toan dong luc hoc

May bay khoéng ngudi lai dugc thiét ké theo mé hinh
Quadcopter cé dang dau cong (hay chir thap) véi 4 déng co dugc
dat 4 goc nhu mo ta trén Hinh 1. Cap cédnh quat phia trudc va phia
sau co cung chiéu quay, trong khi d6 cap canh bén phai va bén trai
cd cling chiéu quay va quay ngugc chiéu véi cdp canh quat phia
trudc va phia sau nham can bang mé-men xoan tac dung lén khung.
Ca 4 canh phai sinh ra mét luc ddy bdng nhau khi Quadcopter cat
canh va ha canh. Cac hé truc toa d6 gén véi Quadcopter dugc biéu
dién trong Hinh 1, trong dé O.X.Y,Z, la hé truc toa dé quan tinh,
0,X,Y,Z, la hé truc toa d6 gén vai Quadcopter véi géc OB tring véi
tam cta Quadcopter [8]. Cac luc, mé-men va téc dé cla cac canh
quat dugc ky hiéu la F, T, va Q, véi i tir 1 t6i 4 1an lugt Ung véi quat
trudc, phai, sau va trai. Gia st cac canh quat dang c6 téc d6 bang
nhau Q,, d€ gilr Quadcopter 6n dinh. Viéc diéu khién thay d6i d6 cao
cGa Quadcopter dugc thuc hién bang cach cung gidm hodc cung
tang téc do clia 4 canh quat vai cing mét tham s6 A, Trong do, A,
la khodng cach thay d&i téc dé quay dugc thém vao hodc bét di cho
cac dong co Uing véi dir liéu tin hiéu dau vao nhan dugc U,. Khi do,
t6c do quay clia cac canh quat sé la Q,, + A, nhu thé hién trong Bang
1. Géc roll clia Quadcopter dugc diéu khién bang cach ting hoic
gidm téc d6 canh quat “Trai” mot lugng A, va gidm hoac tang téc do
canh quat “Phai” mét lugng A,, trong khi t6c d6 canh quat “Trudc”
va “Sau” khéng déi. Tuang tu, gdc pitch cia Quadcopter dugc diéu
khién bang viéc diéu chinh tang hodc giam téc d6 cla canh quat
“Sau”mot lugng A, va gidm hodc tang téc d6 clia canh quat “Trudc”
mot lugng A, con téc d6 canh quat “Tréi” va “Phai” khong dai. Viéec
diéu khién géc yaw clia Quadcopter thuc hién bang cach diéu chinh
tang hoac giam t6c d6 cap canh quat “Trai - Phai” mét lugng A, va
gidm hodc tang t6c dé cla cap canh quat “Trudc - Sau” moét lugng
A,.Bang 11t6ng hop su diéu khién téc d6 clia cac canh quat ting véi
céc trudng hap diéu khién theo chiéu clia cac géc roll, pitch va yaw
nhu trong Hinh 1.
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Hinh 1. M hinh tham s6 dong luc hoc Quadcopter
Bang 1.Théng s6 diéu khién cac trang thai bay
Théng sé Tin hiéu Trudc Phai Sau Trai
diéu khién | diéu khién
Do cao | Q. +4, | Q,+4, | Q,+4, Q,+A,
Goc roll U, Q, 0, -4, Q, Q,+4,
Goc pitch U, Q,-4, Q, Q,+4, Q,
GOc yaw u, Q-4 | Q. +4, | Q,—4, Q,+A,

Vi tri clia Quadcopter dugc xac dinh béi = [X Y Z] tif géc O,
t6i géc O,, Vi X, Y va Z la vi tri cia Quadcopter. Goi ZE = [00Y] 13
vector vij tri géc Quadcopter dugc tao bdi hudng clia hé truc toa dé
0,50 vai hé truc toa d6 quén tinh O,. Theo tai liéu [8] c6 hudng cla
Quadcopter dugc xac dinh béi ma tran quay R cla hé truc O X.Y,Z,
s0 vGi O XY, Z, ling v6i cac goc @, 6, ¥ nhu sau:

CoCo  CySaSe—SuCo CySaSe+ 545,
Ro=|5Co SySaSs+CyCs 545aCs —CySp (M
5 oSy CaCy

Trong dé, strdung cac ky hiéu viét tat tuong Uing véi mot goc a
la C_ = cos(a),S,=sin(a). Khi do, luc clia cac canh quat dugc xac dinh:

F=ReIl,Fi )

Trong d6: Cac luc thanh phanF, = 0,5pAC+2 0F = d0?, véGi A - Thiét
dién canh quat; r - Ban kinh canh quat, p - Mat dé ctia khong khi;
C, - Hé luc day khi dong hoc. Mé-men cuia cac goc 6 (goc pitch) va
g6c O (géc roll) va goc W (géc yaw) dugc xac dinh tu hiéu cac cap
luc F nhu sau:

My = I(F; — F) (3)

Mg = [(Fy, — F2)

Mw C{Fl - F + Fy — .F.}

Trong do: | - Khoang cach gilta tam Quadcopter va déng co;
¢ - Hang s6 duong. Cac tin hiéu diéu khién U,, U, U,va U, dugc cac
dinh theo céng thuc:

U, F b b b pa|®
U | IMel Lo oo |0 n
U] = |Ma| = |—tb 0 1w o]0
Usf My d —d d4 -dl|g

Trong dé: d > 0-Hé s6 cla luc can; b > 0 - Hé s8 luc ddy tac dong
|én Quadcopter.
Ap dung phuong trinh Newton-Euler cho Quadcopter [9] va
cac phuaong trinh & trén ¢6 phuong trinh chuyén déng tinh tién:
X = (cosgsinficosy + siny sing)ly /m
{i” = (cos ¢sinfcosyp — sin @ sinf)Uy/m (5)
Z = (cosgcosB)Uy/m — g — K 2

Trong dé: g - Gia t6c trong trudng; m - Téng khéi lugng
Quadcopter, Ky = by /m, Ky = hyfm, Kz = hy/m- Cac hang s6. Phuong
trinh chuyén déng quay thu dugc nhu sau:

= gt _ glefE _ et Ua
v=0 I 9:: Lok i ©6)

5o g iUl o Jply gk s
ity Iy {p’r ¢f.r+".v

= phTl) _ pzhe | Uy
¥ o= 0970 - it 4o
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Trong dé: 1=diagll , Iy, I,1-Matran quan tinh;Jp- Mé&-men quan
tinh cla r6-to déng co.

2.2. Thiét ké, ché tao

Trong bai bao nay, cac théng sé thiét ké co khi sa bd ctia may
bay khéng ngudi lai dang Quadcopter dugc dé ra véi téng khdi
lugng m = 2 kg, mat d6 khong khi trong diéu kién nhiét dd 6 25°C
va ap suat khong khi tai mat dat khoang 1 atm la p = 1,249 kg/m?.
Téng luc nang tinh dugc [10] la:

Fr =ELiFi = 4(psv®) = 4(pnr®(rw)* ) = 4(pmwr*) = mg 7)

Trong do: s = m? - Dién tich vuing canh quat hoat déng; v =rw
-Van t6¢ dong khi cho méi canh quat véi la téc do quay cla canh
quat dugc xac dinh tir téc dé dong ca 20.000 vong/phut. Ti cong
thiic (7) ¢6 dugc chiéu dai canh quat r = 156 mm, tit d6 chon canh
quat tiéu chuan 12x8 thudng dung cho may bay khéng ngudi lai
hang trung. Bén canh d6, khoang céach gilta hai dong co / trén
cung mét truc phai d I6n dé cac canh quat khéng cham nhau, do
d6 cé ! = +/Zr dugc chon 13 400 mm. Cac dong co canh quat dugc
lua chon st dung la déng co 5010 - 740 kV.

TU cac théng s6 va két qua tinh toan, cac bd phan clia may
bay khong ngudi lai dugc thiét ké bang cac vat liéu nhu nhya in
3D va thanh carbon nhu thé hién trén Hinh 2a nham dam bao khéi
lugng yéu cau. Phan than may bay khéng ngudi lai d€ chita mach
diéu khién va khdp lién két clia cac canh quat dugc ché tao sir dung
c6ng nghé in 3D. Hinh b thé hién hinh dnh may bay khéng ngudi
14i sau khi ché tao c6 kich thudc 16n nhat 1,1 m va khdi lugng ca pin
cla Quadcopter sau khi hoan chinh la 1,84 kg dam bao khéi lugng
thiét ké dat ra.

a)

Hinh 2. Hinh anh (a) thiét k& 3D va (b) san phdm da dugc ché tao ctia Quadcopter

2.3. Piéu khién may bay khéng nguai lai

Pong co canh quat quay & téc do cao dugc diéu khién thay
déi téc dd lién tuc d€ gitp may bay khéng ngudi lai git dugc su can
bang ciing nhu thay déi géc lai. Trong nghién ctiu nay, mach diéu
khién ctia Quadcopter dugc thiét k& nhu trén Hinh 3a st dung bo
XU ly trung tam STM32F405RGT6. Viéc st dung phuong phap diéu
ché& d6 rong xung (PWM) théng thudng thi déng co sé khéng kip
déap ung sy thay déi téc d6 khi muén thay déi géc lai cing nhu sé
bi giat néu thay d&i téc dé dot ngét gay héng déng co hodc khéng
diéu khién dugc may bay. Vay nén, viéc st dung bé diéu khién tich
hop dé diéu khién t6c d6 dong co la can thiét. § bai bao nay su
dung thuat toan PID vong l&p kép [11] nhu thé hién trén Hinh 3b
gilp diéu khién di liéu xung PWM dam bdo su mugt ma, chinh xac
va dép ung dugc viéc thay d8i téc dé khi thay déi goc lai. B diéu
khién PID vong I3p kép nay gilp tang téc d6 phan (ing trong vong
diéu khién téc d6 goc nhanh han, gitp hé phan héi tic thi véi sai
léch nhd, tang d6 6n dinh bang viéc phan tach diéu khién thanh hai
tang gilp dé diéu chinh, tranh hién tugng dao déng.

LI { NN (] ORI

#"""B§ diéu khidn gac PID

i
i

Cém bién 1
PID vong trong ------+' 3

Hinh 3. So d6 (a) bang mach diéu khién va (b) thudt toan b diéu khién PID vong
Idp kép
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B6 diéu khién PID vong l&p kép bao gém hai vong diéu khién
PID 16ng nhau véi vong ngoai thuc hién diéu khién géc va vong
trong thuc hién diéu khién van téc géc. Bo diéu khién goéc PID co
dau vao r(t) la gia tri dat (géc mong muén), cdm bién thuc hién do
géc thuc t€ y(t), bo so sanh thuc hién tinh sai s6 e(t) = r(t) - y(t). B&
diéu khién PID vong ngoai nay x ly sai s& dé tao ra tin hiéu diéu
khién trung gian u() |a gia tri dit cho PID vong trong. Bo diéu khién
t6c dd géc PID ¢ dau vao r'(t) chinh la gia tri téc d6 géc mong mudn
tir vong ngoai u(t), cdm bién thuc hién do téc d6 goc hién tai. Bd
diéu khién PID vong trong gilr tdc d& géc mong muén va do dugc
Vvdi sai s6 €'(t), két qué xU ly sai s6 nay dua ra lénh diéu khién u'(t)
chinh 1a tin hiéu diéu khién cudi cing truyén t&i déng co.

3. GANG TAY CAM BIEN

D& diéu khién tir xa cho may bay khéng ngudi lai dang
Quadcopter da dugc ché tao, mét gang tay cdm bién dugc ché tao
va st dung trong nghién ctiu nay nhu hién thj trong Hinh 4. Gang
tay s&t dung badng mach st dung vi diéu khién STM32 F103C8T6
dé thu thap dir liéu tir hai cdm bién gan vao gang tay tai vi tri d6t
ngén tay tré va mu ban tay nhu trén Hinh 4a. Vi diéu khién STM32
F103C8T6 dugc lua chon do ¢o tan s6 hoat ddong cao, nhé gon va
dac biét phu hop cho céc ing dung yéu cau diéu khién thai gian
thuc. Hai cdm bién dugc st dung la IMU 6DOF WT61 dé do géc gilia
dét ngon tay tré va mu ban tay. Loai cdm bién nay cho tan sé lay
mau nhanh, dir liéu chinh xac, ¢6 loc nhiéu dit liéu. K&t néi clia cac
mo-dun, cdm bién va bang mach STM32 F103C8T6 dudc thé hién
bdng so d6 trong Hinh 5. Gang tay dugc két ngi véi may bay khong
ngudi lai bang giao ti€p truyén thong khéng day LoRa [12] qua mo-
dun E220 900T22D véi tan s6 hoat ddng 864 Mhz nham han ché sai
léch dir liéu trong moi truong co vat can va nhiét d6 cao cling nhu
kha nang trliyfn xa clia giao ti€p nay.

Sl AN W
‘I

Hinh 4. Hinh anh (a) géng tay cdm bién va (b) Iénh diéu khién cho Quadcopter

DE diéu khién Quadcopter, ngudi diéu khién sé deo gang tay
nhuHinh 4avathaotacvéicaclénh diéu khién dugc mo ta trong Hinh
4b. Chuang trinh diéu khién dugc tai Ién bo mach STM32F103C8T6
da duoc ma hoda bang cong cu STM32CubelDE, trong dé thuat todn
diéu khién dugc thé hién trong Hinh 5b. Géc gilta d6t ngdn tay trd
va mu ban tay dugc tinh toén trong khodng géc [-90°,0°] va chuyén
thanh gia tri xung dit liéu trong khoang [1000, 2000] xung Ung Vi
cac gia tri xung diéu khién clia tay cdm diéu khién may bay khéng
ngudi lai hién hanh. Mach diéu khién STM32F103C8T6 sé guii cac gia
tri xung dir liéu theo dinh dang quy uéc truéc. Quadcopter sé nhan
dit liéu va gidi ma cac chuyén dong cla gang tay dé chuyén thanh
chuyén déng clia Quadcopter.

Hinh 5. S0 d6 () két ndi mach va (b) thudt toan diéu khién ctia géng tay cam bién



www.tapchixaydung.vn

4, KET QUA VA THAO LUAN

P& thir nghiém d6 chinh xac va 6n dinh clia di liéu nhan duoc
tUr gang tay cdm bién, gang tay cdm bién thuc hién truyén d liéu
diéu khién dén may bay khéng ngudi lai téi may tinh qua céng
Serial 8 khodng cach gan c6 két qua thé hién trén Hinh 6. Trudng
hap khi d€ gang tay ding yén cé dit liéu gli nhan trong 5 gidy dau
va 5 gidy sau d6 5 phut dugc thé hién trén Hinh 6a. Tuong tu, dit liéu
khi gap ngoén tré trong 5 gidy dau va dir liéu sau 5 phut dén may
bay khéng ngudi 1ai thé hién trén Hinh 6b. D6 thi trén Hinh 6 thé
hién rang khi dé€ gang tay ding yén dir liéu 6n dinh & 1.000 xung,
nhung 6 su thay ddi gia tri khi gdp ngon tay. Diéu nay cé thé dugc
gidi thich bai khi gap ngén tay 90°, viéc gitr nguyén tu thé tay dé thr
nghiém & 1 gia tri xung la rat khé, nén dir liéu c6 phan sai léch sau
mét khoang thai gian.

10 H - P T
1150 —TiEn/Lis § gidy dBu ~ - Trdi/Phai 5 pidy diu PEC it o s by sl s
5 = = TiEny/Lis e S phait -+~ TrdiyPha 3au 5 phiit &
£ 1100 £ 100
K ——TiB LG 5 gy e — - Trii PR 5 gy f
S 1080 5 1050 ~ = TiényLi sau S phit - TrifPhi sau 5 phit
=
5 w000 5 100
350 950
0 05 1 15 2 25 3 35 4 45 5 ¢ 05 1 15 2 25 3 35 4 45 5
Thiri gian [gidy)

Thisi gian |gidy)
a) b

Hinh 6. Ditliéu xung diéu khién cla géng tay (a) khi ding yén va (b) khi gap ngon tay

1000
01 2 3 45 & 7 8 9 101112
Thidri gian (gidy)

(b)

Cand8 [cm)
- e
2 B

o 8

01 2 3 4 5 & 7 8 3 1011 12
Thixi gian [gidy)

€

Hinh 7. Hinh anh (a) trang thdi bay, (b) di liéu tir gang tay va (c) d6 cao cia mdy bay
50 véi mat dat

Hé gobm Quadcopter va gang tay cdm bién dugc ché tao da
dugc két ndi thir nghiém nhu thé hién trong Hinh 7 véi diéu kién
maéi trudng thi nghiém khéng mua gié. Trong d6, Hinh 7a thé hién
hinh anh qua trinh diéu khién bay Quadcopter bdng ging tay cdm
bién qua cac khung hinh dugc cat ra ti video Ung véi cac trang thai
d6 cao khac nhau ctia Quadcopter so vGi mat san. Hinh 7b thé hién
dir liéu diéu khién do cao clia Quadcopter théng qua s xung dugc
chuyén déi tur goc gidra hai cdm bién WT61 trén gang tay (Hinh 4a)
theo thai gian bay thir nghiém. Trong khi @6, Hinh 7c hién thj két
qua do dé cao ctia Quadcopter so véi mat san dugc do vai cdm bién
lazer Uing véi thai gian bay th&f nghiém nhu & cac anh trong Hinh 7a.
Cac dé thi cho thdy su tuong quan d6 cao cila Quadcopter so vai tin
hiéu xung diéu khién ti gang tay cdm bién. Tuy nhién, d6 cao cua
Quadcopter thay d8i cham han so véi s6 xung gui dén clia ging tay
do Quadcopter khéng thé tao gia téc I16n dé dap Ung thay d8i ngay
lap tiic vé dd cao ma can ¢o su tang gidam dan dan.

5. KET LUAN

Bai bao trinh bay két qua nghién ctu thiét k&, ché tao mot
hé gbm mdy bay khong ngudi lai dang Quadcopter va mét gang
tay cdm bién gia t6c IMU dung dé€ diéu khién trang thai bay cta

Quadcopter. Quadcopter dugc thiét ké theo chuén kich thudc cda
may bay khéng ngusi lai hang trung véi khéi lugng téng cong 1,84
kg, kich thudc I6n nhat 110 cm, s&r dung bon déng co 5010 - 740
kV. Quadcopter ciing da dugc tich hgp mach di€u khién tu thiét
ké& va b diéu khién PID vong I3p kép nham dem dén két qua diéu
khién nhanh va én dinh han. Chuyén déng cla Quadcopter dugc
diéu khién bdi s6 xung dugc tinh tur vi tri tuong d6i cGa ban tay va
ngon tay nhd cac cdm bién IMU 6DOF WT61 gén trén gang tay. Ca
Quadcopter va gang tay cadm bién déu st dung b x{ ly trung tam
STM32F405RGT6. Qué trinh truyén nhan tin hiéu diéu khién gida
Quadcopter va gang tay cam bién ciing da dugc khao sat va qua
trinh bay ciing da dugc thdr nghiém. Két qua cho thay Quadcopter
da theo yéu cau diéu khién tir gdng tay cdm bién, tuy nhién con tén
tai do tré dap Ung yéu cau vé chuyén dong vdi gia téc Idn, do do
can phai phat trién thém dé dap tng nhiéu ling dung yéu ciu tac
vu thai gian thuc.
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