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Mé dau
Hién nay, viéc robot hinh dang nguoi xuét hién da thay d6i rat nhiéu thir trong
cudc sdng clia con ngudi ndi chung va cac nganh cong nghiép néi riéng. Hau hét moi
ngudi déu chi nghi robot dang hinh ngudi 14 nhiing robot tich hop tri thong minh nhan
tao, c6 thé giao tiép, co ngoai hinh va kha ning ctr dong tuong tu con ngudi, ma khong
biét rang cic nghién ctru vé linh vyuc robot hinh dang ngudi con hudéng dén viéec mod
phong hoidc ché tao lai cac bo phan trén co thé (canh tay, ban tay, chan...) va cac hoat

dong (cam, nam) clia con nguoi.

Ban tay robot 5 ngén 1a mét trong nhitng robot phd bién nhat dugc sir dung trong
linh vyuc y té hodc cac thao tac cAn mo phong chuyén dong cua ban tay ngudi sir dung
tir khoang cach xa. Ban tay robot s& duoc 1ap trinh dé c6 thé ghi nhan va thyuc hién lai

cac ct chi tir ban tay nguoi su dung.

Tuy nhién viéc 14p trinh 1énh diéu khién ban tay robot 5 ngon 1a diéu khong don
gian, n6 doi hoi sy chinh xéac va on dinh. Vi vay viéc 1ap san 1 doan chuong trinh ¢
san s& giup viéc diéu khién mot cach d& dang va tich kiém thoi gian, hon thé nita c6 thé
ap dung chuong trinh nay dén tat ca canh tay robot khac. Diéu nay gitip tiét kiém duoc
thoi gian va cong sirc. Viée hoc tap hay ché tao mot ban tay robot c6 kha ning mé phong
chinh xéc cac ctr chi cua ngudi diung ¢ thoi diém hién tai con nhiéu kho khin vé thoi
gian, tién bac, cong nghé. Pé don gian hoa viéc nghién ciru cau tao, nguyén 1y hoat
dong, giai cac bai toan dong hoc diéu khién ban tay robot hay phuc vu cho viéc thu
nghiém ché tao thr trudce khi san xuét thi viéc sir dung cac phdn mém mo phong 1a rat
can thiét. Tuy nhién cac phin mém dé phuc vu chuyén biét dé mé phong ban tay robot
trong nghién ctru, dao tao thi con rat han ché, d6 ciing 14 li do ta chon dé tai mo phong
ban tay nguoi cho robot.



Chuong 1. Tong quan

1.1. it van dé

Tir thoi ¢6 xua, con ngudi di mong mudn tao ra nhimng vat gidng minh dé bat
ching phu vu cho ban than minh. Vi du nhu trong kho than thoai Hy Lap c¢6 chuyén
ngudi khong 16 Promethe diic ra nguoi tir dat sét va truyén cho ho sy séng. Cho dén
nhitng nim 40 nha vin vién tuong ngudi Nga, Issac Asimow, md ta robot 1 mot chiée
may tu dong, mang dién mao cua con nguoi, dugc diéu khién bé’lng mot hé than kinh
kha trinh Positron, do chinh con nguoi 18p trinh. Asimov ciing dat tén cho nganh khoa

hoc nghién ctru vé robot 1a Robotics, trong d6 ¢ 3 nguyén tic co ban:
- Robot khong dugc xic pham con nguoi va khong gay ton hai cho con ngudi.

- Hoat dong cua robot phai tuan theo cic quy tic do con ngudi dit ra. Cac quy

tac nay khong duoc vi pham nguyén tic thir nhat.

- MGt robot phai bdo vé su séng cua minh, nhung khong duogc vi pham 2

nguyén tic trudc.
Céc nguyén tic trén sau niy tré thanh nén tang cho viéc thiét ké robot [1].

Tir su hu cdu cua khoa hoc vién tudng, robot dan dan dwogc giéi ki thuat hinh
dung nhu mot chiée méay dic biét, dwoc con ngudi phong tac theo ciu tao va hoat dong
ctia chinh minh, ding dé thay thé minh trong mét s6 cong viéc nhat dinh. P& hoan thanh
nhiém vu do, robot can c¢6 kha ning cam nhan cac théng sb trang thai cia moi truong
va tién hanh cac loat hoat dong tuong tu con nguoi. Kha nang hoat dong ctia robot dugc
dam bao badi hé théng co khi, gém co cAu van dong dé di lai va co cAu hanh dong dé co
thé 1am viéc. Viéc thiét ké va ché tao hé théng nay thudc linh vuc khoa hoc vé co cau

truyén dong, chap hanh va vt liéu co khi.

Chtric nang cam nhan, gém thu nhén tin hiéu vé trang thai moi trudng va trang
thai cua ban than hé théng, do céc cam bién (sensor) va cac thiét bi lién quan thyuc hién.
Hé thng nay dugc goi 1a hé thdng thu nhan va xu 1y tin hiéu, hay don gian 13 hé théng

cam bién.



Muén phéi hop hoat dong cua hai h¢ théng trén, dam bao cho robot c6 thé tu
minh ty diéu chinh “hanh vi” cia minh va hoat dong theo diing chirc ning quy dinh
trong diéu kién méi truong thay doi, trong d6 robot phai c6 hé thdng diéu khién. Xay
dung céac hé thdng diéu khién thudc pham vi dién tir, k§ thuat diéu khién va cong nghé

thong tin.

Mot cach don gian, Robotics dugc hiéu 1a mot nganh khoa hoc, ¢6 nhi€ém vu
nghién ciru vé& thiét ké, ché tao cic robot va timg dung chiing trong cac linh vyc hoat
dong khéc nhau cta xa hoi loai nguoi, nhu nghién ctru khoa hoc-ky thuét, kinh té, quéc
phong va dan sinh. Tir hiéu biét so bd vé chiic nang va két cdu cua robot, chiing ta hiéu
Robotics 1a mot khoa hoc lién nganh, gdm co khi, dién tir, k¥ thuat diéu khién va cong
nghé tin hoc. Theo thuat ngit hién nay, robot 1a san phim cua nganh co dién tur

(Mechatronics).

Theo khia canh nhéan van va khia canh khoa hoc — k¥ thuat cua viéc ché tao robot
théng nhét & mot diém: thuc hién hoai bdo cua con nguoi, la tao ra thiét bi thay thé minh

trong nhiing hoat dong khong thich hop véi minh, nhu:

- Céc cong viéc lap di lap lai, nham chan, nang nhoc: van chuyén nguyén vat

liéu, lép rap, lau don nha, ...

- Trong méi trudng khic nhiét hodc nguy hiém: nhu ngoai khong gian vii tru,

trén chién truong, dudi nudc sau, trong long dat, noi c6 phong xa, nhiét do cao, ...

- Nhitng viéc doi héi do chinh xac cao nhu thong tic mach mau hoac cac ong

dan trong co thé, lap rap cac cau tir trong vi mach, ...

Linh vuc tng dung ctia robot rat rong va ngay cang duoc mé rong thém. Ngay nay, khai
niém vé robot dd mé rong hon khai niém nguyén thuy rat nhiéu. Sy phong tac vé két
ciu, chtrc ning, dang vé ctia con ngudi 13 can thiét nhung khéng con ngu tri trong k¥
thudt robot nita. Két cdy cua co thé ngudi va chung ciing c6 thé thyc hién duoc nhiing
viéc vugt xa kha nang cua con nguoi.

Hién nay, v6i viéc phat trién vuot bac cta khoa hoc cong nghé di giup ching ta
rat nhiéu trong viéc xay dung va san suét, dic biét 1a trong linh vuc cong nghiép [1].

Nho su phat trién cua nhitng robot diéu khién d3 gia ting ning suat lam viéc va phat



trién, dic biét 1a cac tay may robot trong cong nghiép. Robot cong nghiép thudng c6
hai loai cdu trac: dang chudi hodc song song. Robot cau triic dang chudi co khong gian
lam viéc rdng nhung dd chinh xac va kha nang chiu tai kém hon. Do vy, viéc st dung
cAu trac loai nao thuong phu thudc vao tng dung cu thé. Vi du nhu ung dung gz“ip tha
vat, phun son, k¥ thuat han va lap rap thuong dung robot chudi, trong khi d6 tmg dung

gia cong co khi hay thiét bi mé phong budng 1ai thudng dung robot song song.

Trong thuc té cong nghiép, thi robot chudi van duoc phd bién hon va viéc phan
tich, thiét ké cho chiing ciing c6 phan don gian hon robot song song. Sy linh hoat va
khong gian 1am viéc ctia robot chudi phu thudc vao s6 bac tu do. Vi vay ma nhiéu loai

robot cong nghié€p 5 hodc 6 bac tu do dugc cac cong ty chi trong phat trién.

Tién loi 14 nhu vAy nhung viéc diéu khién céc tay may robot khong phai 13 diéu
don gian, ching ta phai nhap cac 1énh chwong trinh lam viéc dé co thé diéu khién nhiing
tay may robot ndy. Thé nhung viéc 1ap trinh cach doan dit liéu dé co thé diéu khién
canh tay robot 13 rat mat thoi gian hon thé nita trong viéc 1ap trinh ta c6 thé xay ra nhiing
16i lién quan dén cac ma lénh vi vay vi¢e lap trinh dé diéu khién canh tay robot la rat
mat thoi gian va d& c6 sai sot.

Hién nay c6 kha nhiéu phan mém cia cac hang 16n trén thé gidi hd tro thuc hién
mod phong hoat dong robot. Chéng han nhu phﬁn mém easy-rob la phﬁn mém phuc vu
cho viéc 1ap ké hoach va mé phong san xuét khi st dung céc té bao robot trong day
chuyén. Tét céa cac chudi xu 1i khi sir dung robot vi du nhu: cAm nim, lép rap, son phu,
han déu dugc 1ap chuong trinh cy thé bang phan mém nay va cac tinh toan d6 ngay lap
tirc duoc cu thé hoa bang mo hinh 3D ngay trong phdn mém. Cac hoat dong ctia robot
duoc md phong c6 thé gdm chi 1 robot hodc ciing mot lic nhiéu robot voi cac phién

ban cao cap hon ctia phan mém. Phan mém nay cho phép:

- Kiém tra dugc tinh nang va hoat dong ctia mot cAu hinh robot di c6 sén, hd
tro cho viée sir dung, sép xép mot tram robot hi¢u qua hon cling nhu gitip cho
Viéc quyét dinh dau tu vao mot loai robot nao d6 duge hop li va chinh xéc

hon, tir 46 tiét kiém duogc rit nhidu chi phi va thoi gian.



- Thiét ké méi mot loai robot nao d6, c6 thé sir dung phin mém nay két hop
v6i hé théng 3D CAD kiém tra kha nang lam viéc cta cdu hinh robot. Kha

nang nay hd tro rat tot cho viéc thiét ké méi.

- Kha nang hd tro nghién ctru hoc tap vé robot. Nho kha ning mé phong chinh
xéac va linh hoat cac cau hinh robot ma phan mém Easy-rob c6 thé xdy dung
cac gido cu o tryc quan cho phép ngudi hoc va nguoi nghién ciru ¢6 thé quan
sat va tinh toan cu thé cac cau hinh robot ciing nhu hiéu hon vé qué trinh diéu

khién robot bang phuong phap day hoc ma khong can cé robot thuc té.

Hodc phan mém FD on Desk 1a phan mém mé phong robot nachi va cho phép
phan mém cua bo diéu khién FD/CFD hoat dong qua diéu khién ctia mdy tinh trén ban
lam viéc hodc bat ky may tinh nao c¢6 cai dat phan mém FD on Desk. Phan mém FD on
Desk c6 cac tinh nang dac biét sau :

- C6 thé duoc ding & bat cir dau, v6i bat cir hé didu hanh niao. Khong yéu cau

phan cling dic biét

- Lap trinh robot, kiém tra chuong trinh trude khi dua robot vao van hanh, kiém

tra trinh tu cac budc van hanh,. ..

- Cac tap tin CAD (nhu IGES, STEP v...v...)c6 thé duoc insert vao trong vi¢c
mo phong robot nachi . Vi vay, co thé thuc hién lap trinh ngoai tuyén va kiém
tra sy giao thoa gitra cac thiét bi ngoai vi v..v...

- Cho phép thuc hi¢n mo phong theo thoi gian chu trinh véi dd chinh xac cao

- Bing cach két ndi may tinh v&i b diéu khién FD/CFD, c6 thé thuc hién cac
thiét 1ap cia FD/CFD ma khong can diéu khién robot truc tiép. Co cac chirc
nang giam sat tur xa.

- C6 thé 1ap trinh ngoai tuyén (“day”) mot chuong trinh lam viéc khi dang xac
nhan tu thé robot hay tin hiéu I/O.

- C6 thé thiét dat chuong trinh PLC, cac diéu kién han, thiét ké IFP v...v...

- C6 thé thiét 1ap cac thong s khac nhau cho cac chuong trinh PLC, diéu kién
han va thiét ké giao dién bang diéu khién ciing nhu cic chwong trinh lam

viéc.
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- Tét ca cAc tap tin hoan toan twong thich véi b diéu khién FD/CFD, cho phép
dé dang phat lai cac trang thai hoat dong cua cac don vi thuc té trén ban lam
viéc.

- FD on Desk gitip chting ta c6 thé dao tao ma chua can c6 robot nachi thyc té.

Ngoai ra con ¢b cac phan mém RobotStudio mé phong robot cua hing ABB,
hodc ctia hang Universal Robots. Tuy nhién day déu la nhimg phan mém di kém véi cac
robot cua cac hing, do d6 viéc st dung phan mém véi mot mé hinh robot bat ky khac

s€ gap kho khan va van dé ban quyén.

Gan day, ban tay robot mé phong ban tay nguoi da nghién ciru va ing dung kha
nhiéu trong thuc té tir y hoc, cong nghiép dén cudc séng. Chang han nhu cic ban tay
robot hd tro bac si trong cac ca md tir xa, ban tay robot tri liéu phuc hdi chire nang ban
tay nguoi (Hinh 1.1), ... [2-4], hay st dung trong ddo tao thé thao [5], thao tac trong
khong gian o khi két hop vé6i kinh thyc tai 40 VR [6], cic tng dung diéu khién thiét bi
(tay may robot, se tuy hanh, ...) tir xa [7], .... Tuy nhién dé cac ban tay d6 hoat dong
duoc giéng voi tay ngudi that thi can c¢6 dit liéu chuyén dong cua ban tay thuc. Vi¢e thu
thap va lay dit liéu d6 thuong sir dung ging tay c6 gin cac cam bién [8] dé xac dinh
chuyén dong cua cac ngon tay va thong thuong can qua cac bude thir nghiém, mé phong
lai hoat dong d6 trude khi didu khién cac co cau chip hanh. Mot s loai ging tay sir
dung cam bién dién tré (Hinh 1.2) gén doc theo chiéu dai ngén tay [6-12]. Khi ngon tay
co hay dudi s& 1am céc bién trd thay doi gia tri dién trd, thay ddi tin hiéu dién va qua d6
thu dugc mirc d6 co dudi ngodn tay. Phuong phap nay gitip gang tay c6 thiét ké gon gang
nhung khéng xac dinh dugc chinh xac goc xoay cua timg d6t ngdn tay. Gan day, mot
s6 nghién ctru tap trung phat trién loai ging tay sir dung cam bién gia tdc MPU5060
(Hinh 1.3) [5,7,13-16]. Cac cam bién nay s& duoc gin vao cac dbt ngon tay riéng biét,
tir d6 tinh toan duoc chuyén dong giira cac ddt nhd goc xoay thu duge tir cac cam bién.
Str dung cac cam bién MPU5060 khién cho ging tay ¢ hinh dang kich thudc cong kénh
hon khi str dung cam bién dién trd néu trén. Tuy nhién, phuong phéap nay cho do chinh
xé4c chuyén dong ciia ban tay cao hon va do d6 ¢6 nhiéu tng dung hitu ich hon. Cac
nghién ctru da tap trung chil yéu vao phat trién thiét ké ging tay va chuong trinh diéu
khién thu nhan dit liéu ma chua c6 nghién ciru ndo phat trién tong thé hé thong tir thiét
ké ging tay, phan mém mo phong theo theo gian thuc ciing nhu thu thap dit liéu mo

phong va tinh toan md phong cung voi phan cing ban tay robot dang ban tay ngudi.
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Hinh 1.2: Gang tay thu nhdn chuyén déng cia ban tay sir dung cam bién dién tro
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Hinh 1.3: Gang tay thu nhdn chuyén dong ciia ban tay sir dung cam bién gia toc
MPUS5060

Viéc mo phong chuyén dong canh tay robot c6 thé giup hiéu duoc nguyén 1y cau
tao va hoat dong cua ban tay robot dang nguoi. Tao ra dugc 1€nh diéu khién robot co
thé ap dung dén nhiing ban tay robot dang ngudi khac, gitp tiét kiém thoi gian 1ap trinh
chuong trinh chuyén dong va ting cao do chinh xac. Tir 6 c¢6 thé dé dang phat trién

m& rong ra nhidu tmg dung hitu ich trong cudc sdng.
1.2. Ly do lwa chon deé tai

Hién nay viéc ché tao va san xuat ban tay robot 5 ngon phuc vu ngudi khuyét tat
vé tay c6 tiém ning phat trién vo cung 16n. Dé thuc hién moé phong va didu khién ban
tay robot theo nhiing ctr chi ma ngudi dung dang thuc hién hoac mudn thuc hién, cung
v6i muc tiéu xdy dyng mot phan mém c6 thé mo phong duoc hoat dong cua ban tay
robot va tién t6i didu khién truc tiép ban tay robot do, dé tai ngién ctru va mé phong
chuyén dong ban tay robot da duoc lwa chon. San pham cua dé tai s& gitip hoc sinh va
sinh vién c6 thé hiéu rd hon vé ciu tao va hoat dong ctia ban tay robot mé phdng. pé tai
ciing gitip ta hiéu hon vé mg dung cic phan mém thiét ké va 1ap trinh Gmg dung véi
Visual Studio bang C++ dé xay dung chuong trinh mé phong 3D dong hoc cua robot

phuc vu trong dao tao.
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1.3. Muc tiéu

Nghién ciru tim hiéu img dung phan mém SolidWorks va lap trinh tng dung voi
Visual Studio bang C++ dé xay dung chwong trinh mé phong 3D dong hoc ciia ban tay
robot phuc vu trong dao tao. Chuong trinh dugc tao ra co6 thé thuc hién mo phong dong
hoc cua céc tay mdy robot khac nhau nhd vao vi¢e vé& mo hinh trén SolidWorks hodc

phan mém v& 3D bat ky va thiét 1ap tép tin ciu hinh mé ta robot do.
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Chuong 2. Xay dung m6 hinh 3D ban tay robot

2.1. Tim hiéu phan mém SolidWorks
2.1.1. Lich sir phdan mém SolidWorks

SolidWorks la phén mém thiét ké 3D chay trén h¢ diéu hanh Windows va c6 mat
tor ndm 1997, dugc tao bodi cong ty Dassault Systémes SolidWorks Corp., 1a mdt nhanh
cua Dassault Systéemes, S. A. (Vélizy, Phap) [17]. SolidWorks hi¢n tai dugc dung boi

hon 2 triéu k¥ su va nha thiét ké voi hon 165,000 cong ty trén toan thé gidi.

2
25 SOLIDWORKS

Hinh 2.1: Logo phan mém SolidWorks

Cong ty SolidWorks dugc thanh 1ap vao thang 12 nam 1993 boi Hirschtick, tdt
nghiép truong MIT ndi tiéng- Massachusetts Institute of Technology; Hirschtick sir
dung] triéu $ ma anh ta gay dung duoc khi 1 thanh vienMIT Blackjack Team dé thanh
1ap cong ty. Tru so ban dau ¢ Waltham, Massachusetts, USA, Hirschtick tuyén dung
mot nhém ky su nham tao mot phan mém 3D CAD dé sir dung, gia ca phai ching, va
6 thé tuy bién trén Windows desktop. Sau nay ddi dia chi la Concord, Massachusetts,
SolidWorks dd phat hanh phién ban dau tién SolidWorks 95, nim 1995. Nam 1997
Dassault, Cong ty ndi tiéng nhat v6i phan mém CATIA, d3 mua lai SolidWorks v6i 310
triéu do la ) phiéu. SolidWorks hién tai c6 mot $6 phién ban nhu SolidWorks CAD,
eDrawings mot cong cu hd tro, va DraftSight, mot san pham 2D CAD. SolidWorks
duogc didu hanh bai John McEleney tir 2001 t&i July 2007 va Jeff Ray tir 2007 t6i thang
1-2011. CEO hi¢n tai la Bertrand Sicot.
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2.1.2. Cic tinh néing chinh ciia phin mém SolidWorks

a) Thiét ké mé hinh 3D
Trong phan mém SolidWorks thi ddy dugc coi 14 tinh ning ndi bat véi viéc thiét

ké cac cac bién dang 2D ban s€ dung dugc cac khdi 3D theo yéu cau.

b) Ldp rdp cdc chi tiét
Céc chi tiét 3D sau khi duoc thiét ké xong bai tinh nang thiét ké co thé lap rap
lai v&1 nhau tao thanh mot bd phan may hodc mdt may hoan chinh. Tinh nang nay gitp
ban dé dang chinh stra, thoa stic sang tao va nghién ctru dé dang cho nhiing san pham
moi.
¢) Xudt ban vé dé dang
Phan mém SolidWorks cho phép ta tao cac hinh chiéu vuéng goc cac chi tiét
hodc cac ban lap vai i 18 va vi tri do ngudi sir dung quy dinh ma khong anh huong dén
kich thudec.

Cong cu tao kich thudc tu dong va kich thudce theo quy dinh ctia nguoi stir dung.
Sau d6 nhanh chéng tao ra cac chii thich cho cac 16 mdt cach nhanh chéng. Chire ning

ghi d§ nham bé mat, dung sai kich thuéc va hinh hoc dugce sir dung dé dang.

d) Tinh nang Tab va Slot
Phan mém SolidWorks 2022 cho phép nguoi ding tu dong tao ra cac tinh ning
tab va slot dugc sir dung dé tu lép ghép cac b phan han. Cac tinh nang cai tién kim loai
khac bao gém tinh niang Normal Cut méi dam bao duy tri khoang cach thich hop cho

san xuat, va kha nang uén maéi cho phép nguoi dung tao maéi va trai phang goc udn.

e) Cdi tién Quan Iy dir dn va quy trinh
SolidWorks Manage cung cp cong cu quan 1y dir liéu, du 4n, va quan 1y quy
trinh trong mot goi phan mém quen thudc. Cac kha nang quan Iy cac du 4n, va quan 1y
quy trinh dugc thém vao SolidWorks PDM Professional.
/) Cdc tién ich cdi tién
Online Licensing gitp cho viéc st dung cac license trén nhiéu may tinh tién loi
hon trude rat nhidu. SolidWorks Login s& chuyén cac ndi dung va cai dit cac tiy chin
dén bat ky may tinh nao dugc cai SolidWorks, trong khi Admin Portal cho phép quan

1y cac san pham va dich vu cta SolidWorks d& dang hon.

g) Tinh nang gia cong
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Giai phap gia cong CAD CAM két hop, giai phap co tén SolidWorks CAM, né
dugc tach ra dé ban riéng. Giai phap nay kha don gian va dé dung. Cac modul don gian
than thién. Vay nén dé trai nghiém ban c6 thé ding ki tai day dé dung thu ngay giai
phép nay cho gia cong.

h) Phan tich dong lyc hoc
SolidWorks Simulation cung cap cac cong cu md phong dé kiém tra va cai thién
chat lugng ban thiét ké cua ban. Cac thudc tinh vat liu, mbi ghép, quan h¢ hinh hoc

dugc dinh nghia trong sudt qua trinh thiét ké duoc cap nhat day du trong mo phong.
2.1.3. Quy trinh xdy dung mo hinh trén SolidWorks

Phan mém SolidWorks quan 1y cac tai lieu dang PART, ASSEMBLY,
DRAWING, dé thuc hién v& thi du tién ta can vé dang PART sau do ta bat dau lép rap
(ASSEMBLY) lai v6i nhau tao thanh mgt mo hinh 3D hoan chinh. V6i dang PART thi
nguyén li co ban 1a v& tir cac dang sketch sau d6 ta bt dau dung 1én. Sau khi c6 PART

ta bat dau tién hanh lap rap lai v6i nhau.
2.2. Tim hiéu cu tao ban tay robot 5 ngén
2.2.1. Vé mt gidi phéu ban tay ngwoi

Co ban thi ban tay gdm c6 3 phan: 1ong ban tay, mu ban tay, cac ngén tay (ngon
ci, ngon tro, ngon gitta, ngdn ap Gt, ngdn Gt). Di sdu hon vé mat giai phau thi ban tay
cdn ¢6 cac ciu trac xuong (nang dg, dinh hinh hinh dang ban tay), cAu trac co (tao luc
va chuyén dong). Céu triic xwong ban tay co 27 xwong (8 xuwong co tay, 5 xwong ban
tay, 14 xuwong dbt ngon tay), dé cau tric nay gan két vai nhau thi can 29 khép va it nhét
123 day chang [18]. Cau tric co thi gdbm 2 nhém co chinh 14 co gap va co dudi. Cac co
gip dugc két ndi véi mat dudi ctia canh tay va bd tro cho dong tac gap ciia cac ngédn

tay. Co dudi dugc gin véi phia trén cua cing tay va 1am thing cac ngén tay.
2.2.2. Ban tay robot 5 ngon

Viéc ap dung hoan toan cdu tao ban tay ngudi 1én ban tay robot 5 ngédn co thé
no6i 1a bét kha thi, hay viéc mé phong lai nhitng cir dong rat phirc tap cua tay nguoi
thuong khong can thiét. Nham tdi gian hoa thiét ké va tap trung vao md phong cac cir
chi co ban nhung can thiét trong hoat dong sinh hoat, 1am vi¢c cua nguoi dung, thi cu
tao ban tay robot 5 ngdn c6 thay d6i dang ké so voi ban tay nguoi trén thue té. Dé niang

d& va dinh hinh thi ban tay robot c6 long ban tay va 15 dét ngon tay (twong tng véi cau
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trac 27 xuong cua ban tay nguoi) [19]. Viéc tao chuyén dong cho cic dot ngon tay
tuong tmg voi cac hé co clia ban tay, c6 thé str dung cac hé thong khi nén hoic cac day
kéo. Hé thdng servo va diy cudc c6 chirc nang tao chuyén dong cho timg dbt ngon tay.
Gidng v6i hé thng co ban tay thi day cudc ciing s& bao gdm nhom day dudi va day gap

gitip chuyén chuyén dong cua servo dén cac ddt ngén tay
2.3. Xay dung mo hinh 3D va bai toan dgng hoc
2.3.1. Xdy dung mé hinh 3D ban tay robot 5 ngon

Pé ¢ thé xdy dung mo hinh ban tay robot 5 ngén trén SolidWorks, trudc tién
can phai vé cac PART. DPé v& PART ta can ¢6 nhiing s6 liéu vé kich thudc do dai, do
rong, va do cao ciia cac bo phan trong ban tay robot. Pau tién vé& khau 0 (10ng ban tay,
Hinh 2.5) ctia ban tay may, dé vé ta str dung Sketch dé vé& ra hinh dang cia vat, sau
khi chon hinh dang cua vat can vé ta dung Smart Dimension dé lya chon kich thudc
ctia vat( luu ¥ phai chon theo dung kich thudc dé khi ta 1ap rap s& khong xay ra bat ki
16i gi vé kich thuge cua vat). Khi da vé dugc hinh dang vat ta chon vao phﬁn Features
sau d6 chon Extruded Boss dé dung vat lén thanh hinh khéi, dé co thé cét got di nhitng
phan khong can thiét trén hinh khdi ta chon Extruded Cut dé cit. Ap dung lai budc vé
Sketch, Extruded Boss, Extruded Cut dé tao phan khép nbi giita 1ong ban tay va cac
ngén tay. Phan khép nay dugce thiét ké dé c6 thé gidi han goc quay cua cac dét sao cho
gan gidng vé6i thuc té. Tiép dén dung Linear Pattern dé tao thém 3 ban sao cia cac
khdp ndi doc theo chiéu ngang cuia long ban tay. Cudi cung dung 1énh Fillet dé bo

cong cac doan gap khuc.

Tiép theo 1a dung cac ddt ngon tay bang cac 1énh tuong ty nhu viéc dung long
ban tay ¢ trén. Ngoai ra cling can dung thém 1énh Swept Boss/Base dé tao ranh va
dung thém mit phing phu qua 1énh Plane dé khoét phan di day (Sketch, Extrude Cut).
Cac d6t hau hét déu c6 cau tao twong ty nhau va dugc rang budc theo do dai ddt. Nhu
vay chi can xdy dung 3 loai d6t co ban 1a ¢ thé hoan thanh toan bo 15 dot ngon tay
tir viéc copy va thay doi kich thudc chiéu dai d6t. Ba loai dot bao gdm: dbt xién (dot
1 ngodn cai), dbt 2 khop ndi thang (d6t 2 ngdn cai va @6t 1-2 cac ngon con lai), dt 1

khdp ndi (d6t 3 ctia nam ngoén).

18



& soumcs W g o g * .‘ulhrluw.l..-n [ .®”Q = d=x
60 -®-@-00 - -|

& - w 8 F v tenlan @ @ W Fsemon @ B A W W o 2
o-e Leirded Mevchved ) LobedBeasBe | Eeired WowWiad Revoed [ Loned €t 0t Lowsr Patiars 3 Diat ) bntarsecs | Moo Crvms Inbtani30
Bra- Boshie Boauice 1o iy oottt | O . O o ek O | - . [y . R A
Fraiurrs | Shrtsn | Stares | She Mt | it Feting | Mariug | Prabusie | NI Bimerniom. | SOMITAWORES Add i | MND) | AE- s~
5 e PECHAE U-v &0 (B
» olHIETe® - en
s 7 |
~ " 4@ iong ban ay (Defai) «<«Defaitx o
+ [i3 History [T
[ Seems . m
[5] sentameas = e
+ [ Sole sty %,
B Materian <not spectiec a
[ From Mane: -
+ [ TopPane | wT
&[] Right Pune
] L onigin 6]
@ ' W on-Danoe |
a ' T Cut-Extriatet Onling
= W) B Eaiaie? <| e
Tl Cut-Extnucied o]
W Cur-Brrumed. e
[ Lharterdt
@ Fies Sorir
I B Sarvien
B @t EanaieT | B
= L smen
- Cocedinate Systemt
B rmest
[ Files?
| .T.
< ] > <>
I weaw [355n | o <
SOUDWORKS Premisem 2022 5900 Ena Fart s
\ \ S r
Hinh 2.2: Long ban tay robot 5 ngon
& soumcars + Cal S [ TP N T R
aD-P-B-06 -7 -|
& - w 8 F v tenlan @ @ W Fsemon @ B A W W o 2
o-e Uirded Bevoivwd [ (ohedBeaste Ertried Wi Wi Revobred [ Loned €t et Uwor Patiors 3 st ) botarswst | e Gl Irtani30
Bra- Boshie Boauice 1o iy oottt | O . O o ek O | - . [y . R A
| Strten | Suntars | Dot Metal | Dt Felling | Marbas | Frabaste | MBS Dirmernicon. | SOUITAWORKS Ackd b | MR | AE- s~
APOCPAE W - v - OR-T- [
s cEIEeE - en
a0 |
G 00t 1 ngon o (Defauit) < <Dptwits | sou0
+ (i@ History [ T
o Y
() Arotaicns el
[ ol ot ®
Matenian <not ipecmed > -
[ From Mane: -
- [ Top Pane Y &
&[] Right Pune
] L onigin i
@ ' W on-Danoe |
- + 0 Cut-Extnatet Oeline
@ Cut-brinate? <| e
' B et w
3 finess Wi
* i Car-Bxtnuced
* O Cut-atnade’ et
o — o]
] Pianet | S
L sumern
- Cooedinate Systemd
|
<8 ] ll r- <>
SOUDWORKS Premisem 2022 5900 s

Hinh 2.3: Dot xién (dot 1 ngén cdi)

19



B souowon ot 2 ngom i * &t oty Foum OB @ - # X

aD-B-B-00 -9
& B9 & 5 F et aiee W @ W Brwce @ P A W w ¥ 2
(EEE | Etrudet Beohet M |ohes oeatsy | Dinced fo Wand Rewsed [ Loheacyt e Unae Futtees B s ) e | Aefeenc Cunves dnstasti0)
™-® Boon/ate B ey B | M N - O St B0 Mo o
Features | Suetcn | Sortaces | Sheet Metal | Dioect Eating | Martus | Evaliaee | MBD Dimensions | SOUOWORKS Adg-ins | MB0 Kok
v ) ) PEF O -v-S@-0
s o[OEIFeE - @ @
a v 3
0 cot 2 agon ol [Defauty <« Defaults f“J P
+ (i stiey = W
[ Semiars
* [ Ancctation |8 B
* [ Soiia Bocses(1) B g
5 Material <not specifiods - i)
[ Feont uane & 3o
[ Top Pane = &
[£] Fight Fiass
'g i O
W Wbt E
@ " e Colime.
¢ Cut Eatde? e
o {0 Cut-Fresased il
* 3 Gt Extusety W
I CtEatucet
B et Nt
5 P Fiets Survien
B Cubbatese) B
o) Bena-Extnacied
+ o Smeept
(] Panez
i Cur-Emuced)
B rintets
(1] Paned
£ * | “sometic <>
B TR TR T — l< >
SOLIDWORKT Prermium M7 SPO0 X e ¥ T Serum - V5emen Fefiting Part MAGE -
) . A ’ A. <z A ’ s
Hinh 2.4: Dot 2 khop noi thang (dot 2 ngon cai)
2 soupeomes ot 3 gomca * L R A AR A
aD-B-B-00 -9
& B9 & 5 F et aiee W @ W Brwce @ P A W w ¥ 2
(EEE | Etrudet Beohet M |ohes oeatsy | Dinced fo Wand Rewsed [ Loheacyt e Unae Futtees B s ) e | Aefeenc Cunves dnstasti0)
™-® Boon/ate B ey B | M N - O St B0 Mo o
Features | Suetcn | Sortaces | Sheet Metal | Dioect Eating | Martus | Evaliaee | MBD Dimensions | SOUOWORKS Adg-ins | MB0 Kok
v ) : PEF O - SH-0
2 o[/O0R ¢(@ 3 & ol
@ > Nu— o
B dot 3 ngon cai (Deteutt) <« Defaults B s
+ [ stiey = W
[ Semiirs e @
o [ Anectstion o m
* [ Soiia Bocses(1) B g
5 Material <not specifiods - i)
[ Feont uane & 3o
[ Top Pane = &
1] Rughe Fiase
; L ovig By
W Wbt E
@ " e Colime
© i Cut Extude’. e
o {0 Cut-Freuces. il
* ] Bow-Exuce) P
o Cyt-Eatuoe?
B Fnety Nt
8§ @b Survien
B eyt B
B Faes2
(2 e
o {0 Cut-Erecet
L Past
[ stptcnry
= Coprgingte Systeml
£ * | “sometic <>
TEIEERE Model [ 30 Virws | Wil St 1 If_é
SOLIDWORKT Prermium M7 SPO0 MAGE -

Hinh 2.5: Dot 1 khép néi (dot 3 ngon cdi)

Sau khi xdy dung day du 1ong ban tay va cac dbt ngon tay ¢ mdi trudng Part ta
chuyén céc file Part sang méi trudng Assembly dé 1ap ghép thanh ban tay robot hoan
chinh. T¢p long ban tay dugc thém vao dau tién s& duoc mic dinh 1a khau ¢d dinh, cac
file dot ngdn tay dugce thém vo sau va dung Mate dé tao rang budc han ché mot s6 bac

tu do cuia cac d6t va 1ong ban tay v6i nhau. Két qua lip ghép mé hinh ban tay duoc
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thé hién trén Hinh 2.6. V&i md hinh ldp ghép da duoc tao rang budc diy du (bang 1énh

Mate) s& cho chép dich chuyén vi tri ctia cac ngoén tay nhur trén hinh 2.7.
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Hinh 2.7: M6 hinh ban tay robot 5 ngon khi gap hoan toan
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2.3.2. Xdy dung bai todan dong hoc ciia ban tay.

2.3.2.1. Phwong phdp thiét ké hé toa dg - phép biéu dién Denavit-Hartenberg

bé nghién curu mbi quan h¢ gitra cac thanh ndi, khop va tay robot, ta dit hé toa do
cho cac thanh ndi. Theo phuong phap biéu dién Danevit-Hartenberg (D-H), hé toa do
thanh néi i dugc xay dung thao nguyén tic sau (Hinh 2.8) [20].

f) 2)

Hinh 2.8: Thiét ké khung toa do thanh noi

+ Gdc hé toa d6 thanh i dat tring v6i chan phap tuyén chung cia truc i va i+1 va
nam trén truc khép thr i+1

+ Truc z; dat theo phuong truc khép i+1.

+ Truc x; dat theo phuong phap tuyén chung cua truc i va i+1 theo hudng di tir
truc i dén i+1.

Mot sb truong hop déc biét:
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+ Khi hai tryc cit nhau: s& khong c6 phéap tuyén chung giita hai khdp. Khi d6 diém
goc cua hé toa do 1a giao di€m cua hai truc va truc x dugc dat doc theo duong vudng
g6c vo1 mat phang chira hai tryc z do.

+ Hai tryc song song, s& c6 nhiéu phap tuyén chung. Khi d6 s& chon duoc phap
tuyén chung tring véi phap tuyén chung cta khdp trude. Hé toa do chon sao cho di 1a
nho nhat.

+ Pdi voi khop tinh tién: khoang cach d; 1a bién khép. Hudng ciia truc khop tring
v6i huéng di chuyén cta khép. Hudng cua truc dugc xac dinh, nhung vi tri trong
khong gian khong dugc xac dinh. Khi d6 chiéu dai a; khong co y nghia nén dat a; = 0.
Gdc toa do dat trung v6i thanh ndi tiép theo.

Theo nguyén tac dat hé toa do nhu ’trén, bat dau gén hé toa do tir b¢ (than) robot 1a
hcf? toa dg 0: truc zo trung voi khop 1. Goc hé toa do thanh 6 trung voi hé toa do thanh
noi 5.

2.3.2.2. Quan hé giita hai hé toa dé i va i-1

Mot cach téng quat, quan hé gitra hai hé toa do i va i-1 dugc xac dinh bﬁng cac

phép bién doi theo thu tu sau:

+ Quay quanh truc zi-1 mdt géc 6i sao cho tryc xi-1 trung véi phuong cia truc xi.

+ Tinh tién doc truc zi-1 mot doan di dé géc khung toa d mdi trung voi chan

phap tuyén chung truc i va i-1.

+Tién tinh doc truc xi-1 (phuong phép tuyén chung) mot doan ai.

+ Quay xung quanh truc xi-1 mot goc ai sao cho truc zi-1 trung véi truc zi.

Céc phép bién ddi trén duge thue hién so voi toa d6 hién tai. Do d6 phép bién dodi

téng hop duge xac dinh nhu sau:

A =Rot(z,0)Trans(0,0,d,) Trans(a,,0,0)Rot(x, ;)

Thay cac ma tran ctua phép bién d6i don vao ma tran biéu dién hé toa dg, sau mot
s0 bién d61, nhan dugc ma tran bi€u dién quan hé gitta hai hé toa dd 1 va i-1 nhu sau:

cost) —sinf cosa; sinfsina, a,cosb,

o sing, cos@ cosa; —cosfsina, a,sind,
A_ =
’ 0 sine, cosa, d,
0 0 0 1

2.3.2.3. Thiét lgp hé truc toa dé ciia ban tay robot theo quy tic Denavit Hartenberg

MJdi ngén cuia ban tay robot s& bao gdm 3 khau, cic ngén nhu ngon tro, ngdn giita,
ngoén ap Gt, ngoén Ut co cach chon hé toa do twong ty nhau. Ap dung quy tic Denavit
Hartenberg ta dugc cac hé truc toa do cho tirg dot va cac tham s6 duoc biéu dién nhu
sau (Hinh 2.9)
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Hinh 2.9: So dé gd'n cac hé truc toa do cho ca ban tay

Bdng 2.1: Bang théng s6 D-H ciia 5 ngén tay

>

Ngon Khau di 0; aj a;

1 aNCo0 gNCl1 0 phiNC1
Ngon cai 2 aNCl1 gNC2 0 phiNC2

3 aNC2 gNC3 0 0

1 aNTO gNTI1 0 0
Ngon tréd 2 aNT1 gNT2 0 0

3 aNT2 gNT3 0 0

1 aNGO gNG1 0 0
Ngon gitta | 2 aNGl1 gNG2 0 0

3 aNG2 qNG3 0 0

1 aNAPUTO | gNAPUTL |0 0
Ngongput |2 aNAPUT1 | gNAPUT2 |0 0

3 aNAPUT2 | gNAPUT3 |0 0

1 aNUTO gNUTI1 0 0
Ngoén ut 2 aNUTI gNUT2 0 0

3 aNUT2 gNUT3 0 0
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Chwong 3. Xdy dung phan mém mé phéng ban tay robot
3.1. Lap trinh ing dung Windows bing Visual Studio 2022

Nguyén ly co ban cua lap trinh Window la co sé¢ xu 1y thong di¢p nhu mo ta trén
Hinh 3.1 [21]. Tuy nhién dé 14p chuong trinh bang cic ham API 1a v6 cing phirc tap
va rat kho quan ly, do d6 véi loi thé cua ngdn ngir 1ap trinh huéng dbi tuong, Microsoft
da tap hop cac ham API d6 lai va dong goi lai thanh cac 10p nén tang ciia Microsoft
va dugc goi la MFC (Microsoft Foundation Class). Do vay, chuong trinh mé phéng &

day s€ dugc xay dung dua trén cac 16p MFC.

Windows

| Windows API

Khoi Lot

chueng goi iy

inh API
WinMain() ] - WinProc()
Dinh nghia, Xir 1y thong diép

Khoi tao cira s6 | i
Chuong trinh tng dung

Hinh 3.1: Mé ta co ché ldp trinh xit 1y thong diép trén Windows
3.1.1. Cdc bubc tao dé an MFC

Pé tao dé an (project) khung cho chuong trinh mé phong, ding tién trinh tao dé
an cua bd Microsoft Visual Studio vdi phién ban Visual Studio 2022. Qua trinh nay

gom cac budc nhu sau:

Tu trinh thuc don (menu) cta Microsoft Visual Studio C++, chon “File\New
...”, s€ ¢o hop thoai “New” xuét hién nhu trén Hinh 3.2. Trén hop thoai nay, can chon
trang “Project” 10i chon “MFC AppWizard (exe)” roi 4n nut OK dé bét dau tién trinh
tao khung tng dung v&i nén tang MFC, tién trinh nay s& trai qua cac bude duge mo ta

bén dudi.
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Create a new project P B
Recent project templates All languages =| Al platforms - Allproject types
+x
§2] MFC App Cos =** Empty Proj
% e
[®] Windows Desktop Application C++ C+4 Windows Console
. ‘Console App
Run code in a Windows terminal. Prints “Hello World™ by default
C++ Windows Console
m CMake Project

Ces Windows Linux Console
iit‘l Windows Desktop Wizard
i =
Create your own Windows apg
Ce+s Windows Desktop Console Library
mt* Windows Desktop Application
I -5 ]

Ces Windows Desktop

Next

Hinh 3.2: Giao dién tao dé an mdéi cia Visual Studio C++

Budc 1 (Step 1): 1a budc dau tién cua tién trinh, cho phép ngudi dung lya chon
dang khung giao dién ting dung muén tao (Hinh 3.3).

Single Document (SDI: Single Document Interface): cho phép tao ing dung don
tai liéu, tai mdi thoi diém chuong trinh chi c6 thé md mot tai licu.

Multi Documents (MDI: Multi Documents Interface): cho phép tao trng dung da
tai liéu, tai moi thoi diém chuong trinh c¢6 thé mé ddng thoi nhidu tai liéu, mdi tai liéu
duoc quan 1y boi mot ctra s6 riéng nam gon trong ctra s6 chinh ctia chuong trinh.

Dialog Based: tao ing dung la mot hop thoai. Day la loai tng dung don gian
nhat.

Vé6i muc dich cta chuong trinh mé phong & dé tai nay, chung toi lua chon dang

khung trng dung don tai li¢u (Single Document).
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MFC Application

Application Type Options

Application Type Application type Project style
.\ Multiple Documents - |Vi5ua| Studio ﬂ
| Document Template Properties
] Application type options: Visual style and colors
| User Interface Features Tabbed documents iVisuaI Studio 2008 jl
'[ Ry Document/View architecture support Enable visual style switching
Dialog based options Resource language
Generated Classes iEngI\:h (United States) -—|
Use of MFC
iUse MFC in a shared DLL -—|

Compound document support

“none> -

Document support options:
Active document server
Active document container

Support for compound files

Mext Finish Cancel

Hinh 3.3: Giao dién lya chon dang giao dién trng dung muén tao

Budc 2 va 3 c6 giao di¢n nhu trén Hinh 3.4. Cac budc nay cho phép nguoi lap
trinh thiét dat mot sb tuy chon cho khung ting mudn khéi tao. O day, cac lya chon da
pht hop véi myc dich ctia chuwong trinh mé phong nén khong can thay doi gi. Chi can
nhan nat “Next” dé chuyén qua budc tiép theo.

Budc 4: cho phép tuy chon mot s6 thé hién trén giao dién cua ung dung sé dugc
tao 1ap (Hinh 3.5). Chéng han nhu c6 tao ra cac thanh cong cu c6 kha nang tha ndi va
bat dinh vao khung mg dung hay khong, c6 thanh trang thai hay khong, c¢6 chirc ning

in va quan sat trude khi in hay khong, ...
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MFC Application

Application Type Options

Application Type

Document Template Properties
User Interface Features
Advanced Features

Generated Classes

Hinh 3.4: Giao dién cua buoc 2 va 3 trong tién trinh tao dé an

MFC Application

Application Type Cptions

Document Template Properties

User Interface Features

Advanced Features

Generated Classes

Hinh 3.5: Giao dién cua buoc 4 trong tién trinh tao dé an

Application type
Multiple Decuments -
Application type options:

Tabbed documents

Document/View architecture support

Dialog based options

Compound docurment support

<none> -

Document support options:
Active document server
Active document container

Support for compound files

Application type:

|Multip|e Documents '

Single Document
Multiple Documents
| Dialog based I

Multiple top-level documents

port

Security Development Lifecycle (SDL) checks

Dialog based options:

Compound document suppart:
=none= -
Document support options:

Active document server
Active document container

Support for compound files
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Project style

|V\sua| Studic

Visual style and colors

|V\sua| Studio 2008

Enable visual style switching

Resource language

| English (United States)

Use of MFC

| Use MFC in a shared DLL

Mext

Project style:

Visual Studio

Visual style and colors:

Visual Studio 2008

Cancel

Enable visual style switching

English (United States)

Use of MFC:

Use MFC in a shared DLL

Resource language:



BCGControlBar Application Wizard

Advanced Features

Application Type

Doowment Templale Propertics

Liser Interface Features

Command Bars

Advanced Features

Generated Classes

Hene 1ok Version: 31.1

Advanced features:

Printang and pnin préview
Ayglomatson

ActiveX contfols

MAR (Messaging AR
Windows sockets

Actpve ACCALubility

+| Support Restan Manager

¥| Reapen previously open doecuments

Support application recoyery
Use graphics manager i isw
Enable dociong panes guto-hide

Automatically hide goroll bars

5
¥,

-
o BCG
e
Advanced frame panes
| Exploser dogieng pane
| Quiput docking pane
| Propertics docking pane

Cutlosk pane

Caption bar
Task pane
| ToolBox pane
Mumber of [iles on reoent file st

'l -

Prisvious MNext Finish Cancel

Hinh 3.6: Giao dién cua chirc nang Advance Options

Trong budc nay can cht ¥ dén nat “Advance”. Néu nhin vao nit niy s& cho ra
hop thoai “Advance Options” nhu trén Hinh 3.6. Trén d6 c6 hai trang véi cac yéu cau
lwa chon khac nhau. O trang thir nhat 13 “Document Template Strings” cho phép dat
tén va phan mo rong cua loai tai lidu c6 thé md duoc bang hop thoai mé tép (Open)
ctua chuong trinh. Con ¢ trang tht hai la “Window Styles” cho phép lua chon khung

tmg dung khi dugc khoi tao ¢6 cac nut phong to, thu nho cira s, thue don hé théng

hay khi xuét hién c6 phong to hét khung man hinh may tinh hay khong.

Budce thtr 5 ¢6 giao dién nhu & Hinh 3.7, cho phép lua chon giao dién img dung
theo kiéu chuan cia MFC hay theo phong cach ciia ing dung Windows Explorer, c¢6

thém cac ghi chli vao tép tin ma ngudn hay khong, hay cé st dung thu vién MFC theo

cach chia sé hay lién két tinh vao ung dung.
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(¢ MFC Application

Hinh 3.7: Giao dién cua buoc 5 trong tién trinh tao dé an

Budc thtr 6 14 budce cudi cung clia qua trinh ndy va cé giao dién nhu trén Hinh
3.8. Trong budc ndy sé& tong hop lai cac 16p ddi tugng s& duge tao ra dé quan Iy khung
tmg dung chinh. O déy, ngudi dung c6 thé lya chon 16p ddi twong quan 1y khung quan
sat trong img dung la Cview, CeditView, CformView, ... tuy thugc vao muc dich cua
tmg dung. Trong dé tai ndy, chung t6i sit dung 16p Cview dé quan 1y khung quan sat,
do6 sé 1a vung dugc dat moi trudong dd hoa OpenGL dé thé hién cidc md hinh mo phong.
Danh sach céac 16p s duogc tao ra:

CxxxView dugc ké thira tir 16p quan sat, co thé 1a CView (mic dinh),
CEditView, CFormView, .... ddm nhan cong viéc thé hién tai liéu trong chuong trinh.
Dugc dat trong file “xxxView.h" va "xxxView.cpp".

CxxxApp duoc ké thira tir lop CWndApp, ddm nhan cong viéc khéi tao
va quan ly ung dung. Pugc dat trong file "xxx.h" va "xxx.cpp".

CMainFrame duoc ké thira tir 16p CFrameWnd néu chuong trinh dang
Single Document, con néu 1a Multi Document thi ké thira tir 16p CMDIFrameWnd, la

16p quéan 1y ctra s6 chinh cua chuong trinh. Puoc dit trong file "MainFrm.h" va

"MainFrm.cpp".
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CxxxDoc duge ké thira tir 16p CDocument, quan 1y tai liéu ciia chuong

trinh. Pugc dat trong file "xxxDoc.h" va "xxxDoc.cpp".

Néu chuong trinh 13 dang MultiDocument thi s& c6 thém 16p
CChildFrame ké thira tir 16p CMDIChildWnd, 14 16p quén 1y cira s6 con mg v6i mdi
tai lieu dang c6 duogc dat trong file "ChildFrm.h" va "ChildFrm.cpp".

3.1.2. Lam viéc voi Menu, ToolBar, Status

5.1.2.1. Sira d6i Menu va ToolBar cé sdn

Mic dinh ban dau cia MFC sé& tao ra cho ban mot menu va mot thanh cong cu
v6iID 1a IDR. MAINFRAME, day s€ 1a menu va thanh cong cu mac dinh cia chuong
trinh va gén véi ctra s6 tmg dung chinh va duoc khéi tao boi CMainFrame. Menu va
thanh cong cu nay méi chi c6 mot sé chirc ning co ban c6 & da s6 cac Gmg dung.

Pé bod xung thém chiic ning méi clia menu va thanh cong cu trén ban nén ding
trinh soan thao Resource ciia Microsoft Visual Studio.Dé tao cong viéc xu ly su kién
ban can tao ra mot ham xi 1y su ki¢n va tao ra dnh xa thong diép dé quy chiéu su kién
to1 ham do, cong vigc nay co thé duoc thuc hién nhanh chong nho ClassWizard hoac
¢ thé kich chudt phai 1én tén 16p (6 vingWorkSpace) 1di chon "Add Windows
Message Handler ...". Trong file tiéu d& (.h) dugc bd xung thém dong khai bao ham
thanh vién c6 dang :

afx_msg ReVal memberFxn (ListParam);
ReValla gia tri tra vé ctia ham
ListParamla danh sach tham sd, afx_msgchi rang ham nay 13 mot
ham xu ly thong diép.
Trong file ngudn (.cpp), bd xung thém anh xa théng diép vao giita khu vuc :

BEGIN. MESSAGE_MAP()

END MESSAGE MAP()

B xung trién khai ctia ham thanh vién da dugc thém khai béao trong file tidu dé

(thuong duoc dat vao cudi ciing cua file cpp).
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5.1.2.2. Khai bao m¢t thanh cong cu moi :
CToolBar m_wndToolBar;

Trong ham int CMainFrame::OnCreate(LPCREATESTRUCT IpCreateStruct)
thém cac dong 1€nh sau dé khoi tao va gan bién trén véi mot thanh cong cu da tao

trong tai nguyén thong qua ID cua no:
if (!m_wndToolBar.CreateEx(this, TBSTYLE FLAT, WS_CHILD |

WS_VISIBLE | CBRS TOP | CBRS GRIPPER | CBRS TOOLTIPS |
CBRS_FLYBY | CBRS_SIZE DYNAMIC) ||

!m_wndToolBar.LoadToolBar(IDR_ MAINFRAME))

{

TRACEO("Failed to create toolbar\n");

return -1;  // fail to create

h

ID ciia thanh cong cu 1a IDR_ MAINFRAME, c6 thé thay ID khac.
3.2. Tim hiéu mai truwong do hoa 3D véi OpenGL
3.2.1. Khai ni¢m OpenGL

OpenGL 1a viét tit cia Open Graphic Library, nghia la thu vién d6 hoa md, dugc
phat trién dau tién boi Silicon Graphic, Inc., 14 mot giao dién phan phan mém hudng
thu tuc theo chuan cong nghiép hd trg dd hoa 3 chiéu [22]. Thu vién cung cép khoang
120 tac vu dé v& cac primitive trong nhiéu mode khac nhau. Pay 1a mot giao dién phan
mém doc 1ap voi phan ctng (hardware — independent software interface) hd tro cho lap

trinh d6 hoa v&i ngdn ngir 1ap trinh va thiét bi phan cimg khac nhau (Hinh 3.8).

Only Cross Platform 3D API

:‘
a2 ki

Hinh 3.8: OpenGL
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Pé str dung céc nodi dung trén ctia OpenGL trong dé an chuong trinh, thém cac

dong sau vao header file (nén dua vao stdafx.h):
#include <gl\gl.h>
#include <gl\glu.h>
#pragma comment(lib, "opengl32.1ib")
#pragma comment(lib, "glu32.1ib")
3.2.2. Cic kiéu dir liéu

OpenGL dinh nghia nhiéu kiéu dir liéu c6 thé st dung trong chuong trinh
OpenGL:

Kiéu dir liéu Kiéu twong dwong
GLbyte signed char
GLshort short

GLint int

GLsizel long

GLfloat float
GLclampf float
GLdouble double
GLclampd double
GLubyte unsigned char
GLboolean unsigned char
GLushort unsigned short
GLuint unsigned long
GLenum unsigned long
GLbitfield unsigned long
GLvoid void

HGLRC HGDIOBJ
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3.2.3. Ngi¥ cdnh dién ti

C6 5 ham "WGL" duoc cung cip trong trién khai OpenGL trong WindowNT chiu

trach nhiém quan 1y cac ngit canh dién ta dugc liét ké trong Bang 3.1.

Bdng 3.1: Cdc ham quan Iy ngit canh dién td

Tén ham Str dung
wglCreateContext() tao 1ap mot ngit canh dién ta moi.
wglDeleteContext() x04 bo mot ngit canh dién ta.

wglGetCurrentContext()

tra vé mot dicu khién tdi nglr canh dién ta hién thoi.

wglGetCurrnetDC() lay diéu khién t6i DC cong tac voi ngit canh dién ta hién
thoi.
wglMakeCurrent() dua mot ngit canh dién ta thanh hién hanh.

3.2.4. Cdc dinh dang diém dnh

Trude khi chuong trinh ctuia ban cé thé tao 1ap mot ngit canh dién ta, n6 phai

duoc dat dinh dang diém anh cta thiét bj ma no chtra cac thudc tinh cho bé mit vé cia

thiét bj bang cac ham & Bang 3.2. Cac thudc tinh nay dugc gdp vao trong bé mit vé st

dung ché d6 mau RGBA hoic chi sb, hodc vung dém diém anh st dung vung dém don

hay kép, s bit mau, so bit dugc sir dung trong cac vung dém sau va khung to, va céac

thong tin d6 hoa khac ctia OpenGL.

Bang 3.2: Cdc ham Win32 quadn Iy cac dinh dang diém anh

Tén ham

Str dung

ChoosePixelFormat()

tra lai dinh dang diém anh bi dong cudi cung khi dit mot
dinh dang moi.

DescriblePixelFormat()

thu duoc thong tin vé dinh dang diém anh.

GetPixelFormat()

Lay dinh dang diém anh ciia ngir canh thiét bi.

SetPixelFormat()

Dit mot dinh dang diém anh cta ngir canh thiét bi.
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3.2.5. Thiét dit mét dinh dang diém anh
Mot khi ban c6 cdu tric PIXELFORMATDESCRIPTOR d3 khoi tao, ban ¢ thé
thiét dat mot dinh dang diém anh. Poan mi sau trich tir mot chuong trinh MFC thé hién

cach lam viéc nhu thé nao : CClientDC clientDC(this);
int pixelFormat = ChoosePixelFormat(clientDC.m_hDC,&pfd);
BOOL success = SetPixelFormat(clientDC.m_hDC,pixelFormat,&pfd);

Trong dong dau tién, chuong trinh 1ay mdt DC cho vung lam viéc cua cua s6

ung dung.

Dong thir 2 goi téi ChoosePixelFormat() rdi yéu cau mét chi s6 dinh dang diém
anh cho mot dinh dang diém anh gén nhét 1am thanh dinh dang yéu cau. Hai d6i muc
cua ham nay la mot diéu khién téi DC cho lwa chon dinh dang diém anh va dia chi cua
cau tric PIXELFORMATDESCRIPTOR nam giit cac thudc tinh cta dinh dang diém
anh yéu cau. Néu ham goi sai, ChoosePixelFormat() tra lai 0, nguogc lai n6 tra lai chi

s6 dinh dang diém anh.

Dong thtr 3 trong doan ma don gian goi SetPixelFormat() dé dit dinh dang diém
anh. Ba d6i muc ctia ham nay 1a diéu khién t6i DC, chi s6 dinh dang diém anh va dia
chi ctia cdu trac PIXELFORMATDESCRIPTOR. Ham tr lai gia tri TRUE néu thanh

cong, nguoc lai n6 tra lai FALSE.
3.2.6. Tao ldp ngiv cinh dién td

Trong phuong phap thi hai cua viéc quan 1y ngit canh dién ta, chuong trinh tao
1ap va g& bé DC ciia Window mdi 1an chwong trinh phai vé& 1én cira s6, do d6 chuong
trinh khoéng can phai giir DC cho toan chwong trinh trong lic chay. Mdi lan chuong

trinh tao lap DC, di sao, n6 ciing phai nim ngir canh dién ta thanh hién hanh.

Mot cach trién khai ciia phuong phap thir hai ciia viéc quan 1y ngit canh dién ta

trong chuong trinh MFC ¢6 thé giéng nhu sau :

int CxxxView::OnCreate(LPCREATESTRUCT IpCreateStruct)

{
if (CView::OnCreate(lpCreateStruct) == -1) return -1;
// TODO: Add your specialized creation code here
PIXELFORMATDESCRIPTOR pfd=
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sizeof(PIXELFORMATDESCRIPTOR),
1,
PFD DRAW_TO WINDOW |
PFD_SUPPORT_OPENGL|PFD TYPE RGBA,
24,
0,0,0,0,0,0,
0,0,0,0,0,0,0,
32,
0,0,
PFD MAIN PLANE,
0,
0,0,0
¥
CClientDC clientDC(this);
int pixelFormat=ChoosePixelFormat(clientDC.m_hDC,&pfd);
BOOL success
=SetPixelFormat(clientDC.m_hDC,pixelFormat,&pfd);
m_hRC=wglCreateContext(clientDC.m_hDC); return 0;
}
// ---
void CxxxView::OnDraw(CDC* pDC)

{

CChapter4Doc* pDoc = GetDocument();

ASSERT VALID(pDoc);

// TODO: add draw code for native data here
wglMakeCurrent(pDC->m_hDC,m_hRC); DrawWithOpenGL();
wglMakeCurrent(pDC->m_hDC,NULL);

}
// ---void

CxxxView::OnDestroy()
{

CView::OnDestroy();
// TODO: Add your message handler code here

wglDeleteContext(m_hRC);
b

Ham OnCreate() dap lai thong diép WM_CREATE véi viéc dau tién lay DC cua
vung lam viéc cua ctra s, 101 g0oi ChoosePixelFormat() dé tim lai chi s6 t6i dinh dang
diém anh cho DC va goi SetPixelFormat() dé dat dinh dang diém anh.

Tiép theo, OnCreate() goi wglCreatContext() dé tao 1ap ngit canh dién ta. Doi
muc don cia ham nay 1a diéu khién cua DC. Néu thanh cong, n6 tra vé diéu khién téi

ngilr canh dién ta, ngugce lai no tré lai 0.
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Trong doan chuong trinh nay, OnCreate() tao 1ap chi mdt DC tam thoi, bdi pham
vi dia phuong ctia n6, n6 ty dong dugc xod bo khi ham két thuc. Vi DC bj xo04 bo, nd
khong thé 1am ngir canh dién ta thanh hién hanh & diém nay trong chuong trinh.

bé cap nhat ndi dung cua cua ) ung dung, MFC goi ham OnDraw() cua 16p
quan sat. By gio, n6 goi ham OnDraw() dé 1am ngir canh dién ta thanh hién hanh, né
thue hién bang 101 goi ham wglMakeCurrent() str dung diéu khién cua ddi twong DC
chuyén téi ham. Ham nay c¢6 2 d6i muc 1a diéu khién t6i DC va diéu khién cta ngir
canh dién ta. Néu thanh cong, wglMakeCurrent() tra lai TRUE, nguoc lai n6 tra vé
FALSE.

Sau khi 1am ngit canh dién td thanh hién hanh, OmPaint() goi ham
DrawWithOpenGL() dé v&, sau d6 goi t6i wglMakeCurrent() 1an th hai véi d6i muc
NULL 1a tham s tht 2, 1am ngit canh dién ta khong con 1a hién hanh. (Ban phai tyu
viét ldy ham DrawWithOpenGL() dé biéu dién nhiing gi ban mudn thé hién).

Cubi cung, khi ung dung dong lai, MFC goi ham OnDestroy() ctia 16p quan st.
Trong OnDestroy(), chuong trinh chi goi wglDeleteContext() dé xo4 bo ngit canh dién
ta. Ham nay c6 ddi muc don 1a diéu khién ctia ngit canh dién ta. Néu thanh cong, ham
nay tra vé TRUE, nguoc lai tra vé FALSE. B6i vi DC da duoc tao 1ap va bi pha pha
huy trong théng diép WM_PAINT, khong c6 DC dé xo04a & cudi chuong trinh..

3.2.7. Tao ldp thw vién hé trg OpenGL véi Visual C++

Trong linh vuc co khi ¢6 rat nhidu phdn mém cho phép ngudi dung co thé tién
hanh x4y dung cac mo hinh va thuc hién moé phong véi cac mé hinh 3 chiéu (3D) va
c6 thé tién hanh giai cac bai toan phan tir hitu han trén cic mé hinh d6. Khi tién hanh
xay dung cac mo hinh doi hoi d6 chinh xac va kha ning thay d6i mé hinh theo tham s
dau vao cua mot bai toan thi van chua thyc hién duge. D6 1a 1y do tai sao vi cong viée
nghién ctru khi xay dung cac mé hinh doi hoi thay d6i theo cac théng s6 dau vao, ngudi
nghién ctru van phai tién hanh tu 1ap 14y mot chuong trinh riéng dap tmg duoc yéu cu
cong viéc. Nhung dé xay dung mot chuwong trinh mé phong 3D lai gip nhiéu kho khin,
hién nay da s6 moi nguoi st dung cac thu vién dd hoa DirectX hodc OpenGL. Vi thu

vién dd hoa OpenGL va dya trén thu vién do dé xay dung cong cu giup qua trinh 1ap
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mot chuong trinh mo phong 3D tré nén dé dang dung cho cac chuong trinh duoc lap
bang Visual C++.
5.3.7.1. Mot $6 van dé khi sir dung thu vien OpenGL

OpenGL 1a mét thu vién dd hoa md, bao gém cac ham, cac kiéu dir liéu va cac
hang s duoc dinh nghia san. Thu vién nay giup ngudi 1ap trinh c6 duoc kha ning tién
hanh xay dung cidc mé hinh 3D va thuc hién mo phong. Khi 14p mét dé an (project)
cho mot chwong trinh méi phai tién hanh khéi tao méi truong cho OpenGL [22,23],
day 1a mot cong viéc kha kho khan va mat thoi gian. Viée st dung va quan Iy mot
chuong trinh véi nhiéu giao dién OpenGL lai cang phtic tap. DPé st dung thu vién
OpenGL trong mét dé 4n can thuc hién cac budc

1. Gop céc tép tin tiéu d& (*.h) va tép thu vién (*.1ib) can st dung cua thu vién
OpenGL vao dé an :

- GOp cac tép tin tiéu dé vao dé an :

#include <gl\gl.h>

#include <gl\glu.h>
Céc t¢p tin thu vién :
opengl32.1ib
glu32.1ib
2. Khoi tao moi truong cia OpenGL tng voi1 mot ngtr canh :

-Khéi tao cdu trac (struct) diém anh PIXELFORMATDESCRIPTOR, ciu
tric nay c6 26 truong thong tin. Sau do lya chon dinh dang d6 cho ngir canh
mudn khoi tao bang ham ChoosePixelFormat().

-Truyén dia chi cta ciu triic vira khoi tao cho ham SetPixelFormat().

-Tao 1ap ngit canh dién ta cho OpenGL véi ham wglCreateContext().

3. Thuec hién cac thao tac v&€ hoac dung mo hinh :
M&i 1an mudn thyuc hién vé véi OpenGL, can phai thuc hién goi ngilt canh cua
OpenGL thanh hién hanh va sau khi v& xong thi cAn dit tra no thanh khéng hién hanh

vo1 ham wglMakeCurrent().
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4. Khi két thuc chuong trinh hodc giao dién OpenGL cin phai x04 bo ngir
canh dé giai phong bd nhé véi ham wglDeleteContext().
5.3.7.2. Xy dung I6p diéu khién COpenGLCtrl
Khi tao mot dé an méi phai thuc hién 1ap lai nhitng coéng viéc trén s& rat mat thoi
gian va khoi tao moi truong sao cho hop ly 1a khong don gidn. Trén co s& do xay dung
16p diéu khién COpenGLCtrl ké thira tir 16p CWnd caia MFC (MFC : thu vién 16p nén
tang cua Microsoft), dd dong goi toan bd cac budce trén, do d6 nguoi lap trinh khong
phai quan tam tdi cac cong viée do nira [23]. Lop COpenGLCtrl cho phép nguoi lap
trinh sir dung thu vién OpenGL don gian, nhanh chong va hi¢u qua véi mot sb chirc
nang thuan tién trong qué trinh thao tac trén giao dién nhu : di chuyén (pan), quay
(rotate), phong to thu nhé (zoom), dat vi tri quan sat theo cac hudng trén (top), dudi
(bottom), trai (left), phai (right), phia trude (front) va phia sau (back). Lép ndy con cho
phép khai tao diéu khién COpenGLCtrl theo nhiéu cach khac nhau :
-Khoi tao tryc tiép : dung mot trong hai phwong thic sau BOOL
COpenGLCtrl::Create(const RECT& rect, CWnd* parent,

UINT nID, DWORD dwStyle = WS_CHILD [WS_TABSTOP |
WS_VISIBLE);

BOOL COpenGLCtrl::CreateEx(

const RECT& rect,
CWnd* pParentWnd, UINT nID,
DWORD dwStyle = WS _CHILD |WS_TABSTOP | WS_VISIBLE,
DWORD dwStyleEx= WS EX CLIENTEDGE);
- Khéi tao tir mot diéu khién tinh (Static Control) c6 trén giao dién :

BOOL CreateFromStatic( UINT nID, CWnd* pParent ); trong d6 nID 1a chi
danh ciia diéu khién Static da c6 trén giao dién (phai khac IDC_STATIC).

- Khoi tao tir diéu khién khach (Custom Control) ¢6 trén giao dién :
Tao mot didu khién Custom dit trén giao dién va dat cac thudc tinh :

ID : chi danh cua diéu khién, tuy dit sao cho d& nhé va d& hiéu.
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Class : bat budc phai dién vao "MFCOpenGLCtrl".

Trong ma ngudn cia 16p quan 1y giao dién trén bd xung cac dong :
COpenGLCtrl m_OpenGLCtrl;

dat trong khai bao cia 16p quan ly giao di¢n.

DDX_Control(pDX, IDC_CUSTOM_PREVIEW, m_OpenGLCtrl); dat trong

trién khai ham
DoDataExchange ( CDataExchange* pDX)

cta 16p quan 1y giao dién, voi IDC_CUSTOM_PREVIEW la chi danh cua diéu khién

Custom vura tao, m_OpenGLCtrl 1a bién thudc 16p quan ly giao dién cé kiéu

COpenGLCtrl.

Ngay sau khi khoi tao xong, khi thuc thi chuong trinh s€ cho giao di¢n cua
COpenGLCtrl nhu trén Hinh 3.9.

Mothing

Pan

Zoom

Raokate

Rotate Around

Feset Original

Fronk
Back.

Left
Right

Top
BEottom

Projection

Hinh 3.9: Giao dién ban dau ciia COpenGLCtrl
Dé thuc hién v& m6 hinh 1én diéu khién COpenGLCtrl tién hanh theo mot

trong hai cach:
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- Cach 1 : Qua trinh v€ dugc dat trong mot ham doc 1ap, c6 ca phap  void
FunctionDrawOpenGLCtrl(COpenGLCtrl *);
Vi FunctionDrawOpenGLCtrl 13 tén ham tuy dit. Sau d6 truyén con tro ham
nay tdi COpenGLCtrl, COpenGLCtrl s& tu dong goi t6i ham do6 khi can thé hién mo
hinh. Truyén con tré ham thuc hién qua trinh v& cho COpenGLCtrl str dung phuong

thure:
void COpenGLCtrl::SetFunctionDrawOpenGL(FunctionDrawOpenGLCtrl f);

trong d6 FunctionDrawOpenGLCtrl 13 kiéu con tro cho cac ham ¢ dinh dang ham

néu trén.
- Cach 2 : Tao mot 16p diéu khién ké thira tir 16p COpenGLCtrl, qué trinh v& dugc
dat trong ham ao, c6 ct phap :
virtual void COpenGLCtrl::DrawInOpenGL();
5.3.7.3. Xdy dung mét sé 16p va ham tién ich
Pé xay dung chuong trinh v&i mé hinh dong, tirc 1a ¢6 hinh dang va kich thudc
thay d6i theo cac thong sé ngudi dung dua vao thi ngudi lap trinh phai tu dung mo
hinh tryc tiép trong chuong trinh, ddy 1a mot cong viée rat phirc tap. Nham tao thuan
tién cho qua trinh xay dung mo hinh, trong thu vién cung cap mét sd 16p va ham tién
ich, dudi day 1a mot sd 16p, ciu trac va ham chinh :
GL_LIGHT : cau tric luu trit cac bién thanh phan khéi tao ngudn sang.

GL_MATERIAL : c4u trac luu trit cac bién thanh phan khai tao vat liéu.

CPoint2d, CPline : 16p Iuu trit diém trong mat phing va 16p luu trit kiéu duong
Polyline.

CRegionGL : 16p tao va v& mot mién phang, giup thuc hién vé mot mién phing

bat ky, ¢ thé khoét cac 15 trén do.

DrawTriangles, DrawQuads : cac ham v& cac hinh tam giac hodc tr giac, do la

céc hinh co ban dé ghép lai thanh mdt mo hinh dang bé miit.

ExtrudePline, ExtrudeRegion : cadc ham thyc hién dung 1én mot hinh try tr maot

duong da tuyén (polyline) hodc mién (region).
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RevolvePline, RevolveRegion : cac ham thyc hién tao mdt hinh tron xoay tir
mot duong da tuyén (polyline) hodc mién (region).
Ngoai ra con c6 nhiéu 16p va ham tién ich khac.
5.3.7.4. Bong goi cong cu

Céc cong cu trén da duoc tién hanh dong goi thanh cac thu vién lién két dong
(Dynamic Linked Library : DLL). Thu vién dugc cung cap gém cac tép tin :

*h @ cac tép tin tiéu dé, dung dé gop (include) cac khai bao vao dé an.

OpenGL.lib, CreateModel.lib : tép tin thu vién, chira cac dia chi lién két cta
thu vién. Tép tin nay dugc dua vao dé an dé trinh bién dich C++ tién hanh lién két
chuong trinh v6i tép tin thu vién lién két dong (DLL).

OpenGL.dll, CreateModel.dll : t€p tin thu vién lién két dong, cac tép tin nay
dugc dat cung thu muc cia chuong trinh thyuc thi (*.exe) va dugc dung té1 khi chay
chuong trinh thuc thi do.

Nho thuc hién viéc dong goi nay, khi nguoi 1ap trinh tao mot chuong trinh méi
chi can sao chép cac tép tin trén t6i dé 4n méi va tién hanh khai tao nhu dd néu &
trén. Diéu d6 gitip nguoi 1ap trinh xdy dung chuong trinh méi d& dang va nhanh
choéng.

3.2.8. Swr dung thw vién OpenGLSetting
5.3.8.1. Nhiém vu cua thw vién nay

Dit vat liéu va chiéu sang véi nhiéu tham s kha rac réi, dic biét 1a khi phai
thiét dat chung mot cach thi cong.

Thu vién OpenGLSetting cho phép thiét dat tham s6 vat liéu va anh sang

thong qua giao dién hdp thoai mot cach twong minh.
Trong thu vién nay dinh nghia san 2 hop thoai:
CDlgSettingLight - Hop thoai thiét dat tham s 4nh sang

CDIlgSettingMaterial - Hop thoai thiét dat tham sb vét liéu K¥ thuat

1ap trinh md phong Ro bot va cac hé co dién tir
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5.3.8.2. Pura thu vién vao dé én

Copy thu muc “OpenGLSetting” vao thu muc cta project da tao.

Dua file“OpenGLSetting\bin\OpenGLSetting.lib”hodc*“OpenGLSettingd .lib”

(tury theo ché d6 bién dich ctia dé 4n) vao dé an bang chirc ning “Add Files to Project

2

Trong file “pch.h” thém dong sau
#include “OpenGLSetting/Inc/OpenGLSetting.h*
Khai bao str dung hop thoai thiét dat anh sang:
CDlgSettingLight dlg;
dlg.SetData(m_glLight, &m_ openGL);
dlg.DoModal();
Stur dung hop thoai dat vat li¢u CDlgSettingMaterial tuong tu.
3.3. Xy dung phin mém mé phéng 3D tay may robot
Chuong trinh “System Simulation” dugc 1ap trinh bang ngdn ngit C++ trén moi
truong Microsoft Visual Studio.
Pé thuc thi chuong trinh, nguoi dung mé tép “System Simulation”, giao dién

ban d4u cua chwong trinh nhu Hinh 3.10.

A SystemSimulasion - Untitled o *
file View Demo MouseDone Setfing Help
bw ¢ n |8 Qg e
i Manusl Mode | @8 Troectery Mode | ] Glove Mode |
MANUAL MODE

Pasmeter name ghC1

Cument Value 0

1.5708 0

15708 0
15708 0

15708 0

o
-
-]

HUM

Hinh 3.10: Giao dién chuwong trinh
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3.3.1. Gigi thigu vé cdc cong cu chinh ciia chwong trinh

&% SystemSimulation - Untitled
File View Demo MouseDone Setting Help

D& /> 1u n: %M Qleg @

Pé co thé mo file mai ta c6 thé nhdm vao biéu tuong O hodc c6 thé nhan phim tat
Ctrl+N dé cho nhanh.

@ : md mot tép tin tai liéu dugc tao ra va duoc luu trén cac thiét bi luu trix

Dé c6 thé thay dbi cong dung ciia con chudt ta chon “Mouse Done”. Khi nhan vao

day ta co 5 cong cu khac nhau:

i - : ding dé duy chuyén mé hinh xung quanh méi trudng chuong trinh.
Q : dung dé phéng to hodc thu nhé mé hinh 3D .

- o : dung dé xoay chuyén mé hinh theo ¥ mudn ciia nguoi dung.

NC : dung dé xoay vat theo huéng vong tron.

X : dung dé xo6a hét cac 1énh ma ngudi dung st dung luc trude.
Deé co the lya chon mau sac cho moé hinh ta nhan vao phan “Setting” va chon phan
“Light” con néu mudn lga chon nguyén vat liéu cho mo hinh ta chon phan “Material”

(Hinh 3.11 va 3.12).

Setting Light X
Ambient Diffuse Specular
Red Green  Blue Ala Red Green  Blue Alfa Red Green  Blue Ala
Position Spot Attenuation Current =
_ ,7 Direction
3 Constant 1.8 —l
A — x=i y=i 2= . ; Apply
inear
>m ’!7 Defaul
Quadratic |0 Cancel
xponent |0 ff {180
I Directional source E — oK

Hinh 3.11: Giao dién hop thoai cai dat théng sé anh sdang Setting Light
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Select element X

Please select an element for setting matenal

[Element 1 -

Object

i' =
Cancel | . 0K I

Hinh 3.12: Giao dién hop thoai lva chon doi twong dat thong 56 vt liéu

Trong chuong trinh gdbm 3 ché d¢ d6 1a ché do thii cong(Manual Mode) va ché
dd quy dao( Trajectory Mode).

Manual Mode (Hinh 3.13) cho phép xem duoc quy dao chuyén dong cua ting
d6t ngon tay ctia mo hinh ban tay. Khi chon vao timg phan ctia bang sd lidu, ngudi ding
c6 thé diéu khién duoc timg dét ngon tay chuyén dong bang cach kéo thanh truot, gitip

biét dwoc gidi han di chuyén va cach di chuyén cua timg dbt.

Trajectory Mode (Hinh 3.14) cho phép xem quy dao chuyén dong cua ban tay
robot bang cach nap vao mot doan chuong trinh véi cac gia tri bién khép da duoc tinh
toan san dé kich hoat chuyén dong cuia ban tay. Phu luc 2 1a vi du ciia mdt tép tin cua

thao tac nim ban tay cé thé dugc mé bang cach kéo tha hoic mé bang niit “Open”.

Y SystemSimulation - Untitled

File View Demo MouseDone Setting Help

b= %
*3 Manual Mode | [§] Trajectory Mode | (] Giove Mode |
Parameter name ’cwmi
Curent Value ’W
Min M
=l
o 15708
Lit of Parameters
| [Neme  Min Vel | Mox Val | Current [ Unit |
1 |que 0 15708 0350178 rad
TqNCl 0 1.5708|0.210107 rad
3 |quca 0 157080290148 rad
2 gt 0 1.5708 000000 rad
T qNT2 0 1.5708|0 rad
6 |qNT3 0 157080 rad
.7_ gqNAPUTT 0 1.5708|0.330168 rad
?qNAP\JTA 0 1.5708|0.230117 rad
o [qnapuTy 0 15708 0230117 rad
? gNG1 0 1.5708 | 0.060031 rad
11 | quG2 0 15708 |0.110056 rad
o | o ismuloooi w |
13 | gNUT1 0 1.5708 | 0.560285 rad
14 | quum2 0 15708 | 0580296 rad
15 [qnuT 0 15708 0580296 rad
Resdly

Hinh 3.13: Giao dién phdn mém & ché do Manual Mode
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& SystemSimulation - trajectory_MamBanTay.bet - O X
File View Demo MouseDone Sefting Help
D@ 2/ e 08 %9 Qg
®12 Manual Mode Trajectory Mode | [f] Glowe Mode |
Open ‘ Run ‘ Pause Stop |
[D-\MyFherikaaDiiverSpnctHD Robolics Lab - Nhom SVHC (ay
WNT [T [T JaNct [abn
38 |139922.. | 646070.. 0 0561196 0.5
39 |137.023.. 652461, 0 0596904 | 0.5
FTES.QTE. 65.8134... 0 0.612612 | 0.€
7133.955. 66.3089. 0 0.628320 |0.€
o
43 [129.880... |67.0859.. 0 0659736 0.
M [127871.. 673682 0 0675444 0.
15 |125.060.. 675802, 0 0691152 0.
26 |123.076.. |67.7229.. 0 0.706860 | 0.3
47 [121.495.. |67.7969.. 0 0.722568 0,
48 [119.920.. 678032 0 0738276 0.7
F‘H?.Q?Q. 67.7428... 0O 0.753984 | 0.
?‘HE.MB. 67.6167... 0O 0.769692 | 0.
?114.141”. 67.4263... 0 0.785400 | 0.7
52 |1122%.. 67070, 0 0801108 | 0.
53 |110401.. |66.8576.. O 0816816 0.
54 |108.573.. | 664826, 0 0832524 0.
55 |105777.. |66.0409.. 0 0848232 |0
56 |105.014.. | 65.553.. 0 0863040 | 0.
57 |103.286.. 650127, 0 0879648 | 0.
58 [101.595.. |64.4138.. O 0.895356 D.Ev
'l T Y
Ready NUM

Hinh 3.14: Giao dién phan mém ¢ ché dé Trajectory Mode
Glove Mode (Hinh 3.15) cho phép két ndi v6i ging tay dién tir (s& duoc gi6i
thiéu & chuong sau) dé diéu khién moé phong lai chuyén dong thuc té cta ban tay nguoi
diéu khién. Viéc két ndi duge thuc hién béng nat “Connect to Glove ...”, khi d6 sé& hién

thi hop thoai dé lua chon cong két ndi va tde do truyén di licu.

&Y SystemSimulation - trajectory_NamBanTay.bet - m] X
Fle View Demo MouseDane Setting Help
D& 2 » D Qe @
12 Manual Mode | [ Trajectory Mode Giove Mode |
Connectto Glove . ‘ ‘
[
Name [symbol |Current |[unit |
1 |quet 0 rod
2 |gquez 0 rad
EREE 0 rad
1 [gum 0 rad
5 |qnm2 0 rad
6 |qum 0 rad
7 |anapuTi 0 rad
8 |qNAPUT2 0 rad
9 |quapuTs 0 rad
10 [qnG1 0 rad
1 [qnG2 0 rad
12 [qnGz 0 rod
13 [qrum 0 rad
12 [grume 0 rad
15 [gums 0 rad
Ready

Hinh 3.15: Giao dién pkd‘n mém & ché dé Glove Mode

46



3.3.2. Tép tin cdu hinh qudn Iy mé hinh tay mdy robot.

Mo hinh ban tay robot khi dugc Xuét ra tap tin STL gém rat nhiéu bd phan va
chi tiét khac nhau. Tat ca cac bd phan can su chuyén dong doc lap phai duoc Xuét ra
céc tap tin STL riéng. Hon nita cac bd phan di khong chuyén dong doc 1ap ma mudn
thé hién sy khac biét vé mau sic va vt liéu cling can dugc xuit ra cac tap tin STL khac
nhau. Do vy, trong chuyén dé tic gia da tao ra mot tép tin dé quan Iy mo hinh c6 céu
tric dinh dang tuan thu theo cAu tric duoc gidi thi€u trong bai bao [24,25]. Viéc doc
dinh dang tép tin nay duoc thuc hién dé dang nhd cac ham da duoc xay dung va gisi
thi€u trong bai bao d6. Theo dinh dang, t¢p tin quan Iy md hinh cé cAu trac nhu thé hién
& Phu luc 1. Trong d6, cac ky tu & sau diu cham phay *;” trén moi mot dong 1 phan
chu thich, khong chira dir li¢u. Cac tir dugc dat trong cac cdp dau [] 1a cac tir khoa dé
tra ciru theo vung dir liéu. Tur khoa “workspace” xac dinh vung dir liéu quy dinh vi¢c
hién thi khong gian lam viéc thuc hién viéc hién thi va mo phéng mo hinh. Tu khoa
“elements” chi ra ving dit liéu cung cap céc tir khoa thuc hién tra ciru thong tin dit lidu
cac ddt ngon tay. Tir phan dit liéu nay, ta s& co dugc cac ma tran chuyén cua cac dot
ngon tay [a MBTO, MNCI..., con dir li¢u vé cac tép tin chura cac chi tiét duoc quy dinh
boi cac tir khoa BTO, NC1..., Trong d6 phan dit lidu voi tir khoa BTO va NC1 s& chira
thong tin clia ban tay va dot ngon tay. Cac ma tran chuyén dit trong ving dir liéu T
duogc cung cip ¢ dang cong thirc tham sb, phan mém mo phong s& doc va tinh toan cac
ma tran chuyén nay dya theo cac gia tri cta bién khop va hing s6 dugc cung cip. Cac
ma tran T c6 thé duoc xdy dung dwa theo ma trdn Denavit Hartenberg [20]. Tir khoa
“parameters” cung cap vung dir liéu cua cac bién khép trong moé hinh. Mdi mot dong
trong ving nay sé 1a thong tin ctia mot bién khép. Tir khoa “constants” chi ving dit liéu
chtra cac thong sé dang hing sb trong mo hinh. Dya vao thong tin cia cac tham sb bién
khdp va hing sb trong mé hinh, cac ma tran chuyén cua cac khau c6 thé dugc tinh toan
phuc vu viéc hién thi cac chi tiét dang vi tri. HE théng cac truc toa do, tham sb va bién

khop duge mo ta trén Hinh 2.9.
3.3.3. Két qua chwong trinh mé phong ban tay robot .

Két qua cudi cing ciia chuong trinh moé phong ban tay robot ¢ giao dién nhu

trén Hinh 3.13 va 3.15. Khi chay chuong trinh mo6 phong, ngudi dung s€ c6 giao dién
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diéu khién m6 hinh theo cac bién khép (Hinh 3.13) hodc chay mé phong theo quy dao
yéu cau cho trudc (Hinh 3.14). Trong d6, quy dao dugc cho trudce 1a mot duong hinh
cung di theo quy dao ciia ngon tré gidng nhu gap tay nguoi, tir d6 cac bién d6t ngon tay
da duogc giai béng excel va xuat két qua ra t&p tin voi dinh dang nhu ¢ Phu luc 2. Trong
d6 ba cot dau thé hién toa do cua Ngon trd, muoi lam cot sau thé hién gia tri cua cac
bién dbt ngon tay tai mdi thoi diém tng véi vi tri gip cta cac d6t ngon tay . Trong ché
d6 Trajectory Mode, sau khi ngudi dung mé tép tin quy dao trén, co thé chon cac nat

Run, Pause hoic Stop dé thyuc hién chay mé phong hoat dong cua ban tay robot.
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Chuong 4. Lap trinh phan mém diéu khién
4.1. Arduino mega 2560.

Arduino 1&2 mot bo mach vi diéu khién do mot nhom giao su va sinh vién nudc
Y thiét ké va dua ra dau tién vao nam 2005. Mach Arduino dugc sir dung dé cam nhan
va diéu khién nhiéu d6i twong khac nhau. N6 c6 thé thyc hién nhiéu nhiém vu ldy tin
hiéu tir cam bién dén diéu khién den, dong co, va nhiéu doi tuong khac. Ngoai ra mach
con c6 kha nang lién két v6i nhiéu module khac nhau nhu module doc thé tir, ethernet
shield, sim900A, ....dé tang kha g dung ctia mach [26].

Trong d6, Arduino mega 2560 ndi bat 1én véi kich thude , dung lugng RAM l6n
cling nhu nhiu chéan xudt tin hiéu I/O, thich hop cho nhiing du an yéu cau khdi lwong

chuong trinh 16n cling nhu nhu yéu cau nhiéu chan tin hicu.

Bang 4.1: Bang théng sé ky thudt Arduino mega 2560 R3

Arduino Mega Tinh niing, dic diém

Vi diéu khién AVR ATmega 2560 (8bit)

Ngudn cung cip 742\{ (3? diégxchinh san ¢o
cho bd diéu khién)

S6 chan I/O sé 54

S6 chan I/O tuong tur 16
16 MHz ( nha san xuat cai dat

Xung clock 1 1MHZ§ '

B0 nhd flash 128 KB

SRAM 8 KB

’ USB (Lap trinh v61 ATmega

Giao tiép 8), ICSP (1ap trinh), SPI, 12C
va USART

Bo Timer 2 (8bit) + 4 (16bit) = 6 Timer

PWM 12 (2-16 bit)

ADC 16 (10 bit)

USART 4

(Ngat thay doi chan b4
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Hinh 4.1: Arduino mega 2560 R3

4.2. Cam bién goc MPUG6050.

Cam bién géc GY-521 MPU6050 1a mot cam bién sau truc, ¢ chira mot gia
tdc 3 truc con quay hdi chuyén 3 truc. Hoat dong vé6i 3.3V va giao tiép 12C voi toe do
toi da 400kHz.

Céc cam bién bén trong MPU-6050 str dung bo chuyén dbi tuong tw — s6
(Anolog to Digital Converter — ADC) 16-bit cho ra két qua chi tiét vé goc quay, toa
do...

Tuy thude vao yéu cau ctia ban, cam bién MPU-6050 c6 thé hoat dong & ché do toc do
xtr Iy cao hodc ché d6 do goc quay chinh xac (chdm hon). MPU-6050 c6 kha ning do
¢ pham vi:

+ con quay hdi chuyén: + 250 500 1000 2000 dps

+giatdc: £2+4+ 8+ 16g

Hon nita, MPU-6050 c6 sin b dém dit liéu 1024 byte cho phép vi diéu khién phat
1énh cho cam bién, va nhan vé dit liéu sau khi MPU-6050 tinh toan xong.
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Hinh 4.2: Cam bién géc MPU6050
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Bdng 4.2: So' do chdn MPUG6050

Ky hiéu | Y nghia
VCC 5V/3V3
GND | Chan nbi dét
SCL Chan SCL trong giao tiép 12C
SDA Chan SDA trong giao tiép 12C
XDA Chan dir liéu (két ndi v6i cam bién khac)
XCL Chan xung (két ndi voi cam bién khac)
ADO Bit0 cua dia chi 12C
INT Chan ngat

4.3. Giao tiép 12C.
4.3.1. Tong quan vé giao tiép 12C.

12C 1a giao thirc truyén thong ndi tiép dong bd phd bién hién nay, dugc sir dung
rong rai trong viéc két ndi nhiéu IC véi nhau, hay két ndi giita IC va cc ngoai vi véi
tdc do thép. 12C két hop céc tinh nang tdt nhét cua SPI va UART. Véi 12C, ban c6 thé
két n6i nhiéu slave vdi mot master duy nhét (nhu SPI) va ban co thé c6 nhiéu master
diéu khién mot hodc nhiéu slave. Diéu nay thyc sy hitu ich khi ban muén c6 nhiéu hon
mat vi diéu khién ghi dit liéu vao mot thé nhd duy nhat hodc hién thi vin ban trén mot

man hinh LCD.

Master Slave

Hinh 4.3: Truyén di liéu 12C

Gidng nhu giao tiép UART, I12C chi st dung hai ddy dé truyén dir liéu gitra cac thiét
bi:
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SDA (Serial Data) - dudng truyén cho master va slave dé guri va nhén dir lidu.
SCL (Serial Clock) - duong mang tin hi¢u xung nhip.

12C 1a mot giao thie truyén thong ndi tiép, vi vy dir liéu duoc truyén timg bit doc
theo mot dudong duy nhét (duong SDA).
4.3.2. Cach hoat dong ciia 12C.

V6i 12C, dir liéu duoc truyén trong cac tin nhén. Tin nhdn duoc chia thanh cac
khung dir liéu. Moi tin nhén c6 mot khung dia chi chtra dia chi nhi phan cua dia chi
slave va mot hodc nhiéu khung dir liéu chira dir liéu dang duoc truyén. Thong diép
cling bao gdm diéu kién khai dong va diéu kién dimg, cac bit doc / ghi va cac bit ACK
/ NACK giita mdi khung dit liéu:

Message

e

Read/ | ACK ACK ACK

Start 7 or 10 Bits write |nack| B Bits |nack] 8 Bits |wack|Step

Bit Bit Bit Bit

——

Address Frame Data F 1 Data F 2
Start Condition 8 T sl Lrame Stop Condition

Hinh 4.4: Thanh ghi

Diéu kién khoi dong: Pudng SDA chuyén tir muc dién ap cao xudng mirc dién
ap thap trudc khi dudng SCL chuyén tir muc cao xudng mirc thap.

Diéu kién ding: Puong SDA chuyén tir mirc dién ap thap sang murc dién ap
cao sau khi dudng SCL chuyén tir mirc thap 1én muc cao.

Khung dia chi: Mot chudi 7 hodc 10 bit duy nhat cho mdi slave dé xac dinh
slave khi master mudn giao tiép véi no.

Bit Boc / Ghi: Mot bit duy nhét chi dinh master dang gui dir licu dén slave
(mirc dién ap thap) hay yéu cau dit lidu tir né (mic dién ap cao).

Bit ACK / NACK: Mbi khung trong mdt tin nhén duoc theo sau boi mot bit xac
nhan / khong xac nhan. Néu mot khung dia chi hodc khung dit liéu duoc nhan thanh

cong, mot bit ACK s& duoc tra lai cho thiét bi giri tir thiét bi nhan.
4.3.3. Cic budc truyén div ligu

1. Master gui dicu kién khéi dong dén moi slave dugc két ndi bang cach chuyén
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duong SDA tir mirc dién ap cao sang mirc dién ap thap truéc khi chuyén dudng
SCL tir mtrc cao xuéng mirc thép.

2. Master giri cho mdi slave dia chi 7 hodc 10 bit ctia slave ma no mubn giao tiép,
cung voai bit doc / ghi.

3. Mabi slave s& so sanh dia chi dugc gui tir master v6i dia chi cua chinh né. Néu
dia chi tring khop, slave sé tra vé mot bit ACK bang cach kéo dong SDA
xudng thap cho mét bit. Néu dia chi tir master khong khop véi dia chi cua
slave, slave roi khdi duong SDA cao.

4. Master giri hoac nhan khung dir li€u

5. Sau khi mdi khung dit liéu duoc chuyén, thiét bi nhan tra vé mot bit ACK khac
cho thiét bi giri dé xac nhan di nhan thanh cong khung.

6. Dé dung truyén dir liéu, master giri diéu kién dimg dén slave bang cach chuyén
d6i mirc cao SCL trude khi chuyén mirc cao SDA.

4.3.4. Uu va nhwoc diém ciia giao tiép 12C.
C6 rat nhiéu diéu ¢ 12C c6 thé khién né nghe c6 vé phuc tap so véi cac giao
thirc khac, nhung c6 mot s6 1y do chinh déng khién chiing ta ¢6 thé mudn hoic khong

mudn sir dung 12C dé két ndi v6i mot thiét bi cu thé:

Uu diém:
» Chi str dung hai day
» HO trg nhiéu master va nhiéu slave
> Bit ACK / NACK xé4c nhan mdi khung dugc chuyén thanh cong
> Phan cimg it phuc tap hon so voi UART

» Giao thtrc ndi tieng va dugc st dung rong rai

Nhuoc diém:
> Toc d6 truyén dit liéu cham hon SPI
» Kich thude cua khung dir li¢u bi gidi han ¢ 8 bit
> Can phan cing phtc tap hon dé trién khai so v6i SPI

4.4. Module mé rong giao tiép 12C TCA9548A
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Neéu giao tiép 12C dya vao dia chi c6 dinh cua cac cam bién. Vay néu ta muon dicu

khién nhiéu cam bién c6 dia chi giéng nhau bang giao tiép I12C thi diéu d6 1a khong

thé nao. Vi vay, Module TCA9548A duoc ra doi dé giai quyét van dé nay. Module m&
rong giao tiép 12C 8 kénh TCA9548A La module dé mé rong s thiét bi két ndi dén

mot kénh giao tiép 12C cua vi diéu khién. M& rong tdi da 1én toi 8 kénh. Giup ban c6

thé két ndi dén t6i 8 thiét bi I12C c6 cung dia chi chi voi 1 kénh 12C duy nhat. Néu

mudn nhiéu hon ban c6 thé ghép ndi Hieu module lai dé két ndi 1én t6i 64 thiét bi

cung dia chi.

So dd chan TCA9548A dugc thé hién chi tiét trong Bang 4.3 va Hinh 4.5.

Bdng 4.3: So d6 chian TCA95484

Ky hiéu Miéu ta

VIN Cép ngudn cho bd ghép kénh

GND Két nbi véi GND

SDA Két ndi v6i chan SDA cua vi diéu khién chinh

SCL Két ndi v6i chan SCL cua vi diéu khién chinh

RST C}lﬁn RSTA thép dang hoat dong—co thé duoc st dung dé dat lai

bo ghép kénh

A0 Chon dja chi I2C ctia bo ghép kénh—két ndi véi GND hodc VCC
Al Chon dia chi I2C ctia bo ghép kénh—két ndi véi GND hodc VCC
A2 Chon dja chi I2C ctia bo ghép kénh—két ndi véi GND hodc VCC
SDO SDA cho kénh 0

SCo SCL cho kénh 0

SD1 SDA cho kénh 1

SC1 SCL cho kénh 1

SD2 SDA cho kénh 2

SC2 SCL cho kénh 2
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SD3 SDA cho kénh 3
SC3 SCL cho kénh 3
SD4 SDA cho kénh 4
SC4 SCL cho kénh 4
SDS SDA cho kénh 5
SCS SCL cho kénh 5
SD6 SDA cho kénh 6
SCé SCL cho kénh 6
SD7 SDA cho kénh 7
SC7 SCL cho kénh 7

Hinh 4.5: Module mé réng giao tiép 12C TCA95484

4.5. Gang tay
4.5.1. So do két néi mach

Vi muc tiéu sir dung it diy noi nhat cé thé, lam mach trd nén dé nhin va van
dat hi¢u qua cao, tdn dung t61 da chan cam hi¢n c6 cua arduino cling nhu cam bién.
Chung ta c6 so d6 day gitra cac cam bién va vi di€u khién nhu Hinh 4.6.

Vi s0 lugng cam bién 16n cung nhiéu module chuyén doéi dia chi I2C, viéc
phan bd vi tri cac module va tich hgp chung sao cho mach vira dé gon ma lai c6 thé di
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cung voi gang tay, tich hop day da chic ning diéu khién tit, mé, nhan dit liéu va
ngung nhan dit liéu. So d6 & Hinh 4.7 biéu dién phan bo mach diéu khién chinh trén
gang tay.
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Hinh 4.6: Phdn bé tong thé cdc thanh phan diéu khién cia gang tay
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Hinh 4.7: Phdn bé mach trén gang tay
4.5.2. Y twéng thiét ké

Dé gin cam bién vao ging tay can phai thiét ké mot gia dd cam bién . Nhiing
gia d& cam bién da duogc tiy chinh theo kich ¢& cta cam bién va kich thudc cia timg
d6t ngon tay. Nhiing gia d& nay sé giup do cho cam bién hoat dong mét cach tot hon.
Can phai dam bao chi phi san suét ciia gia d& phai thip . Chinh vi vay ching toi da
quyét dinh dung phuong phép in 3D dé dam bao duoc giai phap tiy chinh , nhe va chi
phi thip. Gia d& cam bién con dugc thiét ké dé tay ngudi va cam bién khong tiép xtic
tryc tiép v6i nhau dam bao an toan cho nguoi sir dung.

Hinh 4.8: Gid do cam bién

Sau khi tit ca ca cac hé thdng phu cho ging tay duoc thiét ké ,ging tay duogc lap rap
va tich hop h¢ thong, gdng tay bao gobm bon yéu t6 chinh cua h¢ thong co di¢n tur.
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Hinh 4.9: Gang tay thu nhdn théng tin chuyén déng ciia ban tay nguoi
4.5.3. Ldp trinh phian mém diéu khién cho Arduino

Chuong trinh str dung diéu khién thu thap théng s6 ban tay duoc lap trén cong
cu Arduino IDE véi tép tin chuong trinh chinh dugc thé hién trong Phu luc 3. Chuong
trinh s& thu nhan thong tin vé goc cta cac cam bién MPU5060 dé thyc hién tinh cac goc
tuong ddi giita cac dot ngon tay. Sau d6 s& truyén dir liéu goc vé may tinh thong qua
két ndi Serial. M ngudn chuong trinh duoc dich va nap vao vi diéu khién trén Arduino
qua cong USB.

Pé dam béo dir liéu gbc thu nhan dugc on dinh, chuong trinh st dung bo loc
Kalman. Khi nhan dit liéu du vao lién tuc tir cam bién s& gay ra sai s6 16n va nhiu nhu
cam bién goc nghiéng, d6 4m, nhip tim,.... Ta c6 thé khic phuc diéu d6 bang bo loc
Kalman, str dung cac kién thirc vé sac xuit théng ké 1am tién dé, bo loc s& giup dir li¢u
dau ra cua ching ta c6 sai sb6 nho va tranh viéc bj nhiéu.

Chuong trinh duoc nap vao Arduino gan véi gang tay nhu trén Hinh 4.9 da truyén
giri dit lidu 6n dinh vé may tinh. Két qua chwong trinh mé phong (Hinh 3.15) da nhan
dir liéu va hién thi lai dang trang thai ban tay ctia ngudi deo ging tay.
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Két luan
Két qua dat dwoc:

Pé tai nay di ung dung thanh cong phan mém Solidworks dé dung mo hinh 3D

ban tay robot 5 ngén dé phuc vu mé phong.

Tim hiéu va tng dung duoc 1ap trinh C++ trén méi trudng Visual Studio va sir
dung thu vién dd hoa md OpenGL dé thyuc hién mo phong 3D hoat dong ctia ban tay

robot mo phdng ban tay nguoi.

Tim hiéu va ung dung Arduino, cam bién gia tdc MPU5060 dé thiét ké ché tao
ging tay thu nhan dir liéu chuyén dong cua ban tay ngudi thuc va truyén 1én may tinh

dé thuc hién mé phong lai hoat dong do.

Pé tai di xay dung duoc phin mém mo phong 3D hoat dong ctia ban tay robot
v6i cac chirc nang thao tac diéu khién chuyén dong linh hoat va két néi thanh cong véi
ging tay thu nhan thong tin chuyén dong ctia ban tay nguoi thuc dé thuc hién mé phong

lai chuyén dong do.
Han ché:

Thiét ké ban tay chua c6 kha ning xoe cac ngon.

Thiét ké ging tay con chua duoc chau chudt vé hinh thuc.
Pinh hwéng phat trién:

Tiép tuc hoan thién cac han ché da néu.

Ché tao ban tay robot duoc diéu khién tir phan mém mé phong ciing nhu didu
khién tir ging tay thu nhan chuyén dong cua ban tay thyc.

Phat trién phin mém dé c6 thé thuc hién duoc cac chirc ning da dang hon nhu:
chuyén trang thai ban tay thanh ngon ngit phuc vu giao tiép cta nguoi khiém thi va

khiém thinh, két n6i diéu khién ban tay robot co khi, tay may robot, co cau may, ...

Mo rong kha nang thyc hién véi chuyén dong cua toan bd canh tay hodc ca co
thé nguoi.
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Phu luc 1

Noi dung tép tin ciu hinh ban tay robot:

[workspace]
200  ;Length of Axes
0 ;type of model file - 0: stl in ASCII ; 1: stl in binary ; 2: mdf

;num Elements

;Bantay( Ngoncail Ngoncai2 Ngoncai3 Ngontrol Ngontro2
Ngontro3

;M... ma tran chuyen

;qQNC1...ngon cai

[elements]

BTO NC1 NC2 NC3 NT1I NT2 NT3 NAPUT!I NAPUT2 NAPUT3 NGI

NG2 NG3 NUT1 NUT2 NUT3

MBT0 MNC1 MNC2 MNC3 MNT1 MNT2 MNT3 MNAPUTI MNAPUT2 MNAPUT3

MNG1 MNG2 MNG3 MNUT1 MNUT2 MNUT3

b

;name  min  max init unit
[parameters]

gNCl 0 1.5708 0 "rad"

gNC2 0 1.5708 0 "rad"

gNC3 0 1.5708 0 "rad"

gNT1 0 1.5708 0 "rad"

gNT2 0 1.5708 0 "rad"

gNT3 0 1.5708 0 "rad"
gNAPUT10 1.5708 0 "rad"
gNAPUT20 1.5708 0 "rad"
gNAPUT3 0 1.5708 0 "rad"

gNG1 0 1.5708 0 "rad"

gNG2 0 1.5708 0 "rad"

gNG3 0 1.5708 0 "rad"
gNUT1 0 1.5708 0 "rad"
gNUT2 0 1.5708 0 "rad"
gNUT3 0 1.5708 0 "rad"
[constants]

phiNCl1 1.57079632679 "rad"
phiNC2 -0.78539816339 "rad"

aNCO0 35 "mm"
aNC1 35 "mm"
aNC2 35 "mm"
dNC 35 "mm"
aNTO 100 "mm"
aNT1 40 "mm"
aNT2 25 "mm"
dNT O "mm"
aNAPUTO 100 "mm"
aNAPUT1 45 "mm"
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aNAPUT?2 20 "mm"
dNAPUT 40 "mm"
aNGO 100 "mm"
aNG1 50 "mm"
aNG2 25 "mm"
dNG 20 "mm"
aNUTO0100  "mm"
aNUT135 "mm"
aNUT220 "mm"
dNUT 60 "mm"

2

;Transform matrixes

[MBTO]

1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1

[MNC1]

cos(-phiNC1)*cos(qNC1)  -cos(-phiNC1)*sin(qNC1)  sin(phiNC1) aNCO
sin(qNC1) cos(gNC1) 0 0

-sin(-phiNC1)*cos(qNC1)  sin(-phiNC1)*sin(qNC1) cos(-phiNC1) 0
0 0 0 1

[MNC2]

-cos(qNC2)*(sin(phiNC1)*sin(phiNC2)-cos(phiNC1)*cos(phiNC2)*cos(qNC1))-

cos(phiNC1)*sin(qNC1)*sin(qNC2) sin(gNC2)*(sin(phiNC1)*sin(phiNC2)-

cos(phiNC1)*cos(phiNC2)*cos(qNC1))-cos(phiNC1)*cos(qNC2)*sin(qNC1)
cos(phiNC2)*sin(phiNC1)+cos(phiNC1)*cos(qNC1)*sin(phiNC2)
aNCO0+aNC1*cos(phiNC1)*cos(qNC1)
cos(qNC1)*sin(qNC2)+cos(phiNC2)*cos(qNC2)*sin(qNC1)
cos(qNC1)*cos(qNC2)-cos(phiNC2)*sin(qNC1)*sin(qNC2)
sin(phiNC2)*sin(qNC1)
aNC1*sin(qNC1)
-cos(qNC2)*(cos(phiNC1)*sin(phiNC2)-cos(phiNC2)*cos(qNC1)*sin(phiNC1))-
sin(phiNC1)*sin(qNC1)*sin(qNC2) sin(qNC2)*(cos(phiNC1)*sin(phiNC2)-
cos(phiNC2)*cos(qNC1)*sin(phiNC1))-cos(qNC2)*sin(phiNC1)*sin(qNC1)
cos(phiNC1)*cos(phiNC2)+cos(qNC1)*sin(phiNC1)*sin(phiNC2)
aNC1*cos(qNC1)*sin(phiNC1)
0 0
0 1
[MNC3]
sin(qNC3)*(sin(qNC2)*(sin(phiNC1)*sin(phiNC2)-cos(phiNC1)*cos(phiNC2)*cos(qNC1))-
cos(phiNC1)*cos(qNC2)*sin(qNC1))-cos(qNC3)*(cos(qNC2)*(sin(phiNC1)*sin(phiNC2)-
cos(phiNC1)*cos(phiNC2)*cos(qNC1))+cos(phiNC1)*sin(qNC1)*sin(qNC2))
cos(gNC3)*(sin(gNC2)*(sin(phiNC1)*sin(phiNC2)-
cos(phiNC1)*cos(phiNC2)*cos(qNC1))-
cos(phiNC1)*cos(qNC2)*sin(qNC1))+sin(qNC3)*(cos(gNC2)*(sin(phiNC1)*sin(phiNC2)-
cos(phiNC1)*cos(phiNC2)*cos(qNC1))+cos(phiNC1)*sin(qNC1)*sin(qNC2))
cos(phiNC2)*sin(phiNC1)+cos(phiNC1)*cos(qNC1)*sin(phiNC2)
aNCO0-aNC2*(cos(qNC2)*(sin(phiNC1)*sin(phiNC2)-
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cos(phiNC1)*cos(phiNC2)*cos(qNC1))+cos(phiNC1)*sin(qNC1)*sin(qNC2))+aNC1*cos(p
hiNC1)*cos(qNC1)

cos(qNC3)*(cos(qNC1)*sin(qNC2)+cos(phiNC2)*cos(qNC2)*sin(qNC1))+sin(qNC3)*(cos(
gNC1)*cos(qNC2)-cos(phiNC2)*sin(qNC1)*sin(qNC2))
cos(qNC3)*(cos(qNC1)*cos(qNC2)-
cos(phiNC2)*sin(qNC1)*sin(qNC2))-
sin(qNC3)*(cos(gNC1)*sin(qNC2)+cos(phiNC2)*cos(qNC2)*sin(qNC1))

sin(phiNC2)*sin(qNC1)
aNC2*(cos(qNC1)*sin(qNC2)+cos(phiNC2)*cos(qNC2)*sin(qNC1))+aNC1*sin(qNC1)
sin(qNC3)*(sin(qNC2)*(cos(phiNC1)*sin(phiNC2)-cos(phiNC2)*cos(qNC1)*sin(phiNC1))-
cos(gNC2)*sin(phiNC1)*sin(qNC1))-cos(qNC3)*(cos(qNC2)*(cos(phiNC1)*sin(phiNC2)-
cos(phiNC2)*cos(qNC1)*sin(phiNC1))+sin(phiNC1)*sin(qNC1)*sin(qNC2))
cos(qNC3)*(sin(qNC2)*(cos(phiNC1)*sin(phiNC2)-

cos(phiNC2)*cos(qNC1)*sin(phiNC1))-
cos(gNC2)*sin(phiNC1)*sin(qNC1))+sin(qNC3)*(cos(qNC2)*(cos(phiNC1)*sin(phiNC2)-
cos(phiNC2)*cos(qNC1)*sin(phiNC1))+sin(phiNC1)*sin(qNC1)*sin(qNC2))
0
0
0 1
[MNT1]
cos(qNT1)  -sin(gNT1) O aNTO
sin(qNT1) cos(qNT1) 0 0

0 0 1 0

0 0 0 1
[MNT2]
cos(qNT1+qNT2) -sin(qNT1+gNT2) 0 aNT1*cos(qNT1)+aNTO
sin(QNT1+gNT2) cos(qNT1+gNT2) 0 aNT1*sin(qNT1)

0 0 1 0
0 0 0 1
[MNT3]

cos(QNTI1+gNT2+qNT3) -sin(QNT1+gNT2+gNT3) 0
aNT2*cos(qNT1+qNT2)+aNT1*cos(qNT1)+aNTO

sin(QNT1+gNT2+qNT3) cos(qNT1+gNT2+gNT3) 0
aNT2*sin(qNT1+qNT2)+aNT1*sin(qNT1)

0 0 1 0

0 0 0 1

[MNAPUTI]

cos(qNAPUT1) -sin(QNAPUT1) 0 aNAPUTO
sin(qNAPUT1) cos(qNAPUTT1) 0 0

0 0 1 -dNAPUT

0 0 0 1

[MNAPUT2]

cos(qNAPUT1+qNAPUT2) -sin(qNAPUT1+qNAPUT2) 0
aNAPUT1*cos(qNAPUT1)+aNAPUTO

sin(@NAPUT1+qNAPUT2) cos(qNAPUT1+qNAPUT2) 0
aNAPUT1*sin(qNAPUT1)

0 0 1 -ANAPUT

0 0 0 1
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[MNAPUTS3]

cos(QNAPUT1+qNAPUT2+qNAPUT3)  -sin(QqNAPUTI1+qNAPUT2+gqNAPUT3) 0
aNAPUT2*cos(QNAPUTI1+qNAPUT2)+aNAPUT1*cos(QNAPUT1)+aNAPUTO

sin(QNAPUT1+gNAPUT2+qNAPUT3) cos(QNAPUT1+gNAPUT2+qNAPUT3) 0
aNAPUT2*sin(qNAPUT1+qNAPUT2)+aNAPUT1 *sin(qNAPUT1)

0 0 1 -ANAPUT

0 0 0 1

[MNG1]

cos(qNG1)  -sin(gNG1) 0 aNG0

sin(NG1)  cos(qNG1) 0 0

0 0 1 -dNG
0 0 0 1
[MNG2]

cos(QNGI+gNG2)  -sin(qNG1+gNG2) 0 aNG1*cos(gNG1)+aNGO

sin(QNG1+qNG2) cos(QNG1+gNG2) 0 aNG1*sin(qNG1)

0 0 1 -ANG

0 0 0 1

[MNG3]

cos(QNGI+gNG2+gNG3)  -sin(QNG1+gNG2+gqNG3) 0
aNG2*cos(qNG1+qNG2)+aNG1*cos(qNG1)+aNGO

sin(QNG1+gNG2+qNG3)  cos(qNGI+gNG2+gNG3) 0
aNG2*sin(qNG1+gNG2)+aNG1*sin(qNG1)

0 0 1 -dNG
0 0 0 1
[MNUTI]

cos(qNUT1) -sin(gNUTI1) 0 aNUTO
sin(NUT1) cos(qNUTI1) 0 0

0 0 1 -dNUT
0 0 0 1
[MNUT2]

cos(qNUT1+gNUT?2) -sin(qNUT1+gNUT2) 0 aNUT1*cos(qNUT1)+aNUTO
sin(QNUT1+gNUT2) cos(qNUT1+gNUT2) 0 aNUT1*sin(qNUT1)

0 0 1 -ANUT

0 0 0 1

[MNUT3]

cos(qNUT1+gNUT2+gNUT3) -sin(QNUT1+gNUT2+gNUT3) 0
aNUT2*cos(qNUT1+gNUT2)+aNUT1*cos(qNUT1)+aNUTO

sin(QNUT1+gNUT2+gNUT3) cos(@NUT1+gNUT2+gNUT3) 0
aNUT2*sin(qNUT1+gNUT2)+aNUT1*sin(qNUT1)

0 0 1 -dANUT

0 0 0 1

X0 YO Z0 - translation of an element - not used at moment

;filename R G B X0
YO0 Z0 phi theta - X0, YO0, Z0, phi, theta are not used at moment

[BTO]

*0 0 0

"Ban tay robot_STL\Long ban tay\long ban tay.STL" 0 1 1 0 0
0 0 0

[NC1]
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*0 0 0
"Ban tay robot STL\Ngon cai\dot 1 ngon cai.STL"

0 0 0

[NC2]

*0 0 0

"Ban tay robot STL\Ngon cai\dot 2 ngon cai.STL"
0 0 0

[NC3]

*0 0 0

"Ban tay robot STL\Ngon cai\dot 3 ngon cai.STL"
0 0 0

[NT1]

*0 0 0

"Ban tay robot STL\Ngon tro\dot 1 ngon tro.STL"
0 0 0

[NT2]

*0 0 0

"Ban tay robot STL\Ngon tro\dot 2 ngon tro.STL"
0 0 0

[NT3]

*0 0 0

"Ban tay robot STL\Ngon tro\dot 3 ngon tro.STL"
0 0 0

[NAPUT1]

*0 0 0

"Ban tay robot STL\Ngon ap ut\dot 1 ngon ap ut.STL"
0 0

[NAPUT2]

*0 0 0

"Ban tay robot STL\Ngon ap ut\dot 2 ngon ap ut.STL"
0 0

[NAPUT3]

*0 0 0

"Ban tay robot STL\Ngon ap ut\dot 3 ngon ap ut.STL"
0 0

[NG1]

*0 0 0

"Ban tay robot STL\Ngon giua\dot 1 ngon giua.STL"
0 0

[NG2]

*0 0 0

"Ban tay robot STL\Ngon giua\dot 2 ngon giua.STL"
0 0

[NG3]

*0 0 0

"Ban tay robot STL\Ngon giua\dot 3 ngon giua.STL"
0 0

[NUT1]

*0 0 0
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"Ban tay robot STL\Ngon ut\dot 1 ngon ut.STL"

0 0

[NUT2]

*0 0 0

"Ban tay robot STL\Ngon ut\dot 2 ngon ut.STL"
0 0

[NUT3]

*0 0 0

"Ban tay robot STL\Ngon ut\dot 3 ngon ut.STL"
0 0
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Phu luc 2

Noi dung tép dir liéu quy dao chuyén dong ciia cac ngén trén ban tay

robot:

xNT yNT 2zNT @gNCI gNC2 gNC3 gNT1 gNT2 gNT3 gNGI gNG2 gNG3
gNAPUTI  gNAPUT2 gNAPUT3  gNUTI gNUT2 gNUT3

185 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0

184.9605266 2.35569619 0 0.015708 0.015708 0.015708 0.015708
0.015708 0.015708 0.015708 0.015708 0.015708 0.015708
0.015708 0.015708 0.015708 0.015708 0.015708

184.8421692 4.708370609 0 0.031416 0.031416 0.031416 0.031416
0.031416 0.031416 0.031416 0.031416 0.031416 0.031416
0.031416 0.031416 0.031416 0.031416 0.031416

184.6451156 7.055006934 0 0.047124 0.047124 0.047124 0.047124
0.047124 0.047124 0.047124 0.047124 0.047124 0.047124
0.047124 0.047124 0.047124 0.047124 0.047124

184.3696787 9.392599726 0 0.062832 0.062832 0.062832 0.062832
0.062832 0.062832 0.062832 0.062832 0.062832 0.062832
0.062832 0.062832 0.062832 0.062832 0.062832

184.0162957 11.71815984 0 0.078540 0.078540 0.078540 0.078540
0.078540 0.078540 0.078540 0.078540 0.078540 0.078540
0.078540 0.078540 0.078540 0.078540 0.078540

183.585527 14.02871982 0 0.094248 0.094248 0.094248 0.094248
0.094248 0.094248 0.094248 0.094248 0.094248 0.094248
0.094248 0.094248 0.094248 0.094248 0.094248

183.0780555 16.32133921 0 0.109956 0.109956 0.109956 0.109956
0.109956 0.109956 0.109956 0.109956 0.109956 0.109956
0.109956 0.109956 0.109956 0.109956 0.109956

182.4946852 18.59310986 0 0.125664 0.125664 0.125664 0.125664
0.125664 0.125664 0.125664 0.125664 0.125664 0.125664
0.125664 0.125664 0.125664 0.125664 0.125664
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181.8363393 20.84116114 0
0.141372 0.141372
0.141372 0.141372

181.104059  23.06266507 0
0.157080 0.157080
0.157080 0.157080

180.2990009 25.25484137 0
0.172788 0.172788
0.172788 0.172788

179.4224351 27.41496244 0
0.188496 0.188496
0.188496 0.188496

178.4757426 29.54035818 0
0.204204 0.204204
0.204204 0.204204

177.4604127 31.62842074 0
0.219912 0.219912
0.219912 0.219912

176.3780401 33.67660913 0
0.235620 0.235620
0.235620 0.235620

175.2303219 35.68245368 0
0.251328 0.251328
0.251328 0.251328

174.019054 37.64356039 0
0.267036 0.267036
0.267036 0.267036

172.746128 39.55761505 0
0.282744 0.282744
0.282744 0.282744

171.4135276 41.42238733 0
0.298452 0.298452
0.298452 0.298452

0.141372
0.141372
0.141372

0.157080
0.157080
0.157080

0.172788
0.172788
0.172788

0.188496
0.188496
0.188496

0.204204
0.204204
0.204204

0.219912
0.219912
0.219912

0.235620
0.235620
0.235620

0.251328
0.251328
0.251328

0.267036
0.267036
0.267036

0.282744
0.282744
0.282744

0.298452
0.298452
0.298452
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0.141372
0.141372
0.141372

0.157080
0.157080
0.157080

0.172788
0.172788
0.172788

0.188496
0.188496
0.188496

0.204204
0.204204
0.204204

0.219912
0.219912
0.219912

0.235620
0.235620
0.235620

0.251328
0.251328
0.251328

0.267036
0.267036
0.267036

0.282744
0.282744
0.282744

0.298452
0.298452
0.298452

0.141372
0.141372
0.141372

0.157080
0.157080
0.157080

0.172788
0.172788
0.172788

0.188496
0.188496
0.188496

0.204204
0.204204
0.204204

0.219912
0.219912
0.219912

0.235620
0.235620
0.235620

0.251328
0.251328
0.251328

0.267036
0.267036
0.267036

0.282744
0.282744
0.282744

0.298452
0.298452
0.298452

0.141372
0.141372

0.157080
0.157080

0.172788
0.172788

0.188496
0.188496

0.204204
0.204204

0.219912
0.219912

0.235620
0.235620

0.251328
0.251328

0.267036
0.267036

0.282744
0.282744

0.298452
0.298452



170.0233242 43.23573454 0
0.314160 0.314160
0.314160 0.314160

168.5776737 44.99560537 0
0.329868 0.329868
0.329868 0.329868

167.0788117 46.70004332 0
0.345576 0.345576
0.345576 0.345576

165.5290496 48.34719 0
0.361284 0.361284
0.361284 0.361284

163.9307699 49.93528824 0
0.376992 0.376992
0.376992 0.376992

162.286422  51.46268496 0
0.392700 0.392700
0.392700 0.392700

160.5985172 52.92783385 0
0.408408 0.408408
0.408408 0.408408

158.8696238 54.32929783 0
0.424116 0.424116
0.424116 0.424116

157.1023627 55.6657513 0
0.439824 0.439824
0.439824 0.439824

155.2994019 56.93598219 0
0.455532 0.455532
0.455532 0.455532

153.4634517 58.13889366 0
0.471240 0.471240
0.471240 0.471240

0.314160
0.314160
0.314160

0.329868
0.329868
0.329868

0.345576
0.345576
0.345576

0.361284
0.361284
0.361284

0.376992
0.376992
0.376992

0.392700
0.392700
0.392700

0.408408
0.408408
0.408408

0.424116
0.424116
0.424116

0.439824
0.439824
0.439824

0.455532
0.455532
0.455532

0.471240
0.471240
0.471240
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0.314160
0.314160
0.314160

0.329868
0.329868
0.329868

0.345576
0.345576
0.345576

0.361284
0.361284
0.361284

0.376992
0.376992
0.376992

0.392700
0.392700
0.392700

0.408408
0.408408
0.408408

0.424116
0.424116
0.424116

0.439824
0.439824
0.439824

0.455532
0.455532
0.455532

0.471240
0.471240
0.471240

0.314160
0.314160
0.314160

0.329868
0.329868
0.329868

0.345576
0.345576
0.345576

0.361284
0.361284
0.361284

0.376992
0.376992
0.376992

0.392700
0.392700
0.392700

0.408408
0.408408
0.408408

0.424116
0.424116
0.424116

0.439824
0.439824
0.439824

0.455532
0.455532
0.455532

0.471240
0.471240
0.471240

0.314160
0.314160

0.329868
0.329868

0.345576
0.345576

0.361284
0.361284

0.376992
0.376992

0.392700
0.392700

0.408408
0.408408

0.424116
0.424116

0.439824
0.439824

0.455532
0.455532

0.471240
0.471240



151.5972596 59.27350579 0
0.486948 0.486948
0.486948 0.486948

149.7036048 60.33895679 0
0.502656 0.502656
0.502656 0.502656

147.7852934 61.33450417 0
0.518364 0.518364
0.518364 0.518364

145.8451527 62.25952557 0
0.534072 0.534072
0.534072 0.534072

143.8860261 63.11351935 0
0.549780 0.549780
0.549780 0.549780

141.9107678 63.896105 0
0.565488 0.565488
0.565488 0.565488

139.9222372 64.60702329 0
0.581196 0.581196
0.581196 0.581196

137.923294  65.2461361 O
0.596904 0.596904
0.596904 0.596904

135.9167925 65.81342614 0
0.612612 0.612612
0.612612 0.612612

133.9055765 66.30899633 0
0.628320 0.628320
0.628320 0.628320

131.8924741 66.73306901 0O
0.644028 0.644028
0.644028 0.644028

0.486948
0.486948
0.486948

0.502656
0.502656
0.502656

0.518364
0.518364
0.518364

0.534072
0.534072
0.534072

0.549780
0.549780
0.549780

0.565488
0.565488
0.565488

0.581196
0.581196
0.581196

0.596904
0.596904
0.596904

0.612612
0.612612
0.612612

0.628320
0.628320
0.628320

0.644028
0.644028
0.644028
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0.486948
0.486948
0.486948

0.502656
0.502656
0.502656

0.518364
0.518364
0.518364

0.534072
0.534072
0.534072

0.549780
0.549780
0.549780

0.565488
0.565488
0.565488

0.581196
0.581196
0.581196

0.596904
0.596904
0.596904

0.612612
0.612612
0.612612

0.628320
0.628320
0.628320

0.644028
0.644028
0.644028

0.486948
0.486948
0.486948

0.502656
0.502656
0.502656

0.518364
0.518364
0.518364

0.534072
0.534072
0.534072

0.549780
0.549780
0.549780

0.565488
0.565488
0.565488

0.581196
0.581196
0.581196

0.596904
0.596904
0.596904

0.612612
0.612612
0.612612

0.628320
0.628320
0.628320

0.644028
0.644028
0.644028

0.486948
0.486948

0.502656
0.502656

0.518364
0.518364

0.534072
0.534072

0.549780
0.549780

0.565488
0.565488

0.581196
0.581196

0.596904
0.596904

0.612612
0.612612

0.628320
0.628320

0.644028
0.644028



129.8802924 67.08598487 0
0.659736 0.659736
0.659736 0.659736

127.8718123 67.36820166 0
0.675444 0.675444
0.675444 0.675444

125.8697835 67.5802927 0
0.691152 0.691152
0.691152 0.691152

123.8769198 67.72294512 0
0.706860 0.706860
0.706860 0.706860

121.8958937 67.79695793 0
0.722568 0.722568
0.722568 0.722568

119.9293319 67.80323983 0
0.738276 0.738276
0.738276 0.738276

117.9798105 67.74280682 0
0.753984 0.753984
0.753984 0.753984

116.0498507 67.61677962 0
0.769692 0.769692
0.769692 0.769692

114.1419139 67.4263809 0
0.785400 0.785400
0.785400 0.785400

112.2583979 67.17293226 0
0.801108 0.801108
0.801108 0.801108

110.4016323 66.8578511 O
0.816816 0.816816
0.816816 0.816816

0.659736
0.659736
0.659736

0.675444
0.675444
0.675444

0.691152
0.691152
0.691152

0.706860
0.706860
0.706860

0.722568
0.722568
0.722568

0.738276
0.738276
0.738276

0.753984
0.753984
0.753984

0.769692
0.769692
0.769692

0.785400
0.785400
0.785400

0.801108
0.801108
0.801108

0.816816
0.816816
0.816816

73

0.659736
0.659736
0.659736

0.675444
0.675444
0.675444

0.691152
0.691152
0.691152

0.706860
0.706860
0.706860

0.722568
0.722568
0.722568

0.738276
0.738276
0.738276

0.753984
0.753984
0.753984

0.769692
0.769692
0.769692

0.785400
0.785400
0.785400

0.801108
0.801108
0.801108

0.816816
0.816816
0.816816

0.659736
0.659736
0.659736

0.675444
0.675444
0.675444

0.691152
0.691152
0.691152

0.706860
0.706860
0.706860

0.722568
0.722568
0.722568

0.738276
0.738276
0.738276

0.753984
0.753984
0.753984

0.769692
0.769692
0.769692

0.785400
0.785400
0.785400

0.801108
0.801108
0.801108

0.816816
0.816816
0.816816

0.659736
0.659736

0.675444
0.675444

0.691152
0.691152

0.706860
0.706860

0.722568
0.722568

0.738276
0.738276

0.753984
0.753984

0.769692
0.769692

0.785400
0.785400

0.801108
0.801108

0.816816
0.816816



108.5738749 66.48264726 0
0.832524 0.832524
0.832524 0.832524

106.7773075 66.04891948 0
0.848232 0.848232
0.848232 0.848232

105.0140325 65.55835176 0
0.863940 0.863940
0.863940 0.863940

103.2860692 65.01270948 0
0.879648 0.879648
0.879648 0.879648

101.5953509 64.41383545 0
0.895356 0.895356
0.895356 0.895356

99.94372118 63.76364576 0
0.911064 0.911064
0.911064 0.911064

98.3329314 63.06412554 0
0.926772 0.926772
0.926772 0.926772

96.76463792 62.31732457 0O
0.942480 0.942480
0.942480 0.942480

95.24039949 61.52535283 0
0.958188 0.958188
0.958188 0.958188

93.76167503 60.69037588 0
0.973896 0.973896
0.973896 0.973896

92.3298215 59.81461019 0
0.989604 0.989604
0.989604 0.989604

0.832524
0.832524
0.832524

0.848232
0.848232
0.848232

0.863940
0.863940
0.863940

0.879648
0.879648
0.879648

0.895356
0.895356
0.895356

0.911064
0.911064
0.911064

0.926772
0.926772
0.926772

0.942480
0.942480
0.942480

0.958188
0.958188
0.958188

0.973896
0.973896
0.973896

0.989604
0.989604
0.989604
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0.832524
0.832524
0.832524

0.848232
0.848232
0.848232

0.863940
0.863940
0.863940

0.879648
0.879648
0.879648

0.895356
0.895356
0.895356

0.911064
0.911064
0.911064

0.926772
0.926772
0.926772

0.942480
0.942480
0.942480

0.958188
0.958188
0.958188

0.973896
0.973896
0.973896

0.989604
0.989604
0.989604

0.832524
0.832524
0.832524

0.848232
0.848232
0.848232

0.863940
0.863940
0.863940

0.879648
0.879648
0.879648

0.895356
0.895356
0.895356

0.911064
0.911064
0.911064

0.926772
0.926772
0.926772

0.942480
0.942480
0.942480

0.958188
0.958188
0.958188

0.973896
0.973896
0.973896

0.989604
0.989604
0.989604

0.832524
0.832524

0.848232
0.848232

0.863940
0.863940

0.879648
0.879648

0.895356
0.895356

0.911064
0.911064

0.926772
0.926772

0.942480
0.942480

0.958188
0.958188

0.973896
0.973896

0.989604
0.989604



90.94609205 58.9003184 O
1.005312 1.005312
1.005312 1.005312

89.61163438 57.94980448 0
1.021020 1.021020
1.021020 1.021020

88.32748931 56.96540884 0
1.036728 1.036728
1.036728 1.036728

87.09458959 55.9495034 0
1.052436 1.052436
1.052436 1.052436

85.91375893 54.90448659 0
1.068144 1.068144
1.068144 1.068144

84.78571129 53.83277839 0
1.083852 1.083852
1.083852 1.083852

83.71105036 52.73681528 0
1.099560 1.099560
1.099560 1.099560

82.69026926 51.61904518 0
1.115268 1.115268
1.115268 1.115268

81.72375055 50.48192248 0
1.130976 1.130976
1.130976 1.130976

80.8117664 49.327903 0
1.146684 1.146684
1.146684 1.146684

79.95447899 48.159439 0
1.162392 1.162392
1.162392 1.162392

1.005312
1.005312
1.005312

1.021020
1.021020
1.021020

1.036728
1.036728
1.036728

1.052436
1.052436
1.052436

1.068144
1.068144
1.068144

1.083852
1.083852
1.083852

1.099560
1.099560
1.099560

1.115268
1.115268
1.115268

1.130976
1.130976
1.130976

1.146684
1.146684
1.146684

1.162392
1.162392
1.162392

75

1.005312
1.005312
1.005312

1.021020
1.021020
1.021020

1.036728
1.036728
1.036728

1.052436
1.052436
1.052436

1.068144
1.068144
1.068144

1.083852
1.083852
1.083852

1.099560
1.099560
1.099560

1.115268
1.115268
1.115268

1.130976
1.130976
1.130976

1.146684
1.146684
1.146684

1.162392
1.162392
1.162392

1.005312
1.005312
1.005312

1.021020
1.021020
1.021020

1.036728
1.036728
1.036728

1.052436
1.052436
1.052436

1.068144
1.068144
1.068144

1.083852
1.083852
1.083852

1.099560
1.099560
1.099560

1.115268
1.115268
1.115268

1.130976
1.130976
1.130976

1.146684
1.146684
1.146684

1.162392
1.162392
1.162392

1.005312
1.005312

1.021020
1.021020

1.036728
1.036728

1.052436
1.052436

1.068144
1.068144

1.083852
1.083852

1.099560
1.099560

1.115268
1.115268

1.130976
1.130976

1.146684
1.146684

1.162392
1.162392



79.15194116 46.97897424 0
1.178100 1.178100
1.178100 1.178100

78.40409732 45.78893905 0
1.193808 1.193808
1.193808 1.193808

77.71078447 44.59174551 0
1.209516 1.209516
1.209516 1.209516

77.07173357 43.38978266 0
1.225224 1.225224
1.225224 1.225224

76.48657104 42.18541177 0
1.240932 1.240932
1.240932 1.240932

75.95482051 40.98096173 0
1.256640 1.256640
1.256640 1.256640

75.47590475 39.77872454 0
1.272348 1.272348
1.272348 1.272348

75.04914783 38.58095089 0
1.288056 1.288056
1.288056 1.288056

74.67377744 37.38984581 0
1.303764 1.303764
1.303764 1.303764

74.34892746 36.20756452 0
1.319472 1.319472
1.319472 1.319472

74.07364062 35.03620839 0
1.335180 1.335180
1.335180 1.335180

1.178100
1.178100
1.178100

1.193808
1.193808
1.193808

1.209516
1.209516
1.209516

1.225224
1.225224
1.225224

1.240932
1.240932
1.240932

1.256640
1.256640
1.256640

1.272348
1.272348
1.272348

1.288056
1.288056
1.288056

1.303764
1.303764
1.303764

1.319472
1.319472
1.319472

1.335180
1.335180
1.335180

76

1.178100
1.178100
1.178100

1.193808
1.193808
1.193808

1.209516
1.209516
1.209516

1.225224
1.225224
1.225224

1.240932
1.240932
1.240932

1.256640
1.256640
1.256640

1.272348
1.272348
1.272348

1.288056
1.288056
1.288056

1.303764
1.303764
1.303764

1.319472
1.319472
1.319472

1.335180
1.335180
1.335180

1.178100
1.178100
1.178100

1.193808
1.193808
1.193808

1.209516
1.209516
1.209516

1.225224
1.225224
1.225224

1.240932
1.240932
1.240932

1.256640
1.256640
1.256640

1.272348
1.272348
1.272348

1.288056
1.288056
1.288056

1.303764
1.303764
1.303764

1.319472
1.319472
1.319472

1.335180
1.335180
1.335180

1.178100
1.178100

1.193808
1.193808

1.209516
1.209516

1.225224
1.225224

1.240932
1.240932

1.256640
1.256640

1.272348
1.272348

1.288056
1.288056

1.303764
1.303764

1.319472
1.319472

1.335180
1.335180



73.84687147 33.877821 0
1.350888 1.350888
1.350888 1.350888

73.66748938 32.73438437 0
1.366596 1.366596
1.366596 1.366596

73.53428179 31.60781537 0
1.382304 1.382304
1.382304 1.382304

73.44595761 30.49996227 0
1.398012 1.398012
1.398012 1.398012

73.40115075 29.41260143 0
1.413720 1.413720
1.413720 1.413720

73.39842375 28.34743424 0
1.429428 1.429428
1.429428 1.429428

73.43627166 27.30608416 0
1.445136 1.445136
1.445136 1.445136

73.51312587 26.29009399 0
1.460844 1.460844
1.460844 1.460844

73.62735824 25.30092335 0
1.476552 1.476552
1.476552 1.476552

73.77728518 24.33994631 0
1.492260 1.492260
1.492260 1.492260

73.96117192 23.40844925 0
1.507968 1.507968
1.507968 1.507968

1.350888
1.350888
1.350888

1.366596
1.366596
1.366596

1.382304
1.382304
1.382304

1.398012
1.398012
1.398012

1.413720
1.413720
1.413720

1.429428
1.429428
1.429428

1.445136
1.445136
1.445136

1.460844
1.460844
1.460844

1.476552
1.476552
1.476552

1.492260
1.492260
1.492260

1.507968
1.507968
1.507968
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1.350888
1.350888
1.350888

1.366596
1.366596
1.366596

1.382304
1.382304
1.382304

1.398012
1.398012
1.398012

1.413720
1.413720
1.413720

1.429428
1.429428
1.429428

1.445136
1.445136
1.445136

1.460844
1.460844
1.460844

1.476552
1.476552
1.476552

1.492260
1.492260
1.492260

1.507968
1.507968
1.507968

1.350888
1.350888
1.350888

1.366596
1.366596
1.366596

1.382304
1.382304
1.382304

1.398012
1.398012
1.398012

1.413720
1.413720
1.413720

1.429428
1.429428
1.429428

1.445136
1.445136
1.445136

1.460844
1.460844
1.460844

1.476552
1.476552
1.476552

1.492260
1.492260
1.492260

1.507968
1.507968
1.507968

1.350888
1.350888

1.366596
1.366596

1.382304
1.382304

1.398012
1.398012

1.413720
1.413720

1.429428
1.429428

1.445136
1.445136

1.460844
1.460844

1.476552
1.476552

1.492260
1.492260

1.507968
1.507968



74.1772368  22.50762891 0
1.523676 1.523676
1.523676 1.523676

74.42365569 21.63859068 0
1.539384 1.539384
1.539384 1.539384

74.69856646 20.80234705 0
1.555092 1.555092
1.555092 1.555092

75.00007346 19.99981634 0
1.570800 1.570800
1.570800 1.570800

1.523676
1.523676
1.523676

1.539384
1.539384
1.539384

1.555092
1.555092
1.555092

1.570800
1.570800
1.570800
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1.523676
1.523676
1.523676

1.539384
1.539384
1.539384

1.555092
1.555092
1.555092

1.570800
1.570800
1.570800

1.523676
1.523676
1.523676

1.539384
1.539384
1.539384

1.555092
1.555092
1.555092

1.570800
1.570800
1.570800

1.523676
1.523676

1.539384
1.539384

1.555092
1.555092

1.570800
1.570800



Phuy luc 3
Ma ngudn chwong trinh diéu Khién trén Arduino IDE:

#include <MPU6050 tockn.h>
#include <Wire.h>
#include<math.h>

#include <nRF24L01.h>
#include <RF24.h>

#include <SimpleKalmanFilter.h>

/*Luu y: Cac ki ty A,B,C,D,E dai dién cho cac ngén cai, tré, gitra, ap Gt va ut !

cac so tir 1 dén 3 dai dién cho cac dot tir dudi 1én trén */

// Dinh nghia bién cho dia chi TCA9548A
const byte ADD = 0x70;

const byte ADD_S = 0x71;

const byte ADD_S S = 0x72;

// Khéi tao cac bién cho nit bAm ciing nhu led
int count = 0;

int macdinh = 0;

int led = 6;

int nut_on=9;

int nut_off = 10;

// Goi cac thudc tinh cho NRF24
/*RF24 radio(7, 8);
const byte address[6] = "30403";

int receivedData[3];*/

//Goi cac thudc tinh cho cam bién

MPU6050 mpu6050 0(Wire);

MPU6050 mpu6050A_1(Wire);
MPU6050 mpu6050A 2(Wire);
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MPU6050 mpu6050A 3(Wire);

MPU6050 mpu6050B _1(Wire);
MPU6050 mpu6050B_2(Wire);
MPU6050 mpu6050B_3(Wire);

MPU6050 mpu6050C_1(Wire);
MPU6050 mpu6050C_2(Wire);
MPU6050 mpu6050C_3(Wire);

MPU6050 mpu6050D _1(Wire);
MPU6050 mpu6050D 2(Wire);
MPU6050 mpu6050D_3(Wire);

MPU6050 mpu6050E_1(Wire);
MPU6050 mpu6050E_2(Wire);
MPU6050 mpu6050E _3(Wire);

// B loc dir liéu Kalman

SimpleKalmanFilter simpleKalmanFilter1(1, 1, 0.01);
SimpleKalmanFilter simpleKalmanFilter2(1, 1, 0.01);
SimpleKalmanFilter simpleKalmanFilter3(1, 1, 0.01);

void TCA9548A(uint8_t bus, byte address);
void setgoc(float gocbase, float gockhaul 0, float gockhau2 0, float gockhau3 0,char name);

void setngoncai(float gocbase,float gockhaul 0 x, float gockhaul 0 y, float gockhau2 0,
float gockhau3 0,char name);

void setup(){
Serial.begin(115200);

// Két ndi NRF24

/*radio.begin();
radio.openWritingPipe(address);
radio.setPALevel(RF24 PA MIN);
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radio.setChannel(14);
radio.setDataRate(RF24 2MBPS);*/

// khai béo but bam va dén
pinMode(led,OUTPUT); pinMode(nut on,INPUT); pinMode(nut_off,INPUT);

//Két nbi cac cam bién

Wire.begin();

TCA9548A(1,ADD);

mpu6050 0.begin(); mpu6050_0.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(6,ADD _S);
mpu6050A 1.begin(); mpu6050A 1.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(5,ADD_S);
mpu6050A_2.begin(); mpu6050A 2.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(4,ADD _S);
mpu6050A_3.begin(); mpu6050A 3.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(3,ADD S);
mpu6050B_1.begin(); mpu6050B_1.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(2,ADD_S);
mpu6050B_2.begin(); mpu6050B_2.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(1,ADD S S);
mpu6050B_3.begin(); mpu6050B_3.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(0,ADD_S S);
mpu6050C_1.begin(); mpu6050C 1.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(0,ADD S);
mpu6050C_2.begin(); mpu6050C_2.calcGyroOffsets(true);
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TCA9548A(0,ADD); TCA9548A(1,ADD _S);
mpu6050C_3.begin(); mpu6050C _3.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(4,ADD_S S);
mpu6050D 1.begin(); mpu6050D 1.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(3,ADD_S S);
mpu6050D _2.begin(); mpu6050D_2.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(2,ADD_S YS);
mpu6050D_3.begin(); mpu6050D _3.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD _S); TCA9548A(5,ADD S S);
mpu6050E 1.begin(); mpub6050E 1.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD_S); TCA9548A(6,ADD_S S);
mpu6050E 2.begin(); mpub05S0E 2.calcGyroOffsets(true);

TCA9548A(0,ADD); TCA9548A(7,ADD _S); TCA9548A(7,ADD S S);
mpu6050E_3.begin(); mpu6050E_3.calcGyroOffsets(true);
h

void loop() {
// Boc gia tri nlt
int on_State = digitalRead(nut on);
int off State = digitalRead(nut_of¥);

if(on_State != macdinh){
if(on_State == HIGH) count=1;

ymacdinh = on_State;
if(off State != macdinh){

if(off State == HIGH) count=0;
}macdinh = off State;
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if(count == 1){
digitalWrite(led, HIGH);

// Chuyén cbng va lay gia trj base tir cam bién !
TCA9548A(1,ADD);

mpu6050 0.update();

float gocbase x = mpu6050 0.getAngleX();
float gocbase y = mpu6050 0.getAngleY();

// ngdn cai!

TCA9548A(0,ADD); TCA9548A(6,ADD S);
mpu6050A_1.update();

float gocA 1 x =mpu6050A_1.getAngleX();
float gocA 1 y =mpu6050A_1.getAngleY();

TCA9548A(0,ADD); TCA9548A(5,ADD S);
mpu6050A 2.update();
float gocA 2 = mpu6050A_2.getAngleX();

TCA9548A(0,ADD); TCA9548A(4,ADD _S);
mpu6050A_3.update();
float gocA 3 = mpu6050A_3.getAngleX();

// ngbn tro !

TCA9548A(0,ADD); TCA9548A(3,ADD _S);
mpu6050B _1.update();

float gocB_1 = mpu6050B_1.getAngleX();

TCA9548A(0,ADD); TCA9548A(2,ADD _S);
mpu6050B_2.update();
float gocB_2 = mpu6050B_2.getAngleX();

TCA9548A(0,ADD); TCA9548A(7,ADD _S); TCA9548A(1,ADD S S);

mpu6050B_3.update();
float gocB_3 = mpu6050B_3.getAngleX();
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// ngdn gilra

TCA9548A(0,ADD); TCA9548A(7,ADD _S);
mpu6050C _1.update();

float gocC_1 = mpu6050C _1.getAngleX();

TCA9548A(0,ADD); TCA9548A(0,ADD_S);
mpu6050C_2.update();
float gocC_2 = mpu6050C_2.getAngleX();

TCA9548A(0,ADD); TCA9548A(1,ADD S);
mpu6050C_3.update();
float gocC_3 = mpu6050C_3.getAngleX();

// ngon ap ut

TCA9548A(0,ADD); TCA9548A(7,ADD _S);
mpu6050D 1.update();

float gocD 1 =mpu6050D_1.getAngleX();

TCA9548A(0,ADD); TCA9548A(7,ADD _S);
mpu6050D_2.update();
float gocD 2 = mpu6050D_2.getAngleX();

TCA9548A(0,ADD); TCA9548A(7,ADD _S);
mpu6050D_3.update();
float gocD 3 = mpu6050D_3.getAngleX();

// Ngon ut

TCA9548A(0,ADD); TCA9548A(7,ADD _S);
mpu6050E _1.update();

float gocE 1 = mpu6050E 1.getAngleX();

TCA9548A(0,ADD); TCA9548A(7,ADD S);

mpu6050E_2.update();
float gocE 2 = mpu6050E_2.getAngleX();
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TCA9548A(0,ADD S S);

TCA9548A(4,ADD S S);

TCA9548A(3,ADD_S S);

TCA9548A(2,ADD S S);

TCA9548A(5,ADD S S);

TCA9548A(6,ADD_S S);



TCA9548A(0,ADD); TCA9548A(7,ADD _S); TCA9548A(7,ADD S S);
mpu6050E_3.update();
float gocE 3 = mpu6050E 3.getAngleX();

// tinh géc quay cua timg ddt va giri 1én Serial dudi dang chudi.
setngoncai(gocbase y,gocA 1 x,gocA 1 y,gocA 2,gocA 3)'A");
setgoc(gocbase x,gocB 1,gocB 2,gocB 3,'B');
setgoc(gocbase x,gocC_1,gocC 2,gocC 3,'C');
setgoc(gocbase x,gocD 1,gocD 2,gocD 3,'D'");
setgoc(gocbase x,gocE 1,gocE 2,gocE 3.'E'");

relse{
digitalWrite(led,LOW); delay(10);

}

}

void TCA9548A(uint8_t bus, byte address)

{
Wire.beginTransmission(address); // TCA9548A address is 0x70
Wire.write(1 << bus); // send byte to select bus

Wire.endTransmission();

}

void setgoc(float gocbase, float gockhaul 0,float gockhau2 0,float gockhau3 0,char name){
// Tinh goc cac d6t
float gockhaul raw = abs(gockhaul 0 - gocbase);
float gockhau2 raw = abs(gockhau2 0 - gockhaul 0);
float gockhau3 raw = abs(gockhau3 0 - gockhau2 0);

float gockhaul = abs(simpleKalmanFilter1.updateEstimate(gockhaul raw));
float gockhau2 = abs(simpleKalmanFilter2.updateEstimate(gockhau2 raw));

float gockhau3 = abs(simpleKalmanFilter3.updateEstimate(gockhau3 raw));

// luu cac gia tri vira tinh dugc va mang va gui di qua NRF24

/* receivedData[0] = gockhaul;
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receivedData[ 1] = gockhau?;
receivedData[2] = gockhau3;

radio.write(&receivedData, sizeof(receivedData));*/

// In di¥ liéu ra Serial

Serial.print(name); Serial.print("1:"); Serial.print(gockhaul); Serial.print(";");
Serial.print(name); Serial.print("2:"); Serial.print(gockhau2); Serial.print(";");
Serial.print(name); Serial.print("3: "); Serial.print(gockhau3); Serial.println(";");
}

void setngoncai(float gocbase,float gockhaul 0 x, float gockhaul 0 y, float gockhau2 0,
float gockhau3 0,char name){

// Tinh goc cac ddt
float gockhaul raw = abs(gockhaul 0 y - gocbase);
float gockhau2 raw = abs(gockhau2 0 - gockhaul 0 x);
float gockhau3 raw = abs(gockhau3 0 - gockhau2 0);

float gockhaul = abs(simpleKalmanFilter1.updateEstimate(gockhaul raw));
float gockhau2 = abs(simpleKalmanFilter2.updateEstimate(gockhau2 raw));
float gockhau3 = abs(simpleKalmanFilter3.updateEstimate(gockhau3 raw));

// Tau cac gia tri vura tinh dugc va mang va gui di qua NRF24
/*receivedData[0] = gockhaul;

receivedData[ 1] = gockhau?;

receivedData[2] = gockhau3;

radio.write(&receivedData, sizeof(receivedData));*/

// In dr li€u ra Serial

Serial.print(name); Serial.print("1:"); Serial.print(gockhaul); Serial.print(";");
Serial.print(name); Serial.print("2:"); Serial.print(gockhau2); Serial.print(";");
Serial.print(name); Serial.print("3: "); Serial.print(gockhau3); Serial.println(";");

}
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