TRU'ONG PAI HOC BACH KHOA TP. HO CHi MINH
KHOA PIEN - PIEN TU

BO MON PIEU KHIEN TU PONG

TRAN HOANG KHOI NGUYEN

PANG PINH NGUYEN

LUAN VAN TOT NGHIEP

HE THONG PIEU KHIEN TAY MAY SAO CHEP C’ PONG
S’ DUNG MANG LAN

KY SO NGANH KY THUAT PIEU KHIEN & T PONG HOA

TP. HO CHI MINH, 2018




TRUONG PAI HOC BACH KHOA TP. HO CHI MINH CONG HOA XA HOI CHU NGHIA VIET NAM
KHOA PIEN - PIEN T» Poclap - Tw do - Hanh phiic
BO MON: PIEU KHIEN TU PONG

TP. HCM, ngay...thdng....ndm........

PE CUONG CHI TIET

TEN LUAN VAN:

HE THONG PIEU KHIEN TAY MAY SAO CHEP CU PONG THONG QUA MANG LAN

Can bd hwéng dan: C6 Bui Thanh Huyén

ThS. Huynh Hivru Phwong

Thei gian thwe hién: 01/2018 dén 06/2018

Sinh vién thwc hién: Trin Hoang Khoi Nguyén

Pang Pinh Nguyén

Noi dung dé tai:
Muc tiéu, pham vi, d6i twong

- Mo hinh héa va m6 phdng dong hoc thuan, dong hoc ngwoc, hoach dinh quy
dao khdp cho tay may RV-2A]

- Xay dwng hé thong diéu khién tlr xa tay may Mitsubishi RV-2A] sao cho diém
cudi tay may sao chép chinh xac vi tri va hwéng ban tay nguwoi dung.

- Giao ti€p gitra cac may tinh & hwéng ngwoi dung va hwéng tay may thong
qua mang Ethernet/LAN.

- Xay dwng hé thdng moi treong 4o hd tro diéu khién.

- Thiét ké va thi cong dung cu cong tac cho di€ém cudi cé hoi tiép lwc.

Xay dung phan mém giao dién ngwdi dung tich hop hé tro diéu khién.
Phwong phap thwc hién

e M6 hinh héa va mo6 phdéng




Tinh todn dong hoc thuin bang phwong phap ma trin DH

Tinh todn dong hoc ngwoc bang phwong phap dai s6 va Jacobian.
Hoach dinh quy dao bang phwong phap thuc nghiém.

Dung MATLAB mé phong kiém chirng cdc m6 hinh toan da xiy dung.

e Xaiy dwng hé théng diéu khién theo phwong phap sao chép cir dong

Hé théng gom c6 mday tram Master (ti€p nhin thong tin va gii tin hiéu diéu

khién) va may tram Slave (nhin thong tin diéu khién va diéu khién Tay may RV-2A]).

Phan mém cho cidc may tram dwoc viét bang ngdn ngit C++ trén nén tang Qt.

Tai may tram Master

Str dung cam bién Leap Motion va thw vién Orion dé theo d6i va nhén dién
ct chi ban tay (bao gom vi tri va hwéng long ban tay, hwéng ngoén tay, vi tri
cac khép ngon tay).

Loc dit liéu thu dworc va tinh toan sé liéu, chuyén doi sang hé toa do tay may.
Tt cac s6 liéu da tinh toan, may tram Master sé gri cic khung dit liéu diéu
khién dén may tram Slave thong qua mang LAN

Pong thoi may tram Master tiép nhin cac phan hoi givi tir may tram Slave dé
theo doi hoat dong ctia Tay may.

Ghi lai thao tac diéu khién tay may dé c6 thé lap lai.

Tai may tram Slave

Tiép nhan dir liéu diéu khién tir may tram Master.

Tr dir liéu diéu khién vira nhin dwgec, tinh toan cac thong s6 diéu khién tay
may.

Xét cic thong s6 diéu khién méi véi trang thai hién tai ciia tay may, néu phu
hop sé diéu khién tay may thong qua Controller CR-571, néu khéng sé bao

tin hiéu 16i vé may tram Master.

e Giao ti€p thong qua mang LAN

Str dung giao thirc UDP dé truyén dir liéu hinh anh, tin hiéu diéu khién gitra cac

tram thong qua mang LAN. Hinh 4nh dwoc nén dé gidm kich thwéc, ting toc do truyén

nhan.

¢ Xay dwng moi trwrong ao




Mo6i trweong ao bao gdom mo hinh tay may Mitsubishi RV-2A]J dat trong Khu vuc
1am viéc (bao gdbm ban lam viéc, chn dé va hai thanh gan Kinect) va mé hinh cac vat
trén Ban lam viéc thu dwgc bang hai Kinect.

- M6 hinh Tay may va Khu vuc 1am viéc dwgc vé bang phdn mém SolidWorks,
dugc dwa vao code C++ bang thw vién Asset Import, hién thi ra giao dién
nguwoi dung. Cac goc khép tay may sé dwoc cip nhit dong thoi véi mé hinh
that theo tin hiéu phan héi tir tay may.

- Thu thap dit liéu 3D tir hai Kinect bang thw vién Nestk. St dung thw vién PCL
dé xtr ly dir liéu thu dwgc. Tinh todn thong sd ngoai bang MATLAB dé xoay
toa d0 hai Kinect vé toa d0 World cta tay may. S& dung thw vién PCL dé tai
tao bé mat tir dir liéu da qua xi ly va giri vé may tram diéu khién théng qua
mang LAN. Tai may tram, hinh anh 3D s& dwgc dwa vao code C++ bang thw
vién Asset Import, hién thi ra thw vién nguoi dung.

e Thiét ké va thi cong dung cu cong tac cho diém cudi

- Dung cu cong tac dwogc lwa chon 1a tay kep - gripper dé thao tac véi nhiéu
doi twong da dang. Tham khdo cac ban vé tay kep va thiét k€ bang phan mém
SolidWorks. Thi cong tay kep bang phwong phap in 3D.

- B0 tri cdm bién lwc tai diém tac dung cta tay kep va hiéu chuin. St dung
déng co RC Servo lam thiét bi dong lwc cho tay kep. St dung Kit phat trién
STM32F103C8T6 dé diéu khién dong co, doc gia tri ADC tir cdm bién lwc va
giao tiép v&i may tram Slave thong qua chuin truyén thong UART.

e Xiy dwng phin mém giao dién ngwoi dung

Phan mém giao dién ngudi dung dwoc 1ap trinh bang ngdén ngit C++ trén nén
tang Qt. Phin mém diéu khién c6 hai ché @6 RUN va SIMULATION

Ché d6 RUN: Diéu khién thuc tay may RV-2A]

- Hién thi hé théng trong méi treong do 3D dé theo dodi chuyén dong cuia tay
may tir xa.

- Hién thi hinh anh cta camera 2D tai diém cudi.

- Kétndi véi tay may, camera 2D, Kinect.

- Tuy chinh ché d6 diéu khién Manual va Teleoperation.

- Hién thi théng s6 vi tri géc khép, toa dé diém cudi.




- Théng bao trang thai lam viéc va 16i néu c6 cua tay may va cam bién Leap
Motion.

- Ghi lai thao tac diéu khién va thwc hién lai.

- V& d0 thi vi tri, vin toc cia gbc khép va diém cudi theo thoi gian.

Ché @6 SIMULATION: Piéu khién m6 phong tay may.

- Diéu khién co ban cac goc khép va theo doi toa do theo tirng truc.

- Thiétlap toc d6 goc khép, gia téc, ham tdc.

- V& d0 thi vi tri, vin toc cia gbc khép va diém cudi theo thoi gian.

b6 hoa 3D.

Két qua mong do'i cuia dé tai

Hé thong hoat dong 6n dinh trong mang LAN.

Dir liéu tir cAm bién Leap Motion cé dd nhiéu thap.

biéu khién Tay may RV-2A] bam sat theo chuyén dong ban tay mot cach muot
ma, khong bi ngit quang, trang thai dwgc phan hoi nhanh chéng.

Dir liéu tir camera Kinect ddm bao kha nang theo doi moi trwedng lam viéc thuc
té thong qua moi trweong 4o 3D

Giao dién ngudi dung than thién, dé st dung, day da tinh ning can thiét.

Tay mday c6 kha nang hoc lai thao tac diéu khién va tw van hanh.

Ké hoach thwc hién:

Phan cong cong viéc:

Tran Hoang Khoi Nguyén

M6 hinh hoa robot Pong hoc thuan, Pong hoc ngwoc, Hoach dinh quy dao, mo
phéng MATLAB.

Viét chwong trinh may tram Slave diéu khién robot.

Viét chwong trinh may tram Master x& Iy cdm bién ctr dong Leap Motion.

Viét chwong trinh giao tiép gitra hai tram.

Viét giao dién ngwoi dung.

Pang Pinh Nguyén




Thiét ké va thi cong phan clrng, vi€t chwong trinh nhing va chwong trinh may
tinh diéu khién tay kep & diém cudi robot.

Thiét ké Khu vwc lam viéc cho tay may va bo tri camera Kinect, camera 2D.

Viét chwong trinh may tinh doc va x ly dong thoi hai camera Kinect dé xay dung
lai khong gian 3D.

Ca hai

Thi cong ban lam viéc cho tay may.

Xay dueng mo hinh demo cho hé thong.

Xac nhan ctia Can bd hwdéng dan Xac nhan ciia Can bd hwéng dan

(Ky tén va ghi r6 ho tén) (Ky tén va ghi ro ho tén)

TP. HCM, ngay..... thang..... nam........
Sinh vién Sinh vién

(Ky tén va ghi r6 ho tén) (Ky tén va ghi ro ho tén)




LO'I CAM ON

Loi dau tién, ching em xin gii 1o cdm on chan thanh dén ¢6 Bui Thanh Huyén,
thay Huynh Hitu Phwong - giang vién huwéng dan. Thay c6 da cho ching em nhirng

chi dan quy bau d€ hoan thanh luan van kip thoi va day da nhat.

Xin cdm on quy Thay c6 va ban chi nhiém Khoa Dién - Dién ti, dac biét 1a B6
mon Ty déng, da tin tuy gidng day va truyén dat nhirng kién thirc, kinh nghiém quy

bau cho ching em trong nhirng nam qua.

Chén thanh cdm on Ban gidm d6c Phong thi nghiém Trong diém Diéu khién s
va Ky thuat hé thdng da ho tro trang thiét bi d€ ching em thwc hién luan van. CAm on
thay Tran Ngoc Huy da tao méi trweong nghién cliru réng mé. Xin cdm on cac anh, cac
ban va cac em la thanh vién trong Phong thi nghiém da gitp do trong nhirng lic kho

khan nhat.

Cudi cuing, ching con xin danh 1&i cdAm on sau sac nhit cho ba, me va cac thanh
vién trong gia dinh. Moi ngwdi ludn 1a chd dwa tinh than, 1a ngudn dong vién va dong
lwc khong thé thiéu dé ching em c6 thé vwot qua nhirng gian nan thir thach trong
cudc song va hoan thanh Luin van tét nghiép.

Sinh vién thwc hién

Tran Hoang Kho6i Nguyén Pang Pinh Nguyén



TOM TAT

Phwong phap diéu khién tir xa - Teleoperation dd phat trién tir nhirng
ngay dau va luén déng vai tro quan trong trong linh vuwec Robotic. Luin van tip
trung xay dwng mot hé théng Teleoperation véi nhiém vu sao chép cir dong ban
tay cia nguwdi van hanh 1én tay may Mitsubishi RV-2A] thong qua mang LAN.

Twr Master, mot may tinh chay chwong trinh thu thap vi tri va huwéng caa
ban tay bang cdm bién Leap Motion, bién d6i thanh tin hiéu dit va truyén di phia
Slave thong qua mang LAN. Tai Slave, m6t may tinh khac c6 nhiém vu diéu khién
robot bam theo tin hiéu dat, phan héi trang thai, hinh anh hai chiéu vé Master.
DPong thoi, may tinh thit ba st dung hai cdm bién Kinect dwng hinh anh ba chiéu
nham phan hdi cac vat thé dwoc thao tac b&i robot.

Mot gripper dwoc ché tao dé nang cip diu cong tic hién cé cda robot.

Mbi treong 4o 3D dwoc xay dung dé hd tro ngwdi dung hinh dung day du
khong gian phia Slave. Ché do m6 phong hoach dinh quy dao giup nguoi dung
lam quen viéc diéu khién robot.

Cac két qua dat dwoc cho thiy tinh kha thi va thwc té cda viéc diéu
khién, 1ap trinh robot tir xa bang c chi tw nhién v&i sw ho trg ctia do hoa ba

chiéu.



ABSTRACT

From the beginning of robotics, Teleoperation has developed and been an
important method. This thesis focusses on building a Teleoperation system
which copies human hand motion into a Mitsubishi RV-2A] robot arm via
Ethernet LAN.

From Master station, one computer collects human hand’s position and
orientation by using Leap Motion sensor, then transfers into designed signal of
Slave robot. At Slave station, another computer controls the robot to move
following designed signals, feedback robot states and 2D images to Master user.
At the same time, a third computer uses two Kinect sensors to reconstruct 3D
images of the objects in the robot workspace.

A gripper is designed and made to upgrade current endpoint tool of robot.

A 3D virtual environment is built to assist users to totally imagine space
at Slave side. The simulation of trajectory planning helps users to practice
controlling the robot.

The results achieved show practical application of tele control and

programing robot by using human natural motion with 3D vision assistance

i
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Trdn Hoang Khéi Nguyén - Ddng Pinh Nguyén
LVTN - Hé thong diéu khién tay mdy sao chép cir dong str dung mang LAN

Chwong 1. TONG QUAN PE TAI

1.1. So lwoc vé hé thong Teleoperation va iwng dung trong linh virc Robot

Teleoperation 1a thuit ngit chi viéc vdn hanh mot co cdu may moc tir xa,

thwong dwoc st dung trong cdc moi trweong nghién ciru, hoc thuat va ky thuat.

Hé thong Teleoperation la hé thong thiét bi c¢6 sw twong tac & khoang cach
khac nhau. Hé thong cho phép con nguoi sit dung kha nang tw duy, su hi€u biét
va hoat dong chan tay ciia minh tdc dong vao may mdc. Trong nhirng thdp nién
gan day, hé thong teleoperation dwoc str dung trong cac cong viéc mang tinh
nguy hiém cho con nguwoi khi triec tiép thwe hién hay cac cong viéc kho thwe hién

nhu trong moi tredong phong xa, doc hai, ngoai vii tru...

Teleoperation bao gobm mot hé théng chi dong goi la “Master” va mét hé
thong phu thudc goi 1a “Slave”. Ngwoi diéu khién sir dung mot hé thong téng thé
dé gri cac yéu ciu cho hé théng Teleoperation, thong qua hé Master truyén tin
hiéu dén Slave. Tuy thudc vao kénh thong tin, hé théng dwgc goi la Song phwong
hodc Pon phwong. Trong Teleoperation don phwong, khong cé phan héi nao tir
hé Slave vé hé Master, hé Slave dwoc thic diy lam viéc nho cac tin hiéu cia hé
Master. Trong Teleoperation song phwong, khi nhan dwoc tin hiéu tir hé Master,
hé Slave c6 thé phan héi tin hiéu vé cho tram Master. Tin hiéu phan hoi c6 thé la

hinh dnh, 4m thanbh, vi tri, nhiét do, lwc, van téc, gia tdc,...

Trong linh vuc Robot, Teleoperation ngay cang phat trién va tré thanh mot
phén tit yéu nhiéu hé thong Robot nao hién nay. Cic rng dung va wu diém cia

Teleoperation c6 nhiéu diém vwot tréi hon phwong phap diéu khién nao khac.

Trong linh viec Khong gian, s hién dién truc tiép cia con nguwoi dé van
hanh mot chiéc xe hay thiét bi nao dé doi hdi nhiéu nguoén lwc, thim chi hoan
toan khong thé (nhw viéc tham do Mat troi), do d6 sir dung robot diéu khién tir

xa la bat budc.




Trdn Hoang Khéi Nguyén - Ddng Pinh Nguyén
LVTN - Hé théng diéu khién tay mdy sao chép cir ddng st dung mang LAN

Hinh 1.1. U'ng dung Teleoperation trong linh vuc tham hiém khéng gian

Trong linh virc Quén sw, cac robot diéu khién tir xa dwoc sir dung tham gia
cac nhiém vu trinh sat, ra pha bom min hay thidm chi la tham chién. Viéc nay
khong chi gitp gidm dén toi thi€u cic ton that vé ngwdi ma con tang tinh hiéu
qua vi robot diéu khién tir xa c6 thé hoat dong ngay dém, dé dang nguy trang va

di chuyén linh hoat.

£

Hinh 1.2 M4y bay khong ngwoi 1ai diéu khién tir xa Predator ctia My

Ngoai ra, cac robot dwoc diéu khién bang phwong phap Teleoperation con
dwoc st dung trong nhiéu linh vwc khac nhw An ninh, Tham hiém, Thiét bi lan, Y

hoc,...




Trdn Hoang Khéi Nguyén - Ddng Pinh Nguyén
LVTN - Hé théng diéu khién tay mdy sao chép cir ddng st dung mang LAN

Hinh 1.3. O'ng dung Teleoperation trong Phau thuat tir xa va thiét bi lin ROV

1.2. Cac hé théng diéu khién tir xa sao chép clr ddng ngwoi diéu khién

hién nay

Hién nay trén thé gi¢i, mang Teleoperation, dic biét l1a Robotic Arm
Teleoperation rat dwoc chu trong nghién ctru va phat trién vi cc wu thé va irng

dung trong thuc tién.

Mot vi du dién hinh 1a dw 4n VI-Bot dwoc phat trién béi Trung tAm nghién
cttu Tri tué Nhan tao Ptrc (German Research Center for Artificial Intelligence),
dworc tai tro béi Bo Gido duc va Khoa hoc Lién bang thudc Cong Hoa Lién bang
Dtrc. Hé thong VI-Bot bao gdbm mot canh tay co khi c6 thé gin vao tay ngwdi diéu
khién dwoc két néi véi tram Master, mot tay may thwc thi dwoc két noi véi tram
Slave. Ngoai ra tai tram Slave con cé cac camera dwgc bo tri dé thu thap dir liéu,
tai tao lai méi thuwc té do dé nguoi diéu khién tai tram Master c6 thé quan sat khu

virc lam viéc ctia tay may.
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Operator view

| ™=
\ (virtual environment) §8

T S ‘]

Hinh 1.4. Dy an VI-Bot dang van hanh

a. Ngwoi van hanh b. Méi trwong thuce té do

c. Hinh 4nh lam viéc thu truc tiép d. Khong gian Tay may lam viéc

Mot du an khac duoc phat trién béi Dai hoc Bac Kinh, Trung Quéc - Hé
thong Robot Tim kiém va Cku hd Thong minh (Intelligent Searcch and Rescue
Teleoperation Robot System) - 1a mo6t vi du khac cho thiy sw dau tw ctia cac Quoc
gia cho linh virc nay. Hé théng nay bao gom hai tay may UR5 ctia hdng Universal
Robot dwoc gan ¢d dinh trén thiét bi di chuyén GUARDIAN do Pai hoc Bac Kinh

ché tao.
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Hinh 1.5. Dw an Robot Tim kiém va Ctru ho Théng minh

(' Viét Nam, mang Teleoperation dang dwoc nghién ctvu va phat trién manh.
Cac trwong dai hoc khéi ky thuat nhirng ndm gan diy c6 nhiéu luin van, dé tai

nghién ctru khoa hoc lién quan dén Teleoperation.

Hinh 1.6. Luin van tot nghiép ctia Sinh vién Dai hoc Bach Khoa Ha Noi
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1.3. Tong quan dé tai

ROBOT ARM TELEOPERATION SYSTEM VIA LAN

Ethernet

Ethernet

1—] :
i g I’ RS-232
6 4

Hinh 1.7. So @6 minh hoa téng quan hé théng

Hé thong diéu khién tlr xa tay may RV-2A] chia thanh hai phia: tram
Master va tram Slave. Cac may tinh gitra hai tram lién két véi nhau thong qua

mang Ethernet LAN, giao thirc UDP.
Tai tram Master c6:

- May tinh “Master” hién thi giao dién diéu khién, hién thi moi truedng
40 khu vue 1am viéc cla tay may, nhin va xt ly dit liéu tir cAm bién
Leap Motion, truyén dir liéu diéu khién té&i tram Slave.
- Cam bién Leap Motion theo d6éi hanh dong ban tay cia ngwdi dung
va giri vé mday tinh “Master”.
Tai tram Slave cé:

- May tinh “Robot” giao tiép véi Controller CR1-571 diéu khién tay
may RV-24], thu thap dit liéu tir camera 2D, diéu khiéu tay kep va
glri dir liéu trang thai va 16i clia tay may , dit liéu hinh anh vé tram
Master.

- May tinh “Kinect” thu thip va x& ly dit liéu tir hai Kinect, truyén

hinh anh 3D vé tram Master.
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- Tay kep - dung cu cong tac tai diém cudi ctia tay may - ciu tao tir
cac chi tiét dwgc in 3D, Kit phat trién STM32F103C8T6, dong co RC
Servo TowerPro MG996R va cam bién lwc Interlink FSR402.
- Camera 2D Logitech 270 thu thip hinh anh tir di€m cudi tay may
glri vé may tinh “Robot”.
- Hai camera Microsoft Kinect V1 thu thip hinh dnh 3D gtti vé may
tinh “Kinect”.
Sau khi hoan thanh, hé thong cho phép ngwoi dung diéu khién tay may tir
xa tai tram Master. Nguwoi dung c6 thé quan sat dwoc khu viee 1am viéc cia tay

may thong qua moi truwdng ao 3D.
1.4. Cau truc trinh bay luin van

Chwong 1: TONG QUAN DE TAI

Gi&i thiéu hé thong Teleoperation, cac nghién ciru trong va ngoai nwéc va tong

quan hé thong sinh vién da xay dung.
Chwong 2: GIO'l THIEU THIET Bl VA PHAN MEM

Gi&i thiéu cac thiét bi phin clrng va cdc phan mém, thw vién dwoc st dung khi

thwc hién luan van.
Chwong 3: PONG HOC ROBOT RV-24]

Trinh bay cac tinh toan Pong hoc thuin, Pong hoc ngwoc cho tay may

Mitsubishi RV-2A], m6 phdong MATLAB dé kiém chirng két qua tinh toan.
Chuwong 4: HOACH PINH QUY PAO ROBOT RV-24]

Trinh bay thuit todn hoach dinh quy dao, dong bd chuyén dong gitra cac goc
khép, thwe hién moé phong MATLAB dé kiém chirng.

Chwong 5: THIET KE VA THI CONG THIET BI HO TRO'
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Trinh bay cac thiét ké va két qua thi cdng cac thiét bi ho tro cho hé thdng nhw

dung cu cong tac (tay kep), Ban lam viéc, bd tri camera Kinect.
Chwong 6: CHUUONG TRINH MAY TINH

Trinh bay cac chwong trinh may tinh diéu khién tay may RV-2A], chwong trinh
Xt Iy cdm bién Leap Motion, chwong trinh x Iy cdm bién Kinect, mang giao tiép
UDP, gi¢i thiéu giao dién nguoi dung.

Chwong 7: KET QUA VA KET LUAN.

Trinh bay cac hinh anh, sé liéu két qua demo cia hé thong, mét s6 danh gia,

két ludn va hwdng phat trién cua dé tai.
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Chwong 2. GIO'T1 THIEU THIET BI VA PHAN MEM
2.1. Gidi thiéu thiét bi
2.1.1. Tay may Mitsubishi RV-2A]

RV-2A] la canh tay robot 5 bac tw do cia hang Mitsubishi, Nhat Ban san
xudt. Pi kém v&i RV-2A] 13 b diéu khién CR1-571 va bd 14p trinh bang tay
R28TB.

J3 axis

J2 axis
1\_\\0“‘
-~
+

Hinh 2.1. C4u hinh cac khiu va khép ctia Tay may RV-2A]

RV-2A] dwgc diéu khién béi bd diéu khién CR1-571 trang bi CPU kién tric
RISC/DSP 64bit ngdon ngit lap trinh MELFA-BASIC IV hoac MOVEMASTER
COMMANDS. Phan mém giao dién di kém la COSIROP dung dé giao tiép giira
robot v&i may tinh va 1ap trinh diéu khién. Trén diy chuyén FMS, cac toa do vi
tri va chuyén dong cta robot RV-2A] dwoc l14p trinh trwdc bang phan mém

COSIROP va nap vao b diéu khién.

Characteristics/Functions RV-2A]
Degrees of freedom (no. of axes) 5
Installattion posture On floor, hanging
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Structure

Vertical multiple-joint type

Drive system

AC servo (J1, ]2, ]3 and ]J5-axies: with
brake; J4 and J6 axes: without
brake)

Position detection method

Absolutely encoder

Arm length Shoulder shift 0
(mm) Upper arm 250
Fore arm 160
Elbow shift 0
Wrist length 72
Operating range | Waist (J1) 300 (-150 to +150)
(degree) Shoulder (J2) 180 (-60 to +120)
Elbow(]3) 230 (-110 to +120)
Writst twist (J4) | ------
Wrist pitch (J5) 180 (-90 to +90)
Wrist roll (J6) 400 (-200 to +200)
Maximum speed | Waist (J1) 180
(degree/s) Shoulder (J2) 90
Elbow (J3) 135
Wrist twist (J4) | -----
Wrist pitch (]5) 180
Wrist roll (J6) 210
Maximum composite speed (mm/s) 2200
Payload capacity | Rated 1.5
(kg) Maximum 2
Position repeatability (mm) +(0.02
Ambient temperature (2C) 0 to 40
Weight (kg) 17
Tolerable Wrist twist (J4) | ------
moment (Nm) | yyice nitch 5) | 2.16

10
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Wrist roll (J6) 1.10
Tolerable inertia | Wrist twist (J4) | -----
(kgm?) Wrist pitch (J5) | 3.24x10-2

Wrist roll (J6) 8.43x10-3
Arm reachable radius (to the center 410
point of the ]5 axis) (mm)
Potection rating IP 30
Robot controller CR1

Bang 2.1. Thong so k§ thuat ctia Tay may RV-2A]

sE= g
72 160
176 L~ q?
| ‘el / N
IR Gl
- ’4! { —— W
Aug_| / P ./-\"" J -
(1) g f
0155
g
] 150 E
Gripper flange
150 9409-1-31.5

Hinh 2.2. Khong gian lam viéc cua Tay may RV-2A]
e  Bo diéu khién CR-571
B0 diéu khién CR-5711a b0 diéu khién di kém tay may RV-24], c6 kich thuéc
nhé gon, tich hgp nhiéu chirc ning, cung cip cac thao tac tir don gian dén phic
tap. Cac chirc nang cia bd diéu khién CR-571 khong chi gbi gon trong viéc diéu

khién chinh x4c tay may RV-2AJ, ma con twong thich véi hau hét tay may MELFA.

11
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Khong nhirng viy, b6 diéu khién cho phép tay may tang thém 2 truc so v&i thiét

ké, dong thoi diéu khién thém 6 déng co doc 1ap.

Mode key Up/Down Emergency-
5-digit display | off
~
Servo ON-_|
. ——Reset
Operating mode
switch 1
e
Servo OFF Emergency-Off
Bridge
Teaching bot For the teaching box
connection
Cycle Cycle Cycle - power switch
start stop  RS-232C end ém%'._:%'ﬁ’i;:

Hinh 2.3. B6 diéu khién CR-571

Bo diéu khién CR-571 ho tr¢ 2 ngdn ngir 14p trinh 124 MELFA BASIC IV va
MOVEMASTER COMMAND, b6 nhé chwong trinh 16, toc d6 xtr Iy nhanh.

Vé phan cirng, bo diéu khién CR-571 cho phép két n6i 16 input va 16 output

ngoai, c6 thé mé réong thém 240 input va 240 output véi Expansion Box, phuc vu

nhu ciu dong bo day chuyén san xuat va mé rong chirc nang.

Pic di€ém

Thong s6

SO truc c6 kha nang diéu khién

Robot 5 truc va 6 truc

Main CPU: 64 bits RISC

B6 xir Iy (CPU)
Servo CPU: DSP
S6 diém toi da 2500
SO bwéc chwong
B6 nh¢ trinh 5000
SO chwong trinh toi 88
da
Ngon ngit 1ap trinh MELFA BASIC IV
gon ngriap MOVEMASTER COMMAND
Céng nhap/ GPIOs 16 ngod vao va 16 ngo ra
cong xuat béng mo tay gip 8 ngd vao va4 ngdra

12
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Pac diém Théng s6
Ngat khan cip 1
Cong tac clra 1
RS232C/USB 1 cong cho PC
RS442
Giao tiép Ethebrincgétr;htz;hiét 1 cong cho Teaching Box
Robot 1/0 link 1 kénh (toi da 24(1:)g(”) vao va 240 ngo
1 pha; 90-132 VAC; 50-60 Hz; 0.7 kVA
Ngudn dién 1 pha; 180-253 VAC; 50-60 Hz; 0.7
kVA
Kich thwéc 212x166 x 290 mm
Khoi lwgng 8 kg

Bang 2.2. Bang thong s6 bo diéu khién CR-571
e Ngon ngir giao tiép giira robot va may tinh

Ngon ngir giao ti€p robot va may tinh dwoc thiét ké dwa trén ngbén ngir
MELFA BASIC, nhwng khéng hoan toan giéng MELFA BASIC, dwoc dung dé gii

1énh hoac gri chwong trinh xuéng robot.

Ngon ngit giao ti€p quy dinh khung truyén gitra robot va may tinh, gém cac
1énh bat tit dong co servo, xoay goc khdp, tinh tién diém cudi theo truc XYZ, dich

chuyén diém cudi dén toa do yéu ciu, tai chwong trinh diéu khién.

Ngon ngir giao ti€p khong dwoc nha san xuit cong bo. Do d6, dé xay dung
phan mém diéu khién robot bang may tinh, ta cAn gidi ma khung truyén va tap
1énh ciia ngdn ngit nay. Viéc nay dwoc thwe hién bang cach quan sat cac goi tin
giao tiép gitra phan mém diéu khién bang may tinh do nha san xuit cung cip va
robot théng qua cong COM. Ta thu thap dwoc giao thirc gitra robot va may tinh

nhw trong cac bang sau.

13
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Gwri lénh : PC 2 Robot

Phan hoéi: Robot = PC

1;<k>;<command>\r

Thanh cong: QoKc<info>\r

Co 16i: QeR<error>\r

Y nghia

<k>  Lavi tri cda chwong trinh dich trén
controller ma 1énh gixi dén

<command> La 1énh can thuwc thi.

<info> La thong tin phan hoi béi sung,
tuy vao lénh tir may tinh.

<error> La ma s6 cua 10i xay ra.

\r La ki tw két thiic khung (ma ASCIT1a | \r La ki tw két thtic khung (ma ASCII
0x0D) la 0x0D)
Bang 2.3. Khung truyén ctia ngon ngit giao tiép robot voi may tinh
Noi dung <command> <info> <error>
Initialize the OPEN=NARCUSR 1F;37;6,0;3,5,A,1E | none
communication ,32,46,64;MB4;PR
protocol. Get the M;RV-2AJ;CRn-
robot information. 5xx:MELFA:05-
06-
14;Ver.K4;ENG:;CO
PYRIGHT(C)1999-
2005 MITSUBISHI
ELECTRIC
CORPORATION
ALL RIGHTS
RESERVED:;1;1;8;
Get the status of STATE <program>;140;70; | none
robot 4:<servo

14
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status>1060;6;1;;;;;;
;;;CYC;START;30;0

Reset alarm to RSTALRM none none

reactive robot

Turn ON/ OFF CNTLON none none
remote control over | CNTLOFF

serial interface

Turn ON/ OFF the SRVON none none
servo motors. SRVOFF

Close/Open the EXECHCLOSE <tool> | none none
gripper EXECHOPEN <tool>

Establish JCOSIROP | EXECJCOSIROP=(]J1,] | none none
variable with 2,]3,]4,]5,]6)

coordinate values.

Establish EXECPCOSIROP=(X)Y | none none
PCOSIROP variable |,Z,A,B,C)(<footer>)

with position

values.

Move joints to EXECMOV JCOSIROP | none 564000000:

JCOSIROP value commands are

Move endpoint EXECMVS PCOSIROP | none sent so quickly
. that robot haven’t

linearly to

PCOSIROP value finish the last

command.

Set the speed of EXECSPD <mm/s> none none

linear movement

Set the speed of EXECJOVRD <%> none none

joint movement

15
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Get the current

JPOSF J1;<j1>5]2;<j2>5]3;<j | none

joint coordinate of 3>;]4;**%%]5;<j5>;]6

robot [ VAVH
.00;00000000

Get the current XYZ | PPOSF X;<x>;Y;<y>;Z;<z>;A | none

position of robot

;<roll>;B;<pitch>;;6,
0;70;0.00;0000000
0

Bang 2.4. Tap 1énh ciia ngdn ngit giao tiép robot voi may tinh

2.1.2. Cam bién Leap Motion

Leap Motion la thiét bi cAm bién ct chi ban tay va ngén tay, kich thwéc

bang mot chiéc USB, dwgc phat trién b&i cong ty Leap Motion, ra méit lan dau

tién vao nam 2013.

Hinh 2.4. CAm bién Leap Motion

e (Cautao cam bién Leap Motion

Cam bién Leap Motion dwgc dong gdi trong vo hop kim nhém, mat trén dwoc che

pht b&i tAm kinh ¢6 mau toi. Pay chinh 1a bé mat hoat dong ctia cdm bién.

Bén trong cam bién Leap Motion 1a 2 camera hong ngoai va 3 dén LED hong ngoai

bo tri xen ké nhau hwéng 1én mat kinh.

16
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1.80em |
3,00 em

IR LED» f’aﬂ'\l IR hED {*} IRLED

IR Cajmera IR Cafrera

S0 om
T

4 00 am
&.00 cim
T.50 em

Hinh 2.5. C4u tao cam bién Leap Motion
Truc toa d6 va khong gian lam viéc ctia cam bién Leap Motion

Cling nhw moi cdm bién dd siu, Leap Motion c6 3 truc toa dd XYZ. Cac truc
toa dd dwoc bo tri nhw hinh sau, véi truc Y vuéng goéc mit trén cam bién, truc X

theo phwong chiéu dai cdm bién va truc Z theo phwong chiéu rong cam bién.

A
+Y

+X

+Z

Hinh 2.6. Truc toa d0 ctia cdm bién Leap Motion

Khong gian lam viéc cia cdm bién nam phia trén mat kinh. Leap Motion
cung cap mdt khong gian lam viéc kha rong, gdn mét nivra ban ciu, ban kinh 1én

dén 0.6 mét va gobc mé 1én dén 150 do.

17
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120° avant/arriére

150° gauche/droite

Hinh 2.7. Khong gian lam viéc cia cdm bién Leap Motion
e Nguyén ly hoat dong cia cam bién Leap Motion

Cam bién Leap Motion st dung 3 den LED hong ngoai va 2 camera héng

ngoai dé thu hinh dnh trong khong gian 3 chiéu.

Thuét todn trong cdm bién Leap Motion st dung mo hinh ban tay dé cung
cip kha nang theo doi, tién doan vi tri ngay ca khi khong nhin thiy dwoc toan b
cac phan cda ban tay. T&r caic phin nhin thiy cta ban tay va vi tri da quan sat
trong qua khit, thiét bi sé tinh toan cac vi tri c6 kha nang nhit ctia cac phan bi
che khuit.

Hon nita, nha phat trién - cong ty Leap Motion - cung cip hai b0 thw vién
ngudn mé V2 va Orion, ho tro cho 14p trinh vién nghién ctu va phat trién céc
trng dung riéng biét trén nhiéu nén tang thong dung nhw C, C#, C++, Unity,
Python, Java, Objective-C, ...

2.1.3. Camera Microsoft Kinect
Kinect 14 thiét bi cdm bién ngoai vi thu chuyén dong phat trién bdi

Microsoft danh cho may console Xbox 360 va Windows. Kinect cho phép nguwoi

18
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dung c6 thé diéu khién va twong tic véi may console ma khong can thiét bi cim

tay, thong qua truc tiép str dung dong tac tay chan, than thé hoic 1énh thoai.

. CAiu tao ciia camera Kinect

CMOS color sensor
onemicrophone  status LED  (for RGB imaging)
{downward facing)

three microphones
{downward facing)

three-axis
motorized accelerometer
tilting base
IRlight ~ CMOSIR
Gt L sensor
used for 3D
depth sensing

Hinh 2.8. C4u tao cua camera Kinect

Mot bo phat hong ngoai (Infrared light) va mot camera hong ngoai (Depth
image CMOS): Thu thap dir liéu do sau ctia anh theo kj thuat Structure light -
phat hién d6 sdu bang cach chiéu mot dai mau 1én vat va dwa vao dé méo cta dai
mau dé tinh khoang cach t&i vat.

Mot camera RGB: Thu thip dit liéu mau cta anh. Chat lwong dir liéu Kinect
thu thap cé thé dwoc tuy chinh dwa vao muc dich ciia ngwdi dung.
e Kich thwdc 320x240 pixels, toc d6 60 khung hinh/giay.
e Kich thwdc 640x480 pixels, téc d6 30 kKhung hinh/giiy.
e Kich thwdc 1280x960 pixels, téc d6 60 kKhung hinh/ giiy.
Pong co diéu hwdng: Duoc dit tai diém ndi camera Kinect va phan dé, giup

Kinect c6 thé hwéng dau 1én cao va ha xuéng thap mét goc 27 do.
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May do gia toc: Dung dé xac dinh tdc d cta cac chuyén dong.

Micro: Bao gobm 4 micro nho, hoat dong nhw nhau & 16 bits va toc dé l1ay

mau l1a 16kHz.

Depth Color e Mandatory
Depth Image Color Image @ Optional
CMOS CMOS

IR light

Audio <

4 external digital [P g—control
audio sources data —

use2.0

A N\ bl ™"
2Mae sl |

Hinh 2.9. So d6 khéi cia cdm bién Kinect

2.1.4. Camera Logitech C270

4
-
N\
Logitech

Hinh 2.10. Camera Logitech C270
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Logitech C270 la dong webcam dwoc san xuit béi Logitech - tip doan
hang d4u thé gi¢i vé cac san phdm phu kién cho may tinh ca nhan va may tinh
xach tay.

Camera C270 mang nhirng wu diém vwot troi so véi cac dong camera khac
cung tim gia nhu:

e Do phén giai anh tinh 1én dén 3.0 Megapixels

e DO phan gidi video 1én dén 1280x720 pixels, dat chuan HD

e Cam bién hinh dnh c6ng nghé RightLight cung cip hinh anh chat lwong

ca trong diéu kién thi€u sang.

e Micro han ché tap 4m tir méi tredong.

e Ké&tnoiUSB 2.0

e (ai dit driver va phin mém hd tro dé dang.

2.1.5. Kit phat trién STM32F103C8T6

Hinh 2.11. Kit phat trién STM32F103C8T6

Kit phat trién STM32F103C8T6 la Kit ra chidn didy da st dung vi diéu khién
STM32F103C8Té6. Trén Kit c6 tich hop sdn thach anh 8MHz, 32kHz, cdng USB dé

cip nguon 5V, IC ngudn chuyén doi 5V sang 3V3 cung cip cho vi diéu khién.
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2.1.6. Pong co RC Servo TowerPro MG996R

Hinh 2.12. b6ng co TowerPro MG996R

TowerPro MG996R la dong dong co thién vé toc dd x& Iy nhanh va lwc kéo
manh, thwong dwoc str dung trong cac thiét ké Robot nhw xe do line, canh tay

Robot,...

Thong s6 hoat dong ctia dong co:

e (Chungloai: Analog RC Servo

e Dién ap hoat dong: 4.8 - 6.6 Volts

e Kich thuéc: 40x19x43 milimets

e Luwckéo: 11kg-cm & 6 Volts

e T6c d6 quay khong tai: 0.15 gidy/60 do

2.1.7. Cam bién lwc Interlink FSR402

i

O

Hinh 2.13. Cam bién lwc Interlink FSR402
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Cam bién luc Interlink FSR402 1a cadm bién lwc dung dé do ap lwc tai mot

diém thong qua su thay doi tré khang gitra hai miéng ti€p xic ciia cdm bién.

Thong s6 cdm bién:

Bé mat cam rng: Dwong kinh tron 13 milimets
Tin hiéu tra vé: Dién tré&

Tam do: 0.1-10 Newton

Do day: 0.45 milimets

P06 bén: 10 triéu lan nhin
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2.2. Gi&i thiéu phin mém
2.2.1. Néntang Qt- C++

C++ 1a mot ngbn ngir 1ap trinh bic trung dung dé viét cac &rng dung may
tinh, dwoc dung pho bién trong thwong mai. Vé co ban, C++ la sw nang cao cta
ngon ngir C, dwoc bd sung cac khai niém 16p (class), thira ké, da hinh, tinh dong
goi, tinh trtru twong... Vé tw duy ti€p cin, C++ vira dwoc ti€p cin theo lap trinh
ciu tric (1ap trinh hwéng thi tuc), vira dwoc tiép can theo 1ap trinh hwéng doi

tuong.

Cac wu diém ctia C++ 1a thwe thi nhanh, da nén tang (chay dwoc trén nhiéu
hé diéu hanh: window, linux, mac 0S...), quy md phat trién 1én va nhiéu thw vién

ho tro @6 hoa.

Qt la mot nén tang (framework) st dung ngoén ngir C++, c6 ma nguén mo,
hwéng ddi twong, da nén tang. Qt dwoc dung dé 14p trinh giao dién (GUI) bang
cach kéo tha v&i nhiéu class do hoa truc quan, moi class chitra nhiéu bién va ham
thwc thi dugc viét sdn. Bén canh cac irng dung may tinh, Qt hd tro viét tng dung

trén cac thiét bi man hinh cadm &ng.

Hinh 2.14. Logo Qt C++
e Signal va Slot
Mot trong nhitng diém manh cda Qt la khai niém Signal va Slot. Signal va

Slot cua Qt la tinh nang phuc vu viéc ré nhanh chwong trinh. Signal la mot tin
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hiéu dwoc kich dé€ thong bao mot sw kién xay ra. Slot 1a mét ham dworc goi dé dap
trng cho Signal ma no c6 lién két. Signal lién két véi Slot bang phwong thirc
Connect().

Tinh nang Signal & Slot rit linh hoat. D6i twong kich Signal va doi twong goi
Slot c6 thé 1a hai d6i twong khac nhau. M6t Signal cé thé lién két véi nhiéu Slot
vanguoc lai. Lién két gitra Signal va Slot c6 thé di xuyén tir backend dén frontend,

tir mot thread dén thread khac.

& Object! , Cconnect( Dh!ect1,s!gnal1,0h!ec12, slot1)
connect( Object1, signali, Object2, slot2 )

signall
signal2 g Object2 '
signal1
P slotl
P slot2
{  Object3 )
signalt o connect( Object1, signal2, Object4, slot1 )
[ Objectd
slot1
——p slofl
> slot2
slot3
connect( Object3, signal1, Objectd, slot3) \_J

Hinh 2.15. Hoat dong cua Signal & Slot
e Multithread

Multithread - da ludng 1a co ché 14p trinh nham thwc hién cac tic vu mot
cach song song, nho dé tang téc dd xi Iy chwong trinh. Khi may tinh thwc hién
giao ti€ép v&i nhirng thiét bi khac, Multithread gitp tranh viéc chwong trinh chinh
bi dirng trong thoi gian cho truyén nhéin thong tin. Nho vay, chwong trinh c6 thé

dap &ng trong thoi gian thyc (realtime).
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Trong Qt, co ché da ludbng dwoc thwe hién bang lép QThread. Trudc tién
mot luong méi dwgce khéi tao & dang QThread, sau d6 doi twgng can phan luéng
dwoc chuyén vao trong ludéng. Viéc goi cac tic vu cta déi twong bén trong luéng

tir nhitng luong bén ngoai dwoc thuwe hién théng qua lién két Signal & Slot.

Single-Thread Multi-Thread
Start Start
i |
Task1 | |
1 s 8 3
Task2 Task1 Task?2 Task3
i | | | |
Task3 ‘
1 i |

Hinh 2.16. So sanh chwong trinh don luéng va da luong
e Giao dién
Qt ho tro @y du cho viéc 1ap trinh giao dién (GUI). Mbi d6i twong trong giao
dién dwgc thira ké mot 16p quan 1y cac thudc tinh ctia minh. Clra s6 giao dién c6
16p quan ly chung la QWidget hoac QMainWindow. Cac phan t trong giao dién
c6 16p quan ly riéng, vi du véi ntt nhin la QPushButton, nhan la QLabel, 6 chir 1a

QTextEdit chit...

Vé phia nguoi dung, Qt cung cip cira s6 QtDesigner gitp bo tri cac phin ti
trén giao dién theo kiéu kéo tha. Tinh nang dan trang (layout) cho phép cac phan
ttr di chuyé&n ma van gitt vi tri twong d6i véi nhau khi ctra s6 bi thu phéng. Tinh
nang Edit Signal & Slot cho phép nhanh chdéng thwc hién viéc lién két giita cac

signal & slot mac dinh cta cac phan tt.
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File Edit Form View Settings Window Help

OpB o0 RERE NEWE -

| Object Inspector 8 x

7 Widget - e... ]

Ohbject Class A

4 B Wt QWidget
= Vert..yout Message label > Qlabel

— .n 2 QPushButt
Hor...out Hello World! Ee..:t la]] gT;EdL:t -

i
4 Grid...yout

-

Property Editor & x
Filter EEI = f’
Bad] Hori...acer - \Widget : QWidget |

E Vert...acer Value

4 Buttons QObject D
oK) Pus..ton objectMame Widget

@ Tool..tton
enabled

(® Radi..tton 4 geometry  [(0, 0), 152 x 218]
B CheckBox X 0

#
34 For..out

Hinh 2.17. Cva s0 14p trinh giao dién QtDesigner
2.2.2. Thuw vién xi¥ ly anh 3D PointCloud Library

PointCloud Library (PCL) 1a thw vién m3 ngudén mé ho tro viéc xtt Iy dir liéu
3D rit manh dwoc phat trién tir nim 2010, dwgc xay dwng véi nhiéu module
thwc hién cac thuin toan nhu: Loc (filtering), Khéi phuc bé mat (Surface
recontruction), Phan vung (Segmentation), Uédc lwong dac tinh (Feature

estimation)...

Hinh 2.18. C4u tric thw vién PCL
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e Tong quan cac module thudc thw vién PCL

- Module Common: Chira ciu tric dir liéu va phwong thirc dwoc st dung
b&i phan 1én cac thw vién trong PCL. Ciu truc dir liéu cot 16i trong PCL la cac
class PointCloud, cac loai dit liéu biéu dién diém, bé mit, gia tri mau, mo ta tinh
nang,...

- Module Features: Chira cac ciu tric dit liéu va co ché tinh toan, woc
lwong 3D tir cac dit liéu diém PCD. 3D Features biéu dién chinh x4ac diém 3D hodc
vi tri trong khong gian dé mé ta phan hinh khoi dwa vao thong tin c6 dwoc xung

quanh diém. Vung dit liéu dwgc chon 1an cin diém truy vin thwong dwoc goi la

K-neighborhood.

Hinh 2.19. Biéu dién Vector mo ta diém trong khong gian

- Module Filters: Chira cac ky thuatloai bé nhiéu, b loc ting s6 lwong mau,

giam s8 lwgng mau.

Hinh 2.20. Hinh anh di¥ liéu trwdc va sau loc nhiéu sir dung module Filters

- Module Geometry: Chita tit ca cac ciu trdc dir liéu va giai thuit dé tinh

toan hinh hoc.

28



Trdn Hoang Khéi Nguyén - Bang Pinh Nguyén
LVTN - Hé théng diéu khién tay mdy sao chép cir déng str dung mang LAN

- Module I0: Chita cac ham va cac 1ép dé doc va ghi dir liéu dang PCD, c6
thé thu thap dir liéu tir nhiéu nguén khac nhau.

- Module Kdtree: Module cung cdp ciu truc dir liéu Kd-tree, str dung
FLANN gitip nhanh chdng tim kiém ving gin nhat (nearest neighbors searches).
Kd-tree 1a mot ciu tric dit liéu dung dé phan viung khong gian lwu triv tip K-

dimension diém dwéi dang cAy do d6 dé dang phan loai va tim kiém.

Hinh 2.21. Dit liéu da dwoc phan vung st dung module Kdtree

- Module Keypoint: Module chtra thwc thi ciia hai thuat todn nhan dang
“PointCloud keypoint”. Keypoint (hay con goi la interest point) 1a cic diém trong
anh hoic trong PointCloud ma c6 tinh chit 6n dinh, riéng biét va c6 thé dé dang
phat hién ra.

- Module Octree: Module chira cic thuit toan hiéu qua dé tao nén mot ciu
truc dir liéu phan cap tir dir liéu PointCloud nhw phin viing khong gian , gidm sé
lwong mau, thwc hién cac phép toan tim kiém trong tip dit liéu PointCloud, dong

thoi cung cdp cac chwong trinh tim kiém l4n cin hiéu qua.

Hinh 2.22. Di¥ liéu da dwoc phan vung str dung module Octree

- Module Registration: Module cung cip cic ham két hop cac bo dir liéu

vao mdt mo hinh chung, thong nhat.
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- Module SampleConsensus: Module cung cip cac kha ning tach cac
nhém diém c6 cung tinh chit dwa trén cac thuit toAn nhw RANSAC. Cac nhém

diém c6 thé€ 1a mait phang, mat cau, mit tru.

Hinh 2.23. Dit liéu da dwoc tach nhém thanh cac hinh dang cu thé st dung

module SampleConsensus

- Module Search: Module cung cip cadc phwong phap tim kiém 14n cin bang
cac str dung cac ciu truc dir liéu khac nhau nhw Kd-tree, Octree, Brute force,...

- Module Segmentation: Module chita cic thuit toan dé phan chia
PointCloud thanh cac nhém riéng biét. Thich hop khi xtr 1y cac PointCloud trong
cac vung khong gian co lap.

- Module Surface: Module cung cip giai thuét cho viéc xay dwng lai cac bé

mat tir dir liéu PointCloud.

B\

Hinh 2.24. Bé& mit tai tao bang phwong phéap da giac sir dung module Surface

- Module Visualization: Module dung dé hién thi nhanh chéng cac két qua

thuat toan trén dir liéu 3D.
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Hinh 2.25. Hinh 4nh dwgc hién thi sit dung module Visualization

PCL duwoc viét dua trén cac thw vién ma ngudn mé ho tro di kém dwoc

chia nhé va c6 thé bién dich doc 1ap. Cac thw vién nay gobm co:

- Eigen: Ho trg cac phép tinh todn tuyén tinh, ding vao hau hét cic tinh toan
toan hoc ctua PCL.

- FLANN (Fast Library for Approximate Nearest Neighbors): Tim kiém
nhanh cac diém lan cin trong khéng gian 3D.

- Boost: Gitp chia sé con tré trén tat ca cic module va thuit toan trong PCL
dé tranh sao chép va trung dir liéu di 1y vé trong hé thong.

- VTK (Visualization Toolkit): H6 tr¢' nhiéu platform trong viéc thu vé dir
liéu 3D, ho tro hién thi, wéc lwong thé tich vat thé.

- CminPack: Thu vién mé gitp gidi quyét phép toan tuyén tinh va phi tuyén.
2.2.3. Thw vién xi¥ ly anh 3D Nestk - RGBDemo

RGBDemo 1a phin mém mi ngudn mé dugc phat trién nham muc dich
cung cip mot bd cong cu don gian dé€ bat dau tiép can vdi dir liéu Kinect va phat
trién cac chwong trinh tng dung Thi gidc may tinh doc 1ap ma khong gip ric roi

trong viéc tich hop cac thw vién hién co.

Nestk la thw vién cot 16i dwoc phat trién trong duw &n RGBDemo. Thw vién
Nestk dwoc thiét ké d€ dé dang tich hop vao phan mém dwa trén nén tang phan
mém Cmake va cung cip kha nidng truy cip cac tinh niang Kinect mot cach don

gian, nhanh chong.
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Thw vién Nestk dwoc xay dwng dwa trén wu diém vé mang do6 hoa cia thw

vién OpenCV va Qt, dong thoi mang thuat toan va xi 1y cta thw vién PCL.
2.2.4. Thw vién Orion cho cam bién Leap Motion

Orion la by thw vién danh cho 14p trinh vién thé hé thi ba dwgc cong ty
Leap Motion phat hanh. B thw vién h6 trg nhiéu nén tdng thong dung hién nay
nhuw C, C#, C++, Unity, Python, Java, Objective-C déng thoi dwoc phat hanh dwdi
dang ma nguén mé, cho phép ngwdi dung tuy bién phu hop véi muc dich va yéu

A 2
cau str dung.

Hinh 2.26. Hinh anh tir Leap SDK st dung thw vién Orion

Thw vién Orion dinh nghia tirng 16p (class) dai dién cho tirng déi twong

(object) c& ban dwgc theo doi, bao gom:

- Frame: Doi twgng Frame 1a goc cia mé hinh dir liéu va cung cip quyén
truy cap vao tat ca cac d6i twong khac dworc theo doi.

- Hand: B6i twong Hand mé ta vi tri va hwéng ctia ban tay; theo do ctr dong
cua ban tay gitra cac khung hinh va chira danh sach cac ngén tay duoc lién

két v&i ban tay do.
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- Arm: D6i twong Arm mé ta vi tri, truc va hwéng cia canh tay ciia méot doi
twong Hand. D6i twong chi c6 thé dwgc truy cip thong qua doi twong
Hand.

- Pointable, Finger: Déi twong Pointable md ta cac dic tinh thong dung cda
ngén tay. Doi twong Pointable b6 sung théng tin cu thé cho cac doi twong
Finger da lién két v&i Hand.

- Bone: D6i twong Bone mo ta vi tri va hwdng cua xwong trén tw ngdn tay.
2.2.5. MATLAB Simulink va SimMechanics

2.2.5.1. MATLAB Simulink

‘\ MATLAB

Hinh 2.27. Logo MATLAB

MATLAB (MATrix LABoratory) la mt phan mém khoa hoc dwoc thiét ké
dé cung c4p viéc tinh toan sé va hién thi d6 hoa bang ngdn ngtr 1ap trinh cdp cao.
MATLAB cung cip cac tinh ning twong tac tuyét voi cho phép nguoi sir dung
thao tac dir liéu linh hoat dwéi dang mang ma tran dé tinh toan va quan sat. Cac
dir liéu vao ctia MATLAB c6 thé dwoc nhip tir "Command line" hodc tir "mfiles”,

trong do6 tap lénh dwoc cho truedc bédi MATLAB.

MATLAB cung cip cho ngwdi dung cac toolbox tiéu chuln tuy chon. Nguwoi
dung ciing c6 thé tao ra cac hdp cong cu riéng cia minh gom cac "mfiles" dwoc
viét cho cac &ng dung cu thé. Chung ta c6 thé sir dung cac tip tin trg gidp cla

MATLAB cho cac chitc ning va cac 1énh lién quan v&i cac toolbox c6 san.

Simulink 1a mot cong cu trong Matlab dung dé mé hinh, mé phong va phin
tich cac hé théng dong véi méi truedng giao dién sir dung bang do hoa. Viéc xay
dung mo hinh dwgc don gian hoa bang cac hoat dong nhip chudt va kéo tha.

Simulink bao gdbm méot bd thw vién khéi véi cac hop cong cu toan dién cho ca viéc
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phén tich tuyén tinh va phi tuyén. Simulink 1a m6t phdn quan trong cia MATLAB
va c6 thé dé dang chuyén ddi qua lai trong qua trinh phan tich, va vi vdy ngui

dung c6 thé tin dung dwoc wu thé cta ca hai moi trueong.
2.2.5.2. SimMechanics

SimMechanics la mot cong cu cia MATLAB cho phép ngu¢i dung mé hinh
héa dworc cac chi tiét co khi, tir d6 xay dung dwoc mo hinh cadc bd phin may, cac

may co khi.
SimMechanics gom c6 cac thw vién sau:

- Thu vién Bodies: Dung dé biéu dién mot vat thé cirng c6 cac thudc tinh
khdi lwong, mo-men quan tinh, toa dd trong tAm, hé toa do va biéu dién
cac diém trong hé toa d6 tuyét déi World.

- Thw vién Constraints & Driver: Dung dé dinh ro goc gitra hai vector truc,
khoang cach gitra hai géc toa do truc, thanh phan vector noi hai truc, vin
tdc, quy dao chuyén dong giira hai Body, dinh dang quy dao song song, qu§y
dao tron cua Body.

- Thuw vién Joints: Dung d€ biéu dién sw lién két ciia mot khép véi cac bac
tw do tinh tién hodc xoay, lwc tac dong, vi tri va van tdc ban dau, ma sat
phai chiu ctia khép.

- Thuw vién Utilities: Dung dé két n6i hé théng mé phdéng véi mé hinh vatly.

2.2.6. Thw vién d6 hoa OpenGL

penGL

Hinh 2.28. Logo OpenGL
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OpenGL (Open Graphics Library) 1a mot tiéu chuin ky thuit dé hoa cé
muc dich dinh ra mot giao dién lap trinh &ng dung (Application Programing
Interface - API) d6 hoa 3 chiéu. Giao dién 1ap trinh nay chira khoang 250 ham dé
vé cac canh phirc tap tir nhirng ham don gian. Thw vién dwgc dung rong rai trong
cac rng dung CAD, thuc té 3o, m6 phong khoa hoc, mé phdéng théng tin, tro choi

dién ti...
OpenGL la mot thw vién d6 hoa ddc 1ap va twong thich véi moi nén tang.
Thuw vién gidp don gidn hda viéc twong tac gitta cdc m6 hinh 3D bang mot giao
dién 13p trinh théng nhait, ép budc cac phan crng 3D khac nhau phai twong thich
dé ho tro hoan toan cho thw vién va c6 thé st dung thém sirc manh phin mém
dé xur ly.
2.2.7. Thw vién Asset Import

Asset Import 12 thw vién ma ngudn mé hé tro gidi ma va nhap moé hinh 3D
da nén tang v&i muc dich cung cip mot giao dién 14p trinh (rng dung chung cho
cac dinh dang tép 3D khac nhau. Thw vién dwoc phat trién nham muc dich tao ra
mét phwong thirc chuyén doéi dir liéu 3D diy du dé sir dung trong cic Game

engine ciling nhw cac ®ng dung thwec té do.
Thw vién Asset Import c6 cac dac diém noi bat nhu:

- Viét bang C++, giao dién 16i/API dwoc cung cap cho ca C va C++.

- C4u hinh va tuy bién dé dang thong qua Cmake.

- Giao dién Command-line dé thwc hién cac tac vu pho bién.

- Nhép nhiéu kénh mau UV va vertex

- HO0 tro vat liéu nhiéu 1¢p phtrc tap.

- Khong phu thudc thw vién bén thi ba.

Nho ¢ Asset Import, cdc m6 hinh 3D dwoc vé bang cAc phan mém chuyén

dung nhw Solidworks, AutoCad c6 thé dwgc nhip truc tiép vao chwong trinh do

hoa, gitp tiét kiém chi phi lip trinh.
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Chuong 3. PONG HOC ROBOT RV-2A]

3.1. Pong hoc vi tri
3.1.1. DPong hoc thuan
Pong hoc thuin 1a bai toan tir vi tri cAc khép da biét, xac dinh vi tri va hwéng
diém cuoi cda robot trong khong gian Descartes. Cong thirc tong quat cua bai
toan la

q - RS, p? (3.1)

trongd6 q = [q4 q; ... q,,]7 12 vector vi tri cadc khép; p? 13 vector vi tri dau cong
tac; R 1a ma tran gobm ba vectordonvi [u? v w?] biéu dién hwdng ctia diém
cubi so v&i hé toa do goc.

Quy tic Denavit-Hartenberg (DH) thudmg dwoc dung dé chon hé toa do

cho cac khép robot. B6i véi robot RV-2A], hé toa dd dwoc chon nhw sau.

b 75

ds

Z a3

Bs I o

L

Hinh 3.1 Hé toa dd cua robot RV-2A]
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Khéu i a; (m) a; (deg) d; (m) 0; (deg)
1 0 -90 dq 0,
2 a, 0 0 —90 + 6,
3 as 0 0 05
4 0 90 0 90 + 0,
5 0 0 ds 05

Bang 3.1. Théng s6 DH ctia robot RV-2A]

Trong do6 d4, a,, as, ds 1a cac d6 dai c6 dinh; 6, 8,, 65, 6,, 05 1a cic bién

Kkhép xoay cua robot.
Ma tran bién déi thudn nhat gitra cac hé toa d6 dwoc tinh bédi

T: ' = Rot,q Trans, ; Trans, 4 Rot,

Co, —S0,Ca; —S6;Sa; O
_|se; —ce;ca; —Co;Sa; O (3.2)
0 Sa; Ca; d;
0 0 0 1
Khai trién trén tirng khép robot, ta c6
Cl 0 _Sl 0
0 c 0
70 = [51 1 _
710 -1 0 4 (3-3)
0 O 0 1
S, ¢ 0 ays,
T1 — _C2 SZ 0 _a2C2 (34)
g 0 0 1 0
0O 0 O 1
-C3 _53 0 a3C3
T2 = [S3 G 0 aszss (3.5)
1o o 1 o
(0 0 0 1
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_54_ O C4 0

T3 —| Ca 0 s, O (3.6)
4 0 1 0 0
0 0O 0 1
C5 _55 0 0

0 0 (3.7)

T4= SS C5

*“lo o 1 d;
0 0 0 1

Suy ra ma tran thuin nhit ctia hé toa dé di€ém cudi so véi hé toa do gbc la
0 — 70 1 72 3 T4
T =T T3 T2 T3 T

—51S5 + €1C5Ca34  —S1Cs — C1S5C34  C1Sp34  C1(ApSy + A3S33 + ds5S334)

(3.8)

_ | €155+ 51C5C234 C1C5 — S1S5C234 15234 51(A2S2 + 3823 + d5S;34)

—C5S5234 S55234 C234 Ay + A5, + A3Cy3 + dsCazy

0 0 0 1
Két qua dong hoc thuin cta robot
—51S5 T €1C234C5  —S1C5 — C1C234S5  C1S234
0 _ —

R, = | €1S5 + 51C234C5 C1C5 — S1C234S5  S1S234 (3.9)

—S234Cs $234Ss5 C234

c1(azS2 + a3Sy3 + dsSz34)
pe = | s1(azs; + assys + dsSz3s) (3.10)
dy + ayS, + azCy3 + dsCyzy
3.1.2. Pong hoc ngworc
Pong hoc ngwoc 1a bai toan cho biét truwdce vi tri va hwdng diém cubi, yéu
ciu xac dinh vi tri cac goc khép ctia robot. Day la bai todn thiét yéu dé diéu khién
robot di dén diém mong muon. Cong thirc tong quat cta bai toan la

RS, pe — q (3.11)

Trwdéc hét, nhin xét ciu tric cta robot dang khao sat, ta thay ba khép lién

tiép la 2, 3 va 4 c6 truc xoay cung hwdng véi nhau. Do do, ta cé thé tong hop cac
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goc 6,, 0,6, thanh mot goéc duy nhit 1a (6, + 65 + 6,). Khi d6, khong kho dé
nhén ra phép xoay dén diém cudi ctia robot chinh la phép xoay Euler theo thir tw
ZYZ v6i truc hién tai. Bang chirng 1a sw dong dang gitra ma tran xoay R% va ma

tran xoay Euler Ry ;.

RZYZ = RZ’(I) Ry,e RZ,IIJ (312)
Cq) _Sq) 0 So _Slp 0
= [S¢ Cq) 0] ] |:S¢ ClIJ ]

0 0 1
—SpSy T CpCeCy  —S¢pCy — CpCoSy  CoSe
=| CpSy T SpCoCys CoCy — SpCoSy S¢S
—Secw SGSIIJ Co

Suy ra (I) = 91, 9 = 92 + 93 + 94, lIJ = 95 (3.13)

Tiép theo, ta thay s6 bic tw do ctia robot 13 5, thiéu mét bac dé robot c6 kha
nang di dén moi vi tri véi moi hwdng trong khong gian lam viéc. D& cé vi tri chinh
xac, ta chon viéc khong thod man mot trong ba goc xoay Euler, tirc 1a tinh ra goc

d6 ma khong str dung ma tran xoay RY. Xét vector vi tri p9

51(az8; + a3S;3 + dsS;34) (3.14)

[ ] ¢1(azs; + azsy3 + dsS;3s)
dy + a,S, + aszCy3 + dsCygy

Dé dang tim dwoc ¢, ¢6 2 nghiém (rng v&i cdu hinh tay phai va tay trai

¢ =

atan2(p.,p, ), right arm
g, = { (py px) g (3.15)

atanZ(—py, —'px), left arm
Néu vi diém cudi roi vao diém ki di p, = p, = 0, ¢ c6 v6 s6 nghiém.

Hai gdc Euler con lai dwoc tim dwa trén ¢ va RY

-1 X Wx
RyoR,y=(Rsp) |% vy Wy (3.16)
v, W,
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CoCy  CoSy Se cy¢ S¢p O Uy
[ Sy Cy 0]=[—s¢ Co 0” ] (3.17)
Z

—SQCIIJ SGCLIJ Co

Suy ra
0 = atan2(cywy + SpW,y, W) (3.18)
U = atan2(—sgpuy, + Cplty, Co (c¢ux + s¢uy) — SpUy) (3.19)

Tir diy, ta con viéc tim cu thé 0,, 85, 6, dé thod min vi tri diém cudi. Diéu

nay c6 thé thuc hién bang phwong phap bién d6i dai s6. Goi € 1a vi tri tAm c¢d tay

robot
Cx = c1(azc; + a3¢3) = Py — €1S234d5 (3.20)
Cy = sy(ayc; + azcy3) = py, — 51523445 (3.21)
C, = d; + a8, + a3Sy3 =P, — dsCazy (3.22)

Bién d0i dai s6 tim dwoc hai nghiém 65 &ng véi cdu hinh khuyu tay trén va

khuyu tay duéi
C2+C2 + (dy — C,))? = ay? + as? + 2a,a5¢; (3.23)
o = C* + Cyz +(d; — C)* — a,* — a3? (3.24)
3 2a,a;

o { atan2(cs,+/1 — c32), above elbow
3 =

atan2 (03, —\/1—7032) ,  below elbow (3:25)
bat hé phwong trinh tim dwoc 6,
{azc2 + ascy3 = 10y + 5,0, (3.26)
AzSy + a3Sy3 = C; — dy
(c1Cyx + 51C)azs; + (C, — dy)(ay + ascs) (3.27)

c, =
2 (a; + azc3)? + (assz)?
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_ (c1Cx + 5:C))(a; + azez) — (C; — dy)asss

o (3.28)
z (a; + azc3)? + (assz)?
0, = atan2(c,, s,) (3.29)
Cudi cung
0, =0 — (6, +65) (3.30)

Left Arm Above Elbow

Left Arm Below Elbow Right Arm Below Elbow

Hinh 3.2. C4c cdu hinh kha thi cta robot tai mét vi tri
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3.2. Pong hoc van téc
3.2.1. Ma tran Jacobi
Ma trin Jacobi biéu thi m6i quan hé gitra vin téc dai, vin téc goc diém cudi

véi van tdc cdc khép cia robot nhuw sau

MEIL (331)

trong d6 J 1a ma tran Jacobi kich thwéc 6 X n, véi n la s6 bac tw do cda robot.
MOdi cdt cta ciia ma tran duoc xac dinh bang cong thirc

e Né&u khép i 1a khép xoay

0 0 _ 1,0
J = [zi_1><(13n pl_l)] (3.32)

Zi_q
e Né&uKkhép ilakhép tinh tién

Ji= [Z?‘l] (3.33)

Ap dung vao robot RV-2A] véi 5 khép xoay
j= |7} @S —p0) 21X (s —pY) 23X (b5 —P2) 28X (s —PY) 28 X (05 — P)
| z; z9 z; z3 z3
[—51(az8; + azSy3 +dsSy34)  C1(ayc, + azcyz + Cp34d5)
c1(ay8; + azSyz +dsSyze)  S1(ayc; + azcyz + Cp34ds)

= 0 —Q5; — A3S33 — d5S234
0 -5
0 C1
i 1 0
€1(a3€a3 + C234ds)  €1Co34d5 0 7
$1(a3Cz3 + C234ds5) 5123405 0 (3.34)
—03S23 — Sp34ds S234ds 0 '
-5 -5 C15234
1 1 515234
0 0 Co34 |
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3.2.2. Tim dong hoc vi tri ngwoc bang ma tran Jacobi gia nghich dao
Trong bai todn déng hoc vi tri ngworc, xay ra hai treong hop doi véi toa do
diém cudi: nam trong hodc nam ngoai viing lam viéc kha thi cia robot. Tuy nhién,
phuwong phéap gidi bang bién ddi dai s6 nhw trén chi cho nghiém trong trudong
hop thi nhat. D€ gidi quyét ca hai treong hop, c6 thé sit dung phwong phdp ma
tran Jacobi gia nghich dao. Ta chon
Aq =]JTe (3.35)
véi Aq la sai phin cia vector bién khép, e = x; — x 1a sai so gitra vector toa
do diém cudi can tinh va diém cudi hién tai, JT 12 ma tran Jacobi gia nghich dao.
Lo gidi dong hoc nguwoc vi tri dwoc tim bang thuit toan sau.
Budc 1: Chon n. Khéi tao q, va x, twong trng.
Bwéc 2 : Tinh sai s6 toa dé diém cudi so véi gia tri dat
ek = xd - xk (3.36)
Buéc 3 : Néu ey, nhd hon sai sé t6i thiéu, hodc k 16n hon sé vong lap

t6i da thi két thuc.
Bwéc 4 : Tinh sai phan cia vector bién kKhép
Aqy = J(qi)Tex (3.37)
Bwéc 5 : Cap nhit vi tri khép va toa dd di€m cudi
Qre+1 = qic + MGy (3.38)
X1 = [ (qr) (3.39)
Buéc 6 : Quay lai bwéc 2.

Trong qué trinh thwc hién thuit toan, sai s6 e, gidm dan va q, — q4. Néu
diém dit & trong vung lam viéc kha thi, robot di dén diém dat vi sai s6 gan nhw
bang 0. Trong treong hop nguoc lai, robot van tién dén diém gin nhat c6 thé so

véi diém dat. Day la wu diém cua phwong phap ma tran Jacobi.
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Bén canh do, v&i Aq dwoc tinh bang ma tran Jacobi gia nghich dao, ham sai
s6 xap xi donghoc E = ||JAq — e|| dat gia tri cwc tiéu. Nhor d6 thuit toan tim dwgc

két qua chinh xac nhét.

Ap dung phwong phép trén vao robot, bit dau tir doan xac dinh 6,, 6, 6, dé
tho4 man vector vi tri di€ém cu6i p? sau khi da biét 3 goc Euler (¢, 0,9). Vig =
0, + 65 + 6, nén thwc chit chi con hai 4n cin tim. Ma trin Jacobi cé thé dwoc viét
gon chi gdbm thanh phan van toc dai &rng véi khép 2 va 3.

c1(azcy +azcps + p34ds)  €1(A3C23 + €234d5)

] = []172 ]v3 ] = Sl(a2C2 + asCr3 + C234d5) Sl(a3C23 + C234d5) (34‘0)
—Q3S; — A3Sy3 — d5Sg34 —0A3S73 — Sp34ds

Khai tri€én ma tran Jacobi gid nghich dao, tim dwoc sai phan cac bién khép
e
A6 x
| =gy fe (3:41)
AB, o
z

Ap dung thuan toan lip, ta tim dwoc 6,, 65 va 6,.

3.3. Mo phong
3.3.1. Xay dwng mo phong véi MATLAB m-file va Simmechanics

MATLAB la phdn mém tinh todn, m6 phéng manh mé va phé bién. Trong
phan nay, tac gia st dung MATLAB dé m6 phdng va kiém chirng mo hinh toan
cta robot. Pau tién, cac céng thirc ddng hoc thuin va ngwgc dwoc viét vao cac

chwong trinh m-file, gom c6

e mitsu_forward_kinematic.m
e mitsu_inverse_kinematic.m

e mitsu_inverse_kinematic_Jacobian.m
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Cac chwong trinh trén sé dwoc kiém tra véi mot s6 dau vao cu thé. Yéu ciu
dit ra 1a ca hai chwong trinh dong hoc ngwoc phai c6 diu ra bang nhau, va bang
véi dau vao ctia chwong trinh déng hoc thuan.

Tiép theo, robot dwoc mé phdng st dung Simulink/Simmechanics. Pay 1a
céng cu chuyén mo phdng cac hé co khi dwéi dang cac khau va khép. Chuyén
dong cta co hé dwoc tw dong tinh todn theo cac théng sé do dai, kh6i lwgng, quan
tinh, hé toa d6... dwdi tic ddong cua dau vao la vi tri hodc lwc trén cac khop.
Simmechanics con c6 d6 hoa 3D hién thi dwoc cac file ban vé CAD.

Thuwc hién md phong robot bang Simmechanics nham hai muc dich: so sanh
mo hinh todn dong hoc robot trong m-file véi mot cdng cu tinh toan doc 1ap, dong
thoi thé hién truc quan hinh dang va tw thé cda robot trong khéng gian ba chiéu.

So d6 khéi mo phong robot gom 5 khép va 6 khau. Pau vao la gia tri cac goc
khép 6,,0,,05,60,,05 [deg]. Pau ra la vi tri va hwéng cta diém cudi
(p2 [mm], RY). Thong s6é dd dai cac khau cia robot dwoc chon theo gia tri thuwc té

cualad; =300 mm,a, = 250 mm,a; = 160 mm,ds = 72 mm.

theta1
-
boaad
Word1
<\

theta3
—

B B B
& i &
Revolute_1 Revolute_2 Revolute_3

Link_1 Link_2 Link_3

B/ B [ M_’E
E’J_LEVJB‘E cg |_quf5—a w55 EI
Revolute_4 Revolute_S P_S§
PSS

Link_4 Link_5 Link_6 E ndpoint
Sensor

Hinh 3.3. So' @6 khéi m6 phdng robot RV-2A]
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3.3.2. Két qua mod phong
3.3.2.1. Kiém tra twong quan dong hoc thuin va dong hoc ngwoc

Cac chwong trinh m-file tinh dong hoc thuin va ngwoc dwoc kiém nghiém

bang cac bd sd nhw nhau, két qua thu duocla

Chwong trinh: mitsu_forward_kinematic.m

Lan | Pauvao Paura

q = [6,,6,,03,0,,05]" Uy Uy Wy Dy
Rg = uy 12% Wy , pg — py
u, v, W, D,

1 [0.00, 0.00,90.00, 0.00, 0.00]T 0.00 0.00 1.00‘ [232.00]
0.00 1.00 0.00{,| 0.00
—1.00 0.00 0.00] [550.00
right-above
2 [30.00, 45.00, 60.00, -30.00, [—0.321 —0.444 0.837] [347.16]
60.00]T 0.815 0.321 0.483(,]200.44
[—0.483 0.837 0.259] 1454.00
right-above
3 [30.00, 90.00, -60.00, 30.00, [—0.217 —0.625 0.750] [339.79]
60.00]T 0.875 0.217 0.433(,|196.18
[—0.433 0.750 0.500] L474.56]

right-below

Bang 3.2. Két qua tinh toan dong hoc thuian dung m-file

Chwong trinh: mitsu_inverse_kinematic.m

Lan | Pauvao Paura
ux Ux q = [91,92,93,04, QS]T
RO = [uy v Wy ,pl =
u, v,
1 0.00 0.00 1.007 [232.00 [0.00, 0.00, 90.00, 0.00, 0.00]T
0.00 1.00 0.00(,| 0.00
—1.00 0.00 0.001 L550.00
right-above
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2 [—0.321 —0.444 0.837] [347.16] [30.00, 45.00, 60.00, -30.00,
0.815 0.321 0.483(,|200.44 60.00]T
[—0.483 0.837 0.259) 1454.00.
right-above
3 [—0.217 —0.625 0.750] [339.79] [30.00,90.00, -60.00, 30.00,

right-below

0.875 0.217 0.433(,]196.18
[—0.433 0.750 0.500J 1474.56]

60.00]7

Bang 3.3. K&t qua tinh to4an ddng hoc ngwoc bang bién doi dai s6 dung m-file

Chwong trinh: mitsu_inverse_kinematic_Jacobian.m

Lan | Pauvao Paura
ux ‘l?x Wx px q = [911 92! 93! 94-' HS]T
R} = Uy Vx Wy Do = Py
U, Uy
1 0.00 0.00 1.007 [232.00 [0.00, 0.00, 90.00, 0.00, 0.00]7
0.00 1.00 0.001(,| o0.00
—1.00 0.00 0.001 L550.00
right-above
2 —0.321 —0.444 0.837] [347.16 [30.00, 45.00, 60.00, -30.00,
0.815 0.321 0.483},]200.44 60.00]T
—0.483 0.837 0.2591 1454.00
right-above
3 [30.00,90.00, -60.00, 30.00,

0.875 0.217 0.433],
—0.433 0.750 0.500
right-below

[—0.217 —0.625 0.750] [339.79

196.18
474.56

|

60.00]T

Bang 3.4. K&t qua tinh dong hoc ngwoc bang ma tran Jacobi dung m-file
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BB0._ . iemeqemememeTT ) ! start point
: | & proccess point
650 i diceamee- R A ®  result point

] " '
-1

Hinh 3.4. Qua trinh tinh dong hoc nguoc bang ma tran Jacobi

Két qua cho thiy dau ra ciia dong hoc ngwoc khép véi diu vao cia déng hoc
thuan, dong thoi hai phwong phap tinh dong hoc ngwoc c6 dau ra bang nhau.
Nhw vay cac chwong trinh tinh dong hoc twong thich véi nhau.

3.3.2.2. So sanh mod hinh toan véi Simmechanics

Chay chwong trinh mé phong Simmechanics véi dau vao bang véi dau vao

chwong trinh m-file tinh dong hoc thuan, cho két qua sau

Chwong trinh: mitsu_kinematic_simmechanics.slx

Lan | Pauvao Paura

q = [91' 92! 93; 94: QS]T ux vx Wx px
u, vy w, Pz

1 [0.00, 0.00, 90.00, 0.00, 0.00]T
0.00 1.00 0.00 0.00

0.00 0.00 1.00‘ [232.00]
—1.00 0.00 0.004 1550.00
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right-above

2 [30.00, 45.00, 60.00, -30.00, [—0.321 —0.444 0.837] [347.16]
60.00]T 0.815 0.321 0.483(,]200.44

[—0.483 0.837 0.259] 1454.00
right-above

~-

3 [30.00, 90.00, -60.00, 30.00, [—0.217 —0.625 0.750] [339.79]

60.00]T 0.875 0.217 0.433],]196.18

[—0.433 0.750 0.500J [474.56.
right-below

~-

Bang 3.5. Két qua tinh déng hoc thuin robot dung mé phéng Simmechanics

(1) (2)

(3)

Hinh 3.5. D6 hoa Simmechanics m6 phong robot tai cac vi tri tinh toan
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Két qua mo phdong dong hoc thuin Simmechanics trung khép véi két qua
tinh theo mo hinh toan. Mat khac, mé hinh toan da dwoc chirng té cé sw twong
thich gitra dong hoc thuin va ddng hoc ngwoc. Nhor vay, ta két ludn mo hinh

dong hoc ctia robot da dwgc xay dung chinh xac.
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Chwong 4. HOACH PINH QUY PAO ROBOT RV-2A]

4.1. Thuat toan
4.1.1. Quy dao van téc hinh thang

Hoach dinh quy dao la bai toan tim vi tri ctia cac khép theo thoi gian va
khong gian trong qua trinh robot di chuyén. Robot RV-2A] dwoc hoach dinh quy
dao van toc hinh thang, con goi la quy dao LSBP (Linear Segment with Parabolic
Blend). V&i quy dao nay, do thi vi tri khép theo thoi gian q(t) ¢ dang parabol &
hai d4u va tuyén tinh & gitra. Chuyén dong dwoc chia thanh 3 giai doan: ting tdc,
chuyén dong déu, ham toc véi cac khodng thoi gian twong wngla T, T, T,. Vi tri
dau va cudi la Py, P;. Van tdc tang dan tir 0, khi chuyén dong déu la V, réi giam

dan vé 0. Gia t6c khi tang toc 1a A,, khi gidm tocla —D,,.

q,
Pa
kS
=™
Py
) o f-t I -1
Time (sec)
R (a)
qa Ta Tv Ta
. —t »a -
Ve
=
=]
)
-
i H -
4] f, t-1 1 t
Time (sec)
. (b)
q A
A, —
g
=
o —
= 0 1 =1 1
o
L ]
-
Y5 TR T ——

Time (sec)
(c)

Hinh 4.1. D6 thi quy dao LSPB
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Gia str cac rang budc cho trwdc la Py, Py, V,, Ty, Ty, bai toan hoach dinh quy
dao cho mot khép cia robot dwoc gidi nhw sau.

Ta c6 gia toc va ham toc

4 =2 D, =2 (4.1)
p Ta ’ 14 Td )
Thoi gian chuyén déng déu
Pd - PO 1
T, = v 3 (T, +T,) (4.2)
e Truwonghop 1: T, = 0, quy dao & dang day du.
Van téc theo thoi gian
VL /To)t, accel
q(t) = Vo, constant (4.3)
decel

—~W/T)t =T, = T,) +V,,
e Truwonghop 2: T, < 0, quy dao & dang hinh tam giac, do khoang cach vi

tri khong di 16n dé van toc c6 thoi gian dat dinh V.

Van toc dinh dwoc tinh lai

V. = sign(P. — P Py — Py
Deri - Sl’gn( d 0) i N i (44)
Ap Dy
Lic nay thoi gian gia tdc va ham tdc bang
. v, .
Ta y — Dtri ) Td y — Dtri 4
A, i D, (4.5)

Quy dao van toc
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Voo
( Ptrl) t, 0<t< Tam-
Tatri
() = Vo
q( ) a (Tptn) (t N Tatri) T thri’ Tatri <ts Tatri + Tdtri (46)
dtri
0, otherwise

Sau khi tim dwoc ¢(t), dé dang suy ra q(t) va §(t).

4.1.2. DPong b chuyén dong giira cac Khop

bong bo chuyén dong gitra cac khép dwoc hiéu 1a lam cho tat cd cac khép
bat dau va két thic chuyén dong mot cach dong thoi. Phwong phap nay gitp ting

tinh nhat quan va 6n dinh cho robot.
Ty =T, = =T, (4.7)
Tré& ngai dau tién 1a véi khodng cach can di khac nhau, néu ta hoach dinh
roi rac tirng khép thi tit yéu thoi gian chuyén dong & moi khép sé 1éch nhau.
T, # T, # % Tp, (4.8)

Mat khac, khi chuyén dong, moi khép clia robot phai chiu lwc quan tinh ti 1é
v&i van téc. D€ ddm bao khéng pha huy cho co hé, cac khép ludn dwoc gidi han
van t6c t6i da. Tuy nhién, do dic tinh dong lwc hoc khac nhau nén mdi khép ciing
c6 van toc toi da khac nhau. Viéc hoach dinh van t6c khéng dwoc vieot qua gia tri
nay.

Vo, < Vi, (4.9)

Tw d6, y twéng dé gidi quyét bai toan la trong nhitng khoang thoi gian
chuyén ddng khac nhau tinh béi khodng cach cin di ctia moéi khép, ta chon
khoang thoi gian dai nhat lam thoi gian quy hoach chung dé dong bo moi khép.

Chon thoi gian dai nhit sé ddm bdo khong goc khép nao vt qua téc do toi da.

Téng hop lai, ta cé thuit toan hoach dinh qujy dao hoan chinh.
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Tinh gia tocA; va him toc D; trén
timg khop

v

Tinh thoi gian chuyén dong deu
Tv;trén ting khop

v

Chon ra thoigian chuyén déng déu
dai nhat Tvp,,,

Tinh thdi gian cho chuyén déng Tinh lai van tocdinh Vp; . timg
dongbd Ta, Tv, Td khép véi quy dao hinh tamgiic
Tinh vin toc dinh Vp; trén timg Tinh lai thoi gian gia toc Ta; oy, him
khép mg véi chuyén dong dong bd toc Td;. oy timg khép
Lip phwong trinh vin toctimg Chon th&i gian gia tocdainhat
khép q’i(t) Tamax-tri

v

Tinh th&i gian chuyén dong dong
b6 Tags;, Tdes;

Lip phwong trinh vin toctimg
khop qi(t)

Suy ra phwong trinh vitri g;(t) va
gia téc q";(t)

Hinh 4.2. Thuit toan hoach dinh quy dao LSPB dong b6 cac khép
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4.2. Tim thong s ctia ham tinh theoi gian tang tdc, ham toc

Trong phan trén, bai todn hoach dinh quy dao dwgc xét véi dau vao la cac
thong s6 Py, Py, V,, Ty, Tq. Tuy nhién déi véi nhiéu loai tay may, dé thuén tién cho
nguwoi dung, nha san xudt sé rang budc cac thong sé van téc dinh V, va thoi gian
tang tdc, ham toc T, T; mot cich gian tiép thong qua cac bién ti 1é phan tram van

t6c, gia tdc va ham téc Vy,, Ay, Dy, Cong thirc quy doi la

V, = Vig Vi, (4.10)
Vig

T, =Ty + K, (—/> (4.11)
Ay,
v,

Ty =Ty + Ky ( ”’) (4.12)
D%

trong do, V,, 1a hang s van t6c tdi da ctia khop, Ty, To 12 hdng s6 thoi gian nho

nh4t ma robot can dé€ gia tdc, ham tdc, K,, K,; 1a hang sé.

Trong cac gid tri V,,, Ty, Ty, ta c6 thé tinh dwoc V, sit dung hang s6 V;, dwoc
cong bd trong tai liéu ctia robot. Ngwoc lai, khong dé tinh dwoc T, T; do cac hiang

sO T,0, T40, Ky, Kz Khéng dworc cong bo.

Do vay dé tinh dwoc T, T, ta tién hanh khao sat bang thuc nghiém. Dau
tién, ta thu thap dir liéu quy dao cta robot dé tim dwegc thoi gian T, T,; ng véi
cac to hop dau vao (Vy,, Ay, Dyy). Dit liéu duwoc 1y 3 1an réi tinh trung binh cong
dé tang do chinh xac. Do han ché vé téc do giao tiép cia controller véi may tinh,
chu ki 14y mAu kha chdm (vao khodng 50 ms) giy ra sai s6 nhat dinh cho dir liéu

thu thap.
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-150

N7 38 319 320 321

322

323

324 325 326

Hinh 4.3. Quy dao thwc té khép J1 cia robot tai Vo, = 30, Ay, = 4, Dy, = 4

Thong so dat Thoi gian gia toc Thoi gian gidm toc

Voo, Ao, Do T, [s]-1an 1,2, 3 T, [s]-1an1,2,3
30,1,1 1.0928, 1.0051, 1.0494 1.7925,1.7831, 1.7015
30,2,2 0.5740, 0.6238, 0.5224 0.9078, 0.8750,0.9143
30,3,3 0.3908, 0.4547, 0.4237 0.6064, 0.6074, 0.5968
30,4, 4 0.2439,0.2714, 0.2374 0.4862,0.4734,0.4771
30,5,5 0.2447,0.2469, 0.2428 0.2971, 0.3220, 0.3242
30,10, 10 0.1764, 0.1935, 0.1810 0.1627,0.1536, 0.1974
30, 20, 20 0.1472,0.1425,0.1125 0.1243,0.1338,0.1174
30, 30, 30 0.1056, 0.1168, 0.1645 0.1387,0.1471, 0.1481
30, 40, 40 0.1242,0.1281,0.1168 0.1386,0.1128,0.1412
30,50, 50 0.1166,0.1317,0.1168 0.1210,0.1390, 0.1039
30, 60, 60 0.1298, 0.1524, 0.1511 0.1170, 0.1151, 0.1556
30,70,70 0.1256, 0.0922, 0.0829 0.1452,0.1412,0.1202
30, 80, 80 0.0998, 0.1066, 0.1743 0.1333,0.1167,0.1419
30,90, 90 0.1302,0.1312,0.1298 0.1418, 0.1566,0.1185
30,100, 100 0.1560, 0.1799, 0.1911 0.0927,0.1308, 0.1357

Bang 4.1. Trich b0 dit liéu khao sat quy dao robot RV-2A] tai Vo, = 30
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ViT,, T, 1a cAc ham tuyén tinh nén ta c6 thé wéc lwong hé sd cla ching bang

phwong phap hoi quy tuyén tinh. Dwéi day la 1oi gidi cho Ty, thwe hién twong tw

cho T,.

Pit

1 Vo, /Ay, Ty,
@ — [Tao] X — 1 V%z/A%z Y — Taz
K.l : : ’ :

1 Vy, /Ay, Ty,

Khi do
Y =X0

0 = (XTX)"xTy

Thu dwoc két qua cac ham wéc lwong tuyén tinh

Vo,
T, = 0.0960 + 0.0310
Ay,

Voo
T, = 0.0679 + 0.0553
%

Sai sO wéc lwong
RMSE;, = 0.0277 [s]

RMSEy, = 0.0390 [s]

(4.13)

(4.14)

(4.15)

Sai s8 trén 1a ch4p nhan dwoc vi nhé hon chu ki 14y mau (50 ms). Thém vao

do, biéu dién bang d6 thi cho nhan thiy két qua wéc lwong dat yéu cau.
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Ta [s]

Td [s]

Accel Estimation -TaU=U.UQEU Ka=0.0310

*  real
estimation

speed ( accel

Decel Estimation -Tdu=U.UE?EI Kd=0.05531

L R R kb beieieisiuisihuieisieieieh
' ' ' ' *  real
1.6 """:".""F'. estimation

speed / accel

Hinh 4.4. D6 thi két qua wéc lwong Tava Tq
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4.3. M6 phong
4.3.1. Xay dwng mo phéng
Tt thudt todn va cac thong sé tim dwoc & trén, chwong trinh mé phong
hoach dinh quy dao robot dwoc xay dung bang phan mém MATLAB m-file:
mitsu_trajectory_planning.m
4.3.2. Két qua m6 phong
4.3.2.1. Két qua quy dao mot Khop
Pé kiém chirng két qua md phdong so v&i thuc té, ta ldy mot s6 mau di liéu
nam ngoai tip dir liéu tinh toan hoi quy. Kiém tra dai dién hai trudmg hop quy

dao hinh thang va quy dao hinh tam giac

bau vao M6 phong Thuc té
Py, Pa, Vo, Ay, Doy, To, Ty Ty [S] To, Ty Ty [s]

-1209, 1209,40,10,10 | 0.220, 3.070, 0.300 0.247, 3.045,0.295

-1509, 1509, 100, 2, 2 1.420, 0.000, 2.500 1.478, 0.000, 2.450

Bang 4.2. So sdnh quy dao mo phdong véi thwce té cia robot RV-2A]
So sanh cho thay két qua chwong trinh moé phong quy dao mét khép la rat
sat voi thuec té.

150

100

50

-50

-100

150 i i i i i : L 450 : : ; ; ; ; ;
& 10 12 14 16 18 20 66 68 70 72 74 76 78 80

1 (2)
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n —n |
— [ |
06 | ; - 80. : X: 8475
H H 105 1 Y103
24 26 28 30 32 78 80 82 84 86 88
(E))] €)]

Hinh 4.5. D6 thi qu§ dao mo phdong va thuc té ctia robot RV-2A]

4.3.2.1. Két qua quy dao déng bé cac khép

Tinh nang dong bd chuyén dong cic khép ciia chwong trinh dwoc thir

nghiém vé&i mot tip dau vao nhw sau.

Do, =50

V=50 |Jlo=-30 |J20=40 |J30=-50 |J40=-30 |J50=60
Au=50 |J1a=-50 |J24=-20 |[J34=90 |[J4a=0 J54 = 100

Bang 4.3. Pau vao thr nghiém déng bd cac khép

Két qua vi tri va van téc cac khép theo thoi gian cho thay véi cac khép robot

da dwoc dong bo dung yéu cau.
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100

50

s 2065 257 2575 258 2585 259 2595 260
1
1[][]_---------u----------u_---------T----------;----------|----------_u----------u_----------u
' ' ' : : ' — 1|
. . : : : : vz
L A A Rl R SRR S SR o —— V3|
: : : : : : — 4|
— W5

0 | | | | | | | i
256 2665 257 2675 258 2685 259 2695 260
@)

Hinh 4.6. D6 thi m6 phdng qui dao LBSP dong bo cac khép
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Chwong 5. THIET KE HE THONG

5.1. Tong quan

User —> Leap Sensor . RV-24]
Robot

‘.—.
Master Slave M
Computer Computer PP
A
‘— Camera Tool
Vision - Kinect
Computer Sensor
Workspace
& Objects

Hinh 5.1. So d6 khoi thiét ké hé théng

Vé téng quan, hé thong gdbm ba tram cha (Master), t& (Slave) va thi giac
(Vision). Tram Master doc dit liéu tir cdm bién Leap Sensor va nhén Iénh tir
nguoi diéu khién, réi tuyén dén tram Slave. Tai diy, tram Slave diéu khién canh
tay Robot va dung cu Gripper, nhan phan hoéi trang thai tir chiing, déng thoi doc
hinh dnh 2D tir Camera Tool roi giri vé Master. Bén canh d6, tram Vision ghi lai
hinh anh 3D quan sat khong gian lam viéc - Workspace cua robot thong qua

Kinect Sensor, truyén vé Master dé dwng thanh méi trwong do 3D.
bé xay dung hé théng, ngoai cac phan clrng mua tlir nha san xuat nhw may
tinh, cdm bién Leap, cdm bién Kinect, camera, tac gia da tuw thiét ké va thi cong

dung cu Gripper, khu vuc ban lam viéc va cac ga cam bién.
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5.2. Thiét ké va thi cong dung cu cong tac
5.2.1. Mot s0 phwong an thiét ké
5.2.1.1. Giachut

Giac hut - hay cu thé hon la gidc hat chan khong - 1a loai co cAu chdp hanh

cda tay may, dung khi nén hodc thay lwc dé tao ra lwc hut va gii vat.

1%»3
A
2

Hinh 5.2. Valve chan khong va ki hiéu

Van chan khong hoat dong dwa trén nguyén ly 6ng Venturi: Khi c6 dong
khi 4p suat cao di chuyén tir cong 1 sang cong 3, dong khi nay di chuyén ngang

cbng 2 gy sut ap va lam cho ap suét tai cong 2 thap hon ap suit khi quyén.

Uu diém ca thiét k& nay 1a don gidn, phu hop véi cac dang vat phang. Tuy
nhién khuyét diém la khong sir dung dworc cho cc vat ¢6 hinh dang phirc tap,

dong thoi sinh ra tiéng 6n 1én trong lic hoat dong.
5.2.1.2. Nam cham dién

Nam chim dién 1 loai co ciu chdp hanh dung lwc tir d€ hut va gitr vat.

Léi st tir?lr ._| I__i l_

MNguidn cap
dién

|

|

|

|
/]
|
Cudn diy
tao tir |
truiding I
|

|

|

FrrrrrrrrTrrTT

o—o" o—

khda mach

L

Hinh 5.3. Nam cham dién va nguyén ly hoat dong
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Nam chim dién tao ra tlr trwdng bang cach cho mot dong dién ¢ cwong
do6 1om chay qua mot cudn day. Tt tredng nay cd thé dwoc khuéch dai bang mot
16i dan tir.

Thiét ké nay c6 wu diém 1a qua trinh gap tha vat nhanh, c6 thé stt dung
cho cac vat khong phang, dong thoi khong gay tiéng 6n khi lam viéc. Tuy nhién
nam cham dién chi cé thé sir dung cho cac vat liéu c6 tir tinh.

5.2.1.3. Tay kep

Tay kep (Gripper) la co cdu chidp hanh pho bién cho tay may hién nay.
Tay kep c6 nhiéu hinh dang, kich thwéc, ching loai va c6 thé hoat dong bang
dién hoic khi nén. Doi v&i da s6 cac tic vu cla tay may, tay kep déu co thé giai

quyét dworc.

Hinh 5.4. Tay kep cho tay may
Tay kep c6 wu diém la linh hoat, c6 thé dung cho hiu hét cac hinh dang vt
thé. Khuyét diém 1a doi hoi thiét ké co cdu nho gon d€ gan dwoc 1én diém cudi
tay may.
Can ct theo muc dich va doi twgng thao tac cia luin vin, phwong an tay

kep dwoc lwa chon thwc hién.
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5.2.2. Thiét ké va thi cong tay kep
5.2.2.1. Muc dich va yéu cau

Dung cu cong tac hién cé cia tay may la giac hat, khong phu hop véi doi
twong cin thao tac c6 hinh dang va chat liéu bat ky, vi vy cAn mot thiét bi méi

thay thé. Thiét bi dwoc chon 1a tay kep.
Tay kep dwoc thiét ké can thdéa mén cac yéu ciu sau:

e Hoat dong 6n dinh.

e DO mo toi thi€u 50 mm.

e Trong lwong vat cé thé thao tac dat 1kg.

e Hai mat ti€p xdc vat cia Tay kep luén song song v&i nhau.

e (6 cam bién lwc héi tiép va tw diéu chinh lwc kep cho phu hgp véi yéu
ciu cho truéec.

e Hinh dang, kich thwéc phu hop véi tong thé tay may.

5.2.2.2. Ban vé thiét ké

Ban thiét ké dwa trén nguyén mau Vex Robot Gripper, thuwc hién bang phan
mém SolidWorks. Sau khi hoan thanh ban vé, cic chi tiét dwoc gia cong bang

phwong phap in 3D.
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Pong co Servo
Vi tri dit cam
bién lwc

Mach ra chan Kit STM32F103

cho Kit

Hinh 5.5. Ban thiét ké tay kep
5.2.3. Hiéu chuin cam bién lwc

Cam bién khi dwoc san xuit da dwoc hiéu chuln theo cac thong s6 cia nha
san xult. Tuy nhién, do diéu kién lam viéc khac nhau nén khi st dung can hiéu
chuin lai. Hiéu chuin dwoc thwe hién nham muc dich xac dinh dwoc cac gia tri
dién tré twong ng véi cac cweong do lwe khac nhau, tir d6 ndi suy tuyén tinh dé

dwoc gia tri dién trd tai cac cwong db lwe bat ky.

Ve — RM VALUES
M_*J_ } _'—WF-I ] (0K
- B [ — v 4 Tk
& ?___,..-(?—-C ] T 30
.

VOUT (V)

vouT

RM F vs. V for Part No. 402

Interlink Force Tester
1 cm? circular flat metal
actuator

1] 200 400 GO0 B00 1000
FORCE (g)

Figure 9
FSR Voltage Divider

Hinh 5.6. Thong s6 hiéu chuin cam bién lwc FSR402 tir nha san xuit
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Cac dung cu dung dé hiéu chuin goém co:

e Cac qua nang c6 khdi lwgng khac nhau.

e (Can dién tr dung dé xac dinh chinh xac trong lwong qua nang.

Khdi lwong [kg] Trong lwong [N] Pién tré [kQ]
0 0 0
0.04 0.39 1.78
0.09 0.88 491
0.14 1.37 7.84
0.54 5.30 19.33
0.60 5.89 31.09
091 8.92 44.85
1.37 13.44 56.40

Bang 5.1. Két qua hiéu chuin cam bién lwc FSR402
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5.2.4. Mach ra chian Kit STM32F103C8T6

5.2.4.1. So d6 nguyén ly

o Khai Nguon Khai Boc cam bién
¢ +ip
et
] I
: Do
(- =
Khai Vi diéu khién Khoi Bong cov
43
£l B P 43P
1 1
o | I
— 5 L
pag % A i)
é B 15
= N _‘|’ UK
— 8 —
— % g _.-” B
— i | 00
— 1 — il :
sy 8 15 |— B8 RI:I‘ b 3
£ -".! !‘: : ¥ :3 BT Bario
S T 16— i
— 17—
1 g = o
1k 13— = = =
T ml - = ==,
_E? STROEFLON L STRIIFIC R e =
GhD

Hinh 5.7. So' @6 nguyén ly mach ra chan cho Kit STM32F103
Khéi Ngudn: Nhan ngudn 5VDC tir jack cim va cung cip cho mach.
Khéi Poc cdm bién: Gom chan cdm va mach phan cuc cho cdm bién luc,
chuyén doi gia tri dién tré sang gia tri dién ap dé Vi diéu khién doc ADC.
Khéi Vi diéu khién: Gom hai header cdm Vi diéu khién va chan néi sdn

nguoén cho Vi diéu khién hoat déng.
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Khéi Pong co: Gom chin cim ngudn cho dong co va MOSFET lam nhiém

vu khuéch dai tin hiéu PWM tir vi diéu khién diéu khién dong co.

5.2.4.2. So’ d6 Layout

Hinh 5.8. Layout cho mach ra chan kit STM32F103

5.2.5. Giai thuit diéu khién Tay kep

Kit STM32F108 diéu khién Tay kep bang dong co Servo va giao tiép voi
may tinh thong qua chuén giao tiép néi tiép RS232.

Khi bat dau chay, may tinh giti gia tri lwc dat Fs (1a gia tri lwc kep t6i da cho
phép) dén vi diéu khién 1am gi4 tri tham chiéu. Mdi khi c6 tin hiéu gdc giri tir may
tinh, vi diéu khién sé so sdnh lwc hién tai F v&i lwc dat Fs.

- Né&uF < F; (tirc lwc hién tai nhé hon gia tri dat): Vi diéu khién sé tuan theo

may tinh, dat géc kep 1a géc nhan dwoc tir may tinh.
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- Néu F > Fs (tirc lwc hién tai 16n hon gia tri dat): Vi diéu khién sé khong

tuan theo may tinh. Thay vao d6 vi diéu khién sé mé géc kep rong ra nham

| Biatdau

¥
Nhan Goc dat Aq
va Luc dat Fg

giam lyc kep.

h 4

v
Poc gia tri luc
F tir cam bién

Sai

bat Goc kep Mo réng goc
A=A kep A

Hinh 5.9. Lwu d6 chwong trinh Vi diéu khién

Viéc diéu khién c6 héi tiép lwc theo co ché trén sé gitup diéu chinh dwoc luc
kep cua Tay kep, phtu hop véi cac doi twong can thao tac khac nhau. Pong thoi,
véi tin hiéu diéu khién goc lién tuc nhian dwoc tir may tinh, lwc kep sé nhanh

chéng héi tu va 6n dinh tai gia tri dat.
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5.2.6. Két qua thwc hién Tay kep

Hinh 5.10. Tay kep sau khi hoan thanh

Yéu cau Két qua
Hoat dong 6n dinh Dat
PO mo 0cm-55cm
Trong lwong vat gap T6i da 1kg
Hoi tiép luc 1IN - 13N
Kich thuéc 9cmx 16 cmx 8 cm

Bang 5.2. Thong sé tay kep sau khi hoan thanh.

Thong s6 ctia tay kep thanh phadm dat yéu cau thiét ké.

5.3. Thiét ké va thi cong Khu vwc lam viéc
5.3.1. BO triKinect

Camera Kinect c6 trwedrng quan sat gi¢i han, vi vay cin bo tri thich hop dé

c6 thé qua sat dwoc khu viee lam viéc ctia Tay may.

Camera Kinect cé thé quan sat theo chiéu doc véi d6 mé 43 do, theo chiéu

ngang véi do mé 57 do va tdm do ctia cdm bién dd sdu tir 0.4 mét dén 3 mét.
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Hinh 5.11. D6 mé& cia Kinect theo chiéu doc va chiéu ngang

60 cm

Hinh 5.12. Phac thdo vi tri b6 tri Kinect
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Vé&i ban 1am viéc c¢é kich thwéc 600 mm x 400 mm, camera Kinect cin
dwoc bé tri tai vi tri c6 dd cao h so véi méat ban, caich mép ban khoang cach d va

nghiéng so v&i phwong thang dirng goc a sao cho:

43
h.tan(a +7) >d+ 0.6
(5.1)
43
h.tan(a — 7) <d

Chon h = 0.7m, d = 0.3m @€ tinh a thoa hé phwong trinh trén, ta dwoc

{a > 30.6°
a <44.7°

5.3.2. BO tri Camera diém cudi
Do thwc hién diéu khién tir xa, ngwdi dung khong thé quan sat ré qua trinh
thao tac tai diém cudi tay may nén can thiét phai b6 tri camera theo doéi hoat
dong cta diém cudi.
Ban thiét ké phai dam bao c6 thé c6 dinh dwoc camera 2D khi tay may hoat

dong va quan sat roé thao tac khi gap vat cda tay kep.

Hinh 5.13. Ban thiét ké dé gan camera 2D
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Hinh 5.14. B6 tri camera 2D quan sat diém cudi.

5.3.3. Thiét keé va thi cong ban lam viéc
5.3.3.1. Thiét ké ban lam viéc

Thiét ké ban 1am viéc nham muc dich tao moi trwdng lam viéc cho Tay

may, can phu hop véi cac ddc tinh ciia Tay may.

Tam vwon ctia Tay may ra khoi chan dé theo phwong ngang 1a 310 mm, vi
vay chon Kkich thwéc ban 1a 400 mm x 600 mm dé tAm hoat dong cua Tay may
dat hon mot nira ban. Chiéu cao ban lam viéc bang chiéu cao dé 12 800 mm gitp
viéc tinh toan don gian. Thanh gan camera Kinect c6 chiéu cao 1700 mm (cao
hon mét ban 900 mm), cich mép ban 300 mm va dwgc c6 dinh vao ban dé tranh

rung lic trong qua trinh hoat dong.
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Thanh gin Kinect

Ban lam viéc

Chan dé

Hinh 5.15. M6 hinh Khu vic lam viéc dwoc thiét ké bang SolidWorks
5.3.3.2. Thi cong ban lam viéc

Ban lam viéc robot dwoc thi cong bang mot sé may co khi thong dung, st

dung cac vat liéu sau.

STT Vit liéu Kich thwéc [mm] S6 lwong
780 2

730
520
420
300
1700

1 | Sithop 4

N[N
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Sat tdm 800x800x10 1
GO ghép cao su 600 x 400 x 20 1
Ke chir L - -

Vit mang ca - -

OO | W DN

Son - -

Bang 5.3. Vat liéu thi cong Ban lam viéc

Hinh 5.16. Ban lam viéc cuia tay may sau khi hoan thanh.
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Chwong 6. GIAI THUAT VA CHU'O'NG TRINH PIEU KHIEN

6.1. Tong quan

Computer 1: Master Client Computer 2: Robot Server
USB I \ / - RS232
Leap Get Leap Hand data ‘ ‘ ‘ Robot Arm Robot ‘
Sensor Data Processin Comm Arm
i v ) | : e T USB
‘ Gripper Gripper ‘
3DDModel UDP “ Comm Das D Tool
I faw ) UDP Socket <—>U<—L[ 3
Robot Run l> UDP Socket
Command —
Program ‘
Record UDP ) USB
) — UDP Socket 4_G(e:\t Ima.ge& Camera ‘
. ompress 7 Tool
Graphic | | Image || ot
User |<«—>l}«>  User Decompress e Computer 3: Kinect Server

Interface —_—
le—]
<] 30 Model 7 ypp socket ‘ 3D Image ‘ USB
Processing Kinect
- ! f Sensor 1
_+ Robot =
Simulation UDP Socket . Kinect
e Kinect Data [
\ / Usp! Sensor 2

Hinh 6.1. So d6 tong quan chwong trinh may tinh

Hé théng phadn mém chay trén 3 may tinh. Trong dé, may thi nhat (Master
Client) 1a may ra 1énh, thudc vé phia ngwoi dung. May thi hai (Robot Server) va
th(r ba (Kinect Server) 1a cAc may thuc thil1énh va phan hoi thong tin, ndm & phia
robot. Cac may tinh giao tiép v&i nhau bang mang Ethernet LAN theo giao thirc

UDP dé& dam bdo tai dwoc dit liéu 16m véi dd tré nhé va 6n dinh.

Master Client c6 nhiém vu nhan ménh lénh va thao tac tir ngwoi dung thong
qua giao dién (GUI) hodc théng qua cdm bién ct chi ban tay (Leap Sensor), sau
dé x ly va gtri cic yéu cau dén Robot Server dwdi dang tip 1énh giao ti€p quy
wéc gitra cac may tinh. Robot Server xtt ly yéu cdu nhin dwoec, bién dich sang cac

1énh ctia Robot va Gripper va diy xudng dé Robot va Gripper thuc thi.
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Computer 1: Master Client

USB
Leap Get Leap
Data

Sensor
3 l ;
v
3D Model
Draw
L
Graphic
User | <«>{l—>  User
Interface

o

Computer 2: Robot Server

o \ / o RS232
Hand data ’ ‘ |, RobotArm ‘ Robot ‘
Processing Robot Comm Arm
I Control Gripper ﬂ ‘ 7Gripper ‘
UDP| Y, Comm Tool
UDP Socket —ﬂ)—\L[ T
Robot Run
Command - e
Program ‘
Record UDP ( ) USB( camera
NeCOIE S ;'[QUDP e F%th lma'ge &yy { ‘Camera H
. . { \ | | Compress | __Tool
Image }4 { F
<-- - L e .
+Decompres; GDRsccet Computer 3: Kinect Server
o b UDP .
] 20 Model [: ‘ UDP Socket F—»{}«-; ‘ 3D Image ‘ e e——
J<5 : Processing ‘ {  Kinect ”
u B x Sensor 1
Robot } g W &
Simulation | { UDP Socket’ | Ki E " Kinect
NN | Kinect Data j«- \
usp! . Sensor 2 SensorZ

| :Disabled block
: Disabled arrow

Hinh 6.2. So’ d6 tbng quan chwong trinh chiéu di

&' chiéu nguoc lai, Robot Server lién tuc 1ay thong tin vi tri hién tai cda

Robot Arm va Gripper Tool, d6ng thoi 1dy hinh anh tic thoi tir Camera Tool quan

sat & dau cong tac truyén phan hoi vé Master Client. Song song dé, Kinect Server

cling lay ttr hai cdm bién Kinect hinh anh 3D tirc thoi cia cac vat thé trong khu

vuc robot lam viéc truyén vé Master Client. Tir tit ca dir liéu phan hoi, phia

Master hién thi trwc ti€p hinh anh 2D va dung 1én m6t moi tredng 3D 4o, phan

anh dén nguwoi dung cac sw kién dang dién ra trong khong gian thuwc phia Robot.

Tém lai, mot vong diéu khién kin di dwoc thanh 14p gitra ngwdi va robot

thong qua mang may tinh, phuc vu cho nhu cau diéu khién tir xa bang ctt dong

tw nhién.
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Computer 1: Master Client Computer 2: Robot Server
USB ; \ / RS232
“ Leap ‘*) ..»| Get Leap }) Hand data ’ ‘ Robot Arm Robot
Sensor Data Processing Robot Comm Arm
=TS0 : :
: v ¥ v Control = : USB =
: ; Gripper Gripper |
] 3D Model UDP “ comm 7 Tool
:Dlawl UDP Socket «» )‘L
v
> Robot Run < UDP Socket
Command -
Progralc]ll ‘
Recor: UDP i USB("Camera |
S “— UDP Socket ‘_G(?;xlll::'izs& Tool
Graphic | Image o yppgocket
User |<—{l«— User Decompress one Computer 3: Kinect Server
Interface UDP
le—|
<] 3P Model 7 upp Socket <t 3D Image B pa—
© H Processing Kinect
S— 1 Sensor 1
Robot } 1

«<— UDP Socket ’ oo Kinect |
Kinect Data <«
usgp ! Sensor 2

| . Disabled block
---------- » : Disabled arrow

-
K Simulation

Hinh 6.3. So d6 tong quan chwong trinh chiéu vé

6.2. Chwong trinh diéu khién Robot
6.2.1. Diéu khién Robot trong ché d6 Manual

Manual Control 1a ché do diéu khién bang tay, trong d6 robot thwc hién theo
cac 1énh co ban dwoc ngwoi dung chon trén bang diéu khién. Cac 1énh trong ché
d6 Manual bao gdm bat tat dong co, thiét 1ap van tdc, gia tdc, vi tri di chuyén, dat

lwc gap, dit cdu hinh tay may...

Chuwong trinh thwc hién mot 1énh Manual dwoc trinh bay theo so do6 sau.
Khi may tinh Master Client nhan 1énh tir GUI, trueére tién 16p Robot Run Command
sé xem xét cac thong s6 va tinh hop 1é cda lénh doi véi ché d6 hién tai cia hé
thong, sau d6 16p UDP Socket ma hoa 1énh theo ci phap cda tip 1énh giao tiép,
roi gri qua méi treong mang UDP. Tai Robot Server, sau khi dwgc gidi ma béi
UDP Socket, 1énh dwoc 16p Robot Control phan loai, tinh toan thong sé cin thiét

cho robot va thwc hién quy trinh xtt ly. L&p Robot Comm va Gripper Comm chiu
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trach nhiém truyén dat 1énh dén cac bd diéu khién ting thap hon ctia Robot va

Gripper theo ma giao tié€p riéng.

n:t‘;’: ;‘i.l“nhac“;a Xéttinh hop 12 | M4 ho4 theo tap F—
L r[rewoicungay cla lénh "| 1énhgiao tiép
bang dieu khién
User GUI Robot Run UDP Socket
— - ‘ Command (Master)
Hien thi ‘
4 |_ thong tin, d6 thi <_\__ ) i )
- | Phan loai, xw ly Giai ma \
I— lzhen thi phan hoi e phan hoi
dohoa3D
£— Dich sangmi [« Tinhtodnva |
1énh Robot thuchién quy |« Giai mi lénh  [¢—
‘ trinh cla lénh
Robot Arm Robot Comm
TTINETN UDP Socket
Giai m’a.phan Robot Control (Robot)
[—> hoi
Tinh todn trang _|Ma& hoé theo tap

Dich sang ma

thai hé thong

1énh giao tiép

1énh Gripper

Gripper
Tool

Gripper Comm

Giai mi phan

[—> hoi

Hinh 6.4. So' @6 khoi diéu khién trong ché d Manual

Vi nguoi dung khéng c6 mat tai noi dat robot, dé€ kiém tra két qua thwc hién
1énh, hé théng phai phan héi lai trang thai tré lai cho ngwoi dung. Tir cdc phan
hoi cia Robot va Gripper dwgc gidi ma bédi Robot Comm va Gripper Comm, trang
thai ctia hé thong sé dwoc 16p Robot Control tinh todn. Trang thai hé bao gom
thong tin vé vi tri hién tai cia cic khép va diém cudi robot, vi tri va gia tri luc
kep tai Gripper. Cing v&i d6 1a thdng bao thuc thi I1énh thanh cong, hodc c6 16i
xay ra nhuw gia tri dit veeot qua gidi han 1am viéc, di chuyén khi dang tit dong
co... Mit khac, ta chu y 1a robot chi phan héi vi tri cic khép, gia tri toa dé diém
cubi c6 dwoc tir tinh toan dong hoc thuin trong 16p Robot Control.

TAat ca tran thai dwoc phan hoi, xt Iy va hién thi cho nguw¢i dung theo chiéu
ngwoc lai voi chiéu ma lénh da di. Trén GUI, trang thai hé dwoc hién thi dong thoi

& ba dang la théng tin, d6 thi va d6 hoa 3D.
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6.2.2. Diéu khién Robot trong ché do Teleoperation

Teleoperation hay Master-Slave Control la ché do diéu khién tay may sao
chép lai ctr ddng clia ban tay ngudi dung trong thoi gian thwe. Bang cach nay,
nguoi dung sé diéu khién robot mét cach tw nhién nhw thwc hién cac thao tac
hang ngay bang ban tay cia minh. Viéc nhip dir liéu ban tay vao hé théng duoc

thwc hién théng qua cam bién Leap Motion.

Lay vi tri, hwéng

Xét cl¥ chi cha

cacngodn tay

Quy ddi toadd
—>»| 1ong ban tay vé
toa do robot

>

Locxung 1ém
Locdlémgyeén
Loc di chuyén

Hand Data Processing

#|Nhan toa a6 dat,

thoi gian dat

“| 18nh giao tiép

_|Mahoatheo tap

Robot Run
Command

UDP Socket
(Master)

—r 10ng ban tay va
Sensor . y
ngon tay
T Get Leap Data
GUI
User _
Hién thi
X /| ddhoa3D
Hién thi
[_ thong tin, d6 thi
|| Hiénthi
dd hoa 3D

Nhén phan hoi
vitrirobotva

lwe gdp

Giaima
phan hoi

Dichsangma
lénh Robot

Robot Comm

Tinh toan vi tri

Giai ma vi tri

A

Giai ma vi tri
hién tai

thai hé thong

i [va toc dd cho cic ‘ dat, thoi gian
™ khéprobot dat
UDP Socket
Robot Control (Robot)
Tong hop trang Mia hoatheo tip

1énh giao tiép

Dichsangma
lénh Gripper

Gripper Comm

Gidi ma lwc gép
hién tai

Hinh 6.5. So @6 khdi diéu khién trong ché d6 Teleoperation

Trwdc hét, & phia Master, dit liéu ban tay dwgc s6 hoa véi do chinh xac cao
b&i cdm bién Leap Motion. St dung thw vién ctia nha san xuat, 1&p Get Leap Data

sé 14y cac gia tri vi tri va hwéng cda long ban tay, vi tri cac khép xwong va hwdng
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clia cAc ngon tay vdi tan sd 14y mau 1a 30Hz. Dit liéu tach ra theo hai hwéng. Mot

la vao moi tredrng d6 hoa, dwng 1én thanh mé hinh 3D ctia ban tay dé hién thi.

Hwéng thit hai, dit liéu Leap di vao 1&6p Hand Data Processing, trai qua 3 giai
doan xtr ly gobm xét ctr chi, quy déi toa dd va loc nhiéu, dé cho ra dit liéu diéu
khién robot. L&p Robot Run Command nhén toa d6 dat, thoi gian dat, gia tri goc

kep, thong qua lép UDP Socket d€ truyén dén phia Slave.

O phia Slave, 1&p Robot Control, toa d6 dit dwoc dung dé tinh vi tri cac khép
robot theo bai todn déng hoc ngwoc, thoi gian dat dwoc dung dé tinh van toc
robot cin di chuyén. Vi tri va vin toc dit dwgc truyén xudng robot thong qua 1ép

Robot Comm. Mat khac, 1¢p Gripper Comm truyén xudng gripper gia tri gc kep.

Phan con lai, Robot, Gripper thwc thi va phan hoi trang thai twong tw nhw

trong ché dé6 Manual Control.

6.2.3. Diéu khién Robot tw dong bang chitrc ning Program

Chtrc nang Program dworc tao ra dé lwu va ldp lai tw ddong cac phién lam viéc
trudc cia robot. Chirc ndng nay phat huy hiéu qua khi robot can lap di ldp lai rat
nhiéu lan mot thao tac, vi du nhw trong day chuyén san xuat. Khi dé ngwoi dung
khéng diéu khién trwc ti€p, ma chi can “day” thao tdc mét Ian, robot “hoc” xong

sé thuc hién lai hoan toan tw dong.

Cach thirc hoat déng 1&p Program kha don gian, c6 thé dung trong ca hai
ch& d6 Manual hoic Teleoperation. Truéc khi bat dau thao tac, ngudi dung nhin
nut Record trén GUI, mot lién két sé dwoc thiét 1p tir 1ép Robot Run Command
dén 16p Program, va tao ra mot chwong trinh méi. Khi ngwdi dung thao tac, 16p
Program lwu lai dit liéu diéu khién theo thoi gian, cung luc véi viéc truyén di
robot. Chwong trinh dirng lwu khi nhin nit Stop Record. Pac biét, trong ché do6
Teleoperation, 16p Program tu tao chwong trinh méi khi Leap doc dwoc cir chi

START, va dirng lwu khi Leap doc dworc ctr chi STOP.
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bé 13dp lai, ngwdi dung chon chwong trinh va nhat nat Play trén GUI Dir liéu
toa do theo thoi gian dwgc tir 16p Program dén 16p Robot Run Command. Tt dé

cac thao tac dwgc thwe hién va phan hoi hoan toan twong tw nhw khi diéu khién

truec tiép.
SLeap —» GetLeapData —> g D?ta
ensor . Processing
Nhan Record L
_ chwong trinh
Nhan Play : Program :
- ‘ Xuat —
‘ chrong trinh
User GUI T
~PINhintoa do dat,[™
»| thoigiandat |-
L
Robot Run UDP Socket
<«—  Command  «— (Master)
Robot Arm Robot Comm : UDP Socket
|, > — (Robot)
. Robot Control
3 <« P
Gripper . ‘
Tool Gripper Comm

Hinh 6.6. So' d6 diéu khién tw dong bang chirc ning Program

6.2.4. Diéu khién Robot mé phong

Nhan lénh ngwoi i | Md phong 8ong
] ding quabang hocva hoach
dieu khién : dinh quy dao
Robot
Lo S Simulation
Hién thi < Xuat ra vi tri
thong tin, do th : .
S R | e
o b D diém cuoi

Hinh 6.7. Sor d6 chwong trinh mé phéng robot

M6 phéng la mot chirc nang tach biét v&i cac module chay thwc, c6 nhiém

vu lam mét robot do gitp ngwoi dung thwce tip, lam quen véi cac thao tac diéu
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khién. Trong ché d6 mo6 phong, GUI ciing c6 hinh thirc va cac tinh ning twong tw

ché dd chay thuec.

Nguwoi dung nhap 1énh bang bang diéu khién trén GUI, di vao 16p Robot
Simulation. Tai ddy, md hinh déng hoc va hoach dinh quy dao véi s6 liéu thuc
cda robot dwgec trién khai tinh todn. Ttr d6 tim dwgc thong s6 vi tri khép, toa do
diém cudi theo thoi gian gan giong véi hoat dong cua robot thwce. Dir liéu phan

hoi vé GUI dwoc hién thi dwéi dang théng tin, d6 thi va d6 hoa 3D.

6.3. Chwong trinh xtr ly cam bién Leap

Module x Iy cdm bién Leap c6 muc tiéu la bién do6i dir liéu ngo ra cia cam
bién Leap thanh tin hiéu diéu khién thich hop cho robot. Viéc bién do6i gom 3

cong doan: xét ctr chi, quy ddi toa do va loc nhiéu.

. N Quy doi toado Loc xung lom w o
Ngé ra doc | Xét ar chicua s e . » . Dau vao
; o~ ‘ : ; —> long ban tay vé [ Locdingyén o
cam bién Leap ¢ cacngon tay Iy . o dieu khien robot
‘ - toa do robot Loc di chuyeéen

Hand Data Processing

Hinh 6.8. So' d6 chwong trinh xt Iy cdm bién Leap

6.3.1. Khéi xét cir chi

O’ cong doan thir nhat, dit liéu cac ngén tay dwoc xem xét dé phat hién ct
chi diéu khién. Khi phat hién ct chi START (gio ngén thir hai va thi ba) hoic
STOP (khéng gio ng6én nao) lién tiép 10 lan, cong doan nay sé kich hoat viéc cho
phép hodc cam viéc thuwc hién cac cong doan tié€p theo. Viéc xét ctx chi nhiéu lan
nham ting sw chac chan, tranh nham 14n véi ctt chi trong giai doan chuyén tiép

va céc loai nhiéu.
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Sy

START STOP

Hinh 6.9. Cac ctr chi ngén tay diéu khién chwong trinh
6.3.2. Khéi quy doi toa do
Néu dwoc cho phép, cong doan thir hai cia Hand Data Processing sé tién
hanh quy ddi dit liéu ctia ban tay thanh dit liéu dau vao cho robot. Cu thé, dién
ra viéc quy déi twr vi tri, hwéng ctia long ban tay trong hé quy chiéu toa do cua
cam bién Leap TZL sang vi tri, hwéng ctia diém cudi trong hé quy chiéu toa do
cua Robot TSR. Viéc quy d6i xuat phat tir khac biét trong cach chon hé toa do giita

cac nha san xuit, cling nhw nham muc dich tdi wu tAm nhin cho cAm bién Leap.

Cong thirc quy doi
ToR = ToRT, T (6.1)
voi
0 0 -1 300 -1 0 0 0
por_|~1 0 0 0 |0 -1 00
o~ 0o 1 0 -200 "o o 1 0
0 0 0 1 0 0 0 1

Do ma tran ToR chtra dén 12 théng s6, dé giam dung lwong phai giti qua
dwong truyén, ta ap dung phan tim diu cua loi gidi bai toan dong hoc nguwoc (xem
chwong 3) dé rit gon ma tran xoay R2F gom 9 thong s6 vé 2 thong s& goc xoay

6,9).
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Palm point

Hinh 6.10. Quy d6i toa d6 tAm ban tay vé diém cudi robot

Khong chi xac dinh dau vao cho diém cudi cda canh tay robot, cong doan

nay con cho ra gia tri dat cho goéc kep cua gripper. Tan dung vector chi phwong

cla cac ngoén tay, ta ldy goc hop badi hinh chiéu cia ngdn tay thir nhit (ngdn cai)

va th tw (ngdn trd) 1én mit phang ban tay lam gia tri goc kep.

Jjq = acos (—EE )
g — —
Frel- 1 facll

Hinh 6.11. Cach xac dinh géc kep tir ban tay

(6.2)
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6.3.3. Loc nhiéu

Cong doan thir ba cta lép Hand Data Process 1a loc nhiéu. Cong doan loc

nham gidm anh hwdng cla sw run tay sinh hoc va cac loai nhiéu.

Lic nay truc toa d6 dwoc quy dinh theo robot. Pau vao bd loc gom 3 théng
s6 vi tri (X,Y,Z) va 2 thong s6 géc hwdng (6,1) cia diém cudi robot, thém vao
dé 1a thong s6 goc kep (jy) cla gripper. D6i véi vi tri (X,Y,Z), tac gia chon
phwong an loc theo 3 mode chuyén déng, trong d6 st dung bd loc thong thip va

b6 loc Kalman. D8i véi cac goc (6,9) va (ji,), 4p dung bé loc trung binh. Giai thuat

START

A A

Loc vi tri Loc géc
X,Y,Z 6,0, jg

nhw sau

Gai nhon Xét mode Dlrng yén

chuyén ddng

Di chuyén
binh thwong

A A A

Loc théng Loc théng Loc trung
thap bac 2 thap bac 1 Loc Kalman binh
END

Hinh 6.12. Giai thuat loc nhiéu cho cdm bién Leap
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6.3.3.1. B6 xét mode chuyén dong

B0 xét mode thwc hién phén loai chuyén dong thanh 3 mode: gai nhon, di
chuyén binh thwong va ding yén. Viéc phan loai nham thod man yéu ciu loc
riéng & moi mode.

Cu thé, véi tredmg hop cé gai nhon trong thoi gian ngédn, chuyén dong robot
s& bi giat cuc, kém muot, do do6 ta cAn loc manh bang bd loc thong thap bac 2 dé
lam diu gai. Vé&i treong hop di chuyén & téc d6 binh thwong, tay nguoi c6 mot it
do run sinh hoc, nén ta chi loc nhe bang bo loc théng thip bac 1. Véi trweong hop
cO ging gitr yén, tay ngudi sé ¢6 do run nhiéu hon va do run lic nay tuan theo

phan b6 Gauss, vi vay ta ap dung bo loc Kalman.

mean = 0.024339 std = 0.30494

2 . . . 450
15t i 400 +
| 350
300
= 05¢
E 250 |
§ 0
= 200}
o 05+
160 |
A7 100 |
156 50
2 . . . 0
0 20 40 B0 B0

Time [s]

Hinh 6.13. Phén bd vi tri tay khi gitt yén taix =0
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thomn normal move
20 X
20¢ xdot
10
U 5
0
10 20t
20 40+
105 11 115 12 125 13 1356 4 9 3 1 ; 6
(1) (2]
stand
1 -
X
xdot
056¢
0
05t
A - . - |
2 4 G g 10
(3

Hinh 6.14. Cac mode chuyén dong dwoc phan loai
(1) - gai nhon, (2) - di chuyén binh thwong, (3) - dirng yén
B0 xét mode str dung thuit todn xét ngwdng van téc. Trong dd, cac thong

N;,D;, M;, D,, M, s8 dwgc chon bang phwong phap thi va sai.
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START

Nhan vi tri hién tai u

Tinh van toc hién tai

Vi = U - Uk.q
Y
Tinh gid tri tuyét d6i trung binh Tinh gia tri tuyét doi
cong cia N1 van toc gan nhat van toc hién tai
v_am = | (Vi.n1-q +o + Vi) /N1 | va=|v|

Xét ngwéngv_a 2 D2
dwoc thoa m2 lan trong M2
lan gan nhat

ét ngwomgv_am 2 D1
dworc thoa m1 1an trong M1
1an gan nhat

Két luan
mode di chuyén
binh thwong

I J

Két luan
mode ding yén

Két luan
mode gai nhon

END

Hinh 6.15. Thuat todn xét mode di chuyén
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6.3.3.2. Bd loc thong thip
B0 loc thong thap bac 1 roi rac c6 cong thirc
fk) = Kif(k —1) + (1 — Ku(k) (6.3)
trong dé u la ngod vao, f langdra, 0 < K; < 11ado loi caabd loc.
B0 loc thong thap bac 2 r&i rac véi hai cwe trung nhau la
f) = () f (k = 2) + 2K, (1 — Kp) f (k — 1) + (1 — K)*u(k) (6.4)
trong d6 ulangd vao, f langéra, 0 < K, < 11ado loi cia bo loc.

K, K, cang 1én, tin sé cat clia cac bo loc cang nhé, ngd ra cang tré so v&i

ngo vao.s
6.3.3.3. B0 loc Kalman

Khai trién bo loc Kalman r&i rac cho gia tri do dac nhw sau

Dy doan
fi = fienn (65)
Pe=P_,+0Q (6.6)

Cap nhat
K = =1 (6.7)

P, + R

fi = fic + Kic(ue = fie) (68)
P = (1 - KOP; (69)

trong do u,, 1a ngd vao, f; 1a ngd ra bo loc; Q, R 1a cac ma tran hiép phwong sai
nhiéu hé théng va nhiéu do dac, P 1a ma tran hiép phwong sai saisé, 0 < K <

11a do loi cua bo loc.
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6.3.3.4. Két qualoc

e Trwonghop gai nhon

Gai nhon da dwoc lam diu xuéng, ddm bao kha ning dap &ng cua robot.
thorn - filter result

0

20

10

-10

-20

1 1 1
105 1 1.5 12 12.5 13 135

-30

Hinh 6.16. K&t qua loc nhiéu khi cé gai nhon

e  Trwong hop di chuyén binh thwong
Tin hiéu sau khi loc c6 phan muwot hon va c6 do tré khong dang ké so v&i
tin hiéu vao.

normal move - fil result

30} N

xdot
20F il
10

0

-10

-20

-30

-40

B0 F

1 2 3 4 5 6
Hinh 6.17. K&t qua loc nhiéu khi di chuyé&n thong thwong
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e Trwong hop dirng yén

Bién d0 run cta tay dwoc gidam dang ké sau khi qua bo loc Kalman.

stand - filter result

0.4 *
el xdot
0.6k -l

0.6

=
[=5]
T

Hinh 6.18. K&t qua loc khi nhiéu dirng yén

6.4. Chwong trinh xtr ly cadm bién Kinect
6.4.1. Lwu d06 giai thuat

Chwong trinh Kinect ndm trén may tinh Kinect, thwc hién nhiém vu thu
thap dir liéu hinh dnh 3D tlr hai camera Kinect, xi¢ ly va tai tao bé mat sau dé

truyén vé tram Master. Chwong trinh Kinect thwc hién theo so d6 giai thuat sau:
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Bat dau

)

Chupanh3D —>»

| Chuyén anh sang .

PointCloud LIEL

Ghép hai

Pereiclond <«— Xoaytoadd <«— Tach matban

Truyén dir liéu bé —
mat vé tram Master

Lam mwot va

—> Téaitao bé mat —»
loc nhiéu

Hinh 6.19. Giai thuat chwong trinh Kinect

6.4.2. Chirc nang tirng khai

6.4.2.1. Khoi Chup anh 3D

Hinh 6.20. Hinh anh thé chup tir hai Kinect
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Hai camera Kinect sé chup anh Khu vuc lam viéc cta tay may. Anh nay

dwoc thw vién Nestk ho tro 13y dit liéu va lwu lai véi dinh dang RGBDImage.

Trwéc khi budc vao giai doan x Iy anh 3D véi thw vién PCL, ta phai tién

hanh chuyén dé6i dinh dang anh sang dinh dang ctia PCL la PointCloud.
6.4.2.2. Khdi Chuyén anh sang PointCloud

Khoi nay thwce hién nhiém vu chuyén doi dinh dang dir liéu RGBDImage

sang dinh dang PointCloud d€ c6 thé st dung thw vién PCL xtt ly.
6.4.2.3. Khéi Loc XY

Khéi Loc XY thwc hién nhiém vu loai bd cac doi twgng thira khéng nam

trong khu vyc lam viéc cta tay may.

Bd loc loai bo cac diém khong xac dinh va cac diém nam ngoai vung gidi
han dwoc dinh nghia b&i ham setFiltersLimits(), va chi ap dung loc d6i véi mién
cua trueong div lieu dwoc xac dinh béi ham setFilterFieldName() dwoc dinh nghia

trong 1&p pcl::PassThrough.

Téac dung ctia B6 loc XY 1a rat can thiét vi giap gidm mot s6 lwgng dang ké
cac diém nam ngoai khu virc 1am viéc clia tay may, ddm bao chi cac d6i twong cin

tai tao mo hinh 3D dwoc dwa vao xtr ly.
6.4.2.4. Khoi Tach mat ban

Dit liéu PointCloud sau khi loc XY van con mot phan 16n diém khong can

thiét, d6 1a cic diém thudc mat ban.

Khoi Tach mat ban st dung thuit todn RANSAC (RANdom SAmple
Consensus) d€ do tim mat phang va Phan doan dé c6 thé loai b cac diém thudc
mit ban ra khéi dit liéu PointCloud. Thuat toan nay thwc hién bang cach lwa chon
ba diém bat ky dé thiét 1ap mot mit phang; xét toan bd khoang cach tir cac diém
con lai trong PointCloud dén mit phiang, néu thoéa diéu kién bé hon mot khoang

d: cho truwdce thi xé€p vao cung mét inlier (Gwdng bao); sau cung sé loai bé mat
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phang cé inlier 16n nhit. Cic ham thuc hién thuit todn nay nim trong 16p

pcl::SACSegmentation va 1&p pcl::Extractindices.

Hinh 6.21. Dit liéu vat da dwoc tach khéi mat ban
6.4.2.5. Khoi Xoay toa do

Khoi xoay toa do thwc hién nhiém vu xoay goc toa do cia hai PointCloud

veé gbc toa do World ctia tay may RV-24].
Cac ma tran xoay dwoc xac dinh theo cac budc sau:

— bDanh dau cac diém tham chiéu trén ban lam viéc cia tay may (t6i
thi€u 4 diém, 1y nhiéu diém hon dé tang d6 chinh xac).

— Xac dinh toa d6 XYZ cta tirng diém tham chiéu trong hé toa d6 cua
hai camera Kinect va hé toa d6 World cta tay may.

— St dung ham absor() trong MATLAB d€ tinh ma tran xoay tir toa do

cua cac diém tham chiéu.

Cac PointCloud sé dwoc xoay theo cdc ma trn twong rng bang ham
transformPointCloud() thudc 1&p PointT theo trinh tw Kinect 1 = Kinect
2 va Kinect 2 = World.

96



Trdn Hoang Khéi Nguyén - Ddng Pinh Nguyén
LVTN - Hé théng diéu khién tay mdy sao chép cir déng str dung mang LAN

6.4.2.6. Khéi Ghép hai PointCloud

Khoi Ghép hai PointCloud thyc hién nhiém vu ghép hai PointCloud sau khi
da xoay thanh mét PointCloud th6ng nhit.

Phuwong phap dwoc str dung la cong theo pointer cua cac PointCloud.

Phwong phap ICP khong dwoc stt dung vi mac du c¢6 do chinh xac cao
nhwng thoi gian thwe hién dai, khong phu hop véi muc dich theo déi cta dé tai.
Hon nira dit liéu PointCloud sau khi x 1y xoay toa d6 da rat khép véi nhau nén

chi can cong lai la dat yéu cau.

Hinh 6.22. Dit liéu hai PointCloud da dwgc ghép va xoay vé goc toa do tay may
6.4.2.7. Khéi Lam mwot va loc nhiéu
Khéi Lam muwot va loc nhiéu thwc hién nhiém vu xay dung lai mot
PointCloud lién tuc va loc nhiéu dé chuan bi cho bwéc Tai tao bé mit.
Phwong phap dwoc st dung la Moving Least Square. Pay la mét phwong
phap x4y dung lai cidc ham lién tuc tir mot tAp hop cac mau diém chwa dwoc to
chirc thong qua viéc tinh toan mot phwong phap binh phwong toi thiéu cé trong

s6 doi v&i ving xung quanh diém ma tai d6 gia tri can xay lai dwgc yéu cau.
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Hinh 6.23. Dit liéu sau khi dwoc xtt Iy bang phwong phap Moving Least Square

6.4.2.8. Khoi Tai tao bé mat

Khoi Tai tao bé mat thuc hién nhiém vu tai tao (Recontruction) mo hinh

vat trén ban lam viéc.

Cac PointCloud sau qua trinh x ly s& dwoc tai tao bé mit bang phwong
phap Chiéu tam gidc héa (Greedy projection triangulation). Pay la dang thuit
toan tai tao bé mit ludn luén bao toan ddm may diém dau vao tao lwdi da giac dé
lién két cac diém. Lwdi da giac nay c6 cung sé diém véi ddm may diém dau vao.
Cung dang nay con c6 cac thuat toan Concave Hull, Convex Hull, Organized Fast
Mesh. U'u diém cta cac thuit toan dang nay la toéc do x& Iy nhanh, phu hop véi
yéu cau dé tai.

Ngoai ra con c6 cac thuit todn tao bé mit méi hodc 16p diém méi & vi tri
khac véi vi tri cac diém trong PointCloud d4u vao nhw Grid Projection, Marching
Cubes, Surfel Smoothing. Tuy nhién, cadc phwong phap nay khong dwoc st dung

vi doi héi thoi gian x 1y dai, khong phu hop véi yéu cau vé téc do cha dé tai.
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Hinh 6.24. Két qua tai tao bé mat

6.4.2.9. Khoi Truyén dir liéu bé mat vé tram Master

Khoi nay thwe hién nhiém vu truyén di liéu bé mat da dworc tai tao vé tram

Master.

6.5. Mang giao ti€p UDP

UDP (User Datagram Protocol) 1a mdt giao thirc cho phép truyén dir liéu
trong mang Ethernet ma khong can thiét 1ap két ndi hay xac nhan tré lai. Nho dé
UDP c6 t6c dd nhanh hon, géi tin ngin hon so v&i giao thirc TCP. Dé tai chon giao
thirc UDP nham gidm thoi gian tré do truyén dit liéu gitra cdc may tinh. Mic du
UDP c6 nhuoc diém 1a khong bao 16i khi mat dwong truyén, viéc d6 lai rat it khi

xay ra d6i véi mang ndi bd (LAN) ma dé tai sir dung.

+ Bits 0-15 16 - 31
0 Source Port Destination Port
32 Length Checksum
64

Data

Hinh 6.25. C4u tric goi tin cta giao thirc UDP
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bé phuc vu giao tiép diéu khién gitta ngwdi dung va robot, mot bd ma 1énh
dwoc xay dung. Cac 16p UDPSocket & hai diu chiu trach nhiém ma hoa va giai

ma cac yéu cau hodc phan hoi tlr cic 1&p van hanh theo bd ma 1énh nay.

Chiéu dat (Master -> Slave)

<Lénh>;<@Gid tri dat>\r

Chiéu phan hoi (Slave -> Master)

<Két qud>;<Lénh>;<Gid tri phdn
héi>\r

Y nghia

<Két qud>1a két qua thuc hién mét
lénh, (thanh cong: OK, cé 10i: ER)
<Lénh>1alénh da thuc hién

<Gid tri phdn hoi>1a thong tin phan
ho6i déi véi 1énh

\r la ki tw két thuc goi tin

<Lénh>1alénh can thuc thi
<Gid tri ddt>1a théng s6 yéu cau
\r la ki tw két thuc goi tin

Bang 6.1. Ciu tric mi Iénh giao ti€p gitta Master Client va Robot Server

Lénh NOi dung yéu cau NoGi dung phan hoi

CONNECT/ Két ndi/ ngat két ndi gitra Thanh céng/ 16i

DISCONNECT hai phia

ROBCON K&t néi véi controller cha Thanh céng/ 16i
robot

EMGSTOP Dirng khan cip robot Thanh cong/ 16i

SRVON/ SRVOFF Bat/ tat dong co robot Thanh coéng/ 16i

RSTALRM Reset 16i trén robot Thanh coéng/ 16i

TELESTART / Bat dau/ két thiic ché do Thanh céng/ 16i

TELESTOP Teleoperation

SETX;<X>,<Y>,<Z>,<T | Di chuyén robot dén vi tri Thanh céng/ 16i

>,<K>,<]G> ;<time> dat cia diém cudi.

SET];<J1>,<]2>,<]3>,< | Di chuyén robot dén vi tri Thanh coéng/ 16i

J4>,<]5>,<]6> ;<time> | dat ctia cac kKhop

JOGX;<index>,<step> | Di chuyén robot mot khoang | Thanh c6ng/ 16i
cach theo mot truc toa do

JOGJ;<index>,<step> | Di chuyén robot mot khoang | Thanh c6ng/ 16i
cach theo mot khép
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SETS;<V> Dat van t6c robot Thanh céng/ 16i
SETA;<A>,<D> Dat gia tdc, ham tdc robot Thanh céng/ 16i
SETC;<C> Pat c4u hinh tay robot Thanh coéng/ 16i
SETGF;<GF> bit lwc ngwéng cia gripper | Thanh cong/ 16
GETJX LAy gia tri géc khép va toa Thanh cong/ 16i
do diém cudi hién tai cta Cac thong s6 nhu yéu
robot cau
GETGF L4y gia tri luc kep hién tai Thanh cong/ 16i
cta gripper Cac thong s6 nhw yéu
cau

Bang 6.2. Tip ma 1énh giao ti€p gitra Master Client va Robot Server

6.6. Doc Camera Tool

Khi robot vAn hanh, Camera Tool ghi lai hoat dong cia gripper gan tai diém
cudi robot. Mdi chu ki, chwong trinh tai Robot Server 14y anh chup tir camera.
Anh sé dwoc nén theo chuidn JPEG dé giam dung lwong, rdi giti dwéi dang chudi
byte vé Master Client. Khi chudi byte dén, Master Client lwu thanh dang anh, giai
nén, roi hién thi 1én man hinh.

Ca phap gtri anh trén dwong truyén la: IMG<ID><ByteArray>. Trong d6 IMG
12 ki tw bat dau anh, <ID> 12 s6 thit tw anh theo thoi gian chup, <ByteArray> la
chudi dit liéu chira anh.

Thoi gian cAn d€ nén mot anh cé thé dai hon chu ki chup mot anh, nhit la
vGi dnh kich thwéc 1on. Dan dén tich luy do tré ciia &nh givi vé Master so véi thoi
gian thwc. D€ giai quyét viéc nay, cong doan nén dnh dwoc thuc hién bang co ché
da ludng (multithread). Nhé cac thread chay song song, méi anh chup sé duoc
nén ngay lap tirc ma khéng phai cho cac anh trwéc dwoc nén xong. Sau khi hoan

tdt nén mot anh, thread sé dwoc tai st dung cho cac anh tiép theo.
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Hinh 6.26. Nén anh dung co ché da luéng

6.7. Giao dién ngwoi dung
6.7.1. Ché do RUN

Giao dién trong ché d6 RUN chira tat ca tinh nidng dé chay hé théng thuec.

SIMULATION | RUN

~C

— 3D Envi — Tool Camera
~ Rabot Camera Kinect Dok Visw=0rient
P Any P Ay P Any
Port: 10010 Port: 10030 Port: 10050
[covecr || [_coweer | [ coveer (]
[~ RV-2AJ Robot
Made. Status
@ Manual Control
INFO
(© Tele Operation
— Control Position
a1 0 deg X: 0 mm
MANUAL g
: i 0
= o e o
13 0 deg Z 0 mm
= 14 0 deg T 0 deg
N -
B sop 35 0 deg K - Signal Graph
Jont | Xz
[ Leap Sensor
Control Status 500 =
- X_ham
[T TR W () o e A
— 250
oy —— X_robot
[~ TeleOperation Program S o XV_robot
Record 0
—_— Name Length 2
L i '”uunuﬂugt ZE
00:00 I S = 250
Tape_2.mr 00:07.000
loyheck Tape 3.mre 00:07.600 500
Tape Name . \ .
0 o 5 10 15 20
[s1
00:00 / 00:00 o
ExportData | | Savelmage | [ Reset | [ select.

Hinh 6.27. Giao dién chinh cia ché d6 RUN
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6.7.1.1. Khdi Connection

Khoi Connection cho phép thiét 1ap va xem trang thai két ndi mang UDP dén

Robot, Camera va Kinect.

— Connection
Robot —— — Camera — Kinect
IP: Any IP: Any IP: Any
Port: 10010 Port: 10030 Port: 10050
\DISCONNECT ’ ‘ CONNECT ’ ‘ CONNECT ’

Hinh 6.28. Giao dién khoi Connection
6.7.1.2. Khéi Robot

Khoi Robot gom nhém Mode dé chon gitra ché d6 Manual va Teleoperation,
nhom Control dé€ ra 1énh diéu khién robot, nhém Status hién thi trang thai hoat
dong va bao 16i, nhém Position hién thi gia tri goc khép va vi tri diém cudi hién

tai cia robot.

— RV-2AJ Robot
— Mode — Status
@ Manual Control
SERVO ON FAILED
Tele Operation
— Control — Position
i1 0 deg X 0 mm
MANUAL : y 0
CONTROL PANEL 22 e m
13: 0 deg Z: 0 mm
)4 0 deg T 0 deg
EMER. | &3 reseT
stop || & 35 0 deg K 0 deg
3G: 0 deg FG: 0 N

Hinh 6.29. Giao dién khéi Robot trong ché d Manual

Véi ché d6 Manual, bang diéu khién dwoc dung dé nhip lénh. Véi ché do
Teleoperation, 1énh di chuyén sé dwoc nhip thong qua Khoi Leap Sensor. Mit

khac, nat dirng khan cdp (EMER. STOP) ludn c6 tac dung trong ca hai ché do.
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. Jog Mode —— , Jog Operator —— - Set Position ———

@ JOINT Jog - [Z] [Z] . deg
©) XYZ Jog
||| E—
, Control —————
scrvo: () | (ol b | o
= R
a ‘ O J5 E] [Z] 35 deg
 Set Configuration — | ;- m m G deg
Auto/ Manual — ‘ =
Right Left kShep 10.00 =] |
@ Above gelow | ¢ Set Speed, Acceleration X
Joints Speed (%) Auto/ Manual
SET ’
! ) 50
. Set Gripper Force — | Accel (%) Decel (%)
FG N| |- D 50 D 50
SET ’ SET
. Get Data
Robot Position: ‘ GET

Hinh 6.30. Giao dién bang diéu khién Manual

— RV-2AJ Robot
— _Mode — Status
() Manual Control TELEOPERATION
© Tele Operation START FAILED
— Control — Position
J1: 0 deg X: 0 mm
TELEOPERATION - -
e J2: 0 deg Y: 0 mm
33: 0 deg Z 0 mm
34 0 deg T 0 deg
EMER. ;
! e @RESET = 0 e 0 deg
1G: 0 deg FG: 0 N

Hinh 6.31. Giao dién khéi Robot trong ché do Teloperation
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6.7.1.3. Khdéi Leap Sensor

Khoi Leap bao gom nhom Control va nhom Status. Khi nhdn READ, chwong
trinh bat dau 14y dit liéu tir cdAm bién Leap, mot ctra s6 dd hoa duwoc bat 1én dé

theo doi ctr dong ban tay.

Leap Sensor

Status

Control
" [V] Enable Filter |( ‘ LEAP CONNECTED

Hinh 6.32. Giao dién cAm bién Leap
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6.7.1.4. Khoi 3D Environment

~ 3D Envil t — 3D Envil
Dock View Orient Dock View Orient

Hinh 6.33. Giao dién d6 hoa méi trwong 3D
Khoi 3D Environment thé hién vi tri robot trong khéng gian thuwc té do 3D.
Ngoai ra, méi trweong do hoa cé thé cho thiy gi¢i han lam viéc ctia canh tay, hé
toa do tai g6c va tai gripper. C6 thé chinh hién thi tay may thanh trong suot dé

quan sat ré hon ban lam viéc.
6.7.1.5. Khdi Tool Camera

Khoi Tool Camera hién thi hinh dnh tir camera quan sat Gripper.
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— Tool Camera

FPS:16.7

Hinh 6.34. Giao dién hinh anh Camera Tool
6.7.1.6. Khoi Graph

Kh6i Graph lam nhiém vu vé do thi cac tin hiéu dat tir ban tay ngwoi dung

va tin hiéu phan hoi tir robot trong mién khép hodc mién khong gian.

— Signal Graph
Joint | xvz |
200 |
—— J1_robot
150 ——— J2_robot

—— 13_robot

100

[deg]
[ degjs ]
3

1 1 1 1 1
120 125 130 135 140
[s] \¥] View Legend

e | e | e | m—rrr—

Hinh 6.35. Giao dién d6 thi mién khép
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— Signal Graph
Joint XYZ

1000 - —— X_robot |
750 £ \ , ——— Y_robot
_— 5 —— Z_robot
25 500 |
ok
w250 F
EE »
= 0
-250 F
-500 t 1 1 1 1
65 70 75 80
[s] View Legend

ExportData | | Saveimage ||  Reset | [  select..

Hinh 6.36. Giao dién do6 thi mién XYZ
6.7.2. Ché do SIMULATION

Giao dién trong ché d6 SIMULATION cho phép nguoi dung thwc tip trén
robot mé phong v&i cac tinh nang hoat déng giong nhw robot thuec.

SIMULATION | RUN

[~ RV-2Al Robot 3D
[ Set Speed, — Position Dock View  Orient
Joints Speed (%) 1 0 deg X 0 mm
{& so | |32 0 deg Y: 0 mm
Accel (%) Decel (%) = B E 7
3 D & D 0 | | 0 deg T: 0 deg
15 0 deg K 0 deg
2 i
— Set Position — Jog Operator

— Signal Graph
Joint | xrz
200
100
5
¥g o
-100
-200 L L
o 5 10 15 20
[s] View Legend
ExportData | [ Savelmage | | Reset ][ select...

Hinh 6.37. Giao dién chinh cia ché @6 SIMULATION
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— RV-2AJ Robot
— Set Speed, Acceleration ———— — Position
Joints Speed (%) J1: 0.00 deg X: 0.00 mm
{1} so | | 32 0.00 deg Y: 0.00 mm
Accd (%) DECEI (%) J3: 0-00 deg Z: 942'00 mm
- D 50 D 50 J4: 0.00 deg T: 0.00 deg
J5: 0.00 deg K 0.00 deg
SET 1G: 0.00 deg
— Set Position — Jog Operator
n va n o w||n (W] » @0
n o x 0wl ln @) » (@R
13 0 deg JG 0 deg
s (4](>] »(<][>]
=1 Step 30.00 =

Hinh 6.38. Giao dién bang diéu khién trong ché d6 SIMULATION
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Chwong 7. KET QUA VA KET LUAN

7.1. Két qua thwc nghiém

7.1.1. Két qua sao chép cir dong

Hé théng dwgc thir nghiém véi mot chudi et ddong binh thuwong dé kiém

tra do bam cua slave theo master.

Time [s]

Time [s]

450

400

350

300

250

200

300

200

100

-100

-200

-300

| | | | | | | |
240 245 250 255 260 265 270 275
Position [mm)]

Hinh 7.1. Pap &ng vi tri X

1 | | 1 1 1 | |
240 245 250 255 260 265 270 275
Position [mm]

Hinh 7.2. Pap tng vitri Y

— — Z-hand
Z-robot |-

\ ¥

240 245 250 255 260 265 270 275
Position [mm]

Hinh 7.3. Pap &ng vi tri Z
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200 -
190
2 180
'_
170
160
240 245 250 255 260 265 270 275
Position [deq]
Hinh 7.4. Pap &ng goc 6
20
— — K-hand
£
'_
240 245 250 255 260 265 270 275
Position [deg]
Hinh 7.5. Pap &ng gbéc Y
Théng s6 Gia tri
Thoi gian tré 0.439s
Sai so vi tri theo truc X 0.653 mm
Sai sO vi tri theo truc Y 1.068 mm
Sai sO vi tri theo truc Z 2.155 mm
Sai s6 goc hudng 6 0.538 deg
Sai s0 goc hudng | 0.163 deg

Bang 7.1. PO tré va sai s gilra tay ngudi va robot.

Két qua cho thiy kha nang bam t6t cta slave theo master. Sai s6 sao chép
gitra tin hiéu diéu khién va d4p 1a nhé va thoi gian tré vira phai. Thoi gian tré 1a
tong cua thoi gian doc dir liéu ban tay, thoi gian chuyén dong qua dé caa robot

va thoi gian truyén tin hiéu theo chiéu di va vé.

111



Trdn Hoang Khéi Nguyén - Ddng Pinh Nguyén
LVTN - Hé théng diéu khién tay mdy sao chép cir déng str dung mang LAN

7.1.2. Két qua hoat dong ty dong
U'ng dung chirc ning lap trinh (Programming) ctia hé théng, robot dwoc
huin luyén dé€ co6 thé tw dong lap lai thao tac diéu khién gip vat tir ciia ngudi

dung. Muc tiéu 1a gap vat tlr vi tri ban d4u (1), di chuyén roi dat 1én vi tri dich (2).

— Tool Camera
FPS: 15.2

9

Hinh 7.7. K&t qua gap vat tw dong
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Sau khi dwoc ngudi dung huin luyén mot Ian, robot I3p lai thao tac gap

vat véi do chinh xac cao.

7.1.3. Két qua tai tao vit trong khong gian ao 3D

Hinh 7.9. Vat dwoc tai tao trong khong gian do 3D
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Dit liéu dwoc xtr Iy va cAp nhat moi 2 gidy. Tuy nhién khi sd lwong vat mau

tang, dit liéu 1én sé lam chim lai toc do6 xi ly.

Viéc st dung hai camera Kinect dé quan sat hai phia cia vit c6 han ché la
tia hong ngoai clia moi Kinect gy nhiéu trén Kinect con lai, dan dén cac 16 tréng
trén hinh anh 3D. Tuy 1a nhiéu dwoc bu trir khi ghép hai dnh lai, nhung do tin cay

clia moi &nh don 1é da giam.

Hinh 7.10. Nhiéu lan nhau gitra hai Kinect
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7.2. Kétluin
7.2.1. Nhiém vu da hoan thanh

Hoan thanh m6 hinh hoa va mé phdng déng hoc, quy hoach quy dao, déng

bd chuyén dong cac gbc khép cua tay may.

Hoan thanh hé thong co ban tram Master va Slave, diéu khién chinh xac tay

may theo ctr dong ban tay va c6 tin hiéu phan hoi tir tram Slave.

Hoan thanh dung cu céng tac diém cudi cho tay may, c6 phan hoi lwc va tw

han ché luwc kep.
Hoan thanh tai tao bé mat 3D cho vt trong khong gian lam viéc ctia robot.
Hoan thanh rng dung demo tw van hanh lap lai cho tay may.
7.2.2. Nhirng diém han ché
Do th¢i gian thuc hién Luin van ngdn va han ché vé phan cirng may tinh
nén Luan vin van con mot sd mit han ché:
Thoi gian x Iy nh dai, khong thé thir nghiém cac phwong phap da dang dé
thu dwoc dir liéu t6t nhat.
Qua trinh cap nhat khong gian 3D khong dap rng dwoc thoi gian thuec.
7.2.3. Hwdng phat trién dé tai
Xay dung mot hé thong phan hoéi hoan chinh bao gom hinh anh 3D, 4m
thanh, lwc d€ ngwoi diéu khién cé thé cdm nhén chinh xac nhat vé moi trueong
thwc té bén phia tram Slave.
Phét trién co ché di chuyén cho tay may gitp ting tinh linh hoat, ting manh
tinh &ng dung cho hé théng.
Hé théng c6 thé duoc phat trién cho nhiéu cong viéc nhw hd tro 1ap trinh
cho tay may trong cong nghiép, ctru ho thién tai, lam viéc trong moi treong doc

hai d6i véi con nguoi.
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