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Design and construction of Quadcopter
Nguyén Hung Thai Son', Vé Nguyén Phiic?

thaison.vn1092@gmail.com, nguyenphucdd]l 1@gmail.com
Khoa Co Dién - Dién Tu Truong Dai hoc Lac Hong Déng Nai, Viét Nam

Pén toa soan 14/12/2014; Chap nhén dang: 15/2/2015

Tom tit. Quadcopter la loai may bay hoat dong nho lye ning tao ra tir 4 dong co duge bd tri & bon goc, kha nang di chuyén c6
nhiéu wu diém nhuw: di chuyé én da huéng, giir thang ban0 tai chd, cé thé trién khai trén moi dia hinh, cit canh va ha canh theo
truc dirng. Quadcopter dugc sir dung trong nhiéu linh vue khiac nhau nhw gidi tri, cuu h§, quan sy va dan dung, v.v. B§ loc DMP
(Digital Motion Processor) dwoc stt dung dé két hop gia tri do ciia cam bién gia tbc va con quay hoi chuyén giap gia tri nhin
dugc co d9 chinh xac cao va 6n dinh hon. Thuit toan PID dung dé diéu khién can bang va di chuyén ciia may bay. Sir dung phan
mém LabVIEW dé thu thap dir liéu, so sanh va danh gia két qua cuia thuat toan can bang va di chuwen Két quéa thwe nghiém cho
tha\ gia tri goéc nghiéng cua may bay qua b§ loc DMP c6 do on dinh cao, it sai s hon so véi cac b9 loc khac. May bay c6 kha
ning can bang va di chuye én linh hoat trén khong trong pham vi 75m, thoi gian hoat dong lién tuc khoang 15 phut.

Tir khod: M6 hinh bay Quadcopter; Cam bién géc nghiéng; Bé loc DMP

Abstract: A quadcopter operates based on forces from four motors, which are located at each corner. A quadcopter has many
advanced functions, including ommidirectional movement, ability to balance itself, deployment in any terrain, as operations, as
well as military civilian application. The value of an angle is more accurate and stable when the DMP filter incorporates
measured values of the acceleration and gyroscope sensor. This work attempts to control the balance and movement of
quadcopter by using PID algorithm. By using LabView software, data are collected, followed by a comparision and evaluation of
the results of the balance and stability and fewer errors than other filters. Plane can balance itself and move flexibly within a
scope of 75m, as well as operate continuously for about 15 minutes.

Keywords: Model flying Quadcopter; IMU sensors, Filters DMP

1. PAT VAN PE ’Méy bay Quadcoptqr c6 dang chir thap hay déu cong vai
. A bon dong co dat ¢ bon goc. Hai truc chéo ciia may bay
Quadcopter hi¢n nay dugc sir dung kha pho bién trong  qygc dat theo hai truc X, Y ciia hé truc toa do Descartes.
linh vyc giai tri d€ cung cap thém goc quan sat tir trén cao  \(3; dong co két hop voi canh quat trong Quadcopter sé tao
nhu trong cac mon thi, fiéu th¢ thao hodc dugc str dung dé mot Tuc déy vi moment xo&n nhat dinh, bén canh quat
di chuyén bam theo doi tuong trong canh quay hanh dong.  gyge chia thanh hai nhém cé chidu quay nguoc nhau, hai
Ngoai ra, Quadcopter con duge st dung trong linh vuc  c4nh déi dién nhau quay cing chidu. Két qua 1a moment
quan sy nhu ding d¢ do tham, cru ho, nhu quan sat va  yo4n bi trigt tidu néu 4 canh quat d&u c¢6 cing mot vén tde
phan doan huéng di chuyén cia cac vu chdy rimg va trong goc, do d6 ¢6 thé lam cho may bay khong bi xoay tron khi
linh vye van chuyén buu kién co khéi lwong nhé rong  pay Pé can bang mé hinh thi cac dong co phai duge diéu
pham vi gan do uu diém V? tinh linh hoat, chi phi ché 30 kpidn sao cho m6 hinh c6 gbc léch so véi truc chuin trong
va van hanh thap hon so vgi cac loai may bay khdc. pham vi cho phép. Cac hé truc toa d6 cua Quadcopter thé

M6 hinh bay hoat dong dya trén nguyén ly cén bang goc hién trong Hinh s6 1.
nghiéng cua timg cép dong co dat doi dién nhau. Van de ™ ™
dat ra la lam the nao d€ dieu khicn bon dong co gilp cho ' u,
méy bay co thé can bing ting truc, két hop can bang cac 0
truc v6i nhau, triét tiéu quan tinh xoay tron va diéu khién
Quadcopter di chuyén én dinh.

Yéu td quan trong nhét dé co thé didu khién can bang va
di chuyén d6 1a gia tri cic goc nghiéng doc tir cam bién
phai chinh xéc. B loc DMP (Digital Motion Processor)
dugc sir dung dé dam bao do chinh xac va én dinh dit lidu
goc nghiéng. Thuat toan PID dugc xdy dung Kkét hop gitra

Hinh 1. Hé truc toa do cua Quadcopter

phuong phép Ziegler — Nichols va kinh nghiém thuc té dé —— »
Ira chon thong s6 diéu khién can bang va di chuyén mo ’
hinh bay.

2. NGUYEN LY HOAT DONG VA THUAT TOAN DIEU 2.1.2  Nguyén ly di chuyén

KHIEN Dé diéu khién md hinh bay Quadcopter, c6 hai phuong
phap d6 1a dicu khién theo kiéu chit X va diéu khién theo
ki€u chir thap hay con goi 1a dicu khién theo ki¢u dau cong.
2.1.1  Nguyén Iy can bf'ing Phuong phép dié}} khién theo dang chit X duoc .sfr du.ng

trong dé dicu khién hudng bay ciia mo6 hinh, bdi vi viéc
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thay d6i huéng duge thyc hién boi hai dong co, vi vay kha
nang dap {rng va tinh linh hoat cao hon so véi viéc thay d6i
tde do bang mot dong co theo kiéu dau cong. Viéc thay ddi
tbc do quay cua cac dong co vira lam cho mé hinh cén
béng, vira ding dé didu khién mé hinh di chuyén. Huéng di
chuyén duoc minh hoa ¢ Hinh 2.

Hudng clia may bay khi di chuyén dugc didu khién boi
hai dong co, tuy theo huéng di chuyén ma cac dong co nay
thay déi téc d6 dé tao ra goc nghiéng so véi truc can bang
Nhu hinh 2, huéng di chuyen cua may bay duoc thé hién
qua su thay déi tdc do cua cac dong co. Vi du: Dé may bay
di chuyén hudng toi thi dong co 1,2 s& gitt nguyén hodc
giam toc d6 con cap dong co 3,4 s& quay nhanh hon. Twong
tu voi cac hudng di chuyén khac thi viée thay ddi toc do
quay tuwong tmg s& gitip may bay di chuyén ciing nhu xoay
tron hoac thay d6i d6 cao.

High Low
Hinh 2. Nguyén Iy di chuyén ciia mé hinh Quadcopter

2.1.3  Nguyén ly diéu khién dong co ba pha khéng
chéi than

M3i mot dong co ba pha khong chéi than duge diéu
khién thong qua mot bo ESC (Electronic Speed Control)
riéng biét. ESC thay ddi tbc d6 quay cua dong co dua vao
d6 rong xung cua tin hiéu PWM (Pulse-width modulation)
tir mach diéu khién chinh. Do rong xung diéu khién téc do
d6ng co gi6i han trong khoang 1-2 ms va tin sé diéu khién
la S0Hz.

2.1.4 Bo loc DMP

Déi v6i cac loai cam bién vi co dién tir (MEMS) rit dé bj
toan xir 1y trye tiép trén chip IMU-6050 gitp giai phong tai
nguyén cua bo vi diéu khién trung tam [1].

B0 loc s€ tinh toan cho ra cac ca gia tri trong hé toa do
Quaternions sau d6 chuyén sang géc Euler theo cong thirc
1dé thu dugc cac gia tri Yaw (truc Z), Pitch (truc Y), Roll
(truc X) mong mudn.
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Hinh 3 B¢ loc DMP dwoc tich hop trong cam bién IMU 6050

) SCL1(SCLK)

¢ |atan2(2(q,q, +4,-9:).1-2(¢ +43))
0= arcsin(2(¢,-4, — 4,-q5)) )
v |atan2(2(¢.q; +4,.9,),1-2(¢; +43))

3. THUAT TOAN DIEU KHIEN

So db diéu khién PID dugc dit tén theo 3 khau hiéu
chinh d6 1a khau ti 1§, khau tich phan va khau vi phéan, ngd
ra diéu khién téc d6 cua 4 dong co 1a tong cua 3 khau nay.

Ta co:

Output(t) =P out T Iout + D()ut (2)
Trong d6

Pout 14 thanh phan dau ra khau ti 18.

Tout 12 thanh phén dAu ra khau tich phén.

Dout 12 thanh phéan déu ra khau vi phén.

Vén d& khé khin khi sir dung thuat toan PID dé diéu
khién md hinh 12 viéc lwa chon céc gia tri Kp, Ki, Kd.
Trong dé tai nay, nhom tac gia st dung phwong phap
Ziegler — Nichols Kkét hop vai thyc nghiém.

Viéc x4c dinh céc thong sé PID ctia md hinh may bay rat
phirc tap va phai thay ddi lién tyc dé c6 thé lam cho may
bay dat dugc su cin bing va én dinh.

Bang 1. Phuong phdp Ziegler — Nichols

Dang diéu khién Kp Ki Kd
0.50*Ku - -
0.45*Ku  1.2*Kp/Pu -
0.60*Ku 2*Kp/Pu Kp*Pu/8

Trong d6: Ku 1a d6 loi to1 han; Pu 1a thoi gian dao dong.
3.1S0 do tong quat
Chirc ning cac khéi chinh trong so do:

—* ESC1 — BLDC

POWER

IMU GY 86
— ESC2 — BLDC
c

WM POWER

ARDUINO PRO MICRO (BATERY)

POWER

SIGNAL
—* ESC3 — BLDC

RECEIVER «—— TRANSMITTER

POWER

— ESC4 — BLDC

Hinh 4. So do khéi ciia Quadcopter

+ Khéi didu khién (Arduino Pro Micro) 14 khéi didu khién
trung tim, nhén dir liéu goc nghiéng, van tdc goc tir
khéi IMU GY 86 sir dung giao tiép 12C va dung ngét
ngoai dé 1dy tin higu diéu khién tir khdi Receiver. Thyc
hién giai thuat PID tinh toan va xuat tin higu diéu khién
PWM ra 4 khéi ESC.

+ Khéi cam bién (IMU GY 86) 1a khéi liy dir liéu do
nghiéng truc (Angle) X, Y, Z va goc (Rate) X, Y, Z
truyén vé khdi Arduino Pro Micro theo chuin giao tiép
12C.

+ ESC la cac khéi driver ding dé diéu khién dong co 3
pha khéng chéi than. Khéi nay nhén tin hiéu PWM tir
Arduino Pro Micro.

+ Transmitter 1 khéi truyén tin hiéu diéu khién can bang
va di chuyén. Khéi truyén tin hiéu di duéi dang séng
RF (Radio Frequency).
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+ Receiver nhén tin hiéu diéu khién hudng tir b giai ma
va gt tin hiéu vé khoi Arduino Pro Micro.

3.2 Giai thuat can bang

3.2.1 Can bang truc X, Y

-Roll : 1000-2000us
Reciever: -Throttle: 1000-2000us
-AUX: 1000-2000us

1

Mode Rate:
Roll: -90 to 90 deg/s
Throttle: 140-255

Mode Angle :
Roll: -15 to 15 deg
Throttle: 140 - 255

l

PID Angle:
PID Angle Roll

L, PIDRate:

PID RateRoll

Sensor update sensor update
400Hz Gyro_Aver 50Hz DMP

MO: Throttle + PIDRoll
M1: Throttle - PIDRoll
M2: Throttle + PIDRoll
M3: Throttle - PIDRoll

Hinh 5. Luu d6 thudt todn cdn bang truc X

Diu tién, bo xir li nhan gia tri didu khién tir bo diéu
khién tir xa v6i gi4 tri ban dau tir 1000us — 2000us, sau d6
so sanh gié tri nhan dugc véi gia tri mau 1a 1500us.

Néu gia tri nhan dugc 16n hon gia tri mau thi bo xir 1i
thyc hién ché do can bing goc v6i tin sb 13y miu 1a 50Hz
va gidi han goc nghiéng trong khoang -15 — 15 d9. Sau do
tiép tuc thyc hién xir 1y gia tri cam bién thong qua PID géc.
Gia tri sau khi xir ly trong PID goc s& dugc lay dé lam gia
tri ddu vao ctia PID cén bang di chuyén.

Néu gia tri nhan dugc nhé hon gia tri mau thi bd xu 1y
thuc hién ché do can béng di chuyén, lam cho céc gia tri
goc nghiéng gidng nhu truc chudn. Véi tan s6 1y mau la
400Hz. Sau khi xir 1y thi gia tri dau ra duoc dua vao PID
Rate dé thyc hién viéc cin béng cho md hinh.

Gia tri sau khi xr 1y bang giai thuat PID Rate s& duoc
két hop voi gia tri didu khién toc do tir bo diéu khién tir xa
dé 1am thay dbi tbc d6 cua dong co.

Cdch hra chon théng sé Kp, Ki, Kd-Dit may bay & ché

dd Mode Rate (ché do can béng di chuyén)sau d6 thuc hién

budce didu chinh cac thong sb Kp, Ki, Kd:

+ Budéc 1: Tang 50% gia tri didu khién toéc do
(AUX>1500us). Buéc 2: Tang Kp cho t6i khi xudt hién
dao dong. Sau d6 giam 10% gia tri Kp vira tim duoc.

+ Budc 3: Tang Kd cho toi khi xuét hién dao dong. Sau d6
trir 20% gia tri Kd vira tim duogc.

+ Bude 4: Lip lai buéce 1 véi nhimg gia tri thay di nho
cho dén khi xuét hién dao dong.

+ Buéc 5: Tang Ki cho dén khi may bay én dinh.

+ Budc 6: Tinh chinh cac théng sb dé mo hinh dép tmg t6t
khi c6 su anh hudng béi cac yéu té bén ngoai nhur gid.
Viéc can béng truc Y dugc thuc hién tuong ty nhu véi

truc X.

Céac thong $6 Kp, Ki, Kd dugc lya chon béng cach két
hop phuong phap thuc nghiém va Ziegler — Nichols. Céc
thong s6 thuc nghiém duoc xac dinh theo gia tri duogc lya

chon bing phwong phap Zlegler — Nichols sao cho gia tri
thyc nghiém 14 céc gia tri gan bang véi gia tri dwgc chon tir
phuong phap Ziegler — Nichols.

3.2.2  Can bang truc Z

-Yaw : 1000-2000us
-Throttle: 1000-2000us
-AUX: 1000-2000us

l

Mode Rate:
Yaw: -45 to 45 deg/s
Throttle: 140-255

]

PID Rate:
PID RateYaw

]

MO: Throttle + PIDYaw
M1: Throttle - PIDYaw
M2: Throttle - PIDYaw
M3: Throttle + PIDYaw

Hinh 6. Luu d6 thudt todn diéu khién cdn bang truc Z

Reciever:

Sensor update
400Hz Gyro_Aver

v

Start

-Roll : 1000-2000us
-Pitch: 1000-2000us

Reciever:  -Yaw : 1000-2000us
-Throttle: 1000-2000us
-AUX: 1000-2000us
I Yes AUX>1500us No ‘l
Mode Rate :

Mode Angle:
Roll: -15 to 15 deg
Pitch: -15 to 15deg

Roll: -90 to 90 deg/s
Pitch: -90 to 90 deg/s
Yaw: -45 to 45 deg/s
Throttle: 140-255

Sensor update
50Hz DMP

sensor update
400Hz Gyro_Aver|

PID Angle:
PID Angle Roll
PID Angle Pitch
PID Rate
PID Rate Roll
PID Rate Pitch
PID Rate Yaw

|

MO: Throttle + PIDRateRoll + PIDRatePitch + PIDRateYaw
M1: Throttle - PIDRateRoll + PIDRatePitch - PIDRateYaw
M2: Throttle + PIDRateRoll - PIDRatePitch - PIDRateYaw
M3: Throttle - PIDRateRoll - PIDRatePitch + PIDRateYaw

Hinh 7. Gidi thudt diéu khién cin bang va di chuyén

Dua trén nén tang cua thudt toan didu khién PID, giai
thuét can bang va di chuyén trén m6 hinh Quadcopter dugc
xay dung theo Iuu d6 nhu trong Hinh 7.

Str dung ngét ngpéi doc dir liu tir by thu véi gia tri tr
1000-2000, sau d6 lay ti 1€ theo cong thirc 3:

(X=IN:in)*(OUTmax—O0UTmin)
(UNmax—INmin) + OUTmm' (3)

Véi X 1a gia tri dit Roll, Pitch, Yaw, Throttle (toc do).
Céc gia tri goc Roll, Pitch dugc ldy mau voi tan s6 50Hz va
gia tri Gyro_Aver X, Y, Z & tan sb 400Hz. PID Angle co
nhiém vu can bang xung quanh goc 0°. PID Rate glup cho
méay bay di chuyén véi goc dat tir by didu khién tir xa
Quadcopter.
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4. KET QUA

+ Diéu khién dwgc dong co ba pha khong chdi than théng
qua ESC bing giai thuat PID.

+ Thyc hién cin bang trén mdi truc va két hop can bing
cac truc véi nhau.

+ Giao tiép va didu khién di chuyén trén mé hinh thyc té.

+ M6 hinh ¢ thé cin bang va di chuyén trong pham vi
75m va ¢ thé hoat dong lién tuc trong vong 15 phiit.

+ Lwa chon bo loc DMP dua vao gid tri cam bién dugc
phan tich va danh gié trén phdn mém LabVIEW.

PID  IMU | Read/Wiite Viso
20 Rall [/
a5 Kalman Roll— [/~
. DMP Roll [/~

BQ LOC THO BQ LOC DMP

05 BO LOC KAMAL

Gia tri gbe nghiéng chua qua bo loc
Gid tri gdc nghiéng qua bo loc DMP
Gia tri goc nghiéng qua b6 loc Kalman ————
Hinh 8. So sénh téc dé dap umg cua 2 bo loc DMP va Kalman

PID | MU | Read/Wiite Visa
]

1 SP_AngRoll [~
8- AngRoll A\
A (St P
- o
24 S
D.MJ_WW 2
=2 Sfozs |
-4 15 bt
- o
2 =008 \
-10- s
4750 5100
Time. N
| J ngle Mode
[ 160120200 ]
12019010 1020 20
00 iy, 2
m oo | Throtle o

Gid tri gbc nghiéng diéu khién

Gid tri géc nghiéng ciia cdm bién khi cé ngoai lye (gid)
Hinh 9. Biéu do can bang truc X tu diéu chinh khi co tac

dong ngoai luc

FID | MU | ReadWiite Vi

- SP_Aaghia .
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w4 ¥

3
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155180 &
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Hinh 10. Biéu d6 cin bang di chuyén truc X

+ Viéc cin bang truc dugc xir ly dwa trén gia tri goc

nghiéng nhan dugc tir cam bién IMU, gia tri nay co sai 1éch

so véi gia tri chuén tir bo didu khién nim trong pham vi

cho phép bing phwong phéap sir dung bo loc DMP (Hinh

10). Thiét ké va hoan thién mé hinh Quadcopter. (Hinh 11).
Huéng phat trién

- Tiép tyc tim hiéu, xir 1y, va diéu khién bay cén bang 6n
dinh cho Quadcopter.

Eaet =5
Hinh 12. M6 hinh may bay Quadcopter cin bing trén khong

- Tich hgp camera quay phim va chup dnh giri vé may
tinh.

- Tich hop h¢ théng dinh vi toan cau GPS dé Quadcopter
c6 the tu bay theo 16 trinh mong mudn ma khong can
phu thugc qué nhi€u vao nguoi dicu khién. Tich hop
camera Kinect dé dicu khién may bay thong qua cr chi.

5. LOI CAM ON

Dé hoan thanh d& tai “Thiét k& va thi cong mé hinh bay

Quadcopter” nhom tac gid xin chén thanh cam on sy gitp

dd tan tinh cua quy thay, c6 trong Khoa Co dién — Pién ti,

Truong Dai hoc Lac Hong. Nhom chung em xin gui 16

cam on chan thanh dén thay L€ Hoang Anh da tin tuéng

giao d¢ tai va tan tinh huéng dan dé nhom tac gia co thé
hoan thanh tot dé tai ciia minh.
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