BO GIAO DUC yA PAO TAO
PAI HQC THAI NGUYEN

BAO CAO TONG KET
PE TAI KHOA HQC VA CONG NGHE CAP BQ

NGHIEN CUU VA PE XUAT THUAT TOAN MOI
TRONG PIEU KHIEN, KY THUAT TRUYEN THONG VA
KET NOI MANG CHO PAN ROBOT TU HANH

MA SO: B2021-TNA-01

Chii nhiém d¢é tai: TS. P Trung Hai

Thdi Nguyén, thdang 05 ndm 2023

_ E




e ———————————————————————

BO GIAO DUC VA bAO TAO

2

I\

PAI HOC THAI NGUYEN

BAO CAO TONG KET
PE TAI KHOA HOC VA CONG NGHE CAP BO

NGHIEN CUU VA PE XUAT THUAT TOAN MOI
TRONG PIEU KHIEN, KY THUAT TRUYEN THONG VA
KET NOI MANG CHO PAN ROBOT TU HANH

MA SO: B2021-TNA-01

Xzc nhin ciia co' quan chi tri Chii nhi¢m dé tai
(Ky tén, dong dau) (Ky, ho va tén)

Oul) |

TS. Po Trung Hai

Thdi Nguyén, thang 05 ndm 2023

e —————————— R ——————
e ————ee R

e —
—— ——




DANH SACH NHUNG THANH VIEN THAM GIA NGHIEN CUU DE
TAI VA PON VI PHOI HQP CHiNH

Thanh vién thue hi¢n dé tai

T Ho va tén Don vi cong tac Vai tro
T
Truong Pai hoc Ky thuat | Cha nhiém dé tai
1 | TS. Db Trung Hai | Cong nghiép - Pai hoc Thai
Nguyén
5 PGS. TS. Nguyén Cg;uor?ghfi)éal ?%ng]oih%igi Thu ky khoa hoc/
TuAn Minh & nEiep - Hal e Thanh vién chinh
Nguyén
X oA Truong Pai hoc Ky thuat
3 TS. Nguyen Tien Cong nghi¢p - Pai hoc Thai | Thanh vién chinh
Duy A
Nguyén
A A Truong Pai hoc Ky thuat
4| TS-NeOMinh 500 nghigp - Pai hoc Thai | Thanh vién chinh
Duc A
Nguyén
x . Truong Pai hoc K¥ thuat
5 TS. Nguyen Thi Cong nghi¢p - Pai hoc Thai | Thanh vién chinh
Thanh Nga .
Nguyén
: g Truong Pai hoc K¥ thuat
6 TS, Bm.}i Van Cong nghi¢p - Pai hoc Thai | Thanh vién chinh
Nghiép A
Nguyén
X 1A Truong Pai hoc Ky thuat
7 | TS-Neuyén Hong | oo 1 iohisp - Pai hoc Théi | Thanh vién chinh
Quang Neuvé
guyén
2 ThS. Bach Van le;;uorrllghfi)éal ?%Z?gloih%igi Thanh vién chinh
Nam g g v p R . v (NCS)
Nguyén
A X Truong Pai hoc Ky thuat
o | ThS. gff;n Qué | Cong nghiép - Pai hoc Théi | Thanh vién chinh
Nguyén
10| ThS. Nguyén Thj | 11008 Darhoe KY a1 rpanp vien chinh
Tuyét Hoa g NShiep - LAt Ac (NCS)
Nguyén




Pon vi phéi hop chinh

Tén don vi
trong va ngoai nudc

Noi dung phdi hop nghién
ciru

Ho va tén
ngwoi dai dién
don vi

Vién nghién clru cong
nghé cao vé K§ thuat
cong nghi¢p - Truong
Dai hoc Ky thuat Cong
nghiép

Pong gop ¥ kién tu van vé
thuat toan va xay dung mo
hinh.

Vién trudng:
PGS.TS.
Nguyén Vin
Chi




MUC LUC

DANH SACH NHUNG THANH VIEN THAM GIA NGHIEN CUU BE TAI
VA DON VI PHOI HOP CHINH ... eee e 3
MUC LUC .o 5
DANH MUC HINH ANH .....oooooiiiiiiiieeeeeeeeeeeeeeeeeeeeeee e 8
DANH MUC BANG BIEU .....coooviiiiieeeeeeeeeeeeeee e 11
DANH MUC CHU VIET TAT .o 12
THONG TIN KET QUA NGHIEN CUU.....couveevreeeeeeeeeeee e 13
INFORMATION ON RESEARCH RESULTS..........ovoveeeeeeeeeeeeeeeeeeeeeeeae 19
PHAN MO DAU ..ot 24
1. ‘T(Z)NG QUAN TINH HINH NGHIEN CUU THUOC LINH VUC CUA
DE TAI O TRONG VA NGOAINUOGC ..o 24
2. TINH CAP THIET CUA BE TAL ..o, 25
3. MUC TIEU BDE TAT ..o, 26
4. DOI TUQNG, PHAM VI NGHIEN CUU .......cooooviieeeieeeeeeeeeee. 27
4.1. D61 trong NERIEN CUU ... 27
4.2. Pham vi nghi€n CUU ......ooovviiiiiieiicceeeeecee e 27

5. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU........cccoevvunnn.. 27
5.1 CACH tEP CAM oo 27
5.2. Phuong phap nghi€n ClU ........ccceeeeiiiiiiiiieee e 28

6. NOI DUNG NGHIEN CUU CHINH. .......ccooooovviiiieeeeeeeeeeeeeee e, 29
CHUONG 1: NGHIEN CUU TONG QUAN VE KY THUAT PIEU KHIEN
NHOM CHO DAN ROBOT TU HANH.........coooivimeieeeeeeeeeeeeeeeeeeee e, 30
1.1 Nghién ctru tong quan vé mang robot va cac Gmg dung trén thyc té..... 30
1.2 Mo hinh hoa dan robot tr hanh..............cooevvviiiiiiiieee, 33
1.2.1 Cac mo hinh chung ctia dan robot ty hanh ..............cccoeeiiinn, 34
1.2.1.1 M6 dun trao d6i thOng tin.......c.ooveveeveeeeeeeeeeeeeeee e 34
1.2.1.2 Mo dun hanh vi CODbAN.......coovioiieeeeeeee e 36
1.2.1.3 MO dun hanh vi NANZ CAO ......uevviiieriieeie e 36

1.2.2 Céac phuong phap mo hinh héa dan robot tu hanh........................... 37



1.2.2.1 Mo hinh héa dua trén CAm BiM........ooeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeean 37
1.2.2.2 MO BNR VI I8t 38
1.2.2.3 MO RINN VI M0 et 38
1.2.2.4 Mo hinh hoa tir cac thuat toan tri tué bay dan.............ccoveeevenvn... 38

1.3 Mét sd nghién ctru ti€u biéu hién nay vé diéu khién cho dan robot tu
ANN ..ottt 39
1.4 Mot s6 thach thire trong diéu khién dan robot ty hanh......................... 41
CHUONG 2. NGHIEN CUU VA PANH GIA THUC TRANG VE KY
THUAT PIEU KHIEN NHOM CHO PAN ROBOT TU HANH.................. 43

2.1 Nghién ctru thu thap cac két qua nghién ctru hién tai vé mang robot.... 43

2.2 Nghién ctru va cap nhat cac phuong phap diéu khién nhém cho dan

TODOt t NANN ..o 45
2.2.1 Co s6 ctia ki thuat didu khién nhOm .........o.eveeeeieeeeeeeeeeeeee. 46
2.2.2 Nghién ctru cy thé cac ki thuét truyén thong khong day ap dung cho
TODOt VA MANGZ TODOL ...eeiiiiieeeeiieeiie e e e e 55
CHUONG 3. GIOI THIEU VE PIEU KHIEN THIET BI BAY KHONG
NGUOTLAT - UAV ..ot 59
3.1 Gi6i thiéu vé may bay khong ngudi 1ai (UAV) ..., 59

3.2 Van dé dicu khién dan UAVS .......co.ooveveveeeeeeeeeeeeeeeeeeeee e, 61

CHUONG 4. THUAT TOAN XU LY ANH GIAM SAT SU DUNG TRi
TUE NHAN TAO (AI) CHO PHUONG TIEN TU HANH KHONG NGUOI

LA oo e 70
A1 DA VAN A& ..o, 70
4.2 XU Iy dit 1i€u & phia camera.........ccceeevveieiiieeiie et 71
4.3 Xtr 1y dit liéu & phia Server (fram g0C) ........c.oveveeeeeeeeeeeeeeeeeeeeeeeen. 75

CHUONG 5. {(E’T NOI MANG UAVS VA UNG DUNG Al TRONG THU

THAP HINH ANH......oooviimiiiieeeeeeeceeeeeee oo 78
STDE VAN A8 oo 78
5.2. XAY AUNE D8 thONE ..o 81

5.2.1. CAC hE thONE UAVS ..ot 81

5.2.2. Phuong phap xtr 1y dit li€u st dung Al.......cccooovveiiiiiiiiiiee, 82



5.3. Trién khai nhom UAV tng dung Al trong thu thap hinh anh.............. 83
5.3.1. Didu khién nhom UAV .......c.oooovoimiiiieeeeeeeeeeeeeeeeee oo 83
5.3.2. Xay dung Khung hinh N8N..........c.coeveiueeeieeeeieeeeeeeeee e 85
5.3.3. Trich XUAt AOT LUONE ..o 86
5.3.4. Phan loai d6i 11000, 11 S 86
5.3.5. Khoi phuc dit TEU..........ovoeeeeeeeeeeeeeeeeeeeee e 87

CHUONG 6. NGHIEN CUU CAC THUAT TOAN PIEU KHIEN, CAC
THUAT TOAN TRUYEN THONG VA KET NOI MANG..........cccccoounn.... 89

6.1 Chién luoc diéu khién nhom trudng — thanh vien ...........ccceveeueeeunn.... 89

6.2 Chién lugc diéu khién dua trén hanh Vi.........ooveveveveveeeeeeeeeeeren, 90

6.3 Chién lugc dieu Khien CAU trUC 80 vvvveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 94

6.4 Thuat toan xur Iy dit [i€u NANE CAO ..c.vvveeeviieiieeee e, 95

CHUONG 7. MO PHONG THU NGHIEM HE THONG DPIEU KHIEN
NHOM CHO DAN ROBOT TU HANH. .......cocoioimieeeeeeeeeeeeeeeeeeeeeeeen. 96

7.1  Thiét ké diéu khién nhém cho dan robot ty hanh............ccccoeeveec.... 96
7.1.1 Xay dung bai toan thidt K& ..........co.ovueveeveeeeeeeeeeeeeeeeee e 96
7.1.2 Xay dung cau trac dieu Khin ........oo.oooveeeeveeeeeeeeeeeeeeeee e 98

7.2 MO PhONE 18 thONE ...t 104

CHUONG 8. THIET KE ROBOT DAN PUONG TUONG TAC THONG
MINH CHO CAC SAN BAY ... 110

8.1 DAL VAN A8 ... 110

8. 2. MO tA NG thONE ..o 112
8.2.1. BOMANOA ... 112
8.2.2. CAM biln SONE SIBU AM ... 113
8.23.Camera RGBo.....oooooiieeeeee 114
8.2.4. Cac cam bién xac dinh t0a d0 ........cooovevveveeeeeeeeeee e, 114
8.2.5. BO dicu Khi€n PID.........c.cooivieeeeeeeeeeeeeeeeee oo 115

8.3. Trién khai iRobt hd tro hanh khéch va tranh VAt Can..........ovveveveen... 116

TAI LIEU THAM KHAO ... eeerennen 120



DANH MUC HINH ANH
Hinh 1. 1: Robot di dong twr hanh ...................cccoooeivieeiiiiiiieeiie e, 30
Hinh 1. 2: Phan logi robot di dong tw hanh theo moi truong lam viéc.......... 31
Hinh 1. 3: PhAn [0Qi UAVS ............ooooiiiieeiiiiieeeeeeeeee e 31
Hinh 1. 4: Mang robot di dong tw hanh va mot s6 Ung dung ..........cccceuvene... 32
Hinh 1.5: M6 hinh chung cua dan robot tw hanh ..................c...cccoovevveenennn.. 34
Hinh 2. 1: Céu tric lién két trong chién hegc diéu khién triecong nhom - thanh
VEGTL ..ttt e ettt 47
Hinh 2. 2: D6 thi trong doi hinh mot nhom UGVS..........cccvevevieviieciieaen, 48
Hinh 2. 3: a) Pon do thi; b) Pa do thi; ¢) Gia do thi...........coooeoveeeeeeeeean.. 49
Hinh 2. 4: a) D6 thi c6 huéng va b) PO thi v6 RUGnG .........coeeveeeeeeeeeen.. 50
Hinh 3. 1: May bay khong nguoi ldai quadrotor UAV- FlameWheel 450
(FA50) ..o 59
Hinh 3. 2: So' do cdc thanh phan diéu khién trén UAV F450......................... 60
Hinh 3. 3: Cac phuwong an Tdp trung va Phan tan ....................ccccoeeevveennen.. 62
Hinh 3. 4: Diéu khién dua theo khodng cdch va khéng theo vi tri ... 63
Hinh 3. 7: Céc iing dung ciia Al trong cdc hé thong sir dung nhiéu UAV ..... 67
Hinh 3. 8: M{t s6 hinh dnh thu thédp tie UAVs trong g dung citu hé (AIDER)
......................................................................................................................... 68
Hinh 4. 1: So d@6 khéi mé ta cac buée hoat déng cua qud trinh xi 1y video ¢
phia gidm sat UAV trude khi gii dit liéu dén phia mdy chii ....................... 71
Hinh 4. 2: Luu do6 thudt toan kRGi (a0 REM...........oooeeeeeeeeeeeeeeeeeeeeeee e, 71
Hinh 4. 3: Béi canh ban dau ¢ mot vai khung hinh ddu tién tir bé dir liéu
ATON. ..ottt ettt 72

Hinh 4. 4: Cdp nhdt doi tuwong tinh dé wéc tinh nén trong dé a) khung thé t,
(b) nén dwoc cdp nhat voi THstill = 20 va (c) nén dwogc cdp nhat voi THstill =

40 t@i cac thoi Aiem KMAC AU ...............coc.ovverivnieiceeesee e 73
Hinh 4. 5: Trich xudt Rol (Region 0f INerests)..............ooweweeeeeeeeereeereerenen. 74
Hinh 4. 6: Trich xudt Rols trong findContour & cdc frame anh ngdu nhién.. 74
Hinh 4. 7: Panh gia do chinh xdc cua qua trinh hoc mdy.................cccoocu...... 75
Hinh 4. 8: Phan logi doi twong st dung D-CNN ...........ccccoovveveeeeiieaenen 75
Hinh 4. 9: Banh gia qua trinh hoc sw dung D-CNN ¢ phia Server................ 76
Hinh 5. 1 Minh hoa mang UAV phdn tan gidm sdt khu viee cam bién. UAV ¢6
thé bao phu mot khu vuce rong lon cho muc dich giam sdt. ........................... 80
Hinh 5. 2: 10 UAV duoc trién khai theo ddi hinh, tranh vt can trong moi
truong 1am viec kRAC RAQU. ................cccooceeieeiieeiiieeiieeie e 83

Hinh 5. 3: Nhom UAV vuot qua cac chuong ngai vat, tao doi hinh lam viéc.84



Hinh 5. 4: M6 hinh héa nén va khung thé trong vng.............o.oooeeveeeeveveeeen... 85
Hinh 5. 5: Két qud nén dwoc chup boi cac UAV khéc nhau dwoc ghép lai.... 85
Hinh 5. 6: Ubc hegng — phdn tich chuyén dong theo thir tw tir trdi qua phdi, tir
trén xuong dwdi a) Hinh nén, b) Khung hinh thiee, ¢) Khung hinh c¢é chuyén

dong d) Phdt hién CRUYEn dOng.............ooccooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees e 86
Hinh 5. 7:Pdnh gid phdn loai déi twong sit dung CNN: P chinh xdc giita
QO LAO VA TRUC 16 ..o, 87
Hinh 6. 1: Cdc chién lugce diéu khién nhom co Ban.............ooveeeveeeeeeeseeeee. 89
Hinh 6. 2: Chién lwgc diéu khién trieong nhom - thanh vién......................... 89
Hinh 6. 3: Chién luoc diéu khién diua trén hanh Vi ..........cocococeeeeeeeeeeeseseen. 91
Hinh 6. 4: So do khéi mé ta phwong phdp diéu khién duwa trén lupc dé chuyén
AOMG oottt ettt e et e et at e et eate e e e e neas 91
Hinh 6. 5: Chién luoc @iéu khién CQu tric GO ........ovoveveeeeeeeeeeeeeeseeseeeseserennns 94
Hinh 7. 1: Mang UAVs s dung trong nhiém vy giam Sdt..................cc..c....... 97
Hinh 7. 2: Vong diéu khién trong ciia hé thong diéu khién bay cho mét UAV99
Hinh 7. 3: So d6 ciia hé thong diéu khién bay cho mot UAV ....................... 99
Hinh 7. 4: Cau triic diéu khién cho @an UAVS ............coovveomevnnrrnecerirrnsnenn, 100
Hinh 7. 5: Céu triic 2D ciia mang tinh thé o (a) va quasi- o (b).................. 103
Hinh 7. 6: Chirong trinh mé phéng trén phan mém MATLAB ..................... 104
Hinh 7. 7: Nhém 10 UAVs di chuyén dén muc tiéu (a) va tranh chwéng ngai
(D) ettt 106

Hinh 7. 8: Doi hinh mang quasi - alpha cua 10 UAVs tai vi tri muc tiéu.... 106
Hinh 7. 9: Nhém 100 UAVs di chuyén dén muc tiéu (a) va tranh chuéng ngai
(b) (c) va doi hinh mang quasi - anpha tai vi tri muc tiéu (d) sau thoi gian t

T L B0S ettt et a e saee e 107
Hinh 7. 10: Nhém 100 UAVs di chuyén dén muc tiéu sau khi thay doi sé lwong
VAL COM ettt e e e 108
Hinh 7. 11: Nhom 100 UAVs di chuyén dén muc tiéu sau khi thay doi toa do
....................................................................................................................... 109
Hinh 8. 1 (a) Hinh dnh 3D ciia iRobt; (b) Hinh danh ldp rdp thir nghiém iRobt;
(c) Céc bg cam bién; (d) Cdc thong s6 cii@ iROBL..............cococoeveeeeeeees 110
Hinh 8. 2: So d6 khoi ciia hé thong iRODL. ..............o.ooveeeeeeeeeeeeseeeeeeesn. 112
Hinh 8. 3: Cdu triic ciia bo ma hO@ QUAY..............cooeeeeeeeeeeeeeeeeeeseeeeeeeeen. 113
Hinh 8. 4: Cam Bién SONG SI6U QM. ............o.oeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeee 113
Hinh 8. 5: Logitech BRIO 4K............cccooooeiieiiiiiieiiieieeiee e 114

Hinh 8. 6: (a) Cam bién dién tir va cdc diém tham chiéu tir; (b) Tinh todn vi
tri va dinh hrong ci@ iRODE ................c.oooeeieeiiiiiieeee e 115



10

Hinh 8. 7:So dé khoi ciia bg diéu khién PID trong vong hoi tiép................. 115
Hinh 8. 8: (a) Khdch hang giao tiép véi robot; (b) Robot hwéng dan khdch
hang tai QUAY FO 11O CRECK-TN. ..o 116
Hinh 8. 9: (a) Ban dé sin bay va dwong di ciia robot; (b) Puong di thuc té
ctia robot trong khi hd trg khAch RANG. ............ccoooeeeeeeeeeeeeeeeeeeeeeeeeeee 117
Hinh 8. 10:Vi tri cua cdc diém tir trieong trén san ciia san bay .................. 117

Hinh 8. 11:Qud trinh robot tranh chwéng ngai vt va biéu do cwe VFH+.. 118



11

DANH MUC BANG BIEU
Bdng 3. 1: Théng s6 kj thudt ciia quadrotor UAV- FlameWheel 450 (F450)......... 59



12

DANH MUC CHU VIET TAT

Ky hiéu chir i
STT Z Chir viét day du
viet tat

1 AMR Robot di dong tu hanh

2 FC Diéu khién nhom

3 MAS Hé thdng da tac tir

4 MRS Hé thong da robot

5 UAVs Thiét bi bay khong nguoi 1ai

6 UUVs Thiét bi dudi nuéc khong ngudi 14i

7 UGVs Thiét bi mat dat khong nguoi 1ai

8 VTOL Cét canh - ha canh thang ding
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THONG TIN KET QUA NGHIEN CUU
1. Thong tin chung

- Tén d¢ tai: Nghién ctru va dé xuat thuit toAn méi trong diéu khién,
k¥ thuat truyén thong va két ndi mang cho dan robot ty hanh

- M s6: B2021-TNA-01

- Chii nhiém dé tai: TS. P Trung Hai

- Co quan chu tri: Pai hoc Thai Nguyén

- Thoi gian thuc hién: 24 thang
2. Muc tiéu

Vé diéu khién: nghién ciu va dé xudt cac thuat toan toi wu cho
robot/UAV hay mang robot/UAV di chuyén trong nhiéu dia hinh khac nhau;

Vé truyén théng: nghién ciu va Gmg dung cac cong nghé vién thong
méi ap dung cho viéc truyén thong gitta cac robots, gitta robot va cac tram
gbc thu thap va xur 1y thong tin;

Vé két néi mang robot: nghién ctru va tmg dung céc thuat toan két nbi
mang phu hop, giup dan robot/UAV c6 thé két ndi véi nhau duoc tét nhat,
hoat dong trén cac dia hinh khac nhau ma van gilr dugc thong tin lién lac va
hd trg cho nhau trong viéc thuc hién nhiém vu.

Muc tiéu tong quat ciia dé tai nham dua ra Gmg dung dugc nhiing thuat
toan diéu khién va truyén thong t6i wu cho dan robot/UAV, hudng t&i nhidu
ung dung khac nhau nhu giam sat, thu thap dir liéu, ...

3. Tinh méi va sang tao

- V& van dé diéu khién, dé tai d3 nghién ctru cac thuat toan diéu hudng
cho robot trong cdc méi truong khic nhau, tranh vat can. Ngoai ra, mot sb
thuat toan cho thiét bj bay khong nguoi 14i (UAV) duogc trién khai. UAV ¢6
thé duoc coi 1a thiét bi robot hoat dong tw dong trén khong trung, thuc hién

cac ndi dung theo yéu cau.
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- V& truyén thong, mot s6 cong nghé truyén thong tng dung tri tué
nhan tao (AI) vao xtr 1y hinh anh, 1am giam bing thong truyén din ciing nhu
thoi gian xir Iy dir liéu, nang cao hiéu qua hoat dong cta hé thong robot noi

chung, va cho UAV noi riéng.

- Vé két n6i mang robot, mot sd thuét toan diéu khién nhom, két ndi
mang robot va UAV duoc trién khai. Cac thiét bi tu dong nay duoc két ndi,
hoat dong theo nhom dap tng duoc nhiéu tmg dung thuc té.

4. Két qua nghién ciru

- Dé tai trién khai nghién ctru cic van dé vé diéu khién robot di dong
noi chung va UAV noi riéng. Trong tdm nghién ctru tip trung khao sat cac
thuat toan vé diéu khién trén mot thiét bi va nhom thiét bi. Ngoai ra, cac
phuong phap thu thap dir li¢u, xt ly dir li€u cling dugc nghién ctru khao sat
day du cung nhiing Gmg dung phd bién. Mot sd két qua nghién ciru da duoc
cong b trén cac tap chi qudc té cd uy tin, cac hoi thao qudc té co uy tin.

- Pé tai da dé xuét cac phuong phap diéu khién mdi cho thiét bi robot
di dong va UAV, c6 cac méd hinh toan, co cac két qua mod phong va thuc
nghiém di kem lam minh ching.

- Pé tai da dé xuat cac phuong phap két ndéi mang, truyén théng va xir
Iy dir li€u ¢6 trng dung cong nghé tri tu¢ nhan tao (Al) cho viéc x1r 1y hinh anh
thu thap tir camera gan trén cac UAV trong hoat dong giam sat.

5. San phiam

5.1. San pham khoa hoc (cic bai bao cong bo)

Tap chi Quéc té c6 uy tin (ISI): 02 bai Q2; 01 bai 03

Tai chi Quéc té c6 chi sé ISSN: 01 bai

Hoi thao Quéc té c¢é uy tin (Web of Science/SCOPUS) : 02 bai
Cu thé nhw sau:

Tap chi Quoc té cé uy tin ( trong danh muc trich din ciia Web of
Science/SCOPUS)
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Nam | CSDL | Hang

TT Tén bii béo xuit | trich | (Rank)

ban dan

1 Nguyen, Minh T., Cuong V. Nguyen, Hai T. Do, | 2021 | ISI/SC | Q2
Hoang T. Hua, Thang A. Tran, An D. Nguyen, OPUS
Guido Ala, and Fabio Viola. "UAV-assisted data
collection in wireless sensor networks: A
comprehensive survey." Electronics 10, no. 21
(2021): 2603.

2 Tran, Hoang T., Dong LT Tran, Vinh Q. Nguyen, | 2022 | ISI/SC | Q2
Hai T. Do, and Minh T. Nguyen. "A novel OPUS
framework of modelling, control, and simulation
for autonomous quadrotor UAVs utilizing
Arduino mega." Wireless Communications and
Mobile Computing 2022 (2022).

3 Tran, Hoang T., Thanh C. Vo, Quan NA Nguyen, | 2022 | ISI/SC | Q3
Quang N. Pham, Duyen M. Ha, Thanh Q. Le, OPUS
Thang K. Nguyen, Dong LT Tran, Hai T. Do,
and Minh T. Nguyen. "A novel design of a smart
interactive guiding robot for busy
airports." International Journal on Smart Sensing
and Intelligent Systems 15, no. 1 (2022).

Héi thdo Quéc té c6 uy tin ( trong danh muc trich

din ciia Web of

Science/SCOPUS)
TT Tén bai bao Nam | CSDL Hang | Ghi chu
xuit | trich din | (Rank
bian | (Index) |)
1 Tran, Hoang T., Thanh C. Vo, Dong | 2022 | WoS/ Hoi  thao
Lt Tran, Quan Na Nguyen, Duyen SCOPUS Quéc té
M. Ha, Quang N. Pham, Thanh Q. tai Italy
Le, Thang K. Nguyen, Hai T. Do,
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and Minh T. Nguyen. "Extended
filter  (EKF)  based

localization algorithms for mobile

Kalman
utilizing  vision  and
In 2022 [EEE 2lst

Electrotechnical

robots
odometry."
Mediterranean
Conference (MELECON), pp. 91-
96. IEEE, 2022.

2 Tran, Dong LT, Hai T. Do, Hoang | 2022
T. Tran, Thang Hoang, and Minh T.
Nguyen. "A Design and Implement
of Fuzzy Controller for Taking-off
and Landing for Unmanned Aerial
Vehicles."

Engineering

In Advances in

Research and
Application: Proceedings of the
International Conference on

Engineering Research and

Applications, ICERA 2022, pp. 13-
22. Cham: Springer International
Publishing, 2022.

SCOPUS | Q4

Hoi  thao
Qubc té
tai  Viét

Nam

Tap chi Quéc té cé chi s6 ISSN (online)

TT Tén bai bao

Nam
xuat

ban

CSDL

trich dan

Ghi chu

| Do, Hai T., Hoa Nguyen, Cuong Nguyen,
Mui

"Formation control of multiple unmanned

Nguyen, and Minh Nguyen.

vehicles based on graph theory: A
Comprehensive Review." EAI Endorsed
Transactions on Mobile Communications
and Applications 7, no. 3 (2022).

2022

Google
Scholar
and

others
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5.2. San pham dao tao: ThS 01, NCS 02

1. Pao tao thanh cong thac sy Nguyén Quang Minh, nganh Ky thuét
Piéu khién va Tu dong hoa tai Truong DPai hoc Ky thuat Cong nghi¢p - BH
Thai Nguyén, di bao vé thanh cong luan vin theo hudng nghién ctu cua dé
tai “Nghién cieu thudt toan diéu khién cho dan robot tw hanh”. Bd nhan bc%ng
t6t nghiép theo Quyét dinh tot nghiép sé 1798/0D-DHKTCN ngay 23 thang 6
nam 2022.

2. Hd tro NCS Nguyén Thi Tuyét Hoa, cong tac tai Trudong Pai hoc K¥
thuat Cong nghi¢p - PH Thai Nguyén, lam NCS tai khoa Di¢n, Truong Dai
hoc Ky thuat Cong nghi¢p - PH Thai Nguyén; da bdo v¢ thanh cong 02
chuyén d¢;

3. H6 tro NCS Nguyén Vin Cuodng, cong tac tai Pai hoc Cong nghé
Théng tin va Truyén théng - PH Thai Nguyén, 1am NCS tai khoa Dién,
Truong Pai hoc Ky thuat Cong nghi¢p - PH Thai Nguyén; da bao vé thanh
cong 02 chuyén d¢;

San pham siach phuc vu dao tao, tham khéo: 01 sach chuyén khao (tham

khao cho nghién ctru sinh, hoc vién cao hoc va ngudi hoc quan tam):
Tén sach: Kj thudt diéu khién nhém cho dan robot tw hanh

Nha xudt ban Khoa hoc va Ky thuat;

Ma 56 sdch tiéu chudn quéc té - ISBN: 978-604-67-2595-4

Quyét dinh xudt ban So: 59/0DXB-NXBKHKT, ngay 11/05/2023

6. Phurong thirc chuyén giao, dia chi wng dung, tic dong va loi ich dem lai
ciia két qua nghién ciru

Céc thuat toan diéu khién, truyén thong két ndi mang va xir Iy dir liéu
tmg dung céng nghé Al di duoc xuat ban tai cac nha xuét ban co uy tin, duoc
chi muc trong céc co sd dit lidu uy tin nhu WoS, SCOPUS. Céc san pham nay
s€ la nhitng tai li€u tham khdo cho cac nha nghién ctru tré, cac hoc vién sau

dai hoc va sinh vién cua cac truong dai hoc.
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Ngoai ra, nhitng két qua tot mic du chua duogc trién khai trén thuc té,
nhitng s& 13 nhitng co s t6t cho viéc trién khai hiéu qua trong tuong lai gan.
Nhimng két qua gitp cho viéc diéu khién hé thong hiéu qua hon, tiét kiém
bing thong truyén dan, giup cho cac hé thong giam sat sir dung robot di dong,
UAYV hoat dong hi¢u qua hon.
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INFORMATION ON RESEARCH RESULTS

1. General information

e Project title: Research and propose new algorithms in control,
communication techniques and networking for autonomous robots

e Code number: B2021-TNA-01

e Coordinator: Dr. Do Trung Hai

e Implementing institution: Thai Nguyen University

e Duration: 24 months
2. Objectives

About control fields: research and propose optimal algorithms for robot

networks moving in different terrains;;

About communication area: research and application of new
telecommunications technologies applied to communication between robots,

between robots and base stations that collect and process information;

About robot networking: research and come up with suitable network
algorithms, network protocols that help the robot herd to connect with each
other in the best way, operate on different terrains and still retain relevant

information. communicate and support each other in performing tasks.

The overall goal of the project is to create optimal communication and
control algorithms for the robot herd, towards many different applications

such as monitoring, data collection, ....

3. Creativeties and innovativeness

- Regarding control, the topic has studied navigation algorithms for
robots in different environments, avoiding obstacles. In addition, several
algorithms for unmanned aerial vehicles (UAVs) are implemented. UAVs can
be considered as robotic devices that operate automatically in the air,

performing on-demand content.

- Regarding communication, a number of communication technologies

apply artificial intelligence (Al) to image processing, reducing transmission
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bandwidth as well as data processing time, improving operational efficiency

of robotic systems. in general, and for UAVs in particular.

- Regarding robot networking, a number of group control algorithms,
robot and UAV networking are deployed. These automated devices are

connected, working in groups to meet many practical applications.
4. Research results

- The project deploys and studies the issues of mobile robot control in
general and UAV in particular. The focus of research focuses on investigating
control algorithms on a device and group of devices. In addition, the methods
of data collection and data processing are also fully investigated and
popularized. Some research results have been published in prestigious

international journals, prestigious international conferences.

- The topic has proposed new control methods for mobile robotic
devices and UAVs, with mathematical models, simulation results and

accompanying experiments as proofs..

- The topic has proposed methods of networking, communication and
data processing with application of artificial intelligence (Al) technology for
processing images collected from cameras mounted on UAVs in surveillance

activities.

5. Product

5.1. Scientific products (Journal papers)

International Journals: 02 papers ranking Q2; 01 papers ranking Q3
Ordinary journals having ISSN: 01 papers

International Conference: 04 papers

Details about the publications

Good international journals ( Indexing in Web of Science/SCOPUS)

No Names of publications Year | Index | Rank

1 Nguyen, Minh T., Cuong V. Nguyen, Hai T. | 2021 ISI/SC Q2
Do, Hoang T. Hua, Thang A. Tran, An D. OPUS
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Nguyen, Guido Ala, and Fabio Viola. "UAV-
assisted data collection in wireless sensor

networks: A comprehensive
survey." Electronics 10, no. 21 (2021): 2603.

Tran, Hoang T., Dong LT Tran, Vinh Q.
Nguyen, Hai T. Do, and Minh T. Nguyen. "A
novel framework of modelling, control, and
simulation for autonomous quadrotor UAVs
utilizing Arduino mega." Wireless
Communications and Mobile Computing 2022
(2022).

2022 ISI/SC
OPUS

Q2

Tran, Hoang T., Thanh C. Vo, Quan NA
Nguyen, Quang N. Pham, Duyen M. Ha, Thanh
Q. Le, Thang K. Nguyen, Dong LT Tran, Hai
T. Do, and Minh T. Nguyen. "A novel design
of a smart interactive guiding robot for busy
airports." International Journal on Smart
Sensing and Intelligent Systems 15, no. 1
(2022).

2022 ISI/SC
OPUS

Q3

Good international conference ( Indexing in Web of Science/SCOPUS)

No

Names of publications Year

Index Rank

Note

1

Tran, Hoang T., Thanh C. Vo, Dong Lt | 2022

Tran, Quan Na Nguyen, Duyen M. Ha,
Quang N. Pham, Thanh Q. Le, Thang K.
Nguyen, Hai T. Do, and Minh T. Nguyen.
"Extended Kalman filter (EKF) based
localization algorithms for mobile robots
utilizing vision and odometry." In 2022
IEEE 21st Mediterranean
Electrotechnical Conference
(MELECON), pp. 91-96. IEEE, 2022.

IS1/
SCOPUS

in

Italy

Tran, Dong LT, Hai T. Do, Hoang T. | 2022

SCOPUS | Q4

in
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Tran, Thang Hoang, and Minh T. Nguyen. Viet
"A Design and Implement of Fuzzy Nam
Controller for Taking-off and Landing for
Unmanned Aerial Vehicles." In Advances
in Engineering Research and Application:
Proceedings  of the  International
Conference on Engineering Research and
Applications, ICERA 2022, pp. 13-22.
Cham: Springer International Publishing,
2022.

Ordinary international journals having ISSN (online)

No Names of publications Year | Indexing Note

1 Do, Hai T., Hoa Nguyen, Cuong Nguyen, | 2022 | Google
Mui  Nguyen, and Minh Nguyen. Scholar
"Formation control of multiple unmanned and others
vehicles based on graph theory: A
Comprehensive Review." EAI Endorsed

Transactions on Mobile Communications
and Applications 7, no. 3 (2022).

5.2. Education

1. Successfully trained Master Nguyen Quang Minh, majoring in
Automation and Control Engineering at the University of Industrial
Technology - Thai Nguyen University, successfully defended his thesis in the
direction of the topic "Research on control math for self-propelled robots”.
Received diploma according to Graduation Decision No. 1798/QD-DHKTCN
dated June 23, 2022.

2. Supporting PhD student Nguyen Thi Tuyet Hoa, working at the
University of Industrial Technology - Thai Nguyen University, working as a

PhD student at the Faculty of Electrical Engineering, Thai Nguyen University
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of Technology (TNUT)- Thai Nguyen University; successfully defended 02
topics;

3. Supporting PhD student Nguyen Van Cuong, working at the
University of Information and Communication Technology - Thai Nguyen
University, working as a PhD student at the Faculty of Electrical Engineering,
Thai Nguyen University of Technology (TNUT) - Thai Nguyen University;
successfully defended 02 topics;

Book for traing and reference: 01 Monographs (Technical book as

reference for graduate students and other readers):
Book title: Formation control for autonomous robots
Science and Technics Publishing House,
ISBN: 978-604-67-2595-4
Publishing Decition No: 59/OPXB-NXBKHKT, dated 11/05/2023

6. Transfer alternatives, application institution, impacts and benefits of

research results

The control algorithms, networked communication and data processing
applying Al technology have been published at reputable publishers, indexed
in reputable databases such as WoS, SCOPUS. These products will be good

references for young researchers, graduate students and university students.

In addition, the good results, although not yet implemented in practice,
will be good bases for effective implementation in the near future. The results
help control the system more effectively, save transmission bandwidth, and
support monitoring systems using mobile robots and UAVs work more

efficiently.
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PHAN MO PAU

1. TONG QUAN TiNH HINH NGHIEN CUU THUQC LINH VUC CUA
PE TAI O TRONG VA NGOAI NUOC

O Viét Nam, nghién ctru vé mang robot/UAV ciing dd duoc dé cap tuy
nhién chi yéu van dang tap trung & mirc d6 nghién ciru co ban nhat 1a trong céac
nghién ctru dan su. Cac két qua nghién ctru trong nudc vé linh vuc ndy con
chua nhiéu va van ton tai han ché. Sy han ché nay phu thudc nhiéu vao thiét
bi, vao thuat toan diéu khién, k¥ thuat truyén thong va két néi mang cho dan
Robot. Vi vay dé tai “Nghién ctru va dé xuét thuat toan méi trong diéu khién, k¥
thuat truyén thong va két néi mang cho dan robot tu hanh” nham dua ra dugc
nhitng két qua t6i wu nham lam hoan thién hon vé mat khoa hoc va y nghia

thuc tién cho hudng nghién ctru dé xuat 1a cap thiét.

Hién nay trén thé gigi dd c6 nhiéu nghién ctu chuyén sau vé linh vuc
robot tw hanh, dugc trién khai trén nhiéu linh vuc khac nhau. Céc robot hoat
dong don 1¢ hodc két ndi thanh mang dugc diéu khién tap trung hodc phan
tan, ¢4 mang lai nhiéu Gng dung hitu ich khong chi trong quan su, cong

nghi¢p ma ca trong nhiéu mat cua doi song xa hoi.

Cac hé thong mang robot dang duoc trién khai cho nhiéu muc tiéu tng
dung khac nhau, ¢6 kich thudc khac nhau, pht hop v6i nhiéu méi truong lam
viéc. Cac thuat toan diéu khién va truyén thong cho mang robot duoc phat
trién da dang, ap dung duogc nhiéu cong nghé mdi, tao sy linh hoat cho viéc
két ndi. Ngoai ra, cac cong nghé xtr Iy dir liéu cho mang robot ciing phat trién
manh me¢, gidm dugc dir li¢u du thtra, ddm bao dugc chét lugng truyén thong
cling nhu tiét kiém ning luong tiéu thu cho mang. Cac cong nghé tién tién
tich hop cho cac mang robot ciing duoc nghién ctru va trién khai trén nhiéu
mo hinh hé thdng, Pién hinh nhu cong nghé tri tué nhan tao (AI), cong nghé
thu luong tir moi truong ngoai dé cip cho mang robot, ... dang duogc tap trung
nghién cuu.

Tuy nhién, voi mdi quan tdm ciing nhu nhu ciu ngdy cang 16n hién nay
ddc biét trong cudc cach mang cong nghiép 1an thir 4, viéc nghién ciru phat
trién robot n6i chung va mang robot néi riéng van dang 1a van dé thoi su duge

cac nha khoa hoc trong nudc va trén thé gidi quan tdm nghién ctru. Ba co
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nhiéu cong trinh nghién ctru robot di dong, may bay khong nguoi 14i... duoc
dé xuat. Tuy nhién, vin dé vé hiéu qua ning luong tiéu thu, truyén thong, cac
thuat toan diéu khién va két ndi mang robot vin chua duoc giai quyét mot
cach t6i uu.

Gan day, may bay khong nguoi lai (UAV) da thu hat rat nhiéu sy chu y ké
tir khi chung c6 thi truong tiém ning méi. UAV c6 vo sb ung dung thuong
mai do kich thudc tuong dbi nho va kha ning bay ma khong can phi cong trén
may bay, chang han nhu trong néng nghiép, nhiép anh, giam st va nhiéu hoat
dong ctru ho. Viéc trién khai UAV trén toan thé gidi sé ting 1én khi cong nghé
va cac quy dinh dd du trudng thanh. Do kha ning st dung toan cau cia no,
UAV s& déng mot vai tro quan trong trong tdm nhin Internet-of-Everything

(IoE), va diéu nay s& dong vai trd quan trong trong tim nhin nay.

UAV thudng duoc trang bi cam bién, may anh va thiét bi truyén dong nén
chung c6 thé cung cap cac dich vu IoE méi. Nhimg uu diém doc déo cua
UAYV danh cho IoE bao gdm: kha ning trién khai & cac dia diém tir xa, kha
nang mang tai trong linh hoat, kha nang lap trinh lai trong cac nhiém vu va
kha ning cam nhan / do luong moi thir, & bat ky dau. Nhing thach thirc trong
nghién ctru dé dua cac kha nang nhu vay ctia UAV vao thyc té 13 rt nhiéu va
dang ké. Cac hé théng UAV dang duoc mong doi s& hd tro tin hiéu diéu khién
do tré thap, diéu hudng va giam sat thoi gian thuc c¢6 d6 chinh xac cao, cu
trac lién két mang thay doi nhanh chong va truyén phat phuong tién toc do

cao, va quan trong nhat 13 thu thap va xu 1y dit liéu mot cach hiéu qua.

Pé dat duoc tinh hiéu qua hon cho mang UAV, ca trong va ngoai nudc da
c¢6 nhiéu nghién ctru. Nhiing nghién ctru tap trung khong chi vao diéu khién
cac hé thong UAV ma con tap trung vao truyén thong va xu 1y dit liéu. Viée
t61 uu phuong phap thu thap dir liéu cam bién va nang cap cac mang UAV noi
chung 1a can thiét dé dap Gmg rat nhiéu cac nhu cau dich vu khéng diy khac

nhau hién nay.
2. TINH CAP THIET CUA DE TAI

Hién nay céc két qua nghién ctru vé mang robot/UAV da mo ra kha nang Gng

dung trong nhiéu linh vuc nhu: quan sy, y té, thuong mai, cong nghiép,... voi
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rat nhiéu céc chuc nang khac nhau, nhu theo doi, thu thap dir li¢u, canh bao

giam sat va thyuc hién nhiéu nhiém vu khac véi kha nang linh hoat, chinh xéc.

Cac robot/UAV hoat dong dudi nhiéu hinh thirc khac nhau, nhiéu noi dung
gin voi kich thude cling ving hoat dong khac nhau dan dé yéu cau can dugc
dap tng vé k¥ thuat danh cho céc loai robot ciing rat da dang va kho tiép can.
Véi ting muyc ti€u cu thé lai c6 nhiing yéu cau sat thuc can duoc dap tng.
Nhu vy can c6 nhimg k¥ thuat, cong nghé phu hop dap tmg duogc cac yéu
cAu ngay cang ting tir nguoi sit dung hay cac vung dich vu can c6 su hd trg
thiét yéu ctia robot/UAV.

Hién nay, da co nhiéu thuat toan duoc dé xuét dé diéu khién, truyén thong va
xu 1y dit li€u thu thap duogc tir dan robot/UAV. Tuy nhién, con rat nhiéu van
dé can duoc giai quyét, nhét 1a cac giai phap thich ung cho timg dich vu va
dbi twong cy thé. Tiép @6 1a nhitng giai phap tdi uu danh cho ca robot/UAV
va mang robot/UAV. Hi¢n nay, da co rat nhiéu cong nghé tién tién hd tro cho
viéc truyén thong hay diéu khién noi chung va ap dung cho robot va mang
robot néi riéng. Cac giai phap nay s& mang lai nhiéu cai tién dang ké. Tuy
nhién, vi¢c ap dung s€ can thém nhiéu chi phi, ca vé trong luong, nang luong
ti€u thu, may tinh dé tinh toan, ... Viéc can dbi sir dung phuong &n nao la rat
can thiét, dap ung dugc nhu cau thyc té, lai dam bao chi phi phu hop. Do vay,
dé tai “Nghién ctru va dé xuat thuat toan méi trong diéu khién, k¥ thuat truyén
thong va két ndi mang cho dan robot tw hanh” sé& tip trung giai quyét mot sd
véan dé cap thiét da trinh bay ¢ trén.

Chinh vi vay, dé tai s& tp trung nghién ctru danh gia cac phuong phap tiép
can méi trong diéu khién, k¥ thuat truyén thong va két ndi mang cho dan
robot/UAV tu hanh nhiam dap tng cac yéu cau cip thiét da trinh bay & trén.
3.MUC TIEU PE TAI

Vé diéu khién: nghién clfru va dé xuit cac thuat toan tdi uwu cho mang
robot/UAV di chuyén trong nhiéu dia hinh khac nhau;

Vé truyén théng: nghién ciru va tng dung cac céng nghé vién thong méi ap
dung cho viéc truyén thong giita cac robot/UAV dé thu thap va xt 1y thong

tin;
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Vé két noi mang robot: nghién ctru va dua ra cac thuat toan mang phu hop,

cac giao thirc mang gitp dan robot/UAV co thé két ndi v6i nhau duoc tot

nhat, hoat dong trén cac dia hinh khic nhau ma van gitt dugc thong tin lién

lac va ho tro cho nhau trong viéc thuc hién nhiém vu.

4. POI TUQONG, PHAM VI NGHIEN CUU

4.1. Péi twong nghién ciru

Doi tugng nghién ctru cua dé tai tap trung vao mdt s6 van dé sau:

Céc thuat toan diéu khién robot/UAV va mang robot/UAV tu hanh;

Cac k¥ thuat/cong nghé truyén thong, xur Iy dir liéu dap tng duoc qua
trinh truyén nhan di liéu trong mang robot/UAV;

Cac thuat toan dinh tuyén, phuong phap thu thap dir liéu cam bién tiét
kiém ndng lugng cho robot/UAV;

Céac cong nghé tién tién tich hop vao trong mang robot/UAV hd tro cho

viéc diéu khién, vi du nhu Al ...

4.2. Pham vi nghién ciru

Vé mat ly thuyét: Cac ki thuét diéu khién cho robot/UAV don 1é va c6 thé
két ndi theo dan;

Vé thuc nghiém: Thiét ké va xay dung cac mo hinh hé thong diéu khién
va truyén thong cho robot/UAV va mang robot/UAV. Céc robot/UAV c6
thé chay thir trén mot s6 moi trudng 1am viée khac nhau;

Céc loai mang UAVs khac nhau, hoat dong trén nhiéu mdi truong khac
nhau s€ ¢6 nhitng dac thu, dac tinh diéu khién khac nhau.

Cac cong nghé truyén thong va xur 1y dit liéu hd trg cho diéu khién, ...
duoc nghién ctru dé hd trg mot cach tot nhat cho mang robot/UAV hoat

dong hiéu qua, dap tmg dugc yéu ciu cua thi trudng.

5. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU

5.1. Cdch tiép cin

Tir nhitng nghién ciru tong quat, chi tiét vé cac phuong phap dinh tuyén,
k¥ thuat, cong nghé diéu khién nhém va truyén théng cho mang UAVs di
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duogc cong bo, dé tai s€ tiép can dugc cac cong nghé, cac giai phap nén
tang va nang cao. Tur do dé tai s€ trién khai cac thuat toan va cac phuong
phap moi nham dap ung duogc cac yéu cau de ra.

Trén cac co s& 1y thuyét va thyc tién, cac thanh vién cua dé tai s€ tiép tuc
phat trién, c6 thé dé xuat cac thuat toan, phuong phap diéu khién/ dinh

tuyén/truyén thong méi.

5.2. Phwong phap nghién ciru

Nghién citu tdt ca cdc ndi dung co ban lién quan: nhimg cong trinh da
cong bd duoc nghién ctru, xem xét tinh 6n dinh, tinh méi dugc ghi nhan
thanh nhimg ndi dung lién quan, nén moéng, dé tir 46 c6 thé xay dung ¥
tuong méi, du kién c6 két qua tot hon, mang lai nhiéu vu diém hon ¢ mot
gbc d6 nao do trong nghién curu. Co s¢ dir li¢u online ¢o6 uy tin nhu: IEEE,

Elsevier, Springer, ...

Xdy dung huong nghién cuu moi, thudt toan moi: khi nhitng hudng
nghién cru méi dugc hinh thanh, tic gia co thé phac thao nhimg thuét
toan méi mang tinh kha dung cao c6 thé ap dung dé thay d6i, mang lai két
qua tot hon so v6i nhimg két qua di c6 duoc ghi nhan tai cic ngudn co so
dir 1i€u uy tin da néu.

Xay dung céng thire todn: day 1a bude phirc tap doi hoi mot sd lugng kién
thirc toan hoc co ban va niang cao. Cong thirc toan dugc xdy dung phai
dam bao tinh chinh xac cua toan hoc, déng thoi ciing phai dam bao tich

logic dé c6 thé dua vao chuong trinh may tinh chay duoc.

Xay dung chwong trinh mé phong: dya trén cac y tuong, tir thuat toan dén
phuong trinh toan hoc, ma cac chuong trinh mé phong duoc xay dung dé
dap Gng hai muc tiéu: (i) thu dugc két qua dung nhu thuat toan di mé ta
(két qua c6 thé t6t hon hodc kém hon so véi cac két qua da cong bd); (ii)
so sach két qua mo phong véi két qua thuc hién béi cac phuong trinh toan
hoc dé tham dinh lai tinh chinh xac ctia cac phuong trinh toan hoc da

duoc xay dung.

Xay dung va chay thit mé hinh thuc nghiém: dy 1a bude rat quan trong

sau budc mo phong, dé khang dinh duoc mot lan nira kha nang ap dung
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nhanh vao thuc té ctia cac thuit toan ciing nhu cac két qua mo phong.
Budc nay doi hoi phai du tu co so vat chit va cac diéu kién thuc té lién
quan.

- Céng bé két qua nghién ciru: bude nay 13 budce tong hop tat ca cac két qua
nghién ctru trong mot chu dé, mot huéng chuyén sau dé viét bao khoa hoc
dam bao tinh logic ctia van dé, dam bao vé ngdn ngir str dung, dam bao vé
tinh ngan gon, xuc tich, va dic biét 1a dam bao dé khong vi pham dao dirc
trong nghién ctru khoa hoc.

6. NOI DUNG NGHIEN CU'U CHINH

Vé diéu khién:

- Nghién ctru téng quan vé mang robot/UAV va céac img dung trén thuc té;

- Nghién ctru nhitng k¥ thuat diéu khién robot/UAV trén thyc té;

- Nghién ctru va xay dung cac mo hinh diéu khién robot/UAV;

- Chay md phong va trich chon cac két qua, thu thap dir liéu phu hop;

- Nghién ctru tich hop cac cong nghé, ki thuat tién tién ap dung cho viéc diéu
khién dan robot/UAV; Trién khai c4c thuat todn m&i vao robot/UAV thyc té
dé chay thu

- Chay thir robot/UAV va thu thap két qua thuc té.

Vé truyén thong xir Iy dir liéu va két néi mang robot/UAV:

-Nghién ctru tong quan cac cong nghé truyén théng cé thé ap dung cho
robot/UAV va mang robot/UAV;

-Nghién ctru cu thé cac ky thuat truyén théng va xt 1y dit liéu ap dung cho
robot/UAV va mang robot/UAV;

-Kiém tra, hiéu chinh cac chuong trinh chay mé phong trong mang
robot/UAV;

- Thu thap, lua chon cac két qua mo phong cho viée cong bd

- Viét cac bai bao khoa hoc cong bd trén cac tap chi quéc té

- Béo céo céac bai bao tiéng Anh tai hoi thao (seminar) ctua don vi

- Tong két, danh gia: viét bao cao tom tat, bao céo tong két.
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CHUONG 1: NGHIEN CUU TONG QUAN VE KY THUAT
PIEU KHIEN NHOM CHO PAN ROBOT TU HANH

1.1 Nghién ciru tdng quan vé mang robot va cac ing dung trén thue té

Robot di dong tu hanh (Autonomous Mobile Robot - AMR) hay con
dugc goi 14 robot ty hanh 13 mot thiét bi ty dong co thé hiéu va di chuyén
trong mdi truong ciia nd ma khong bi giam sat truc tiép boi nguoi diéu khién
hodc trén mot con duong ¢d dinh duge xac dinh trude. Robot di dong tu
hanh dugc trang bi mot loat cac cam bién tinh vi cho phép chung hiéu va
dién giai moi truong cia chung, giup ching thuc hién nhiém vy cia minh
theo cach va duong di hiéu qua nhit c6 thé, dong thoi chung ciing ¢ thé
diéu hudng xung quanh cac vat can ¢ dinh (vi du nhu toa nha, gia do, tram
lam viéc, v.v.) va vat can dong (chéng han nhu ngudi, xe nang, cac robot tu
hanh kh4c,...). Robot ty hanh c6 kha nang linh hoat tim ra con duong hi¢u
qua nhét dé dat duoc tirng nhiém vu va duoc thiét ké dé 1am viéc cong tac

véi cac trung tam diéu hanh.

Hinh 1. 1: Robot di dong tw hanh

e Phdn logi robot tw hanh

C6 nhiéu cach phén loai robot ty hanh nhu theo moéi truong hoat dong,
theo g dung va nhi¢ém vy ma robot can thuc hién. Tuy nhién cach phan loai
phé bién nhit 1a theo mdi trudng hoat dong cuia robot (hinh 1.2): c6 ba méi
truong chinh cho robot di dong ty hanh hoat dong: dudi nudc (Unmanned

Underwater Vehicles - UUVs), trén can (Unmanned Ground Vehicles -
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UGVs), va trén khong (Unmanned Aerial Vehicles — UAVs), tir d6 doi hoi
cac nguyén tic thiét ké khiac nhau dang ké vi ching khac nhau vé co ché
chuyén dong. Ngoai ra ciing c6 nhiing loai robot ty hanh lai vi du nhu robot
c6 kha ning di chuyén ca dudi nude va trén mat dat.

"3 5

a. UAVs b. UGVs c. UUVs

Hinh 1. 2: Phan loai robot di dong tw hanh theo moi truong lam viéc

Robot ty hanh trong ba mdi trudng ndy ciing c6 thé dugc chia thanh cac
phan 16p nhé hon: robot trén mat dit UGVs c¢6 thé co chan, banh xe hodc
duong ray, robot trén khong UAVs c6 thé 1a khinh khi cau nhe hon khong khi
hoic mdy bay ning hon khong khi, hodc chia theo loai canh bao gdm loai

canh c¢o6 dinh va canh quay.

N , ™
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a. UAV cénh ¢ b. UAV céanh quay c. UAV lai
dinh

Hinh 1. 3: Phan loai UAVs

Trong ba loai robot ty hanh ké trén thi UAVs dang duoc nghién ciru va
ung dung nhiéu hon ca do tinh chét co dong, linh hoat va pham vi hoat dong
rong lon cua chung. UAVs dugc dinh nghia 1a mot phuong tién di chuyén
trong khong trung, khong c6 nguoi 1ai truc tiép trong budng 14i, str dung luc
khi dong hoc dé cung cap lyc ddy va lyc nang. C6 nhiéu cach dé phan loai
UAVs nhu theo khdi luong, kich thude, tmg dung, nhung pho bién nhét 1a
phan loai theo ciu tao canh bao gdm UAV céanh ¢ dinh, UAV canh quay hay
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loai UAV lai ¢6 thé két hop canh ctng va canh quay (hinh 1.3 ) Trong d6 loai
UAV canh quay c6 kha ning van hanh linh hoat do c6 thé ct canh - ha canh
thang dung (VTOL) va bay lo lung, kich thudc nhoé gon dé dang thiét ké va
ché tao hon hai loai con lai nén UAV canh quay dang dugc nghién ctru va st

dung rong rai hon trong thuc tién [1,2].

o Ung dung trong thuc té ciia mang robot tw hanh

L v%% kol

Ch

Hinh 1. 4: Mang robot di dong tw hanh va mot ) ung dung

Trong cudc sdng hién dai ngay nay, vai tro cta robot ty hanh khong chi
la ddm nhan nhiing cong viéc nang nhoc ma con thuc hién cac cong viéc co
tinh nguy hiém va doc hai hodc cac cong vi¢e co6 tinh 1ap di lap lai va can do
chinh xac cao. Robot di dong ty hanh co thé s dung trong nhiéu linh vuc
nhu: quén sy, y té, throng mai, cong nghiép, néng nghiép... voi rat nhiéu cac
chtrc nang khac nhau nhu theo doi, thu thap dir li€u, canh bdo giam sat, phan
loai va van chuyén hang hoa, cham séc y té, ciru ho ctru nan, giam sat va
cham séc ciy trong, phun thudc trir sau ...v6i kha nang linh hoat, chinh xac
cao. C6 thé ké dén mot vi du cu thé nhu robot di dong tu hanh dugc sir dung
trong mdi trudng nha kho va trung tim phan phdi hang héa, nhiing céng nghé
phtc tap duoc tich hop véi hé thdng diéu khién cho phép céac robot tir hanh
tang tinh linh hoat dé tao cac tuyén dudng riéng giita cac vi tri trong nha kho
hodc co so. Két qua cudi cung 1a mot robot c6 kha ning 1am viéc voi con

nguoi tét hon nhiu trong méi trudng dong duoc cung cdp bai hau hét cac
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hoat dong thyc hién don hang. C6 thé néi robot ty hanh gitp cho cac quy
trinh 1am viéc tré nén hiéu qua véi ning suit cao hon. Piéu nay thuong dat
duoc bang cach thuc hién cac cong viéc khong mang lai gia tri gia ting -
chang han nhu van chuyén, phan loai san pham — tir d6 giai phong nguoi lao
dong thuc hién cac cong viéc khac lam ting gia tri cho san pham hay hoat
dong nhu chon, kiém tra hoic dong goi mot don dit hang. Hay trong tng
dung khac nhu cong tac kiém tra va phat hién cac vét niit trén cau, trén cac
dap thuy dién can cac robot ty hanh c6 cac banh xe tir tinh dé c6 thé di lai trén
céc bé mat thép ma khong bi roi.

Céc thiét bi UGVs c¢6 thé trién khai do, kiém tra, phat hién vét nut trén
nhing ciy cdu rong 16n, hoat dong trén nhimg bé mit, nhitng dia hinh nguy
hiém, doc hai ma con ngudi khéng thé truc tiép kiém tra [3,4], cac phuong
tién khong nguoi lai trén hé thong dudng cao tée tu dong [5]. Nhom UAVs
két hop véi nhau dé c6 thé thuc hién cac nhiém vu nhu bay do tham, giam sat
va thu thip thong tin va truyén toan bo ban dd khu vuc vé trung tam xir 1y
hinh anh [6, 7] v6i nhiéu tng dung cu thé nhu phat hién va canh bao chay
rung [8,9], tim kiém ctru ho ctu nan [10,11], tuan tra va giam sat an ninh
[12,13]. Nhom cac UUVs thyc hi¢n cadc nhiém vu trong nghién ctru hai duong
hoc nhu tham do dia chét, khao ¢b va khai khoang dudi day bién [14,15].

1.2 Mo hinh héa dan robot tu hanh

Trong md hinh dan robot tu hanh, cac robot c6 mot s6 chuc nang co ban
nhu cam bién, giao tiép, chuyén dong, v.v. Thong thuong mé hinh dan robot
tu hanh dugc chia thanh ba mé dun va dua trén cac chirc nang ma mé dun su
dung dé thuc hién cac hanh vi nhat dinh nhu trao d6i thong tin, hanh vi co ban
va hanh vi nang cao. Ngoai ra, viéc trao doi thong tin giita ba module ciing
déng vai tro quan trong nhét trong mé hinh robot ty hanh. Céc robot trong dan
trao d6i thong tin voi nhau va truyén thong tin dén toan doi thong qua cac
hanh vi ty hanh din dén su hop tac chit ché trong dan [3].

Mo hinh chung ctia dan robot duoc thé hién trong hinh 1.7, trong d6 cac

robot trong dan c6 thé giao tiép véi nhau. Do vay, trong mot sd truong hop,

dinh vi toan cau hodc céc trung tam dic€u khién duogc s dung, nhung céc robot
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trong dan van co6 thé hoan thanh nhi€ém vu ké ca khi giao ti€p toan cau bi gian

doan.
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Hinh 1.5: M6 hinh chung cua dan robot tw hanh [3]
1.2.1 Ciac mo hinh chung cia dan robot tu hanh

Théng thuong mé hinh chung cta dan robot ty hanh bao gom 3 mé dun:
M0 dun trao d6i thong tin, mé dun hanh vi co ban, mé dun hanh vi nang cao
1.2.1.1 Mé dun trao déi thong tin

Viéc trao d6i thong tin dong vai tro co ban va quan trong khi cic robot
hop tac v6i nhau va 1 phan ¢t 16i dé c6 thé diéu khién cac hanh vi bay dan.
Céac chie nang chinh cua cac cé thé robot tham gia vao mo-dun nay 13 gi6i
han cam bién va giao tiép cuc bo.

Viéc trao d6i thong tin cta robot chia thanh hai loai: twong tac giita cac
robot va twong tac giita robot va méi trudng. Cac chién luoc co thé gidng
hoic khac nhau dbi voi by dan do cac tng dung khac nhau. Trong bay dan tu
nhién, céc ca thé c6 thé cé sy tuong tac truc tiép chang han nhu xuc tu, ctr chi
hodc giong ndi. Tuy nhién, cac twong tic gian tiép tinh té hon nhiéu, cic ca
thé c6 thé cam nhén thong tin trong moi trudng hoat dong ciia dan, phan tng
va dé lai thong diép tdi moi trudng. Moi trudng luc nay dong vai tro trung
gian cho viéc trao ddi thong tinn trong dan, nd nhu nhiing t& “gidy ghi chu”
dé cac ca thé giao tiép voi nhau [7]. Dua trén co ché nhu vay thi chung ta co

thé ap dung dé toi uu hoa hoat dong ciia dan robot.
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C6 ba céach chia sé thong tin trong dan robot [8]: Giao tiép truc tiép, giao
tiép thong qua méi truong va cam bién. Trong mdt nhom cé thé sir dung dong
thoi nhiéu loai twong tac, vi du, mdi robot vira cam nhan moi truong va vira
giao tiép v4i robot 1an can cta chiing. Mot s6 nha nghién ctu ciing thao lun
vé kha ning hop tac bay dan ma khong can giao tiép, tuy nhién, giao tiép va
cam bién thuc su doéng vai tro quan trong vi ching c6 thé nang cao hiéu qua
hoat dong cua bay dan trong hau hét cac tmg dung.

% Giao tiép truc tiép (Direct communication)

Giao tiép truc tiép twong tu nhu mang khong day va ciing bao gdm hai
loai: ngang hang (peer-to-peer) va quang ba (broadcast). Hién nay, nho su
phat trién cta cac thiét bi di dong véi cong nghé truyén thong tién tién nhu
Ethernet, Bluetooth [9] ma giao tiép truc tiép co thé dugc ap dung hiéu qua.
Tuy nhién, chi phi cho cac cam bién khong day c6 1a kha cao va c6 thé chiém
mot nira téng chi phi cho dan robot. Mot nhuoc diém khac cta giao tiép truc
tiép 1a yéu ciu vé bang thong khi sd luong robot ting 1én. Mic du di c6 sin
mot sd cong nghé khong day, nhung cac giao thirc va cau tric lién két chuyén
dung cho dan robot van chua dugc khai thac nhiéu. Cac mang may tinh hién
nay duoc thiét ké dé xur 1y dit liéu va chia sé thong tin giita cac nut. Giao tiép
trong dan robot nén tan dung t6i da kha ning cam bién va chuyén dong cuc
bo, dong thoi dic biét cha ¥ dén viée thuc day cac hanh vi hop tac cua cac ca
nhan va cau trac lién két dong cua bay dan [10].

% Giao tiép théng qua méi truong (Communication through environment)

Moi trudng c6 thé dong vai trd trung gian cho sy twong tac cia robot.
Céc robot dé lai ddu vét cia chung trong méi truong sau mot hanh dong dé
kich thich céc robot khic c6 thé cam nhan duoc dau vét ma khong can giao
tiép truc tiép giita cac ca nhan. Theo cach nay, cic hanh dong tiép theo co xu
hudng tiép tuc cing ¢b va xdy dung tir 46 din dén sy xuét hién tu phat cua
cac hoat dong & cap d6 bay dan. Giao tiép thong qua méi trudng ciing c6 thé
trién khai theo phuong phap bao phu bang cach s dung cac diém danh dau
trong moi trudng ma khong can giao tiép truc tiép [11]. Mot sd nghién ciru
hién nay di dé xuit phuong phap cho dan robot sit dung khai niém
'pheromone 40' 14y cam hung tir sinh hoc cho 1uéi dién toan phan tan duoc

nhung trong moi truong [12], [13].
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% Cam bién (Sensing)

Cac ca thé robot trong dan c6 thé cam nhian dugc robot khac va moi
trudng xung quanh chung bang cach str dung cac cam bién néu ching c6 kha
ning phan biét dugc robot trong dan va cac vat thé khac véi moi truong. Cac
robot cam nhan cac ddi twong hodc muc tiéu trong moi trudng va hoan thanh
cac nhiém vu nhu tranh chuéng ngai vat, tim kiém muc tiéu, v.v. Van dé
chinh ciia phwong thirc nay 1a tich hop tat ca cac cam bién trong dan mot cach
hiéu qua dé tao ra sy hop tac chit chg.

Viéc giao tiép mot cach chinh xac va da dang doi hoi phan cimg va dong
b0 hoda phtrc tap hon, chi phi bang thong, ndng lugng va thoi gian s€ tdng cuc
nhanh khi dan s6 luong robot trong dan ting 1én. M6 hinh hop tac cta dan
robot nén don gian hoa viéc giao tiép va sir dung cang nhiéu cam bién cang
t6t. Cac loai cam bién mau sic, anh sang, hong ngoai va vi tri twong déi co
thé dugc st dung dé cam nhéan va co6 thé cung cip thong tin phong phi ma
khong can giao tiép. Trong mot sé nhiém vu, dan robot ¢ thé trao doi tat ca
thong tin chi véi viée sir dung cac cam bién.
1.2.1.2 Mo dun hanh vi co bdn

Céc hanh vi co ban cua céc robot trong dan bao gdm cac chic ning nhu
chuyén dong va lap ké hoach cuc bo, day 1a mot trong nhiing diém khéc biét
nhat ctia dan robot ty hanh so vé&i cac hé théng mang cam bién va da tac tir
khac. Robot va cac phuong phap diéu khién hanh vi ctia ching 1 ddng nhat
va tao nén tang cta cac hanh vi nhém. Dua trén cac tin hiéu dau vao tir truyén
thong hodc cam bién, robot tinh toan cic chuyén dong mong mudn cua chiing.
Vi mot md dun diéu khién tot thi dan robot co thé it phu thudc vao giao tiép
hon véi sy trg gitp cua du doan va cc tuong tac truc tiép hon thay vi truyén
thong phat song. Tir d6 dan robot tu hanh c6 thé cai thién hiéu suat voi it trao
d6i thong tin hon va kha ning mé rong cao.
1.2.1.3 Mo dun hanh vi nang cao

Robot trong cac hé théng robot biy dan phuc tap cd thé ¢ cac chic
ning bo sung bao gébm phén tich nhiém vu, phan bo nhiém vy, hoc thich nghi,
v.v.Viéc thyc hién cac chtrc ning nhu vy trong phan cimg hoic phan mém
phu thudc vao thiét ké vat 1y cua robot, bo diéu khién va cac thiét bi cam bién

duoc trang bi kém theo. Phan bo nhiém vu va hoc thich nghi duoc dé cap &
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day vi chung thuong kha quan trong dbi vdi mot dan robot ty hanh. Phan tach
va phan b6 nhiém vu c6 thé cai thién dang ké hiéu qua cho cac nhiém vu dic
biét phure tap [14]. Viéc hoc thich nghi ciing hitu ich vi cac thong sd cua co
ché diéu khién rat kho diéu chinh. Véi sy tro giup cta cac phuong phéap toi vu
hoa va hoc tap tu thich nghi, dan robot cho thdy kha ning thich tng tét hon
trong cac moi truong khac nhau [15], [16].

Qua trinh hop tac gitra cac robot cling thudc hanh vi nang cao trong mo
hinh robot by dan. Trong dan robot ty hanh, sy hop tac xay ra & hai cp do:
Cap do ca thé va cap do bay dan. Sy hop tac & cap do ca thé 13 yéu cau bat
budc d6i véi cac hoat dong cua robot va diéu phéi cic dau vao tir mdi truong
v6i cac hanh vi phan tmg, hoc hoi va thich nghi. Hop tac cap do bay dan 1a sy
tong hop cua su hop tac trude day, dan dén cac nhiém vu tap thé dién hinh
nhu tap hop, phan tan hodc hinh thanh d6i hinh. Thong thudng hé théng hop
tac toan ciu khong duogc str dung trong viéc dinh vi ctia dan robot. Do do, moi
robot trong dan phai duy tri mot hé théng hop tac cuc bd va cac robot niy
phai c¢6 kha nang phan bi¢t, xac dinh va dinh vi cdc robot lan can. M{t
phuong phap dinh vi nhanh chéng va don gian d6 1a st dung cac cam bién
duoc trang bi trén mdi robot, cac cam bién nay cé thé cam nhan dugc cac loai

song khac nhau, bao gdm séng siéu am, tia hong ngoai hodc 4m thanh.
1.2.2 Cac phuong phap mo hinh héa dan robot ty hanh

Mo hinh héa 1a mot phuong phap duge sir dung trong nhiéu linh vuc
nghién ctru dé hiéu rd hon vé hé théng dugc nghién ctru. Viée 1dp mo hinh
dan robot tuy hanh, dic biét 1a véi cac hé ¢ sb luong ca thé 16n ¢6 vai tro rat
quan trong gitp tiét kiém chi phi va thoi gian thuc hién, dong thoi gitp céac
thr nghiém c6 thé duoc thuc hién mot cach dé dang hon, ting ty 18 thanh
cong cho qua trinh thuc nghiém.

Xuét phat tir cac ddc diém cta dan robot ty hanh, cic phuong phap mo
hinh héa dugc chia thanh bdn loai: md hinh hoa dya trén cam bién, vi mé, vi
mo va dua trén tri thong minh bay dan [17].
1.2.2.1 M& hinh héa dwa trén cam bién

Trong phuong phap mo hinh hoa dwa trén cam bién, cac cam bién va co
cu chip hanh cua robot duoc mé hinh héa nhu céc thanh phan chinh coia hé

théng cung véi cac d6i tuong trong moi trudng. Cac twong tac cua robot duoc
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mo hinh héa gan voi thuc té nhung ciing don gian nhat c6 thé. Nghién ctu st
dung phuong phap mé hinh dya trén cam bién ciing cdn xem xét cac gidi han
vat 1y thuc sy ctia hé. Phuong phap mé hinh hoa nay hau hét da dugc sir dung
va 1a phuong phap lau doi nhat dugc st dung cho thi nghiém vé robot
[18],[19].

1.2.2.2 M6 hinh vi mo

Trong mo hinh vi md, robot va cac tuong tac trong dan dugc md hinh
hoa nhu mdt may trang thai hitu han FSM (Finite State Machine). Cac hanh vi
ctua mdi robot dugc dinh nghia 1a mdt $6 trang thai va céc diéu kién truyén
dua trén dau vao tir giao tiép va cam bién. Vi mo hinh dya trén hanh vi cia
ting robot nén mo phong phai dugce chay nhidu lan dé thu dwoc nhim du
doan hanh vi cta dan [20].
1.2.2.3 Mo hinh vi mo

Mo hinh vi mé 1a mot phuong phap mé hinh hoéa ddi 1ap véi mo hinh vi
mo. Trong mé hinh vi md, hanh vi ctia hé thdng duoc xac dinh 13 dang
phuong trinh sai phan va trang thai hé thong biéu thi sb lugng robot trung
binh ¢ trang thai nay tai cing mot thoi diém.

Su khéc biét chinh gilta cic md hinh vi m6 va vi mé 1a mtrc do chi tiét
ctia cac mo hinh. M6 hinh vi mé mé phong hanh vi & cdp d6 ca nhan duoc st
dung dé moé phong cac hanh vi ctia nhom trong khi mé hinh vi mé mé phong
céc hanh vi ¢ cap do bay dan. M6 hinh vi mé 13p lai hanh vi ciia bay dan con
mo hinh vi m6 c6 thé dua ra trang thai cudi cung ctia bay dan. Theo cach nay,
mo hinh vi md ¢6 thé c6 mot cai nhin toan dién vé bay dan trong khi mé hinh
vi mé c6 thé hién thi chi tiét vé cac hanh vi cta bay dan [21]. Cac mé hinh vi
mo xac suit cling duoc cac nha nghién ctru st dung rong rai [22].
1.2.2.4 Mé hinh héa tir cdc thudt todn tri tué bdy dan

Hién nay, cac ké hoach hop tac tir cac thuat toan tri tué bay dan (swarm
intelligence algorithms) d3 duoc dua vao dan robot ty hanh trong nhiéu
nghién ctru. Do robot st dung cac so d6 gidng hodc twong ty véi cac thuét
toan ndy, tir co sé d6 viéc mo hinh hoa tir thuat toan tri tué bay dan timg dung
cho dan robot ti hanh ciing tré nén hoan thién, cé thé duogc sir dung truc tiép
cho nghién ctru robot. Thuit toan duoc st dung phd bién nhat tir tri thong

minh bay dan 13 t6i vu hoa bay dan hat (Particle Swarm Optimization - PSO)
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lay y tudng tir qué trinh bay thanh dan cta chim. Bén canh PSO, mdt sé cach
tiép can khéc ciing dd duoc ap dung vao md phong hoéa dan robot ty hanh dya
trén thuat toan tri tué bay dan nhu phuong phap phong doan hiéu qua dé tim
kiém trong méi truong dong [23] va dinh tuyén [24]. Tuy nhién, vin con mot
s6 van d& khi mo hinh héa tir tri théng minh bay dan c6 thé ké dén nhu: Cac
so d6 trong cac thudt toan ndy xem xét cic tuong tac toan cau va dwa ra mot
lwong 16n cac bude di chuyén ngiu nhién dé c6 tinh da dang cao. Mot s6 so
dd ciling chira cac hoat dong dé dat lai vi tri ctia cac ca thé tim kiém. Tuy
nhién, cac hoat dong nay lai khong kha dung ddi voi robot béy dan. Do vay,
viéc mO hinh hoa tir thuat toan tri tué bﬁy dan cho dan robot tu hanh tranh
duogc cac hoat dong nhu vay trong khi tan dung tdi da kha nang md rong va

tinh linh hoat van 14 linh vuc can tiép tuc nghién ciru.

1.3 Mot s6 nghién ctru tiéu biéu hién nay vé diéu khién cho dan robot tw
hanh

Hién nay trén thé gidi dd c6 nhiéu nghién ctu chuyén sau vé linh vuc
robot tu hanh, duoc trién khai trén nhiéu linh vuc khac nhau. Cac robot hoat
dong don 1¢ hodc két ndi thanh mang dugc diéu khién tap trung hodc phan
tan, ¢4 mang lai nhiéu tmg dung hitu ich khong chi trong quan su, cong

nghiép ma ca trong nhiéu mat ciia doi song xa hoi.

Cac hé théng mang robot dang duoc trién khai cho nhiéu muc tiéu tng
dung khac nhau, c6 kich thudc khac nhau, phi hop véi nhiéu méi trudng
lam viéc. Cac thudt toan diéu khién va truyén théng cho mang robot dugc
phat trién da dang, ap dung dugc nhiéu cong nghé méi, tao su linh hoat cho
viéc két ndi .

Mot s6 huéng nghién ciru chinh trong [38 - 42] tap trung vao cac chién
luge diéu khién duwa trén hanh vi ctia mang robot ty hanh va cau trac diéu
khién phan tan v&i tuong tac cuc b khi khong co sy giam sat tap trung cap
cao va trao d6i thong tin toan cau. Pay 1a nhitng nghién ctru dién hinh trong
diéu khién dan robot ty hanh hop tac thuc hién muc tiéu chung ma khong
can diéu khién tap trung va phdi hop toan cau hé théng. Cac nghién ctru lién
quan dén chu dé nay tap trung chil yéu vao kién trac ha tang cling nhu tinh

on dinh cua cac hé thong. Cac nghién ctu ban dau vé diéu khién cho dan
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robot tir hanh chu yéu tap trung vao viéc xac dinh mot hé thong bang cach sir
dung 1y thuyét do thi [43 - 47], trong khi cac van dé lién quan dén su 6n dinh
dbi véi mot hé théng duoc dé cap trong cac nghién ctiru [38],[48-51] va diéu
khién ddi hinh trong di chuyén [52 - 56]. Lién quan dén céac hinh thirc ¢b
dinh doi hinh, da c6 mot sé loai chién lugc diéu khién, vi dy, luat diéu khién
phan héi affine [57 - 61], ludt diéu khién phi tuyén gradient [49], [52], [62],
[63] va gan ddy 1a cac thudt toan diéu khién dya trén goc [64], [65]. Muc tiéu
1a dat dugc mot doi hinh c6 kich thude xac dinh, chi ¢6 cac quyén tu do vé
phép tinh tién va phép quay. Mat khac, trong tai liéu [66] nghién ctru van dé
diéu khién doi hinh cho dan robot tuy hanh véi muc tiéu hudéng mot nhém
robot vao mot doi hinh c6 quy mé thay doi. Bang cach cho phép quy mé cia
d6i hinh thay d6i, nhom c6 thé thich Gmg linh hoat v&i nhiing thay d6i ciia
moi trudng chang han nhu nhitng van can di dong, thich tng v6i nhimng thay
dbi trong muc tiéu cua nhom hodc phan tmg véi cac tinh hudng xay ra qua
trinh van hanh. C6 thé thiy rang, cic van dé vé diéu khién cho dan robot tu
hanh da duoc rt nhidu nha khoa hoc trén thé gi6i tip trung nghién ciru, cac
chién lugc trong céc tai liéu néu trén da chimg minh tinh hiéu qua trong viéc
tao ra su phéi hop chat ché gitra cac robot trong vi¢c thyc hién mdt s6 nhiém
vu trong nhimg méi trudng cu thé. Tuy nhién, cac vin dé vé dam bao chat
lugng truyén thong va dam bao tinh 6n dinh va nang cao chét luong diéu
khién bén viing cho cac bd diéu khién khi nhom robot thuc hién nhing
nhiém vu phirc tap doi hoi tdc dd xir Iy nhanh va do chinh xac cao hoidc cac
nhiém vu trong modi trudong co nhiéu bién dong, khong xac dinh trudc van

con rat nhiéu khoang trong va cé thé ti€p tuc nghién ctru va phat trién.

O Viét Nam, céc nghién clru vé robot di dong tu hanh ciling dang duoc
nghién ctru, phét trién va img dung. Nhiéu vién nghién ctru va cac truong dai
hoc & Viét Nam c6 cong trinh nghién ctu vé robot tuw hanh phuc vu nhiém
vu giam sat, phat hién. M&i nhom nghién ctru déu thu duge nhitng két qua
thanh cong nhat dinh, co thé ké dén nhu hoc vién nong nghiép Viét Nam da
c6 cong trinh nghién ctru vé ung dung hiéu qua cia UAVs trong nong
nghiép tai Viét Nam. UAV dugc sir dung dé phun thudc trir sdu va giup tiét
kiém dén 30% luong thudc bao vé thyuc vat, tir d6 giam chi phi thuc dang
ké thay vi ling phi thudc nhu cac phuong phép phun truyén thdng. Trong
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béo cdo “Piéu khién robot bay dan tranh vét can va tim kiém muc tiéu”[67]
tai HOi nghi toan quéc 1an thir 3 vé Diéu khién va Ty dong hoa - VCCA-
2015, tac gia da dua ra giai phap su dung k¥ thudt diéu khién hanh vi dua
trén khong gian rdng NSB dé diéu khién robot bay dan thuc hién nhiém vu
tim kiém muc tiéu va tranh vat can voi sb luong vat can dugc xac dinh trudec.
Trong nghién ctru [68] dd nghién ctru cac loai UAVs phd bién trong linh vyc
do dac va ban dd, bai bao st dung UAV Swinglet - Cam cua Thuy Si dé
chup anh trén khong, xtr 1y dit li€u, tao 3D Point clouds, digital surface
model (DSM), TrueOrthophoto, dé 14p ban d6 dia hinh hanh lang theo ty 18
1/500, nham hd tro cong tac khao sat, thiét ké hé théng duong giao thong va
duong day dién. Trong mot nghién ctru khac, véi myc ti€u lam tang hi¢u qua
phat hién di thuong trén anh uav tng dung trong cong tac tim kiém ciru nan
[69] Nhom nghién ciru d stir dung UAV trong céac cac hoat dong tim kiém
va clru nan bao gdm viéc tim kiém va giai ctru ngudi va phuong tién bi mac
ket trong cac tinh huéng kho khin hoic dugce bao nan. Trong nghién ctru ndy
cac tac gia dé xuat mot phuong phap ting hiéu qua phat hién muc tiéu cta
thuat toan RX khi két hop véi cac phuong phap SIFT va SURF, két qua thir
nghiém trén bd dir ligu mau cho két qua khéc biét ro rét, nhét 1a cac truong
hop anh bi anh hudng boi nhiéu. Mic du dd c6 nhiéu nha khoa hoc Viét
Nam d3 va dang khai thac cac khia canh khac nhau trong bai toan diéu khién
cho thiét bi bay khong nguoi 1ai UAVs va da dat duoc mot sb thanh cong
nhat dinh trong viéc ning cao hiéu qua, chit lugng cua hé thong diéu khién.
Tuy nhién, cac nghién ctru ndi trén chii yéu tap trung nhiéu vao diéu khién
cho mdt robot ty hanh, van dé diéu khién nhom cho mang robot ty hanh van
13 chii dé kha moi mé, dang trong giai doan dau vé nghién ciru va tmg dung.
1.4 Mt s6 thach thirc trong diéu khién dan robot tw hanh

Viéc phéi hop nhiéu robot ludn doi hoi rat nhidu diéu kién phai dam bao,
cac thuat toan diéu khién ciing tré nén phirc tap hon, hé thong phai co kha
ning thong tin qua lai gifta cic thiét bi véi nhau, viéc trao ddi thong tin
khéng chi 13 nhimg théng tin thu thip dugc ma con 1 nhitng thong tin diéu
khién, thong tin vé moi trudng diéu khién, giup cho ca nhém hoat dong 6n
dinh, dat duoc muc tiéu dé ra ddi véi nhiém vu chung. Trong cdc cac nghién

cuu hién nay v€ van d¢ thuong thuc hi€én mdt nhi¢ém vu cu thé da dat trudc
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va phan 16n trong sd d6 thudong dugc thuc hién dudi dang mé phong hoic
thuc nghiém trong méi trudng 1y tudng gia dinh viéc truyén thong tin giita
cac robot la chinh xac hoac thuc nghiém trong phong thi nghiém. Bén canh
d6, phan 16n cac nghién ctru hién nay ciing chua tinh toan dén viéc trich

chon dac trung dir licu.

Mot thach thach nita ddi voi mang robot ty hanh d6 trong qué trinh hoat
dong ching phai d6i mit véi nhiéu x4o tron va nhidu loan tir méi trudong bén
ngoai dac biét la ddi véi cac loai UAVs va UUVs. Trong khi thyc hién
nhiém vy, cic cam bién va thiét bi truyén dong nhu dong co co thé xay ra
16i. Piéu nay dan dén viéc lién lac giira cac robot ty hanh khong thé tranh
khoi su ¢6 hoic cham tré trong qua trinh trién khai thuc té. Tat ca cac truong
hop duogc dé cip c6 thé din dén sy mat 6n dinh cua hé thong da tic nhan nhu
dan robot di dong ty hanh. Nhitng van dé nay doi mot cach tiép can manh
mé dé co thé xir 1y cac van dé diéu khién dan robot hoat dong trong cac moi

truong c6 nhiéu bién dong.

Hon ntra, trong mot nhdm robot mdi UAV thuc hién nhiém vu ctia minh
dbi voi cac sit ménh chung. Phan tan dong mot vai trd quan trong trong viéc
cai thién hiéu suit ciia hé théng. Vi sy phat trién cta phan cing tinh toan
va bd nhd, cac thudt toan phuc tap nhu Particle Swarm Optimization, Game
Theory, Reinforcement Learning,, v.v. hién nay dang duoc trién khai trong
cac tmg dung thoi gian thuc. Do vay dé khai thac dan robot ty hanh mot
cach hiéu qua hon, cac chién lugc diéu khién va truyén thong cling can phai
duoc thuc hién trén cac phﬁn mém va thiét bi thong minh véi chi phi 16n va

doi hoi doi ngii ky thuat vién ¢6 chuyén mon cao.
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CHUONG 2. NGHIEN CUU VA PANH GIA THUC TRANG
VE KY THUAT PIEU KHIEN NHOM CHO PAN ROBOT TU
HANH
2.1 Nghién ctru thu thip cac két qua nghién ctru hién tai vé mang robot

Hién nay trén thé gi¢i da co nhiéu nghién ctru chuyén sau vé linh vuc
robot tu hanh, duoc trién khai trén nhiéu linh vuc khac nhau. Cac robot hoat
dong don 1¢ hodc két ndi thanh mang dugc diéu khién tap trung hodc phan
tan, d3 mang lai nhiéu tmg dung hitu ich khong chi trong quan su, cong

nghiép ma ca trong nhiéu mat ciia doi song xa hoi.

Céac hé thong mang robot dang duoc trién khai cho nhiéu muc tiéu tng
dung khac nhau, c6 kich thudc khac nhau, phi hop véi nhiéu méi trudng
lam viéc. Cac thuét toan diéu khién va truyén théng cho mang robot duoc
phat trién da dang, &p dung dugc nhiéu cong ngh¢ mai, tao sy linh hoat cho
viéc két nbi .

Mot sb hudéng nghién ctru chinh trong ([19] - [23]) tdp trung vio cac
chién lugc diéu khién dya trén hanh vi cua mang robot ty hanh va cau tric
diéu khién phan tan véi tuong tac cuc bo khi khong c6 sy giam sat tap trung
cap cao va trao d6i thong tin toan cau. Py 1a nhiing nghién ctu dién hinh
trong diéu khién dan robot tu hanh hop tac thuc hién muc ti€u chung ma
khoéng can diéu khién tap trung va phdi hop toan cau hé thdng. Cac nghién
ctru lién quan dén chu dé nay tap trung chil yéu vao kién tric ha tang ciing
nhu tinh 6n dinh cua cac hé théng. Cac nghién ctru ban dau vé diéu khién
cho dan robot ty hanh chu yéu tip trung vao viéc xac dinh mot hé thong
bang cach sir dung 1y thuyét do thi ([24] - [28]), trong khi cac van dé lién
quan dén sy 6n dinh d6i vi mot hé thong duge dé cap trong cac nghién ciru
([191,[29]-[32]) va kiém soat hinh dang ddi hinh trong di chuyén ([33]-[37])
Lién quan dén céac hinh thirc ¢ dinh d6i hinh, d3 c6 mot sb loai chién luoc
diéu khién, vi dy, luat diéu khién phan hoi affine ([38] - [42]), luat diéu
khién phi tuyén gradient ([30], [37], [43], [44]) va gan ddy 13 cac thuit toan
diéu khién dya trén goc ([44]-[46]). Muc tiéu 13 dat dugc mot doi hinh c6
kich thudc xac dinh, chi c6 cic quyén tu do vé phép tinh tién va phép quay.
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Mit khac, trong tai liéu [47] nghién ctru van dé diéu khién d6i hinh cho dan
robot ty hanh véi muc ti€u huéng mot nhém robot vao mdt ddi hinh c6 quy
mo thay ddi. Bang cach cho phép quy mé ctia d6i hinh thay doi, nhom co thé
thich tng linh hoat v6i nhitng thay d6i cia méi truong chang han nhu nhimng
van can di dong, thich Gng v6i nhimng thay d6i trong muc tiéu ciia nhém
hodc phan tmg véi cac tinh hudéng xay ra qua trinh van hanh. C6 thé thiy
réng, cic van dé vé diéu khién cho dan robot ty hanh da duogc rat nhiéu nha
khoa hoc trén thé gi6i tip trung nghién ctru, cac chién luogc trong cac tai lidu
néu trén da ching minh tinh hi¢u qua trong viéc tao ra su phéi hop chit ché
giita cc robot trong viéc thyc hién mot s6 nhiém vy trong nhitng méi trudng
cu thé. Tuy nhién, céc van dé vé dam bao chét lugng truyén thong va dam
bao tinh 6n dinh va nang cao chét luong diéu khién bén viing cho cac bd
diéu khién khi nhom robot thyuc hién nhitng nhiém vu phuc tap doi hoi toc do
xtr ly nhanh va do chinh xac cao hoac cac nhiém vu trong moi truong céd
nhiéu bién dong, khong xac dinh trude van con rat nhiéu khoang tréng va co

thé tiép tuc nghién ciru va phat trién.

O Viét Nam, cac nghién ctru vé robot di dong tu hanh ciing dang duoc
nghién ctru, phat trién va tng dung. Nhiéu vién nghién ctru va cac trudng dai
hoc ¢ Viét Nam c6 cong trinh nghién ctru vé robot ty hanh phyuc vu nhiém
vu giam sat, phat hién. M&i nhom nghién ciru déu thu duge nhitng két qua
thanh cong nhat dinh, c6 thé ké dén nhu hoc vién nong nghiép Viét Nam da
c6 cong trinh nghién ctru vé ung dung hiéu qua cia UAVs trong nong
nghiép tai Viét Nam. UAV duoc st dung dé phun thude trir siu va giup tiét
kiém dén 30% luong thudc bao vé thyuc vat, tir 46 giam chi phi thuc dang
ké thay vi ling phi thudc nhu cac phuong phép phun truyén thdng. Trong
bao céo “Diéu khién robot bay dan tranh vat can va tim kiém muc tiéu”[48]
tai Hoi nghi toan qudc 1an thtr 3 vé Piéu khién va Ty dong hoa - VCCA-
2015, tac gia da dua ra giai phap su dung ky thuat diéu khién hanh vi dua
trén khong gian rSng NSB dé diéu khién robot béy dan thuc hién nhiém vu
tim kiém muc tiéu va tranh vat can voi sb luong vat can dugc xac dinh trudec.
Trong nghién ctru [49] dd nghién ctru cac loai UAVs pho bién trong linh vuc
do dac va ban dd, bai bao st dung UAV Swinglet - Cam cua Thuy Si dé
chup anh trén khong, xtr 1y ditr liéu, tao 3D Point clouds, digital surface
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model (DSM), TrueOrthophoto, dé 1ap ban dd dja hinh hanh lang theo ty 1¢
1/500, nham hd trg cong tac khao sat, thiét ké hé thong duong giao thong va
duong day dién. Trong mot nghién ctru khac, véi muc ti€u lam tang hiéu qua
phét hién di thudng trén anh uav Gmg dung trong cong tac tim kiém ctru nan
[50] Nhom nghién ciru d str dung UAV trong céac cac hoat dong tim kiém
va ctru nan bao gdm viée tim kiém va giai cru ngudi va phuong tién bi mic
ket trong céc tinh hudng kho khin hoic duoc bao nan. Trong nghién ctru nay
cac tac gia dé xuat mot phuong phap ting hiéu qua phat hién muc tiéu cta
thuat toan RX khi két hop véi cac phuong phap SIFT va SURF, két qua thir
nghiém trén bd dir ligu mau cho két qua khéc biét ro rét, nhét 1a cac truong
hop anh bi anh hudéng boi nhiéu. Mic du dd c6 nhiéu nha khoa hoc Viét
Nam d3 va dang khai thac cac khia canh khac nhau trong bai toan diéu khién
cho thiét bi bay khong nguoi 1ai UAVs va da dat duoc mot sb thanh cong
nhit dinh trong viéc nang cao hiéu qua, chat luong cua hé thdng diéu khién.
Tuy nhién, cac nghién ctru nodi trén cha yéu tip trung nhiéu vao diéu khién
cho mét robot ty hanh, van dé diéu khién nhom cho mang robot ty hanh van

la chu dé khd mdi mé, dang trong giai doan dau vé nghién clru va ing dung.

2.2 Nghién cttu va cip nhit cic phwong phap diéu khién nhoém cho dan
robot ty hanh

Viéc nghién ctiru phuong phap diéu khién cho dan robot ty hanh dit ra rat
nhiéu vin dé can duogc quan tam, vi du nhu tinh 6n dinh cta cac bd diéu
khién, kha ning duy tri d6i hinh va diéu khién duoc véi nhiéu dang ddi hinh
va mdi truong khac nhau, kha ning khir nhiéu,...Ngoai ra, cac robot phai cé
kha ning giao tiép, chia sé thong tin va phdi hop chit ché véi nhau gitp cho
ca hé thong hoat dong 6n dinh va hoan thanh duoc nhiém vu chung dé ra, dic
biét 12 khi dan robot 1am viéc trong cac dia hinh nhiéu vat can, méi truong

nhiéu bién dong, tham chi 1 khic nghiét.

Hién nay, diéu khién nhom (Formation Control - FC) cho hé thong da robot
(Multi-Robot Systems - MRS) dang dan trd thanh mot cha dé nghién ctu thu
hat rit nhiéu sy quan tam cua cac nha khoa hoc trong linh vuc diéu khién
robot tyr hanh. Piéu khién nhom cho dan robot 1a mot phuong phép diéu khién

phéi hop dé mot hay nhidu dan robot cing thuc hién cac nhiém vu chung ma
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van duy tri duoc d6i hinh khong gian mong muén. Phuong phap nay duoc 1y
cam himg tir cac hanh vi ty nhién cta dan c4, dan chim hodc bay kién va dam
béo rang cac thanh vién trong dan phai di chuyén cing nhau dé dap img mét
s6 diéu kién rang budc nhu pht hop van toc va tranh va cham... Co thé noi,
diéu khién nhom 1a mot cong nghé quan trong dé dat duoc su diéu phéi va

kiém soat chit ché giira cac robot tir hanh di dong theo bay.

Ddi v6i dieu khien nhém cho dan robot tu hanh thi chién luge va thuét toan
diéu khién ciing tr& nén phirc tap, hon nita dé kiém soat doi hinh, cac robot
can giao tiép v6i nhau; do d6, chia sé thong tin dong mot vai tro quan trong
trong hoat dong chung. Hoat dong tong thé nay co thé duoc goi 1a su hop tac
gitra cac robot. Su hop tac phu thudc vao hai van dé d6 1a cam bién (sensing)
va chia sé thong tin (information sharing) trong mang robot. Thach thtrc trong
diéu khién nhom 13 lam thé nao dé dat duoc su phdi hop dong thuan giira cac
robot trong dan, tir d6 mai co thé diéu khién ddi hinh thuc hién cac nhiém vu
nhu mong mudn. Dic biét 1a khi cac dan robot tu hanh hoat dong trong moi

trudng bién dong tham chi 1a khic nghiét.
2.2.1 Co sé ciia ky thuit diéu khién nhém

Trong k¥ thuat diéu khién nhom cho dan robot ty hanh, cic khai niém co
ban thuong duoc st dung nhu cdu trac lién két (topology), 1y thuyét do thi
(graph theory) va sy dong thuan (consensus). Su dong thuin dugc sir dung dé
nghién ctru sy tuong tac gitta mot nhom cac tdc nhan dong luc hoc. Mot cong
cu thuong duge sir dung dé phan tich sy dong thuan 1a 1y thuyét d6 thi, trong
khi céc ciu tric lién két chi ra sy tuong tac giita cac robot trong dan va

thuong dugc mo ta bang do hinh.
- Cdu tric lién két (Topology)

bat duoc kha nang kiém soat doi hinh, chia sé va trao doi thong tin gitra
céc robot 1a nhiém vu can thiét va quan trong trong dan robot ty hanh. Chu
tric lién két (topology) 1a cdu trac cua mang robot thé hién mdi lién két
khong gian va sy twong tac giita cac robot, dugc thuc hién dé giai quyét van
dé trao d6i thong tin trong mang robot va thudng duoc mé ta dudi dang dd
hinh. C6 nhiéu loai cdu trac lién két khac nhau trong diéu khién dan robot tur

hanh va mot s cau trac lién két dién hinh duoc thé hién trong hinh 2.6.
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Hinh 2. 1: Céu tric lién két trong chién hegc diéu khién trieong nhém - thanh
vién

Mot mang ludi dién hinh cta diéu khién nhom bao gdm ba loai cdu trac
lién két khac nhau, d6 1a ciu tric lién két cam bién (sensing topology), cdu
tric lién két hanh dong (diéu khién) (actuation/control topology) va cau trac
lién két truyén thong (communication topology). Hinh 2.6 biéu dién mot sd
cau trac lién két trong chién luoc diéu khién truong nhom — thanh vién. O
day, topology (a) 1a cdu trac lién két tuan tu theo sau ddi tuong phia trudce
(predecessor following - PF), topology (b) 13 ciu tric theo sau ddi tuong
phia trudc va nhoém truong (predecessor—leader following - PLF), topology
(c) 13 topo hai chiéu (bidirectional - BD), topo D 1a céu tric két hop cua
topology (b) va (c) (BDL), topology (e) 1a cau truc lién két theo sau hai dbi
tugng phia trude (two-predecessor following - TPF) va topology (f) 1a cu
trac lién két lién két theo sau hai ddi tuong phia trudc va nhom trudng (two-
predecessor—leader following - TPFL). Cu trac lién két ndy minh hoa danh
cho mot dan robot. Trong qua trinh hoat dong, mot sb tinh hudng ¢ thé xay
ra nhu tuong tac gilra nhiéu dan robot hoic xay ra hién tuong mét lién lac.
Do vy, khi lam viéc trong cac méi truong bién dong hodc c¢6 nhiéu rii ro thi
céc cdu trac lién két dong can dugc xem xét ap dung dé dam bao tinh 6n
dinh va linh hoat ctia d61 hinh robot tu hanh.

- Ly thuyét dé thi (Graph Theory)
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Hinh 2. 2: D6 thi trong doi hinh mot nhom UGVs

Ly thuyét diéu khién nhoém phan tan duoc phat trién trén co sé cac khai
niém toan hoc tir 1y thuyét db thi (Graph Theory), ma cu thé 1y thuyét @6 thi
dai sb va ly thuyét dd cung cua dd thi 1a hai nén tang todn hoc chinh. Tuy
nhién, ban chit cia Iy thuyét d6 thi 1a mot thiét 1ap cau tric lién két co ban, vi
vy dé thém cac yéu td diéu khién vao cac Iy thuyét ndy, ching ta cin c6 mot

s6 nén tang tir 1y thuyét diéu khién phi tuyén va dong luc hoc ddng thuan

Ly thuyét do thi dai s6 1a mot nén tang chinh cua 1y thuyét diéu khién
nhom. N6 13 co sd toan hoc quan trong trong viée diéu khién doi hinh dé trao
d6i thong tin giita cac robot tu hanh, tir d6 ta c6 thé suy ra luat diéu khién va
thuc hién phan tich d6 6n dinh cua hé théng. Uu diém ndi bat cta 1y thuyét
db thi 1a tinh phi tip trung, nho d6 mang robot ty hanh c6 thé git mot hanh
vi phu hop véi céac cAu trac lién lac khac nhau. Bén canh do, béng cach su
dung phuong phap nay, c6 thé dat dugc su On dinh diéu khién nhom néu
ludng thong tin 6n dinh mién 1a b diéu khién cuc bd 6n dinh. Tuy nhién,
nhuogc diém chinh cta phuong phap diéu khién nhoém duya trén 1y thuyét do
thi 1a nay 1a cac robot ty hanh trong dan chi co thé nhan thong tin tur robot tu
hanh lan can cua ching.

Mot db thi dugc cho dudi dang G = (V, &)

Trong do, V (vertices) la tap hop cac dinh hay nat dai dién cho n robot
tu hanh trong dan, V = {1,2, ..., n}. Tap canh € (edges) thé hién sy twong tac
gifra cac robot ty hanh vdi nhau, tuong tac nay co thé 1a mot chiéu hodc hai

chiéu va phu thudc vao cac luéng thong tin ¢ trong h¢, ECV X V.
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Ngoai ra, 6 thi G con duoc biéu dién dudi dang: G = (V, E, W). Trong
do, tap trong s6 W (weights) dugc st dung dé biéu dién thong tin khac nhau
nhu khoang cach khac nhau gifta cac robot hay mtc do wu tién hon vé vai

tro cua tung robot trong dan.

Hai robot i va j dugc goi 1a k& nhau, hay l4n can cta nhau khi chung ¢
chung mét canh ed = (i,j)® € €,i,j € V. Tap hop cac robot lan cén cua
robot thtr i: N;(€) = {j € V|(i,j) € €} . Goi luong sb (cardinality) cua tip
V va € lan luot 1a: [V| = n, |E] = m, cac dinh cta do thi thudng duoc ky
hiéu 1a v1,v2,..,vn hodc 1,2,..,n, cac canh cia do thi duoc ky hiéu

ed,, ed,, ...,ed,, hoic 1,2, ..., m.

Trong mot dd thi, néu c6 canh ndi tir dinh i dén chinh n6 duoc go1 vong
lap, vong lip con goi 12 khuyén (loop). Vi mét cap dinh 1an can bat ky i va
J, néu c6 nhiéu hon mot canh ndi tr i dén Jj thi dd thi duoc goi la c6 canh lép

(boi hodc song song).

Néu mot do thi khong c6 bat ky c6 canh lap va khong co bat ky vong lap
nao thi né duoc goi 1a d6 thi don (simple graph). Néu d6 thi chira canh lap
thi duoc goi 1a da dd thi (multigraph). Néu d6 thi chira canh lap va vong lap
(khuyén) thi duoc goi 1a gia db thi (pseudo graph) (hinh 2.3). Trong pham vi

nghién ctru ciia cudn sach nay, ching ta chi xem xét cac loai do thi don.

Hinh 2. 3: a) Pon do thi; b) Pa do thi; ¢) Gia do thi

Mot canh c6 hudng (cung) tir i sang j: i — j duge ky hidu 1a (i, )¢ . Néu
mot d6 thi bao gdm tap dinh V khac rdng va tip canh € chtra cac canh c¢6
huéng thi né duoc goi 1a dd thi ¢6 hudng (Directed graph hodc Digraph),
dugc ky higula G = (V,€). Nguoc lai, mot do thi bao gdm tap dinh V khac
rSng va tdp canh € chira cac canh v6 hudng thi n6 duoc goi la dd thi vo
hudng (Undirected graph) (Hinh 2.4). Ly thuyét do thi tng dung trong diéu

khién nhom c6 thé sir dung d6 thi c6 hudng hodc vo hudng dé thé hién su
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trao d6i cac ludng thong tin giira cac thanh vién trong nhém, néu 1 tuong
tac mot chiéu thi str dung do thi c6 hudng, néu 1a twong tac hai chiéu thi sir

dung @6 thi vo huéng.

.

Yot ¥ AT

Hinh 2. 4: a) Do thi ¢é hidng va b) Do thi vé huéng

S6 bac cua dinh d (i) = |N;| 1a s6 canh di qua dinh d6. S6 bac cua d6
thi 14 tong s6 bac cua timg dinh trong d6 thi. Pi v6i d6 thi co hudng thi phan
ra hai khai niém sd bac vao cua dinh di(i) = |N}| va s6 bac ra cua dinh
d2(i) = |N?| v6i N/ 14 tap hop tat ca cac dinh lan can huéng vao dinh i va
NP 1a tap hop tat ca cac dinh lan can hudng ra khéi dinh i

Thong thuong, dbi véi su twong tac gilta cac robot ty hanh trong doi
hinh 1 twong tac hai chiéu, do vdy ma trong pham vi nghién ctru cta 1y thuyét
diéu khién nhom ta thuong xét d6 thi vé hudng. Cac khai niém quan trong
nhat cua 1y thuyét do thi dai s6 duoc st dung trong hé da tac tr néi chung va
mang robot tu hanh néi riéng 14 ma tran lién thudc (H, ), ma tran ké (A) va
ma tran Laplace (£)

Ma trdn lién thugc (Incidence matrix) H, = [hy;] € R™ " biéu dién
moi quan hé giita cac dinh va cac canh cua d6 thi G. Trong d6, mdi hang cua
ma tran lién thudc tmg véi mot canh ciia € va mdi cdt twong Gmg véi mot
dinh cua V. Ma tran lién thudc H, dugc dinh nghia nhu sau:

—1, néued, = (i,)
hiy =4 1, néued, = (j,i) (2.1
0, truong hop khac
Véi k 1 canh nbi gitra hai dinh i va j
Ma trin ké (Adjacency matrix) A = [ai j] € R™" bicu dién mdi quan

hé giita cac dinh cta cta d6 thi G = (V, ) dugc dinh nghia nhu sau:
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1,néu (i,j) € £ o
aijj = { (@) a;; =aj,L#j,a;=0 (2.2)

0,néu (i,)) & €

Ma trdn bdc (Degree matrix) D biéu dién s6 canh di qua mdi dinh cua

do thi G hay chinh la s6 bac cua mdi dinh, duoc dinh nghia nhu sau: D =

diag {dg(i)} € R™™ véi dg(i) 1a s6 bac cua dinh i , ngoai ra dg(i) =
ZjeNi ajj

Ma trdn Laplace (Laplace matrix) A = [{’i j] € R™™ dugc dinh nghia

nhu sau:
n
{’ij=Zaij va lij: —aij,l'#:j (233)
j=1

Ngoai ra, ma tran Laplace ciing c6 thé xac dinh theo ma tran bic va ma
tran ké:
A=D-A (2.3b)
Ta ciing c6 thé dinh nghia ma tran Laplace dua trén ma tran lién thudc.
Vi mot do thi G ta c6 mot ma tran lién thude H twong Gmg. Khi d6, ma tran
Laplace c6 thé viét dudi dang:
A=H,"H, (2.3¢)

Luu y rang ma tran Laplace 1a ma tran d61i xting va thoa man:

n
Z#U 0, i=12,..,n 2.4)
=1

Céan cht y mot sb tinh chat quan trong sau ctia ma tran Laplace trong 1y
thuyét d6 thi:

- Goi A4 <+ < A, 1 cac gid tri riéng cuia ma tran Laplace A thi gia tri
riéng A; = 0 va A, > 0, diéu nay c6 nghia ma tran Laplace A 1a ban xac
dinh duong.

- Néu dd thi G 1a lién thoéng thi A, > 0 (tc 12 A c6 mot gia tri riéng bang
0 duy nhat). Trong truong hop ndy, vecto riéng tmg voi gia tri riéng A, 1a

1,, sao cho:



Al,=0 (2.5)
Ttc la:
Ax =0 (2.6)
khi va chi khi x € R" véi x; = x;, Vi, j
- Thudt todn dong thudt (Consensus)

Trong mét dan robot tu hanh, dat dugc su déng thuan co thé duge coi la
mot trong nhitg yéu cau co ban va quan trong. Cac robot tu hanh c6 thé dat
duoc thoa thuan nhom béng cach chia sé thong tin cuc bg voi cac robot lan
can ctia chung. N6i chung, sy dong thudn 13 tim ra mot giao thic diéu khién
dam bao rang mdi robot cap nhat trang thai ctia nd dya trén thong tin tir cac
robot lién ké va trang thai cudi cung hoi tu vé mot gia tri khong ddi va diéu
nay phu thudc vao giao tiép giira cac robot tu hanh. Phan tich mutc do xuit
hién cua hanh vi déng thuan duoc thuc hién dya trén két qua cua cac tuong
tac cuc bo giita cac robot chia sé thong tin v6i robot 1an can theo mét sb giao
thirc phan tan. Sy dong thuin cua cac robot trong dan bao gdm hudng di
chuyén, vi tri, van tdc, déng bd hoa trong viéc ra quyét dinh, udc tinh va do
ludng cac gia tri tir cam bién. ..

Hau hét cac nghién ctru trong van dé dong thuan xem xét cac d6i tuong
c6 dong lyc hoc bac nhét (vi tri) hodc bac hai (vi tri, van téc) [51]. O muc do
cao hon, su d@)ng thuan bac ba trong do cac robot bi chi phéi boi1 dong luc
hoc bac ba (vi tri, van tdc va gia tdc)

Céc diéu kién dé dat duoc su d@)ng thuan ddi voi céc mang c6 dong luc
tich phan bac nhat di duoc nghién ctu trong [52]. Dbi véi hé théng bay dan
bac nhat gom N d6i tuong, dong luc ctia mdi tic nhan duwoc mo hinh hoa
nhu:

x(®)=u ) i=123,.,N (2.2)

Trong d6 x; thé hién trang thai cua dbi twong tht i va u, 1a dap Gng diéu

khién dau vao. Hé thong nhan dugc dong thuan néu
1152()9 (0)-x(6)=0 (i,i=1,2,3,..,N). Giao thirc dong thun dugc d& xuat

nhu sau
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u ()= 2w, (x,(=x(0)) (23)

Trong d6 Ni thé hién tip hop lién ké ctia robot thir i va wy; chi ra ludng
thong tin tur robot j td1 robot 1. HE théng s€ nhan duoc su déng thuan néu két
nbi mang theo dang cdy c6 dinh huéng — cdy bao tram.

Su déng thuan cua dong luc hoc bac hai dugc mo ta nhu sau:

x,(1) =v,(1)
v (8) =u,(?) (2.4)

Trong d6 x; va v; 13 cac vi tri va van tdc, va u; 13 tin hiéu diéu khién.

Thuat toan déng thuan duoc dé xuit 1a:
u ()= 3w, (x, O =x0)+7,(v,0)- vi(t))) (2.5)

Trong d6 y,1a h¢ s khuéch dai (hing s6 do loi).

Két qua cho thiy rang néu lién hop cua ciu trac lién két mang co dang
cay c6 hudng (cdy bao trum) thi c6 thé dat dugc su dong thuan. Cac két ndi
truyén thong gitra cac robot ciling 1a mot van dé quan trong. Hau nhu tit ca
cac két qua dugc xem xét dudi mot mang cod cAu trac lién lac c6 dinh trong
d6 ma tran Laplacian L 1a mot ma trin khong d6i. Mot mang c6 thé dat duoc
su dong thuan néu va chi khi ma tran L c6 gia tri riéng bang 0 [53]. Néu
khong, mot mang khong thé hoi tu tiém can dén gia tri dong thuan vi hai
nhom con riéng biét khong nhan dugc bat ky thong tin nao. Pé ma tran L ¢6
tri riéng bang 0 thi cAu trac lién két mang c6 hudng phai c6 mot ciy bao
trum c¢6 hudng. Tuy nhién, trong thuc té giao tiép giita cac ddi tuong co thé
khong dugc cb dinh vi 161 lién két hodc pham vi giao tiép han ché. Piéu
khién dong thuan theo cau trac lién két chuyén mach d3 duoc nghién ciu
trong [54,55]. Anh hudng cua han ché giao tiép va that bai trong giao tiép
Markovian da dugc nghién ctru trong [56].

Sy dong thudn dugc khai thac rong rai trong nhiéu tmg dung dé thiét ké
céc chién luoc diéu khién cho cac hé thong da ddi twong. Trong diéu khién
ddi hinh, cac robot duy tri mét cau hinh hinh hoc mong mudn trong khi thyc
hién cac nhiém vu. Sy khac biét giira kiém soat doi hinh va kiém soat dong
thuan 13 trang thai cta tat ca cac tac nhan da dang hon. Piéu khién bay dan

duoc thiic day boi cac hanh vi trong cac nhém. Cac hanh vi tap thé duoc
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thuc hién boi céc twong tac cuc bd gitta cic tic nhan. Ba quy tic co ban cua
viéc phan dan di duoc trinh bay boi Reynolds [57], d6 1a sy gan két, tach
dan va lién két lai. Chién lugc diéu khién ndy d3 duoc nghién ctru trén cac
mo hinh tich phan kép trong mit phang 2-D [58] va khong gian n-chiéu [59].
Kha nédng tranh chudng ngai vat va kha nang hoc tap hop tac da dugc nghién
ctru trong [60,61]. Giao thirc diéu khién cyuc bd ctia mdi tac nhan duoc thiét
ké dé mdi tac nhan trong mang gip nhau tai mot diém dén ma khong can
giao tiép truc tiép gitra cac tac nhan [62]. Cac cong thirc dong b va khong
déng bo da dugc mo rong trong [63]. Bﬁng cach su dung dd thi 14n can, cac
van dé diém hen n chiéu da dugc nghién ctru trong [64]. Trong diéu khién
ngan chdn (containment control), mot ké hoach theo ddi robot dan dan da
dugc thyc hién, trong do tat ca nhing robot theo ddi déu hoi tu xung quanh
robot dan dau. Khoang cach giira cac ddi tuong 1a khong duoc tinh dén trong
diéu khién ngdn chan. Diéu khién ngan chdn da duogc nghién ctru theo dong
luc hoc tich phan don [65], dong luc hoc kép [66], cau tric lién lac ¢b dinh
[67], cAu trac lién két chuyén mach [68].

Mot phan tich vé cac thuét toan déng thuan bac hai da duoc thuc hién
bang cach st dung 1y thuyét dd thi dai s6 va két luan rang phan thyc va phan
40 cua cac gia tri riéng cila ma tran Laplacian c6 vai tr0 quan trong trong
viéc dat dugc su dong thuén [69]. Hon nita, anh hudng cua do tré truyén
thong da dugc khao sat trong nghién ciru ndy va né da chi ra rang sy dong
thuan béc hai co thé dat duoc trong hé thong da tic nhin voi cdy bao trum c6
huéng chi khi @6 tré thoi gian nhd hon gia tri téi han. Mot nghién ctru khac
dé xuat mot giao thirc dong thuan bac hai cho cac hé thong da tac nhan véi
phan hoi thong tin gian doan dong bo va ciu trac lién két co hudng [70].
Trong nghién ctru nay, 1y thuyét dai sé va cach tiép can diéu khién
Lyapunov di duoc str dung dé phén tich va chimg minh rang c6 thé dat duoc
su dong thuan bac hai néu két ndi dai s6 tong quat cta cau tric lién két 1on
hon gi4 tri ngudng va mdi tac nhan giao tiép voi cac tac nhan lan cin cia nd
du thuong xuyén.

Su d@)ng thuan bac ba cua mot hé théng dong gém 6 vi tri, van téc va gia

tdc da dugc nghién ciru ddi voi trudng hop do thi vo hudng [71] va mang co
huéng [72]. Cac nghién ctru nay sir dung 1y thuyét dd thi dai sb, cac diéu kién
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can va du dé dat duoc sy dong thuan da duoc thiét 1ap vé cuong d6 md rong
quy mé va cic gid tri riéng cia ma tran Laplacian. Hon nira, mot van dé dong
thuan ddi voi hé thong da tac nhan bac hai va hé thong da tic nhan bac ba da
duoc xem xét trong d6 hé thong khong dong nhét dugce chuyén doi thanh mot
hé thong sai s twong duwong dé phan tich d6 on dinh [73]. Trong nghién ctru
ndy, ca cdu tric lién két c6 dinh va chuyén mach déu dugc xem xét va dat
duoc su déng thuan béng cach dat duoc cac diéu kién du va can dua trén ly
thuyét hé théng budc nhay Markovian.

2.2.2 Nghién ctru cu thé cac k¥ thuit truyén thong khong diy ap dung

cho robot va mang robot

Hé thng truyén thong khong day 4p dung cho mang robot hira hen cung
cap két ndi khong day hiéu qua vé chi phi cho cac thiét bi khong c6 co sé ha
tang phi song. So véi thong tin lién lac trén mat dat hodc nhig hé thong dya
trén nén tang do cao, hé thong khong day theo yéu cau véi robot ty hanh tAm
thap néi chung trién khai nhanh hon, dugc céu hinh lai linh hoat hon va ¢
kha ning c6 cac kénh lién lac tot hon do sy hién dién cua cac lién két tim
ngan va trong tam nhin (LoS).

Véi tinh co dong cao va chi phi thap, may bay khong nguoi 1ai-UAV)
con thuong duoc goi 13 may bay diéu khién tir xa, da dugc ung dung rong rii
trong vai thap ky qua [14]. Trong lich stt, UAVS chu yéu duoc sir dung trong
quan doi, chii yéu duoc trién khai trén lanh tho thu dich dé giam t6n that phi
cong. V6i viée giam chi phi lién tuc va thu nho thiét bi, cac UAVS nho
(thudng c6 trong luong khong qua 25 kg) gid day dé dang tiép can voi nhiéu
dia hinh hon; do d6, nhiéu tmg dung méi trong linh vuc dan sy va thuong mai
dd xuét hién, v6i cac vi du dién hinh bao gdm giam sat thoi tiét, phat hién
chay rimg, kiém soat giao théng, van chuyén hang hoa, tim kiém va ctru nan
khan cap, chuyén tiép thong tin lién lac, va nhitng tmg dung khac [15]. UAVS
¢ thé duoc phan thanh hai loai, canh cb dinh va canh quay, mdi loai déu co
diém manh va diém yéu riéng. Vi du, UAVs canh cd dinh thuong c6 téc do
cao va trong tai 1on, nhung ching phai duy tri chuyén dong tinh tién lién tuc
dé & trén cao, va do d6 khong thich hop cho cac tng dung tinh can kiém tra
chat ché. Nguoc lai, cac UAVs canh quay nhu quadcopters, mac du ¢ tinh co

dong va trong tai han ché, nhung c6 thé di chuyén theo bat ky huéng nao
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cling nhu dimg yén trén khéng. Do d6, viéc lwa chon UAVs phu thudc rat
nhiéu vao céac tng dung cu thé.

Trong sb cac ung dung khac nhau duoc st dung UAVS, cdu truyén thong
UAVs céan dat dugc thong tin lién lac khong day toc d6 cao, dugce ky vong s&
dong mot vai tro quan trong trong cac hé thong thong tin lién lac trong tuong
lai. Trén thuc té, giao tiép khong day c6 sy hd tro cia UAVs cung cip mot
giai phap day hira hen dé cung cip két ndi khong day cho cac thiét bi khong
¢ co so ha ting phu song do bi che khuit nghiém trong bdi dia hinh d6 thi
hodc d6i nti hodc hu hong co s ha tang truyén thong do thién tai gay ra [16].
Luu ¥ & day, bén canh UAVs, mot giai phap thay thé cho két ndi khong day 1a
thong qua cac nén tang do cao (HAP), chéng han nhu khi cau, thuong hoat
dong & tang binh luu cao hang chyc km so véi bé mat Trai dat. Thong tin lién
lac dua trén HAP c¢6 mot s loi thé so véi cac nén tang tam thép (LAP) dya
trén UAVs, chang han nhu pham vi pha song rong hon va d6 bén 1au hon. Do
d6, HAP noi chung dugc wa thich dé cung cap ving phu song khong day dang
tin cdy cho cac khu vuc dia ly rat 16n. Mat khac, so véi truyén thong dua trén
HAP, hoac dua trén hé théng vé tinh hodc mat dat, lién lac khong day voi
UAVs ¢ d6 cao thap (thuong & do cao khong qua vai km) ciing c6 mot s loi
thé quan trong.

Thi nhat, cac hé théng UAVs theo yéu cau tiét kiém chi phi hon va co
thé duoc trién khai nhanh chéng hon nhiéu, diéu nay khién ching dac biét
thich hop cho cac nhiém vu d6t xuat hodc co thoi gian gidi han. Bén canh do,
v6i su hd trog cia UAVs tam thap, cac lién két thong tin lién lac tAm nhin ngan
(LoS) co thé duogc thiét 1ap trong hau hét cac tinh hudng, diéu ndy co kha
ning dan dén cai thién hiéu suat dang ké so véi lién lac truc tiép gitta ngudn
va dich (néu c6 thé) hoic HAP chuyén tiép qua cac lién két LoS duong dai.
Ngoai ra, kha ning co dong cia UAVs mang lai nhitng co hdi moi dé nang
cao hiéu suat, thong qua viéc diéu chinh dong cua trang thai UAVs dé phu
hop nhat v6i méi trudng lién lac. Hon nita, thong tin lién lac thich tmg c6 thé
duoc thiét ké chung véi kiém soat tinh di dong cia UAVS dé cai thién hon
nita hiéu suét lién lac. Vi du, khi mot UAVs trai nghiém céc kénh tot voi thiét
bi dau cudi mit dat, bén canh viéc truyén ¢ toc do cao hon, né ciing co thé

giam tbc do dé duy tri két ndi khong day tot dé truyén nhiéu dir liéu hon dén



57

cac thiét bi dau cudi mit dat. Nhimg loi ich rd rang nay 1am cho giao tiép
khong diy co su hd trg cia UAVS tré thanh mot thanh phan khong thé thiéu
day htra hen cta cac hé théng khong day trong tuong lai, vén can hd trg cac
tmg dung da dang hon v&i viée cai thién dung luong theo cp d6 so véi cac hé
thong hién tai.

- UAVS hd trg pham vi phit song, noi cac UAVs dugc trién khai dé hd
trg co sé ha tang thong tin lién lac hién c6, cung cép vung phu séng khong
day lién mach trong khu vuc phuc vu. Hai truong hop vi du 13 phuc héi dich
vu nhanh chong sau khi co s& ha tﬁng bi hu héng mot phﬁn hoac toan bo do
thién tai va tram gbc hoat dong & nhimg khu vuc cuc ky déng duc (vi du: san
van dong trong mot sy kién thé thao). Luu ¥ rang trudng hop thir hai di dugc
xé4c dinh 1a mot trong nam kich ban chinh can dugc giai quyét hiéu qua boi
cac hé théng khong day thé hé tha nam (5G) [17].

- UAVs hd trg chuyén tiép, trong d6 cac UAVs duoc trién khai dé cung
cap két ndi khong day giira hai hoic nhiéu ngudi dung hoidc nhém nguoi dung
& xa ma khong c6 lién két giao tiép truc tiép dang tin cay. Vi du, diéu nay c6
thé nam giira tién tuyén va trung tdm chi huy dé tng pho khan cap.

- UAVs hd tro thu thap dir liéu va phé bién thong tin, trong d6 UAVs
dugc phai di dé pho bién (hodc thu thap) thong tin co kha niang chiu tré dén
(tir) mot s6 lwong 16n cac thiét bi khong ddy phan tan. Mot vi du 13 cam bién
khong day trong céac img dung nong nghiép chinh xac.

Mic du ¢6 nhiéu loi ich htra hen, nhung giao tiép khong day véi UAVs
cling phai d6i mat voi mot sb thach thirc thiét ké méi. Pau tién, bén canh cac
lién két giao tiép thong thudng nhu trong cac hé thong trén mit dat, cac lién
két diéu khién bo sung va lién lac khong trong tai (CNPC) véi do tré va yéu
cau bao mat nghiém ngit hon 13 can thiét trong cac hé thong UAVs dé hd tro
cac chiric ning quan trong vé an toan, chang han nhu diéu khién thoi gian
thuc, va tranh va cham va va cham. Diéu nay doi hoi cac co ché quan 1y tai
nguyén va bao mat hiéu qua hon dugc thiét ké dic biét cho cac hé théng lién
lac UAVs. Bén canh d6, méi trudng di dong cao cua cac hé thong UAVs
thuong din dén céu tric mang c6 tinh ning dong cao, thuong duoc két ndi
thua tht va khong lién tuc [18]. Do d6, su phdi hop hiéu quéa gitra nhiéu
UAVs, hoic cac hoat dong bay dan UAVs, can dugc thiét ké dé dam bao két
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ndi mang dang tin cay [19]. Pong thoi, cac giao thic truyén thong méi can
duoc thiét ké c6 tinh dén kha niang két ndi mang thua thét va khong lién tuc.
Mot thach thtrc chinh khac bat nguén tir nhitng han ché vé kich thudc, trong
luong va stc manh (SWAP) ctia UAVs, c6 thé han ché kha ning giao tiép,
tinh toan va strc bén cua chung. Dé giai quyét nhimg van dé nhu véy, can co
cac co ché van hanh va trién khai UAVs nhén biét ning luong dé str dung va
bd sung ning luong thong minh. Cudi cung nhung khong kém phan quan
trong, do tinh co dong cua UAVs ciing nhu thiéu cac lién két backhaul (két
ndi chuyén tiép) cb dinh va diéu khién tap trung, viéc phdi hop gy nhiéu giira
cac 0 lan can voi1 cac tram géc trén khong hd trg UAVs sé& kho khin hon so
voi cac hé théng di dong trén mat dét. Do do, cac ky thuat quan 1y nhiéu hiéu
qua duoc thiét ké dic biét cho ving phu séng di dong c6 sy hd trg cia UAVs

14 can thiét.
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CHUONG 3. GIOI THIEU VE PIEU KHIEN THIET BI BAY
KHONG NGUOI LAI - UAV

3.1 Giéi thi¢u vé may bay khong nguoi lai (UAV)

May bay khong nguoi 1ai (UAV) 1a mot loai robot tu hanh dugc sir dung
pho bién hién nay do tinh linh hoat va co dong cua chung. UAV c6 thé hoat
dong dudi su diéu khién tir xa cta nguoi diéu khién hodc véi nhiéu mic do tu
cht khac nhau, chang han nhu hd tro 1ai tuy dong, cho dén may bay tu dong

hoan toan khong can con nguoi can thiép.

Hinh 3. 1: May bay khong nguoi ldai quadrotor UAV- FlameWheel 450

(F450)
Cac thanh phan Thong so
bong co quay 4
Nang 686g (khong bao gom pin)
Kich thuéc duong chéo 450mm
Tbc do bay cuc dai 100km/h
Cung i s ans_| 200t 0 g
Pin 3700mAh 35C 11.1V 3SXT60
LiPo
GNSS GPS+GLONASS Dual Mode
Dai tan hoat dong 2.4GHz
Thoi gian bay tdi da 18 phut

Bing 3. 1: Théng sé ky thudt ciia quadrotor UAV- FlameWheel 450
(F450)
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Quadrotor UAV- FlameWheel 450 (F450) nhu trong Hinh 3.1 va thong sb
k¥ thuat cia UAV trong Bang 3.1

So d6 lap dit cac thanh phan diéu khién bao gém: Bo diéu khién, 04 motor
voi 04 canh quat, ESC, receiver... dugc thé hién & hinh 3.2. Theo d6 cac thanh
phan nay duoc ¢ dinh 1én than UAV bang hé vit hoic day khoa.

Hinh 3. 2: So d6 cdc thanh phan diéu khién trén UAV F450

UAV ban dau duoc str dung cho céc nhiém vu rat tn kém hodc nguy hiém
dbi v6i con ngudi. Mic du chung bt dau cha yéu trong cac tng dung quén sy
[20], viéc st dung chung nhanh chong md rong sang cac ung dung thuong
mai, khoa hoc, gidi tri, nong nghi€p va cac ing dung khac, chrfmg han nhu
giam sat va bao vé, giao hang, chup anh trén khong, kiém tra co s ha tang.
Trong bai bao [21] cac tng dung duoc trinh bay bao gdm giam sat, kiém tra
va lap ban d6 cac khu vuc nguy hiém. UAV d4 phét trién rat nhiéu ké tir khi
ra doi do nhitng d6i méi lién tuc trong linh vuc cong nghé va internet. Ngay
nay, UAV duoc str dung lam céng cu diéu hudng va giam sat trén mat dat va
trén khong. Gan day, viéc st dung UAV da phd bién trong nhiéu linh vuc nhu
kiém so4t giao thong, phan tich thoi tiét, giao hang, cac nhiém vu ctru ho, va
quan 1y tham hoa phu hop véi yéu cau ctia cac thanh phd thong minh va théng
minh va sy quan ly cia chiing [22]. Phan tich dua trén UAV giup quan 1y cac
tham hoa nhu Iii lut va chay rung [23].
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UAV duoc uu tién thuc hién cac nhiém vu ¢ nhimg khu vuc nguy hiém va
tac nghén c6 nguy co de doa dén tinh mang con nguoi. UAV di ting ning
sudt 1én rat nhiéu, viéc str dung UAV s& tiét kiém duoc nhiéu cong strc va thoi

gian cho con nguoi.
Mot sd thach thire voi UAV dang can duoc xem xét nang cap nhu sau:

Thach thic sac: Cac st ménh UAV doi hoi phéai quan ly nang luong hiéu
qua cho cac UAV chay bang pin. Quan ly déng tin cdy, lién tuc va thong minh
c6 thé giup UAV dat dugce nhiém vy va ngin nglra mat mat va hu hong. Dung
lugng pin cua UAV la yéu td chinh dé thyc hién cac nhiém vu bén bi. Nhung
khi dung luong pin ting lén, trong luong cua né ting 1én, diéu nay khién

UAV tiéu tén nhiéu nang luong hon cho mdt nhi€ém vu nhét dinh.

Cac thach thuc tranh va cham va bay dan: UAV c6 thé va cham véi cac
chudng ngai vat, co thé 1a vat thé chuyén dong hoic ding yén trong méi
trudng trong nha hoic ngoai troi. Trong cac chuyén bay ciia UAV, diéu quan

trong la phai tranh tai nan véi nhitng chudéng ngai vat nay.

Nhitng thach thirc vé& bao mat: Cac thanh phan khac nhau cta cac hé thong
UAV cung cap mot bé mit tn cong 16n cho nhitng xam nhép pha hoai, diéu

nay mang lai nhitng thach thirc 16n vé an ninh mang cho cac hé thong UAV.
3.2 Vén dé diéu khién dan UAVs

UAV duoc dinh nghia 13 mot thuc thé nam trong mot sé moi trudong va cd
thé tu chi phan tng vé6i nhitng thay doi trong méi truong d6 [24]. Moi trudng
13 cac yéu t6 bén ngoai tdi UAV. Mdi truong c6 thé bi thay d6i boi mot sb
hanh déng do cac UAV thuc hién. Hé théng nhiéu UAV 1a sy tich hop cua
nhiéu UAV trong d6 cac UAV phai tuong tac véi cac thanh vién khac dé c6
duoc su hop tac. Diéu khién hop tac cho nhiéu UAV di dugc nghién ciru va
khai thac rong réi trong nhiéu linh vuc Gng dung nhu hé théng robot [25],
phuong tién ty hanh dudi nuoc (AUV) [26], may bay khong nguoi lai (UAV)
[27], mang cam bién [18], va ludi dién thong minh [29].

Trong hé théng da ddi twong, ciu tric diéu khién dugc phan loai rong rai
thanh hai nhom so dd tip trung va phéan tan [30]. Trong mot ciu trac tip

trung, mot don vi trung tdm c6 két ndi vai tat ca cac doi tuong nam gitlt thong
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tin toan cau, thuc hién cac tinh toan va giam sat cac ddi twong khac dé dat
duoc nhiém vu. Do d6, mot ngudn lre manh thudng duoc yéu cau cho don vi
trung tam. Nguoc lai, cdu trac phan tan gidi thiéu mot so dd tinh toan dua trén
viéc chia sé thong tin cuc bd. Tat ca cac dai Iy déu c6 cung loai thiét bi va cap
d6. Mdi UAV cam nhén thong tin twong ddi cua cac UAV lién ké bang céc
cam bién cuc bd. Duya trén dir liéu nay, mot UAV dua ra quyét dinh cho budc
tiép theo. Cac UAV chi can két ndi voi UAV lién ké va khong yéu cau thong

tin toan cau.

Central Local Local Local
Processor +——— processor &———  processor

processor T ) — ) — 3
: : UZ”Y2 Bk UIHY1 UZ”Y2 U]HY3

Agent 1 Agent 2 Agent 3 Agent 1 Agent 2 Agent 3

(a) Pure centralized structure (b) Distributed control
Hinh 3. 3: Cac phuwong an Tdp trung va Phan tan

Céc cau tric kiém soat tip trung va phan tan c6 gid tri va wu diém riéng cta
chung. Trong cac chuong trinh tip trung, cdu tric kiém soat rd rang va dé
thuc hién. Mot don vi trung tdm véi kha ning tinh toan va giao tiép tuyét voi
s& thuc hién hiéu qua cic phép tinh va guri cac 1énh diéu khién dén cac ddi
tuong khac. Tuy nhién, hé thdng gip su ¢ 161 mot diém. Su c¢d cua thiét bi
trung tam s¢€ dan dén su sup dd cua toan bd hé théng. Hon nita, cac yéu cau vé
mot don vi trung tAm sé& rat ton kém. Trong cac so d6 phi tap trung, cdu tric
diéu khién phirc tap hon dé thuc hién diéu phdi. Nguoc lai, tinh manh mé& cua
hé théng duoc cai thién rat nhidu. Khi cac nhiém vu tinh toan duogc thuc hién
trén mot déi tuong, cadc nhiém vu cé thé duoc hoan thanh ngay ca khi mdt )
doi tuong khac bi thét bai. Ngoai ra, diéu khién phan tan c6 hiéu qud kinh té
hon vi don vi 16i dit tién c6 thé dugc thay thé bang cac thiét bi tinh toan va
cam bién chi phi thép.

+* Dieéu khién nhom

bicu khién nhom da dugc nghién clru rdng rai trong linh vuc robot va di¢u
khién. Nhiéu chién luoc kiém soat da duoc dé xuat dé kiém soat doi hinh.

Trong [53], cac ddi twong di phan loai cic loai chién luge diéu khién bing
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cac bién s6 cam nhan va diéu khién, d6 1a diéu khién dwa trén vi tri, d6 dich
chuyén va khoang cach. Trong diéu khién dua trén vi tri, mdi dbi turong co thé
c6 duogc cac vi tri cua nd trong hé toa do toan cau va bo diéu khién st dung
thong tin nay dé diéu khién mot ddi tuong dén muc tiéu. Poi véi cac truong
hop diéu khién dua trén sy dich chuyén, dinh hudng cua tac nhan trong hé toa
do toan ciu c6 sin va tac nhan co thé nhdn ra vi tri twong d6i cua cac doi
tuong lién ké. Pinh hudng cua tit ca cac dbi twong phai phu hop voi toa do
toan cuc. Trong diéu khién dua trén sy dich chuyén, cac ddi tuong c6 thé co
duoc vi tri tuong ddi cua cac doi tuong gﬁn trong su phéi hop cuc bd cua
chung nhu 1a cac bién diéu khién. Pinh hudng c6 thé khong can phai lién két
v61 nhitng dbi tuong khac. Kiém soat dua trén d6 dich chuyén la cach tiép can

thich hop nhét vi né yéu cau it tai nguyén hon cho thong tin toan cau.

iy

Global coordinate
Global coordinate

(a) Displacement- based control ' (b) Distance- based control
Hinh 3. 4: Diéu khién dvwa theo khoang cach va khong theo vi tri

Diéu khién nhom c6 thé duogc phan loai theo ¥ tudng cua cac so do kiém
soat. Ba loai chinh 1a dua trén UAV di theo, dua trén céu trac 4o va kiém soat
duya trén hanh vi. Trong kiém soat dua vao di theo, mot hodc mot s6 d6i tuong
duoc coi 1a dan hudng va cac thanh vién khac di theo. Thong tin vé cac nhiém
vu chi ¢6 sin cho cac UAV dan hudng. UAV theo ddi chuyén dong cua UAV
dan dudng va gitr khoang cach véi UAV dan hudéng. O diéu khién dua trén
hanh vi, mot s6 hanh vi mong mudn duoc két hop dé kiém soat cac d6i tuong.
Hoat dong phé bién 1a duy tri do1 hinh, tranh va cham va tim kiém muc tiéu.
MJi hanh vi c6 mdt trong sb riéng biét. Trong diéu khién dya trén céu tric 4o,
cac dbi tuong theo ddi chuyén dong cia cac UAV tuong Gng véi mot cau tric
40. Mdi cach tiép can déu c6 wu va nhuoc diém riéng [54]. Phuong phap dua

trén Nguoi dan dau-Ngudi theo ddi ¢ cach trién khai don gian va tinh toan
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nhe. Tuy nhién, cach tiép can nay khong manh mé vi toan bo hé théng co thé
bi that bai do sai 1am cua UAV din huéng. Cach tiép can dua trén hanh vi c6
vu diém 13 nhiéu muyc tiéu kiém soat c6 thé dugc két hop dong thoi trong mot
bo diéu khién duy nhat. Mit khac, dong luc cta cac hé thong st dung cach
tiép can dua trén hanh vi rit kho duoc phan tich toan hoc, diéu nay gay kho
khan trong viéc thiét ké murc ting trong lwong phi hop cho cac hanh vi. Trong
cac phuong phap tiép can cau trac ao, hinh dang hinh thanh c6 thé thu dugc
mot cach chinh xac. Tuy nhién, cach tiép cin nay doi hoi nhiéu tai nguyén dé

tinh toan va giao tiép.

Nhu d4 noi ¢ trén, 1y thuyét dong thuan da duoc str dung rong rai dé thiét
ké cac thuat toan diéu khién nhom. Trong thiét ké dua trén sy dong thuin, mdi
tac nhan co cac trang thai gilt hiéu s6 lién quan dén tham chiéu nhom. Céc
trang thai di dén thoa thuan thong qua cac tuwong tac cuc bd. Trong [55], Ren
d4 chi ra rang cac phuong phap tiép cin dua trén cdu tric 40, hanh vi va UAV
dan duong c6 thé duoc coi 1a nhimg trudng hop dic biét cua kiém soat hinh
thanh dya trén sy dong thuan. Nghién ctru ¢ [56] dd dé xuit mot giao thirc
diéu khién dya trén sy dong thuan cho mot hé thong bay dan véi dong luc hoc
tich hop thr nhat. Két qua cho thy rang sy hinh thanh d3 dat duoc trong mét
thoi gian hitu han. Cac van dé kiém soat sy hinh thanh cta cac ddi tuong véi
dong luc hoc tich phan thir hai va cac cau tric lién két twong tac vo hudng da

duoc nghién ctru trong [57].
< Sir dung tri tué nhan tao (AI) trong diéu khién dan UAV

Tri tué nhén tao 13 viéc nghién ctru va phat trién cac may moc va phan mém
thong minh c6 thé hoc hoi, thu thap kién thirc, giao tiép, thao tac, suy luan va
nhan thirc cac d6i tuong. Tir d6 c6 thé dua ra nhitng quyét dinh chinh xac dé
giai quyét nhitng van dé phirc tap. John McCarthy da dat ra thuat ngit nay vao
nim 1956 nhu mot nhanh cta khoa hoc may tinh lién quan dén viéc lam cho
may tinh hoat dong gidng nhu con ngudi. Chinh viéc nghién ciru tinh toan
gitip chiing ta c6 thé nhan thic 1y tri va hanh dong. Tri tué nhan tao khac véi
khoa hoc may tinh vi n6 tap trung vao nhan thirc, suy luan va hanh dong. No
lam cho may moc thong minh hon va hitu ich hon. N6 hoat dong véi sy trg

gilp cua cac no-ron nhan tao (mang no-ron nhan tao) va cac dinh ly khoa hoc
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(cac cau 1énh if-then va logic). Mang no-ron nhan tao (ANN), hoc may (ML),
hoc sau (DL), logic mo, hé théng giao thoa mo no-ron (ANFIS), thuat toan di
truyén, nhan dang mau, phan cum, toi wu hoa bay hat (PSO), v.v. cac cong cu

quen thudc cua Al.

Céac cong nghé Al di phat trién dén mirc mang lai nhitng loi ich thiét thuc
thuc su trong nhiéu tng dung cuia chiing. Céc linh vuc Tri tué nhan tao chinh
1a cac hé théng chuyén gia, xir Iy ngdn ngit ty nhién, hiéu giong noi, robot va
hé thdng gidc quan, thi gidc may tinh va nhin dang canh, tinh toan than kinh,
hudng dan c6 su hd tro cia mdy tinh thong minh. Trong phan ndy, ching toi

chi tap trung diéu tra vao cac k¥ thuét Al cho robot.

Trong nhiing nim gan day, Al tré thanh mot cong cu dic biét hiru ich dé
giai quyét cac van dé phic tap ciia Hé théng nhiéu robot (MRS) nhu hanh vi
dong phi tuyén, sé luong tac nhan ngay cang ting, cic nhiém vu da robot
trong mot moi trudng thay doi nang dong. Trong [77], cac tac gia da dé xuat
kién tric ctia mot hé théng mo cho mdi diéu khién toc do robot va mot hé
théng mo-no-ron dé tranh chudng ngai vat. Ky thuat dua trén tri tu¢ nhan tao
nay da dugc chirng minh 1a hi€u qua va do tin cdy cao cho cac nhiém vuy nhiéu
robot trong méi trudng thay d6i ning dong. Cac thudt toan hoc ting cudng
cling da dugc trinh bay véi muc dich tao ra mot khuon kho linh hoat c6 thé ty
dong thich Gmg véi cac diéu kién moi truong khic nhau va voi nhiéu tic nhan
khac nhau [78].

Viéc tim ra mot quy dao kha thi va khong co va cham cho mdi tac nhan
trong viéc kiém soat sy hinh thanh 1a rit quan trong va thach thirc ddi véi cac
hé thong da tac nhan. Bai bao [79] dd dé xuat mot cach tiép can hoc tap clng
cd sau dé giai quyét van dé nay. Cu thé, phuong phap nay khong chi co thé
cho phép mdi robot ty hoc chinh sach ctia minh ma con c¢6 thé udc luong
chinh sach ciia cac nudc lang giéng dé tim ra cac hanh dong chinh xac sau
qua trinh dao tao.

Hon nita, thuat toan diéu khién hinh thanh cho céc hé thong da tac nhan
dya trén phuong phép tiép can Al ciing duoc ap dung trong nhiém vu lap ké

hoach duong di cia UAV. Muyc tiéu chinh cta nhiém vu nay 1a thiét ké mot
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duong bay hudng dén muc ti€u voi chi phi toan dién toi thi€u, xac suat bi tiéu

diét t6i thiéu trong khi dap tmg cac yéu cau vé hiéu suat cua UAV [80,81,82].

Ngoai cac van dé néu trén, giao tiép hiéu qua gitta ban than robot va con
ngudi phai 12 mot yéu cau thiét yéu dbi voi cac hé thdng nhiéu robot. Su két
hop cua cac phuong phap tiép can tién tién s& giup robot di chuyén tu dong va
mo rong cac chic ndng cua robot dé thuc hién bat ky nhi¢ém vy nao mot cach
hiéu qua. Hinh 3.6 mo ta cac irng dung khac nhau ctia cac giai phap Al trong
cac hé théng da UAV, vi du, truyén dan da UAV hop tac, thong tin lién lac
bay dan UAV, phat hién UAV, lap ké hoach duong di tur dong [83]. Noi
chung, tAim quan trong cua Al trong mang truyén thong khong day da duogc
chi ra trong nhiéu nghién ctru. Trong [84], [85], [86] d4 trinh bay vé kha ning
két nbi cia UAV va du doan sb luong ngudi dung duoc két ndi véi UAV
bang cach str dung may hoc. Céc tac gia trong [87] tip trung vao Internet ctia
van vat théng minh (IoT), dua Al vao mang ludi giao tiép va van vat. Nghién
ctru nay st dung cac robot thong minh tai nha dé thu thap dir liéu va két nbi

v6i qua trinh xtr 1y bang AL

Céc ung dung thuc té cua tri tué¢ nhan tao trong h¢ théng nhiéu d4i tuong co
thé ké dén nhu phat hién chay ring, (mg ciru, giai quyét tinh trang qua tai
thong tin lién lac. Trong [88], su hinh thanh cua cac UAV sir dung Al dé phat
hién chay rung sém. Nghién ctru nay cho phép UAV st dung cac phuong
phap thi gidc may tinh dé nhan dang va phat hién khéi hodc ltra, dua trén cac
hinh anh tinh hoic dau vao video tir cac camera bay khong nguoi 1ai. Mot hé
théng nhiéu UAV dua trén may hoc dé t6i da hoa dung luong ctia mang 5G da
duoc trinh bay trong [89]. Phuong phap dugc dé xuit st dung “hoc ting
cuong” thiét 1ap mot vi tri tdi wu voi thong luong toi da dé giai quyét van dé

qua tai truyén thong.
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Hinh 3. 5: Cdc itng dung ciia Al trong cdc hé thong sir dung nhiéu UAV

Tom lai, tri tué nhan tao dong mot vai trd quan trong trong viéc cung cap
cac giai phap kha thi cho nhitng van dé nay va giup dua ra quyét dinh duogc
danh gia cao va dy doan chinh xéac theo cac tinh hudng moéi truong dé dat

duoc hiéu qua tot nhat tir cac hé théng nhiéu robot hay UAVs.

Noi dung chi tiét vé thuét toan xur 1y anh giam sat st dung tri tu¢ nhan tao
(AI) cho thiét bj bay khong ngudi 14 UAV s& duoc trinh bay trong chuong 4
cua bao cdo nay.

< Van dé nhan dién d6i twong, xdy dung ban do

May bay khong ngudi 1ai thudng duoc trang bi cam bién mday anh
(camera), c6 thé 1a may anh quang hoc hoat dong trén phd anh sang nhin thiy,
tia hong ngoai dé hoat dong trong diéu kién anh sang yéu (bang cach phat
hién nhiét phat ra) hodc cam bién siéu kinh, xem xét cac pho cu thé cho cac su
kién quan tam. Sau do, hinh anh do cam bién thu thap co thé duoc xu 1y cuc
bo bang hé théng may tinh trén bo mach hodc giri dén céc trung tim diéu
khién dé xir 1y tir xa. Trong ca hai truong hop xt Iy cuc bd va tir xa, viée xac
dinh ty dong céac su ki¢n quan tdm (tirc 1a cac thdm hoa tiém én) 1a rat quan
trong dé cam nhan tham hoa khi n6 dang xay ra, thuc hién cac hanh dong ctru

séng ngay lap tirc, boi cac to chic chinh pha hodc chinh ngudi dan. Trong
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thap ky qua, hé théng phan loai dua trén Al (CNN) da dat duoc rat nhiéu tién
bd. Nhiéu kién trac da dugc dé xuit boi cong ddng hoc sau duoc thiic day boi
nhu ciu thuc hién tt hon nita trong cac nhi¢m vy phan loai hinh anh nhu
Cudc thi Nhan biét Hinh anh Quy moé 16n ImageNet (ILSVRC).

Tiép theo, mot sb kién trac quan trong nhét s& duge cha ¥, O cac thanh
phan va y tuong s& duoc st dung dé phat trién CNN hiéu qua dé phén loai
canh trén khong véi UAV. Tuy nhién, viéc phat hién nan nhan trong tham hoa
bi thach thirc rat nhiéu bai nhiu cta hinh anh, boi cac thong sé moi truong

bén ngoai khac nhau.

Hinh 3. 6: Mét s6 hinh anh thu thap tie UAVs trong ung dung cieu ho (AIDER)

Céc k¥ thuat dua trén bo loc truyén théng dé phan loai hinh anh nhu biéu
dd cua cac bd loc gradient ¢c6 dinh hudng va céc thudt todn hoc may hoat
dong tot ddi véi khoéi luong 10n hinh anh dau vao cta con nguoi. Nhimg tién
bo trong thuat toan hoc sau hoat dong tdt theo cép s6 nhan trong viéc xu 1y
khéi lwong dir liéu hinh anh khéng 16. Nhing thach thirc trong viéc phat hién
con nguoi la do mot $6 1y do nhu tu thé khac nhau ma con nguoi thuc hién, c6
thé bi con nguoi hodc vat thé khac che khuat, nén c6 thé c6 vat thé hinh nguoi
din dén phat hién sai. Nhiéu d6 vat nhu binh cttu héa, ghé hodac bup bé trong
pham vi phat hién c6 thé c6 cac dic diém giéng con ngudi nhung duoc két
hop sai voi nan nhan Cac phuwong phap phat hién d6i twong truyén thdng duoc
xay dyung dua trén cac tinh ning thu cong va kién triic nong nghiép c6 thé dao
tao duoc. Hiéu suét cua chung dé dang bi dinh tré bﬁng cach xay dung cac

nhom phirc tap két hop nhiéu tinh ning hinh anh cp thap véi bdi canh cip
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cao tir bo phat hién d6i twong va bd phan loai canh. V&i sy phét trién nhanh
chéng cua hoc sdu, cac cong cu manh mé& hon, ¢ thé hoc ngit nghia, cac tinh
ning cip cao, sdu hon, duoc gidi thidu dé giai quyét cac van dé ton tai trong
cac kién trac truyén théng. Cac mo hinh nay hoat dong khac nhau vé kién tric

mang, chién lugc dao tao va chirc nang t61 uu hoa.
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CHUONG 4. THUAT TOAN XU LY ANH GIAM SAT SU’
DUNG TRI TUE NHAN TAO (AI) CHO PHUONG TIEN TU
HANH KHONG NGUOI LAI

4.1 Pit van dé

Trong nhiéu thap ky, mdy bay khong ngudi 1ai (UAV) duoc coi 1a mot giai
phép thay thé, nham tao ra moi trudng 1am viéc an toan nhat cho con ngudi tir
nhitng khu vuc nguy hiém hodc nhimg nhiém vu c6 rdi ro cao. Vi kha ning
giam sat tir xa theo thoi gian thue, UAV duoc trang bi camera co thé ghi lai
hinh anh hodc video dé theo ddi cac muc tiéu nhu con ngudi, phuong tién
hodc cac khu vuc cu thé. Hién nay, UAV gidm sat da duoc ning cép thém
nhiéu tinh ning tu diéu khién, phan tich va xt 1y dir liéu bang cach tich hop
UAV véi tri tué nhan tao (AI). Str dung cac cong nghé nay, UAV c6 thé duoc
dao tao dé thuc hién cac nhiém vu cu thé bang cach xt 1y mot luong 16n hinh
anh va video, déng thoi xdc dinh khu vuc quan tdm hién di¢n (Rol) trong céc
khung nhu kiém tra mat ciu phat hién cot thép, thuc hién cac nhiém vu gidm
sat dé canh bao sém thién tai hodc phat hién vét nat. That vay, sy tich hop
gitta UAV v6i cong nghé Al c6 thé gitip UAV thuc hién cac nhiém vu phirc
tap hon 1 giam sat. Ngoai ra, cong nghé Al con cai thién nhitng han ché con
ton tai ctia hé théng giam sat UAV nhu dung luong luu trit, kha ning xir 1y,
bang thong truyén dan, giup truyén dit liéu lién tuc, giam chi phi tinh toan va

tang dJ chinh x4c cua viéc phat hién Rol.

Xuét phat tir nhu cau thuc té, nghién ciru nay gidi thidu mot phuong phap
méi nham phan bd phu hop hon trong qua trinh xt 1y dir liéu trén ca hai phia
UAV va Server cta hé thong giam sat UAV. So do khéi trong hinh 4.1 mo ta
cac budc hoat dong cua qua trinh xur 1y video ¢ phia gidm sat UAV trudce khi
gti dir liéu dén phia may chi. Mdi khung hinh cua video dau vao dugc sir
dung cho hai muc dich, do6 1a nén biéu dién, Bf va vung quan tam, Rol. Bf
duoc goi 1a nén duoc cap nhat néu cé thay doi tinh so véi cac khung trude do.
Mit khac, Rol chira cac d6i tuong chuyén dong thu dugc bé”mg cach &p dung
k¥ thuat trir nén. Piém dic biét 1a chi nhimg Rol méi duge gui dén may chu.

Trong khi d6, nén théng qua quaé trinh cép nhat tir Bi thanh Bf, nén cudi cung.
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Bf sau d6 dugc giri dén phia méay chi. Hop nhat Bf va ROI (cac ddi tuong
chuyén dong) & phia may chu sé tao ra cac khung c6 nén trudc va nén sau day
du. Ngoai ra, k¥ thuat nay dugc ap dung ¢ phia may anh gitip may chu & phia
may chi chi can tip trung ROI dé xu 1y céc tac vu tiép theo. Qua d6 giam

ganh nang tinh toan cho phia may chu.

Bi
Updating

v

UAV ]

surveillance > B > Server
A

A 4

Rols

Hinh 4. 1: So do khéi mé ta cac budce hoat dong ciia qud trinh xit Iy video ¢

phia gidm sat UAV trieée khi giri dit liéu dén phia mdy chii

l False
Input . Block matching
e algorithm

True

4.2 Xt ly dir liéu & phia camera

Background initia
fulfillment?

True

Background ¢ Block

Background initial = ‘Black’ : .
updating representation

Hinh 4. 2: Luu do thudt todn khéi tao nén

Mo6i khung hinh cta video dau vao ban dau co6 kich thudc chiéu rong, W va
chi€u cao, H déu c6 céac khoi tinh va co6 thé chtra cac khoi chuyén dong. Bé
mo hinh hoa nén ma khong c6 cac doi tugng chuyén dong, mot thuat toan

duogc hién thi trong hinh 4.2 duoc dé xuit. Nén dugc md phong theo t khung
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hinh video lién tiép, t c6 thé thay ddi dya trén cac canh cu thé. Cac khung tai
thoi diém t = 1 va thoi diém t + 1. Tai khung dau tién caa video dau vao F1
hoic t = 1, khung nén ban dau Bt dugc xac dinh 1a khong xac dinh va biéu
thi 1a cac khdi “den”. D6i véi cac khung tiép theo, khung t duoc so sanh véi
khung t — 1 trudc d6 bang thuat toan khdp khéi dé xac dinh cac ving chuyén
dong co thé duoc goi 1a ving chira cac dbi tugng chuyén dong va tao ban do
chuyén dong. Thuat toan khép khéi tinh toan ham chi phi tai mdi vi tri c6 thé
c6 trong cira s tim kiém. Piéu nay dan dén kha nang khép khéi macro trong
khung tham chiéu véi mot khdi trong khung khéc. Nén, dugc cap nhat dua
trén khung chuyén dong va nén ban dau trudc d6. Quy trinh cdp nhat nén
dugc thuc hién cho dén khi tt ca cac khdi khong xac dinh duogc 14p day boi

cac khoi nén.

(a) Raw frame at frame (b) Raw frame at (¢) Raw frame at frame (d) Raw frame at
t=1 frame t = 3 = b framet =8

R ﬁ o 1 i
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(e) Background initial (f) Motion map at (g) Molion map at (h) Motion map at
at frame £ = 1 frame t =1 frame t = 3 framet =5

(1) Background initial (j) Background initial (k) Background initial (1) Background initial
at frame t = 1 at framet = 3 atframe t =8 at frame t = 21

Hinh 4. 3: Béi canh ban dau ¢ mét vai khung hinh dau tién tir b6 dir liéu
ATON

Nhu thé hién trong hinh 4.3 c6 cac khung hinh gbc, khung hinh chuyén
dong trong d6 cac khoi chuyén dong duoc ky hiéu 1a cac khdi “den” va cac
khéi “trang” 1a cac khoi tinh va cac chit cai dau nén ¢ cac khung hinh khac
nhau. O khung dau tién, t = 1, nén ban dau, dugc mé hinh héa véi tat ca cac

khéi “den”, nhu trong hinh 4.3¢. T t = 2, bang cach 4p dung thuét toan khép
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khéi, néu mot khung bao gém cac dbi twgng chuyén dong, ban dd chuyén
dong, cac khdi s& dugc danh diu bang khdi “den”, néu khong s& 1a khbi
“tréng”. Qua trinh tao mo hinh nén duge thuc hién thong qua va nén truée do,
. Ngoai ra, tai khung nay, néu khéi trong d6 1 khdi “trang” va khéi twong ting
& phan dau 1a “den” thi cac khdi & nén ban dau d6 s& duoc nhan ban ra khoi
khung. Tuong tu, sau khi tit ca cac khdi “den” trong phan dau cua nén dugc
thay thé bang cac khdi “mau tring” trong , phan dau cua nén duoc thuc hién.

Tu do, background initial s€ tham gia vao qua trinh cip nhat background.

(a) Original at frame (b) Original at frame (c) Original at frame (d) Original at frame
t=176 t=191 t=212 t=273

i

(e) Background 3] Background (2) Background (h) Background

updated where updated where updated where updated where
THy = 20 at frame TH,s = 20 at frame THy = 20 at frame THyy = 20 at frame

t=176 t=191 t=212 t=273

|

(1) Background ) Background

(k) Background )] Background

updated where updated where updated where updated where
TH,uy = 40 at frame THy = 40 at frame THuy = 40 at frame THuy = 40 at frame
t=176 t=191 t=212 t=273

Hinh 4. 4: Cdp nhdt doi twong tinh dé wéc tinh nén trong dé a) khung thé t,
(b) nén dwoc cdp nhdt véi THstill = 20 va (c) nén dwoe cdp nhit véi THstill =

40 tai cdc thoi diém khdc nhau
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Modify CNN Transpose CNN

Input frames Modified CNNs  Transposed CNNs

Hinh 4. 5: Trich xudt Rol (Region of Interests)
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Hinh 4. 6: Trich xudt Rols trong findContour & cdc frame dnh ngdu nhién
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Khoang 50 dén 200 vi du dao tao duoc sir dung trong md hinh dé xuit nay.
Tir tap dir liéu SBI 1am vi dy huén luyén, cac thtr nghiém chon ngiu nhién
100 hinh anh. Tong cong c6 khoang 1,2 triéu tham s6. Nhén thyc so sanh véi
gia tri dy doan bang cach str dung ham mat entropy chéo nhi phan. Trinh tbi
wu héa RMSProp véi kich thude 16 5, 100 ky nguyén duoc ap dung nhim
muc dich huén luyén mang. Dya trén mo ta trong hinh 4.7, diém kiém tra mo
hinh gitp cai thién hiéu suat mang va ting d6 chinh xac ctia mé hinh. Piém
nay khong cap nhat cho dén khi do chinh xac huén luyén ting 1én hodc ton

that huan luyén giam xudng. Do @0, chién lugc ndy giup mang giir két qua

ddo tao tot hon.
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Hinh 4. 7: Panh gia do chinh xdc cua qua trinh hoc may

4.3 Xir Iy dir liéu & phia Server (tram goc)

I
I
I
I
Founded !
I
I
I
|
i

Pooling
onv layer

Output layer

[ ]
1.
o

Fully con.  Fully con.

Object ROI
O
D Conv layer Pooling
—
Re-format | : .
Sizé i Car? - O‘__.
: I
| I Truck? < O ®
! :
I |
I

Hinh 4. 8: Phadn loai doi twong sw dung D-CNN
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Khi mang dya trén nhitng dit 1i€u thuc té d6, dd chinh xac va mirc do lién
quan sé ting 1én dang ké. Kich thudc dau vao mic dinh dau tién cua Rol 1a 64
x 64 pixel RGB dé dap umg yéu cau hinh anh dau vao tir kich thuéc ROI khéc
nhau dugc tach ra tir bude trude. Ngoai ra, khoang 200 Rol duoc trién khai dé
dao tao DCNN ¢ phia may chii. Hé théng m6 hinh nay can trai qua nhiéu thir
nghiém dé dat dugc hiéu qua tét nhat véi kich thude t6i wu. Khi may chu
nhén duge cac ROI dugc xac dinh rd, hé thong chi can tap trung vao cac ROI
¢6 kich thudc nho va khong can phan loai phuc tap. Tét ca cac Rol c6 kich
thudc mac dinh dugc chon theo cach thu cong s€ phan loai thanh hai loai 1a “6
t6” va "xe tai". Hé thong phan loai bao gdm hai 16p tich chap, hai 16p tong
hop dugc sap xép xen k&, hai 16p duoc két ndi day du va cudi cung 1a 16p dau
ra. Cac don vi tuyén tinh chinh luu (ReLU) trong 16p cudi cing dong vai tro
la chirc nang hoat dong.

acc

0.9

0.8
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a) The training accuracy and testing accuracy line

loss
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04
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b) The training loss and testing loss line

Hinh 4. 9: Banh gia qua trinh hoc su dung D-CNN ¢ phia Server
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S6 luong Rol dugc chia theo hai loai 100 ROI dugc chon 13 6 t6 va 100
ROI 14 xe tai, tit ca dugc trich xuat tir video trong bo dir liéu ATON- thoi
luong 33 gidy véi 25 khung hinh mbi gidy, do d6 tong s6 khung hinh 13 825
khung hinh (Attp./ /cvrr.ucsd.edu/aton/shad).

Viéc phan loai cac ddi tuong dugce ch v dua trén viéc danh gia hiéu suat
cua CNN tuy chinh. Ngoai ra, phép do F cling dugc thyc hién nhu phép do.
Do chinh xac, thu hdi va thude do F duogce tinh toan chi tiét. Bi voi timg kich
thudc hinh anh dau vao, thir nghiém duoc 1ap lai 10 1an bang cach st dung lay
mau phu ngau nhién. Do kich thudéc va dung luong cia tap dit liéu nho hon
nén hiéu ning cua hé thdng khong cao. Trong tuong lai, khi lwong dir licu
duoc nang cao, hiéu suit nay chic chan s& duoc cai thién. Thudc do ¢ day 1a
gia tri trung binh cta 10 thi nghi€ém v&i d§ chinh xéc, do chinh xac va kha
ning thu hoi. Mang dugc dé xuét cho thay két qua xir Iy rat tot voi sé luong

hoat dong nhé hon trong ca dao tao va phan loai.
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CHUONG 5. KET NOI MANG UAVS VA UNG DUNG Al
TRONG THU THAP HINH ANH

5.1 Pit van dé

Mang UAV tu hanh di dugc trién khai trong nhiéu img dung trong ca linh
vuc quan sy va dan su. Véi kha nang xu ly dir li€u 16n cling nhu kha nang co
dong, UAV c6 kha ndng hoan thanh mot loat cac ing dung nhu co s¢ dau khi
cho an ninh, giam sat, tng pho khan cép, cang bién, v.v. ning dong va hiéu
qua cho cac muc dich cam bién, theo doi giam sat va dac biét, chung cé thé 1a
cong nghé ct 16i trong tdm nhin Internet of Things, trong d6 cac UAV phan

tan c6 the thu thap dir li€u cam bién va trao d61 dir liu vdi nhau.

Mang UAV bao g@)m céc thiét bi cam bién, thuét toan diéu khién va thong
tin lién lac. Cac UAV trong mang hop tac lam viéc ciing nhau dé hoan thanh
cac nhiém vu cu thé. Mdi UAV c¢6 thé thu dugce dit liéu cam bién truc quan
béng camera dugc trang bi. Dt li¢u cam bién sau d6 duoc trao doi trén toan
mang cho cadc muc dich nhiém vu. Co6 hai cAu tric chia sé thong tin chinh la
tap trung va phan tan. Trong cac mang tap trung, by xtr 1y trung tam thuc hién
tat ca céc tac vu bao g@)m thu thap, tinh todn va gui 1énh téi cac nut khéc trong
mang. So dd tap trung c6 mot diém 15i duy nhét ciia bo xir Iy trung tim va céc
nat khac phai duy tri két ndi v6i nat trung tdm. Trong cac mang phan tan,
thong tin dugc trao doi gilta cac nut va cac chién lugc tinh toan va ra quyét
dinh dugc thyc hi¢n trong chinh mdi UAV. Thong thuong, cac mang UAV
hoat dong theo kiéu phan tan dé cai thién d6 bén va giam ganh ning lién lac
do mdt UAV chi can két ndi v6i cac 1an cln ctia nd. Bén canh viéc chia sé
thong tin, mot van dé can can nhic khac 13 cic thuat toan diéu khién cho
nhiéu d6i hinh UAV. Trong cac hé théng giam sat dua trén UAV, UAV phai
gdp nhiéu trd ngai vi chung thuong hoat dong & do cao thap trong moi trudng
d6 thi do céc han ché vé chinh sach.

Cac thuat toan diéu khién s& c6 thé diéu khién doi hinh UAV dén céc khu
vuc muc tiéu ma khong va cham véi chudng ngai vét cling nhu cac UAV
khac. Cac phuong phap duoc dé xuat ¢ trén dd cho thdy hiéu qua t6t vé mat
gilr hinh dang d¢i hinh va co dong tron tru. Tuy nhién, vi€c trdnh chudng ngai
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vat da khong duoc xem xét. Phuong phap truong tiém ning nhan tao (APF)
dd duoc nghién ctru dé giai quyét cac van dé tranh chudng ngai vat. Trong cac
bai bao, cac luc hap dan va xung duoc tao ra bai trudng tiém niang dé mot tac
nhan tranh va cham va duy tri khoang cach mong mudn trong mét doi hinh.
Tuy nhién, phuong phap APF c¢6 nhiing han ché do cic van dé cuc tiéu cuc
bo. Tai nhitng diém nay, tong luc do luc hap dan va luc day bang khong, diéu
nay ngan UAV tiép can muc tiéu. Ngoai ra, cic phuong phip APF di cho
thay hiéu suat kém trong viéc xir Iy cac chudng ngai vat c6 hinh dang 161 va
16m. Trong kiém soat bay dan, cac tic nhan trong mot nhom chi can giit mot
khoang céch nhét dinh véi hang x6m cua ho, diéu nay khac véi thuat toan
diéu khién doi hinh trong dé cac tic nhan duy tri mot vi tri cing nhéc ton
trong hang x6m cua ho. Cac thudt toan diéu khién d6 x6 cho phép do61 hinh
thay d6i hinh dang d6i hinh mot cach hiéu qua khi gap chudng ngai vat. Tinh
ning nay 1am cho céc thuét toan d6 xo6 trd thanh phuong phap tiép can phu
hop cho cac hé thong giam sat dya trén UAV.

Hé théng giam sat thong minh (ISS) 1a mot hé thong giam sat c6 kha nang
phan tich dir liéu manh m&. Mot ISS khéng chi c6 thé phat hién hodc theo ddi
cac d6i twong ma con co thé phan tich dir liéu dé du doan hanh vi cua cac dbi
tuwong hoic cac sy kién sap tdi. Nhimg loai cong viée nay di duoc thuc hién
v6i su can thiép tbi thiéu tir con nguoi. Co thé tim thdy nhiéu tng dung cia
ISS trong tai li€u nhu gidm sat giao thong hoac an ninh gia dinh. ISS 1a mot
cong ngh¢ hi¢n dai str dung kién thure tir cac linh vuc ky thuat khac nhau nhu
thiét bi cam bién, thong tin lién lac, x 1y tin hiéu va tri tué nhan tao (AI). Tuy
nhién, do s luong 16n camera duoc trién khai trong cic hé thong giam sat
thuc t& nén dit liéu cam bién thu thap duoc tir camera ctling 16n. Piéu nay dan
dén nhiéu van dé vé do chinh xac cua hé théng, thot gian, d§ phuc tap cua dir

liéu, v.v.

Su phat trién cua cac cong nghé Al da ting 1én nhanh chong trong nhimng
nim gan day. Cac ky thuat Al cling d3 duoc st dung trong viéc quan 1y luu
luong mang. Ant Colony Optimization (ACO) dugc ap dung dé cai thién hiéu
sudt ctia cac mang do phan mém xac dinh (SDN). Chat luong trai nghiém cia
SDN ting 24,1% bang cach ap dung ACO trén biéu d6 trong s6 ciia bo dicu
khién SDN. Hau hét cac thuat toan Al thudng yéu cau phan ctng manh mé dé
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xtr Iy mot luong dir liéu khong 16. Tinh ning ndy giéi han cac ing dung cia

thuat toan xt 1y tin hiéu dua trén Al tién tién trong thyc té.

Céc rang budc phan cing nghiém ngit hon trong cac hé thong giam sat
mang UAV. Mgt UAV chi c6 thé mang theo mot luong pin hiru han. Viéc
trang bi thém cac thiét bi xir 1y trén tau s& lam ting trong luong cua UAV,
gitip giam thoi gian hoat dong. UAV thuong mai c¢6 thé hoat dong trong vong
20-40 phat cho mdi chu ky sac. Hau hét ning luong tiéu thu dén tir dong co
day, diéu nay co thé duoc giai quyét bang cach t6i vu hoa tong thoi gian bay
trong trudong hop thu thap va phan tich dir liéu trong Gmg dung mang cam bién
khong day trén mot 1an sac. Trong cac ung dung giam sat, cic UAV thudng
thuc hién nhiém vu & mot do cao va vi tri nhat dinh cho dén khi can kiét ning
luong, viée t6i wu hoa thoi gian bay c6 thé chua phu hop. Dir liéu giam sat
hodc cam bién c6 thé 1a hinh anh hoic video c6 thé tiéu ton mot luong 16n bd
nhé luu trir trong mdi UAV. Diéu nay ciing tiéu ton rat nhiéu ning luong
trong truong hop cac UAV truyén dit liéu dén cac phia may cha hoic gitta cac
UAV thong qua truyén dir liu khong day. Nhu da dé cap trong, muc tiéu thu
ning luong cua truyén dir liéu khong day ty 1é thuan voi kich thude goi; do
d6, kich thudc dit liéu duoc truyén cang nho thi murc tiéu thu ning luong cang

nho.

Hinh 5. 1 Minh hoa mang UAV phdn tan gidm sdt khu viee cam bién. UAV ¢6

thé bao phu mot khu vuc rong lon cho muc dich giam sat.

Nhu hinh5.1, trong tmg dung giam sat, mdi UAV giam sat & mdt khu vuc
nhét dinh. Dit liéu tir UAV ¢6 thé duoc trao doi gitta cac UAV lan can. Viéc
thu thap dir liéu dudi dang dinh dang video ctia UAV c6 thé tiéu ton mot
luong 16m bo nhé luu trit trong mdi UAV va ca bang thong truyén dan. Ngoai
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ra, khi thyc hién gidm sat, cac UAV thuong bay ¢ mot vi tri ¢ dinh, do do,
hau hét cac canh khong thay d6i theo thoi gian va chi c6 cac vat thé chuyén
dong 1a dang cht y. Viéc truyén dit liéu du thira nhu khung nén, ving chong
lap, v.v. gdy lang phi tai nguyén; tuy nhién, cic nhiém vy phan tich sau hon

chi lién quan dén cac doi tugng chuyén dong.

Trong phan nghién ctru nay, mot khudn kho cho cac mang giam sat UAV
tiét kiém ning luong cao duogc dé xuat. Mot nhom UAV duoc trién khai bao
pht mot khu vuc can quan sat. Mgt thuat toan dd x6 duoc s dung dé diéu
khién mot nhéom UAV di chuyén dén cac khu vuc cam bién. Thuat toan dam
bao rang nhéom UAV c6 thé di chuyén an toan dén céac vi tri can thiét va tao
thanh mot hinh dang phu hop dé bao phu cac khu vuc cam bién. Sau d6, mot
phuong phap dua trén Al dugc dé xuat véi muc dich giam dit liéu du thira cho
UAYV khi thuc hién nhi€ém vu gidm sat thu thap dir li€u. Thuat toan xu 1y dir
liéu co6 thé duoc chia thanh ba budc chinh: (i) M6 hinh hoa nén loai bo tat ca
cac dbi tuong chuyén dong trong canh va ghép nén két hop nén duge mé hinh
héa tir mdi UAV, (ii) Trich xudt ddi twong dugce cha ¥ cua timg khung hinh
do UAV chup va (iii) Tai tao dir liéu két hop Nén duoc mé hinh hoa & budc
(i) va Déi twong duge chi ¥ & budce (ii). Phuong phap nay ¢ thé duoc goi 1a
mot loai ki thuat cam bién nén nham muc dich tiét kiém dién ning tiéu thu

béng céch loai bo dit liéu du thira ciia cic cam bién.
5.2. XAy dung hé thong
5.2.1. Cdc hé théng UAVs

Xem xét mot d6i UAV, ddi duoc trién khai ¢ trung tdm mit dat. Sau khi
nhan dugc yéu cAu nhiém vy, t6 UAV s& di chuyén dén dia diém muc tiéu. Vi
tri muc tiéu dugce xac dinh 14 mot nha 1anh dao 4o dé co thé dan dat cac UAV
trong thuat toan diéu khién d6 x6. Thuat toan cong tac dugc chon dé thuc déy
nhom UAV. P6i hinh UAV c6 thé cau hinh lai hinh dang d6i hinh mét cach
an toan dé tranh va cham vé&i chudng ngai vat khi di chuyén. Khi doi UAV
dén dia diém muc tiéu, doi s& dan dan hinh thanh d6i hinh gin nhu mang tinh

thé dé bao phu hoan toan cac khu vyc cam bién.
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Gia st moi UAV c6 thé c6 duoc vi tri todn cau ciia nd bang cic cam bién
nhu GPS. Mot camera hudng xudng dugce gan trén UAV, cung cip cho mdi
UAV mét pham vi cam bién lién tuc 1a RS. UAV dugc trang bi céac thiét bi
lién lac khong day tAm ngan cho phép chung lién lac khong diy véi nhing
nguoi khac néu khoang cach Euclide giira chung nhé hon Rc khong d6i, dugc
goi 1a pham vi lién lac. Pham vi cam bién RS khong bat budc phai nho hon
pham vi giao tiép Rc dé dam bao cac ving khong chdng 1ap. Trong cong viée
ndy, cac vung chdéng lap duoc chap nhan dé dam bao hiéu suit phu song.
Trong khi xtr Iy, dir liéu chong chéo duoc xir Iy bang thuat toan xir 1y dir liéu

dua trén Al duoc dé xuit nhu sau.
5.2.2. Phwong phap xu ly dii liéu swr dung AI

Cau tric ctia hé théng UAV duoc dua ra trong Hinh 1. Mot UAV giam sat
mot khu vuc riéng biét va cac khu vuc do cdc UAV khéc nhau xur ly co thé bi
chdng chéo 1én nhau. UAV tao thanh mot mang phan tan va chia sé thong tin
cam bién cuc bd cua ching voi nhitng ngudi khac dé tai tao lai dir liu cam

bién toan cau.

Trong budc d4u tién, mo hinh nén dugc thuc hién trén UAV. Cac video da
quay duoc xir 1y dé tao nén chi bao gdm cac d6i twong khoéng chuyén dong.
Sau d6, hinh nén duogc gri cho nhitng ngudi hang x6m 4n xin va chi dugc cap
nhat khi c6 bét ky thay d6i nao vé hinh nén. Céc nén riéng 1¢ sau d6 duoc
ghép lai voi nhau dé tao thanh mot nén hoan chinh ctia khu vuc cam nhén.
Trong truong hop cac hinh anh chong 18n nhau, mot thudt toan phat hién
chong chéo dugce trinh bay. Thuit toan phét hién cac diém chinh va bo mé ta
bat bién cuc bd, sau do dbi sanh cic bd md ta cta cac hinh anh chéng lép,
thuat toan dong thudn mau ngiu nhién (RANSAC) duoc sir dung dé thu duoc
ban do dong nhat. Ma tran homography thu duoc sau d6 dugce st dung dé 1am

cong va ghép cac hinh anh chong 1én nhau.

Budc tiép theo, UAV thyc hién cac chic ning trich xuat ddi twong trong d6
cac ddi twong chuyén dong duoc phat hién bang cach so sanh sy khac biét
trong chudi khung hinh lién tuc. Néu c6 chuyén dong dugc phat hién, chi tiét
ctia cac d6i twong chuyén dong dugc xac dinh bdi mang than kinh tich chap

(CNN). Nhiing dit liéu hitu ich nay cling dugc chia sé gitra cAc mang UAV.
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Cudi cung, cac hinh anh tai tao duoc xay dung dua trén dit lidu trich xuét
duoc giri boi cac UAV khac. Cac quy trinh tai tao co thé dugc thuc hién trén
UAV. Khi dit liéu cam bién duoc giam bét bang phuong phap duoc dé xuit,
ganh ning d6i voi bing thong truyén din va tai nguyén tinh toan s& giam di

rat nhiéu.
5.3. Trién khai nhém UAV g dung Al trong thu thap hinh anh

Trong phan nay, thuat toan diéu khién dé& xuat dugc goi 1a thuat toan “dd
x6” (flocking) duoc mod phong véi 10 UAV. Sau d6, két qua thir nghiém thé
hién tit ca cac bude di dé cap. Két qua thtr nghiém dugc thuc hi¢n béng
Python 3.6 véi thu vién TensorFlow va Keras trén nén tang Intel Xeon E3,
16GB RAM, Window-10. B dir liéu duoc chon tir Stanford Drone Data.

5.3.1. Diéu khién nhém UAV

Trong phﬁn nay, mot nhém 10 UAV duogc trién khai dé thuc hién nhiém vu
giam sat trong mot khu vuc rong 16n. Ching t6i xac dinh mot don vi dé tinh
khoang cach Euclide gitra cac UAV, cdc chudng ngai vat trong truong cam
bién. Mdi UAV c¢6 pham vi lién lac khong ddi Re = 10 don vi. Mot vi tri 4o

dai dién cho mot vi tri muc tiéu cho nhém (hién thi 13 hinh vudng do, nho).
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Hinh 5. 2: 10 UAV duwoc trién khai theo ddi hinh, tranh vit can trong moi

truong lam viéc khac nhau.
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Hinh 5. 3: Nhom UAV vuot qua cac chwdng ngai vat, tao doi hinh lam viéc.

Trong hinh 5.2, khi cdc UAV trong nhom gdp chudng ngai vat, ching sé&
tach ra va di chuyén xung quanh chudng ngai vat. Két ndi giita cac thanh vién
c6 thé bi gian doan ma khong anh huéng dén hiéu suat diéu khién. Khi nhom
tiép can muc tiéu, cac thanh vién UAV dan dan két ndi lai dé tao thanh hinh
dang mang gin nhu alpha. Hinh dang bao phu mét khu vuc xung quanh mét
diém muyc tiéu. Hinh 5.3 minh hoa hinh dang mang gan nhu alpha duoc hinh
thanh boi nhom UAV. Tat ca 10 UAV s& ¢ xung quanh vi tri lam viéc va bit
dau nhiém vu ctia minh 1a nhiém vu giam sat. Dya trén pham vi lién lac cd
dinh Re, chung giir cac két ndi ctia ching véi cac 1an can dudi dang mang

ludi nhu trong hinh.
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5.3.2. Xdy dwng khung hinh nén

Hinh 5. 4: Mé hinh héa nén va khung thé tuwong g

Bang cach sir dung nhiéu khung hinh nhan dugc tir giam sat UAV, nén
duoc mo hinh hoa bﬁng cach st dung ky thuat bd loc trung vi. S luong
khung hinh can thiét dé thuc hién nén co6 thé duogc chon tuy thudc vao boi
canh va vi tri cua nhi€ém vy gidm sat. Trong dé tai nay, do cac UAV thuc hién
nhi¢m vy gidm sat cua can bd nha truong, luu lugng phuong tién va nguoi
tham gia giao thong thap. Vi vay, 20 khung hinh dugc chon ngiu nhién dé
thuc hién nén nhu hinh 5.4. Sau khi nén tr cac canh khac nhau duge UAV
chup va gi dén cac UAV khéc, trong truong hop chong lan, cac viing chong
lap s& dugc xur ly bang thuét toan di trinh bay & phéan trudc nhu trong hinh
5.5.

Hinh 5. 5: Két qua nén dwoc chup boi cac UAV khdc nhau dwoc ghép lai
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5.3.3. Trich xudt doi twong

Hinh 5. 6: Udc lwong — phan tich chuyén dong theo thir tw tir trdi qua phdi, tir
trén xuéng duwdi a) Hinh nén, b) Khung hinh thuce, ¢) Khung hinh ¢é chuyén
déng d) Phat hién chuyén dong.

Sau khi lap mo6 hinh nén, viéc phat hién khu vuc chuyén dong co thé duogc
thuc hién théng qua chinh nén va theo cac khung co thé chira cac ddi tuong
chuyén dong. Vung khic nhau dua trén ngudng dugc xac dinh trudc s&
chuyén thanh [0, 1]. Bang cach sir dung k¥ thudt nay thay vi phuwong phap
khung phan biét truyén thng, két qua s& t6t hon nhu trong hinh 5.6.

5.3.4. Phén logi déi twong

Trong hudn luyén, khu vuc chuyén dong dugc phat hién; qué trinh phan
loai d6i tuwong s& duoc tién hanh. M6 hinh phén loai d6i tuong duoc dao tao
boi bo dit liéu Stanford Drone Data bao gém cac d6i tuong nhu phuong tién,
nguoi di bo, ngudi di xe dap, v.v. Sau nhiéu thir nghiém dé chon ra siéu tham
s6 t6t nhat, mo hinh phan loai dbi twong dé c6 hiéu sut tot nhat voi sd ky
nguyén = 6, sé budc trén mdi ky nguyén = 1000. Do chinh xac huan luyén tai
ky nguyén = 6 13 0,965, ton that huan luyén = 0,11, d6 chinh x4c kiém tra =
0,90, ton that kiém tra = 0,39, nhu trong hinh 5.7.
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Hinh 5. 7:Pdnh gia phdn logi déi twong sir dung CNN: DG chinh xdc giita

ddo tao va thuc té

Dé danh gia hiéu suat ctia moé hinh phan loai ddi twong CNN tuy chinh, cac
chi s6 F1, d6 chinh xac va thu hdi duoc st dung. Do kich thudc cia dbi tuong
ctia tap dir liéu nho hon, hiéu suat ctia mang duoc dé xuat c6 thé duoc nang
cao trong cai tién trong twong lai. Nguoc lai, mang dugc dé xuit cho thiy
hiéu qua tinh toan rét t6t voi sé lugng hoat dong nhod hon trong ca giai doan

dao tao va phan loai.
5.3.5. Khoi phuc dir liéu

Sau khi cac d6i twong chuyén dong duoc theo ddi va trich xuét, dwa trén
thong tin vi tri, x,y,w,h trong do x,y 1a vi tri bat dau va w.h 1a chiéu rong va
chiéu cao cua kich thudc cia ving quan tdm gidi han hinh chir nhat. Dé do

luong hiéu qua cta phuong phap dugce dé xuat, cac video trong bd Dit lidu



88

may bay khong ngudi lai cia Stanford dugc chia thanh cac khung va duoc so
sanh voi tong dung luong cua nén va ddi twong chuyén dong dugce trich xuét.
Céc video trong Stanford Drone Data c6 1422x1945, 30 khung hinh/gidy, toc
do dir lieu = 50890kbps. 300 khung hinh dwgc 1ay tir mot video bat ky c6
dung lugng 138MB. Sau khi xir ly, tong dung luong con lai x4p xi 14MB.
Nhu vay, ty 1 giam 1a 90% nhung van dam bao chat lugng ciia hinh anh. Do
do, ty 1& @i tuong trong mdi khung hinh 13 cyc ky nho so véi toan bd khung
hinh. Néu chung ta c6 thé loai bo hau hét cac dir liéu khong can thiét, diéu
nay co6 thé 1am giam dang ké mot luong dit liéu khong 16. Két qua 1a tiét kiém
nang luong cho viéc truyén dir liéu giita cac UAV hodc tiét kiém dung luong
luu trlt cho UAV.

Nhin chung, mang UAV phan tan c6 thé giam dang ké viéc truyén dit liéu
khong 16 cho muc dich giam sat video dwa trén cac phuong phap xur 1y dit liéu
AL Ngoai ra, thuat toan diéu khién d6 x6 con gitp cac UAV 1am viéc trong
céc linh vyc phu hop v6i nhiém vu cong tic. Cach tiép can tiét kiém ning
luong duoc trinh bay va giai quyét hoan toan.

Nghién ctru ndy ctia dé tai da dé xuat cac phuong phap méi dé diéu khién
nhiéu UAV hoic xtr Iy dir liéu giam sat video dua trén k¥ thuat AT vi CNN.
Céc thuat toan diéu khién d6 x6 duoc ap dung vao cac UAV phan tan dé dan
UAV di chuyén trén céac linh vuc 1am viéc va tranh va cham va chudng ngai
vat. Phuong phap xtr 1y dit liéu dua trén Al giup giam déng ké ludng dir liéu
du thira gitta cac UAV duoc dé xuat. Phuong phap nay ciing giam thoi gian
dao tao va thoi gian phan loai so véi cac phuong phép hién c6, chang han nhu
phét hién YOLO. Tong thé cac phuong phap duoc dé xuat gitp giam dung
luong luu trit, bang thong truyén dan va hiéu suit trong ung dung giam sat
ctia UAV. That vay, ty 1& dbi tuong trong mdi khung hinh 1a v6 cing nho,
viéc truyén tai du thira trong mdi khung hinh 1 khong can thiét. Viéc ap dung
phuong phép gitip giam khoang 90% dung luong dir liéu thira nhung van dam
béo chit luong cua hinh anh. Piéu nay lam giam dang ké murc tiéu thy ning

luong cho UAV trong cac nhi¢m vu cua chung.
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CHUONG 6. NGHIEN CUU CAC THUAT TOAN PIEU
KHIEN, CAC THUAT TOAN TRUYEN THONG VA KET NOI
MANG

Céac chién luge diéu khién nhom cho dan robot ¢6 thé chia ra ba chién lugc
phé bién d6 1a diéu khién nhom truéng — thanh vién, diéu khién dua trén hanh
vi va diéu khién theo cau trac 4o (hinh 6.1) [74],[2].

Bigu khién nhém

Nhom Lrocdd
frieérng chuyén thé nhén

e W pign bhy
Ao 5 bay dan Ak
dong tao dan

Hinh 6. 1: Cdc chién lugc diéu khién nhém co ban

6.1 Chién lwgc diéu khién nhém truéng — thanh vién

Trong chién luoc diéu khién nhom trudng — thanh vién (Leader—Follower
Approach) mot robot dugc chi dinh 13 nhom trudng. Trong cach tiép can nay,
robot nhom truéng di theo quy dao mong mudn cuia nod trong khi cac robot
con lai s€ di theo vi tri cua nhém truéng. Phu thudc vao tinh chit ciia nhom

truong c6 ba loai nhom trudng d6 1a nhém trudng tinh, nhom trudng dong va

% Follower 1
T~ Trajectory

-y =

% ————————)
lfollower 2 e Leader

Hinh 6. 2: Chién lwoc diéu khién truéng nhém - thanh vién

nhom trudng ao.

Uu diém cua chién luge nay 1a giam sai s6 theo ddi va c6 thé duge phan

tich bang cach st dung cic phuong phap diéu khién tiéu chuan [75]. Mot uu
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diém khéc 13 chi nhom trudng chiu trach nhiém hoach dinh quy dao va nhirng
thanh vién phai tuan theo toa dd cua robot nhém trudng; do do, chién lugc
ndy c6 bo diéu khién don gian hon so vdi cac chién luoc diéu khién khac. Vé
nhuoc diém hoat dong toan doi bi phu thudc rat nhiéu thim chi hoan toan vao
nhom truong dan dén giam d6 linh hoat va bén vimng cua hé thong khi hoat
dong trong moi trudng khic nghiét c¢o nhiéu rai ro va phan hoi tir nhirng robot
thanh vién d6i véi nhom truong thuong chua dugce ap dung trong cach tiép

can nay.
6.2 Chién lrgc diéu khién dwa trén hanh vi

Trong phuong phép tiép can dua trén hanh vi (Behaviour-Based Approach)
moi robot riéng 1¢ thé hién mot s6 hanh vi dya trén cac yéu td dau vao cua
cam bién nhu tranh chudng ngai vat, tim kiém muc tiéu va duy tri dg1 hinh,
hanh vi diéu khién cubi cung duoc suy ra tir viéc danh gia tim quan trong
tuong ddi ciia mdi hanh vi. C6 bdn phuong phéap chinh trong cach tiép can
ndy, d6 1a diéu khién dya trén lugc dd chuyén dong (motor schema-based
control), truong thé nhén tao (artificial potential field), tri tué bay dan (swarm
intelligence) va diéu khién bay dan (flocking control). B6 diéu phdi hanh vi s&
nhan két qua dau ra ctia mdi hanh vi voi trong sé twong ddi cia nd, sau do
tong hop va chuan hoa két qua. Mot uu diém cua phuong phap nay 1a né ¢o
thé hoat dong trong méi truong khong xac dinh va bién dong vi n6 1a phuong
phap song song, thoi gian thuc va phan tan [75]. Mot wu diém khac cia
phuong phap nay d6 1a mdi hanh vi c¢6 ¥ nghia vat 1y ctiia nd va sy phan hoi
ctia doi hinh c6 thé duoc két hop vao dong luc nhom bang cach két hop cac
dau ra cia mdi hanh vi riéng 1é. Bé 4p dung phuong phap nay can phai xay
dyng mé hinh toan hoc mé ta dong luc hoc ciia nhém robot, yéu cau hé théng
phai c¢6 kha ning tinh toan manh mé& dé quyét dinh gia tri trong s6 hanh vi tir

do6 moi c6 thé dua ra dugc chinh xac hanh vi cudi cung ctia toan ddi [76].
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Hinh 6. 3: Chién luoc diéu khién dira trén hanh vi

a. Phwong phdp diéu khién dia trén lupc do chuyén dong (Motor Schema-
Based Control):

Céac luogc dd chuyén dong dugc str dung cho robot di dong ty hanh 1a cac
chudi hanh dong thuc hién hanh vi huéng dén muc tiéu. Thay vi dai dién cho
cac hanh dong co ban don gian nhét c6 sin cua robot, cac luge dd va co ché
chuyén dong thé hién ¢ mirc dd cao hon, chang han nhu tranh chudng ngai
vat, tranh robot khac, duy tri do1 hinh va di chuyén theo muc tiéu. Céc luge dd
va co ché chuyén dong ban dau nay xac dinh cac luat diéu khién duoc ma hoa
bang mot sd tham sb va dong vai tro 13 tap hop co sé chuyén dong cua robot.
Nhing chuyén dong ban dau nhu vay du dé tao ra toan bo chuyén dong cua

robot thong qua su két hop cua cac luge do.

> Hanh vi n

R =2%(GiRy)

Hanhvin -1

o Co cau
chép hanh

Cac cam bién

> Hanh vi 2

> Hanhvi 1

Hinh 6. 4: So d6 khéi mé ta phwong phdp diéu khién duwa trén lwoc dé chuyén
dong

Lugc dd chuyén dong st dung co ché phdi hop. Cu thé nhu sau: cac hanh
vi khac nhau dugc diéu phéi thong qua vecto tong. Mdi hanh vi dong gdp vao

phan mg toan cau phu thudc vao hé sé hanh vi (Gj). Mdi vecto dau ra (R;)
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duoc nhan véi hé s6 hanh vi cta nd va cong lai voi nhau dé tao ra mot vecto
dau ra duy nhat s& duoc giri dén bo truyén dong cua robot (hinh 2.4) [78].
Trong cac nhiém vu cu thé tuy timg mic d6 wu tién hanh vi khac nhau ma co6
thé thay doi hé s6 hanh vi phu hop.

b. Phwong phdp truong thé nhan tao (Artificial Potential Field)

Pé tang cuong kha ning tranh vat can trong cac dia hinh phtic tap cac nha
khoa hoc trén thé gidi dd st dung cong nghé trudong thé nhan tao, phuong
phap diéu khién nay dua trén luc hép dan va luc déy. Céc lyc nay 1a do dbc
am cua truong thé nang hap dan va truong thé ning dy. Trong phuong phap
ndy, xung quanh mdi robot s& hinh thanh mét trudng thé do bao gdm trudng
hat va trudng ddy. Truong hut s& diéu hudng cic phuong tién lai gan nhau,
trong khi truong luc diy s& cho phép cic phuong tién di chuyén ra xa nhau tir
d6 hé sé co kha ning tranh va cham 1an nhau va tranh vt can trong khi ca doi

hinh van c6 thé di chuyén véi toe do cao [77].

c. Phwong phdp diéu khién bay dan (Flocking Control)[87]-[89]

Phuong phap diéu khién bay dan mé ta hanh vi cia mot nhom chim bay,
dan ca hodc hanh vi bay dan cia con tring. Phuong phap diéu khién bay dan
cht yéu bao gdm ba hanh vi: tranh va cham hay con goi 1a hanh vi tich dan
(separation), phdi hop véan toc con goi lién két lai (alignment), va tip trung

dan (flock centering).

C6 thé coi diéu khién bay dan (flocking control) 1a mot phuong phéap cua
diéu khién nhém, tuy nhién ddi véi diéu khién nhém c6 yéu ciu nghiém ngat
hon vé vi tri cua timg robot trong doi hinh. C6 thé thiét 1ap modi lién hé giira
diéu khién nhém va hanh vi biy dan d6i v6i nhiéu tic nhan dong hoc phi mo
hoc bang cach sir dung 1y thuyét d6 thi dai s6 va phan tich d6 on dinh
Lyapunov [79]. O ddy, n6 duoc chi ra rang khi cac myc tiéu hinh thanh gitra
céc tac nhan khong thé xay ra dong thoi trong khong gian trang thai, thi theo
cac gia thiét nhat dinh, céc vecto van tdc va hudng cia cac tdc nhan hoi tu vé
mot gia tri chung & trang thai on dinh, trong cung mot chién luogc diéu khién
s& din dén thanh mot sy hinh thanh kha thi. Hon nita, bang cach str dung

nguyén tic bat bién cua LaSalle, ngudi ta 3 chimg minh rang cic tac nhan
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hoi tu dén cau hinh mong muon khi tat ca cac tdc nhan déu c6 dinh hudng

chung.

Léy cam hung tir hanh vi bﬁy dan, moét thuat toan cho cac phuong tién da
duoc thuc hién dé ung dung trong viéc kiém soat dong xe trén dudng cao tdc
[80]. Trong bai bdo ndy, mot phuong tién ao di duoc s dung dé mo hinh hoa
phuong tién xe ty dong va cac nguyén tic bat bién cua LaSalle da dugc st
dung dé ching minh sy hdi tu cua toan bo hé théng. Hon nita, két qua mo
phong cho thay nhiéu xe co thé dat dugc trang thai di chuyén 6n dinh dong
thoi duy tri duoc d6i hinh trong sudt qua trinh di chuyén cua toan hé théng.
Trong mdt céng bd khoa hoc khac, mot thuat toan diéu khién nhom phan tan
dd duoc dé xuét cho robot di dong nhiéu banh trong mdi trudng khong gian tu
do [81]. Trong nghién ctru ndy, cic nguyén tic bat bién cta LaSalle d3 duoc
str dung dé phan tich do 6n dinh. Hon nita, két qua mo phong cho thay rang
phuong phap dé xuit c6 thé dat duoc hinh dang d6i hinh mong mudn ctia hé
théng trong khi van gitt nguyén van téc va goc hudng.

Mot kién trac diéu khién bao gém cac bo diéu khién: bo diéu khién 1ap ké
hoach dudng di, diéu khién by dan va diéu khién nhom dé diéu khién doi
hinh cua céac robot di dong. Trong d6 bo diéu khién bay dan cung cap su on
dinh tiém can dé kiém soat doi hinh va hinh dang d6i hinh dat duoc nhd vecto
van téc dong bd cua cac phuong tién cé nhan [82]. Trong mot nghién ciru
khac, cac tac gia da thiét ké bo diéu khién nhom phi tap trung va xay dung doi
hinh ctia nhom robot tu hanh c6 banh xe, mot thuat toan diéu hudng phi tap
trung ngau nhién da dugc nghién ctu trong d6 cac robot tir hanh di chuyén
theo cung mot hudng véi cing toc d6 [83]. O day, mdi robot khong biét trudc
vi trf cta nd trong cAu hinh mong muén va céc robot di dat dugc sy dong
thuan vé vi tri ctia chung théng qua trao d6i thong tin cuc bd. Trong bai bao
ndy, su dong thuin cho viéc xay dung doi hinh di dat dugc thong qua cac

bién sO vé van toc va hudng.

d. Phwong phdp tri tué bay dan (Swarm Intelligence)
Céc k¥ thuat tri tué bay dan trong d6 mot hanh vi tp thé mong mudn xudt
hién tir cac twong tac cuc b gitra cac robot véi nhau va véi moi trudng cua

chung. Ngudn cam hing thuong dén tir thién nhién, dic biét 1a cac hé thong
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sinh hoc. Céc tac nhan tudn theo cic quy tic don gian va tuong tac cuc b,
ngau nhién, tuy nhién nhitng tuong tac gitta cac tac nhan ndy dan dén sy xuat
hién ctia hanh vi toan cau "thong minh". Mot s6 thuat toan trong k¥ thuat tri
tué bay dan: Toi vu hoa bay dan (PSO); Tbi wu hoa Ant Colony (ACO); Tbi
uu hoa bay dan Glowworm (GSO)...

6.3 Chién lwgc diéu khién ciu triic a0

Trong cach tiép can cdu tric ao (Virtual Structure Approach), mot cau trac
a0 cuia dan robot tu hanh duoc xay dung. Sau d6 chuyén chuyén dong ctia cau
tric 40 nay sang chuyén dong cua mang robot thuc. Trong cach tiép can nay,
quy dao mong mudn khong dugc chi dinh cho mot robot duy nhat, ma nd
duoc chia sé boi toan b d6i hinh. Vé wu diém, chién luge nay dé& dang phdi
hop hanh vi cho ca nhom [75] phu hop véi cac ing dung st dung dan robot
trong trinh dién d6i hinh. V& mit nhuoc diém, day 1a phuong phap diéu khién
tap trung nén do d6 mot diém sai sot cia trung tim diéu khién co thé lam anh
hudng toan bd hé théng. Hon nita, ganh ning vé truyén thong va khéi luong

tinh to4n 16n ciing 1am giam hiéu suét tong thé cua hé thong [84].

AL

Céu tric o

( XosYo )

(.\'j.yj.()j)

Hinh 6. 5: Chién lwoc diéeu khién cau truc dao

Ngoai ba chién luge chinh néu trén thi mot sé phuong phap diéu khién
nang cao dang duoc tip trung nghién ctru phat trién dé nang cao chat luong hé
thong va giai quyét cac van dé phirc tap con ton tai cua diéu khién nhém cho
dan robot. Hién nay, v6i su phat trién manh mé& cua tri tué nhan tao Al thi k¥
thuét tién tién nay dang trd thanh mot cong cu dic biét hitu ich dé giai quyét

cac van dé phuc tap cta dan robot ty hanh nhu tinh dong hoc phi tuyén, sd
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luong thanh vién 10n, thyuc hién tac vu trong cac mdi trudng bién dong, khong
xac dinh trudc. Mot trong nhirng cong cu cua Al 1a thuat toan hoc taing cuong
dd duoc st dung trong diéu khién nhom cho dan robot voi muc dich tao ra
mot hé thong véi khudn kho linh hoat ¢ thé ty dong thich tmg véi cac didu

kién moi truong khac nhau.
6.4 Thuat toan xir ly dir liéu nang cao

- Ap dung k¥ thuat Truc quan hoéa dir liéu (Data visualization) vao céac thuat
toan xt 1y dit lidu s& dugc nhing vao UAV: Piéu nay nham muc dich phan
loai va nhan biét thong tin chinh can thiét duoc thu thap tir cic UAV. Vi du,
vi tat ca cac UAV déu duoc két ndi voi internet (mang IoT), mdi UAV co thé
phan loai thong tin tir cac phuong tién truyén thong xa hoi va tim ra khu vuc
nao bi anh hudng nhiéu nhét boi tham hoa va béo céo cho cc nha diéu hanh
cuu ho. Ngoai ra, dua trén dit li¢u thu thap duogc tai mdi UAV phan tan, céac
su kién, thong tin can tap trung s€ dugc phan loai va sau d6 bao cdo cho cac
doi cuu ho.

- K¥ thuat tri tué nhan tao (AI): K§ thuat nay duong nhu rat phd bién dbi
voi linh vye xr 1y dir liéu hodc nhan dang dit li¢u. Tuy nhién, dé gidm vi¢c
thu thap dir li€u gitra cac UAV hodc viéc truyén dir li¢u gitra cac UAV va cac
tram gdc mit dat, cac ky thuat Al s& gitp giam dang ké luong dit liéu khong
16 giup tiét kiém nang luong. Vi du, cac UAV thu thap video gidm sat tir cac
khu vyc bi anh hudng dé gtri cho cac ddi ctru hd hodc cac tram géc trén mat
dét s& ton rat nhiéu bang thong va ning luong dé truyén tai. Néu Al duoc tich
hop vao céc thuat toan thu thap, chi cac ddi tuong chinh s& dugc truyén di va
phan con lai 1am nén cua tit ca cac khung hinh s& khong duoc gui di. Diéu
nay sé tiét kiém hon 95% trong tai trong qua trinh truyén tai nhu vay. Co rat
nhiéu loi ich bit ngudn tir viéc st dung cac ky thuat hoc su trong cac ung
dung tng ph6 khan cip va quan 1y tham hoa dé truy xuat thong tin quan trong
kip thoi va cho phép chuan bi va phan tmg t6t hon trong céac tinh huéng quan
trong va hd trg qua trinh ra quyét dinh. Ky thuat hoc sau c6 thé cung cap kha
nang xac dinh su kién c¢6 do chinh xac cao trong thoi gian thuc ma khong doi

hoi nhiéu nang luc xir Iy va hd trg qua trinh ra quyét dinh.
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CHUONG 7. MO PHONG THU NGHIEM HE THONG PIEU
KHIEN NHOM CHO PAN ROBOT TU HANH

7.1Thiét ké diéu khién nhém cho dan robot tw hanh
7.1.1 Xdy duwng bai todn thiét ké

Nhu di trinh bay trong cac phan trudc, tily theo moi truong hoat dong ciia
robot di dong ty hanh ma c6 thé phan chung ra ba loai d6 1a: robot di dong
dudi nude (UUVs), robot di dong trén can (UGVs), va robot di dong trén
khong (UAVs), do co ché truyén dong khac nhau ma nguyén tic thiét ké va

pham vi tmg dung céc loai robot nay ciling khac nhau.

Do ¢6 nhimg tinh chat wu viét hon so véi cac loai robot di dong tu hanh
khac nhu: tinh co dong, linh hoat, pham vi hoat dong roéng 16n ma UAVs
dang tro thanh mot thiét bi di dong tuy hanh dugc nghién ctru va tng dung phd
bién nhat hién nay. UAVs duoc dinh nghia 1a mot phuong tién di chuyén
trong khong trung, khong c6 nguoi 1ai tryc tiép trong budng 1ai, st dung luc
khi dong hoc dé cung cép luc déy va lyc nang, co thé bay tu hanh hodc duoc
diéu khién tir xa, trong d6 cac loai UAVs ty hanh dang dugc nghién ctru, phat
trién voi nhiéu Gng dung tir dan sy dén quan syu: nhu van chuyén hang hoa,
tim kiém ctru hd ctru nan trong thién tai, 1ap ban d0, theo ddi giam sat trong
giao thong, xay dung, nong nghi¢p, phat hién va canh bao chay rung, tuan tra

gidm sat trong quan su...

C6 thé thay mot trong nhitng ing dung phd bién nhét ciia mang UAVs la
hé thong giam sat. Trong hinh 7.1 minh hoa mot mang UAV dang lam nhiém
vu giam sat mot khu vuc da dinh trude. Moi UAV giam sat & mot khu vuc
nhat dinh. Vi viy, mang UAV c6 thé bao phit mot khu vuc rong 16n. Dir liéu
tir cac UAV ¢6 thé duoc trao d6i gitta cac UAV 1an can hoidc truyén t6i cac
phia may chu thong qua duong truyén dir liéu khong ddy. Cac nhiém vu gidm
sat thuong doi héi kha nang bao quat rong, nhanh chong va chinh xac.Vi moi
truong hoat dong ciia UAV 14 & trén khong nén chung ¢ tim bao quét rong

hon va gap it chuéng ngai vat hon cac loai robot di dong tu hanh khac.
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Contral UAVs

Hinh 7. 1: Mang UAVs su dung trong nhiém vu giam sat

Vi¢c xay dung mdt mang UAV bao g@)m 3 yéu td: thiét bi cam bién, thuat
toan diéu khién va thong tin lién lac. UAV c6 thé thu duoc dir liéu cam bién
tryc quan bang may anh dugc trang bi trén than thiét bi. Dit liéu cam bién sau
d6 dugce trao d6i trén toan mang cho cac muc dich nhiém vu. Co6 hai cAu trac
chinh cia mang chia sé thong tin tdp trung va mang phan tdn. Mang ludi
UAVs hoat dong theo kiéu phan tan dé cai thién d6 manh va giam ganh nang
lién lac. Céc thuat toan diéu khién s& 6 thé diéu khién d¢i hinh UAV dén cac
khu vuc dugc nhim muc tiéu ma khong bi va cham v61 chudng ngai vat cling
nhu cac UAVs khac.

Ngoai ra, trong khi thuc hién gidam sat, cac UAV thuong bay & mét vi tri cd
dinh, do d6, hau hét cac canh khong thay d6i theo thoi gian, va chi co cac vt
thé chuyén dong 1a dang chu y. Viéc truyén dir liéu du thira nhu khung nén,
ving chong chéo, v.v. gy lang phi tai nguyén. Hé thong giam sat can mot
giai phap hiéu qua dé giam dir liéu du thira dé ting hiéu qua truyén dan va
giai quyét bai toan tiét kiém ning luong. Cac UAV phai gip vo s trd ngai vi
hoat dong & d6 cao thap trong méi truong d6 thi do cac han ché vé chinh sach.
Trong céc nghién ctru gan day vé viéc sir dung UAVs cho hé théng gidm sat
c6 thé dén mot sd phuong phap: APF (Trudng thé nang nhan tao) day 1a mot
phuong phap thudng duoc str dung dé giai quyét cac van dé vé tranh chudng

ngai vat. Nhung n6 van con mot so han ché do cac van dé toi thi€éu cuc bd,
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hiéu suét kém trong viéc xur Iy chudng ngai vat khi n6 c¢6 hinh dang 16i va 16m
Mot s6 hé théng giam sat dya trén UAV gan day sur dung ISS. N6 1a mot hé
théng giam sat voi kha ning phan tich dit liéu manh mé. Tuy nhién, do sb
luong 16n cic camera dugce trién khai trong cac hé thong giam sat thuc té, dit
liéu cam bién thu thap duoc tir cic camera ciing 16n Vi vy, nd gdy ra nhimg

han ché v€ d0 chinh xac cua hé thong, thoi gian, d§ phuc tap cua dir liu, v.v.

Trudc nhimg thach thirc dit ra cho van dé diéu khién dan UAVs trong
nhiém vu giam sat va nhimg han ché con ton tai trong mot sé phuong phap thi
thuat toan diéu khién bay dan (flocking control) dang dugc nghién ctru va ap
dung vao mang UAVs dé dan cac UAV di chuyén trén vi tri giam sat va tranh
va cham voi chudng ngai vat. Trong phuong phap nay, cac robot trong mot
nhom chi can gitr mot khoang cach tdi thiéu nhét dinh véi robot 14n can cua
minh, khoang cach 16n nhit gitta cac robot ciing co thé thay doi trong truong
hop gip vat can thay vi can duy tri khoang cach khong d6i nhu cac thuat toan
diéu khién nhom khac. Piéu d6 co nghia 1a cac thuat toan diéu khién bay dan
(flocking control) cho phép ddi hinh thay d6i hinh dang d6i hinh mot cach
linh hoat va hiéu qua khi gap chudéng ngai vat. Hay noi cach khac, nhom
UAVs c6 thé cau hinh lai hinh dang d6i hinh mét cach an toan dé tranh va
cham véi chudng ngai vat khi di chuyén. Vi vy, cac thuat toan ctia phuong
phap flocking trg thanh phwong phap tiép can phu hgp cho UAV trong nhiém

vu giam sat.
Tom lai, bai toan thiét ké ctia dé tai duoc xay dung nhu sau:

= Ddi twong diéu khién: Pan UAVs
* Nhiém vu thuc hién cia mang UAVs: Di chuyén tor tram trung tam diéu
khién, phat hién va tranh chudng ngai vat, bay t&i vi tri muc tiéu, duy tri
d6i hinh dé thyc hién nhiém vu giam sat tai khu vuc da dinh trude.
= Chién lugc diéu khién: Piéu khién nhom UAVs phan tan sir dung chién
lugc diéu khién hanh vi theo phuong phéap bay dan (Flocking Control)
7.1.2 Xdy dung ciu tric diéu khién
Mot hé thong diéu khién bay cia mot UAV don 1é bao gom cia hai vong
diéu khién. Vong diéu khién trong bao gom bd diéu khién dinh hudng
(Attitude controller) va bo diéu khién 6n dinh bay (Stabilization controller)
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nhu trong hinh 7.2. B diéu khién dinh hudng c6 nhiém vu diéu chinh hudng

ctia UAV bang cach kiém soat cao dd (goc yaw) va cac goc roll, pitch dé xac

dinh hudng cta phuong tién. Do c6 khéi luong va kich thuée nho, d6 6n dinh

ctia UAV thudong kém do vay vong diéu khién 6n dinh duoc sir dung dé dam

béo su 6n dinh cua hé thong trong qué trinh thuc hién nhiém vu.

Flight path

Attitude
Controller

Angular

Stabilization
< Controller

Feedback

Attitude
Feedback

% UAV

Hinh 7. 2: Vong diéu khién trong ciia hé thong diéu khién bay cho mét UAV

Vong diéu khién ngoai bao gdm bo diéu hudng (navigation and guidance

controller) Vong diéu khién nay xac dinh quy dao bay cho UAV. Di dong tu

hanh 13 mét diéu quan trong yéu cau ddi voi UAV vi chung thuong phai hoat

dong tir xa ma khong co su diéu hudng truc tiép tir ngudi diéu khién. Toan bo
so d6 hé thong diéu khién bay cho mot UAV nhu sau:

Mission - Navigation
s Controller |-

[ Sibition

{ UAV

Attitude

Controller |-T | Controller
Angular
Feedback
Attitude
Feedback

Navigation |

Feedback |

Hinh 7. 3: So' do ciia hé thong diéu khién bay cho mét UAV
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Hinh 7. 4: Cau tric diéu khién cho dan UAVs

D6i véi hé théng didu khién nhém cho dan robot tu hanh thi viéc két ndi
nhiéu UAVs ludn doi hoi rat nhiéu diéu kién phai dam bao, cac thuat toan
diéu khién ciing tré' nén phuc tap hon, hé théng phai c¢6 kha niang thong tin
qua lai gita cac thiét bi voi nhau, viéc trao doi thong tin khong chi 1a nhing
thong tin thu thip duoc ma con 1a nhing thong tin diéu khién, thong tin vé
moi trudng diéu khién, giup cho ca nhom hoat dong 6n dinh, dat duoc muc
tiéu dé ra doi véi nhiém vu chung. Diéu khién nhom cho dan UAVs 1a mot
phuong phap diéu khién phdi hop dé mot hay nhiéu dan robot cing thuc hién
cac nhiém vu chung ma vin duy tri duge doi hinh khong gian mong mudn.
Khi [am viéc trong nhom, mdi hanh dong dugc thuc hién bédi mot UAV céd thé
c6 anh hudng dén hiéu suit cua toan hé thong. Céu trac diéu khién cho dan
UAVs dugc trinh bay trong hinh 7.4

% Chién lwoc diéu khién hanh vi theo phwong phdp diéu khién bdy dan
(flocking control)

Pan UAVs bao gdm “N” robot duoc md hinh hoa bai d6 thi G(V,E)



101

Trong d6: V' 1a tap hop dinh V={1,2,...,N} dai dién cho cac UAVs trong
dan; E 1a tap hop cac canh E:{(i, J)iij eV i# j} thé hién mdi lién hé va
giao tiép gitra cac UAVs

p,,v, € R*1an luot 13 vi tri va vec to van toc caa UAV thir i. Pong luc hoc
bac 2 caa mot UAV duoc mo ta nhu sau:

{p" " (i=1,2....N) (7.1)

v, =u,

Trong d6 u; 12 vec to ddu vao diéu khién cho UAV thtr i. Hé phwong trinh
(3.1) duogc sir dung dé mo hinh héa cac UAV phan tan c6 kha ning chuyén
dong da huong

UAVs thuc lin cin (actual neighbors): Mdi UAV c6 khoang cach/dai

truyén thong (communication range): R.. Tap nhimg UAVs thuc 1an can cua
UAYV thtr i duoc xac dinh boi:

Ni"(t):{jeV:‘

pj_piHSRC7i¢j} (72)

Trong d6 |p, - p| =d 14 d6 1on khoang cach Euclid gitta UAV tht i va thr

UAVs do ldn cdn (virtual neighbors): Dé dan UAVs c6 kha ning tranh
chuéng ngai vat trong phuong phap nay st dung “UAV ao lan can”. Mdi
chuéng ngai vat xut hién trén quing duong di chuyén cua dan UAVs s& coi
la mdt “UAV 4o lan can”. Tap nhiing UAVs lan can do cua UAV thir 1 duogc

mo t4 nhu sau:
N(t)={keV,:|p, - p|<r.V,={12,.K}] (7.3)

Trong do r, 1a khoang cach/dai phat hién vat can (obstacle detection range),
V, 1a tap hop céc vat can, pix 1a vi tri ciia chudng ngai vat thu k so véi vi tri
cua UAV thu 1.

Cac UAV lan can ao duogc str dung dé tao ra lyc day nham tranh va cham

gitta UAV va chudng ngai vat.
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Mot nhém UAV tao thanh mét cau trac doi hinh nhat dinh dé diéu huéng
mot trudng cam bién rong 16n. Mdi UAV can phai tranh va cham véi céac
thanh vién khéc cling nhu cac chudéng ngai vat. Thuat toan bay dan phan tan
(distributed flocking algorithm) bao gdm ba thanh phan 13 ham diéu khién
nhém £/, ham tranh chuéng ngai vat £ va ham diéu huéng £”. Tl d6 ta c6
véc to dau vao diéu khién u; cho UAV thir i:

u= £ S (7.4)

1! dé tao ra lyc hat va luc day cho cac thanh vién UAV tao thanh d6i hinh.

Thanh phﬁn nay cling dugc sir dung dé diéu chinh sy phu hop van tdc cua céac
UAV trong nhom. 7’ duoc xay dung theo cong thurc (7.5):

f;/ = clazjew 9, (

Trong do: ¢, 1a ham tac dong (action function) [85]; n la vecto ndi giira p;

. _pi”a)nij 02 aij(p)(vj _Vi) (7.5)

vapj; ¢/ va ¢! la cac hé sb duong; ||p, — p 12 ham kha vi tai moi diém trir
diém 0, duoc sir dung dé tao ra mot tap hop thé ning tron (smooth colective
potentials) cia mdt dan UAVs va ma tran ké khong gian ciia mot mang gom
cac UAVs lan cén, can xac dinh mot 4nh xa khong am duogc goi 14 o -norm.

o -norm cua mot vecto la anh Xa: R"—>R_;

Ip. - pl. :l(\/1 +é||p, - p| —l)trong dohg so&>0
&

f°dé ngan cac UAV va cham voi cac chudng ngai vat trong moi truong.

£ dugc xay dung theo cong thirc (7.6):

S = sz_,eN,v ¢o(

Trong d6 ¢ 1a ham tac dong day (repulsive action function) [85], ny 1a

P _p_/ G)nik +C;z,~em bik(p)(vik _v.f) (76)

vecto ndi pa va pi. Cac ma tran ké A = [ai] va B = [bi] dugc xac dinh bdi dd
thi [86].
Céc UAVs c6 thé dugce trién khai & trung tAm tai mat dat va chung phai di

chuyén dén nhirng dia di€ém nhat dinh tuy thudc vao cac nhiém vu. Ham diéu
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hudéng 7" dugc st dung dé cung cap kha ning diéu hudng cho cic d6i hinh

UAV. Thanh phan nay dugc xéac dinh theo cong thirc (7.7):
S ==a(p=p)=6(B.—P) (7.7)

Trong do: ¢, va ¢, 1a cac hé $6 duong; ﬁ(NgU{i}) duoc xac dinh nhu sau:

— 1 INFU{i}]
P(vgumy) = INFUG} Li=1

UAV thir i bao gom ca UAV thtr i. Vi tri muyc tiéu 13 p, noi ma dan UAVs can
phai diéu hudng dén.

pi; INS U {i}| 1a nhiing UAVs lan can thyc cua

Céu triic hinh hoc ciia diéu khién biy dan flocking control: Thong
thuong dé thiét 1ap trat tw khong gian cho cac dan robot, phuong phap diéu
khién bay dan (flocking control) sir dung cau triic kiéu mang tinh thé (lattice-
type structure) & mo hinh héa dang hinh hoc cho cau trac bay dan. Diéu nay
thuc hién bé“mg cach tim tap hop céc cAu hinh g cuan diém trong do mdi diém
déu cach déu tat ca cac diém lan can cia né. V& khoang cach giita cac doi

tuong, cdu trac hinh hoc nay c6 thé dugec mé ta nhu cac nghiém cua tip hop

cac rang budc dai so sau:

p,—p|=d VjeN(q) (7.8)

(a) (b)

Hinh 7. 5: Cau triic 2D ciia mang tinh thé o (a) va quasi- o (b)

—53\

p,—p|-d<s v(i.j)eE(q) (7.9)
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Cau trac hinh hoc cua dan robot theo phuong phap bay dan thuong duge mo
ta ¢ hai cdu trac: cu triic mang tinh thé ava cdu trac mang tinh thé quasi- o
.Ciu triic mang tinh thé or1a mot cdu hinh q thoa mén tip cac rang budc trong
(7.8). Mang tinh thé nay bao gdm khoang cach d va ty sb x=r/d. Mang tinh
thé akhong bat budc phai két ndi tit ca cac mat ludi (6 da giac) lai véi nhau,
tat ca cac canh ctia cac mit ludi déu co cung do dai. Cau tric mang tinh thé

quasi-a 13 mot ciu hinh q’ théa man tap cac rang budc (7.9).

7.2 Mé phéng hé thong
a. Thuwc hién mo phong hé thong trén phan mém MATLAB

Thuc hién mo phong hé théng diéu khién bay dan (flocking control) cho
dan UAVs thuc hién nhiém vu giam sat tai toa d6 xac dinh trén phan mém
Matlab véi cac trudng hop khac nhau vé sé luong UAVs; sd luong chudng
ngai vat va vi tri muc tiéu.

Mot nhom gdom “N” UAVs duoc trién khai dé thuc hién cac nhiém vu
giam sat trong mot khu vue da dinh (khu vice nay co thé thay d6i tuy truong
hop). Can xac dinh mot don vi dé tinh toan khoang cach Euclid giita cac
UAVs, cac chudng ngai vat trong truong cam bién. Mdi UAV c¢6 pham vi lién
lac khong doi Re. Mot nhom trudng 4o “vitural leader” dai dién cho vi tri muc
tiéu cho nhom. Nhém UAVs sé thiét 1ap doi hinh theo ciu tric mang tinh thé
quasi- o tai vi tri muc tiéu.

mm%ﬂfx?' E ’/\ "L&’L 2] Run Section ‘j!f

Breskports  Run  Runand |l advace  Runand
v Tine

B w  Advance
=0T BREAKFOINTS RUN
inputcontrol GRADIENT,m % | indecies,m findneighborsm | Flockingcontrolm i
. e e erm e r ey T s T
65 - [Ui] = inputeontrol GRADIENT (nodes old,nodes,Nei _agent,n,epsilon,r,r prime,... A
66 dl,k_scale,Nei_beta_agent,p_ik,q_ik,obstacles,qtl,ptl, p_nodes);
&7
68
63
0=
n
72 ) 1 _
Hi nodes_old = nodes;
7= nodes = nodes_old + p_nodes*delta t_update + Uidelt. delta_t update /2;
8 q_mean (nothing, :) = mean (nodes); £
7% - p_mean (nothing, ;) = mean(p_nodes); %
7
i
Al s
@] 80 -
81~ )
B2= X = Rk(k)*cos (phi);
8% =~ ¥ = Rk (k) *sin(phi) ;
LI plot (X+obstacles (k, 1), Y+cbstacles (k,2), 't',nodes (:,1) ,nodes (:,2), 'g>')
85 f£111 (X+obstacles(k,1),Y+obstacles(k,2),'x') v
< 2
Command Window
frox»

Hinh 7. 6: Chirong trinh mé phéng trén phan mém MATLAB
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Duya vao cac cong thirc tinh toan tir (7.1) dén (7.9) ta thiét lap va lua

chon cac thong s6 cho hé¢ thong nhu sau:
Tham s6 dau vao diéu khién bao gom :

- Vi tri ctia ban dau (nodes_old) va vi tri hién tai (nodes) cta cac UAV;

- S6 luong UAVs (N)

- S6 chiéu (n)

- Tham sb ctia ham va cham (&)

- Pham vi hoat dong ctia UAV alpha (1)

- Pham vi hoat dong ctia tic nhan beta dé phat hién chudng ngai vat
(r_prime)

- Tham sd tinh todn pham vi hoat dong (d1, k_sale)

- Tham s UAVs lan can ciia UAV beta (Nei_beta)

- Van tdc va vi tri ctia UAV beta (p_ik, q_ik)

- Vi tri cia chudng ngai vat (obstacles)

- Van téc mong mudn cho mdi UAV (qt)

- Van tdc cua tat ca cac UAVs (p_nodes)

- Céc tham s thuat toan ¢, va ¢, cho ddi tugng UAV; (gamma); UAV;
(anpha) 1a lan can ciia UAV; va chudéng ngai vat (beta)

Ngoai ra, can thiét 1ap cac tham sé cho ham tim UAVs lan c4n chinh 1a
qua trinh tim cidc UAV anpha va beta. Qua trinh 1ap trinh hé thdng bao gdm
giai doan: Thiét 1ap thong s6 ban dau bao gdm gia tri cac tham s6 dau vao
diéu khién, thiét 1ap chudng ngai vat (toa do cua vi tri, kich thude va sb lugng
chudng ngai vat), vi tri ciia muc tiéu va chuong trinh hé thong dugc trinh bay
chi tiét trong phan phu lyc ciia bao cdo nay.

b. Két qua mé phéng va nhan xét

Sau khi 1ap trinh hé thng tién hanh thir nghiém véi cac truong hop khéac
nhau vé sb lugng UAVs, $6 luong vat can va vi tri muc tiéu dé kiém nghi¢m
tinh dung dan ctia thuat toan

s Truong hop 1: Nhém 10 UAVs va 4 chudng ngai vat
Tt vi tri ban ddu dan UAV di chuyén dén vi tri muc tiéu — duoc coi

nhu mot truéng nhom ao (hinh 7.7a), trong qua trinh di chuyén gip
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chudng ngai vat, cac UAV sé tach ra va di chuyén xung quanh chuéng

ngai vat (hinh 7.7b). Két ndi giira cac thanh vién trong nhém c6 thé bi

gian doan tuy nhién diéu nay khoéng anh huong dén hiéu suit diéu

khién. Khi nhém tiép can muc tiéu, cac thanh vién UAV dan dan két

ndi lai v6i nhau theo gia tri giao tiép Rc ¢b dinh dé tao thanh hinh dang

mang ludi quasi-a. Nném UAVs s& duy tri doi hinh nay dé bao phu

mot khu vuc xung quanh vi tri diém muc tiéu (hinh 7.8).

300
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Hinh 7. 7: Nhém 10 UAVs di chuyén dén muc tiéu (a) va tranh chuéng ngai

(b)
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Hinh 7. 8: DBoi hinh mang quasi - alpha cua 10 UAVs tai vi tri muc tiéu

sau thoi gian t=40s
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» Truong hop 2: Thay d6i sb luong UAVs. Thay dbi sé lugng UAVs tir

10 UAVs 1én 100 UAVs ta thu dugc cac két qua nhu hinh 7.9. Ta thay
v6i thuat toan dé xuat nhom 100 UAVs van c¢6 kha ning tranh chuéng
ngai vat va hinh thanh doi hinh dit dé bao phu mot khu vuc xung quanh

vi tri diém muc tiéu sau thoi gian r =180s
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Hinh 7. 9: Nhém 100 UAVs di chuyén dén muc tiéu (a) va tranh chuéng ngai

(b) (c) va doi hinh mang quasi - anpha tai vi tri muc tiéu (d) sau thoi gian t

=180s

< Trwong hop 3: Thay d6i s6 luong va vi tri chudng ngai vat thi két qua
mo phong cho thiy rang: nhom 100 UAVs van c6 kha ning tranh
chudng ngai vat va hinh thanh déi hinh dit dé bao pha khu vuc xung
quanh vi tri diém muc tiéu sau thoi gian t=300s (Hinh 7.10)
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Hinh 7. 10: Nhém 100 UAVs di chuyén dén muc tiéu sau khi thay déi sé lrong

vdat can

% Truwong hgp 4: Thay ddi vi tri muyc tiéu. Thay ddi toa d6 cua muc tiéu
tir (x0,50) = (300, 170) sang toa d6 (x1,y1) = (360, 220) ta c6 cac két qua
nhu hinh 7.11. Ta thay voi thudt toan dé& xuat nhom 100 UAVs vén c6
kha ning tranh chudng ngai vat va dam bao hinh thanh d6i hinh dat dé

bao phu khu vuc xung quanh vi tri diém muc ti€éu moi.
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(b)
Hinh 7. 11: Nhom 100 UAVs di chuyén dén muc tiéu sau khi thay doi toa do

muc tiéu

% Nhin xét:

Thuc hién mo phong hé thdng véi cac truong hop khac nhau vé thay ddi
sb lugng UAVs, sb lugng va vi tri vat can, vi tri muc ti€u, tir cac két qua trén
ta thdy hé déu co kha ning dap ung tot: Phat hién va tranh duoc vat can, t6i
ding khu vuc muc ti€u, thoi gian hdi tu dan nhanh, sau d6 duy tri doi1 hinh
theo c4u triic mang quasi—o. Didu ndy cho thiy tinh linh hoat ctia hé thong va

khang dinh tinh diing din cua thuét toan dé xuét.
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CHUONG 8. THIET KE ROBOT DAN PUONG TUONG TAC
THONG MINH CHO CAC SAN BAY

8.1 Pit van dé

Ttr thé hé ban dau cia ro-bét tai tao giang day c6 thé 1ap trinh dén ro-bdt
lap trinh ngoai tuyén c6 chirc niang cam bién va kha nang thich tng cu thé,
cho dén ro-bdt thong minh sau giita nhitng nam 1980, ro-bét da trai qua
khoang 60 nam tién hoa. Cac cong nghé lién quan dugc sir dung trong ro-bot
thong minh khong ngimg phat trién, chang han nhu hop nhat thong tin da cam
bién, 1ap ké hoach dudng di, thi giac ro-bot va giao dién ngudi-may thong
minh, do sy phat trién nhanh chéng ctia may tinh, cong nghé thong tin, tri tué
nhan tao va 1y thuyét diéu khién. Robot thong minh véi nhiéu loai cam bién
c6 thé phan ung hiéu qua véi nhitng thay d6i ctia moi trudng thong qua tong
hop thong tin va c6 chirc ning tu thich tng, hoc hoi va tu cha manh mé. Gan
day, robot dugc timg dung nhiéu trong céc linh vuc khac nhau ké ca dan dung
va quén sy. Pic biét, robot phuc vu rit quan trong trong mdi trudng doc hai,

khu vuc cach ly,... ma con ngudi kho tiép can duoc.

Screen 1

Micro

Speaker

Lidar sensor

(a) (b) (d)
Hinh 8. 1 (a) Hinh anh 3D ciia iRobt; (b) Hinh anh ldp rép thir nghiém iRobt;
(c) Cdc bg cam bién; (d) Cdc théng s ciia iRobt.
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Vé mot sd van dé quan trong, cic nha nghién ctru da cd gang phat trién
cac k¥ thuat khac nhau lién quan dén kha nang thi gidc may tinh véi cac tng
dung va san pham dé theo ddi cac ddi twong chuyén dong. HO tro truc quan 1a
mot k¥ thut diéu khién chuyén dong cta ré bdt bang phan hdi dugc giri tir
cam bién thi giac. Trong diéu khién truc quan, rat kho dé theo ddi mot dbi
tuong dang chuyén dong néu khong thé dat duoc khoang cach cia ddi tuong,
trong mot nghién ctru khéac, ddi tuong dugc theo doi 1a khuéon mat cua mat
chuyén dong dtng hodc tdi lui hodc lui va sau. trude dng kinh may quay. Dé
wdc tinh khoang cach tir ddi tuong, viéc theo ddi ddi tuong phai duoc gidi
quyét trudc. Cac phuong phap theo doi dua trén mé hinh yéu cau kién thuc
truéc vé hinh dang d6i twong cho qua trinh so khop va tim dbi twong trong
truong. Cac nghién ctiru nay cling &p dung phuong phép tinh toan dg dai tiéu
cu cua mdy anh nhd vao mot hinh dnh khuén mat ban dau duge chup & mot
khoang cach nhét dinh. Tuy nhién, d§ chinh xac s€ giam di néu noé duoge thay
thé bai mot ngudi khac voi khuon mit khac. Tir xuét phat diém néu trén, bai
bao nay tap trung xay dung mot hé théng robot dich vu théng minh, ngoai
chtrc ning robot c6 thé tir dong di chuyén, con c6 chirc ning tuong tac voi
hanh khéach va cung cap céc thong tin vé robot dich vu nhu ( cu thé 1a IRobt),
nhu trong hinh 8.1. Robot bao gdm mét sé chirc niang nhu (1)-Hién thi thong
tin lich bay trong ngay; (2)-Hién thi ban d6 nha ga; (3)-Huéng din tim quan
an, quan ca phé, ctra hang mua sam; (4)-Thong bao vé nhiing vat dung bi cAm
mang 1én may bay; (5)-Cung cap dich vu chyup anh va giri email cho hanh
khach; (6)-Hién thi huéng dan, chi dan vi tri, dia diém va thong tin vé quy
dinh cua nha ga va quy tic chuyén bay dya trén yéu cau cta hanh khach. Tat
ca cac hudng dan hién thi, huéng dan vi tri va dia diém, thong tin vé quy dinh
ctia nha ga va quy tic chuyén bay déu dya trén cac cau hoi thudng gip cia
hanh khach.

Pé tuong tac v4i hanh khach, hé thong dugc tich hop thém tinh ning
nhan dang giong nodi qua Google Cloud Speech-to-Text API dé xir 1y ngén
ngir. con cong viée dan hanh khach dén khu vuc yéu cau st dung mang no
ron tich chap chong nhan dién khudén mat ngudi rdi dua vao ty 18 dong dang
ctia hai tam gidc dé xac dinh va theo doi khoang cach tir robot dén hanh

khach. Phan diéu khién chuyén dong theo ddi chinh xac dugc ap dung theo
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cac phuong phap da duge nhom nghién ciru cong bd trude ddy va ngoai viée
tranh cac chudng ngai vat ngau nhién ciing dugc trinh bay trong nghién ciru

nay.
8. 2. M ta hé thong

Dé dap tmg cac yéu cau tmg dung cho robot sin bay nhu di dé cap ¢
muc X.1, chiing t6i dé xuat mot hé thong cam bién va co cau chp hanh co thé
dap tng cac yéu cau d6. Hinh 8.2 cung cap mot so d6 khéi tong quan ctia hé
thdng robot. Trong phan nay, ching toi tap trung vao hé thong cam bién va bo
diéu khién PID nhu trong hinh 8.2.

Router RGB =>|Robot's Face
Wi-Fi Camera Screen
1 =
RJ45 USB Front Screen

Y 4 l
=
Onboard <_/—b Back Srceen

=P Computer

(Window)

i

4
PID PID

controller controller A 4

t t Hall sensor Ulsﬁzxrﬁc
Encoder [«t= Encoder |[«=
Left motor Right motor

Hinh 8. 2: So do khoi cua hé thong iRobt.
8.2.1. B mi héa

B6 mia hoa quang hoc c6 ngudn sang LED, bd do anh sang, dia/banh xe
“m3” duoc gan trén truc va bo xir 1y tin hiéu dau ra, hinh 8.3. Pia c6 cac doan
md va trong sudt xen k& va dugc dit gitra dén LED va bd tach song quang.
Khi truc bd ma héa quay, chum anh sang tr dén LED bi gidn doan bdi cac
vach mo trén dia “ma” trude khi duoc bd tach song quang thu nhan. Piéu nay
tao ra tin hiéu xung: light = on; khong c6 anh sang = tat. Tin hiéu duoc gii
dén bo dém hodc bd diéu khién, sau d6 s& gui tin hiéu dé tao ra chic ning

mong muén. Trong robot di dong, bd ma hoa dugc su dung dé do chuyén
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dong (hudng va tdc do) cua tung banh xe cua robot. Viéc xac dinh vi tri cta
robot bang bd mi hoa nay 1a mot phuong phap phd bién trén thé giéi goi 1a

phuong phap Odometry

Hinh 8. 3: Cdu triic ciia b6 md héa quay.
8.2.2. Cim bién séng siéu Gm

Cam bién siéu am 1a mot thiét bi dién tir do khoang cach cua d6i twong
muc tiéu bang cach phat ra song am thanh siéu am va chuyén doi 4m thanh
phan xa thanh tin hi€u dién. Song siéu am di chuyén nhanh hon téc d6 ctia am
thanh nghe duoc (4m thanh ma con ngudi ¢ thé nghe thiy). Cam bién siéu
am c6 hai thanh phan chinh: b phat (phat ra 4m thanh bang cach sir dung cac
tinh thé ap dién) va bo thu (bat gap am thanh sau khi n6 di chuyén dén va di
tor myc ti€u). Cac cam bién siéu 4m duoc su dung chu yéu nhu cam bién tiém
can. Chung c6 thé dugc tim thiy trong cong nghé tu dd xe 6 t6 va hé thong an
toan chdng va cham. Vi vdy, chung toi sitr dung cam bién siéu 4m SRF05 cho

robot dé robot ¢ thé tranh chudéng ngai vét, nhu minh hoa trong Hinh 8.4.

RECEIVER _ Reflected signal

<

-
-’
¢ -

¢ .-
v ! ’ -~
1 4
N 1
-~ b \
~ .o '
) )
>
>
1
1

Original signal

TRANSMITTER

Distance

Hinh 8. 4: Cam bién song siéu am.
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8.2.3. Camera RGB

Robot duogc thiét ké ngoai cac chirc ning ké trén con c6 chirc ning
hudng din hanh khach di chuyén trong san bay. Theo d6, robot vira di chuyén
vira theo d&i khudén mit ctia hanh khach dé duy tri khoang cach véi ngudi qua
duong trong qué trinh di chuyén. Néu hanh khach dimg lai hodc di cham lai,
robot s& dirng lai dé cho, diéu nay co thé thuc hién dugc nhd phuong phéap du
doan khoang cach tir cam bién hinh anh dén khudn mit ctia nguoi do bang
camera mot mat. Ching toi st dung Camera Logitech BRIO 4K nhu trong
Hinh 8.5, dugc cai dit trén robot dé chup anh khudén mat ctia hanh khach.

Hinh 8. 5: Logitech BRIO 4K.

8.2.4. Cdc cim bién xdc dinh toa dp

Khi r6-bdt di chuyén qua cac diém tham chiéu ndy, mot cam bién tir tinh
s& duge thém vao dé xac dinh cac diém tham chiéu c6 toa do di biét va diéu
chinh lai 16 trinh. Cam bién tir dugc sir dung 1a mot thanh gém 12 cam bién
dinh vi dat thanh mdt hang va cach nhau mdt khoang 1=20mm. Két qua la
chiéu rong ctia cam bién tir tinh 1a 240mm. Tai diém gitta ctia thanh cam bién
s& vudng goc véi truc doc clia co thé. Cac cam bién hoi trudng di chuyén phia
trén diém tham chiéu s& duogc kich hoat khi r6-bbt di qua cac diém tham chiéu
tir tinh trén san. DO 1éch d cua truc doc cta co thé co thé duoc xac dinh tir
diém tham chiéu bang cach sir dung vi tri ctia cac cam bién sanh duoc kich
hoat, nhu trong hinh 8.6.
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Hinh 8. 6: (a) Cam bién dién tir va cdc diém tham chiéu tie; (b) Tinh todn vi

tri va dinh huong cua iRobt

8.2.5. B¢ diéu khién PID

> P Ko e(t)
M) AT el Yt
— f 1 Kifeft)at rocess  ————
delt)
{o wan

Hinh 8. 7:So do khoi ciia b diéu khién PID trong vong hoi tiép

Pong co DC toc d6 cao, mé-men xoan cao, co thé dao nguoc duoc st
dung trong h¢ théng truyén dong. bé phat hién vi tri va tdc d6 chinh xac, mot
bd mi hoa truc quang ciu phuong véi 600 xung mdi vong quay duoc gan vao
moi dong co. Mot mach dién dya trén bo vi xtr 1y véi phﬁn sun tich hop dugc
str dung dé thuc hién diéu khién dong co, cho phép diéu khién dong co bang
thuat toan PID duoc hién thi trong hinh 8.7.

B6 diéu khién PID duogc phin biét bang co ché phan hoi vong diéu khién
tinh toan su khac biét giita diém dit mong mudn va dau ra thuc té ciia mot
quy trinh va sir dung két qua dé diéu chinh hoat dong. PID 14 viét tat cua
Proportional, Integral va Derivative. Cong viéc cua quy trinh 1a gilr cho gia tri
diém dit khong doi. Chang han, ban c6 thé mudn mot dong co DC duy tri gia
tri diém dit r(t) 13 600 xung bo ma hoa mdi gidy. Sb 16i e(t) dwoc tinh bing
cach 14y gid tri diém dit 13 600 trir tbe do dong co thuc té y(t). Dya trén gia tri

16i da tinh toan, bo diéu khién PID tinh toan gi tri diéu khién méi u(t) dé ap
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dung cho dong co . Gia tri diéu khién cho dong co DC sé 1a tin hiéu Piéu ché
do rong xung (PWM).

8.3. Trién khai iRobt hd trg hanh khach va tranh vét cin

Robot dugc thitr nghiém moé phong mot nha ga san bay thu nhé voi kich
thuéc khoang 20mx20m. Trong méi trudng thir nghiém co ddy du cac vi tri
nhu cira ra vao, cong khai hanh, quay lam thi tuc, quan ca phé. Vi tri bit dau
ctia robot s& ¢ cira. Khi co nguoi giao tiép véi ro-bot va yéu cau ro-bdt dan
duong dén vi tri mong mudn trén ban d6, ro-bot s& vach ra quy dao toi wu
nhit va s& ddn duong cho hanh khach, nhu hinh 8.8. Man hinh phia sau r6-b6t
s& hién thi hanh khach con dudng dé di. Camera phia sau ciing duoc st dung
dé nhén dang va xac dinh xem hanh khéch c6 con di theo robot hay khong,
néu hanh khach khéng di theo robot, robot s& quay trd lai vi tri xuat phat.

sl

o -
-
|
— -

[

(a) (b)

Hinh 8. 8: (a) Khdch hang giao tiép véi robot; (b) Robot huéng dan khach
hang tai quay hé tro check-in.

Trén san nha ga sin bay c¢6 gin nam chiam & nhimng vi tri ¢d dinh dé
robot ¢6 thé xac dinh vi tri. Khi robot din dudng, né s& tim duong di t6i uu
qua cac diém nam cham tham chiéu nay va gﬁn nhét v&i vi tri hién tai coa
robot. Vi tri ciia cac nam chdm c6 thé dugc nhin thiy trong hinh 8.9 va 8.10.
Khoang cach giita cac nam cham dugc tdi wu hoa dé robot khong bi 1éch khoi
quy dao trong qua trinh di chuyén, & ddy khoang cach cta cdc nam cham la

khoang 3m.
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Hinh 8. 9: (a) Ban dé sdn bay va dwong di cia robot; (b) Puong di thuc té
cia robot trong khi hé tro khdach hang.

Hinh 8. 10:Vi tri cua cdc diém tw truong trén san cua san bay

Trong qua trinh di chuyén, néu robot giap chuéng ngai vét hodc c6 nguoi
vuot quy dao, robot s€ st dung phuong thire VFH+ véi dir 1iéu khoang céch
tir cam bién siéu am. Két qua tranh chudng ngai vat dugc hién thj trong hinh
8.11. Biéu dd cua phuwong phap VFH+ va huéng da chon tuwong tng tai cac vi

tri ctia r0-bdt trong qué trinh tranh chudng ngai vat.
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Hinh 8. 11:Qua trinh robot tranh chuong ngai vt va biéu do cuc VFH+.

Cac két qua nghién ctru trong chuong 8 cung cép khung xay dung hé
thdng robot thong minh hd trg hanh khach tai sdn bay thong minh va c6 thé
mo rong ra cadc khu vuc khac, dic biét trong cac tinh huéng COVID-19. Hé
théng duogc xay dung dua trén hé théng robot di dong thong minh ty hanh,
duoc mé phong trén nha ga khoi hanh. Bé dam bao do chinh xac cua viée di
chuyén theo quy dao mong mudn khi khong c6 (hodc yéu) tin hiéu GPS, cac
thuat toan dinh vi méi st dung cong nghé Ultra Wideband véi vige téng hop
dit liéu cam bién tir cac lidar va cam bién ma hoa dugc dé xuit. Chuong trinh
mg dung cac thuat toan phan doan va trich xuét diém dic trung dap tng yéu
ciu lap ban dd méi truong cuc bd va trdnh chudng ngai vat cling dugc dé
xuit. Cac dich vy tuong tic giira robot va hanh khach bang giao tiép bang
giong n6i két hop véi ki thuat may hoc dé phan tich va hiéu cac yéu cau cia
hanh khach. Ngoai ra, k¥ thuat nhan dién khuon mét dya trén mang no ron
tich chap chong dy doan khoang cach giita robot va hanh khach dé thuc hién

chtic nang hudéng dan hanh khach dén cac khu vuc trong san bay. Cac nhiém
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vu hd tro hanh khach di may bay di dugc khao sat, khdo sat md phong, danh
gia két qua thuce nghiém va chting minh tinh hiéu qua cua cac phuong phap dé

xuat.
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10. TONG QUAN TINH HINH NGHIEN CUU THUQC LINH VUC CUA PE TAI &
TRONG VA NGOAI NUGC

10.1. Trong nudc (phdn tich, danh gid tinh hinh nghién ciru thuéc linh vie cia dé tai ¢ Viét
Nam, liét ké danh muc cdc cong trinh nghién ciku, tai liéu cé lién quan dén dé tai duogc trich
dan khi danh gid tong quan)

G Viét Nam, nghién ciru vé mang robot ciing d4 dugc dé cap tuy nhién chu yéu van dang
tdp trung & mirc 40 nghién ciru co ban nhét 13 trong cac nghién ctru dan su. Céac két qua nghién
ctru trong nudc vé linh vue nay con chua nhiéu va vin tdn tai han ché. Su han ché nay phu
thudc nhiéu vao thiét bi, vao thuat toan diéu khién, k¥ thuat truyén thong va két ndi mang cho
dan Robot [1, 2, 3]. Vi vay dé tai “Nghién ctru va dé xuét thuit todn méi trong didu khién, ki thuat
truyén thong va két ndi mang cho dan robot ty hanh” nham dua ra dugc nhimg két qua t6i wu nhim
lam hoan thién hon vé& mit khoa hoc va y nghia thuc tién cho huéng nghién ciru dé xudt 1a chp
thiét.

Tai liéu tham khdo:

[1] Nguyen, K.T., Van Pham, T. Do, L.T., Tran, A.V. and Tran, D.T., 2020.
Development of a Smartphone Application for Safe Car Driving Using Google API
and Built-in Sensor. International Journal of Interactive Mobile Technologies
(iJIM), 14(02), pp.178-195..

[2] M. Nguyen, L. D. Nguyen, T. Q. Duong and H. D. Tuan, "Real-Time Optimal
Resource Allocation for Embedded UAV Communication Systems," in JEEE Wireless
Communications Letters, vol. 8, no. 1, pp. 225-228, Feb. 2019.




[3] Pham, A.Q., La, HM.,, La, K.T. and Nguyen, M.T., 2019, December. “A Magnetic
Wheeled Robot for Steel Bridge Inspection” In International Conference on
Engineering Research and Applications (pp. 11-17). Springer, Cham.

10.2. Ngoai nuéc (phdn tich, danh gia tinh hinh nghién ciru thudc linh viec ciia dé tai trén thé
gidi, liét ké danh muc cdc cong trinh nghién cieu, tai liéu co lién quan d@én dé tai dugc trich dén
khi dénh gid tong quan)

Hién nay trén thé gidi da co nhiéu nghién ctru chuyén siu vé linh vuc robot tu hanh, dwgc
trién khai trén nhiéu linh vyc khac nhau. Cic robot hoat ddng don 1¢ hoic két ndi thanh mang
dwoc diéu khién tip trung hodc phén tan, ¢4 mang lai nhiéu img dung hiru ich khéng chi trong
quén sy, céng nghiép ma ca trong nhiéu mit cia doi sbng x4 hoi [1, 2].

Céc hé théng mang robot dang dwoc trién khai cho nhiéu myc tiéu ing dung khéc nhau, c6
kich thudc khéc nhau, phit hop v6i nhidu méi trudng 1am viée. Cac thudt toan diéu khién va
truyén thong cho mang robot dugc phét trién da dang, 4p dung dugc nhidu céng nghé méi, tao
sir linh hoat cho viéc két ndi [4, 5]. Ngoai ra, cic céng nghé xir 1y dit liéu cho mang robot ciing
phét trién manh mé, giam dugc dir liéu dur thira, ddm bao duogc chit lugng truyén théng ciing
nhu tiét kiém ning lugng tiéu thu cho mang. Céc cng nghé tién tién tich hop cho cic mang
robot ciing dugc nghién ciru va trién khai trén nhiu mé hinh hé théng, Dién hinh nhu céng
nghé tri tué nhén tao (AI), cong nghé thu lwgng tir moi trudng ngoai dé cip cho mang robot, ...
dang dugc tap trung nghién ciru [6].

Tuy nhién, véi mdi quan tim ciing nhu nhu ciu ngy cang lém hién nay dic biét trong cude
cach mang cong nghiép lan thir 4, vidc nghién ctru phét trién robot n6i chung va mang robot néi
riéng van dang 1a vin d& thoi sy dugce cac nha khoa hoc trong nudc va trén thé gidi quan tim
nghién ciru. P4 c6 nhiéu cong trinh nghién cir robot di ddng, may bay khéng ngudi lai... dugc
dé xuit. Tuy nhién, vén dé vé hiéu qua ning luong tiéu thuy, truyén thong, cac thudt todn didu
khién va két ndi mang robot vin chua dwoc giai quyét mét cach tdi .

C6 thé théy mot sb nghién ciru thudc linh vyc nay nhu sau:
Tai liéu tham khdo:

[4] M. T. Nguyen, H. M. La and K. A. Teague, "Collaborative and Compressed Mobile
Sensing for Data Collection in Distributed Robotic Networks," in /EEE Transactions on
Control of Network Systems, vol. 5, no. 4, pp. 1729-1740, Dec. 2018.
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in IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 50, no. 4, pp.
1537-1548, April 2020.
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on a home network," 2019 IEEE 4th International Conference on Advanced Robotics
and Mechatronics (ICARM), Toyonaka, Japan, 2019, pp. 875-880.
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Sensing with a Multi-UAV System," in [EEE Transactions on Control of Network
Systems, Feb. 20% 2020.
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[9] F. Dai, M. Chen, X. Wei and H. Wang, "Swarm Intelligence-Inspired Autonomous
Flocking Control in UAV Networks," in IEEE Access, vol. 7, pp. 61786-61796, 2019.

10.3. Danh muc cac cong trinh d3 cdng bd thudc linh vuc ciia dé tai cia chi nhiém va nhitng
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Yogyakarta Vol. 18, Iss. 2, (Apr 2020): 1054-1061.

[3] Trung Hai, D., Hong Quang, N. Influence of initial conditions on motion behaviors
of robot arm. International Journal of Engineering Research and Technology. Volume
12, Issue 12(2019). ISSN: 0974-3154.

[4] Dang Ngoc Trung, Dao Phuong Nam, Do Trung Hai. Nonlinear Design of Adaptive
Controllers for Bilateral Teleoperation Systems with Variable Time
Delays. Advances in Engineering Research and Application (ICERA 2019). pp520-
533(2019). ISBN 978-3-030-37496-9. '

[5] Quang, N.H.,,Quang, N.P., Hai, D.T., Hien, N.N. On tracking control problem for
polysolenoid motor model predictive approach. International Journal of Electrical and
Computer Engineering. Volume 10, Issue 1, pp 849-855(2020). ISSN: 2088-8708.

[6] Nguyen Hong Quang, Nguyen Van Quyen, Do Trung Hai, Nguyen Nhu Hien.
Dynamic Modelling of 3-RUS Spatial Parallel Robot Manipulator. Review of
Computer Engineering Research. Volume 7, 1, pp 2026(2020).

b. Cua nhitng ngudi khac

[1] Minh T Nguyen, Hamid R Boveiri, “Energy-Efficient Sensing in Robotic Networks”
Elsevier journal: Measurement, 10 March 2020 (SCIE/ISI/SCOPUS/Q1)

[2] Minh T. Nguyen, Cuong V. Nguyen, Linh H. Truong, Anh M. Le, Toan V. Quyen, A.
Masaracchia, Keith A. Teague, “Electromagnetic Field Based WPT Technologies for
UAVs: A Comprehensive Survey”. MDPI Electronics, 9, 461, March 2020
(SCIE/ISI/SCOPUS/Q1)




(3]

(4]

[5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

M. T. Nguyen, H. M. La and K. A. Teague, "Collaborative and Compressed Mobile
Sensing for Data Collection in Distributed Robotic Networks" in JEEE Transactions
on Control of Network Systems, Volume: 5, Issue: 4, page 1729 - 1740. Dec. 2018
(SCI/IS/SCOPUS/Q1) '

M. T. Nguyen and K. A. Teague “Compressive Sensing Based Random Walk Routing
in Wireless Sensor Networks” ScienceDirect ELSEVIER Ad-hoc Networks , Volume
54, 31 January 2017, Pages 99-110. (SCIE/IS/SCOPUS/Q1)

M. T. Nguyen, K. A. Teague and N. Rahnavard, “CCS: Energy-Efficient Data
Collection for Clustered Wireless Sensor Networks utilizing Block-wise Compressive
Sensing” ScienceDirect ELSEVIER Computer Network (COMNET). Volume 106, 4
September 2016, Pages 171-185 (SCIE/IS/SCOPUS/Q1)

Dinko Vukadinovic, Tien Duy Nguyen, Cat Ho Nguyen, Nhu Lan Vu, Mateo BaSic,
and Ivan Grgic, “Hedge-Algebra-Based Phase-Locked Loop for Distorted Utility
Conditions”, Journal of Control Science and Engineering, Vol 2019.

Nguyen Tien Duy, Tran Thai Son, “A Group Decision-Making Model with
Comparative Linguistic Expression Based on Hedge Algebra”, International Journal
of Computer Information Systems and Industrial Management Applications, ISSN
2150-7988 Vol 11 (2019) pp. 073-081.

Vu Duc Vuong, Nguyen Quang Hoang, Nguyen Tien Duy, “Control Parallel Robots
Driven by DC Motors Using Fuzzy Sliding Mode Controller and Optimizing
Parameters by Genetic Algorithm”, Proceedings of the International Conference on
Engineering Research and Applications, ICERA 2019 (Advances in Engineering
Research and Application), Vol 104.

Nguyen Tien Duy, Vu Nhu Lan, “Interpolation based on semantic distance weighting
in hedge algebra and its application”, Journal of Computer and Cybernetics, V.33,
N.1, pp. 19 - 33, 2017.

Minh-Duc Ngo, Joon-Ho Choi, Sang-Yun Yun and Seon-Ju Ahn, ”Short-term Load
forecasting of Campus building based on ANN method,” in Proceeding of 24"
International Conference on Electrical Engineering, pp. 515-519, Soul-Korea, Jun.
2018.

Dong-Hyun Joo, Seon-Ju Ahn, Seok-il Go, Ngo Minh Duc, Kwan-Shik Shim and
Joon-Ho Choi, “Comparison of Effects of CVR with different load recontruction
methods,” in Proceeding of KIEE Summer Conference. 2016- Korea. B

Chan-Hyeok Oh, Minh-Duc Ngo, Seok-il Go, Seon-Ju Ahn and Joon-Ho Choi,
“Development of Photovoltaic output prediction program using measurement data
and weather information,” in Proceeding of KIEE Summer Conference. 2016- Korea.

Minh-Duc Ngo, Sang-Yun Yun, Joon-Ho Choi and Seon-Ju Ahn, ”Short-term Load
forecasting of Buildings based on ANN and Clustering Technique,” in Institute of




[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Korean Electrical and Electronics Engineers Journal, Vol.22, No.3, pp.672-679,
ISSN: 1226-7244. 2018

Dinh Van Nghiep, Nguyen Nhu Hien (2014), “Dynamic modelling of twin rotor
MIMO system”, Journal of Control and Automation, Special Issue, 12/2014, pp.32-
39, ISSN: 1859-0551.

Dinh Van Nghiep, Nguyen Nhu Hien (2016), “Design adaptive controller for
TRMS?”, Journal of Science and Technology, Thai Nguyen University, ISSN 1859-
2171, Vol. 09, No. 154, pp.49-54.

Dinh Van Nghiep, Nguyen Nhu Hien, Nguyen Thu Ha, Nguyen Doan Phuoc (2017),
“Input Constrained Hover Control with Receding Horizon LQR for Disturbed
TRMS?”, IEEE International Conference on Systems Science and Engineering.

Dinh Van Nghiep, Nguyen Nhu Hien, Nguyen Phuong Chi (2018), “Real-Time
Optimal Control of TRMS with State Dependent Riccati Equation” Proceedings of
the International Conference, JCERA 2018.

A. Masaracchia, D. B. Da Costa, T. Q. Duong, M. Nguyen and M. T. Nguyen, "A
PSO-Based Approach for User-Pairing Schemes in NOMA Systems: Theory and
Applications," inIEEE  Access, vol. 7, pp. 90550-90564, 2019.
doi: 10.1109/ACCESS.2019.2926641(SCIE/ISI/SCOPUS/Q1)

M. T. Nguyen "Advanced Flocking Control Algorithms in Mobile Sensor
Networks," ICSES Interdisciplinary Transactions on Cloud Computing, IoT, and Big
Data (IITCIB), vol. 2, no. 4, pp. 4-9, Dec. 2018

M. T. Nguyen, Linh H. Truong, Trang T. Tran, Chen-Fu Chien, “Artificial
Intelligence based Data ProcessingAlgorithm for Video Surveillance to Empower
Industry 3.5”  Elsevier Computers & Industrial Engineering, 2020
(SCIE/ISI/SCOPUS/Q1)

Minh T. Nguyen, Cuong V. Nguyen, Toan V. Quyen, Anh M. Le, Antonino
Masaracchia, Ha T. Nguyen, Huy P. Nguyen, Long D: Nguyen, Hoa T. Nguyen, Vinh
Q. Nguyen “Hybrid Solar-RF Energy Harvesting Systems for Electric Operated
Wheelchairs” MDPI Electronics, May 2020 (SCIE/ISI/SCOPUS/Q1)

Minh T. Nguyen, “Distributed compressive and collaborative sensing data collection
in mobile sensor networks”, Elsevier Journal: Internet of Things: Engineering Cyber
Physical Human Systems, Volume 9, March 2020 (SCOPUS)

Cuong V. Nguyen, Minh T. Nguyen, Toan V. Quyen, Anh M. Le, Linh H. Truong,
“The Hybrid Solar-RF Energy for Base Transceiver Stations” Wireless
Communications and Mobile  Computing - Hindawi, July 2020
(SCIE/ISI/SCOPUS/Q2)




11. TINH CAP THIET CUA PE TAI

11.1. Lu4n giai tinh cAp thiét vé tmg dung cta &2 tai

Hién nay cic két qua nghién ciu vé mang robot d3 m& ra kha ning (mg dung trong nhiéu
linh vuc nhu: quén sy, y té, thwrong mai, céng nghiép,... véi rAt nhidu cac chirc ning khéc nhau,
nhu theo doi, thu thap dir liéu, canh bao gidm sit va thuc hién nhiéu nhiém vu khac voi kha
néng linh hoat, chinh xac.

Céc robot hoat dong dudi nhiu hinh thirc khac nhau, nhiéu ndi dung gan véi kich thudc
ciing viing hoat dong khac nhau din dé yéu ciu cin dugc dap tmg vé k§ thuat dinh cho c4c loai
robot ciing rit da dang va khé tiép can. Véi timg muyc tiéu cu thé lai c6 nhimg yéu ciu sat thuc
cin dugc dap tmg. Nhu vay cin cé nhimg ky thuat, céng nghé phi hop dap img duoc céc yéu
ciu ngdy cang ting tir ngudi sir dung hay céc ving dich vu cin c6 sy h trg thiét yéu cua robot.-

Hién nay viéc nghién ctru va phat trién céac loai robot va mang robot dang dugc tip trung
nhiéu ca vé phén cing va ph?ln mém, danh cho nhiéu dich vu khic nhau. Do véy, rat can thiét
¢6 nhiéu nhimg nghién ctru bam sat muc ti€u cu thé cua timg loai hinh dich vy, tirng dbi tuong
4p dung. Vi du nhwr cong tac kiém tra va phat hién céc vét nirt trén ciu, trén cic dép thuy dién
cén céc robot ¢ cac banh xe tir tinh d& c6 thé di lai trén cac bé mit thép ma khéng bi roi. Ngoai
ra trang bi cho nhitng loai robot nay lai cén nhiéu thiét bj hd trg nhung mdy siéu 4m, may tinh
¢ nho, ... Nhiing thiét bj hd trg niy cang nhiéu s& tiéu hao ning lugng cing nhanh trén cic bd
&c-qui gén s&n trén than céc robot. P& can dbi ning luong tiéu thu cho nhidu cong viée trén mdi
robot hay m§t mang robot, nhu diéu khién robot di chuyén, thu thap dit liéu, tinh toan dir liéu va
chuyén phat dit liéu, viéc duy tri hoat ddng cia robot mét cach on dinh 1a rat can thiét. Viéc
dam bao hoat dong cho ca dan robot cung hoat déng trén bé mit céu, dap nudc con kho khan
hon. Véi mot vi du nhu vy da cho thdy thdy sy can thiét cua viéc phat trién cac thudt toan diéu
khién va truyén thong cho khong chi cho mbi robot don ¢ ma con cho ca dan robot.

Hién nay, d3 c6 nhidu thuét toan dugc d& xuit dé diéu khién, truyén thong va xir 1y dir liu
thu thap duge tir dan robot. Tuy nhién, con rat nhiéu vin dé cin dwgc giai quyét, nhat 1a cic giai
phép thich ¢mg cho timg dich vu va déi tuong cu thé. Tiép d6 13 nhimg giai phap téi wu danh
cho ca robot va mang robot. Hién nay, da c6 rit nhiéu cong nghé tién tién hd trg cho viéc truyén
théng hay diéu khién néi chung va ap dung cho robot va mang robot néi riéng. Cac giai phap
ndy s& mang lai nhiéu cai tién dang k&. Tuy nhién, viéc 4p dung s& cin thém nhiéu chi phi, ca vé
trong luong, ning luong tidu thy, méay tinh d& tinh toan, ... Viéc can dbi sir dung phuong an nao
1a rit cin thiét, dap tmg duoc nhu ciu thuc té, lai ddm bao chi phi phi hop. Do viy, @ tai
“Nghién ciru va d& xut thuit toAn mai trong diéu khién, ki thuat truyén thong va két ndi mang
cho dan robot tw hanh” s& tap trung giai quyét mot sb vin dé cAp thiét da trinh bay & trén.

11.2. Luén giai tinh cAp thiét v& hoc thuit cia d& tai

Trong nhimg niam gin day, dé co6 rat nhiéu céng trinh cong b, dua ra cic hudng tiép can
khac nhau cho viéc giai quyét bai toan diéu khién, truyén théng ciing nhu xir Iy dir liéu giam
sat, cam bién cho robot va mang robot trén nhiéu linh virc khac nhau. Tuy nhién, khi dua ra cac

van dé€ va cac giai phap, cac két qua nghién ctru thu dugc thuong gidi quyét cic van dé cuc b,



tirc 1a chi thudng tip trung vao mot vai vin dé, van dé vé diéu khién, van dé truyén thong hodc
vAn @& két néi mang. Cac vén dé trén thuong dugc gidi quyét theo timg img dung cuy thé, chua
c6 sy ddng bo va tdi wu toan bd hé thdng. Pay thu sur 13 mot van dé rat kho giai quyét, vi khong
thé t8i wu trén nhiéu muc tiéu khac nhau.

Dé tai nay sé tap trung vao gidi quyét tdng thé cac bai toan. Cac tinh hudng, cic vin dé s&
dugc dua ra phan tich mot cach téng quan, va sau d6 1 chi tiét. Tir d6 s& dua ra cac dé xuét phi
hop. Vi du vé& van dé didu khién nhom cho mang robot: nhitng din robot khi vén hanh s& gip
nhitng chudng ngai vét nhit dinh. Viéc duy tri két ndi 13 rit khé khin khi dan robot phai tach ra
dé tranh chudng ngai vat. Viéc mét két ndi trong mang robot s& din t&i viée co thé mat dit lisu
khéong thé phuc hdi, hoic c6 thé din téi viéc mét didu khién. Cac vAn dé trén thuong dugce gidi
quyét bing cach didu khién tap trung, hodc sir dung cong nghé truyén théng khoang cich rong
@& két ndi lai cac dan robot. Tuy nhién, didu nay s& dn t6i viéc tidu tén rat nhidu ning luong
tidu thu, ton chi phi ban diu cho viéc trién khai dan robot, va lam giam tinh linh hoat, tu chu
dong ctia méi robot cling nhu ca dan robot.

Viéc xay dung céc thuit todn mdi, tich hop cac cong nghé méi dang dugc trién khai rat
manh m& trén nhiéu thiét bi khac nhau, nhét 14 véi robot. Do vdy, viéc robot cé thé déc lap tac
chién/hoat dong va tur két ndi lai véi mang 1a hoan toan kha thi. Diéu nay doi hoi rit nhidu
nhimg nghién ctru khéng chi v& mat diéu khién, truyén thong va xir Iy dir liéu, ma con phai dau
tir nghién ctru d&én cac cong nghé mai c6 thé img dung phu hop. Vi du nhu khi robot dang di
chuyén va dang duy tri két ndi v6i mang cila dan robot thi cdc mé hinh truyén séng phai dugc
nghién ctru cu thé d& dam bao chét hrong lién lac, trinh mét lién lac va mét dir liéu. Ngoai ra,
céc tin hiéu diéu khién phai dugc xir 1y linh hoat, gitip dan robot sém khéi phuc dugc mang sau
khi mét két nbi, cling nhu thong tin doan trude duge vat can dé c6 thé tranh dugc mot cach an
toan, khong bi ton thét vé& phin clmg ciing nhung két ndi. Dy 1a mét van dé rat kho khin dang
duoc cac nha nghién ciru trén toan thé gidi tap trung giai quyét.

S6 lugng robot trong mét dan, ciing nhr cdu tric mang dan robot trién khai nhur thé nao cho
hiéu qua ciing dang rit dugc quan tim. Vi du, néu déu tu trién khai nhiéu robot s& tén kém
nhung thu dugc dir liéu c6 vé dang tin cdy hon dau tu it robot. Tuy nhién, viéc lya chon sb
luong ciing nhu cAu tric lai khong phai nhu vdy, ma 1a lya chon vira dd, két ndi 6n dinh lai
mang lai hiéu qua hon. Pay 14 bai toan t5i wu két hop nhidu vin d&, ca vé diéu khién va truyén
théng mang, dang cin dugc giai quyét.

Chinh vi vay, dé tai s& tap trung nghién curu danh gia cac phuong phép tiép cdn mdi trong
diéu khién, k¥ thuit truyén thong va két nbi mang cho dan robot tir hanh nhim dap tmg céc yéu
céu cép thiét d3 trinh bay & trén.

12. MUC TIEU PE TAI
Vé diéu khién: nghién ciru va dé xuét cac thut toan t&i wu cho mang robot di chuyén trong
nhiéu dia hinh khac nhau;

Vé truyén thong: nghién ctru va tng dung cac cong nghé vién thong mai 4p dung cho viée

10




truyén théng giita cac robots, giita robot vi céc tram gdc thu thap va xur ly thong tin;

Vé két néi mang robot: nghién ciru va dua ra céc thuét toan mang phu hop, cac giao thirc
mang gitp dan robot c6 thé két néi véi nhau dugc tot nhit, hoat dong trén cac dia hinh khic
nhau ma V?m giir dugc thong tin lién lac va hd trg cho nhau trong viéc thuc hién nhiém vy.

Muc tiéu téng quat ciia dé tai nhim tao ra dugc nhiing thuat todn diéu khién va truyén thong
tbi wu cho dan robot, hudng téi nhiéu ung dung khac nhau nhu gidm sat, thu thap dir liéu, ...

13. POI TUQNG, PHAM VI NGHIEN CUU

13.1. Bbi tugng nghién ciru

Céc thuét toan diéu khién robot va mang robot tyr hanh

Cac giai phap thu thap, xir 1y va trich chon déc trung dif liéu tir mang robot

Céc k¥ thust/cong nghé truyén théng khong day dap tmg duge qua trinh truyén nhan dir
liéu trong mang robot

Céc giao thirc, thuit toan két ndi mang khong day cho dan robot

Céc cong nghé tich hop dap tmg dugc nhu ciu diéu khién, truyén théng trong mang
robot ti hanh.

13.2. Pham vi nghién ciru

V& mit 1y thuyét: Céc k¥ thuat diéu khién cho robot don 1é va dan robot s& dugc nghién
clru va cip nhat t&i nhitng két qua méi nhét, phii hop nhét. Tir d6 s& c6 nhimg phuong
phép méi duge d& xudt, dugc cai thién dé mang lai hiéu qua hoat déng cho mang robot.

V& thyc tin: Thiét ké va xay dung cic m6 hinh hé théng diéu khién va truyén thong cho
robot va mang robot. Tir d6 c6 thé trién khai dugc thuc té cic ¥ twdng nghién ciru co
ban vao cac thiét bi thuc. Céc robot cé thé chay thir trén mét sb6 moi truong 1am viéc
khéc nhau dé kiém nghiém. Tir d6 cé thé dua ra cac két luan sat voi thuc té.

14. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU
14.1. Cach tiép can

Tur nhimg nghién ctru tdng quét, chi tiét vé cic phuong phap, k¥ thuat, cong nghé diéu
khién va truyén théng cho mang robot d3 dugc cong b, dé tai s tiép can duoc cac cong
nghé, céc giai phép nén tang va ning cao. Tr d6 dé tai s trién khai cac thuat toan va cic
phuong phap m&i nhim dap tmg dugc cic yéu ciu dé ra.

Trén cac co so ly thuyét va thuc tién, cac thanh vién cua dé tai s& tiép tuc phat trién, c6
thé @& xuét cac thut toan, phuong phap diéu khién va truyén thong méi.

Cach tiép can cu thé: trién khai thir nghiém trén dan robot cic thuit toan & ca dang mé
phong va thyc té, tir d6 c6 thé dua ra cac két luan méi, phit hop cho cong bd.

14.2. Phuong phéap nghién ciru
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- Nghién ciru tat ca cdc ndi dung co ban lién quan: nhitmg cong trinh da cong bd dugc
nghién ciru, xem xét tinh én dinh, tinh méi duge ghi nhin thanh nhimg ndi dung lién
quan, nén mong, dé tir 46 co thé xdy dung ¥ tudng méi, dy kién co két qua tét hon,
mang lai nhiéu vu diém hon & mdt géc d6 nao d6 trong nghién ctru. Co s dir liéu online
¢6 uy tin nhu: IEEE, Elsevier, Springer, ...

- Xay dung huéng nghién ciu mdi, thudt todn mdi: khi nhimg huéng nghién ciru méi
duoc hinh thanh, tac gia c6 thé phac thio nhitng thuét toin mdi mang tinh kha dung cao
c6 thé ap dung dé thay dbi, mang lai két qua t6t hon so véi nhimg két qua da co duoc
ghi nhén tai cc ngudn co s& dit liéu uy tin da néu.

- Xay dung cong thirc todn: ddy la budce phirc tap doi hoi mét s6 lugng kién thirc toan hoc
co ban vi ning cao. Cong thirc todn dugc xay dung phai ddm béo tinh chinh xéac cua
toan hoc, déng thdi ciing phai dam bao tich logic dé c6 thé dua vao chuong trinh may
tinh chay dugc.

- Xay dung chuwong trinh mé phéng: dua trén cdc y tudng, tir thuit toan dén phuong trinh
toan hoc, ma cac chuong trinh mé phong dugc xay dung dé dap Umg hai muc tiéu: (i) thu
dugc két qua ding nhu thudt todn di mo ta (két qua c6 thé ot hon hodc kém hon so véi
céc két qua di céng bd); (ii) so sach két qua md phong véi két qua thyc hién béi cac
phuong trinh todn hoc dé thdm dinh lai tinh chinh x4c cia cdc phuong trinh toén hoc da
duoc xdy dung.

- Xdy dung va chay thir mé hinh thuc nghiém: ddy 1a budc rat quan trong sau budc mod
phong, dé khing dinh dugc mot lan nita kha ning ap dung nhanh vao thyc té cha cac
thuat toan ciing nhu cic két qua mé phong. Bude nay doi hoi phai du tr co so vat chat
va céc didu kién thyc té lién quan.

- Cong bé két qud nghién ciru: budc ndy 1a budce tdng hop tit ca cac két qua nghién ciru
trong mot chu d&, mot hudng chuyén siu dé viét bao khoa hoc dam béo tinh logic cia
vin dé, dam béo vé ngén ngir sir dung, dam bdo vé tinh ngén gon, xuc tich, va dac biét |
1a dam bao dé khong vi pham dao dirc trong nghién ctru khoa hoc.

15. NOI DUNG NGHIEN CU'U VA TIEN PQ THYC HIEN

15.1. Noi dung nghién ctru (trinh bay dwdi dang dé curong nghién ciru chi tiéf)
P& tai tip trung vao cic ndi dung nghién ciru chinh nhwr sau:

Vé diéu khién:

- Xay dung d& cuong chi tiét cic vén dé thyc thi trong dé tai

- Nghién clru tdng quan v& mang robot va cac g dung trén thyc té

- Nghién ciru nhitng k¥ thujt diéu khién robot trén thyc t

- Nghién ciru thu thp cac két qua nghién ciru hién tai vé mang robot

- Nghién ctru va cip nhat mdt cach chi tiét cic phuong phap diéu khién robot

- Nghién ctru va cip nhat mot cach chi tiét cac phuong phap diéu khién dan robot
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- Nghién ciru va x4y dung cac mé6 hinh mang robot

- Nghién ctru céc thuit todn diéu khién mang robot tur hanh

- Nghién ciru phat trién cac thut toan diéu khién robot theo nhém

- Lap trinh diéu khién mang robot theo dan

- Hiéu chinh cac thujt toan diéu khién robot

- Chay mé phong va trich chon céc két qua, thu thap dit liéu phu hop

- Nghién ciru tich hop céc cong nghé, k¥ thujt tién tién 4p dung cho viéc diéu khién dan robot

- Nighién ctru trién khai céc thuat todn méi vio dan robot thuc té dé chay thir

- Chay thir dan robot va thu thip két qua thyc té

Vé truyén thong:

- Nghién ciru tdng quan cac cong nghé truyén théng c6 thé 4p dung cho robot va mang robot

- Nghién ctru cc thuat toan hién dang sir dung dé truyén thong cho mang robot

- Nghién ctru cu thé cac k¥ thut truyén thong khéng day &p dung cho robot va mang robot

- B& xuét cac phuong 4n truyén thong cho mang robot

- Bé xuit cac phuong 4n xir 1y dit liéu trong mang robot

- Trién khai céc thujt todn mdi cho truyén thong trong mang robot

- Thu th3p dir liéu cho mang robot

- Kiém tra, hiéu chinh cac chuong trinh chay mé phdng trong mang robot

- Thu thap, lra chon cic két qua mo phong cho viée cong b

Vé két néi mang robot:

- Nghién clru céc giao thirc két ndi trong mang robot

- Trién khai céc thut toan, giao thyc cho viéc két nbi mang robot

- Thue hién m6 phong két ndi cic mang robot

- Thu thap dit lidu cta viéc két nbi mang, tir d6 lua chon céc két qua phit hgp cho viée cong bd
cac két qua caa dé tai

- Nghién ctru cac giai phap néng cao hiéu qud hoat dng cho mang robot

15.2. Tién d6 thuc hién

Thoi
gian
Cac ndi dung, cong viéc . 2 8 .. .
STT thure hién San pham (bat ’ Ngwoi thwe hién
dau-ket
thuc)
Nghién ciru tong quan
- Nghién clru tdng quan vé
mang robot vd cac ung x oxs
dyin g o BTG 6 s 01/2021 | TS: PO Trung Hat
1 N . | Béo céo tong quan PGS. TS. Nguyén
- Nghi€n ciru tong quan cac -3/2021 Tuén Minh
cépg nghé truyén thong cé
thé ap dung cho robot va
mang robot

13




Nghién ciru va danh gia
thue trang

- Nghién ctu thu thdp céac
két qua nghién ciru hién tai
vé mang robot

- Nghién cuou va cép nhat
mdt cach chi tiét céc
phuong phép didu khién
dan robot

- Nghién ctru cic thuit toan
hién dang st dung dé
truyén théng cho mang
robot

- Nghién ciru cu thé cac ky
thuat truyén thong khéng
ddy ap dung cho robot va
mang robot

Bao céo thuc
trang van dé can
nghién cuu

03/2021
-5/2021

TS. D4 Trung Hai
PGS. TS. Nguyén
Tuén Minh

TS. Nguyén Tién Duy
TS. Ngb Minh Birc
TS. Nguyén H(")ng
Quang

Thu thip thong tin, tai liéy,
dir lidu; xir 1y sb liéu, phéan
tich thong tin, tai li¢u, dir
liéu

Béo cdo két qua
thu thép tai liéu,
dir liéu, xir 1y s6
liéu, phén tich
thong tin, tai liéu,
dit lidu

05/2021
-7/2021

TS. Nguyén Tién Duy
TS. Ngé Minh Dirc
TS. Nguyén Thi
Thanh Nga

TS. Pinh Vin Nghiép
TS. Nguyén Hong
Quang

Nghién ciru cac thuit toan

diéu Kkhién, cdc thuit toin

truyén théng va két nédi

mang

- Nghién ciru va xay dung
cac m6 hinh mang robot

- Nghién cﬁ'u cac thuit toan
diéu khién mang robot tir
hanh

Béo céo két qua
nghién ciru

08/2021
-9/2021

TS. P4 Trung Hai
TS. Nguyén Thi
Thanh Nga

ThS. Nguyén Thi
Tuyét Hoa

TS. Ng6 Minh Buc
TS. Dinh Van Nghiép
TS. Nguyén Héng
Quang

Tién hanh mé phéng, chay

thir chuwong trinh trén may

tinh

- Lap trinh diéu khién mang
robot theo dan

- Hiéu chinh cac thuit toan
diéu khién robot

- Thu thap dir liéu cho mang
robot

-Kiém tra, hiéu chinh cac
chuong trinh chay md
phong trong mang robot

Béo céo vé két
qua md phong

10/2021

12/2021

TS. Nguyén Thi
Thanh Nga

ThS. Nguyén Thi
Tuyét Hoa

TS. Ngb Minh buc
ThS. Trin Qué Son
TS. Pinh Véan Nghiép
ThS. Bach Van Nam

Dé xuat giai phdp, cac
thuit toan mdi trong diéu
khién va truyén thong cho
mang robot

Giai phéap, thujt
toan madi

01/2022
-3/2022

PGS. TS. Nguyén
Tuén Minh

TS. Ngé Minh Dirc
TS. Dinh Vén Nghiép
TS. Nguyén Thi

- Nghién ciru phét trién cic
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thuat toan diéu khién robot Thanh Nga_
theo nhom ThS. Nguyen Thi
- D€ xuat cédc phuong én Tuyét Hoa
truyén thong cho mang
robot
- Dé xuat cac phuong an xu
ly dix liéu trong mang robot
- Trién khai c‘éc thuit toan
moi cho truyén thong trong
mang robot
TS. b6 Trung Hai
PGS. TS. Nguyen
Viét sich tham khio 12/2021 iga‘;IMmé‘n -
7 | - Viét ban thao Séch tham khéo B e o e gg“y &
- Hiéu chinh 12/2022 ThS. Niguy3n Thi
Tuyét Hoa )
TS. Nguyén Ti€n Duy
TS. D6 Trung Hai
o Bén thao dugc ?Sésn gdslnggu yen
Cong bo két qua nghién ctru | chap nhdn didng | 6/2021- A nr: .
8 A A Myl v TS. Ngé Minh Durc
trén cac tap chi uy tin cla cac bai bao | 12/2022 2 1o
TS. Nguyén Hong
khoa hoc
Quang
ThS. Bach Vin Nam
Bio cdo tom tat va TS. D6 Trung Hai
i ) béo cdo tong ket PGS. TS. Nguyen
9 Tong két, danh gia de tai 12/2022 | Tuan Minh
TS. Nguyen Tién Duy
ThS. Tran Qué Son
16. SAN PHAM
Yéu ciu chét lwong sian phim
STT Tén sin phim Sé hurgng (Mo ta chi tiét chat lwgng san pham
dat duoc nhu ngi dung, hinh thuc,
cdc chi tiéu, théng s6 ky thud, ...)
I San phém khoa hoc (Céac cbng trinh khoa hoc s€ dugc cong bd: sach, bai bao khoa
hoc...)
01 bai tap chi thuéc nhém Q1 trong
danh muc SCIE (dwgc chép nhan
) ) ding); 01 bai tap chi thugc nhém Q2
1l ai bdo déng t i nud : 03 ) ;
Bai bao ding tap chi nudc ngoai trong danh myc SCIE (dwgc chip
nhin dédng); 01 bai dang trén tap chi
khoa hoc qudc té ¢ chi s& ISSN.
1.2 | Sach tham khao 01 Sach tham khdo dugc xudt ban cé
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chi s6 ISBN

11 San phém dao tao (Cir nhan, Thac s¥, Tién s¥,...)

Bio vé thanh coéng theo hudng

2.1 Hoc vién cao hoc 01 LA A 9 A ew
nghién clru cua de tai

H3 trg dio tao (hoan thanh 1 dén hai
2.2 | Nghién ciru sinh 01 chuyén dé theo huéng nghién ciru
cta dé tai).

I San phim tng dung

17. PHUONG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA BIA CHI UNG DUNG
17.1. Phuong thirc chuyén giao
- Két qua nghién ciru sé& 13 tai li¢u tham khéo, hé trg dao tao cho sinh vién, hoc vién va
cac nha nghién ciru trong cac linh vyc lién quan quan tam.
17.2. Dia chi c6 thé (mg dung (tén dia phuong, don vi tng dung)
- Nha trudmg, cac vién nghién ciru
18. TAC PONG VA LQI iCH MANG LAI CUA KET QUA NGHIEN CUU
18.1. Pbi véi linh vuc gido duc va dio tao

San phim khing dinh phiong phép luin ding d4n cua dinh huéng nghién ciru.

L3 tai liéu tham khao hiru ich cho sinh vién va hoc vién cao hoc.
- Gop phén nang cao nghiép vu chuyén mén cta cac thanh vién nghién cinu.
18.2. Béi véi linh vuc khoa hoc va cong nghé c6 lién quan
- Mang robot hoat dong trén nhiéu linh vuc nghién ciru va cong nghiép, do do, cac Kkét
qua nghién ciru s&€ mang lai hiéu qua thuc té cho nhiéu céc linh vuc lién quan sir dung
robot.
18.3. Bi voi phat trién Kinh té - xa hoi
- Nhitng két qua bao gbm céc giai gidi phap didu khién, truyén théng cho robot vi mang
robot, co thé s& duoc trién khai thuc té, va mang lai hiéu qua khéng chi cho phat trién
kinh t& x4 hoi ma con cho ca quéc phong an ninh.
18.4. D4i véi td chirc chu tri va cc co s& img dung két qua nghién ciru
- Két qua nghién ctru s& 13 ngudn déng lyc, khuyén khich cac nhém nghién cir, cac c4
nhan quan tAm tich cuc tham khao va nghién ciru nhitng budc tiép theo ciia dé tai.

- Két qua nghién ctru 12 ngué)n tai liéu tham khao tbt, dinh hréng nghién ctru cho hoc vién
sau dai hoc va nhitng nghién ciru khac cho cac don vi thanh vién.
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19. KINH PHI THU'C HIEN PE TAI VA NGUON KINH PHI :
Kinh phi thirc hién dé tai: 340.000.000d (Béng chit: Ba triim bon muwoi tri¢u dong chén)
Trong do6:
Ngan sach Nha nuée: 340.000.000 & (Bdng chiz: Ba tram bén muoi triéu dong chan)
Céc ngudn khic: 0

) Thaoi . Nguon kinh phi
So ’ T : gian Tong kinh = 2 Ghi
TT Khoan chi, ndi dung chi thure phi Ngz‘m sa,ch Ngu’(m cliii
h'; nha nudc khac
) ién
I | Chi ti€n cdng lao dong tryc | 2021- | 4,5 3 300 | 317623300 ©
ti€p ] 2022
23 [iCTi e uh s frRanCsiie g0 0 876.700 876700 | 0
tin lién lac, in an 2022
3 | Chi hop hoi dong danh gid, | 2022 | 4 505000 | 4.500.000| 0
nghiém thu cap co s¢
¢ FChndualiac g 2021- |15 600,000 | 17.000.000 | 0
2022
Tong cong 340.000.000 | 340.000.000 0

(Du toan chi tiét cdc muc chi kém theo va xdc nhdn ciia co quan chii tri). _
1y 0¢ Ngay 0 % thang (7 ndam 200
Chii nhiém dé tai

Qul"

hang {& njr&})w

o quan chii quan duyét

TL. BQ TRUONG BQ GIAO DUC VADAOTAO
VU TRUOGNG VU KHOA HQC, CONG NGHE VA MOI TRUONG

’ -

h...,-v'-r/
PHOVUTR

ONG VUKHOAHQC CONG NGHE VAMT

Vii Chants Bint
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GIAI TRINH CHI TIET CAC MUC CHI

Muc 1. Cing lao djng truc tiép tham gia thuec hién dé tai:

hi & sb tié : ,
S6 e a__ _rm Ho va tén nguoi thue ¢ e da.':h Hf 0 fien S6 ngay me,g . Téng tién cdng Ngudn kinh phi
TT Néi dung cong viéc hién thyre hig¢n nhi¢m vy cong theo con s¢ (@3ng)
¢ KH&CN ngay & | (ddng) E Tir NSNN__| Ngudn khéc
Q) (2) (3) “ () (6) )] (B)=(5)x(6)x(7) © (10)
19.891.500 19.891.500
1 [Nghién ciru tdng quan D6 Trung Hai Chit nhiém 0,55 15 1.490.000 12.292.500 12.292.500
Nguyén Tudn Minh Thu ky khoa hoc 0,34 15 1.490.000 7.599.000 7.599.000
; 46.741.300 46.741.300
D5 Trung Hai Chil nhiém 0,55 15 1.490.000 12.292.500 12.292.500
L Nguyén Tuin Minh Thu ky khoa hoc 0,34 18 1.490.000 9.118.800 9.118.800
2 |Nghién ciru va danh gid thuc trang Nguyén Tién Duy Thanh vién thyc hién chinh 0,34 20 1.490.000 10.132.000]  10.132.000
Ngé Minh Pirc Thanh vién thuc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
Nguyén Hong Quang Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
40.528.000 40.528.000
Nguy&n Tién Duy Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
3 Thu thip thdng tin, tii lidu, dir liéu; xir Iy sb |Ngd Minh Pirc Thanh vién thyc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
ligu, phén tich théng tin, tai li¢u, dir liéu Nguyén Thi Thanh Nga  |Thanh vién thyuc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
Dinh Vin Nghiép Thénh vién thyc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Nguy&n Hong Quang Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
52.820.500 52.820.500
D6 Trung Hai Chi nhiém 0,55 15 1.490.000 12.292.500 12.292.500
. . Nguyén Thi Thanh Nga  |Thanh vién thuc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
Nghién ciru cac thudt toan di€u khién, cac thudt = A P ; ” e -
(I truyén thong va két ndi mang Nguyén Thi Tuyét Hoa  [Thanh vién thyc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Dinh Vin Nghiép Thanh vién thyc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Nguyén Hong Quang Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Ngd Minh Pirc Thanh vién thyc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
70.924.000 70.924.000
Nguyén Thi Thanh Nga  |Thanh vién thyc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Ngé Minh Pic Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
5 31':3 ::l‘:h mé phong, chay thir chromg trinh ten | 1v&n Thi Tuyét Hoa _[Thanh vién thyc hign chinh 0,34 20 1.490.000]  10.132.000]  10.132.000
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A o Chirc danh Hé sb tién . | Luong co . N e .
,?f)[, N@éi dung cdng viéc Heva te'l'li';“m thie thyc hi¢n nhigm vy cffng theo Séc:.:ﬁgay g(‘f Téng((;?n"g)c ong Negian:kimh pl‘“
KH&CN ngay (dong) Tir NSNN | Ngudn khic
m | 2 3 G) (5 (6) D | @)=Ex(E)X(T) &) (10)

Pinh Vin Nghiép Thanh vién thyc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
Trin Qué Son Thanh vién thyc hién chinh 0,34 30 1.490.000 15.198.000 15.198.000
Bach Vin Nam Thanh vién thyc hién chinh 0,34 40 1.490.000 20.264.0000  20.264.000
50.660.000)  50.660.000
Nguyén Tuén Minh Thu ky khoa hoc 0,34 20 1.490.000 10.132.000 10.132.000
¢ |D&xudt gidi phap, céc thujt toin mdi trong didy [Pinh Van Nghi¢p Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.0000  10.132.000
khién va truyén théng cho mang robot Ngb Minh Birc Thanh vién thuc hién chinh 0,34 10 1.490.000 5.066.000 5.066.000
Nguyén Thi Thanh Nga  |Thanh vién thyc hién chinh 0,34 30 1.490.000 15.198.000 15.198.000
Nguy®n Thi Tuyét Hoa  [Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
36.058.000]  36.058.000
D6 Trung Hai Cht nhigm 0,55 10 1.490.000 8.195.000 8.195.000
9 |Viét bio cdo tong két dé tai Nguyén Tuén Minh Thr ky khoa hoc 0,34 5 1.490.000 2.533.000 2.533.000
Nguyén Tién Duy Thanh vién thuc hién chinh 0,34 20 1.490.000 10.132.000 10.132.000
Trin Qué Son Thanh vién thuc hién chinh 0,34 30 1.490.000 15.198.000 15.198.000
Téong cjng 593 317.623.300 |  317.623.300
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Mue 2: Chi vin phong phim, théng tin lién lac, in dn:

Tdng kinh phi

Ngudn kinh phi

S6TT N¢i dung Pon vi tinh $6 lugng Don gia (dong) ;
(dong) NSNN Ngudn khic
19)) 2 ) 4 ) (6) 7) (%)
1 |van phong phim, in &n tai liéu 876.700 876.700
Téng cong 876.700 876.700
Muc 3. Chi hgp hgi déng dinh gid, nghié¢m thu cdp co sé
X . ’ by . ,
S6 TT N¢i dung Pon vj tinh Sélrgng  |Don gis éng) | TOM8 dk.-'“h phl Ngsiun Kinlvphi :
(dong) NSNN Nguon khic
(1) (2) 3 4) ) (6) (7) (8)
3 |Panh gi4, nghiém thu d& tai cip co si 4.500.000 4.500.000
3.1 |Chi tich Ngudi 1 750.000 750.000
3.2 |Thanh vién Hoi dong Neuoi 6 500.000 3.000.000
3.3 |Thu ky banh chinh Nguoi 1 150.000 150.000
34 Nhﬁn xét danh glé cua ﬁy vién phz'in blél‘l Ngu‘bi 9 300.000 600.000
Téng cong 4.500.000 4.500.000
Muc 4: Chi qudn ly chung:
F . ¢ A . .
S§TT N¢i dung Pon vi tinh S lugng | Dom gia (ding) T""gdk,-'“h ghi DEun lyghl
(dong) NSNN Ngudn khac
(1) (2) 3) 4) ) () (7) {8
4 |Quan Iy chung ciia co quan chi tri (5% tong kinh phi dé tdi) 17.000.000 17.000.000
Téng chng 17.000.000 17.000.000
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Tbng hop cong lao dong

Luwong coso:  1.490.000 Pomn vi: dong
. I S Nguon kinh phi

S | He va tén ngudi thye | hiéncnhh“ign(ia:ll_lhKH&CN Scéé'f; y ﬁfﬁ Tong s6 tién : : Ty 16%

T hién ngiy cbog (dong) NSNN Ngubn khac
1 |DP8 Trung Hai Cht nhiém nhiém vy 55 0,55 45.072.500 |  45.072.500 ol 14,2%
2 |Nguyén Tuan Minh  |Thu ky khoa hec 58 0,34 29.382.800 | 29.382.800 o 9,3%
3 [Nguyén Tién Duy Thanh vién thuc hién chinh 60 0,34 30.396.000 | 30.396.000 0l 9,6%
4  |Ng6 Minh Dirc Thanh vién thuc hién chinh 60 0,34 30.396.000 30.396.000 0] 9,6%
5 |Nguyén Hong Quang  |Thanh vién thue hién chinh 60 0,34 30.396.000 |  30.396.000 o| 9,6%
6 [Nguyén Thi Thanh Nga|Thanh vién thyc hién chinh 70 0,34 35.462.000 |  35.462.000 ol 11,2%
7 |Pinh Vin Nghiép Thanh vién thyc hién chinh 70 0,34 35.462.000 |  35.462.000 ol 11,2%
8 |Bach Vin Nam Thanh vién thuc hién chinh 40 0,34 20.264.000 | 20.264.000 0| 6,4%
9  |Tran Qué Son Thanh vién thuc hién chinh 60 0,34 30.396.000 |  30.396.000 ol 9,6%
10 [Nguyén Thi Tuyét Hoa |Thanh vién thuc hién chinh 60 0,34 30.396.000 |  30.396.000 ol 9,6%
Téng 593 317.623.300 | 317.623.300 0| 100,0%




TIEM LUC KHOA HQC CUA TO CHU'C, CA NHAN
THU'C HIEN PE TAI KH&CN CAP BO
(Kém theo Thuyét minh d tai KH&CN cép Bd)

A. Théng tin vé chii nhiém v cic thanh vién tham gia nghién ctru d tai:

1. Chii nhiém dé tai: P§ Trung Hai

1.1. Céc hudng nghién ciru khoa hoc chu yéu:

trinh.

1.2. Két qua nghién ciru khoa hoc trong 5 ndm gén day:

» Chu nhiém hodc tham gia chwong trinh, dé tai NCKH da nghiém thu:

Nghién ctru 1y thuyét didu khién hién dai trong didu khién chuyén dong, diéu khién qua

) o Chia |Tham| Miséva |Thoigian| Kétqua
Stt Tén chuong trinh, dé tai o ) R . .
nhiém | gia | cdp quanly | thuc hién | nghiem thu
) Chut T2014-23 5 ’
1 |Nghién ctru ché tao Robot nhén hi 1 ndm Kha
1T Trudng
% 1ot bH2015-
Nghién a”ru, tl}iét ké cheé tao card Chi TN02-09
2 |diéu khién s6 ung dung trong hicm _ .| 2nam Dat
diéu khién thoi gian thuce i Dai hoc thai
Nguyén
3 [nghiém h¢ diéu khién tan s6 dng nhiém . 1 nim Pat
co xoay chiéu ’ Trudng
Thiét ké ché tao lap dit ban thi| cpy T2017-S03
4 Inghiém hé di€u khién dong co hicm . 1 nim Dat
budc tng dung PLC s7-200 ; Truong
o ’ T2018-
5 Thié} ké’. ché tz_:l'c;, lépidétxhé thong C.hAu TN12 1 #5m Xudt sic
truyén dong nhi€u bién tan nhiém
Trudng
= Cong trinh khoa hoc da céng bé (chi néu t6i da 5 cong trinh tiéu biéu nhat):
Téc gia/Ddng t4 , Nam
Stt Tén c6ng trinh khoa hoc ac el . ’ong ac Pia chi cong bo ]
gia cong bo
Design of a Fuzzy logic r .. .. | Advances in Engineering
1 Dong t 2019
Controller Based on Genetic ong‘ i Research and

1




Algorithm  for  Controlling
Dissolved Oxygen in Wasted-
Water treatment System Using
Activated Sludge Method

Application (ICERA
2018)

Influence of initial conditions on

International Journal of
Engineering Research

2 |motion behaviors of robot arm Pong tac gia and Technology. 2019
Volume 12, Issue 12.
ISSN: 0974-3154
Advances in Engineerin
Nonlinear Design of Ac.laptive v Igesel;rchnfnd ==
3 Controller§ for Bllate.ral Déng tac gia Application (ICERA 2019
Teleoperation Systems  with 2019). pp
Variable Time Delays 520-533. ISBN 978-3-
030-37496-9.
International Journal of
On tracking control problem for Electrical and Computer
4 |polysolenoid motor model| Pdngtic gia |Engineering. Volume 10, 2020
predictive approach Issue 1, Pages 849-855.
ISSN: 2088-8708
Review of Computer
Dynamic Modelling of 3-RUS| Engineering Research.
5 |Spatial Parallel Robot| Dong tac gia Volume 7, 1, pp 20-26. 2020
Manipulator DOI: 10.18488/journal.7
6.2020.71.20.26
1.3. Két qua dio tao trong 5 nim gin day:
= Hudmg ddn thac sy, tién sp:
Pbi twugng | Trach nhiém
. . Cosd Nim
Stt | Tén dé tai ludn van, lufn 4n |Nghié| Hoc ‘ o
nciu | vién |Chinh| Phu dao tao bao vé
sinh |cao hoc
Nhén dang tham s6 mé hinh
va quan sat trang thai c6 anh
1 |huéng bdi céac tin hiéu ngau X X |TruongPHKTCN| 2016
nhién Ung dung trong diéu
khién hé chuyén dong
7 |Ndng cao chat lugng di€uf X Truong PHKTCN| 2017
khién hé¢ Teleoperation
Xay dyng thudt toan va ung
3 |dung vi xir ly dieu khién h¢ X X Truong PHKTCN| 2016
thong cén bang phoi liu
trong céng nghé san xuat xi




mang

Xay dung thuéit toan vé. g

dung PLC didu khién hé
théng cén bing phm liéu
trong cOng nghé san xuét xi
mang

Truong PH KTCN

2016

Xay dyng thudt toan va ung
dung phin mém Matlab —
Simulink didu khién hé
théng cin bing phéi l1¢u
trong céng nghé san xuét xi
mang

Truong DH KTCN

2016

Nghién ciru phuong phap
phan tich phd bang Wavelet
ctia qué trinh truyén song dé
xac dinh vi tri sy co trén
dudmg day tai dign

Truong DPH KTCN

2017

Nghién ctru ché tao va kiém
nghiém card diéu khlen thoi
gian thyc trong diéu khién hé
truyen dong

Trudng DH KTCN

2017

Nghién 'cfru xay dung bd
diéu khién cho 361 tugng gia
nhiét

Truong PH KTCN

2018

Cai thién chét lugng didu
khién thiét bi gia nhiét bing
bd diéu khién mo chinh dinh
tham s PID

Truomg DPH KTCN

2018

10

Thiét ké hé chan doan sy co
tiém 4n ciia may bién ap luc
dua trén Fuzzy Logic

Truong PH KTCN

2019

11

Nghién ciru tmg dung dai s6
gia tir trong chan doan su ¢
tiém an ciia may bién ap lyc

Truomg PH KTCN

2019

" Bi

én soan sach phuc vy dao tgo dai hoc va sau dai hoc:

Stt

Tén sich

Loai sach

Nha xuat ban va nam
xuit ban

Chu bién hoic
tham gia

Pién tir cong suat

Giéo trinh

Nha xuét ban Khoa
hoc va K§ thuét, 2016

Tham gia




2. Cic thanh vién tham gia nghién ctru (mdi thanh vién chi néu 16i da 3 cong trinh tiéu biéu

nhat):
, Nam
Stt | Ho tén thanh vién Tén c6ng trinh khoa hoc Dia chi cong bo .
cong bd
Elsevier journal:
_Effici e
IF;nirgt}'l iﬁ::/:;li Sensing in Measurement 2020
obotic Ne S
(SCIE/ISI/SCOPUS/QI)
Hybrid Solar-RF Energy
Harvesting Systems for MDPI Electronics, 2020
! PGS. TS. Nguyén |Electric Operated| (SCIE/ISI/SCOPUS/Q1)
Tuén Minh Wheelchairs
11 ti d
COllbeRLye afl IEEE Transactions on
Compressed Mobile Control of Network
Sensing for Data Collection 2018
in Distributed Robotic SRS,
SCI/IS/SCOPUS/Q1
Networks ( QD)
Hedge-Algebra-Based )
J 1 of Control
Phase-Locked Loop for oum:m;)Enoirrlleo .Sc1ence 2019
erin
Distorted Utility Conditions B B
A Group Decision-Making| International Journal of
Model with Comparative| Computer Information 2019
5 ek Linguistic Expression|  Systems and Industrial
TS. Nguyén Tién .
2 Duy Based on Hedge Algebra Management Applications
trol Parallel Robot
Co_n © ara”e S Proceedings of the
Driven by DC Motors :
) L International Conference on
Using Fuzzy Sliding Mode . ;
Controller and Optimizi Engineering Research 2019
ntr n n e
P ‘g and Applications, ICERA
Parameters by  Genetic 2019
Algorithm
P ding of 24
Short-term Load forecasting Intem;)i(c:):tllgi;ferenc
e on
3 | TS.Ngdé Minh bitc |of Campus building based 2018

on ANN method,

Electrical Engineering, pp.
515-519, Soul-Korea




Short-term Load forecasting

Institute of Korean Electrical
and Electronics Engineers

of Buildings based on ANN Journal, Vol.22, No.3, 2018
and Clustering Technique, pp-672-679, ISSN: 1226-
7244,
Effect of soybean oil as a
carbon source on the
electrochemical property of| Carbon Letters, Print ISSN 2020
LiNi13Co13Mn 130 cathod 1976-4251. SCIE-IF 2.0
e material for lithium ion
battery,
Research on the application Ti38) 7jhunicamahional
of genetio sl rithin Conferc.ence on Natural
) . Computation (ICNC'11) and
combined with the “cleft- ]
, the 8th International
overstep” algorithm for 2011
improving learning process Conferenserom gy
of MLP neural network Systems and Rnowiledze
with special error surface Diseovety (FSKDILL), 36:25
July, Shanghai, China.
. ) Joumnal of Science &
Tsﬁi iuhy;I;Zhl The Influence of Initial "I‘.echn.o'logy Technical
Weights During Neural Universities Vol 93. ISSN | 2013
Network Training 0868-3980, pp.18-25
SSRG Intemational Journal
Design a Hybrid PI — Hedge | of Electrical and Electronics
Algebraic Controller for Engineering (SSRG - 2018
Controlling Brushless DC| IJEEE), V5(6), pp. 28-33
Motor June 2018. ISSN:2348 -
8379.
TS. Dinh Van | Thiét ké bd didu khién thich| 2P, o Khoa hoc va cong
Nghiép nghi cho hé TRMS nghé¢ dai hoc Thai Nguyén, | 2016

Tap 154(09):49-54.




»

Exact Linearization Control

International Journal of
Electrical and Electronics
Engineering (SSRG-1JEEE)

for Twin Rotor MIMO 2016
— volume 3 Issue 12—
System
December 2016, ISSN: 2348
— 8379, pp.40-45.
Input Constrained H
Py ons.rame o.ver IEEE International
Control with Receding Confer Svst 017
Horizon LQR for Disturbed S c.)nn encg En ‘ys er.ns
TRMS cience and Engineering
An Adaptive Backsteppi
n. i z?c SYPPIE| 1 ternational Journal of
Trajectory Tracking Control :
. Control, Automation and 2019
of a Tractor Trailer Systems. (SCIE, IF: 2,93)
ms. g
Wheeled Mobile Robot Y ’ ’
Flocking control for
two-di ional tipl
TS. Nguyén Hong |a zntlmensxl:']: H;u fez Iritemztionalllonmnsl,al 2020
. € s i imi ,
gy B i Control: (SCIE, TF: 2,78)
Quang communication ranges
Observer-Based  Tracking
P lenoi
Cf)ntrol for Polyso enc?ld Actuators 2020, 9.23;
Linear Motor with (SCIE, IF : 1,957) 2020
Unknown Disturbance .
Load.
ILC combined with a PI TELKOMNIKA;
regulator for Wastewater 2020
Yogyakarta
Treatment Plants
5 Design of a Fuzzy Logic
JhS. Bachl Vi Controller Based on
INany Genetic  Algorithm  for Proceedings of the
Controlling Dissolved| International Conference, | 2019

Oxygen in Wasted-Water
Treatment System Using
Activated Sludge Method

ICERA 2019




The design of remote traffic

International Journal of
Engineering and Applied

light control system usin b 20
& | system using| g .o ces (UEAS), ISSN: | 20'°
Raspberry-Pi
2394-3661
Optimizations of integrated| International Journal of
energy systems for animal Smart Grid and Clean 2020
farms in Vietnam. Energy, vol. 9, no. 2.
Design on controllers for| International Journal of
8 | ThS. Trin Qué Son electrical  appliances 1In Smart Grid and Clean 2017
smart home. Energy, vol. 6, no. 2
Design of a PD Controller
Applied hani
Combined with a MRAS- Mapf ’Z ISM\fCl amcs;‘;’? o1
m -
Based LFFC for a Two - 52;.1 ’ 12812 f?06
Link Robot Manipulator. nhEE i
Hybrid Solar-RF  Energy
Harvesting Systems for MDPI Electronics, 2020
Electric Operated| (SCIE/ISI/SCOPUS/Q1)
Wheelchairs
9 ThS. Nguy&n Thi [Control  Algorithms  for| EAI Endorsed Transactions
Tuyét Hoa UAVs: A Comprehensive| on Industrial Networks and | 2020
Survey Intelligent Systems
Design control system static Tap chi Khoa hoc Céng
reactive power N . . 2016
nghé Pai hoc Thai Nguyén
compensators
B. Tidm lyc v& trang thiét bi ciia co’ quan chil tri dé tai:
STT| Tent ehilint Thube phong thi nghiém Mo ta vai tro caa thiét| Tinh
n oc phong thi nghi
e sales e bi déi véi dé tai trang
1 Robot va hé théng diéu|Phong Thi nghiém Khoa| Thir nghi¢m céc thuat Tét
khién Pién - Truomg DPH KTCN toan diéu khién
) Hé thu thap dir liéu va|Phong Thi nghiém Khoa| Thir nghiém cac thuat Tét

diéu khién DSP 1102

bién - Truong BPH KTCN

toan diéu khién




(h

chiéu

Bo thi nghiém diéu
khién dong co mot

Phong Thi nghiém Khoa| Thir nghi¢m céac thuat
Pién - Truong PH KTCN toan diéu khién

Ngay 08 thang 12 nam 2020

Chi nhi¢m dé tai

P6 Trung Hai

Qua L




CONG HOA XA HOI CHU NGHIA VIET NAM
Ddc 1ap - Tu do - Hanh phiic

Thai Nguyén, ngay 21 thdang 01 nam 2021

HQOP PONG THU'C HIEN PE TAI KHOA HQC VA CONG NGHE
CAP BO CUA BO GIAO DUC VA PAO TAO

S6: 01/B2021-TNA-01

Can cir Bo ludt dan sw s6 91/2015/QH-13, ngay 24 thang 11 nam 2015,

Can cir Ludt Khoa hoc va Céng nghé ngay 18 thdang 6 ndm 2013,

Cén cir Théng tu s6 11/2016/TT-BGDPT ngay 11 thang 4 nam 2016 cua B truong
Bé Gido duc va Déo tao Ban hanh quy dinh vé qudn Iy dé tai khoa hoc va céng nghé cdp
bo cua Bé Gido duc va Pao tao,

Can cir Quyét dinh sé 3813/0D-BGDPT ngay 20 thdang 11 nam 2020 cua B Gido
duc va Dao tao vé viée phé duyét Danh muc dé tai khoa hoc va cong nghé cd}) Bo thuee hién
tir nam 2021;

Can cir Thuyét minh dé tai: Nghién civu va dé xudt thudt todin méi trong diéu
khién, kj thudt truyén théng va két néi mang cho dan robot tw hanh; Md so: B2021-
TNA-01.

CHUNG TOI GOM:

1. Bén dit hang (Bén A): Dai hoc Thai Nguyén

-Do Ong: PGS.TS. Tran Thanh Van

- Chire vu: Pho Giam dbc Dai hoc Thai Nguyén lam dai dién

- Dia chi phuong Tén Thinh, thanh phé Thai Nguyén, tinh Thai Nguyén

- Di¢n thoai: 02083.852.650; Email: banqlkh.dhtn@moet.edu.vn

- 86 tai khoan: 9527.1.1055684

- Tai: Kho bac nha nudc Théai Nguyén

2. Bén nhin dit hang (Bén B):

Chti nhiém dé tai va nhdm thanh vién tham gia nghién ctru dé tai (theo thuyét minh)
- Do C)ng: D6 Trung Hai — Chu nhiém dé tai lam dai dién

- Dia chi: Truong Dai hoc Ky thuat Céng nghiép

- Dién thoai: 0912.224.733 ;  Email: dotrunghai@tnut.edu.vn

- 86 tai khoan: 100004558717

Tai: Ngén hang Thuong mai C6 phin Céng thuong Viét Nam Chi nhanh Luu x4
- Ma s6 thué: 4600416670



Cung thoa thuan va thdng nhét ky két Hop ddng thuc hién dé tai khoa hoc va cong
nghé cap bo (sau ddy goi tit 1a Hop dong) vdi cdc diéu khoan sau:

Diéu 1. Pit hang va nhéin diit hang thwe hién dé tai khoa hge va cong nghé cap B
do Pai hoc Thai Nguyén chu tri

Bén A dat hang va Bén B nhan dat hang thuc hién dé tai khoa hoc va cong nghé cip
bo (sau day goi la dé tai) theo cic ndi dung trong Thuyét minh dé tai da dugc phé duyét
(sau ddy goi tat 1a Thuyét minh).

Thuyét minh 1a bd phan khéng tach roi cia Hop dong.

Diéu 2. Thoi gian thye hién Hop (1611g

Thoi gian thuc hién dé tai: 24 thang. tir ngay 01 thang 01 nam 2021 dén ngay 31 thang
12 nam 2022.

Pidu 3. Kinh phi thuc hién dé tai cap tir ngan siach nha nuéce

Kinh phi thuc hién dé tai 1a 340.000.000 dong (bang chii: Ba tram bén muoi triéu déng
chan), trong do:

- Kinh phi thuc hién dé tai cép tir ngan sach nha nude 1a 340.000.000 dong (bang chit:

Ba traim bon muoi triéu dong chan);

- Kinh phi thuc hién dé tai céip tir ngudn khéc: Khong.

Diéu 4. Quyén va nghia vu ciia cic bén

1. Quyén va nghia vu ciia Bén A

a) Cung cép cac thong tin cin thiét cho viéc trién khai, thuc hién Hop dong;

b) Bé tri cho Bén B sé kinh phi tir ngdn sach nha nude quy dinh tai Piéu 3 Hop dong
nay theo tién dé ké hoach, tuong (mg v6i cdc ndi dung nghién ciru dugce phé duyét;

¢) Td chire phé duyét ké hoach dau thdu, mua sim may moc, thiét bi, nguyén vat liéu
va dich vu cta dé tai bang kinh phi do Bén A cép (néu co) theo quy dinh;

d) Trudc mdi dot cz”ip kinh phi, trén co s& bao cdo tinh hinh thue hi¢n dé tai cua Bén B,
Bén A cin ctr vao san pham, khoi lugng cong viéc da hoan thanh theo Thuyét minh dé cép
tiép kinh phi thuc hién Hop dong. Bén A ¢6 quyén thay déi tién do cap hodc ngliing cap
kinh phi néu Bén B khong hoan thanh cong viée ding tién do, dung ndi dung cong viéc
dugc giao;

d) Kiém tra dinh ky hodc dot xudt dé danh gia tinh hinh Bén B thuc hién dé tai theo
Thuyét minh;

e) Kip thoi xem xét, giai quyét theo thim quyén hodc trinh cap co tham quyén giai
quyét kién nghi, dé xuét ctia Bén B vé diéu chinh ndi dung chuyén mén, kinh phi va cdc
van dé phat sinh khéc trong qua trinh thue hién dé tai;

g) T6 chirc dénh gid, nghiém thu két qua thue hién dé tai cia Bén B theo céc yéu céu,
chi tiéu trong Thuyét minh;

h) C6 trach nhiém cting Bén B tién hanh thanh Iy Hop dong theo quy dinh hién hanh;
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i) Thanh quyét todn cac ndi dung thué khoan chuyén mon theo dé nghi cua bén B;

k) Phéi hop ciing Bén B xir Iy tai san dwgc mua sim bing ngan sach nha nude hodc
dugc tao ra tir két qua nghién ctru ctia dé tai sir dun g ngan sach nha nude (néu co) theo quy
dinh cua phap luat;

) Tiép nhan két qua thuc hién dé tai, ban giao két qua thuc hién dé tai cho td chic dé
xuat dat hang hoac td chue trién khai rng dung sau khi dugc nghiém thu:

m) Co6 trach nhiém hudng dan viée tra thi lao cho tac gia néu co loi nhuén thu duge tir
viéc img dung két qua cua dé tai va thdng bao cho tac gia viée ban giao két qua thuc hién
dé tai (néu co);

n) Uy quyén cho Bén B tién hanh dang ky bao ho quyén so hiru tri tué déi véi két qua

thuc hién dé tai (néu c6) theo quy dinh hién hanh:

~

0) Thuc hién cac quyén va nghia vu khac theo quy dinh ctua Ludt Khoa hoc va Cong
nghé va cac van ban lién quan.

2. Quyén va nghia vu ciia Bén B

a) T chue trién khai ddy du cac ndi dung nghién ciru cua dé tai dap umg cic yéu cau
chat lugng. tién do va chi tiéu theo Thuyét minh;

b) Cam két thuc hién va ban giao san phdm cudi cung dap ung dy du céc tiéu chi da
dugc phé duyét:

¢) Puoc quyén tu chu. tu quyét dinh viée sur dung phan kinh phi dé thuc hién dé tai theo
du toan kinh phi dé tai:

d) Yéu cau Bén A cung cap thong tin can thiét dé trién khai thuc hién Hop dong:

d) Kién nghi. dé xuat diéu chinh cac noi dung chuyén mon, kinh phi va thoi han thuc
hién Hop dong khi can thiét;

e) Yéu cau Bén A cép du kinh phi theo dung tién do quy dinh trong Hop dong khi hoan
thanh day du noi dung cong viéc theo tién do cam két. Dam bao huy dong du ngudn kinh phi
khéc theo cam két. Str dung kinh phi dung muc dich, dang ché do hién hanh va ¢ hiéu qua;

g) Xay dung ké hoach déu thiu mua sim may moc, thiét bi, nguyén vét liéu va dich vu
ctia dé tai bang kinh phi do Bén A cép (néu c6) dé giri Bén A phé duyét va thuc hién mua
sam theo quy dinh cta phép luat:

h) Chép hanh cac quy dinh phap ludt trong qua trinh thuc hién Hop d@)ng. Tao diéu kién
thudn loi va cung cap dy du thong tin cho céc co quan quan Iy trong viée giam sat, kiém
tra. thanh tra ddi voi dé tai theo quy dinh ctia phap ludt;

i) Thuc hién viéc tu danh gia, nghiém thu cap co s& theo quy dinh hién hanh khi két
thuc dé tai. Sau khi danh gia, nghiém thu cap co sé hoan chinh lai hd so theo két luéin cua
Hoi dong danh gia cép co so, Bén B ¢o trach nhiém chuyén cho Bén A céc hd so dé Bén
A tién hanh viéc danh gia. nghiém thu theo quy dinh;

k) Co trach nhiém quan ly tai san duge mua sam bang ngan sach nha nudc hodc duoc
tao ra tir két qua nghién ctru cua dé tai st dung ngan sach nha nudc (néu ¢6). Chu nhiém

-~
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dé tai c6 trach nhiém ban giao tai san dugc mua sim bang ngan sach nha nudc hoac dugc
tao ra tir két qua nghién ctru cua dé tai cho co quan chu tri dé tai dé quan ly va st dung.

) C6 trach nhiém cung Bén A tién hanh thanh lv Hop déng theo quy dinh;

m) Thue hién viéc dang ky bao hd quyén s¢ hitu tri tu¢ theo uy quyén cua Bén A dbi
vai két qua nghién ciru (néu co);

n) Chi nhiém deé tai giao ndp két qua thuc hién dé tai cho bo phan luu gii thong tin cia
co quan chu tri dé tai. Co quan chu tri dé tai xéc nhan viéc giao nop két qua thue hién dé
tai cho chu nhiém dé tai.

0) Cong bd két qua thuc hién dé tai theo quy dinh hién hanh:

p) Chu nhi¢m dé tai ciing véi cac ¢4 nhan truc tiép sang tao ra két qua nghién ctru khoa
hoc va phat trién cong nghé duge dimg tén tac gia trong dé tai va huong quyén tac gia bao
g6m ca cac loi ich thu dugce (néu ¢o) tir viéc khai thac thuong mai céac két qua thuc hién dé
tai theo quy dinh phap luat va cac quy dinh cua Dai hoc Thai Nguyén;

q) Co trdch nhiém truc tiép hodc tham gia trién khai tng dung két qua nghién ctru khoa
hoc va phat trién cong nghé theo yéu cau cua Bén A hodc t6 chire, ca nhan dugc Bén A
giao quyén s& hitu, str dung két qua thuc hién dé tai:

r) Thuc hién bao mat cac két qua thuc hién dé tai theo quy dinh vé bao vé bi mat ctia
nha nudc;

s) Thuc hién cac quyén va nghia vu khéc theo quy dinh Ludt Khoa hoc va Cong nghé
va cac vin ban lién quan.

Diéu 5. Chim dirt Hop dfmg

Hop dong nay chdm dut trong cac truong hop sau:

1. Dé tai da két thuc va duoc nghiém thu.

2. Bén B bi chiam durt hop dong thuc hién dé tai khi c6 dé nghi thanh Iy Hop dong ctia
Hoi dong thanh Iy dé tai cap bo.

Diéu 6. Xir Iy tai chinh khi chAm dit Hop ddng

1. B6i voi dé tai da két thic va duoc nghiém thu:

a) D¢ tai da két thic va danh gid nghiém thu tir mac “Pat” trd 1én thi Bén A thanh toan
day du kinh phi cho Bén B theo quy dinh tai Hop dong nay.

b) Dé tai da két thuc, nhung nghiém thu murc “khong dat” thi Bén B ¢6 trich nhiém hoan
trd toan bo sd kinh phi ngan sdch nha nuéce da cap nhung chua st dung. Bén B ndp hoan tra
ngan sich nha nudc. kinh phi chi cong lao dong truc tiép ctia chii nhiém dé tai trén tong kinh
phi ngan sach nha nuéc da stir dung cho dé tai néu do 1i khich quan hodc toan bo téng kinh
phi ngan sach nha nudéc da st dung cho dé tai néu do 13i chu quan.

2. Dbi voi dé tai chdm dat khi ¢6 can cir kh'fmg dinh khong con nhu cau thuc hién:

a) Truong hop Dé tai cham dut khi c6 cin ci khang dinh khong con nhu cau thuc hién
thi hai bén cing nhau x4c dinh khéi luong cong viée Bén B da thuc hién dé lam can c(r thanh
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toan so kinh phi Bén B da sir dung nham thuc hién dé tai va thu hdi sd kinh phi con lai da
cap cho Bén B.

b) Trudong hop hai bén thoa thuan ky Hop dong méi dé thay thé va két qua nghién ctru
ctia Hop dong cii 1a mot bd phan céu thanh két qua nghién ciru ctia Hop dong mdéi thi sb
kinh phi da cip cho Hop dong cii duoe tinh vao kinh phi cip cho Hop ddng méi va duoc
tiép tuc thuc hién véi Hop dong mai.

3. D6i véi Dé tai bi dinh chi theo quyét dinh cua co quan c6 tham quyén hodc Hop dong
bi chim dit do Bén B khong nop hd so dé danh gia, nghiém thu D& tai theo quy dinh phap
ludt thi Bén B ¢6 trach nhiém hoan tra toan b sb kinh phi ngan sach nha nudc da duge cap
nhung chua sir dung. Bén B ndp hoan tra ngan sach nha nudc, kinh phi chi cong lao dong
truc tiép ctia cht nhiém dé tai trén tong kinh phi ngan sach nha nudc da st dung cho dé tai
néu do 10i khach quan hodc toan bd tong kinh phi ngan sach nha nuée da sir dung cho dé tai
néu do 156i chu quan.

4. Ddi voi DBé tai khong hoan thanh do 15i ctia Bén A dan dén viéc cham dit Hop dong
thi Bén B khong phai bdi hoan s6 kinh phi da sir dung dé thuc hién D8 tai, nhung van phai
thuc hién viéc quyét toan kinh phi theo quy dinh cua phap luét.

Piéu 7. Xir Iy tai sin khi chAm dit Hop dong

1. Khi chdm dut Hop dong, viée xir 1y tai san dugc mua sim hodc dugc hinh thanh bang
ngén sach nha nude cap cho dé tai duoc thuc hién theo quy dinh phap luét va quy dinh cua
Dai hoc Thai Nguyén.

2. Cac san pham vat chat cua Dé tai st dung ngan sich nha nudc: ngudn thu khi cac
san phé’im nay duoc tiéu thu trén thi truong sau khi trir cdc khoén chi phi can thiét, hop 1€,
duoc phan chia theo quy dinh phap luét va quy dinh cua Dai hoc Thai Nguyén.

Diéu 8. Piéu khoan chung

I. Trong qua trinh thuc hién Hop dong, néu mot trong hai bén c6 yéu cau sta doi, bo
sung ndi dung hogc ¢6 cin ctr dé chdm dit thue hién Hop ddng thi phai thong bao cho bén
kia it nhat 1a 15 ngay lam viée trude khi tién hanh stra dbi. bd sung hoac chidm dut thuc
hién Hop dong. xéc dinh trach nhiém cua mdi bén va hinh thirc xir ly. Cac stra doi, bo sung
(néu ¢o) phat 1ap thanh van ban ¢o déy du chir ky cua cac bén va dugce coi la b phéan cua
Hop dong va la can cu dé nghiém thu két qua cua dé tai.

2. Khi mét trong hai bén gap phai truong hop béat kha khang dan dén viéc khong thé
hodc chdm thuc hién nghia vu da thoa thuén trong Hop déng thi ¢6 trach nhiém thong bao
cho Bén kia trong 10 ngay lam viéc ké tir ngay xay ra su kién bat kha khang. Hai bén co
trach nhiém phoi hop xac dinh nguyén nhén va béo cdo co quan quan 1y nha nude ¢6 tham
quyén dé giai quyét theo quy dinh cua phap luat.

3. Hai bén cam két thuc hién dung cac quy dinh cua Hop dong va co trach nhiém hop
tic giai quyét cac vuéng méc phat sinh trong qua trinh thue hién. Bén vi pham cac cam két
trong Hop dong phai chiu trach nhiém theo quy dinh phép luat.




4. Moi tranh chap phat sinh trong qua trinh thyc hién Hop dong do cdc bén thuong
luong hoa giai dé giai quyét. Truong hgp khong hoa giai dugce thi mot trong hai bén co
quyén dua tranh chép ra dé giai quyét theo quy dinh ctia phap luat.

Piéu 9. Hiéu lwe ciia Hop dong

Hop déng nay c6 hiéu lyc tir ngay ky. Hop dong nay duoc lap thanh 06 ban va ¢o gia
tri nhu nhau, Bén A gitr 02 ban, Bén B gitr 04 ban.

BEN A BEN B
(Bén dat Hang) (Bén nhan dat hang)

(Chit k¥, ho va tén va déng diu) Chi nhiém dé tai
, (Chit ky, ho va tén)

D6 Trung Hai

P-GS TS. Trian Thanh Van



BQ GIAO DUC VA PAO TAO

PIEU CHINH PE TAI KHOA HQC VA CONG NGHE CAP BQ
1. Tén dé tai: Nghién ciru va dé xuét thuit toan méi trong diéu khién, ky thujt
truyen thong va ket noi mang cho dan robot ty hanh
2. Mi s6: B2021-TNA-01
3. Ho va tén, hoc vi, chirc danh khoa hoc ctia chii nhiém dé tai: TS. D3 Trung Hai
4. T chirc chu tri: Pai hoc Thai Nguyén
5. Noi dung diéu chinh (gidi trinh Iy do va ngi dung thay doi):

5.1. Diéu chinh vé thoi gian thuc hién: Gia han thoi gian thuc hién thém 06 théng, dén
hét 30/6/2023; Ly do: Xin gia han dé hoan thién san pham bai bao khoa hoc (do qua
trinh phan bién bai ISI Q1 kéo dai). :

5.2. Piéu chinh vé chu nhiém dé tai:
5.3. Diéu chinh vé ndi dung cia dé tai:

5.4. Piéu chinh v& tién do thuc hién dé tai: Pidu chinh theo thoi gian thue hién dé tai.

Ngayl} thdng 11 ndm 2022 Ngay 01 thdng 12 ndm 2022

chirc chi tri Chii nhiém dé tai
(ky, ho va tén)
TS. D6 Trung Hai

PHO GIAM BOC
b ] ,"n
PGS. TS. Tran Thanh V Nay 29 thangA2nam 2022

Co quan chii quan duyét
TL. BO TRU : GIAO DUC VA DAO TAO

VUTRUONG VY KHOA HOC CONG NGHE VA MT
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