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TOM TAT

Tén dé tai: “Thiét ké diéu khién hé Drone kép ning tai”.
Sinh vién thuc hién va ma s sinh vién:
Nguyén Hitu Anh Bang 105200291
V5 Minh Hoang 105200301
L6p: 20TDHI

Trong bdi canh cong nghé khong ngudi 1ai phat trién manh mé, viéc Gmg dung
drone (thiét bi bay khong nguoi 1ai) trong van chuyén hang hoa ngay cang pho bién. Tuy
nhién, han ché 16n nhét ciia cac drone don 1¢ 1a kha nang nang tai con thap. Dé tai "Thiét
ké diéu khién hé Drone kép nang tai" nham nghién ciru va phat trién hé thong diéu khién
phéi hop giita hai drone hoat dong dong bo dé nang va van chuyén tai trong 16n hon kha

nang cua tung drone riéng Ié.

Noi dung nghién ciru bao gdm: xay duyng mé hinh dong luc hoc ciia hé drone kép
c6 lién két tai, thiét ké bo diéu khién phan tan hodc tap trung dé dam bao su 6n dinh va
phéi hop giita hai drone, va thuc hién mé phong dé danh gia hiéu qua hé thong. Ngoai
ra, dé tai ciing xem xét dén cac yéu t6 nhu nhiéu dong moi trudng, do tré truyén thong

va an toan bay khi van hanh thuc té.

Két qua nghién ctru gép phan mo rong tng dung cia drone trong cac linh vuc

van chuyén hang hoa, ctru ho clru nan, va logistics tai nhitng khu vuc kho tiép can.
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TRUONG PAI HOC BACH KHOA
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CONG HOA XA HOQI CHU NGHIA VIET NAM
Doc 1ap - Tu do - Hanh phtic

NHIEM VU PO AN TOT NGHIEP

TT Ho tén sinh vién S6 thé SV Lép Chuyén nganh
1 | Nguyén Hiru Anh Bang | 105200291 | 20TDH1 | K§ thuat diéu khién & Ty dong hoa
2 | V& Minh Hoang 105200301 | 20TDH1 | K§ thuat diéu khién & Tu dong hoa

1. Ten dé tai do an:

Thiét ké diéu khién hé Drone kép ning tai

2. Dé tai thude dién: 1C6 ky két théa thudn so hitu tri tué doi voi két qua thiyc hién

3. Cac s0 liéu va dir liéu ban dau:

Tham khao nguén tai liéu trén Internet vé Drone, bo diéu khién PID.

4. Ngi dung cdc phan thuyét minh va tinh todn:

a. Phan chung:

TT Ho tén sinh vién Noi dung
1 | Neuydn Hitu Anh Bing | - Tim hiéu va nghién ciru céc thong tin tai liu, céc bai
bao khoa hoc va tap chi lién quan vé cac k¥ thuét,
phuong phéap ctua Drone.
- Nghién ctru nguyén 1y Drone don va h¢ Drone kép.
2 V3 Minh Hoang - Tién hanh mo phong va viét chuong trinh.

- Hiéu chinh phan cling.

- Viét bao céo thuyét minh.

b. Phan riéng:

TT

Ho tén sinh vién

Noi dung

1

Nguyén Hiru Anh Bing

- Nghién ctru tai liéu va xdy dung phuong phap diéu
khién.

- Nghién ctru nguyén 1y hoat dong ctia Drone don.

- Tim hiéu, nghién ctru nguyén 1y va trang thai lam viéc
cua hé Drone kép.

- Xay dung phuong trinh dong luc hoc.

- Xay dung phuong phap két ndi hé Drone kép.

- Lap rap phan cimg, tinh toan dong hoc, mo phong hoat

dong trén Matlab.




- Panh gia két qua mo hinh.

Vo6 Minh Hoang

- Xay dung thuit toan, 1ap trinh cho module diéu khién
thiét bi co cAu chap hanh.

- Xay dung thuat toan, lap trinh cho module diéu khién vi
tri, do khoang cach.

- Hiéu chinh, kiém tra phén 1ap trinh.

- Truyén thong giita module diéu khién thiét bj co cau

cap hanh va module diéu khién vi tri, do khoang cach.

5. Cdc ban vé, do thi (ghi ré cdc

a. Phan chung:

loai va kich thuoc ban ve):

TT Ho tén sinh vién Noi dung
1 | Nguyén Hitu Anh Bang | - Nghién ctru, thao luan, gop y vé hé thong Drone kép
nang tai.
- Lén y tudng phan cimg vé hé Drone kép nang tai, va
) V& Minh Hoang muc tiéu cta dé tai hudng ti.

- Pé xuat phuong phap phan két ndi, truyén thong giira 2
Drone.

b. Phan riéng:

TT Ho tén sinh vién Noi dung
1 | Nguyén Hitu Anh Bang | - Ban vé& nguyén ly va trang thai 1am viéc ctia Drone don
va hé Drone kép.
- Ban v& Visio cho mé hinh phan cing.
- Ban v€ md hinh md phéng.
- Ban v& phuong phap két ndi va truyén thong.
2 V& Minh Hoang - Ban v& mo hinh diéu khién.

- Ban vé so do khoi diéu khién PID cho cac cam bién.
- Ban v¢€ luu do thuat toan cua 2 Drone.

6. Ho tén nguoi hieong dan: TS.

7. Ngay giao nhiém vu dé an:

8. Ngay hoan thanh dé dn:

Nguyén Hoang Mai
17/2/2025
17/6/2025
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PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)

CONG HOA XA HQI CHU NGHIA VIET NAM

TT Ho tén sinh vién S6 thé SV Lép Chuyén nganh
1 | Nguyén Hiru Anh Bang | 105200291 | 20TDH1 | K§ thuat diéu khién & Ty dong hoa
2 | V5 Minh Hoang 105200301 | 20TDHI1 | K§ thuat diéu khién & Tu dong hoa

Tén dé tai DATN: Thiét ké diéu khién hé Drone kép nang tai

Ho tén ngudi HD: TS. Nguyén Hoang Mai

Pon vi: Bai Hoc Bach Khoa ba Necmg

. Khéi lwong GVHD
Tuan| Ngay _
Da thwe hién (%) Tiep tuc thuc hién (%) | ky tén
- Giao dé tai - Xay dung cau truc dé
- Tim hiéu va nghién ctru cic tai tai.
17/2— | liéulién quan dén hé théng diéu |- DE xuat mo hinh thiét hé
1 24/2/2025 khién Drone. Drone kép.
- Nghién ctru cac phuong phép
diéu khién Drone don, hé Drone
kép nang tai.
- Nghién ctru nguyén Iy hoat dong |- Tiép tuc nghién ctru
cua Drone don. nguyén 1y hoat dong cta
o) 252— | Len ¥ twong phan cimg va thiét hé Drone kép.
4/3/2025 | k& mé hinh. - Nghién ctru giai phéap két
- Nghién ctru cac phuong phéap ndi giita 2 Drone.
diéu khién hé Drone chua c tai.
- Nghién ctru nguyén Iy hoat dong |- Tién hanh tao mé hinh
cua hé Drone kép. mo phdng trén
3 | 5B~ |- Lény tuong, thao luan vé Matlab/Simulink.
12/3/2025 phuong phap két néi 2 Drone.
- Khao sat tinh kha thi ctia phuong
phap.
Duyét 1an 1: Danh gia khoi lugng hoan thanh _ %:
4 Puoc tiép tuc lam DPATN [ Khong tiép tuc thyc hién DATN []




- Tién hanh tao md hinh mé phong |- Diéu chinh md hinh mé
trén Matlab/Simulink. phong.
13/3- | X4y dyung so do khéi cho hé - Xay dung phuong trinh
20/3/2025 théng diéu khién. dong luc hoc.
- Tich hop mé hinh diéu khién vao
Matlab/Simulink.
- Xay dung phuong trinh dong luc |- Nghién ctiru va xay dung
21/3 — hoc. nguyén 1y diéu khién.
28/3/2025 |- Hiéu chinh phuong trinh dong |- Lén y tudng truyén thong
luc trén mo hinh mo6 phong. gitra 2 Drone.
- Xay dung nguyén 1y diéu khién. |- Tién hanh lp rap phan
29/3 — |- Thao luén, chét phwong phap cung.
5/4/2025 | truyén thong gitta 2 Drone. - Nghién ctru tai liu vé
- Tinh todn lya chon dong co, thiét| lap trinh Arduino.
bi linh kién.
- Lap rap phan ctng, nghién cru |- Thir nghiém va tién hanh
thém cac module diéu khién. thue nghiém dé hiéu
6/4 — , A ,
13/4/2025 Thtr nghiém cac module. chinh. ‘ 7
- Xay dung b di€u khién
PID.
Duyét lan 2: Panh gia khoi luong hoan thanh  %:

Pugc tiép tuc lam DATN (1 Khong tiép tuc thyc hién DATN (]

Thuc nghiém cac module va hi¢u
chinh phu hop.

Lap trinh cho cac module
diéu khién.

211/37210_2 1l Xay dung bo diéu khién PID va |- Tién hanh thuc nghiém
mod phdng. va hi¢u chinh PID cho hé
thong.
- Hiéu chinh phén lap trinh céc - Khic phuc, hi¢u chinh
module. mo hinh phan ctng.
22/4 — |- Hi€u chinh PID bam sat gia tri
29/4/2025| mong muon.

Chinh stra phﬁn cung, thuc
nghiém bay tirng Drone khong
tai.




- Hiéu chinh md hinh phan cimg. |- Tiép tuc bay thuc nghiém
- Thuc nghiém bay Drone két hgp | Drone va hiéu chinh
30/4 — hiéu chinh PID. phan 14p trinh.
10 7/5/2025 |- Chinh stra phan 1ap trinh cac - Xay dung luu do thuat
module. toan.
- Thuc nghiém bay Drone don c6
tai va lya chon murc tai phu hop.
- Chinh stra mé hinh, hiéu chinh |- Tdng két mé hinh phan
phan 1ap trinh. cing.
T 8/5— |- Xay dung luu do thuat toan cho |- Hiéu chin,h phan 1ap trinh
15/5/2025| ting Drone. cua hé thong.
- Chinh stra bao céo thuyét
minh.
Duyét 1an 3: Panh gia khoi luong hoan thanh  %:
Pugc tiép tuc lam DATN (1 Khong tiép tuc thyc hién DATN (]
- Khic phuc su ¢6 cho mé hinh - Tién hanh bay thuc
12 phan ctng. nghiém Drone.
16/5— | Higu chinh lai phan lap trinh va |- K&t hop lap trinh, hiéu
23/5/2025 hiéu chinh thong sb PID. chinh bo PID bam sat
- Bay thyc nghiém dong thoi 2 dau vao.
Drone khong tai.
- Hiéu chinh phan lap trinh. - Tién hanh bay thyc
- Bay thuc nghiém dong thoi hé nghi¢m Drone.
24/5 — Y % A s A
13 31/5/2005 Drone c6 tai. ‘ - Keét hop lap trinh, hiéu
- Chinh sura phan ctrng va hoan chinh bo PID bam sat
thanh phan 1ap trinh. dau vao.
14 1/6 — |- Bay thuc nghiém hé Drone, danh |- Hié}l chinh va danh gia
8/6/2025 | gid qua trinh, két qua. sy On dinh.
15 | 9/6— |- Hiéu chinh dim bao su 6n dinh,
16/6/2025| chinh stra bao cdo cudi cung.




LOI CAM ON
Chung em xin chan thanh cam on dén thay gido TS. Nguyén Hoang Mai giang vién
b6 mén K§ Thuat Diéu Khién va Ty Pong Hoa va anh Nguyén Vian Vinh thuoc Cong ty
Truyén tai Dién 2 (PTC2) di hd trg, tao diéu kién va cung cip nhitng thong tin bd ich

dé chiing em c6 thé hoan thanh bai bao cao Db an Tt nghiép nay.

Em xin chan thanh cam on Truong dai hoc Bach Khoa — Pai hoc Pa Nang va dic
biét 1a khoa Dién di tao diéu kién cho sinh vién nhu em nghién ctru thyc hién Do 4n Tét
nghiép bang hinh thtrc lién két doanh nghiép (Capstone Project) gitip em tich liiy thém

kién thirc va kinh nghiém thuc té quy bau.

Trong thoi gian 1am D6 an Tt nghiép, em dd nhan duwgc nhiéu sy gitp 45, dong gop
¥ kién va chi bao nhiét tinh ctia thay c6 va ban bé. Qua day em xin bay t6 long biét on
dén cac thay co gido giang vién khoa Dién, nganh Ky thuat Diéu khién va Tu dong hoa
truong Pai hoc Bach khoa, Pai hoc Pa Nang 1a nhiing ngudi truyén thu tri thic, ky
nang, kinh nghiém cho em trong su6t nhitng nim hoc vira qua. D6 1a nén tang cho viéc

thuc hién D6 an Tt nghiép nay.

Trong bai bao cio 1a thanh qua ciia sy nghién ciru va tim hiéu ma em dat duoc trong
thoi gian thyc hién b6 an Tt nghiép. Do thoi gian thyc hién Do an Tot nghié¢p c¢6 han
nén khong tranh khoi sai sot, rat mong nhan duoc sy gop y cta quy Cong ty va Thay cd
gido bo mon dé tao diéu kién cho em hoan thanh Db an Tét nghiép mot cach thanh cong
nhat.

Xin chan thanh cam on!!!



LOI CAM POAN LIEM CHINH HQC THUAT
Chung em xin cam két rang noi dung dé tai: “Thiét ké diéu khién hé Drone kép
nang tai” duogc trinh bay trong bao cdo Do an Tt nghiép 13 két qua nghién ciru thyc

hién béi chinh chiing em, dudi su huéng dan cua thiy TS. Nguyén Hoang Mai.

Toan bo sb liéu va két qua nghién ciru trong d6 4n 13 trung thuc, khong sao chép hay

str dung két qua tir bat ky dé tai nghién ctru ndo khac.

No6i dung dd 4n c6 tham khéo va st dung mdt s tai liéu, thong tin da dugc cong bd
trén cac tap chi, website, va di duoc trich dan diy du trong phan danh muyc tai liéu tham

khao & cuoi do an.

Sinh vién thuc hién Sinh vién thuc hién

Nguyén Hiru Anh Bing V6 Minh Hoang
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Diéu khién ph6i hop hai Drone

MO DAU
1. Muc dich thuc hién dé tai
Hién nay, thoi dai 4.0 do1 hoi sy thudn tién, nhanh chong, chinh x4c, an toan va 6n
dinh trong moi cong vi¢c, dac bi¢t 1a van chuyén va cac cong viéc can dieu khién tir xa,

do d6, khong gian trén khong 13 mot khong gian rat 16n dé ching ta tdn dung.

Tir d6, cac thiét bi bay khong nguoi 1ai duoc tao ra, nham phuc vu cho cac muc dich
khac nhau, c6 tinh linh hoat, 6n dinh, c6 thé diéu khién tir xa tuy thiét bi va dic biét qua

trinh van chuyén dam bao dugc sy an toan, to1 wu nhat. Pugc goi la Drone.

Song, khoi lugng tai can van chuyén hoac mic dg cong viéc ma Drone phai lam dat

ra van dé 16n. Va day 1a muc dich thuc hién dé tai.
2. Muc tiéu dé tai
2.1. Muc tiéu tong quat
Mang lai nhitng loi ich cho xa hoi, khoa hoc va cong nghé.

Vé mit xa hoi, truéc nhu cau di chuyén, van tai ngdy cang ting va tinh trang Uin tic
giao thong phirc tap, nghién ciru nay nham dé xuat khai thac khong gian trén khong —
hién cha yéu do méy bay sir dung — dé vén tai. Viéc luu thong song song ca trén mat dat
va trén khong sé& gitip giam tai giao thong, nang cao chat luong doi séng va phat trién
xa hoi.

Vi do, chiing ta mong mudn c6 mot cong cu thiét bi dé van chuyén, di chuyén cac
hang hoa (tai) ma co thé diéu khién tir xa, khong c6 su un tic, hiéu qua va an toan. Song,
d6i voi cac tai co trong lwong 16n, thi mot drone khong thé nang dugc. Va ciing khong
thé thiét ké mot Drone qua 16n, s& dan dén su bat cap ciing nhu khdi lwong ctia Drone

s& tang dan. Nén phuong an “Thiét ké hé Drone nang tai” nham muc dich:
- Tiét kiém duoc chi phi thiét ké Drone.
- Khong can thiét ké Drone c6 kich thudc qua 16n.
- Chuan bj cho nhitng truong hop c6 tai trong 16n.

Vé mit khoa hoc va cong nghé, dd an nghién ctru s& duoc coi nhu 14 mot ngudn
dé tham khao ciing nhu 13 viéc phat trién sau ndy. Diéu nay s& gop phan giam chi phi va
thot gian trong viéc tranh 1ap lai cac tdn dong cua nghién ctru trude do. Tur do, chi tap
trung vao viéc phét trién nhitng diéu tét ciing nhu 1a danh tai nguyén dé xay dung cai

méi nhdm dap tmg nhu ciu dang ngdy cang ting.
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2.2. Muc tiéu cu thé
2.2.1. Nghién cwru cach thvrc hoat dong ciua 1 Drone

Do an s€ dua vao két qua nghién ctru hoat dong cia mdt h¢ thong Drone ri€ng
biét trén bé mat khong gian ctia cac bai bao, dé¢ an khoa hoc trudc d6 nham xay dung

cac hinh thai hoat dong t8i wu ciia mot hé théng.
2.2.2. Nghién ciru cdach thurc hoat dong ciia hé Drone

Duya vao viéc xay dung lai hé théng Drone riéng biét, dd 4n s& phat trién hinh thuc
hoat dong song song cua nhiéu Drone. Cu thé, do 4n sé& nghién ctru hoat dong cua hai
thiét bi Drone khi duoc lién két voi nhau. Cac hinh thtrc hoat dong trén khong van tun
theo cac di chuyén co ban 1én/xubng, tién tGi/tién lui, va xoay phai/trai.

2.2.3. Mo hinh todan hoc va phwong trinh dong luc hoc cua Drone

D0 4n s& st dung va nhéc lai cdc m6 hinh toan hoc va phuong trinh dong luc hoc tir
cac nghién ctru trude day. Nham lam rd xem cac dit lidu trude day cé phu hop voi mot
hé nhiéu thiét bi Drone hay khong.

2.2.4. Thiét ké b¢ diéu khién dwa trén bp diéu khién PID

Viéce str dung bo diéu khién PID trong do an s& dép tng cac tiéu chi ban dau dé ra
tiép can duogc nhiéu dbi tuong nghién ctru, khi ma bo diéu khién nay dang dugc sir dung
rong rii ca trong nghién ctru va thuc té. Ngoai ra, dd an s& nghién ciru cac nhiéu thong
s6 P, I, D khac nhau trong viéc st dung nhiéu PID dé diéu khién cac thiét bj thanh phén
ctia hé thong nhiéu Drone dé xét tinh 6n dinh va tinh tich hop cua bo diéu khién. Tur do,
tim ra thong sé phu hop on dinh nhat.

Db an str dung phan mém Matlab/Simulink dé mé phong dua ra két qua danh gia,
nhu 1a mot cong cu c6 do uy tin cao hién tai dé danh gia két qua mo hinh. Tir d6, giam
thiéu duoc cac sai léch, ton dong co thé xay ra khi diéu khién mot hé Drone trude khi
ap dung vao viéc phat trién mot mé hinh thyc té.

3. Poi twong va pham vi nghién ciru

3.1. P6i twong nghién ciru

- Thiét bi bay: Drone

3.2. Pham vi nghién ctru

Pham vi nghién ctru cua dé tai tap trung vao linh vuc ty dong hoa trong viéc nghién

ctru mo hinh toan hoc, bai toan dong luc hoc chua thé hién rd trong bai nghién ctru nay,
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nghién ctiru bd didu khién PID dé xdy dung bo diéu khién cho thiét bi. M6 phong

trén phan mém Matlab Simulink va 4p dung vao thie nghiém mé hinh.
4. Phwong phap nghién ciru

Giai phap nghién ctru dé két hop diéu khién nhiéu Drone v6i nhau dé ciing nang tai.
Va khéi ddu 1a nghién ctru hé 2 Drone cung nang tai. Chiing em mong 13 s& nghién ctru

thanh cong, tir d6 c6 thé trién khai mo hinh véi nhiéu Drone hon.
4.1. Cac ngi dung nghién ciru
Dé tai tap trung nghién ctru vao cac noi dung sau:

4.1.1. Téng quan vé lich siv hinh thanh thiét bi Drone va nguyén ly hoat
dong.

Lich st hinh thanh Drone

Nguyén ly hoat dong cua Drone

Nguyén ly hoat dong cua hé Drone kép

4.1.2. Nghién ciru cdc trang thdi cua Drone kép trén khong gian mg.
- Trang thai can bang ctia hé Drone kép

- Trang thai cung tinh tién 1én/xudng

- Trang thai cung tinh tién t&i/lui

- Trang thai nghiéng sang phai/trai

- Trang thai xoay qua phai/trai

4.1.3. Nghién civu dé xudt thiét ké bé diéu khién PID cho Drone.

- So dd diéu khién PID dugc dit tén theo 3 khau hiéu chinh d6 1a khau ti 1¢, khau
tich phan va khau vi phan, ngd ra diéu khién téc do cua 4 dong co 13 tong cta

3 khau nay.
- Taco:

Output(t) = Pout + lout + Dout (1)

- Trong do:

= Pou: 14 thanh phan dau ra khau ti 1¢.
= Lou: 12 thanh phan dau ra khau tich phan.
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= Doy 12 thanh phan dau ra khau vi phan.

- Van dé kho khan khi sir dung thuat toan PID dé diéu khién mé hinh 13 viéc lya
chon cac gia tri K, K;, K.

- O day ta sir dung phuong phap Ziegler-Nichols két hop véi thyc nghiém.

- Viéc xéc dinh cac thong s6 PID ctia md hinh may bay rat phtic tap va phai thay

d6i lién tuc dé c6 thé lam cho may bay dat duoc sy can bang va 6n dinh.

Dang diéu kién K, K; K,
P 0,5 * K, ] ]
PI 0,45 * K, 1o %%
b Pu -
PID 0,6 * K,, 5 Ko Kp * P,
Pu
8
- Trong do:

» K,,:do loi téi han

= P,: thoi gian dao dong

4.1.4. Pdanh gid va mé phéng két qua trién khai céng trinh trén phan mém
Matlab/Simulink
4.2. Phuwong phap nghién ciru
4.2.1. Phwong phdp nghién civu Iy thuyét
Ap dung diéu khién PID dé xay dung bo diéu khién cho Drone don. Tir d6 xay dung
bo diéu khién cho Drone kép va mé phong trén phan mém Matlab/Simulink dé kiém

chung, danh gia va dua ra két luan.
4.2.2. Phwong phap nghién ciru thuc nghiém
- St dung Arduino va cac module hd tro.
- Nghién ctru thuat toan diéu khién tich hop cam bién vi tri, cam bién siéu am.
- Xay dung mo hinh thir nghiém v&i Drone, diéu khién vi tri on dinh.

- Lap trinh Arduino dé diéu khién vi tri, do khoang cach, ning tai 1én do cao

mong muon.

Kiém tra, danh gia do chinh xéac, phan hdi va t6i uvu hoa hé thong.

4.2.3. Cong nghé, ky thudt su dung
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Phan cting: Drone tu lap rap Quadcopter (4 canh), cam bién vi tri, cdm bién
siéu am.

Truyén thong: tin hiéu RF, PPM, Master — Slave

4.2.4. Cong cu, moi truong

Phén ctng: Drone Quadcopter tu lap rap

Phan mém: Arduino, Matlab, Visio
- Moi trudng 1ap trinh: Arduino IDE
5. CAu tric ciia d an tét nghiép

Mé dau — Muc dich thuc hién dé tai, Muc tiéu dé tai, Pham vi va ddi tuong nghién

ctru, Phuong phap nghién ctru, Cau tric cua dd an.
Chwong 1 — Tong quan vé diéu khién hé Drone kép nang tii.
Chwong 2 — M6 hinh toan hgc ciia Drone va hé Drone kép.
Chwong 3 — Thiét ké hé thong diéu khién hé Drone kép.
Chuwong 4 — M6 phong, thuc nghiém va danh gia.
Két luan — Két luan phuong phép, két qua dat duoc va hudng phat trién.

Tai liéu tham khiao — Liét ké cac ngudn tai lidu duoc sir dung, tham khao trong qua

trinh xay dung va phat trién hé thong.

Phu luc — Hinh anh linh kién, so d6 cta hé théng, chuong trinh lap trinh.
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CHUONG 1. TONG QUAN VE PIEU KHIEN HE DRONE KEP NANG
TAI

1.1. Ly do chon dé tai
1.1.1. Tinh cin thiét tiv dé tai
1.1.1.1. Co sé thuc tién

Cong nghé da tao ra mot cude cach mang vé mat d6i méi va phat trién trong nhiéu
linh vyc cua cudce séng con ngudi. Cac thiét bi cong nghé cao dang duoc phat trién va
mg dung rong rii nham dap ing nhu cu cua xa hoi. Va trong sé d6, Robot dong vai trd
14 biéu tuong cho su tién bo cua cong nghé. Chinh nho sy ddi méi cua cong nghé va sy
xut hién ctia Robot, cudc song con ngudi da dugc cai thién va phat trién. Nganh robot
hoc ngdy cang phat trién, khién cho robot ty hanh c6 kha ning hoat dong trong nhiéu
moi trudong khac nhau va dugc st dung dé thuc hién nhiéu loai nhiém vu khac nhau. Sau

dan, thiét bi dang dan cai tién vé tam voc, tinh gon va do6 mdéng nhe dugc goi la Drone.

May bay khong nguoi 1ai (Drone) 1a mot trong nhiing loai khi cu bay khong nguoi
1ai c¢6 diéu khién. Tir khi ra doi dén nay Drone ngay cang dugc sir dung pho bién trong

nhiéu linh vuec:
- Chup anh trén khong
- Giam sat trén bo, trén bién, kiém soat, thim do.
Tuy nhién Drone duoc sir dung nhiéu nhat trong linh virc an ninh qubc phong.

Vé mit k¥ thuat, Drone ¢ nhiéu diém gidng véi may bay c6 nguoi lai. Tuy nhién

chung c6 nhimng dic diém khac biét nhu:
- Chi phi cho nghién ctru phat trién, ché tao, van hanh, dam bao k¥ thuat thap.
- Khéng bj ton that, anh huéng tinh mang trong qua trinh van hanh.

Vi cac uu diém trén, cung véi su tién bo nhanh chong cua khoa hoc k¥ thuat va

cong nghé, trong khoang 10 nim tré lai ddy dang dién ra su bung nd vé Drone.

Ciing nhu cac nudce trén thé gisi, doi vol Viét Nam nhu cau sir dung Drone trong

thoi diém hién nay rat da dang:
- Lam muyc ti€u phuc vy dién tap.

- Str dung cho cac muc dich trinh sat quan sy, nhi€ém vy an ninh quoc phong, va
kinh té xa hdi khac.
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1.1.1.2. Co so khoa hoc

Nhim dap tng cac van dé diéu khién Robot ty hanh néi chung va bo diéu khién
Drone néi riéng, cic nghién ctru va phat trién véi muc dich phuc vu phai duoc xac dinh
13 rang. Trong d0 4n nay, nghién ctru s& tap trung vao hé Drone véi tiéu chi 12 mang tai
trong nhét dinh va khong c6 truong hop qua tai. Diéu nay nhim dap tng viéc hoat dong
tt cho thiét bi lau dai theo thoi gian cling nhu viée bao dudng duoc dam bao dinh ki.
Nhu vay, dé dam bao luong tai nhét dinh, viéc nghién ctru s€ thuc hién theo huéng nhu

sau:
- Dung thiét bj Drone 16n
- Két hop cac thiét bi Drone cung kich ¢&

Céc bai bao nghién ctru vé Drone theo cac thuét toan ctia mach diéu khién Logic, b
diéu khién truot, bo diéu khién thich nghi, diéu khién hién dai (diéu khién mo, diéu
khién noron, diéu khién thich nghi, ...). Trong d6, hién van duoc sir dung rong rai 1a bo
diéu khién PID, ddy nhu 1a mot giai thuat trong nhom diéu khién tuyén tinh, n6 dang

duogc phat trién vuot bic va tng dung trong cac hé chuyén dong phi tuyén, vi:
- bam bao duogc tinh kha thi cao.
- D@ dang trong viéc thiét ké, str dung, diéu khién.
- Céc tiéu chi ki thuat dat chat lugng: tinh bén virng va 6n dinh cao véi bién thién
ctia nhifu va tham sb, d& dang thiét ké, dé thay doi, ...

Tir cac nghién ctru, thi nghiém trude d6 van con nhiéu van dé, véi viéc dang 1a thoi
dai ma khoa hoc ki thuat cang c6 budc dot pha, nén ching em lya chon thuc hi¢n dé tai:
“pIEU KHIEN PHOI HQP HAI DRONE” d¢ 1am d¢ tai cho D6 An Tét Nghiép.
1.2. Y nghia vé khoa hoc va thue tién

1.2.1. Vé mit khoa hoc

Noi dung dé tai s& 1a ngudn tai lidu tham khéo cho bét ky ai danh sy quan tim dén
nganh khoa hoc Robot tu hanh néi chung va b diéu khién cho hé Drone noi riéng. Thiét
ké bo diéu khién dya trén PID s& dugc mo phong trén phan mém Matlab Simulink nhu
12 dan chirng dang tin cay.

1.2.2. Vé mt thuc tién

Két qua nghién ctru s€ gop mot phan dé hoan thién cong cudc nghién ctru khoa hoc

Robot ty hanh trong méi truong khong khi. S& cb gang khac phuc cac nhugc diém ton
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dong trong viéc di€u khién Drone vé nhi€u, khd nang mang tai va nhiéu van dé khac tir

d6 phat trién 1én hé nhiéu Drone.
1.3. Hién trang thue té
1.3.1. Lich sir phdt trién Drone
Drone c6 thé thuc hién nhiéu cong viéc hon ngoai viéc cit canh va bay 6n dinh trén
khong. Cubi thé ky 19, sau mot thoi gian dai nghién ctru, con ngudi di thanh cong trong
viéc ché tao nhirng thiét bj bay khong nguoi lai dau tién.

e Nam 1849

Quan d6i Ao sir dung khinh khi ciu khong nguoi 1ai dé tha bom vao Venice, day 1a

mot trong nhiing vi du dau tién vé vi khi khong nguoi 1ai.

Hinh 1.1: Méy bay ddu tién nam 1990 ciia anh em nha Wright

e Nam 1915

K§ su ngudi Anh Archibald Low phat trién hé théng dan dudng vo tuyén cho chiée
drone quén su ddu tién.
e Nam 1930 - 1940

Prc trién khai Bom Buzz - mot loai tén ltra khong ngudi. Tuy nhién, ching khong
duoc trang bi nhiéu hé théng dan duong va khong chinh x4c trong viéc xac dinh muc
tiéu.
e Nam 1986

Sau sy hop tac gitta Hoa Ky va Israel, chiéc UAV déu tién RQ2 duoc ra doi. Pay 1a
su két hop gitra may bay khong ngudi lai cua Israel va cac cai tién vé tai trong cia My.
e Nam 1996

General Atomics Corporation phét trién may bay khong ngudi 1ai MQ1, vé6i sy hd

tro cia Abraham Karem.
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e Nam 2006

UAV da dugc str dung trong hoat dong ctru hd thién tai, dugc cho phép bay trong
cac hoat dong dan su.
e Nam 2010

Amazon cong bd ké hoach str dung drone dé giao hang, mé ra mot ky nguyén méi
cho thuong mai dién tu.
e Hién nay

Cong nghé Drone da tién bd vugt bac so voi nhitng nam dau véi cac tinh nang nhu

bay tu dong, tranh va cham, quay phim chit lugng cao, do dac dia hinh, ctru hg, ctru tro,

1.3.2. Cdc cong trinh nghién ciru va co so khoa hoc ¢ Viét Nam.

Mot bai bao tai hoi nghi toan qudc 1an thir 3 vé Diéu khién va Ty dong hoa — VCCA
—2015 ctia TS. P Qudc Tudn, Th. S Nguyén Pinh Diing va Th. S Pham Hiru Udng [1]
1a “Xac dinh cac tham s trong mé hinh toan ctia quadrotor” tiép can véi cac tham sd co
ban trong mdt mo hinh toan cta Drone.

Tiép theo 1a cong trinh nghién ctru ctia nhém sinh vién tré K63AE cua Vién hang
khong vu tril vao nam 2019-2020 trong bai bao [2] 1a “Nghién ciru, thiét ké, ché tao
Drone mang vt pham 1kg ha canh tu dong”.

Hinh 1.2: M6 hinh dé tai nghién ciru ciia nhém K63AE Hoc vién Hang Khong
- Két qua: Hoan thanh duoc mé hinh c6 hé thdng can bang, xac dinh vi trf tuong
ddi chinh x4c tr RTK, cam bién xac dinh d cao hoat dong tdt va dac biét la

cho phép mang tai trong 1kg v6i van toc 1a 8 m/s.
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- Tuy nhién, day 13 nhirng két qua thong qua cac bai bao chir khong co cac video

thue t& hay 1 cac d6 thi cu thé. Véi cong trinh nghién ctru cia Nguyén Hung

Thai Son va V5 Nguyén Phiic cta truong Dai Hoc Lac Hong nim 2015 [3] 1a
“Thiét K& Va Thi Cong M6 Hinh Bay Quadcopter” da xay dung va phat trién

mo hinh Drone da nang cao hon vé1 bd loc DMP (Digital Motion Processor).

Hinh 1.3: Mo hinh da hoan thién cua bai bao nghién cuu [3]

1.3.3. Thuec té

Loai may bay
khong nguoi lai

Trong lwgng

Kha nang tai
trong

Cong dung

May bay khong Du6i 11 gram 4 gam dén 100

nguoi lai tai (0.011kg) gram (0,004 dén Giam sat quan su
trong thap ’ 0,1 kg)

May bay khong

nguoi lai trong

200-1000 g (0,2-1

150-270 g (0,15-

Giai tri va nhiép

tai nhé kg) 0,27 kg) anh
3 kg Ung dung chuyén
gt i hang. | 1 00ke @20 | oS00 R
trung 1323 16) 40 kg (88 1b) dén | khong.
150 kg (331 1b).
Kha néng phat
hién va chién dau
cua ké thu.
May bay khong Hon 160 kg Céc ing dung dan

nguoi lai hang
nang

550 kg

su nhu giao hang
bang may bay
khong nguoi lai
hodac lam phim.

Bang 1.1: M{t s6 dang mdy bay khéng nguwoi ldi trong thiee té
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e Mot sb hinh anh thuc té

Hinh 1.4: Drone vdn chuyén hang héa trong thuc té

1.3.4. Cau hoi dit ra

e MOt tai trong vuot qua kha ning tai trong clia may bay khong ngudi 1ai hang thap va
hang nho thi phai lam sao?

Tra 10i: Thiét ké, ddu tu mot may bay khong nguoi 14i (Drone) hang trung hodc hang

ning dé nang tai trong 16n hon. Cau tra 16i ndy dan dén mot cAu hoi khac.

e Chi phi dé dau tw mot may bay khong ngudi 1ai hang trung hodc hang ning 1a qua
16n, trong khi d6 tai trong thi khong qué 16n, phuong an giai quyét nhu thé nao?

Tra 1o1: Duong nhu, day 1a van dé chung cta bat ki t6 chirc hay ¢4 nhan nao c6 nhu
cau st dung Drone dé€ nang tai hodc van chuyén hang héa. Va day ciing 1a 1i do quan

trong nhat dé chung em nghién ciru dé tai nay.
1.4. Dy kién két qua dat dwoc
1.4.1. Qua trinh thw nghiém

1.4.1.1. Phwong dn két noi h¢ Drone kép

Lién két cung: Su dung 2 day vai mém budc truc tiép vao mdi Drone, mdi dau con
lai ctia day s& budc vao 2 dau cta 1 thanh d& (thanh inox).

Thanh d& nay ngoai chirc nang két ndi 2 thiét bi Drone vdi nhau nham gitip hé Drone
kép on dinh, con tranh sy va dap gitra cac thiét bj v&i nhau. N6 cling s€ coi nhu 1a mot
gia treo dé mang tai.

Thanh lién két cimg khong c6 luc cing dy va cac drone hoat dong nhu mot khoi

théng nhat. Phuong trinh don gian hon.

Téng khéi luong hé théng:

Mmax = Marone 1 + Marone 2 + Mthanh inox + My (1 -1)
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Muc dich chinh 13 diéu khién hé Drone kép ning tai. Do d6, can giam thiéu tai trong

hét mirc c6 thé dé hé Drone kép c6 thé nang tai 6n dinh.
e Uudiém:
- B0 canh quat dugc lép ¢ dinh trén truc dong co
- C6 thé dung hon 4 dong co
- C6 thé nang cap cac thanh phan riéng biét
- Han ché tac dong nhiéu vi viéc diéu khién dong thoi 8 dong co cung 1 lic
- Tai trong ting 1én vi viéc két hop 2 drone
- €06 thé thay ddi cac dong co khac nhau phi hop voi muc dich.
e Nhuoc diém:
- Kich thuéc 16n, chiém dién tich nhiéu hon
- Thanh lién két cAn chic chian dé vira ¢d dinh duogc 2 drone vira nang tai.

- Gia thanh cao vi mé hinh nhiéu dong co, nhi€u canh quat va céc linh kién lién

quan.
- Kha ning nhiéu tic dong s& nhiéu hon, nhu gid, song, ...
e Kha nang ing dung
- Sir dung trong cac hé théng van chuyén trén khong.
- C6 thé mé rong dé van tai cac hang hoa 16n tiy myc dich.
- Str dung trong cong tac ctru nan tai cac khu vuc kho tiép can, hiém trg.
1.4.1.2. Li do chon nguyén vit ligu két noi
Day vai mém: cu thé 1a day budc giay bata phd bién.

= Chi phi thap, khdi lugng nho (rat nhe).
=  Khong bi dun, thich hop véi mo hinh.
» Chéc chin.

= Dé dang thay thé.
Thanh d3: 1 thanh c6 chét liéu inox

= Chi phi thap hodc tan ding nhitng vat dung khong con sir dung.
= Khdi lugng nho.

=  Chac chan.
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= DZ dang thay thé.
1.4.2. Két qua duw kién:

Mo hinh thuc nghiém dé két ndi hé Drone kép duoc du kién nhu hinh duéi day:

2] F4 F1 2]
(Trai) t (Trurére) [Trai) (Trudre)
- 7 ~ = . - g Sl
‘4 \ F=FL1eF24F34F4 ( N ( 7 F e FLIF20F3+F4 \
\ / ) \ | \ )
Nwl W Nwl ' _owa
F2 F3 F2 F3
(Sau) (Phai) (Sau) (Phai)

Pl l‘ /4 =g T {,{ %
\ w2 P -\:l_) / : w2 P ‘k w3 /
o W B N "2 3
Déay val > Déy voi
mém = mém

Thanh Inax

Tal

0,5m

Hinh 1.5: M6 hinh dy kién ciia hé Drone kép néng tdi
1.5. Két luan chwong

Trong chuong 1, théng qua viéc tim hiéu cac trang thai 1am viéc ciia Drone co ban
va tng dung dé dong gop cho viée xay dung trang thai 1am viéc cho Drone kép ¢ chuong

tiép theo.

Khi khéi luong tai khong thé duoc nang boi 1 Drone, lic nay su bat cap, han ché
xay ra khi tai trong vuot qua kha nang cua Drone. Vi d6, ¢ an nghién ctru phuong phap
diéu khién dong thoi hé 2 Drone, giai quyét van dé nang tai. Chi phi 1a mot nguyén nhan

16n nén khong thé dau tu nhitng Drone 16n.
Vi vy, diéu khién hé Drone kép nang tai mang lai nhiéu thuan loi hon:
- C6 thé thyc hién ddi v6i nhiéu tai c¢6 khéi luong 16n.
- Phuc vu cho nhiéu linh vuc khéc nhau.
- Pugc dam bao an toan hon, tiét kiém chi phi hon.

Giam tinh trang dung dua nhu dbi véi 1 Drone.
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CHUONG 2. MO HINH TOAN HQC CUA DRONE VA HE DRONE KEP
2.1. CAu tric
2.1.1. So dé khéi

e So dd khéi diéu khién Drone kép bang vat liéu cimg (Rigid Link)

—
e Drone |
PID controller H (Motos)

\

Drone |
IMovement)

yury puiry

&9

o —

( 4

e 3 Drupe 2

" ¢ odle

PID contredler ]— o
\

Hinh 2.1: So do khoi diéu khién Drone kép bang vt liéu cirng

Hé thong diéu khién drone kép duoc thiét ké voi lién két co khi cting (Rigid Link)
giita hai Drone. Cau triic lién két nay dam bao rang ca hai drone luon di chuyén dong

bd va duy tri mot khoang cach cb dinh trong suét qua trinh van hanh.

Do dic tinh khong cho phép tach roi hay dao dong twong ddi gitta hai thiét bi, lién
két cing loai bo hoan toan tinh doc 1ap trong chuyén dong cua ting drone. Cu thé, moi
thay ddi vé vi tri, toc do hoac hudng bay cua mot drone s€ turc thoi truyén luc va anh
huong truc tiép dén drone con lai. Pidu nay gitp hé théng hoat dong nhu mot thé thong
nhat, dic biét phu hop trong cac nhi€ém vu nang hoac kéo tai doi hoi do chinh xac va can

bang cao.
2.2. Nguyén ly hoat dong ctia drone va hé drone kép
2.2.1. Nguyén ly hoat dong cua Drone

Pbi voi Drone, két cau chi gdom 4 motor dién giéng nhau c6 lap canh quat duoc dat
& 4 goc hinh vudng va va canh quat c6 thé gan truc tiép hay thong qua truyén dong banh

rang, 4 motor nay dugc chia thanh 2 cdp: trudc — sau, trai — phai.

Chiéu quay ctia 2 motor trong mdi cip 1a gidng nhau, nhung chiéu quay cta cip

trude — sau va trai — phai 1a ngugc nhau.
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Cap trude — sau quay cung chiéu kim dong hd thi cip trai — phai quay nguoc chiéu

kim dong hd. Va canh quat ding trong Drone phai 1a 2 loai nguoc nhau, mot loai quay

cung chiéu va mot loai quay nguoc chiéu kim dong ho.

Fa4

(Trwdrc)
F = F1+F24F3+F4 AN 0 "‘»ﬁ»,,.]
| |

" wa 7_/‘-"

v 2

v

Hinh 2.2: Chiéu quay cia cdc déng co trén 1 Drone

Giai thich mot chit vé céc thuat nglr dugc st dung khi n6 bay vé phia trudc, ngugc,

ngang hodc xoay trong khi lo Itrng. Chung dugc goi 1a Pitch, Roll va Yaw.

Yaw - Pay 1a xoay hoic xoay dau ctia Drone hodc sang phai hodc trai. P 1a chuyén
dong co ban dé quay Drone quanh truc Z. Trén hau hét cac muc tiéu gia lap, no 1a
dat duoc bang cach sir dung thanh ga bén trai hodc sang trai hodc phai.

Pitch - Pay 1a chuyén dong ctia Drone hoic vé phia trudc va phia sau. Chuyén tiép
Pitch dat duoc thuong bang cach day thanh ga vé phia trudc, ma lam cho Drone
nghiéng va di chuyén vé phia trudc, ra xa ban. Con phia sau lai dat duoc bang cach
di chuyén thanh ga nguoc vé phia sau.

Roll - Bay nghiéng vé mdt bén 1a lam cho bay Drone sang mot bén, hoidc sang trai
hodc phai. Bay nhao 16n duoc didu khién boi thanh diéu khién bén phai, 1am cho n6

bay hodc trai sang phai.
2.2.1.1. Nguyén ly cin bang ciia Drone

May bay Drone c6 dang chit thap hay ddu cong v6i bdn dong co dit & 4 goc. Hai

truc chéo cia may bay dugc dat theo hai truc X, Y cua hé truc toa d0 Descartes. Méi

dong co két hop véi canh quat trong Drone sé& tao ra mot lyc ddy va moment xodn nhét
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dinh, bon canh quat duoc chia thanh hai nhom c6 chiéu quay nguoc nhau, hai canh dbi

dién nhau quay cung chiéu.

Két qua la moment x04n bj triét tiéu néu 4 canh quat déu co cung mot van tde gbc,
do d6 c6 thé 1am cho may bay khong bi xoay tron khi bay. Dé cin bang mé hinh thi cac
dong co phai duoc diéu khién ra sao cho mé hinh c¢6 goc 1éch so voi truc chuan trong

pham vi cho phép. Cac hé truc toa do cua Drone thé hién trong hinh.

F1 F4
(Trwérc)

z
Hinh 2.3: Chiéu quay va cdac géc quay dé Drone cdn bang
2.2.1.2. Mo ta cdc trang thdi lam vi¢c cua Drone don

2.2.1.2.1. Trang thdi lo lirng

F1 Fa

(Trai) (Trwére)
/ \\ F = F14F2+F3+F4 = N\

Trang théi can biing (lo lirng)

Hinh 2.4: Chiéu quay ciia Drone & trang thdi lo img

O trang thai ndy, tat ca cic canh quat quay cung mot toc do khong doi (w; = w, =

W3 = Wy).
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Trang thai nay s& kiém tra kha ning d6 6n dinh cua Drone & trén khong trung mot
thoi gian dai, nhd vy c6 thé kiém tra xem kha ning chiu nhidu cta Drone & thoi gian
dai.

Téng luc nang cac dong co sinhra: F = F, + F, + F3 + F,

- Diéu khién dé Drone can bang (lo ling) tai 1 vi tri: F =P

2.2.1.2.2. Trang thdi bay lén/xuéng
F1 F4 F1 Fa
(Trwére) (Tréi) {Trwérc)

F = F1+F2+F3+F4
F = F14F24F3+4F4

Trang théi bay lén Trang thai ha xudng

Hinh 2.5: Trang thdi Drone di chuyén 1én hodc xuéng

Drone s& bay 1én hodc ha xudng theo phuong thang dung. Bé bay 1én, téc do cua 4
canh quat ting 1én mot luong bang nhau va ha xuéng thi ca 4 canh cing giam téc do
mot luong b:;ing nhau, luc dé s€ sinh ra mgt hop luc doc truc theo phuong Z diéu khién

quadrotor bay 1én hoic bay xubng.
Tong luc nang cac dong co sinhra: F = F, + F, + F; + F,

* Drone bay lén: F > P
= Drone ha xubng: F <P
Trong do:
- Z: Gia téc theo phuong Z,,
- Wy, Wy, W3, Wy! Tbc d6 cua cac canh quat
- A, : Luong ting hodc giam van tdc ctia canh quat dé bay 1én hay ha xuéng.
2.2.1.2.3. Trang thdi bay nghiéng sang trai/phdi "®"(Roll)
Drone bay nghiéng sang trai hoac sang phai:

- Dé bay nghiéng bén phai:
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= Ting tdc do canh quat bén trai va canh quat phia sau.

=  Giam téc d6 canh quat bén phai va canh quat phia trude.
- Dé bay nghiéng bén trai:

= Ting toc do canh quat bén phai va canh phia trudc.

»  Giam toc d§ canh quat bén trai va canh phia sau.

F4
(Trwére)

Fa
(Trurére)

Trang thai bay nghiéng sang tréi Trang théi bay nghiéng sang phai
Hinh 2.6: Trang thdi Drone di chuyén nghiéng sang trdi hodc sang phdi
Trong do:
- ®: Gia tdc theo phuong Y,
- Wy, Wy, w3, @, Toe dO clia cac canh quat

- Ay Ap (Ay= Ap): Luogng tang hodc giam cua w;

Téng lyc nang cac dong co sinh ra: F = V(En)? + (E)? lyc nay kéo Drone bay

nghiéng sang trai hodc sang phai.

- Pé dam bao Drone c6 thé bay nghiéng sang trai hodc sang phai nhung van can
bang thi: F=P

2.2.1.2.4. Trang thdi tinh tién t6i/lui "0" (Pitch)
Drone bay tinh tién t6i trudc hodc lui vé sau:
- Dé bay tinh tién t6i trudc:

= Ting toc do canh quat bén phai va canh quat phia sau.

= Giam téc d6 canh quat bén trai va canh quat phia trudc.
- Dé bay tinh tién lui vé sau:

= Ting toc do canh quat bén trai va canh phia trude.

Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 18
Nguyen Hitu Anh Bang
Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone

=  Giam téc d6 canh quat bén phai va canh phia sau.

Trang thai tinh tién t&i trwée Trang théi tinh ti&n lui vé sau

Hinh 2.7: Trang thadi Drone di chuyén tinh tién t6i hodc lui
Trong do:
- 0: Gia tdc theo phuong X,
- Wy, Wy, W3, Wy! Tbc d6 cua cac canh quat

- Ay Ap (Ay= Ap): Luong tang hodc giam cua w;

Tong luc nang cic dong co sinh ra: F = \/(E,)? + (F,)? luc nay gitp kép vat tién

td1 trude hoac lui vé sau.

- Pé dam bao Drone c6 thé bay tinh tién toi trude hodc lui vé sau nhung van can
bang thi: F =P

2.2.1.2.5. Trang thdi xoay qua trdai/phdi "¥" (Yaw)

F1
[Trdi)

(Sau)
P
.f
w2+ A
Trang thil bay xoay sang tral Trang thai bay xoay sang phéi
(ngwrore chigu kim déng hd) (cling chidu kim ddng hd)

Hinh 2.8: Trang thdi Drone di chuyén xoay sang trdi hodc sang phdi

Drone quay quanh truc Z. Diéu khién téc d6 canh quat theo cach sau:
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- Téc do 2 canh dbi dién thi bang nhau, nhung khac véi toe do 2 canh dbi dién

con lai.

- Néu chi giam tdc d6 cta 1 trong 2 cip canh thi s& 1am luc dy ctia Drone. Do
d6, chung ta can ting tdc d6 cho cip con lai dé tong luc ddy khong ddi, giup

Drone van can bang tai vi tri nhat dinh.
- B¢ Drone xoay sang trai (nguoc chiéu kim dong ho):

» Tang toc do 2 canh quat c6 chiéu cung chi¢u kim dong ho: canh trai va canh
phai.
* Giam toc do 2 canh quat c6 chi€u nguoc chiéu kim dong hd: canh trudce va

canh sau.
- Pé Drone xoay sang phai (cung chiéu kim dong ho):
= Tang tdc d6 2 canh quat c6 chidu nguogc chiéu kim déng ho: canh trudc va
canh sau.
= Giam tdc do 2 canh quat c6 chiéu cung chiéu kim dong ho: canh trai va canh
phai.
Trong do:
- W: Gia toc theo phuong Z,,
- Wy, Wy, W3, Wy! Tbc d6 cua cac canh quat
- Ay Ap (Ay= Ap): Luogng tang hodc giam cua w;
Tong luc nang cac dong cosinhra: F = F, + F, + F; + F,
= Cac lyc nang Fy, F,, Fs, F, ¢6 thay d6i, nhung tong luc nang luén khong doi.
Qua do6, thay rang viéc diéu khién bay ciia Multirotor UAV (Drone) 1a viéc diéu
khién téc do quay cia cac dong co.
2.2.2. Nguyén ly hoat dong cua hé Drone kép
Dau tién, dé tai sé trinh bay hé kép Drone dua trén su két hop cua 2 thiét bi bay
giéng nhau vé céac céu trac thanh phén bao gém: dong co, khoi lugng, lyc nang, va cac
chuyén dong co ban da dé cap o trén.
Duya vao nguyén ly hoat dong da trinh bay, ta &p dung vao hé Drone kép c6 mang tai
theo hinh duéi ddy. Ta c6 so dd hinh v& nhu sau:

Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 20
Nguyen Hitu Anh Bang
Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone

F1 F4 ' Fa’
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Hinh 2.9: Mo phong mot mo hinh hé Drone kep
2.2.2.1. Nguyén ly can bang ciia hé Drone kép

Tuong tu nhu thiét bi Drone tht nhat, thiét bi Drone thir hai cling s€ cd cac thiét bi
thanh phan twong dong vé mau ma, nguyén liéu va cong suat. Cac cip canh bén phai
ctia 2 thiét bi Drone phai vé tuong dong goc quay va cip canh bén trai ciing vay. Khi cat
canh thi tdc d6 quay ctia 8 canh phai bang nhau dé sinh ra lyc day can bang.

Ta c6 phuong trinh so bd dya theo khi hé Drone kép can bang nhu sau:

F,=F,=F,=F,
Fll — le — F3I — F4I
YF+XF =P+ P + P + Py
Miz + Myryr = Mzg + M1y

2.1)

Trong do:
- F;: Lyc nang cua canh quat thtr i cua Drone 1
- F;": Luc nang cua canh quat thr i ctia Drone 2
- P: Trong lugng cuia Drone 1
- P': Trong lugng ctia Drone 2
- Pr: Trong lugng cua thanh Inox
- Py Trong lugng cua tai
- M,,: Moment xoay dugc tao ra boi cac cap canh quat

2.2.2.2. M tdi cdc trang thdi lam viéc cua hé Drone kép
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2.2.2.2.1. Trang thdi bay lén/xuong

Hé Drone kép s& bay 1én hodc ha xudng theo phuong thiang dting hinh 2.9. Dé bay
1én, toc d6 cua 8 canh quat ting 1én hodc néu ha xudng thi ca 8 canh cung giam tdc do,
lac d6 s& sinh ra mot hop luc doc truc theo phwong Z diéu khién hé Drone kép bay 1én

hodc bay xudng.

Ta biéu dién nhu sau:

{ XF +2XF" > XP — Lén 2.2)

XF + ZF' < TP - Xubng
2.2.2.2.2. Trang thdi tinh tién téi/lui
Hé Drone kép sé tinh tién t6i hodc lui vé sau nhu theo hink 2.9. Nguyén 1y hoat dong
cling tuong ty nhu Drone don:
- Hé Drone kép tinh tién t6i trudc:
»  Giam toc do cta 2 cap canh quat trude va canh quat trai.
= Tang tdc do cua 2 cip canh quat sau va canh quat phai.
- Hg¢ Drone kép tinh tién lui vé sau:
»  Giam toc do cta 2 cap canh quat sau va canh quat phai.
= Tang tdc d6 cua 2 cap canh quat trude va canh quat trai.
Ta biéu dién nhu sau:

[((w1 + A1) + (wg + AD] + [(wy +Ay) + (wyr + Ayr)]

> [(wy +Ay) + (w3 + A3)] + [(wyr + Ayr) + (war + Azr)]
[((w1 + A1) + (wg + AD] + [(wy +Ay) + (wyr + Ayr)]

< [(wy +Ay) + (w3 + A3)] + [(wyr + Ayr) + (wzr + Agr)]

(2.3)

(2.4)

Trong do6:
- Wi Tbc d6 caa canh quat thtr i cua Drone 1.
- wy: Tdc d cua canh quat tht i cia Drone 2.
- A;: Luong tang hodc giam téc do canh quat thar i cia Drone 1.
- Ay: Luong tang hoac giam tdc do canh quat thtr i cia Drone 2.
- Phuong trinh (2.3) khién hé Drone kép tinh tién 10i vé sau.

Phuong trinh (2.4) khién hé Drone kép tinh tién t6i trudc.

2.2.2.2.3. Trang thai bay nghiéng sang trai/phdi
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H¢ Drone kép bay nghiéng sang trai hodc sang phai nhu theo hinh 2.9. Nguyén 1y

hoat dong ciing twong tu nhu Drone don:

- He¢ Drone kép bay nghiéng sang trai:
»  Giam téc d6 cua 2 cap canh quat trai va canh quat sau.
= Ting tdc d cua 2 cip canh quat phai va canh quat trude.

- He¢ Drone kép bay nghiéng sang phai:
= Giam tc d6 ciia 2 cip canh quat phai va canh quat trudc.
= Tang toc do cua 2 cip canh quat trai va canh quat sau.

Ta biéu dién nhu sau:
[(w1 + A1) + (wz + A)] + [(wy + Ay) + (wyr + A,0)]
< [(w3 +43) + (wq + 8] + [(wsr + Azr) + (wyr + Ay)]

[(wy +Ap) + (0 +45)] + [(w1’ + A1’) + (wz’ + Az’)]
> [(w3 +43) + (wy + AY] + [(wsr + Agr) + (wyr + Ayr)]

(2.5)

(2.6)

Trong do:
- w;: Téc dd cua canh quat thr i cua Drone 1.
- wy: Toc dd cua canh quat thir 1 ctia Drone 2.

A;: Luong tang hodc giam téc do canh quat tha i cia Drone 1.

Ay Lugng ting hodc giam tdc d6 canh quat thit i ciia Drone 2.

Phuong trinh (2.5) khién hé Drone kép bay nghiéng sang tréi.

Phuong trinh (2.6) khién hé Drone kép bay nghiéng sang phai.

2.2.2.2.4. Trang thdi thay déi quy dao ciia toan by hé thong

Hé Drone kép & trang thai ndy s& xoay toan bd 1 goc bat ky dé phu hop véi cac didu
kién dia hinh trong thuc té. O trang thai nay, cac Drone doc 1ap trong hé théng sé& di
chuyén tién va lui mot cach nguoc nhau cung véi mot lyc.

Gia st, néu Drone 1 hanh dong tién 1én thi trong lac d6 Drone 2 s& hanh dong lui
lai. Piéu nay giup cho hé Drone kép sé& thay d6i goc mong mudn ma khong co su can
tré gi.

Ta biéu dién nhu sau:

{ (w1 + A1) + (W +44) < (w0 +45) + (w3 +43) @2.7)
(a)lr + All) + (a)4r + A4r) > (a)zr + Azr) + (0)31 + Agl) '
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Hoac la:

{ (w1 + A1) + (g +44) > (wy +4) + (w3 +43)
((1)1’ + All) + ((1)41 + A4’) < (a)zl + Az’) + ((U3’ + A3’)

Trong do:

(2.8)

- wj: Toc do cua canh quat thir 1 cua Drone 1.

- wjr: Toc do cua canh quat thur 1 cua Drone 2.

A;: Luong ting hoic giam téc d6 canh quat thir i cia Drone 1.

Ay: Luong tang hodc giam toc do canh quat thi i ctia Drone 2.

- Phuong trinh L§i! Khong tim thiay ngudén tham chiéu. khién hé

Drone 1 tinh tién téi va Drone 2 tinh tién lui.

- Phuong trinh L§i! Khong tim thiy ngudén tham chiéu. khién hé

Drone 1 tinh tién lui va Drone 2 tinh tién tdi.

Fl
{Tral)
.“/A:A =

F=F14F248 5454

Fa
[Yrwoc)

23 4

{Trai) [Truede)
P gl &
V7 F' = FLF2+E8' 45’ /
[

Déy wél
mam

Lycchngdéy T -

Thanh Inox

i Mithanh cirag)

M|tal)
- 0,5m

-

Hinh 2.10: Chiéu di chuyén ciia 2 Drone khi xoay mét géc bat ky

2.3. Phuong trinh dong luc

2.3.1. Tinh chét déng lwe hoc ciia Drone

2.3.1.1. Céc hé toa dp

Tir ndi dung chuong 1, ta xac nhan lai Multirotor UAV (Drone) 1a mot hé théng 6 —

DOF, trong d6 sir dung 12 bién trang thai dé mé ta. Trong d6, 6 bién trang thai dau tién

duogc sir dung dé mo ta do cao. Cac bién (&, 8, V) twong tng vai cac goc roll, pitch va

Sinh vién thyc hién:
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yaw, 1a goc Euler giita hé quy chiéu mat dat. Trong khi d6 (p, q, r) 1a van tc goc roll,

pitch va yaw cua hé quy chiéu vat thé va (u, v, w) 13 van tdc dai.

H& quy chidu mat ait

Hinh 2.11: Mo phong cac dai lwong trén mot mo hinh Drone

Céc bién x, y, z tuong ung voi hé truc toa do mat dat va cac bién u, v, w 1a van toc

dai trong hé quy chiéu vat chiéu.
2.3.1.2. Cic théng sé dwgc siv dung

e Goc Euler dat trén than

¢
0 (2.9)
Y
e He truc toa do mat dit
X
ly] (2.10)
z

Trong do:

- x:toa dd cua Drone trén truc O,, cua hé truc quan tinh gén v&i mit dit.

- y: toa do cua Drone trén truc O, cta h¢ truc quan tinh gén véi mat dat.

- z:toa do cua Drone trén truc O,, cia hé truc quan tinh gén voi mat dit.
e Van toc dai ung véi hé truc toa do mat dat géc O

u
H (2.11)

w
Trong do:

- u: van toc tinh tién trén truc O, gan vdoi Drone.
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- y: van toc tinh tién trén truc Oy, gan véi Drone.
- z:van toc tinh tién trén truc 0,, gan voi Drone.

e Van toc ung voi goc Euler

P
H (2.12)

Trong do:
- p: vecto van téc goc nghiéng nam trén truc O,, gan v4i Drone.
- q: vecto van téc goc nghiéng nam trén truc Opy gin vé6i Drone.
- 11 vecto van tdc gbc nghiéng nam trén truc 0,, gin véi Drone.
2.3.1.3. Dong luc hoc cua canh quat
Trong phan nay, bai nghién ctru sé& tap trung vao dong luc hoc cua canh quat va dong
co mot chiéu kéo quay canh quat. Két qua nghién ctru duge tham khéo tir mot sb cong
trinh trudc day da diang. Nguoi ta d chi ra rang, luc ddy va mémen tao ra bai canh quat

c6 d6 16n ti 1& thuan véi binh phuong cia téc do quay cua canh quat. Ta ¢6 hé phuong

trinh cac lyc va moment dudi day dudi day:

(Ul=b(w§+w§+w§+wi)=F1+F2+F3+F4
U, = Lb(w; — wj) =T,
Us = Lb(w} —w3) =T,

Uy = d(w; + wi — i —w3) =T,

(2.13)

Trong do6:
- Uy: Tong luc nang do 4 canh quat tao ra.
- U,: MOmen quay quanh truc 0, cia Drone, gay ra goc (Roll).
- Us: Mdmen quay quanh truc 0y, cua Drone, gay ra goc (Pitch).
- U, MOmen quay quanh truc 0,, cua Drone, gay ra goc (Yaw).
- w;: 1an lugt twong tmg véi toc dd quay clia canh thir 1 dén canh thu 4.

- F;:1an luot twong tng v&i lyc nang tao ra boi canh thir 1 dén canh thi 4.

b: hé s0 luc nang.

- L:d0 dai tay don tur vi tri trong tdm dén mdi dong co.
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- T,: twong tmg voi momen trén truc 0,, gin voi Drone, gy ra goc nghiéng @.
- T, twong Gmg v6i momen trén truc Oy, gin v6i Drone, gdy ra goc nghiéng 6.
- T, twong Gmg véi momen trén truc 0,, gin véi Drone, gdy ra goc nghiéng W.
- d: hé s6 kéo dai.
Pé tién cho viéc phan tich dong lyc hoc va viéc diéu khién Drone, dd 4n sé& tach
riéng phan diéu khién dong co canh quat, vi van dé nay da dugc khao sat & dau chuong.

Nhu vy dbi véi nhiém vu diéu khién Drone thi d6 4n sé& sir dung truc tiép cac khai
niém luc va momen 1am céc tin hiéu diéu khién thong qua cac théng sé di duoc trinh
bay & phia trén.

2.3.1.4. Phdn tich dong luc hoc ciia Drone

Trudc tién, ta xem Drone nhur mot vat rin cing tuyét ddi chuyén dong tu do trong
khong gian. Tir d0, ta phén tich chuyén dong ctia Drone thanh 2 phan co ban chinh la:
Chuyén dong tinh tién va chuyén dong quay.

Chuyén dong tinh tién s& ing v6i khai niém vén toc dai va chuyén dong quay tng
v6i khai niém vén toc goc. P an s& di sdu vao ting thanh phan co ban.

2.3.1.4.1. Ma trén chuyén déi

Ma tran xoay R 14 ma tran chuyén dbi cho phép ta chuyén tir mot hé toa d6 ndy sang
hé toa do khac thong qua 3 géc Euler (P — gdoc nghiéng, 6 — goc chic ngoc, ¥ — gbée

hudng) va 3 ma tran cos-sin hudng.

Xz

Xz Xi X2

Hinh 2.12a Hinh 2.12b Hinh 2.12¢

Quay quanh truc Z; mdt goc P (yaw) ta dugc ma tran quay R (¥, z) va thu duoc hé

toa d§ trung gian B, (hinh 2.12c¢).

1Y1Z1
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cosy siny O
] (2.14)

Rey . = [— siny cosy O
0 0 1

Tiép tuc dem qua hé toa do B, xung quanh truc Quay quanh truc Y, mot géc 0

1V1Z1
(pitch) ta dugc ma tran quay R (0, y) (hinh 2.12b) va thu duogc hé toa do trung gian thi
hai By, 5,

cosO 0 —sin®6
(2.15)

R(G,y) - [ 0 1 0
sin®@ 0 cos©

Cudi cung ta quay By,y,z, Xung quanh truc Xz mot goc @ (roll) ta dugc ma trén

quay R (P, x) (hinh 2.12a) va dugc hé toa d¢ voi Drone B,,,.

1 0 0
‘ (2.16)

Ripyx) = [0 cosd sind
0 —sing cosd

Nhu vay théng qua 3 phép quay ta c6 3 ma trin quay twong tng, tiép theo ta tinh
tich ctia 3 ma tran vira tim duoc:

Rwpy) = R@x)-Rey) Rz (2.17)
Thay (2.14), (2.15) va (2.16) vao (2.17) ta thu dugc:

1 cos 0 0 —sin® cosy siny 0
Rwpy) =|0 cos <|> sin <|> 0 |X|-=siny cosy 0] (2.18)
0 —sing cos¢ sin 6 0 cos O 0 0 1

Str dung phép nhan ma tran ta cé:

Re@64)
cos B cosy cos 0 siny —sin 0 (2.19)
= [sin $sinBcosyY —cosdpsiny sinpsinOsiny + cosPpcosy sin ¢ cos 9] )
cosdsinBcosy +sindsiny cosPpsinOsiny —sindpcosy cosPcosO

Ma tran xoay R la ma tran chuyén ddi tir hé truc toa do mat dat sang hé toa do vat
thé.

Phuong trinh trang thai mo ta su thay ddi vi tri van tbc trong hé toa do vat thé:

X u
yl=R""! [v] (2.20)
Z w
2.3.1.4.2. Chuyén doi vin téc géc
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p
Viéc phan tich toc do goéc [q
r
Vi vecto W nam trén truc Ob,, thudc h¢ truc Ob

cua Drone trong h¢ toa d0 quén tinh c6 khac doi chut.

x1y12,» VECtO B nam trén truc Ob,, thudc

h€ truc Oby,,,,, va cubi cung vecto ® thudc hé truc toa do Obyy, (1)(2)(3).

p ¢ 0 0
r 0 0
Thuc hién phép tinh toan ma tran, ta dugc:
p 1 0 sin6@ o)
[q] = [0 cos¢p  singcosO| x| g (2.22)
r 0 —sing cospcosO P

Ta duogc phuong trinh trang thai mo ta sy thay ddi d6 cao khi xoay trong hé truc toa
d6 vat thé:

o) ll singtand cosqbtan@l [p]
X

61=10 cos¢p —sing q (2.23)
P 0 sing/cosO cos¢p/cosb r
2.3.1.4.3. Vin toc dai

Phuong trinh mo ta van tde dai trong h¢ truc toa do mat d4t theo dinh luat II Newton:
F=mV (2.24)
Phuong trinh Coriolis trong hé chiéu quay so v&i hé quy chiéu quan tinh:
F =m(@ x D) (2.25)
Dinh luat bién thién dong lugng c6 dang:
Dua vao phuong (11), (12) va (13), khi Drone tinh tién ta duoc:

e =m@+BxD)=F (2.27)

Thuc hién phép tinh toan don gian, ta rat ra dugc:

-

F=mad+mdxv (2.28)

Phuong trinh van téc goc co dang:

P
w=|q (2.29)
T
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Phuong trinh van toc dai c6 dang:

u
a=|v (2.30)
w
Thay (2.29), (2.30) va (2.11) vao phuong trinh (2.28) 1én céac truc toa d0 x, y, z ta
thu duoc:
F; u p1 U
El=m|v|+m]|q|x|v (2.31)
F, w T w
Thuc hién phép tinh toan ma tran, ta dugc:
F, u+qw—1rv
El=m|v+ru-— pW] (2.32)
F, W+ pv —qu
Thuc hién phép dao (2.31), thu dugc:
ul |~w-m) |, K
a=|v|=|+0u—pw)|+|—xE (2.33)
. m
wl =V —qu) E,

Ngoai luc tac dong 1én Drone bao gdom lyc nang ciia 4 canh quat U, tai phwong trinh
(2.32) va trong luc W. Luc nang U, c6 hudng theo truc z trong khi d6 trong luc W ¢o
huéng theo truc z nhung nguoc chiéu véi Uj.

Wy
W, =m
W, — Uy
2.3.1.4.4. Vin téc géc

v+ru—pw
W+ pv —qu

u+qw—1rv
] (2.34)

Déi véi chuyén dong quay, ta 4p dung dinh luat bién thién momen dong luong ta
duoc:

(2.35)

Trong do:
- T: vecto momen ngoai lyc

- H: vecto momen dong lugng ctia Drone

- I(Q x @): thanh phin twong tng v6i hiéu tmg con quay
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Thiét ké Drone c6 cau tric dbi xtng, voi tdc dd quay cua 2 cip dong co canh quat
bang nhau vé d6 16n, thiét bi va nguoc chiéu nhau nén thanh phin momen con quay s&
duoc triét tiéu.

Do d6, ta chi s& khao sat anh huéng ciia momen lyc diéu khién T 1én chuyén dong
goc cuia Drone, ta ¢6 tong momen ngoai lyc nhu sau:

T=T+T,+T;+T, (2.36)

Ta cho Drone vé6i hinh dang ddi xtng, nén ta s& c6 dugc momen quén tinh cta than

Drone c6 dang nhu sau:

Iy, 0 0
I={0 1, o0 (2.37)
0 0 I,

Ta c6 mbi quan hé gitta 2 dai luong I dat theo than tong thé tai phuong trinh (2.38)
va T tai phuong trinh (2.37) nhu sau:

T=Ixd (2.38)
Thay phuong trinh (2.38) vao phuong trinh van téc goc (2.29), ta co:

Y (2.39)

o)
I
|

Phuong trinh mo ta van tdc goc co dang:
U=T (2.40)
Khi vecto momen goc doi chiéu:
U=T+ wT (2.41)
Thay phuong trinh (2.37), (2.38) vao phuong trinh (2.41) ta c6 dang:

U, =l + qr(l, — Iy)
Us =ql, +pr(ly —I,) (2.42)
Uy =71, +pq, — )

Mat khac, xz va yz d6i xtmg, nén I,, = I,;:

U, =pl+qr(l; — Iy)

Us =ql, + pr(l, —1,) (2.43)
U4_ = TIZ
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Ngoai ra momen dugc tao ra boi motor (2.13):

U, = Lb(w} — wf)
Us; = Lb(w? — w?) (2.44)
Uy = d(w3 + 0f — 0f — w3)

Tir phuong trinh (2.42) vao (2.43) sau d6 d6i vé ta thu dugc:

(Lb I,—1
p=—(w§—wi)—qr—(z 2)
I I
Lb L. —1
14 =—(w? — w?) — prM (2.45)
L, L,
r'=—(a)§+a)f—a)f—w§)
\ 1,

Tuong Gng véi:

- Néu téng trong luong ctia Drone 1a m va c6 trong luc dat tai tam cua vat. Gia
str Drone & trang thai bén vitng: véi d.g 1a khoang cach tir trong tim dén tam
truc dong co va h, chiéu cao md hinh. Néu m,. 14 trong luong ciia mdi motor
v6i ban hinh canh quat 14 r va chiéu dai canh 1a ¢, néu trong lugng cua mdi
dong co 1a m,,, ban kinh dong co 7, va chiéu cao dong co h,,, m, la trong
luong cua thanh cai ndi gittua 2 thiét bi Drone, thi momen quan tinh I € R3*3
cua Drone:

hZ, + 3d? 1
=9 I 4 2m, 1% 4+ 2—m,, (312 + 4h%) + 2m, ]2

I, =m
g 1z 12 (2.46)
+ Z(Emr(Zr)z)
hZ, + 3d? 1 1 247
I, = m% + 2m,, 12 + ZEmm(Snﬁ + 4h2) + 2m,1? + Z(Emrcz) (247)
md? My 1A m,((2r)? + c? 2.48
I,=—244m, > +4—"" 44 (@r) )4m,,12 (2.43)
2 2 12
2.3.1.4.5. Tinh chdt phi tuyén ciia déng hoc Drone

Ta c6 mdt hé phuong trinh moé ta dong luc hoc hoan chinh cho Drone bao gém:
X
y
4
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gl=10 coso —sing

) 1 singtan® cosgptan® ]
X
Y 0 sing/cos@ cosgp/cosO

p
|
T

uU=1rv—qw — s sinb
vV =pw —r1u+ g cosfsing
b(Q +Q, +Q5+Q,)

W = qu — pv + s cos¢cosl —

m
CLb I, -1
r10=I—(w%—w£)—qrZI .

y x
b I,—1
14 =7 (@f - wd) —pr——"7

y y
L7"=I—(a)§+(uf—w%—w§)

Z

(2.48)

(2.49)

(2.50)

Nhu vay ta thu dugce hé phuong trinh dong hoc phi tuyén toan phan ciia Drone dugc

tong hop dudi day:
. L T, _ T,
¢=—-yYPXOcosp+cosyp X ——siny X —
_ Lxx byy
. siny T, cosy T,
¢ +¢ x0tan¢p + lp,—x+ lp,—y
cos ¢ COSQP iy, COSQPiy,

6 = x

Y=¢xtang + ¢ x

: Ty
+ siny tan ¢ —

cos ¢ x

T, T
+ cosi tan ¢ Lz
lyy lzz

1
X = (—cos ¢ sin 0 cosp — sin ¢ sinyY) x%xFL

1
¥y = (—cos ¢ sin B siny + sin ¢ cosP) X X F,
1
Z =g — O x—XF
Z =g — cos ¢ cos —XF,
Trong do:
- ®,0 vaW¥: cac goc cudn, ngdc va goc nghiéng twong ung.

- I, I,,I,: momen quan tinh theo céc truc x, y va z.

J»-: quan tinh dong co.

(): van toc goc cua rotor.

2.51)

(2.52)

(2.53)

(2.54)

(2.55)

(2.56)
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- L: chiéu dai cia canh tay canh quat tur géc cua hé toa do.
2.3.1.5. Dong luc hoc cia hé Drone kép
2.3.1.5.1. Vin téc dai

Trong hé Drone kép, ta c6 hai Drone véi van toc dai v4, v, va lyc day tuong tng
F, F,.

Van tdc dai tong hop cta hé 1a:

v+ v,
Vaual = IT (2.57)
Phuong trinh dong luc hoc cua van tdc dai cua hé:
i Faua
Vaual = == — 9 — WauatVaual (2.58)
dual
Voi:
Foua = F1 + F,

Mayar = My + M,
e Tuong tac phi tuyén

Hiéu van toc gitra hai Drone:

Av =v; — v, (2.59)
Lyc tuong tac khi dong hoc gitra hai Drone:
Fine = CaAp(vy — v3)|vy — v, (2.60)
Trong do:
- F:luc gi6 (N).

p: mat do khong khi (kg/m?), thuong 1a gia tri khoang 1,255 kg/m3.

v: tc d6 gid (m/s).
- C4:hé s6 can khi dong hoc cua vat.
- A: dién tich vé& mat tiép xuc véi gio (m?).

Phuong trinh van tdc dai tong hop bao gdm twong tac:

qual Fint
Vaual = — 9 — WayaVaual + (2.61)
Maual dual
e Van toc goc
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Mo rong cho hé Drone kép
Trong hé Drone kép, van tdc goc téng hop la:

w, +w
Oguar = % (2.62)

Phuong trinh dong luc hoc cta van tdc goc téng hop:
Idual(‘)dual = Tdual — Wayal (Idualwdual) + Tint (2-63)
Voi:

Touar =T1 + T L+
dual — 2

Hiéu van téc goc giira hai Drone:
Aw = wq + w, (2.64)

Momen tuong tac phi tuyén:

Tine = kr (w1 — w3) (2.65)
Phuong trinh van téc goc tong hop bao gom tuong tac:
linai®auar = Taual — Wavat Tauar@auar) + kr(w; — w;) (2.66)
Ma tran xoay tong hop:
Ry +R
Rayal = 172 (2.67)

Quan h¢ gitra R; va R,:
R, =k.R; (2.68)
Ma tran xoay tong hop trong hé:

R, +R,

Rovar = = (2.69)

Do an sé gia st cho toa do ctia ca h¢ Drone kép dat tao trong tam cua thanh noi, tong

hop phuong trinh dong luc hoc cua h¢ Drone kép.
2.3.1.5.2. Ciu hinh hé Drone kép
Phan phdi lyc ning va tai trong

- Téng khdi lugng toan hé:

mt6ng = Mgrone 1 + Marone 2 + Mthanh inox + Mya; (2-70)
- Trong luc G:
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Nguyén Hiru Anh Bing
Vo6 Minh Hoang

G = Mysng- 9 (2.71)
Thanh tai nbi Drone 1 va Drone 2:
- Drone 1 ndm & vi tri (—dy, 0,0) cach trong tdm mot khoang d; .
- Drone 1 nam & vi tri (+d,, 0,0) cach trong tim mot khoang d,.
- Chiéu dai cua thanh tai: [, = d, + d,
2.3.1.5.3. Phwong trinh dong lwc hoc
Can b@ing luc toan hé
Phuong ngang (x): Tong luc tic dong theo phurong ngang
Migng X X X G = (Fypy — Ty X sinay) + (Fyp, — T X sinay) (2.72)
Phuong ngang (y): Tong luc tac dong theo phuong doc
Mygng XY X G = (F; +F,) =G —T; Xxcosay + T, X cosa, (2.73)
Phuong trinh (z): Tong luc tac dong theo phuong ding
Migng X ZXG=F +F,— G (2.74)
Can bang momen toan hé
Quanh tryc Roll (x): Momen quanh truc Roll
M, = Lb X (w% — w2) + Lb x (w}* — w}?) (2.75)
Quanbh truc Pitch (y); Momen quanh truc Pitch
M, =d; xF, —d; XF, (2.76)
Quanh truc Yaw (z): Momen quanh truc Yaw
M, = d(w? 4+ w? — w2 — w2) + d(w}* + v}’ — w’22 — w?) (2.77)
Phuong trinh dong luc hoc tuyén tinh
Van tdc theo phuong ngang (x)
x = (cos ¢ sin 6 cos P + sin ¢ sinP) Ul (2.78)
téng
Van toc theo phuong doc (y)
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U
y = (cos ¢ sin O siny + sin ¢ cos P) ! (2.79)
téng
Van toc theo phuong dtng (z)
. Uy
z=—g+ (cos¢cos ) (2.80)
téng
e Phuong trinh dong hoc goc
Gia toc Roll
o . L, =1 . L
¢=9x¢(u)—]—rx9xﬂ+—uz 2.81)
L L L
Gia toc Pitch
N | . L
9=¢><1/1(Z x>—]lx¢xn+—u3 (2.82)
I, I, I
Gia téc Yaw
N P L
1/J=¢><6<—)+—U4 (2.83)
L, L
2.3.1.5.4. Lién h¢ giita hai Drone

e Luc truyén giira 2 Drone:
- Thanh tai phan phdi luc nang va truyén tai trong giira hai Drone.
- Luc ngang va doc tir mdi Drone dong vai tro can bang qua thanh tai.
e Su phu thudc lyc nang:
Luc nang tir Drone 1 va Drone 2 phai dam bao du dé nang toan bo trong luong va
duy tri sy 6n dinh:
F,+F,= (mthanh inox T mtéi)- g (2.84)
e Lién hé qua momen:
Thanh tai chiu momen quay do sy phan bd tai trong va truyén momen dén hai Drone
dé duy tri can bang goc:
mté’ng = d1 X F1 - dz X FZ + mtéLAd (285)
Diéu kién can bang:
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2.4. Dé xuit cho hé théng
e Déi v6i phan cing
O khdi truyén tin hiéu TX, thiét ké mot tay cam diéu khién duoc két ndi truc tiép

vGi Arduino.

Hinh 2.14a: M6 hinh thuc té Drone 1 Hinh 2.14b: M6 hinh thuc té Drone 2

e Dbi voi phan mém
Str dung phén mém Arduino IDE, thuc hién viét chuong trinh thiét ké khéi nhan tin
hiéu hiéu Transmitter (TX) va khéi nhén tin hiéu Receiver (RX).

2.5. Két luan chwong
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Tur céc bai bdo, nghién ctru ¢ chuong 1 cling nhu cac dic tinh co ban cia 1 Drone.
Chuong 2 da xay dung cac phuong trinh co ban ctia nguyén 1i hoat dong, cach di duyén
dinh cac van dé co ban can giai quyét cho dé tai vao vi¢c nghién ctru di€u khi€én mo

hinh, sir dung lai cac tai nguyén trudc dé xdy dung do an.

Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 39
Nguyen Hitu Anh Bang
Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone

CHUONG 3. THIET KE HE THONG PIEU KHIEN HE DRONE KEP

3.1. Tinh toan, lra chon ddng co, canh quat trong hé thong va thiét ké linh kién cho
phan dong luc

3.1.1. Tinh todn, lwa chon djpng co, cinh quat trong hé thong
e Muc tiéu:
- Tai can nang: < 2kg (tinh ca trong lugng drone).
- Loai drone: F450 (quadcopter — 4 dong co).
- Muc tiéu: Bay on dinh, c6 thé treo tai chd, bay chd tai nhe.
e Tinh lyc ning yéu cau mdi motor:
- Tong tai trong can nang:
= Taican kéo: myy; < 2kg
* Trong lugng toan bo:
W =2kg=>F=mg=2%981=19,62(N)
- Quy tic:

= Luyc nang tong can it nhat gip 2 1an tong trong luong dé bay on dinh, c6 du
luc dé diéu khién va nang ha.

= Luyc nang t6i thiéu toan bo:
Tiota1 = 2 %981 =19,62(N)

= MJbi dong co can cung cip luc nang:
Tmotor 2 =5~ = 4,905 (N) = 500 (g)
= T6i thiéu mdi motor phai tao ra 500g lyc nang

Chu thich: vi trong thuc té va khi tra thong sd luc nang ctia motor, nguoi ta thudng
dung don vi "gram luc" (g) dé d& hinh dung va so sanh. Ly do:

=  Motor duogc thir nghiém trén bench test hay datasheet thuong cho két qua:
"Motor nay sinh ra dugc 800g", 900g...
* 1 Newton = 100g luc. Cu thé 1a:

lkg *m
IN=———=9,8m/s? = 1IN ~ 100g

52
- Pé dam bao an toan khi bay:
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= Trong thuc té, ta khong nén thiét ké motor dé chay dat 100% luc ning khi

bay, ma chon hé s6 an toan 1.5x hodc hon:
= Can motor sinh ra: Tpor0r = 500 * 1,5 = 750 (g)
e Tinh toan chon motor, canh quat, khung drone:
Tra thong s thuc nghiém ciia motor A2212 1400KV + canh 1045:
- A2212 1400KV + canh 10x4.5 inch + pin 3S:

» Cuc dai sinh ra ~ 850g luc nang/motor
» Dong tiéu thu ~13-15A/motor

= Pat yéu cau lyc nang an toan.
- Céanh quat 1045R

= Dai 10inch, pitch 4.5 inch => hgp ly cho kha nadng sinh luc nang 750-900g
khi két hop A2212

- Khung F450

» Khoang céch gilta cac motor => du khdp voi canh 10 inch (25.4cm) =>
khong chong 14n nhau
= Chdng choi tbt téi 1.5 — 5kg

e Tinh toan pin:
Tong dong tiéu thy:
- Mobi motor ~15A khi toan tai
- 4 motor ~ 60A tong
Pin:
- Dung 2 pin 3S 2200mAh 75C
- Tbc d6 xa: 2200mAh x 75 = 165A (du sirc cung cap)
- MGdi pin cung cép 2 motor => mdi pin cung ~ 30A, hoan toan di.
e Tinh chon ESC:
- Co so lua chon ESC:
- Chiju dugc dong t6i da ma motor tiéu thy khi hoat dong toan tai.

- Tuong thich véi loai pin (3S = 11.1V) va loai motor brushless khong chdi than.
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- Dong tiéu thuy téi da ctia motor: ~13—15A — nén sir dung ESC > 20A

- Chon ESC 30A vi dong tdi da chiu duoc: 30A, gip ~2 1an dong thyc té motor sir
dung.

= Dam bao mat, bén va an toan. Tuong thich hoan toan véi motor A2212 va pin 38S.

Du phong tét cho cac tinh hudng ting ga dot ngdt hodc tai ning.
3.2. Nguyén 1y diéu khién
3.2.1. Phwong phdp két néi hé Drone kép

N :! ' o
. “ B >
Bi Transmitter % -t 3

B4 Recelver

Hinh 3.1: Phwong phdp két néi — truyén tin hiéu cho hé Drone kép
Muc dich: Diéu khién dong thoi hé Drone kép dé nang tai
Str dung Arduino Nano dé truyén — thu tin hiéu dé diéu khién hé Drone kép. Bao
gdm 2 khdi chinh: khéi truyén tin hiéu TX va khéi thu nhan tin hiéu RX.
3.2.1.1. Thiét ké hé truyén tin hig¢u (TX)
Str dung Arduino Nano thyc hién nhiém vu truyén tin hiéu diéu khién. Thiét ké mot
thiét bi tay cam diéu khién trén Arduino, kém theo mot thiét bi thu — phat.

Arduino Nano nay dong vai tro 1a mot khdi Transmitter, c6 thiét ké 2 niit diéu khién
thanh ga va hudng ciia Drone. Pong thoi, nam gitt vai tro dua tin hiéu Setpoint, dé truyén
tin hiéu dén cac Arduino khac (vai tro 1a Receiver) qua tin hiéu RF.

3.2.1.2. Thiét ké hé nhdn tin hi¢u (RX)

Str dung Arduino Nano duogc dét tryc tiép trén moi Drone. Cac Arduino Nano cling
kém theo thiét bi thu — phat, qua tin hiéu tan s6 vo myén (RF) duoc nhan tir Arduino
(TX), Arduino thyc hién cac nhi€ém vu xu ly, diéu khién, hiéu chinh theo mong muén

cua dé tai.
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O khdi nhan tin hiéu RX, st dung Arduino Nano, thiét ké bo diéu khién PID, diéu
khién cac théng s6 mong mudn trong hé théng. Tin hiéu dugc truyén dén bo xir 1y can

bang Naza (duoc gan trén Drone) bang tin hiéu PPM.

e Sbng vo tuyén RF

o[- o

o— g 8 5
£ 0 X O
e ] -0

Hinh 3.2: Thiét bi thu — phdt séng vé tuyén RF

Song RF (RadioFrequency) 1a mot dang song dién tir, ¢6 tan s6 nam trong khoang
tir 3 kHz dén 300 GHz dugc cho 13 thdp nhét trong diy quang phd. Song Radio
Frequency 13 nén tang ctia nhiéu nganh cong nghé hién dai, tir truyén thong khong day
dén cac mg dung cong nghiép va thim my.

CAu tao cua song Radio Frequency bao gdm céc thanh phan co ban nhu tan sb, bién
d6, va pha. Tan s6 quyét dinh tinh chéat cia Radio Frequency, anh hudng dén kha ning
truyén tai va pham vi ing dung.

. 1 second

Frequency = 4 Hz
e Daic diém cua song RF
Song RF truyén duogc bao xa: Chung ¢ thé truyén di trong khong gian va vugt qua
cac vat can nhu tuong, cay coi, tiy thudc vao tan so cua no.

On dinh: Radio Frequency c6 thé duy tri tin hiéu 6n dinh trén khoang cach xa hang
nghin ki 16 mét (dai tan s6 cang cao thi cang on dinh) ma khong bi anh hudng béi nhiu
hodc mat mat tin hiéu.

Kha ning diéu khién: Séng Radio Frequency rat dé dang diéu khién va diéu chinh

theo nhu cau str dung, phu hop véi nhidu ing dung khac nhau.

e Tin hiéu PPM
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Thuc chét, tin hiéu PPM cling tuong tu voi tin higu PWM. Tin hiéu PWM va PPM
13 hai giao thirc thu séng vo tuyén duoc sir dung dé truyén dir liéu tir RX dén bo diéu
khién bay.

PWM (Pulse Width Modulation — Piéu | PPM (Pulse Position
Loai tin hi¢u | ché d6 rong xung) Modulation — Diéu ché vi tri
Xxung)

PWM 1a mét k¥ thuat duoc sir dung dé | Cac gia tri mau tuong tu xac
Churc nang | chuyén tiép dir liéu dudi dang do rong | dinh vi tri cia xung hep so voi

xung thay ddi. thoi gian xung nhip.
= Servo, B di€u khién toc do dién tr | = May phat R/C, May thu
K =  May thu R/C, B6 ghi dir liéu R/C
Th}ft dblnRC = H& théng I4i tw dong/én dinh = He théng I4i tw dong/én
SWEHE | w Bo didu khién Servo dinh
= PCTx

Bang 3.1: So sanh tin hieu PWM va PPM

e PWM — Diéu ché d6 rong xung

Trong PWM, mdi kénh RC ¢6 cép riéng. Néu chung ta mudn c6 9 kénh, ching ta
phai ghi ca 9 cap cung voi ngudn va dit. Gia tri ciia mdi kénh duoc biéu thi dudi dang

tin hiéu “BAT” tir Ims dén 2ms va tin hiéu nay lap lai (hoac cap nhat) sau mdi 20ms.

N6 1én mirc cao trong 1-2ms, sau d6 giam xudng murc Thap. Khoang thoi gian nd &
mirc cao 1a gié tri cho kénh d6. Toan bo khung hinh dai 20ms, phan quan trong ctia xung
1a thoi gian xung bat; 1-2ms. Mic du thoi gian giita cac xung khong quan trong bang
nhung n6 dong vai tro quan trong. Thong thuong, gitt thoi gian gitra cac xung khoang
20ms 14 tot nhat.

e PPM - DPiéu ché vj tri xung

Hay xem PPM nhu mét s6 tin hiéu PWM dugc xép hang ndi tiép nhau. Trong PPM,

cung mat tin hi¢u dugc str dung nhung moi kénh dugc gui lién tiép, sau do 1a do tre, sau
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d6 né lap lai kénh 1. Trong PWM thong thudng, c6 50 ban cap nhat duoc giri mdi gidy

(50Hz), nghia 12 mdi ban cip nhat mat 20ms.
3.2.2. Phwong phdp diéu khién hé Drone kép

e Hg¢ thong thiét ké gdm: mot Drone Master va mot Drone Slave. Str dung kiéu giao
tiép truyén thong Master — Slave dé két nbi va diéu khién 2 Drone. Diéu nay c6

nghia:

Mot Drone giit nhiém vu nhan tin hiéu tir tay cam diéu khién (b truyén tin hiéu TX)
thong qua bo thu — phat RF, Drone nay dong vai trd diéu khién, ra 1énh cho céc thiét bi
khac. Goi la Drone Master.

Mot Drone thuc hién nhi€ém vu nhéan tin hi€u tir Drone Master va doi Drone Master

diéu khién. Goi la Drone Slave.
3.2.2.1. M6 hinh truyén thong Master — Slave

Master 1a mot thiét bi c6 vai tro diéu khién cac thiét bi khac (vi du nhu Slave). Céc
thiét bi Master s& c6 toan quyén ghi lai tit ca cic ban cip nhat dir liéu. Ngoai ra, tit ca
cac dir liéu khac s& duoc dong bo véi co sd dir liéu chinh. Co thé néi, ddy 1a thiét bi co
toan quyén diéu khién, ra 1énh cho cac thiét bi khac.

Slave 1a mot thiét bi duoc diéu khién bai thiét bi khac c6 tén 1a Master. Céc thiét bi
Slave s& str dung cac ban cép nhat thong tin duoc luu trong hé théng thong tin dir liéu

Master dé déng bo v6i dit liéu cua thiét bi Master.

Mo hinh Master — Slave nay gitip cho hoat dong truyén thong tin s& dugc dién ra

lién tuc va chinh xac ma khéng bi can thiép boi bat ky thiét bi nao bén ngoai.
e (Cach hoat dong ctia Master — Slave

Trong mot mo hinh Master-Slave, viéc trao doi 1a 1 chiéu. Chi c6 thiét bj Master
méi co thé lién lac véi cac Slave, con Slave khong thé chu dong lién lac véi Master. Cac
thiét bi Slave s& thuc hién yéu cau ma Master dua ra. Trong mo hinh nhiéu Slave khac
nhau, Master s€ danh dia chi cho ting Slave riéng biét dé phan bi¢t va lién lac khi can
thiét.

e Uu va nhuoc diém ctia Master — Slave

Uu diém ctia md hinh nay la cho phép Master kiém soat hoan toan viéc van hanh
cua hé thong, di€éu nay gitp qua trinh chia sé tai nguyén dugc don gian hoa va han ché

xay ra viéc trao doi thong tin trai phép.
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Nhuoc diém 14 chi cho phép két ndi theo hudng 1 chiéu. Cac thiét bi Slave khong
thé cha dong lién lac vo1 Master. Va néu nhu Drone Master bj 131, thi Drone Slave cling

s€ khong nhan dugc tin hi¢u tir bd truyén tin hiéu TX.
3.2.2.2. Giao tiép giita cdc Arduino
e Trong b truyén tin hiéu (TX), bao gdm 2 Arduino (Arduino 1 — Arduino 2).

- Arduino 1: Truyén tin hiéu setpoint dén Arduino 3 va Arduino 5 qua tin hiéu
RF.

- Arduino 2: Nhan tin hi¢u phan tir Arduino 4 va Arduino 6 qua tin hi¢u RF va
hién thi vé LCD.

- Arduino 1 va Arduino 2 giao tiép v6i nhau theo chuan UART.
e Trong bg nhan tin hi¢u (RX):
- Drone Master gdm 2 Arduino (Arduino 3 — Arduino 4).

= Arduino 3: Nhan tin hiéu tir Arduino 1 qua tin hiéu RF, chuyén d6i thanh
xung PPM dua vao mach Naza.

»  Arduino 4: Doc dit liéu tir cam bién do cao va cam bién vi tri, giao tiép voi
Arduino 3 theo UART va phéan hoi vé Arduino 2.

- Drone Slave gém 2 Arduino (Arduino 5 — Arduino 6).

* Arduino 5: Nhan tin hiéu tir Arduino 1 qua tin hiéu RF, chuyén ddi thanh
xung PPM dua vao mach Naza.

= Arduino 6: Poc dit liéu tir cam bién d6 cao va cam bién vj tri, giao tiép véi
Arduino 5 theo UART va phéan hoi vé Arduino 2.

e Chuan giao tiép UART

Giao thitc UART 1a mot giao thirc don gian va pho bién, bao gdm hai dudng truyén
dir liéu doc 1ap 1a TX (truyén) va RX (nhan).

Dit liéu dugc truyén va nhan qua cac dudng truyén nay dudi dang cac khung dit liéu
(data frame) c6 ciu trac chuan, v6i mot bit bat dau (start bit), mot s6 bit dir liéu (data

bits), mdt bit kiém tra chan 1¢ (parity bit) va mot hodc nhiéu bit dirng (stop bit).
3.3. Linh Kién phan déng luc
e Khung Drone Flane Wheet 450 (F450)

- S lugng: 2
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- Vat liéu duoc str dung lam khung la Flane Wheet 450 (F450), khung c6 tong
lwong 282¢, chidu dai dudng chéo 450mm, tong lwong cit canh 800-1600g.

- DBong co phu hop st dung cho khung 1a cac dong co: 2212 — 1000kV/ 2212 —
1400kV/ 2216 — 880kV/ 2216-1100kv/ 2216-1250kv, ESC: 30A/ 40A.

e Dong co khong choi than A2212/10T 1400KV
- S6 luwong: 8 dong co

e Mach diéu tc (ESC) 30A cho dong co khong chdi than
- S6 luong: 8

- BO diéu khién téc do dién tir (ESC): ESC chiu trach nhiém kiém soat toc do
dong co dua trén cac 1énh nhan dugc tir bd diéu khién may bay. Chung diéu

chinh cong suét dau ra ctia dong co, dam bao chuyén bay tron tru va 6n dinh.
e (Canh quat
- S6 luong: 8 canh

- Canh quat 2 canh dugc str dung rong rai cho cac Drone, canh quat dugc chon

cling phai phu hop védi dong co. Vi kich thudce 1a 90mm, loai 1045.
e Pin Ovonic 2200mAh 3S-1P (11.1v) 75C jack XT60
- SO luong: 4
e B0 diéu khién tu can bang Naza — M Lite V2
-S4 lugng: 2 bd
- Bao g@)m:
= Mach can bang Naza — M Lite (Main Controller)

Mach can bang Naza M lite 14 loai mach can bang pho thong t6t bac nhat hién nay
v&i nhiéu tinh nang ndi troi nhu gifr vi tri, git d§ cao, bao vé¢ nguén yéu, tu quay Ve, ...
Mach can bing Naza c6 thé dung duoc cho nhiéu ciu hinh may bay nhu X4, +4, hexa,
delta.

=  Module ngudén PMU

Cung cip dién on dinh cho hé thong: PMU lay ngudn tir pin chinh (thuong 1a pin
LiPo 3S/4S) va chuyén d6i dé cung cép dién ap 6n dinh cho cc thanh phan.
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Giam sat dién ap — dong dién (bao vé dién): PMU theo ddi dién ap va dong dién dau
vao.

Mo rong chirc ning diéu khién: PMU c6 vai trd mo rong tinh ning bang cach két

ndi cac phu kién théng minh khac.
»  Mudule GPS + Compass

B6 thu GPS: May thu GPS cung cép dir liéu vé vi tri dja Iy ctia may bay khong ngudi

141, cho phép céc tinh nang nhu giit vi tri, tré v€ nha va diéu hudéng diém tham chiéu.

La ban: La ban cung cip thong tin vé hudng cia may bay khong nguoi 14i, cho phép

n6 duy tri mot hudng cy thé trong sudt chuyén bay va diéu hudng chinh xéc.
* Module LED
Thong béo trang thai hoat dong cua hé théng.
Canh béo 18i: GPS hong, La ban 161, Gyro mat tin hiéu.
3.4. Linh kién phan diéu khién
e Arduino Nano V3.0 ATmega328P
- S6 luong: 6 arduino
e Cam bién siéu &m HC-SR04
- SO luong: 2

- Khi phét tin hiéu tir viéc diéu khién trén Arduino (TX), vi khi diéu chinh thanh
ga do cao cua 2 Drone sé& c6 sy chénh 1éch, chiing ta khong thé biét chinh xéc

duoc.

- Cam bién si€u am stir dung song siéu am do khoang cach cua tirng Drone so voi

mic dat. Ttr d6, cho phép diéu chinh cac thong sb tir hé Arduino (RX).
e Cam bién vi tri Optical Flow PMW3901
- S6 luong: 2

- Céc cam bién nay gitip duy tri trang thai lo limg 6n dinh bang cach cung cap

dir liéu chinh xac vé vi tri va d§ cao cia may bay khong nguoi 1ai.

3.4.1. Chi phi diu tw

Loai linh ki¢n Gia thanh SO lwong | Thanh tién (nghin
(nghin ddng) dong)
Bd xtr Iy Naza V2 3500 2 7000
Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 48
Nguyen Hitu Anh Bang

Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone

Khung Drone F450 180 2 360
Dong co khong chdi than 90 8 720
A2212/10T 1400KV

Bo diéu tbc ESC 30A 100 8 800
Céanh quat 1045 >18 8 150
Pin Ovonic 2200mAh 3S- 440 4 1760
1P (11.1v) 75C jack XT60

Arduino Nano V3.0 75 6 450
Atmega328

Cam bién siéu am HC- 22 2 44
SR04

Cam bién Optical Flow 210 2 420
PMW3901

Bang 3.2: Bang chi phi linh kién
- Tong chi phi: 11.704.000 (ddng)
3.5. MO HINH PIEU KHIEN CHO HE DRONE KEP

Ta bi€u dién md hinh toan hoc mé ctia Drone bao gom 2 hé thong con 1a hé chuyén
dong quay va hé chuyén dong tinh tién. Toc do gdc ciia motor w4, w,, w3, W, qua cac

chuyén dong lyc hoc va tdc do s& cho cac tac dong diéu khién U;,U,,U;,U,.

owl - ' | ‘ vl

" w2 ™ Chx

ow o  etwor

‘ [
Uz Us, 4 o Be o |

Hinh 3.3: Mé hinh mé phéng téng qudt cia viéc diéu khién hé thong Drone
3.5.1. Bj diéu khién PID co bin

Dé hé théng hoat dong 6n dinh, bo diéu khién dong vai tro then chét, tuong tu nhu
bd ndo — tiép nhan tin hidu phan hoi tir hé thong, so sanh vai gia tri dat (setpoint) va xuat
tin hiéu diéu khién phu hop. Tuy theo dic tinh mé hinh va yéu cau diéu khién, ta Iya
chon thuat toan diéu khién phu hop nhu PID, LQR, LQG, diéu khién truot... Mdi loai
¢6 wu nhuge diém riéng.

Trong s6 d6, bd diéu khién PID (Proportional — Integral — Derivative) van duoc tmg

dung rong rai nho tinh don gian, hiéu qua va dé trién khai. PID gitp cai thién chat luong
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diéu khién nhu: rat ngin thoi gian qua do, giam sai 1éch tinh, han ché qua diéu chinh va
nang cao do 6n dinh. Tin hiéu diéu khién dau ra 13 tong hop cta ba thanh phan: ti 18 (P),
tich phan (I) va vi phan (D). B6 PID sé thuong duoc trién khai trong mach vong kin dé
diéu khién chinh xac, vi du nhu diéu chinh tdc do cua 4 dong co trong hé quadcopter.

I_—I

\;‘ti‘v.llv Output
¥ —Eooe—| u’rlt,. [ on— 4

.

Hinh 3.4: So do tong qudt ciia mot b diéu khién PID co bdn
Ta c6 hé phuong trinh tong quat:
Output = P,y + Iyt + Dot (2.89)

Trong d6, cic thanh phéan la cac thanh phan dau ra tir ba khau trong mot b dicu
khién PID.

Trong do:
P, 12 thanh phan dau ra khau ti 1¢.
- I,y 1 thanh phan d4u ra khau tich phan.
- Dyy: 12 thanh phan dau ra khau vi phan.
Céc cam bién Gmg dung trong hé thong:

- Cam bién siéu 4am HC-SR04: Cam bién sir dung song siéu am dé do khoang

cach trong khoang tir 2 > 450 c¢m cua drone so v6i mat dat.

- Cam bién Optical Flow: hd tro dinh vi va giit vi tri theo 2 truc khong gian (x,

y) dé 1am cho drone it bi nhiéu béi cac tac dong méi trudng bén ngoai.
3.5.2. Thiét ké bé diéu khién PID cho hé Drone kép

3.5.2.1. So d6 tong quan ciia hé thong diéu khién

~= Moch Nazn |

= B Recenver 2

——{mrp—{ e |

Hinh 3.5: So do tong quan cia hé thong

Téng quan van hanh hé thong: bo diéu khién sé diéu khién 2 drone van hanh gidng

nhau dé€ cung nang tai can bang.
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3.5.2.2. So’ d6 chi tiét ciia hé théng diéu khién

MASTER
! PPM
-—-—‘{ Module RF }—‘l Ardunio nano 3 }_‘l Mach Naza }—0{ 4 otoe I '
I UART 3
Module RF }0—[ Ardumio nano 4 } { CB HC-SRO4 I -
Ardunio mano | }—OI Module RF F
UART CB OPTICAL
' FLOW PMW 3901
Ardumio napo 2 I-—{ Module RF
——ql Module RF }—cl Arcumo nane 4 }—-l Mach Naza }—-I 1 motos I '
II'ARI
Module RF  fe——] Ardunio nano 6 fe- 1' CB HC-SR4 I !

CBOPTICAL
FLOW PAMW 3901

SLAVE
Hinh 3.6: So do chi tiét ciia hé thong

e Qua trinh van hanh hé thong: hé théng s& c6 1 drone master (ardunio 3 va 4) va 1

drone slave (ardunio 5 va 6).

Hai joystick phat sinh tin hiéu diéu khién s& duoc Arduino 1 tiép nhan va ma hoa
thanh tin hiéu RF, r6i truyén qua module RF phat. O phia nhan, Arduino 3 va Arduino 5
s€ sir dung module RF thu dé nhan tin hiéu nay. Sau khi nhén, tin hiéu s€ dugc chuyén
d6i thanh xung PPM dé dua vao bo diéu khién trung tam Naza, tir d6 diéu khién hoat
dong clia 4 dong co trén mdi drone. O day drone 2 s& bay theo cung véi do cao cia drone
1.

e Khi hai drone cat canh bat dau kéo tai t6i mot do cao mong mudn ta s& gat switch dé
tao setpoint dg cao, 2 drone s€ nang tai gitt & muc setpoint do, trong do:
- Cam bién siéu am HC-SR04 s& do khoang cach tir drone dén mat dat, gitip xac
dinh do cao bay.
- Cam bién optical flow s& khod vi trf (x, y) dé 1am cho drone it bi nhidu béi cac
tdc dong moi truong bén ngoai.
e Céac cam bién nay duoc lép tuong tu trén ca hai drone. Dir li¢u d§ cao do duogc tur
cam bién HC-SR04 s& duoc:
- Drone 1: Dit liéu cam bién d6 cao s& duoc Ardunio 4 doc va truyén vé Arduino
3 (Ardunio 3 va 4 giao tiép UART), Ardunio 3 s& thuc hién khau PID dé giir
drone & muc setpoint; dir li¢u doc vé cta Ardunio 4 cling s¢ dugc truyén vé
Ardunio 2 (song RF) dé hién thi ra LCD.
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- Drone 2: Dir liéu do cao tir drone 1 s€ duoc Ardunio 2 truyén sang Ardunio 1
(UART), tir 6 no s& day tin hiéu t6i Ardunio 5(Séng RF) dé diéu khién drone
2 theo do cao drone 1, cam bién d6 cao phan hoi dit liéu khi bay tra vé Ardunio
6, A6 dua gia tri d0 cao d6 qua A5 dé thuc hién khau PID dap ung sao cho
drone 2 bay on dinh theo drone 1. Va dit liéu d6 cao hién tai ciia drone 2 s&
duoc hién thi vé LCD.

e Dir liéu vi tri x, y do dugc tir cdm bién optical flow PMW 3901:
- Drone 1: Dit liéu cam bién vi tri s& duoc Ardunio 4 doc va truyén vé Arduino
3, Ardunio 3 s& thuc hién khau PID dé giit drone dimg yén khong bi troi khi co
tac dong nhiéu tir moi trudng bén ngoai.
- Drone 2: Dit liéu cam bién vi tri s& duoc Ardunio 6 doc va truyén vé Arduino
5, Ardunio 5 s& thuc hién khau PID dé giit drone dimg yén khong bi troi khi co
tac dong nhiéu tir moi trudng bén ngoai.
e Uudiém cta hé thong:
- D@ diéu khién, drone slave d& dap tng theo drone master.
e Nhuoc diém cia hé thong:

- Néu drone master bi 15i thi drone slave ciing s& 15i theo hé thong khong hoat

dong.
3.5.2.3. Cdc b PID ciia cdc cim bién
Hé thdng sé& c6 2 bo PID chinh, 2 b PID ctia 2 cam bién (CB HC-SR04, CB Optical
Flow PMW 3901).

Chiéu cao hign ta1 cua Chiéu cao hién tai cua
nadcopter da loc nhicu | y . | uadcopter chira loc nhiéu
Q P l B0 loc Kalman | Q P

Cam bién
HC-SR04

Nhiéu

Quadcopter

Hinh 3.7: So @6 khoi diéu khién PID cho cam bién HC-SR04

Tin hiéu
Throttle

Chiéu cao - ‘ PID B chuyen doi ve
mong muon & do cao tin hiéu Throttle
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Nhiéu

Rollsigna
Ba chuyen doi | |Pitch, I
vé tin hiéu
Roll va Pitch

igna - “n Y4
Sl Bé diéu khién

on dinh goc

Toa dé

. Quadcopter
tim camera

Toa do6 diem
sau khi dich chuyén

f Optical Flow ]

L PMW 3901 J

Hinh 3.8: So do khoi diéu khién PID cho cam bién Optical Flow

3.5.3. Luu dé thudt todn

Bit diu

cat canh

§ !

Poc cam bin d6 cao Tinh todn sai \Sél Error va
; ; tinh todn bd diéu khién PID
Cap nhat Hiéu chinh PID vé khoang
d6 cao hién tai gid tri tin hiéu 1200 - 1600
Gui d6 cao hién tai Gt tin hiéu diéu
dén drone slave khién dén Naza

Kiém tra switch
dang & ché do
Manual

Dung Kiém tra joystick

gat tat

Hinh 3.9: Luu dé thudt toan ciia bé diéu khién PID gitt do cao cho Drone 1
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Bit dau
cat canh

!
Dok s biki &5 6o Tinh toén sai s6 Err_or va
] : tinh toan bd diéu khién PID
Cép nhat Hiéu chinh PID vé khoang
d06 cao hién tai gid tri tin hiéu 1200 - 1600
Nhin dé cao ciia Giri tin hiéu diéu
drone 1 khién dén Naza
Kb fra syich Dung Sai Kiém tra joystick

dang & ché do
Manual

Hinh 3.10: Luu dé thudt toén cia bé dieu khién PID gitr do cao cho Drone 2
3.6. Két luan chuong

Trong chuong 3, thong qua viée tim hiéu céc trang thai 1am viéc cta Drone co ban
va tng dung cho viéc xay dung trang thai lam viéc cho Drone kép & chuong tiép theo.
Bén canh d6, viéc phan tich vu va nhugc cling nhu kha ning tng dung, d6 an di xéc
dinh muc tiéu nghién ctru va tham khao mot s cong trinh trong va ngoai nudc dé xac
dinh cac van dé co ban cin giai quyét cho dé tai.

Qua d6, chuong 3 d3 nghién ctru dugc phuong phap két ndi truyén thong cho hé
Drone kép, tur do thiét ké dugc bo diéu khién PID va suy ra cac luu dd thuét toan biéu
dién cho hé théng. Va qua trinh thyc nghiém dé hiéu chinh bo PID duge thuc hién &
chuong tiép theo.
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CHUONG 4. MO PHONG, THUC NGHIEM VA PANH GIA
4.1. Két qua mé hinh

4.1.1. Mé hinh mé phéng trén Matlab/Simulink (méi trwong khéong cé nhiéu)

LB BN AN

,
BN .
1373 {
1 4 +
1 Jouc — oy
L . 1

R
o
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] '

rEr

*
—
. 4| 1
RN
’ |
————— T

Hinh 4.1: M6 hinh mé phong Matlab/Simulink ciia hé thong

Hinh 4.2: M6 hinh mé phong turng Drone
4.1.2. Két qud mé phéng trén Matlab/Simulink (méi truwong khéng cé nhiéu)
e M0 ta hoat dong

Hé thong Drone kép dang dimg yén, sau d6 khi dua céc tin hi¢u diéu khién dau vao

bao gém luc Z, va cac goc Roll, Pitch, Yaw thong qua céac khdi diéu chinh. Sau khi chay
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mo phong thi d6 an s& nhan xét tinh 6n dinh bang cach dua vao sy so sanh két qua

mo hinh ctia gié tri tao ra véi gia tri di€u khién mong muon dua vao.

e Két qua mo phong cua luc nang Z dau vao va luc nang Z thuc té

|~ 1 | | |\ ——mmmm
2 = (T Mopl‘cnoP
bery : —  —— — —
s e ———__ - _
[ t | 1 | i -
1 1 |
i — 22 _Md phéng r-
0
%
~ | | | =
b I | 1 I L ——
3 ] Z1_Mong mudn
b ! } 4
5 ' —
o { i {
. I | | |
e —il l Z2_Mong mudn r
o ——
s — e — =
— T 1P W P & —
Feady Samglo besed  Ofset=0  T=30 000

Hinh 4.3: Luc nang Z dau vao va luc nang Z thuc té ciia 2 Drone

Nhan xét: O ca 2 tin hiéu ctia Drone 1 va Drone 2, trong mdi trudng khong c6 nhiéu,
c6 nghia 1a diéu kién thoi tiét on dinh, song, gié déu li tedng thi tin hiéu mé phong duoc

tor hé thong tuong tu véi tin hiéu mong muon dua vao.

e Két qua md phong cia gia tri goc Roll dau véo va gia tri goc Roll thyc té

| | | I

[ | Géc Roll 1 mé phong ||
l 1 1 1 : =t |

0.15
01
0.05

0.05

0.15
01
0.05

0.05 1 I 1 1 1 =]

02F I T T T

Goc Roll didu khién | |
0-1 - 4 4 4 4 4 —

0 1 | — . — -
| | | | |

0 5 10 15 20 25 30

Ready Sample based Offset=0 T=30.000
Hinh 4.4: Gia tri goc Phi @

Nhan xét: Két qua mo hinh cho tin hi€u ctia goc Roll bam sat tin hi¢u dau vao, cho

thdy hé thong Drone kép kha 6n dinh cho giai doan sau.
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e Két qua mo phong cua gia tri goc Pitch dau vao va gia tri goc Pitch thuc té

T T T e |
il ( _ { Gea Pion 1 mé phing
) ‘ ! )
01 | |
: -
| | |
| | |
03
[_ Goc Pich 2 mo phong
02 -
01
| | 1
- I I I
e Gac Pich @ kiwdn |
Q3 1 1 -
02
Ale ‘
o !
)] 1 . | ! |
0 5 " L] x 25 ¥
Faady Sample tased Offset=0 T=30 000

Hinh 4.5: Gia tri goc Theta 0

Nhan xét: Két qua mo hinh cho tin hiéu ctia goc Pitch mé phong sat véi tin hiéu

di€u khién mong muon, chi c6 xuat hién nhi€u ¢ giai doan dau khi phat xung.

e Két qua mo phong cia gia tri goc Yaw dau vao va gia tri goc Yaw thuc té

| | T T T £
0.217 I K \ ‘ ‘ I | Goc Yaw 1 md phéng |—
0.1 — i ]
| RN
0 I I I
T T T
0.2 i ‘ ‘ i | Goc Yaw 2 mé phéng ||
\
‘0.1 / \
\
0 1 | 1 1
0.2F ! ‘ : I ————
‘ Géc Yaw dieu khién
0.1 L I . ; -+ 1 S
0 I
0 5 10 15 20 25 30
‘Ready Sample based Offset=0 T=30.000

Hinh 4.6: Gia tri goc Psi ¥

Nhén xét: Mo phong cho thay c6 sy nhiu khi két qua léch 1 chat so véi tin hiéu

diéu khién mong muon dua vao. Tuy nhién, 10 trinh tin hi€u tao ra Yaw van bam sat

Xung.
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o Két qua toa do cua Drone 1

Hinh 4.7: Toa do cua Drone 1

o Két qua cua toa do Drone 2

Hinh 4.8: Toa do cua Drone 2

4.1.3. Két qud ciia bg sai léch

WO T —

Heaty Sanghe tesed  Offast=0  T<30 000

Hinh 4.9: Két qua mé phong bix trir lan nhau ciia 2 thiét bi Drone khi T=30
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Nhan xét:

e Sai s6 Iwe ning: D6 thi nay tiép tuc hién thi cac dao dong tudn hoan véi bién d6 dao
dong 16m. Cac dao dong co tan sb cao hon, diéu niy c6 thé cho thay rang hé thong
diéu khién dang diéu chinh lyc ndng mot cach thuong xuyén hon dé duy tri d6 cao
mong mudn. Mic du vay, h¢ théng van duy tri dugc sy on dinh tuong doi.

e Sai sb goc Roll: D6 thi nay cho thay rang sai sé goc roll bat dau 16n, sau d6 giam vé
khong va duy tri & mic khong trong phan 16n thoi gian. Hé théng diéu khién hoat
dong rat tbt trong viéc on dinh goc roll sau giai doan dau, duy tri goc roll mong mudn
v6i sai s6 gan nhu bang khong.

e Sai sb géc Pitch: Do thi ndy ciing bat dau voi mot sai so 16n nhung giam vé mirc
khong trong phan 16n thoi gian. Hé thong diéu khién c6 kha ning 6n dinh goc pitch
sau giai doan dau, duy tri goc pitch mong mudn véi sai s gan nhu bang khong.

e Sai s6 goc Yaw: D6 thi ndy cho thay cac dao dong khong déu, voi mot sé doan co
bién do dao dong 16n va tan sb cao hon. Hé théng diéu khién gap mot s6 kho khin
trong viéc duy tri gbc yaw on dinh, véi cac sai s6 thay doi lién tuc.

e Nhin xét chung: M6 hinh ¢ m6 phong céc tin hiéu dau ra gan nhu 1a bam sat véi
tin hiéu diéu khién mong muén dua vao. 4 tin hiéu diéu khién mong mubn dit vao
hé thong van duoc moé phong gan nhu 1 dung & diéu kién thuan loi — khong co bat
ky nhiéu bén ngoai.

4.2. Qua trinh thwe nghiém

4.2.1. So do khéi PID h¢ thong

@.0.y u X, ),z

+ PID Drone

o

z,0,0,y

Hinh 4.10: So dé khoi PID ciia hé thong
Tin hiéu dau vao 1a cac gia tri mong mudn vé goc (9, 0, ), dugc so sanh véi gia tri
thuc té dé tao ra sai s6 e. B4 PID xu 1y sai sb nay va tao ra tin hi¢u diéu khién u dua vao
drone. Hé thong phan hoi giup drone 6n dinh va dat trang thai bay on dinh theo mong

muon.

4.2.2. Théng sé PID hiéu chinh qua qud trinh thwe nghiém

Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 59
Nguyen Hitu Anh Bang
Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone

e PID hiéu chinh d6 cao cua Drone 1

P=1.5; [=0.01; D=

e PID hiéu chinh d6 cao cua Drone 2

P=1.2; 1=0.02; D=

4.2.3. Thwc nghiém bay mé hinh

G FANERNRFETNERTYY

Onapon b & e o -

Hinh 4.12: Gia tri do cao cua 2 Drone phan hoi vé LCD

Sinh Yién thuc hién:‘
Nguyén Hitu Anh Bang
Vo Minh Hoang

Huéng dan: TS. Nguyén Hoang Mai
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Diéu khién ph6i hop hai Drone

Hinh 4.13: Test bay thuec té ¢é gin thanh lién két theo mé hinh

Sinh vién thyc hign:_ Huéng dan: TS. Nguyén Hoang Mai
Nguyén Hitu Anh Bang
Vo Minh Hoang
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Diéu khién ph6i hop hai Drone

KET LUAN

Tong thé do 4n, qua qua trinh thyc nghiém, nhan thdy db an c6 tinh kha thi va c6 thé
phat trién duoc cho cac mé hinh c6 quy mé 16n hon. Nhung hién d6 an van dang co
nhiéu bat cap vé viéc hiéu chinh bo diéu khién PID, thuc nghiém gip kho khin vi cac
yéu t6 moi trudng va dang hiéu chinh phan 1ap trinh nén céac thong s6 PID thanh phan

trong hé théng van chua dat duoc két qua tdi uu cudi cung.

Song, van dam bao duoc viée két ndi va truyén thong giita 2 Drone theo phuong
phap mong mudn. Dic biét 13, diéu khién duoc hé Drone dat d cao theo gia tri Setpoint
va phan hoi gia tri vé man hinh. Bén canh d6, khi gan thanh lién két va tai thi hé thong
chua thuc su 6n dinh theo mong muén. DS 4n van con thiéu sot, nhung van bam sat theo

muc ti€u thiét ké va can c6 thém thoi gian thuc nghiém va hiéu chinh.

Sinh vién thyc hign:_ Hudng dan: TS. Nguyén Hoang Mai 62
Nguyen Hitu Anh Bang
Vo6 Minh Hoang



Diéu khién ph6i hop hai Drone
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PHU LUC 1

Tén linh kién

Hinh anh

Thong tin linh kién

Khung Drone
Flane Wheet
450 (F450)

Khung canh tay: PA66 + 30GF thiét ké
vat li¢u nhya, cac tay arm c6 do dan hoi
nhat dinh.

Ban mach PCB ¢ d6 bén cao: Lam cho
hé théng day dién cua ESC va pin an toan
hon va dé str dung hon.

Téi wu héa thiét ké khung: Tich hop mach
han PDB trén khung nham tiét kiém dién
tich khung

Mau sac khac nhau khung Arms: D6 va
trang hoic den gitp dé dang phan biét dau
duoi.

bong co khong
chéi than
A2212/10T
1400KV

Nguon 14 pin 2-3S Lipo

Téc d6 quay: 1400 vong/phat/von

Dong khong tai (10V): 0.7A

Cudng do dong 16n nhat: 16A

Hiéu suét tbi da: 78%

Cuong do dong mang lai hiéu suat 16n
nhat: 6-12A (hiéu suat dat trén 75%)
Duong kinh truc: 3.17mm

Cong sut 16n nhét: 180W

Khéi luong: 50g

Piéu khién bang ESC téi thiéu 20A (ESC
1a module diéu khién dong co khong chdi
than)

Mach diéu téc

(ESC) 30A cho

dong co khong
chdi than

viET=RC

Dong cuc dai: 30A

Dong vuot tai: 35A (khong dé qua 10s s&
lam chay ESC)

BEC: 2A / 5V (Linear mode).

Dién 4p vao: 5.6V - 16.8V.

Pin st dung: 2-3S.

Kich Thudce: 32mm x 24mm x 7mm.
Trong Lugng: ~20g.

Cénh quat
1045

Duong kinh: 25.5cm

Mau sic: Den, Po

Bé rong canh: khoang 27mm

Do day dé trung tam: SMM

Puong kinh 16: 6mm

[Trung tdm 16 nguroc bé mat khau do]:
9MM




[Nhom vong bién ddi]: x 6 (2 nhom),
vong 3MM, 3.3MM, 4mm, Smm, 6mm,
7.8mm

Trong lugng: khoang 9.3g (cai)

sé; cell/ S& Volt: 3S1P/ 11.1V / 3Cells
Tbec d6 xa: 75C

Pin Ovonic Tdc dd xa cuc dai: 150C
2200mAh 3S- Trong luong: 174¢g
1P (11.1v) 75C Kich thudc: 107mm x 35mm x 24mm (L
jack XT60 x W x H)
Jack sac: JST-XHR
Jack xa: XT60
Bo diéu khién
tu can bang
Naza — M Lite
V2
H) tro nhiéu loai rotor: Quad — rotor 14,
X4, Hex — rotor 16, X6, IY6, Y6.
Tan s6 ESC dau ra: 400Hz.
Mach can bing Kénh p,h_étkdé nghi: PCM hodic t6i thiéu 4
Naza — M Lite ke_rAlh You :[an s<_)A2,4GHz. _
(Main Dién ap lam viée: Bo mach Naza M Lite:
4,8V —5,5V. bau vao VU: 7,2V — 26V
Controller)

(nén st dung pin 2S ~ 65).

Nhiét do: -10°C ~ 50°C.

Phan mém hd trg cac hé diéu hanh:
Window XP/7/8/10.

Module nguén
PMU

Mudule GPS +
Compass




Module LED

- Dién ap hoat dong: 5V

- Pién ap dau vao (khuyén dung): 7 — 12V

- Pién ap dau vao (gidi han): 6 — 20V

- Chan Digital I/O: 14 (v61 6 chan PWM
output)

- Chan PWM Digital I/O: 6

- Chén dau vao Analog: 8 (thém A6, A7) so

Arduino Nano vo1 UNO )
V3.0 - Dong st dung I/0 Pin: 20 mA (t61 da 40
ATmega328P mA)

- B0 nh¢ Flash: 32 KB (ATmega328)
- SRAM: 2 KB (ATmega328)

- EEPROM: 1 KB (ATmega328)

- Clock Speed: 16 MHz

- Chiéu dai: 43.2 mm

- Chiéu rong: 18.5 mm

Trong lugng: 5g

- bién ap: 5V DC

- Dong hoat dong: <2mA

- Mifrc cao: 5V

- Mic thap: 0OV

|- Goc toi da: 15 do

- Khoang cach: 2cm — 450cm (4.5m)
|- DO chinh xac: 3mm

Cam bién siéu
am HC-SR04

- Dién 4p cung cap: 1.8 — 3.6V

Cam bién vi tri - Pham vi lam viéc: 80mm dén + oo

Optical Flow
PMW3901




PHU LUC 2
1. Phan 1ap trinh cho khdi RX — Drone Master
#include <SPL.h>
#include <nRF24L01.h>
#include <RF24.h>

1111777777777 PPM CONFIGURATION /117
#define channel number 7 // Sb kénh

#define sigPin 2 // PPM output

#define PPM_FrLen 22500 // Bg dai frame PPM (ps)
#define PPM_PulseLen 300 // PO rong xung PPM (us)
s

String buffer ="";

float distance = 0;

float current_height = 0.0;

float temp1_height = 0.0; float temp2_height = 0.0; float Required height = 0.0;
unsigned long last_time;

float input THROTTLE = 1000;

int ppm[channel number];

const uint64 _t pipeln = OXESESFOFOEILL;

RF24 radio(9, 10); // CE, CSN

// Dit lidu truyén tir TX sang RX

struct MyData {



byte throttle;
byte yaw;
byte pitch;
byte roll;
byte AUX1;
byte AUX2;
byte U;

byte MODE;

float H;
IR

MyData data;

//PID Variables

float p=1.5;float p_value=0;//2.75 1 6n
float I=0.01;float I value=0;//0.01

float D=0.3;float D_value=0; //0.3

float total=0;

float error=0;float pre _error=0;float derror=0;float ierror=0;

void resetData() {
// Gi4 tri an toan khi mat tin hiéu
data.throttle = 126;
data.yaw = 130;
data.pitch = 255;
data.roll = 128;
data. AUX1 = 0;
data. AUX2 = 0;
data.U = 132;



data. MODE = 0;
setPPMValuesFromData();

}

void setPPMValuesFromData() {

ppm[0] = map(data.throttle, 0, 255, 1000, 2000);//A = throttle

ppm[1] = map(data.yaw, 0, 255, 1000, 2000);//E

input THROTTLE = map(data.pitch, 0, 255, 1000, 2000);

switch ((data. MODE > 0))//output of the channel 8

{
case 0: //normal mode

//reset the error values
//Serial.printiln("M_mode");
error=0; pre_error=0; derror=0;ierror=0;
temp1_height=distance;
if(templ _height<500)

Required height=100;//temp1_height; //keep updating the required height in

normal mode
Serial.print("<0:");
Serial.print(Required height, 2);
Serial.println(">");
ppm[2] = input THROTTLE; //T
break;

case 1://altitute hold mode
//Serial.printin("AUTO");
temp2_height=distance;
if(temp2_height<500)

current_height=temp2_height;



//PID implementation //update values

unsigned long now = millis();

float dt = (now - last_time) / 1000.0;
error=100-current_height; /Required height-current height;

derror=(error-pre_error)/dt; ierror+=error*dt;

p_value=p*(error); 1 value=I*(ierror); D value=D*(derror);

total=constrain(p_value + 1 value + D _value, -250, 250);
pre_error=error;
last_time = now;
//input. THROTTLE-=total;
Serial.print("<1:");
Serial.print(Required height, 2);
Serial.println(">");
ppm[2] = 1450-total;//input. THROTTLE-total; //T
break;
}

ppm[3] = map(data.roll, 0, 255, 1000, 2000); /R

ppm[4] = map(data.AUX1, 0,1, 1000,2000);

ppm[5] = map(data.AUX2, 0,1, 1000, 2000);

ppm[6] = map(data.U, 0,255, 1000, 2000); //GPS

void setupPPM() {
pinMode(sigPin, OUTPUT);

digital Write(sigPin, LOW); // trang thai mac dinh



cli(); // tat ngit toan cuc

// Reset Timerl
TCCRIA=0;
TCCRIB =0;

OCRIA = 100; // gi4 tri so sanh ban dau

TCCRIB |= (1 << WGM12); // CTC mode

TCCRIB |= (1 << CSl11); // prescaler =8 — tick =0.5us @16MHz
TIMSKI1 |= (1 << OCIE1A); // bat ngit so sanh

sei(); // bat lai ngat

void setup() {
Serial.begin(9600);

resetData();

setupPPM();

radio.begin();
radio.setDataRate(RF24 250KBPS);
radio.setAutoAck(false);
radio.openReadingPipe(1, pipeln);
radio.startListening();

resetData();

//delay(3000);

unsigned long lastRecvTime = 0;



void recvData() {
while (radio.available()) {

radio.read(&data, sizeof(MyData));

lastRecvTime = millis();

b
b

void loop() {

recvData();

if (millis() - lastRecvTime > 1000) {
// mét tin higu
resetData();
b
static String buffer ="";
while (Serial.available()) {
char ¢ = Serial.read();
if (0 =="<) {
buffer ="";
}elseif (c=="") {
int firstColon = buffer.indexOf(":");
int secondColon = buffer.indexOf(":', firstColon + 1);
if (firstColon != -1 && secondColon !=-1) {
distance = buffer.substring(0, firstColon).toFloat();
float pidOutX = buffer.substring(firstColon + 1, secondColon).toFloat();
float pidOutY = buffer.substring(secondColon + 1).toFloat();

// Xtr 1y céc gia tri height, pidOutX, pidOutY tai day



Serial.println(distance);
Serial.println(pidOutX);
Serial.println(pidOutY);
}
} else {
buffer +=c;
H
}
/%
while (Serial.available()) {
char ¢ = Serial.read();

if (c=="'<){
buffer ="";

}else if (c==">") {
distance = buffer.toFloat();
//Serial.println(distance);

} else {
buffer +=c;

}

}

*/

setPPM ValuesFromData();
//Serial.println(data. MODE));

//

// Thay d6i clockMultiplier theo tan s6 MCU:
#define clockMultiplier 2 // dung 2 néu Arduino chay 16MHz



ISR(TIMER1 _COMPA _vect) {
static boolean state = true;
static byte cur chan numb = 0;

static unsigned int calc_rest = 0;

TCNTI = 0;

if (state) {
// két thic xung
digital Write(sigPin, LOW);
OCR1A =PPM PulseLen * clockMultiplier;
state = false;
} else {
// bat dau xung
digital Write(sigPin, HIGH);

state = true;

if (cur_chan numb >= channel number) {
cur_chan _numb = 0;
calc_rest += PPM_PulseLen;
OCRI1A = (PPM_FrLen - calc_rest) * clockMultiplier;
calc_rest = 0;
}else {
OCRI1A = (ppm[cur_chan numb] - PPM_PulseLen) * clockMultiplier;
calc_rest += ppm[cur _chan numb];

cur_chan numb++;

}
}



2. Phan lap trinh cho khéi RX — Drone Slave
#include <SPL.h>
#include <nRF24L01.h>
#include <RF24.h>

1117777777777 PPM CONFIGURATION /7777711111111
#define channel number 7 // Sb kénh

#define sigPin 2 // PPM output pin (pin 9 trén Pro Micro)
#define PPM_FrLen 22500 // B9 dai frame PPM (us)
#define PPM_PulseLen 300 // Bo rong xung PPM (us)
Nt

String buffer ="";

float distance = 0; float H = 3;

float current_height = 0.0;

float temp1_height = 0.0; float temp2_height = 0.0; float Required height=0;
float input THROTTLE=1000;

unsigned long last_time;

unsigned long last pid time = 0;

const unsigned long pid_interval = 50; // 50ms = 20Hz

int ppm[channel number];

const uint64_t pipeln = OxXESESFOFOE1LL;

RF24 radio(9, 10); // CE, CSN



// Dit liéu truyén tir TX sang RX
struct MyData {

byte throttle;

byte yaw;

byte pitch;

byte roll;

byte AUX1;

byte AUX2;

byte U;

byte MODE;

float H;
}i

MyData data;

//PID Variables

float p=1.2;float p_value=0;
float [=0.02;float I value=0;
float D=0.3;float D_value=0;
float total=0;

float error=0;float pre_error=0;float derror=0;float ierror=0;

void resetData() {
// Gié tri an toan khi mat tin higu
data.throttle = 126;
data.yaw = 130;
data.pitch = 255;
data.roll = 128;

data. AUX1 = 0;



data. AUX2 = 0;
data.U = 132;
data. MODE = 0;

setPPMValuesFromData();

void setPPMValuesFromData() {
ppm[0] = map(data.throttle, 0, 255, 1000, 2000);//A
ppm[1] = map(data.yaw, 0, 255, 1000, 2000);//E
H = data.H;
// --- PID chi cap nhat theo chu ky 50ms ---
if (millis() - last_pid time >= pid_interval) {
//Serial.printin(H);
input THROTTLE = map(data.pitch, 0, 255, 1000, 2000);
last pid time = millis();
if (H> 2.0 && distance < 300) {
current_height = distance;

float dt = pid_interval / 1000.0; // ¢6 dinh 0.05s

error = H - current_height;
derror = (error - pre_error) / dt;

ierror += error * dt;

p_value =p * error;
I value =1 * ierror;

D value =D * derror;

total = constrain(p_value + 1 value + D_value, -200, 150);

pre_crror = error;



if (distance>10){
input THROTTLE = 1450-total;
telsed
input THROTTLE -= total;
}
//Serial.println(input THROTTLE);
h
}
ppm[2] = input THROTTLE; /IT
ppm[3] = map(data.roll, 0, 255, 1000, 2000); /R
ppm[4] = map(data.AUX1, 0,1, 1000, 2000);
ppm[5] = map(data. AUX2, 0,1, 1000, 2000);
ppm[6] = map(data.U, 0,255, 1000, 2000); //GPS

void setupPPM() {
pinMode(sigPin, OUTPUT);
digital Write(sigPin, LOW); // trang thai mdc dinh

cli(); // tat ngét toan cuc

// Reset Timerl
TCCRI1A =0;
TCCRIB =0;

OCRI1A =100; // gié tri so sanh ban dau

TCCRIB |= (1 << WGM12); // CTC mode

TCCRIB |= (1 << CS11); // prescaler =8 — tick = 0.5us @16MHz
TIMSKI1 |= (1 << OCIE1A); // bat ngit so sanh



sei(); // bat lai ngat

}

void setup() {
Serial.begin(9600);

resetData();

setupPPM();

radio.begin();
radio.setDataRate(RF24 250KBPS);
radio.setAutoAck(false);
radio.openReadingPipe(1, pipeln);
radio.startListening();

resetData();

//delay(3000);

unsigned long lastRecvTime = 0;

void recvData() {
while (radio.available()) {
radio.read(&data, sizeof(MyData));

lastRecvTime = millis();

}
}

void loop() {



recvData();
//H = data.H;
T
Serial.println(data.H);
et
if (millis() - lastRecvTime > 1000) {
// mt tin hiéu
resetData();

}

while (Serial.available()) {
char ¢ = Serial.read();

if (c=="<') {
buffer ="";

}else if (c=">") {
distance = buffer.toFloat();
//Serial.print("Khoang cach UART: ");
//Serial.println(distance);

} else {
buffer += c;

}

}
setPPMValuesFromData();

//Serial.println(data. MODE);

// ---
// Thay dbi clockMultiplier theo tan s6 MCU:

#define clockMultiplier 2 // ding 2 néu Arduino chay 16MHz



ISR(TIMER1_COMPA vect) {
static boolean state = true;
static byte cur_chan _numb = 0;

static unsigned int calc_rest = 0;

TCNTI = 0;

if (state) {
// két thuc xung
digital Write(sigPin, LOW);
OCR1A =PPM PulseLen * clockMultiplier;
state = false;
} else {
// bt dau xung
digital Write(sigPin, HIGH);

state = true;

if (cur_chan numb >= channel number) {
cur_chan numb = 0;
calc_rest += PPM_PulseLen;
OCR1A = (PPM_FrLen - calc_rest) * clockMultiplier;
calc_rest = 0;
} else {
OCRI1A = (ppm[cur_chan numb] - PPM_PulseLen) * clockMultiplier;
calc_rest += ppm[cur_chan_numb];

cur_chan numb++;

}
b



3. Phin lap trinh cho khdi RX — man hinh LCD
#include <Wire.h>
#include <LiquidCrystal 12C.h>
#include <SPL.h>
#include "RF24.h"

LiquidCrystal 12C lcd(0x27, 20, 4); // hodc 0x3F tuy man hinh
RF24 radio(9, 10); / CE, CSN

const uint64 _t pipe = 0xFOFOFOFOEILL;

struct Payload {
uint8 t nodelD;
float requiredHeight;

float measuredDistance;

¥

Payload payload;

intr=0;

void setup() {
Serial.begin(9600);
led.init();
lcd.backlight();
led.setCursor(0, 0);
led.print("Do caol:");
led.setCursor(0, 1);



led.print("Do cao2:");

led.setCursor(0, 2);

lcd.print("Set Point:");

radio.begin();
//radio.setAutoAck(true);
radio.setDataRate(RF24 1MBPS);
radio.setChannel(10);

// Mé& 2 pipe doc tuong ting 2 node TX
radio.openReadingPipe(1, pipe);

radio.startListening();

}

void loop() {
if (radio.available()) {
radio.read(&payload, sizeof(payload));
if (payload.nodeID == 0){
Icd.setCursor(9, 0);
led.print(" "); // clear vung cli
led.setCursor(9, 0);
led.print(payload.measuredDistance, 1); // 1 chit s6 sau diu phay
led.print(" cm");
T
if (payload.requiredHeight > 0.01){
Serial.print("<");
Serial.print(payload.requiredHeight, 2);
Serial.println(">");
} else{

Serial.print("<");



Serial.print(payload.measuredDistance, 2);
Serial.println(">");

}

s
} else {

lcd.setCursor(9, 1);

led.print(" "); // clear vung cii

lcd.setCursor(9, 1);

lcd.print(payload.measuredDistance, 1); // 1 chit s6 sau dau phay

led.print(" cm");

b
lcd.setCursor(11, 2);
led.print(" "); // clear vung cii

lcd.setCursor(11, 2);
if(payload.requiredHeight>0.01){
lcd.print(payload.requiredHeight, 1);
Icd.setCursor(17, 2);
led.print(" ");
} else {
Icd.setCursor(17, 2);
led.print("X");
}
//Serial.print("MD ");
//Serial.print(payload.measuredDistance, 2);
//Serial.print("RH ");

//Serial.println(payload.requiredHeight, 2);



4. Phin lap trinh cho cam bién @9 cao Drone 1
#include <SPL.h>
#include "RF24.h"
#include "Bitcraze PMW3901.h"

#include <SimpleKalmanFilter.h> // tir thu vién TKJElectronics

const int trigPin = 4;

const int echoPin = 3;

Bitcraze PMW3901 flow(7);

RF24 radio(9, 10); // CE, CSN
const uint64_t pipe = 0xFOFOFOFOE1LL;

struct Payload {
uint8_t nodelD;
float requiredHeight;

float measuredDistance;

}s

Payload payload = {0, 0.0};

// Tham s0: noise_measure, noise_estimate, process_noise

SimpleKalmanFilter kalmanFilter(4, 4, 0.06);

// Hé s6 EMA: cang gan 1 cang nhay, cang gan 0 cang muot
const float alpha = 0.3;

float filteredDistance = 0;



// Bién luu vi tri
float posX = 0.0;
float posY = 0.0;

unsigned long lastUpdate = 0;

const float focalLength = 35.0; // dung gia tri thuc nghiém

int16_t deltaX,deltay;

// PID cho giir vi tri
float Kp = 0.05;
float Ki = 0.0;

float Kd = 0.01;

float errorX = 0, prevErrorX = 0, integralX = 0;

float errorY = 0, prevErrorY = 0, integralY = 0;

float outputX = 0;

float outputY = 0;

float computePID(float error, float& prevError, float& integral, float dt) {
integral += error * dt;
float derivative = (error - prevError) / dt;
prevError = error;

return Kp * error + Ki * integral + Kd * derivative;

}



float getAverageDistance(int samples = 4) {

float sum = 0;

int validCount = 0;

for (int i = 0; i < samples; i++) {
digital Write(trigPin, LOW));
delayMicroseconds(2);
digital Write(trigPin, HIGH);
delayMicroseconds(10);
digital Write(trigPin, LOW));

long duration = pulseln(echoPin, HIGH); // 30ms timeout

if (duration == 0) continue;

float distance = duration * 0.0343 / 2;
sum += distance;
validCount++;
delay(10); // nho thoi dé khong tré nhiéu
}
if (validCount == 0 ) return -1;
return sum / validCount;

}

void setup() {
Serial.begin(9600);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

radio.begin();

radio.setAutoAck(true);



radio.setDataRate(RF24 1MBPS);
radio.setChannel(10);
radio.openWritingPipe(pipe);

radio.stopListening();

if (flow.begin()) {
Serial.println("Initialization of the flow sensor failed");
while(1) { }

}

filteredDistance = getAverageDistance(2);

void loop() {
// Bo khoang cach
float rawDistance = getAverageDistance(4);

if (rawDistance < 0) return;

// EMA filter

//filteredDistance = alpha * rawDistance + (1 - alpha) * filteredDistance;

filteredDistance = kalmanFilter.updateEstimate(rawDistance);
//Serial.printIn(filteredDistance);
I
flow.readMotionCount(&deltaX, &deltaY);

float deltaTime = (millis() - lastUpdate) / 1000.0; // gidy
lastUpdate = millis();

// Chuyén pixel thanh mm/s

float velX = (deltaX * filteredDistance) / focalLength;



float velY = (deltaY * filteredDistance) / focalLength;
// Tich phan van tdc ra vi tri
posX += velX * deltaTime;

posY +=velY * deltaTime;

// Sai 6 vi tri can vé 0
errorX = 0.0 - posX;

errorY = 0.0 - posY;

outputX = computePID(errorX, prevErrorX, integralX, deltaTime);

outputY = computePID(errorY, prevErrorY, integralY, deltaTime);

// Gi6i han dau ra
outputX = constrain(outputX, -50, 50);

outputY = constrain(outputy, -50, 50);

Serial.print("X: "); Serial.print(posX);
Serial.print(" mm, Y: "); Serial.println(posY);
I
// Gui qua UART

// Serial.print("<");

// Serial.print(filteredDistance, 2);

// Serial.print(":");

// Serial.print(outputX, 2);

// Serial.print(":");

// Serial.print(outputy, 2);

// Serial.println(">");
I

// Nhan phan hoi tir RX



nn,

static String inputBuffer ="";
while (Serial.available()) {
char ¢ = Serial.read();
if (c =="<) {
inputBuffer ="";
}elseif (c=">") {
int sepIndex = inputBuffer.indexOf(":");
if (sepIndex !=-1) {

int currentMode = inputBuffer.substring(0, sepIndex).tolnt();

float requiredHeight = inputBuffer.substring(seplndex + 1).toFloat();

//

if (currentMode == 0){
payload.measuredDistance = filteredDistance;
payload.requiredHeight = 0.00;

} else if (currentMode == 1){
payload.measuredDistance = filteredDistance;
payload.requiredHeight = requiredHeight;

b

//Serial.print("MS ");
//Serial.printIn(filteredDistance);
//Serial.print("RH ");
//Serial.println(requiredHeight);
b

} else {
inputBuffer +=c;

}

}
I

// Giri RF toi Tay cam



radio.write(&payload, sizeof(payload));

delay(5 + random(3));
}
5. Phén l1ap trinh cho cam bién dd cao Drone 2
#include <SPL.h>
#include "RF24.h"

#include <SimpleKalmanFilter.h> // tir thu vién TKJElectronics

const int trigPin = 4;

const int echoPin = 3;

RF24 radio(9, 10); // CE, CSN
const uint64_t pipe = 0xFOFOFOFOE1LL;

struct Payload {
uint8_t nodelD;
float requiredHeight;

float measuredDistance;

}s

Payload payload = {1, 0.0};

// Tham s0: noise_measure, noise_estimate, process_noise

SimpleKalmanFilter kalmanFilter(4, 4, 0.06);

// Hé s6 EMA: cang gan 1 cang nhay, cang gan 0 cang muot
const float alpha = 0.3;

float filteredDistance = 0;



float getAverageDistance(int samples = 4) {

float sum = 0;

int validCount = 0;

for (int i = 0; i < samples; i++) {
digital Write(trigPin, LOW);
delayMicroseconds(2);
digital Write(trigPin, HIGH);
delayMicroseconds(10);
digital Write(trigPin, LOW));

long duration = pulseln(echoPin, HIGH); // 30ms timeout

if (duration == 0) continue;

float distance = duration * 0.0343 / 2;
sum += distance;
validCount++;
delay(10); // nho thoi dé khong tré nhiéu
}
if (validCount == 0) return -1;
return sum / validCount;

}

void setup() {
Serial.begin(9600);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

radio.begin();



//radio.setAutoAck(true);
radio.setDataRate(RF24 1MBPS);
radio.setChannel(10);
radio.openWritingPipe(pipe);

radio.stopListening();

filteredDistance = getAverageDistance(2);

void loop() {
// Bo khoang cach
float rawDistance = getAverageDistance(4);

if (rawDistance < 0) return;

// EMA filter

//ilteredDistance = alpha * rawDistance + (1 - alpha) * filteredDistance;

filteredDistance = kalmanFilter.updateEstimate(rawDistance);

//Serial.printIn(filteredDistance);

// Giri qua UART véi dau phan cach
Serial.print("<");
Serial.print(filteredDistance, 2);

Serial.println(">");

/1 Glri

payload.measuredDistance = filteredDistance;
payload.requiredHeight = 0.01;
radio.write(&payload, sizeof(payload));



delay(10+random(3));
h
6. Phén 1ap trinh cho khéi TX — Tay cAm diéu khién
#include <SPL.h>
#include <nRF24L01.h>
#include <RF24.h>

#define GPS_UP 2
#define GPS_ DOWN 3
#define AUTO_MODE 4

const uint64_t pipeOut = OxESESFOFOE1LL; /IMPORTANT: The same as in the receiver

RF24 radio(9, 10); // select CSN pin

/I ' The sizeof this struct should not exceed 32 bytes
// ' This gives us up to 32 8 bits channals
struct MyData {

byte roll;

byte pitch;

byte throttle;

byte yaw;

byte AUX1;

byte AUX2;

byte U;

byte MODE;

float H;

¥



MyData data;
String buffer ="";

float distance = 0;

void resetData()

{
//This are the start values of each channal
// Throttle is 0 in order to stop the motors

//127 is the middle value of the 10ADC.

data.throttle = 126;
data.yaw = 130;
data.pitch = 255;
data.roll = 128;
data.AUX1 = 0;
data. AUX2 = 0;
data.U = 132;
data. MODE = 0;

h
void setup()

{
Serial.begin(9600);
pinMode(GPS_UP, INPUT_PULLUP); // Cong tac GPS - UP
pinMode(GPS_DOWN, INPUT_PULLUP); // Cong tic GPS - DOWN
pinMode(AUTO_MODE, INPUT PULLUP);
//Start everything up
radio.begin();
radio.setAutoAck(false);



radio.setDataRate(RF24 250KBPS);
radio.openWritingPipe(pipeOut);
resetData();

}

/**************************************************/

// Returns a corrected value for a joystick position that takes into account
// the values of the outer extents and the middle of the joystick range.
int mapJoystick Values(int val, int lower, int middle, int upper, bool reverse)
{
val = constrain(val, lower, upper);
if ( val <middle )
val = map(val, lower, middle, 0, 128);
else
val = map(val, middle, upper, 128, 255);
return ( reverse ? 255 - val : val );

}

int smoothAnalogRead(int pin) {
int sum = 0;
for (inti=0;1<5; 1++) {
sum += analogRead(pin);
delayMicroseconds(500); // delay nho dé on dinh
h

return sum/ 5;

}

// Deadzone center: 127, width: 5



int applyDeadzone(int value, int center = 127, int threshold = 8) {
if (abs(value - center) <= threshold) return center;

return value;

}

void loop()

{
// The calibration numbers used here should be measured
// for your joysticks till they send the correct values.

data.throttle = applyDeadzone(mapJoystickValues( smoothAnalogRead(A1), 122, 527, 920,
true ),127);

data.yaw = applyDeadzone(mapJoystick Values( smoothAnalogRead(A0), 80, 540, 920,
true),128);

data.pitch = applyDeadzone(mapJoystickValues( smoothAnalogRead(A2), 100, 500, 980,
true ),130);

data.roll = applyDeadzone(maplJoystick Values( smoothAnalogRead(A3), 100, 460, 980,
true ),126);

data. AUX1 =1;
data. AUX2 =1;
//data.U = 220;

bool gpsUp = digitalRead(GPS_UP) == LOW;
bool gpsDown = digitalRead(GPS_DOWN) == LOW;
bool mode = digitalRead(AUTO_MODE) == LOW;

if (gpsUp && !gpsDown) {
data.U =219; // ATTI MODE

} else if (!gpsUp && gpsDown) {
data.U =48; // GPS ON

} else {



data.U = 130; // Gitra
}

if (mode) {

data. MODE = 1;
} else {

data. MODE = 0;

}

while (Serial.available()) {
char ¢ = Serial.read();

if (c=="<) {
buffer ="";

}else if (c==">") {
distance = buffer.toFloat();
//Guti 1én Drone
data.H = distance;
T
Serial.print("Khoang cach UART: ");
Serial.println(distance);
N aieets

}else {
buffer +=c;

}

h
radio.write(&data, sizeof(MyData));

delay(10);



