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TOM TAT

Tén dé tai: Phat trién hé thdng turong tic ngudi-may cho robot ABB CRB15000

Sinh vién thyc hién: 6 Pang Duy Tu Sb thé SV: 105200391
Quéch Thién Pt S6 thé SV: 105200358
Nguyén Hiru Nam Thanh Sb thé SV: 105200386

Lép: 20TDHCLC]

Trong thoi ky cong nghiép hoa — hién dai hoa, robot cdng tac ngay cang dong vai
tro quan trong trong day chuyén san xuat thong minh nho kha ning lam viéc linh hoat
va an toan bén canh con nguoi. Tuy nhién, dé robot thuc sy phat huy duoc hidu qua
trong mdi truong thuc té, viéc thiét ké mot hé théng twong tic nguodi — may than thién,
tryc quan va hiéu qua 13 diéu can thiét. Xuat phat tir nhu cau d6, nhom chung toi thuc
hién dé tai “Phat trién hé théng tuong tic nguoi — may cho robot ABB CRB15000”,
nham x4y dyng mot hé théng phan mém diéu khién gitip nguoi ding dé dang diéu khién
va giam sat robot qua mdy tinh c4 nhan ma khong can chuyén sau vé k¥ thuat 1ap trinh.

Noi dung dé tai tip trung vao nghién ciru va trién khai cac cong nghé chinh nhu
giao thirc Externally Guided Motion (EGM) dé diéu khién vi tri robot theo thoi gian
thue thong qua may tinh, st dung Robot Web Services (RWS) dé quan 1y va giam sat
hoat dong ciia robot qua REST API, ciing nhu lap trinh giao dién ngudi dung bang
Python va thu vién PyQt5. Pong thoi, nhom ciing phdi hop vi nhom phat trién hé thong
nhan dién ctr chi tay sir dung MediaPipe va OpenCV nham tich hop tinh nang diéu khién
robot bang thao tac tay trong thoi gian thuc. Hé théng duogc thir nghiém théng qua mé
phong trén phén mém RobotStudio va trién khai thuc nghi¢m trén robot that tai Cong ty
TNHH Ty dong hoa Nhat Tri. Qua do, nhém dénh gid dugc hi€u qua van hanh, kha nang
phan hdi, tinh 6n dinh va d6 chinh xac cua hé thdng khi tuong tac voi ngudi dung.

Pé tai khong chi gitip nhom chung t6i ndng cao kién thirc chuyén nganh vé diéu
khién — tw dong hoa va robot cong nghiép ma con mang lai giai phap kha thi co thé ing
dung vao thuc tién, dac biét trong cac nha may san Xuét co yéu cAu cao vé tu dong hoa

linh hoat, tiét kiém chi phi van hanh va tang hiéu qua lao dong.
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TRUONG PAI HOC BACH KHOA

DAI HOC DA NANG CONG HOA XA HOI CHU NGHIA VIET NAM

Ddc lap - Tu do - Hanh phuc

KHOA DPIEN

NHIEM VU PO AN TOT NGHIEP

1T Ho tén sinh vién Sb the SV Lép Nganh
1 Db Pang Duy T 105200391 | 20TDHCLC]1 |K§ thuat didu khién & Ty dong hoa
2 Quach Thién Pac 105200358 | 20TDHCLC1 | K¥ thuat diéu khién & Tu dong hoa
3 |Nguyén Hiru Nam Thanh| 105200386 | 20TDHCLC1 | Ky thuat diéu khién & Tu dong hoa

Tén dé tai do an:

Phat trién hé thong twong tac ngudi - may cho robot ABB CRB15000

2. Dé tai thubc dién: [ C6 ky két théa thudn sé hivu tri tué doi véi két qua thuce hién
3. Cdc s6 liéu va dit lidu ban dau
4. Ngi dung cdc phan thuyét minh va tinh todn:
a. Phan chung:
TT Ho tén sinh vién Noi dung
1 D6 biang Duy Tu - Tim hiéu va nghién ctru cac thong tin tai liu,
, P cac bai bao khoa hoc va tap chi lién quan vé cac
2 Quach Thién Dic k¥ thuat, phuong phap diéu khién robot.
3 | Nguyén Hiru Nam Thanh | - Viét béo céo thuyét minh.

b. Phan riéng:

TT Ho tén sinh vién No6i dung
- Nghién ctru, 1ap trinh giao tiép giita PC va
Robot dya trén nén tang Robot Web Services va
x ) Externally Guided Motion sir dung ngdén ngit
1 D06 bang Duy Tu
Python
- Thiét ké giao dién twong tic ngudi-may sir dung

ngon nglr Python.

il




- Nghién cuu, 13p trinh xtr ly anh, nhan dién cu
2 Quéch Thién Dirc chi tay dua trén thu vién Mediapipe su dung
ngon ngtt Python.

- Nghién ctru, 13p trinh chuong trinh chinh giao
. . tiép gitta Robot voi PC dua trén giao thirc
3 | Nguyén Htu Nam Thanh _ , . . o
Externally Guided Motion bang ngdn ngir 1ap

trinh RAPID.

5. Ho va tén nguoi huéng dan: TS. Giap Quang Huy
KS. Lé Phudc Sinh
6. Ngay giao nhiém vu dé dn:  15/03/2025.

7. Ngay hoan thanh dé dén: 02/06/2025
Truéng B6 mon Ty Dong Hoa Nguwoi hwéng dian Pong huéng din
TS. Giap Quang Huy TS. Giap Quang Huy KS. Lé Phwéc Sinh
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DPAI HOC DA NANG

TRUONG PAI HOC BACH KHOA
KHOA PIEN

CONG HOA XA HOI CHU NGHIA VIET NAM
Doc lap - Tu do - Hanh phuc

PHIEU KIEM SOAT TIEN PQ LAM PO AN TOT NGHIEP

(Phiéu danh cho nguoi huéng dan/sinh vién)

Ho tén sinh vién Sb the SV Lop Nganh

Db Piang Duy Tu 105200391 [20TDHCLC1 |K§ thuit diéu khién & Ty dong hoa

Quéach Thién Puc 105200358 [20TDHCLC1 |K¥ thuat diéu khién & Ty dong hoa
Nguyén Hiru Nam Thanh |105200386 |20TDHCLC]1 |K§ thuat diéu khién & Tu dong hoa

Tén dé tai DPATN: Phat trién hé thong twong tac nguoi - may cho robot ABB CRB15000

Ho tén nguo1 HD: TS. Gidap Quang Huy

Don vi: Pai hoc Bach Khoa BN

. Khdi lwong GVHD
Tuan| Ngay 7 , on
Pa thuc hién (%) Tiep tuc thuwe hién (%) ky tén
- Tim hiéu va nghién ctru
1 |15/3-23/3 | - Nhan dé tai ly thuyét lién quan vé dé
tai.
- Nghién ctru, tim hiéu vé
cac ngdn ngtr 1ap trinh
2 124/3-30/3 can thiét cho d6 an. 7 - Tiép tuc nghién cuu,
- Nghién ctru, tim hiéu thuc hién du an.
cach st dung cic phan
mém chinh.
- Tim hiéu vé cac giao thirc
giao tiép, diéu khién | - Viét thuyét minh.
3 | 31/3-6/4 | robot thong qua PC. - Nghién ctru 13p trinh
- Tim hiéu vé& xir Iy anh, trén RobotStudio.
nhdn dang cu chi tay.
4 le/a Duyét lan 1: Panh gia khoi lugng hoan thanh 25%:
Pugc tiép tuc 1am DPATN [ Khong tiép tuc thuc hién PATN [




- Hoan thanh thuyét minh
chuong 1. ‘ 7
- Lap trinh diéu khién

- Nghién ctru lap trinh
giao ti€p, diéu khién

5 | 7/4-13/4 o ¢ Robot bang PC. Thong
Robot co ban bang ngdn qua giao thirc EGM.
nglt Rapid trén phan
mém RobotStudio.

- Lap trinh diéu khién vi | - Tiép tuc nghién ciu

6 |14/4-20/4| tri, goc quay robot thong thém vé EGM. ’
qua giao thiue EGM bang | - Tiép tuc bo sung thuyét
ngon ngir Python. minh.

] ggﬁ thg;lov“?géfp t;gﬁ - Nghién ciru lap trinh xi

7 120/4-27/4|  khién vi tri ctia robot voi Ly anli, nh;;l n dapxg o Ch{
giao didn don gidn gdm tay dé diéu khién vi tri
cac nit nhan. robot.

8 |27/4.08/4 Duyét 1an 2: Danh gia khdi lugng hoan thanh 50%:

) Puoc tiép tuc 1am PATN [ Khong tiép tuc thuc hién DPATN [
i El?gn tcrlgg:g Iclganchith,?gl - Nghién ctru, 1ap trinh

9 |28/4-4/5 | didu khién vi tri robot | Ve .
bing cdc nit nhdn do, | - Thiét ke giao dién tuong
déng mé gripper. ’ tdc nguoi-robot.

- Phat trién mot sb tinh
?nggmgﬁf tagvz/,gl IEEIO; - Tiép tyc phat trién giao
X an N dién.

10 | s/s-11y5 | chon che do hoat dong, | “re o hoan thanh
bat tat dong co, dicu L.
chinh tc d6. th‘uyet minh chuong 1

- Phat trién giao dién don va 2.
gian cho RWS.
- Tiép tuc phat trién thém
- Hoan thanh bao cao m’(jt sﬁ ch}'r ¢ péng nhr
chuong 1 va 2 két néi/ngat két noi cho
1T |12/5-18/5| - Phat trién giao dién gdm EGM’ C'E’l\l’l’lelja va 1} WS.
3 phan EGM, Camera va | Hodn thi¢n giao dién.
RWS ’ - Thor nghiém qua mo
' phong trén phan mém
RobotStudio.
Duyét 1an 3: Danh gia khoi luong hoan thanh 90%:
12 |18/5-19/5

Pugc tiép tuc 1am DPATN [ Khong tiép tuc thuc hién PATN [
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20/5-1/6

- Hoan thién giao dién.

- Tbi wu hoa code.

- M6 phong thanh cong,
kiém tra cac chic ning
EGM, RWS.

- Tién hanh thuc nghiém
trén Robot that tai cong
ty.

14

2/6-8/6

- Hoan thanh viéc thu
nghiém trén robot that.

- Hoan thanh quay video
demo.

- Hoan thién thuyét minh.

15

9/6-15/6

- Hoan thanh d6 an.
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LOINOI PAU VA CAM ON

Vi su d(‘”)ng ¥ va tao diéu kién tir Khoa Dién, nhom chung t61 da thyc hién nghién
clru dé tai: “Phat trién hé théng twong tac ngudi - may cho robot ABB CRB15000”

Trong qua trinh thyc hién dd 4n, chiing t6i vinh dy nhan dugc sy hudng dan tan
tinh, sat sao tir TS. Giap Quang Huy, giang vién huéng dan chuyén mon, cing véi sy
ho tro quy bau ctia anh Lé Phuéc Sinh, k¥ su thuoc Cong ty TNHH Ty Pong Hoa Nhat
Tri.

Thong qua qua trinh lam viéc, trao d6i voi giang vién va k¥ su huéng dan, ching
t6i khong chi tiép thu duoc nhiéu kién thirc chuyén mén méi mé, thuc tién ma con hoc
hoi duge phong cach lam viéc chuyén nghiép, tac phong nghiém tiic va tinh than trach
nhiém — nhitng yéu té quan trong d6i véi mot ki su nganh diéu khién va ty dong hoa.

Chung t6i xin gui 10i cam on chan thanh va sau sac dén giang vi hudng dan, cac
thay c6 trong Khoa Pién - Truong Pai hoc Bach Khoa, ciing nhu anh huéng dan va toan
thé quy Cong ty TNHH Ty Pong Hoa Nhat Tri da dong hanh, hd tro va tao diéu kién

cho chung t6i trong sudt qua trinh thyc hién dé tai.

Chung t6i nhan thic rd rang, dé hoan thanh mot dd 4n tot nghiép k¥ su khong chi
can kién thirc duge hoc trén giang duong ma con doi héi tinh than cau tién, thai do
nghiém tuc, cting véi kinh nghiém thyc té va sy hudng dan tan tim tir nhitng nguoi di
truée. Chung t6i mong tiép tuc nhan duoc sy chi dan, gop ¥ quy bau tir thiy c6 va cac

anh/chi k¥ su dé hoan thién ban than hon nita trong tuwong lai.

Chéng duong 5 ndm hoc tap tai truong Pai hoc da khép lai. Sau khi hoan thanh dd
an tot nghiép ndy, ching t6i — nhimg k¥ su tré — mang theo hanh trang 1a kién thirc, k¥
nang va ca thai d6 chuyén nghiép, sin sang budc vao méi truong lam viée thuc té. Nhitng
gi chiing t6i dat dwgc hom nay 13 thanh qua cua su giang day, diu dit tin tAm cua cac
théy c6 Khoa Di¢n — Truong Pai hoc Bach Khoa va su hd tro thiét thue tir Cong ty
TNHH Ty Bong Hoa Nhéat Tri. Chung t6i xin tran trong cam on.

Chung t61 xin chan thanh cam on!
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LOI CAM POAN LIEM CHiNH HQC THUAT

Chung t6i xin cam doan rang do an tot nghiép véi dé tai “Phat trién hé thong twong
tac nguoi - may cho robot ABB CRB15000 1a nghién ctru doc 1ap cua chung toi véi su
ho tro tir giang vién hudng dan TS. Giap Quang Huy va KS. Lé Phudc Sinh thudc Cong
ty TNHH Ty Bong Hoa Nhat Tri.

Chung t6i xin cam doan toan bd sb liéu dugc cung cap tir bao cédo déu 1a cua cong
ty va day 1a két qua nghién ctru hoan toan trung thyuc, khong sao chép tir bat ki mot cong

trinh nghién ctru khac nao. Nhiing tai liéu trich dan déu da dugc ghi 6 nguén gdc.

Chung t6i xin chiu hoan toan trach nhiém néu c6 bat ky su sao chép, gian dobi két

qua nao trong san pham do an nay.

Pa Ning, ngay ... thang 06 nim 2025
Nhém dong tac gia thue hién

Sinh vién 1 Sinh vién 2 Sinh vién 3

P6 Ping Duy Ti Quach Thién Pire Nguyén Hiru Nam Thanh
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Phat trién hé thong tiwong tac ngudi-may cho robot ABB CRB15000

MO DPAU

1. Ly do chon deé tai

Trong xu thé chuyén d6i sé va tu dong hoa, giao dién twong tic ngudi — may
(Human-Machine Interface — HMI) ngay cang déng vai trd quan trong trong viéc diéu
khién, giam sat va phdi hop giita con ngudi va hé thdng ty dong. Dic biét trong linh vuc
robot céng nghiép, viéc phat trién mot giao dién tryc quan, dé str dung s& gitp ning cao
hiéu suat lam viéc, giam thiéu sai s6t va mo rong kha nang tmg dung ciia robot trong

thuc té.

ABB CRB15000 (GoFa) la mot Robot cong tac hién dai, dugc thiét ké dé hoat
dong an toan va linh hoat bén canh con ngudi. Tuy nhién, dé phat huy t6i da tiém ning
ctia thiét bi ndy, nguoi ding can c6 mot giao dién tuong tac hiéu qua nham truyén 1énh,
giam sét trang thai va kiém soat chuyén dong mot cach thuan tién. Xuat phat tir nhu cau
d6, nhom chung t6i chon thuc hién dé tai “Thiét ké giao dién twong tdc ngueoi —mdy cho
robot ABB CRB15000”, véi myc tiéu xay dung mot phuong phép dé cé thé giao tiép
don gian, tryc quan va dap tng tot yéu cau sir dung trong méi trudng thuc té.

2. Muc tiéu dé tai
+ Thiét ké va xay dung giao dién ngudi dung giup giao tiép véi robot ABB
CRB15000 thong qua may tinh.

+ HO trg cac chirc nang co ban nhu: diéu khién chuyén dong robot, giam sat trang
thai bo diéu khién, giam sat va diéu khién tdc do cta robot, guri 1énh thyc thi chuong
trinh RAPID, hién thi di liéu tbc do, goc quay phan hoi tir robot.

+ Dam bdo giao dién than thién, tryc quan va dé sir dung ddi voi nguoi van hanh
khong chuyén vé k¥ thuat lap trinh.

+ Sir dung cac cong nghé nhu Python, giao thirc hudéng dan chuyén dong bén ngoai
(EGM), giao thiac HTTP REST API (Robot Web Service — RWS), két hop mo phong
v6i RobotStudio.

+ Nhan dién cir chi tay dé diéu khién mot sé hoat dong ctia Robot nhu vi tri, goc

quay, dong m¢ cong cu.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 1
Quach Thién Buc KS. Lé Phudc Sinh
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3. Pham vi va déi tweng nghién ciru
3.1. D6i twong nghién ciru:

Robot ABB CRB15000, Externally Guided Motion (EGM), Robot Web Service
(RWS), ngdn ngit 1ap trinh Python, thu vién giao dién nguoi dung va cac cong cu ho tro
1ap trinh giao tiép robot.

3.2. Pham vi dé tai:
+ Tap trung vao thiét ké phan mém giao dién giao tiép giita ngudi ding va robot
thong qua may tinh.
+ Thir nghiém trén RobotStudio hoic bd diéu khién that ciia robot ABB.

4. Phwong phap nghién ciru
+ Tim hiéu dic diém k¥ thudt robot ABB CRB15000, giao thirc EGM va giao thirc
RWS.

+ Phan tich yéu cau cia ngudi dung dé xay dung cac chirc ning can thiét cho giao
dién.

+ Thiét ké, 1ap trinh giao dién bang ngon ngit Python két hop thu vién phu hop
(PyQt).

+ Thir nghiém giao dién voi md phong robot trong RobotStudio hoic hé théng thuc

te.
+ Danh gia hi€u qua va cai tién giao dién dua trén phan hoi nguodi dung.

5. Cau truc cua do an

> TOM TAT
» NHIEM VU PO AN TOT NGHIEP
» PHIEU KIEM SOAT TIEN DO LAM PO AN TOT NGHIEP
> LOINOI PAU VA CAM ON
» LOI CAM POAN LIEM CHINH HOC THUAT
> MUC LUC
> DANH SACH CAC BANG, HINH VE
> DANH SACH CAC KY HIEU, CHU VIET TAT
> MO DAU
Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 2
Quach Thién Buc KS. Lé Phudc Sinh
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> Chuong 1: NGHIEN CUU TONG QUAN

» Chuong 2: XAY DUNG HE THONG NHAN DIEN CU CHI TAY BE DIEU
KHIEN ROBOT

> Chuong 3: XAY DUNG HE THONG GIAO TIEP GIUA CAMERA-PC -ROBOT
> Chuong 4: KIEM NGHIEM VA BDANH GIA KET QUA

» KET LUAN

» TAI LIEU THAM KHAO

> PHU LUC

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 3
Quach Thién Puc KS. Lé Phudc Sinh
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Chuong 1: NGHIEN CUU TONG QUAN

1.1. Téng quan vé robot ABB GOFA CRB150000
1.1.1. Robot ABB GOFA CRB15000
ABB GOFA CRBI15000 Ia mot robot cdng tac (collaborative robot - cobot) tién

tién, manh mé& va an toan duogc thiét ké dé xu 1y tai trong 1én dén 5kg cua ABB. GOFA
két hop mot loat cac tinh ning cho phép sir dung an toan, truc tiép ciing v6i ngudi ding
ma khong can thiét ké va xay dung cac rao chan hodc hang rao cong kénh. GOFA c¢6 thé
lién tuc chia sé khong gian lam viéc vo1 moi nguodi, mang lai su linh hoat va hiéu qua
t6i da. Robot va con nguoi hop tac thyc hién cing mot nhiém vy, ma khong gay nguy
hiém va van cho hiéu nang tdt. GOFA c6 thé thuc hién duoc nhiéu ung dung khac nhau

tir dong san xuat tu dong cho dén dong goi san pham va hd tro lap rap.

Hinh I 1 Robot ABB Gofa CRB15000
Mot hé Robot bao gém cac thanh phz‘in:
1. Cénh tay Robot
2. Bo diéu khién Robot
3. Thiét bi lap trinh cam tay (FlexPendant)

4. Cap va phan mém l4p trinh (Robotstudio)

Sinh vién thuc hién: D6 Dang Duy Th Huéng dan: TS. Giap Quang Huy 4
Quach Thién Puc KS. Lé Phudc Sinh
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_l_

+

Théng s6 k§y thuit:

Sd truc: 6.

Cép bao vé: IP54.

Lap dat: Co thé lip dat & nhiéu vi tri: tuong, tran nha, ban lam viéc. ..
B6 diéu khién: OmniCore C30.

Tin hi¢u két ndi: 4 tin hiéu gdm 10, Fieldbus hoic Ethernet.

Trong luong: 27 kg.

Tam v&i ctia robot: 950 mm.

Tai trong tdi da: 5 kg.

Tbc @6 toi da: 2.2 m/s.

Chiéu dai cap robot: 7 m.

1.1.2. B¢ diéu khién Omnicore C30 va FlexPendant

] Q 7 .
@
%
ABB

Hinh 1 2 Bé diéu khién Omnicore C30 va FlexPendant

1.1.2.1. B diéu khién Omnicore C30

OmniCore C30 14 bd diéu khién chinh cta robot GoFa CRB 15000, dugc thiét ké

v6i kich thude nho gon nhung tich hop day du kha nang diéu khién chuyén dong chinh

xac va linh hoat, phu hop voi cac yéu cau tu dong hoa hién dai.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 5

Quach Thién Puc KS. Lé Phudc Sinh
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+

+

+

Cac dac diém chinh cua bd di€u khién:

Hd trg nhiéu giao thuc truyén thong cong nghiép nhu Ethernet/IP, ProfiNet,
DeviceNet...

Thiét ké dang desktop v&i quan 1y day gon gang, dé tich hop vao khong gian hep.

Tich hop céc tinh ning an ninh mang dé ngan chin truy cp trai phép hodc phan

mém khong xac thuc.

+

+

Théng s6 ky thuat:

Trong luong: 11kg.

Kich thudce: 509 mm x 514 mm x 193 mm.

Cap bao vé: IP20.

Giao tiép: Ethernet: Mang LAN riéng, I0 LAN, va WAN.

Céng IO tuy chon: Ethernet IP, ProfiNet, ProfiSafe, CC-Link, DeviceNet.
Yéu cau ngudn vao: Mot pha 100 —230 VAC, 50 — 60 Hz.

Ngo vao/ra dang digital: 24 VDC, 16 ngd vao/16 ngo ra

Thiét bi day lap trinh: ABB FlexPendant véi cdp 3 m, USB 3.0, man hinh cdm tng

mau 8 voi joystick va ban phim mang 12 nut.

1.1.2.2.  Thiét bj lap trinh cam tay (FlexPendant)

FlexPendant 13 thiét bj dau cudi dung dé diéu khién va 1ap trinh robot ABB. N¢

cung cap giao dién ngudi dung cho phép tuong tac va 1ap trinh cho robot ABB mét cach

tryc quan, hiéu qua. V&i man hinh cam tng da diém va phan mém lap trinh d6 hoa ABB

Wizard, FlexPendant cho phép ngudi sir dung dé dang 1ap trinh va giam sat robot ma

khong can k¥ nang 1ap trinh chuyén siu

_l_

Céc dic diém chinh cua thiét bi lap trinh cam tay:

Hién dai: FlexPendant duoc thiét ké voi giao dién dé sir dung hién dai cung cap

trai nghiém diéu khién robot mugt ma va hiéu qua.

_l_

Man hinh cam tng da diém 16n voi cac cu chi chuan (nhan, vuot, cham): Man hinh

ctia FlexPendant cho phép ngudi dung tuong tac voi robot bang cac thao tac cam tng

quen thudc, gidng nhu st dung dién thoai théng minh, gitp viéc diéu khién trd nén d&

dang va tryc quan hon.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 6

Quach Thién Buc KS. Lé Phudc Sinh
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+ C0 thé thay thé: Tinh ning nay cho phép nguoi dung théo roi FlexPendant trong
khi hé thong dang hoat dong va chia sé giita cic robot ma khong 1am gian doan qua

trinh lam viéc.
1.2.  Gié6i thiéu chung vé chuyén dong hwéng din bén ngoai (EGM)
1.2.1. Téng quan vé EGM
1.2.1.1. Chuyén dgng hwdng dén bén ngodi (EGM)

EGM 1a mot module duoc ABB phat hanh cung véi RobotWare 6, cho phép diéu
khién chuyén dong ctia robot theo thoi gian thuc bang dit liéu vi tri/van tdc tir mot thiét
bi bén ngoai nhu cam bién hodc may tinh. Module nay cung cap phan hoi tét hon ddi
v6i tin hiéu tir cam bién bén ngoai. EGM cho phép diéu chinh dudng di cua robot trong
khoang 10 - 20 ms. EGM di truc tiép vao bd phat sinh tin hi¢u dong co, va béng cach
b6 qua bo 1ap ké hoach dudng di, robot c6 thé phan tng nhanh hon véi dit liéu cam bién

m&i. Tat ca viée loc, giam sat tham chiéu va xtr Iy trang thai déu do EGM dam nhiém.

Tham chiéu c6 thé dugc dua ra dudi dang gia tri khdp (joint values) hodc theo tu
thé (pose). Str dung tu thé yéu cau phai c6 cac khung tham chiéu. Cac phép do tir cam
bién va huéng thay d6i vi tri chi c6 thé dugc dua ra twong ddi voi cac khung tham chiéu.
Khi sir dung gia tri khép, khong can khung tham chiéu vi ca gia tri cam bién va gid tri
vi tri déu 1a gbc truc dugce cho theo do so véi vi tri hiéu chuin ctia mdi truc. Cai dit sir
dung gia tri khdp kha twong dong véi cai dit theo tu thé, ngoai trir viéc khong can khung
tham chiéu.

| RAPID
Program

=—= |

|
|
Controller | e o
7
| F

|
|
|
| Message Manager EGM Server | |
|
|
|

¥l .
| - - | Google Protocol Buffers | C.()mmunicat'ion
| Externally Guided Motion (EGM) EGM Client EGM Controller  'with robot drive
(250Hz UDP)
__ PythonLibrary - system

Hinh 1 3 So do tong quan ciia EGM
Externally Guided Motion (EGM) bao gdm 3 tinh ning khac nhau:
» EGM Position Stream:

Vi tri hién tai va ké hoach cua cac dbi tuong co khi trong RAPID Task dugc guri

dén mot thiét bi bén ngoai.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 7
Quach Thién Buc KS. Lé Phudc Sinh
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» EGM Position Guidance:

Robot khong thyc hién theo duong di duoc lap trinh trong RAPID ma thuc hién

theo duong di do mdt thiét bj bén ngoai tao ra
» EGM Path Correction:

Puong di cua robot dugc 1ap trinh dugc stra doi/ hi€u chinh boi dir liéu cua cac

thiét bi bén ngoai
1.2.2. Huéng din vi tri EGM (EGM Position Guidance)
1.2.2.1. Gidi thiéu

EGM Position Guidance dugc thiét ké cho ngudi ding nang cao va cung cap giao
dién cap thap cho bo diéu khién robot, bang cach bo qua viéc 1ap ké hoach duong di, no
c¢6 thé dugc sir dung khi can chuyén dong robot co6 do phan hoi cao va chuyén dong

muot ma.

EGM Position Guidance c6 thé dugc sir dung dé doc vi tri va ghi vi tri dén hé théng
chuyén dong cua robot véi tdc d6 cao. Piéu nay co thé dugc thuc hién 4ms mot 1an voi
d6 tré diéu khién vao khoang 10-20 ms tuy thudc vao loai robot. Cac tham chiéu co thé
duoc xac dinh béng cach str dung cac gia tri cua truc hodc tu thé. Tu thé co thé duogc
dinh nghia trong bat ky work object nao khong di chuyén trong qua trinh di chuyén
EGM Position Guidance

Uu diém chinh cia EGM Position Guidance 13 toc do cao va do tré thép so vOi cac
phuong tién diéu khién chuyén dong bén ngoai khac. Khoang thoi gian tir khi viét mot
vi tri méi cho dén khi vi tri da cho d6 bt ddu anh hudng dén vi tri robot thuc té thuong
1a khoang 20 ms. Ngoai ra, EGM Position Guidance cung cap d6 chinh xac tuyét ddi,
no6 dam bao robot dat duoc vi tri muc tiéu nhu dugc chi dinh.
1.2.2.2. Thiét lip EGM Position Guidance

Céc bude thyuc hién thiét 1ap EGM Position Guidance nhu sau: [1]

1. Thiét 1ap RobotWare System, cho phép tily chon RobotWare Externally Guided
Motion.

2. Thiét lap thiét bi bén ngoai véi giao thirc cam bién EGM dé thiét bi c6 thé giao
tiép voi bd didu khién robot.

3. Thiét 1ap RAPID code xac dinh céc chi tiét cua chirc ning Externally Guided

Motion.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 8
Quach Thién Buc KS. Lé Phudc Sinh
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4. Thiét bi cung cap dit liéu dau vao cho EGM phai dugc ciu hinh 1a thiét bi UdpUc.
Céu hinh nay duoc thuc hién trong RobotStudio, sir dung céc thong sé hé thong
cua UDP Unicast Device trong muc Communication. Xac dinh tén, dia chi IP,
cong giao tiép cua thiét bi va dat giao thirc truyén tai thanh UdpUc.

1.2.2.3. Tiép cin co bin EGM Position Guidance
Cac buoc thuc hién: [1]
1. Di chuyén robot dén vi tri xac dinh.

2. Pang ky EGM Client va nhan EGM identity. Identity nay sau d6 dugc sir dung
dé lién két thiét lap, kich hoat, di chuyén, hay kich hoat. .. t6i cach sir dung EGM
nhét dinh. Trang thai EGM luc niy van 1a EGM_STATE_DISCONNECTED.

3. Goi lénh thiét 1lap EGM EGMSetupUC dé thiét 1ap thiét bi bén ngoai sir dung két
ndi giao thac UdpUc. Lic ndy trang thdi EGM chuyén sang
EGM_STATE CONNECTED.

4. Chon xem vi tri dugc dua ra & ché do khép hay ché do tu thé va dua ra tiéu chi
héi tu vi tr, c6 nghia 14 tiéu chi d€ xem khi ndo robot dén vi tri dugc xem 14 diing.

5. Néu chon ché d¢ tu thé, can xac dinh hé quy chiéu nao duoc dung dé xac dinh vi
tri muc tiéu va chuyén dong s& duoc ap dung trong hé quy chiéu nao.

6. Dit ché do dimg, thoi gian chd tuy chon va ty thuc hién chuyén dong. Luc nay
trang thai EGM 1a EGM_STATE_RUNNING. Pay l2 ltic robot dang di chuyén.

7. Chuyén dong EGM s€ dung khi dugce coi 1a da dat dén vi tri muc tiéu, tac 1a cac
tiéu chi hoi tu duge dap Gng. Bay gio, trang thai EGM da thay doi lai thanh
EGM_STATE CONNECTED.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 9
Quach Thién Buc KS. Lé Phudc Sinh
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[ EGM_STATE DISCONNECTED ]

SetupAl, hoac SetupAO,
EGMReset hodac SetupGI, hoac
SetupUC

[ EGM STATE CONNECTED ]

EGMRunJoint va

EGMRunPose két thuc, EGé\éRI\;[llriicgggileoac
hoac EGMStop
[ EGM _STATE RUNNING ]

Hinh 14 So do6 chuyén déi trang thdi ciia EGM
1.2.2.4. Di ligu diu vao

Dit liéu dau vao cua EGM duoc sir dung dé hudng dan chuyén dong robot tor mot
thiét bi bén ngoai thong qua cac giao thirc giao tiép cu thé, bao gdm giao dién tin hiéu
va giao thire UDP Unicast (UdpUc). Viéc Iyra chon ngudn dit liéu duoc thuc hién thong
qua cac 1énh thiét 1ap EGM nhu sau:

Bang 1 1 Danh sdch cac lénh thiét ldp dit liéu dau vao cho EGM

Lénh Chirc nang

EGMSetupAl | Thiét lap tin hiéu dau vao analog.
EGMSetupAO | Thiét lap tin hiéu dau ra analog.

EGMSetupGI | Thiét 1ap tin hiéu group input.
EGMSetupUC | Thiét 1ap giao thirc UdpUc.

a) Dir liéu dau vao qua giao dién tin hiéu

Trong ché do nay, robot nhan dir liu vi tri tir cac tin hiéu I/O (Al, AO, GI) dugc
cap nhat theo chu ky 4 ms:

+ B0 cam bién gui gid tri vi tri (toa dd hodc géc khdp) téi céc tin hi¢u I/O.

+ EGM doc céc gi tri ndy va truyén toi hé thdng didu khién chuyén dong cua robot.

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 10
Quach Thién Buc KS. Lé Phudc Sinh
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Sd luong dir liéu dau vao téi da 1a 6 gia tri cho robot (c6 thé 1 6 khép hoac 3 toa
d6 x, y, z va 3 goc Euler rx, ry, rz) va tdi da 6 gi tri cho cdc truc phu. Trong truong hop

robot 7 truc, truc phu du tién s& nhan gia tri tu tin hiéu dau vao phu.

(1) Yéu cau

(2) Poc gia tri vi Y
Sensor | 10O tri tir cdc tin hiu _ Mot
EGM otion
AQ | ——» | Al (3) Ghi dit Control
GO —> [ G A0 liu vi tr

Hinh 15 Luo”‘ng dit liéu cho giao dién tin hiéu
b) Dir ligu dau vao qua giao thirc UDPUC
Khi sir dung giao thirc UdpUc, dit liéu dugc truyén qua mang dudi dang géi UDP,

v6i chu ky t6i thiéu 4 ms:

(1) Yéu cau

(4) Kiém ,t.ra V1 tri (2) Boc phan
motl As
hoi
¢ Mofi
ouon
Sensor | i vi trd EGM | control
‘ (5) Ghi vi tri
(3) Gtri phan hdi

Hinh 1 6 Luong dit liéu cho giao dién UdpUc
1. H¢ théng diéu khién yéu cau cap nhat vi tri.
2. EGM doc dir liéu phan hoi tir diéu khién chuyén dong.
3. EGM giri phan hdi vé cho cam bién.
4. EGM kiém tra hang doi UDP dé nhan dir liéu moi.

5. Néu co goi dir liéu mdi, EGM lay dit liéu va cap nhat vi tri cho diéu khién chuyén

dong. Néu khong, sir dung gid tri trude do.
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1.2.2.5. Cdc hé quy chiéu cho EGM Position Guidance

EGM c6 thé dugce van hanh & hai ché do khac nhau bao gém ché do khép va ché
d6 tu thé. Cac hé quy chiéu du6i day chi 4p dung cho ché d¢ tu thé. Lénh Rapid
EgmActPose dinh nghia tat ca cac hé quy chiéu c6 sin trong EGM

Bdng 1 2 Cdc hé quy chiéu c¢é san trong EGM

Hé quy chiéu Mo ta
Tool Dt li€u tool st dung cho qua trinh EGM dugc xac dinh bdi
00 .
tham s6 \Tool.
. Dt liéu work object str dung cho qua trinh EGM duoc xac dinh boi
Work object . .
tham s6 \Wobj
_ Hé quy chiéu dugc sir dung dé xac dinh huéng di chuyén cudi
Correction . oL . P
cung, duoc xac dinh bdi tham s6 bat buoc CorrFrame
S H¢ quy chiéu duoc st dung dé dién ta dir liéu cam bién, dugc
ensor .
xac dinh béi tham so bat budc SensorFrame

Pbi v6i cac hé quy chiéu bat budc nhu CorrFrame va SensorFrame, can phai xac
dinh r6 xem chung duoc dinh nghia twong rng h¢é quy chiéu nao. Thong tin nay duogc
xé4c dinh bang cach sir dung cac hé quy chiéu co san, duge dinh nghia trudc trong kiéu

dir liéu egmframetype.

Bdng 1 3 Cdc hé quy chiéu dwoc dinh nghia trong kiéu div liéu egmframetype

Gia tri Mb ti

Hé quy chiéu dugc dinh nghia so v6i base frame (pose
EGM_FRAME BASE dc)
mode

Hé quy chiéu dugc dinh nghia so véi tool0 (pose
EGM_FRAME TOOL do)
mode

Hé quy chiéu duoc dinh nghia so v6i work object dang
EGM_FRAME WOBIJ
- - hoat dong (pose mode)

Hé quy chiéu duoc dinh nghia so v&i world frame
EGM_FRAME WORLD
- - (pose mode)

EGM _FRAME JOINT | Céac gia tri la gia tri khop (joint mode)
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1.2.2.6. Uu diém ciia EGM Position Guidance
1. Téc dd cap nhat cao va do tré thép

+ EGM Position Guidance cho phép doc va ghi vi tri vao hé théng chuyén dong cua
robot véi tan suat cao, mdi 4 ms mot 1an, va do tré diéu khién vao khoang 10-20 ms
tuy thudc vao loai robot.

+ Khoang thoi gian tir khi ghi mét vi tri méi cho dén khi vi tri d6 bat dau anh hudng

dén vi tri thuc té cua robot thuong 1a khoang 20 ms.
2. B0 qua lap ké hoach duong di

+ EGM Position Guidance cung cap giao dién cap thip cho bd diéu khién robot, bang
cach bo qua ké hoach duong di, cho phép diéu khién chuyén dong ctia robot mot cach
linh hoat va phan hdi nhanh chéng.

+ Piéu nay dic biét hiru ich trong cac tmg dung yéu cAu phan tng nhanh nhu han

laser, theo ddi duong may, hodc thao tac vdi cac dbi twong chuyén dong.
3. Linh hoat trong ché do diéu khién

+ EGM hd tro hai ché do diéu khién: Joint mode (theo goc truc) va Pose mode (theo
tu thé).

+ Trong Pose mode, ngudi ding co thé xac dinh khung tham chiéu nhu Tool, Work
Object, Correction Frame va Sensor Frame dé diéu khién chuyén dong ciia robot mot
cach chinh x4c.

4. Tich hop véi cac ché do diéu khién khac

+ EGM Position Guidance c6 thé duoc két hop véi cac cai dit logic hodc kich hoat
céc ché do didu khién khac nhu Force Control bang cach sir dung cac tham s tily chon
nhu \NoWaitCond.

5. HO tro giao tiép linh hoat

+ EGM hd tro giao tiép véi thiét bi bén ngoai thong qua giao thitc UdpUc, cho phép

truyén va nhan dir li€u vi tri mot cach hi¢u qua.
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1.3. Tong quan vé Robot Web Services (RWS)

= REST API ol

ﬁ Https, websockets, xml, json - ‘

Hinh 1 7 M6 hinh giao tiép RWS giita robot ABB va thiét bi diéu khién qua REST API

1.3.1. Gidi thi¢u vé Robot Web Services

Robot Web Services (RWS) 1a mot hé thong RESTful API do hang ABB phat trién,
cho phép cac nha phat trién xay dung cac ung dung tity chinh dé twong tac voi bo didu
khién robot thong qua giao thitc HTTPS. Pay la thanh phan quan trong trong bd diéu
khién Omnicore va IRC5, cho phép cac ng dung bén ngoai (PC, server, thiét bi diéu
khién) giao tiép voi robot ma khong can phan mém doc quyén nhu RobotStudio. [2]

RWS tuan theo kién traic REST API, mot phong cach thiét ké phan mém cho céac
API web. Cho phép 1ap trinh vién truy cip va diéu khién robot ABB thong qua cac URL
va phuong thire HTTP nhu:

« GET: Lay tai nguyén.

o PUT: Tao hodc cédp nhat tai nguyén.

o POST: Cap nhap tai nguyén.

o DELETE: Xoa tai nguyén.

« OPTIONS: Pugc hd trg phuong thirc bdi tai nguyén.

Dé thao tac voi cac tai nguyén duge xac dinh bang URL. Dit liéu duoc truyén dudi
dang XML hodc JSON, cho phép cac tng dung khach phan tich va xu ly thong tin mdt

cach linh hoat.
Uu diém cua RWS va REST API:
« Giao tiép qua mang LAN/WiFi, khong cin phan mém riéng.

« Don gian, d& tich hop voi hé thdng Python, JavaScript, Qt designer, ..

Sinh vién thuc hién: P4 Piang Duy Ta Huéng dan: TS. Giap Quang Huy 14
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e Tuong thich tot voi web, phan mém di€u khién, va dich vu nén tdng ddm may.

« Khéng yéu cau license riéng nhu RobotStudio Online.

|
|
J | Controller
IR I | |

Mess?ge Manager  RWS Client | | Configurations 1/O Signals  RAPID
= E = |
= i = _— N
-y SR HTTPS, WebSocket, | | 3 f:f:}} =
| i | xml, json
Robot Web Services (RWS) | |RWS Server Robot Web Services (RWS)
| Python Library - - -

Hinh 1 8 So do tong quan vé RWS
1.3.2. Diéu kién tién quyét dé bit diu véi Robot Web Services
Yéu cau ngudi sir dung [2]:
o C0 hiéu biét vé Hyper Text Transfer Protocol Secure (HTTPS).
« C6 hiéu biét vé XML hodc JSON.
o Thu vién 1ap trinh c6 thé khoi tao HTTPS va phan tich ca phap phan hoi.
e Mot ing dung client, vi du nhu trinh duyét web thong thuong.
1.3.3. Cac dich vu
RWS cung cép nhiéu dich vy dé quan 1y va diéu khién robot, cac dich vu chinh cta
RWS [2]
« File Service: Cho phép truy cap va quan Iy tép tin trén bo diéu khién tir xa, bao
gOm tai 1én, tai xudng, x6a va doi tén tép.
« Subscription Service: Hb tro ding ky theo ddi cac thay ddi cua tai nguyén va nhan
su kién thong qua WebSockets, giup cip nhat trang thai theo thoi gian thuc.
o Ctrl Service: Quan Iy cac chirc ning toan cuc cua bd diéu khién robot, nhu truy cap
d6ng ho hé thong, nhan dién bd diéu khién va thuc hién khoi dong lai.
« Users Service: Xur ly viéc dang ky va quan 1y ngudi dung két ni.
e« RW (RobotWare) Services: Quan ly cac dich vu cia RobotWare nhu 10, RAPID,
E-log va cau hinh hé théng.
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> /cfg
» /subscription > /dipc » /{queue-name}
> /elog
7 frw >  /iosystem
»  /mastership
> /users
> /panel > /tasks
{root}
> /rapid »  /symbols
> /uas
> /system > /modules
> Jetrl > /retcode
> /devices
» /fileservice o[ fmoti
» /motionsystem
g /vision

Hinh 1 9 So do cdc dich vu ciia Robot Web Services
1.3.4. Xac thwc dang nhdp

Tat ca cac may khach str dung Robot Web Services déu phai dang nhap bang tén
ngudi dung va mat khau. Tén ngudi dung va mat khau duoc dinh nghia trong hé thong
phan quyén ngudi dung (User Authorization System — UAS) cta bd diéu khién robot.
Robot Web Services sit dung phuong thirc digest lam phuong thirc xac thyc mac dinh,
vi n6 khong giri tén ngudi ding va mat khau duéi dang van ban thuan (clear text).

Khi mét tmg dung két ndi va giri yéu ciu HTTP dau tién (chua duoc xac thuc),
may chi HTTP trén bd diéu khién robot s& phan hdi bang 16i HTTP “Unauthorized
(401)”. Sau d6, phia gtri yéu cau phai giri lai thong tin xac thuc dé duoc cap quyén két
nbi. Khi két ndi duoc chap nhan, may chii s& giri mot cookie (tén 1a ABBCX) cho ting
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dung client. Cookie ABBCX nay dugc Robot Web Services sir dung dé duy tri phién
lam viéc.

Ung dung client phai sir dung mot HTTP client hd tro xac thuc digest va c6 kha
nang xir 1y cookie dé truy cip vao Robot Web Services. Céc chi tiét nay s& hién thi cho
lap trinh vién khi str dung trinh duyét hodc thu vién HTTP hd tro digest va cookie. [2]
1.4.  Gi6i thiéu chung vé thi giac may tinh

Thi gidc may tinh 1a mot linh vuc cta tri tué nhin tao nham cho phép may moc
nam bat va dién giai thong tin hinh anh tir thé gi6i gidng nhu con nguoi. Thi gidc may
tinh nham muc dich tu dong hoa hé théng thi gidc cia con nguoi dé nhan dang cac vat

thé, hiéu cac canh va dua ra phan doan sau khi phén tich dit liéu hinh anh.

Hinh 1 10 Ung dung thi gidc mdy tinh trong cudc song

Trong hai thip ky qua, cac tng dung thi giac may tinh di ting dang ké nhd nhimg
tién bo trong cong nghé camera, sy gia ting cta cac ngudn tai nguyén tinh toan va tinh
kha dung ctia lugng dit liéu 16n. Trong chiam soc stre khoe, thi gidc may tinh hd tro phat
hién som cac bénh gy tir vong nhu khdi u ndo hodc ung thu vi. Trong 6 t6, nd cung
cép nang lugng cho xe tu 1ai dé nhan dang cac vat thé va hiéu tinh trang duong sa. San
xuat dugce huong loi tur kiém soat chat lugng tu dong, trong khi ban 1¢ sir dung thi giac
may tinh dé quan 1y hang ton kho va trai nghiém mua sam duoc c4 nhan héa. Cac ung
dung da dang cua thi gidc may tinh dang ting hiéu qua va thuc day su d6i moi trong
nhiéu linh vuc khac nhau, mang lai loi ich ddng ké cho thé gidi.

1.4.1. Bin chit ciia Computer Vision

Computer Vision cung cap cho may tinh kha ning ctia con nguoi dé nhin, phan
tich va dién giai hinh anh trong thé gi6i thyc. Hay tuéng tuong viéc day may tinh nhan
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dang céac vat thé, chéng han nhu xac dinh xem mot burc anh c6 chira ché hay méo hay

nhan dang tir video liéu mén thé thao dang choi 13 khuc con cau hay cau 16ng.

Human Vision System

Computer Viston Systum

\& i E

Hinh 1 11 Hé thong thi gidc con ngudi va hé thong thi gidc may tinh

Trong cudc song hang ngay, chung ta thudng xuyén st dung cac tng dung dugc
ho tro bdi thi gidc may tinh. Mot trong s6 d6 1a nhan dang khuén mat trén dién thoai
thong minh ctia ching ta. Sau khi khuén mit cia ban dugce quét trong khi thiét 1ap ID
khuon mat, thuat toan s€ phat hién cac diém chinh trén khuén mit cta ban va luu trit
thong tin dé str dung trong twong lai. Mot vi du khac 1a bd loc Snapchat cho phép ban
thém tai ch6 hodc mii ngd nghinh vao khudn mat ciia minh. Ngoai ra, bang cach st dung
tim kiém tryc quan, ngudi dung cé thé tai 1én anh cac san pham ho thich khi mua sam
tryc tuyén trén cac trang web thuong mai dién tir va hé thong sé tim thy cac san pham
tuong tu. Do d6, thi gidc may tinh da dong maot vai tro khong thé thiéu trong cac nhiém
vu thuong ngay cua chung ta.

1.4.2. Cach thirc hoat dpng cua Computer Vision

Co6 mot sb giai doan lién quan dén hoat dong co ban cua thuat toan thi gidc may
tinh, nhu mo ta dudi day.

1. Thu thap hinh dnh: Budc dau tién 14 thu thap hinh anh hoic video bang cach chup
bang céc thiét bi nhu may anh hozc cam bién. Dir liéu nay 14 dit lidu tho va dong
vai tro 12 dit liu dau vao cho bude tién xir 1y tiép theo.

2. Tién xu ly dir liéu: Dir liu tho duge xur Iy trude dé loai bé nhiéu khong mong
mudn va nang cao chat lwong hinh anh, gitp dir liéu phu hop cho viée phan tich
sau hon.

3. Trich xudt tinh ning: Dit liéu da xur 1y sau d6 dugc chuyén dén cac thuat toan thi

gidc may tinh dé trich xuét cac tinh nang (mau) tir hinh anh. Mot s tinh ning ban
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dau la cac canh, hinh dang va két cau. Véi céc lan 1ap lai tiép theo cua thuat toan,
no6 cd thé phat hién ra cac tinh nang nang cao hon.

4. Hiéu biét cap cao: Giai doan cudi cung ctia qua trinh 1a hiéu biét cap cao. O day,
cac dic diem duoc trich xuat s& duoc suy luan dé dién giai hinh anh. Pau ra dua
trén nhiém vu cu thé dugc thuc hi¢n, chang han nhu phan loai, phat hi¢n hoac

nhiém vu khac.

1.4.3. Nhiém vu chinh ciia Computer Vision
+ Phén loai anh (Image Classification): Xac dinh ndi dung téng thé cua anh, vi du:

anh c6 chtra ban tay hay khong.

Daffodils Pansies

Hinh 1 12 Phén loai hinh danh bang thi gidc mady tinh
+ Phat hién dbi tugng (Object Detection): Pinh vi dbi tuong trong anh va xac dinh
nhan (label) tuong ting.

I. — ~

Hinh 1 13 Phat hién doi twong bang thi gidc may tinh
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+ Phéan doan anh (Image Segmentation): Phan chia 4nh thanh cac vung tuong tng

voi tung dbi tuong cu thé.

Hinh 1 14 Phdn doan hinh anh bang thi gidc mdy tinh

+ Nhan dién khuoén mat/ctr chi: Nhan dang biéu cam, danh tinh hodc cir chi tay va

hanh dong con nguoi.

Hinh 1 15 Nhin dang khuén mdt bang thi gidc mdy tinh

+ Theo ddi ddi twong (Tracking): Duy tri vi tri cua ddi twong qua timg khung hinh

video lién ti€p.

Hinh 1 16 Theo déi doi twong bang thi gidc mdy tinh
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1.5.  Gié6i thiéu chung vé ngén ngir va cong cu lap trinh (rat ngin)
1.5.1. Téng quan vé ngén ngit lgp trinh Python

Python 13 mot ngdn ngit 14p trinh bac cao, dugc phat trién boi Guido van Rossum
va ra mit 1an dau vao nam 1991. Python dugc nhin manh sy rd rang trong cu phap va
kha ning doc hiéu ma ngudn, giup ngudi dung lap trinh nhanh gon ma van dam bao tinh
hiéu qua va d& bao tri. Python khéng yéu cAu ngudi 1ap trinh khai bao kiéu dit 1iéu mot
cach cung nhéc, tir d6 tao diéu kién thuan loi cho cé ngudi moi bat dau va cac chuyén

gia trong linh vuc cong nghé.

Hién nay, Python dugc str dung rong rai trong nhiéu linh vuc khac nhau nhu: phat
trién ph@m mém, thiét ké website, tri tué nhan tao (AI), hoc may (machine learning),
phan tich dir li¢u 16n (big data), tw dong hoda, tai chinh, khoa hoc k¥ thuét va giao duc.
He¢ sinh thai phong phu ctuia Python v61 hang nghin thu vién manh mé (standard library)

gitip nguoi dung c6 thé dé dang xay dung cac ing dung tir don gian dén phuc tap.
1.5.2. Téng quan vé phan mém Visual Studio

Visual Studio 13 mot moi truong phat trién tich hop (Integrated Development
Environment - IDE) do Microsoft phat trién, duoc thiét ké dé hd tro lap trinh vién xay
dung céac ing dung da dang trén nhidu nén tang khac nhau nhu Windows, web, di dong,
va ddm may. Mot trong nhitng diém nbi bat ciia Visual Studio 1a cong cu kéo va tha
(drag-and-drop) truc quan, l4p trinh vién d& dang thém céc thanh phan giao dién nguoi
dung nhu nit bam, 6 nhép liéu, hop thoai, danh sach Iya chon va nhiéu diéu khién khéc

ma khong can viét ma thi cong phc tap.

Visual Studio hd tro nhiéu ngdn ngir 1ap trinh phd bién nhu C#, C++, Python,
JavaScript va nhiéu ngén ngit khac, déng thoi tich hop manh mé véi cac framework va
thu vién gitp mé rong kha nang phat trién ing dung. Ngoai ra, cong cu ndy con cung
cap hé théng quan 1y du an, g& 151 (debug), kiém thir (testing), va trién khai tmg dung,

mang dén trai nghiém phat trién phan mém toan dién cho 1ap trinh vién.
1.5.3. Téng quan vé ngén ngit lap trinh RAPID

RAPID 1a ngén ngir lap trinh chinh thirc duoc phat trién boi ABB danh cho cac
robot cong nghiép ctia hang. Vi ct phap rd rang, linh hoat va dé tiép can, RAPID gifip
lap trinh vién dé dang x4y dung cac chwong trinh ty dong hoa phiic tap, kiém soat chuyén
dong robot, xir 1y dir liéu cam bién va tuong tac véi thiét bi ngoai vi. Ngon ngit nay hd

trg cac khai niém lap trinh hién dai nhu diéu khién ludng, xir ly sy kién va quan 1y bién,
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tuong tu cac ngon ngit bac cao thong dung. RAPID ciing dugc tich hop chat ché voi

phan mém l4p trinh robot RobotStudio cua ABB, cho phép 14p trinh vién mé phong,

kiém thir va t6i vu chwong trinh trén may tinh trude khi trién khai trén robot thuc té.

Nho @6, viéc phat trién va van hanh robot tr¢ nén nhanh chéng va an toan hon.

1.5.4. Téng quan vé phan mém RobotStudio

RobotStudio 14 phan mém mé phong va lap trinh robot do hing ABB phat trién,

dugc thiét ké nham hd tro 1ap trinh vién va ky su ty dong hoa trong viéc phat trién, thir

nghiém va t6i uu hoa cac Gmg dung robot cong nghiép ma khong can phai truc tiép thao

tac trén robot vat ly. RobotStudio c6 nhitng tinh ndng chinh sau:

1.

Lap trinh robot bang ngén ngit RAPID: RobotStudio cho phép nguoi ding lap
trinh tryc tiép cac robot ABB bang ngon ngit RAPID. Tao cac 1énh diéu khién
chuyén dong, xir 1y logic diéu kién, vong lip, va twong tac v6i thiét bi ngoai vi

mot cach chinh xac va linh hoat.

Tbi wu hoa duong di va hiéu suat: RobotStudio tich hop céng cu phan tich va t6i
uu hoa dudng di (path optimization), giup cai thién hiéu suat van hanh. Nguoi
dung c6 thé diéu chinh téc do, giam thoi gian chu ky, t6i wu hoa cac diém ding

va gbc di chuyén dé nang cao do chinh xac va hi€u qua san xuat.

. Mo phong thoi gian thuc (Virtual Controller): Tinh nang Virtual Controller mo

phong chinh xac bo diéu khién thuc té cta robot ABB, cho phép chwong trinh
hoat dong gidng hét nhu khi chay trén robot that. Piéu nay gitp giam thiéu su

khac biét gitta moi trudng lap trinh va moi trudng san xuat thyc té.

Hb tro 1ap ké hoach ngoai tuyén (Offline Programming): Ngudi ding c6 thé 1ap
trinh, mo phong va kiém thir robot ma khong can ding day chuyén san xuét hoic
c6 mat tai nha may. Piéu nay gitp tiét kiém thoi gian va chi phi dang ké trong
qua trinh phat trién.

Tich hop thiét bi va hé thong ngoai vi: RobotStudio hd trg két ndi v4i nhiéu loai
thiét bi ngoai vi nhu cam bién, bang chuyén, may CNC, may quet 3D, PLC va
cac hé thong ty dong hoa khac. Tir d6, robot cé thé tuong tac va phdi hop linh

hoat trong mdi trudng san xuat thyc té.

Giao dién truc quan va dé sir dung: Phan mém c6 giao dién dd hoa than thién, hd

trg thao tac kéo — tha, gan két mo hinh CAD va cac cong cu dung hinh, gitp k¥
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su d& dang x4y dung mo hinh 1am viéc nhanh chéng ma khong can phai viét ma

hoan toan bing tay.
1.6. Kétluan chwong 1

Trong chuong nay, nhom ching t6i da trinh bay tong quan cac nén tang 1y thuyét
va cong nghé cbt 161 phuc vu nghién ctru xdy dung hé thdng twong tac gitra ngudi va
robot ABB CRB15000, véi trong tdm 1a thi gidc mdy tinh va giao tiép thoi gian thuc
thong qua cac giao thirc EGM va RWS. Nhirng ndi dung trén da cung cap cai nhin toan
dién va tao nén co sd ving chic cho viéc xay dung va phat trién hé thdng twong tac giita
ngudi va robot ABB CRB15000. Trong céc chuong tiép theo, nghién ciru sé& tap trung
vao thiét ké hé thong va trién khai giai phap tich hop cac cong nghé da trinh bay vao

g dung diéu khién thuc té.
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Chuong 2: XAY DUNG HE THONG NHAN DIEN CU CHI TAY PE
PIEU KHIEN ROBOT

2.1. OpenCV — Thu vién xir Iy anh ma ngudn mé

OpenCV (Open-Source Computer Vision Library) 12 thu vién mad nguén mo
chuyén xu 1y anh, video va thi gidc mdy tinh, hd trg da nén tang nhu Windows, Linux,
macOS va cac ngdn ngit 1ap trinh phd bién nhu C++, Python, Java. Thu vién cung cap
hang nghin ham xur ly anh, bao g@)m chuyén doi hé mau, lam min, phat hién canh, phan
doan, bién ddi hinh hoc, trich xuét dic trung, phat hién chuyén dong, déng thoi hd trg

giao tiép thoi gian thyc véi camera.
Céc chuc nang chinh OpenCV:
+ Xir 1y anh co ban: Chuyén d6i hé mau, 1am min, phét hién canh, phan doan anh.

+ Phat hién va nhan dang doi tuong: Str dung céc thuat toan nhu Haar Cascade, HOG,
SVM.

+ Theo dbi ddi tuong: St dung cac thuat toan nhu MeanShift, CamShift, KLT.
+ Xt ly video: Poc, ghi, va xur Iy video theo thoi gian thuc.

+ Tich hop véi cac thu vién khac: Dé dang tich hop v&i NumPy, SciPy, TensorFlow,

Dbi v6i cac cong nghé hién dai, OpenCV ciing 13 mot yéu t6 khong thé thiéu. Tat
ca nhitng tmg dung cong nghé nhu robot, xe ty 141, bang cam tmg théng minh... déu co
su gop mit ctia OpenCV trong khau xir Iy hinh anh. Vi du gan giii nhét trong cudc song
6 thé ké dén hé théng mé khoa dién thoai bé“mg cach nhan di¢n khuén mat nguoi dung. ..
2.2. MediaPipe — Nén tang nhan dién cir chi thoi gian thuc

MediaPipe 13 mot framework ma ngudn mé do Google phat trién, thiét ké dé xay
dung cac pipeline xur Iy da phuong tién nhu anh, video, am thanh theo thoi gian thyec.
MediaPipe dic biét ndi bat nhd kha niang chay hiéu qua trén ca thiét bi di dong, may tinh

dé ban va trong méi trudng trinh duyét.
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Cac module noi bat:

Badng 2 1 Mét s6 module néi bt ciia thuw vién Mediapipe

Module Chirc nang

Hand Tracking (Hands) Phat hién va theo dai 21 diém trén ban tay

Pose Nhan dang tu thé toan than (33 diém)

Face Mesh Phat hién ludi 3D trén khudn mat (~468 diém)
Holistic Két hop ca 3 module trén

Objectron Phat hién va dinh vi vat thé 3D

Mot trong nhitng md-dun manh nhat ciia MediaPipe 1a MediaPipe Hands, c6 kha
nang phat hién vi tri 10ng ban tay bang mé hinh CNN. Dy doan toa do 3D cua 21 diém

xuong trén ban tay (goi 1a landmarks). Theo ddi lién tuc khung hinh dé giam do tré.

Wrist

Thumb_CMC 11 Middle_DIP
Thumb_MCP 12 Middle_TIP
Thumb_IP 13 Ring MCP
Thumb_TIP 14 Ring PIP
Index_MCP 15 Ring_DIP

Index_PIP 16 Ring TIP
Index_DIP 17 Little MCP
Index_TIP I8 Little PIP

Middle_MCP 19 Little_DIP
Middle_PIP 20 Little_TIP

Hinh 2 1 Mé hinh nhén dién cdac diém déc tring trén ban tay ciia MediaPipe
CAu tric pipeline MediaPipe Hands

+ Palm Detection: Phat hi¢n ban tay.

+ Hand Landmark Model: Xac dinh 21 diém xwong tay.

+ Tracking: Duy tri vi tri tay lién tuc trong video.

Sinh vién thuc hién: D6 Dang Duy Th Huéng dan: TS. Giap Quang Huy 25
Quach Thién Dtrc KS. Lé Phudce Sinh

Nguyén Hitu Nam Thanh



Phat trién hé thong tiwong tac ngudi-may cho robot ABB CRB15000

Uu diém
+ Hiéu suét cao, chay real-time trén CPU
+ Cung cAp md hinh sin, dé tich hop vao cac tng dung GUI va robot nhing
+ HO trg Python, C++, Android, Web

2.3. Lép trinh xir ly 4nh
2.3.1. Cdc bwdc nhin dang cir chi tay dé diéu khién robot

Budce 1: Phat hién ban tay

Str dung md hinh hoc sau Mediapipe Hands, dugc huin luyén trén bo dir liu da
dang v6i cac kiéu tay va méi trudng khac nhau. Vi ddu vao khung hinh ¢ dang BRG,
can chuyén sang dinh dang RBG dé phu hop v6i mé hinh nhan dang ban tay cua thu
vién Mediapipe. O budc nay, c6 thé gidi han sé luong ban tay phat hién bang tham sb

max_num_hands.
Buére 2: Trich xuat cac diém dic trung cua ban tay

Tir mdi ban tay phét hién, xac dinh 21 diém dic trung (landmarks) dai dién cho céc
khép ngon tay, dau ngoén tay va 1ong ban tay. Mdi diém s& c6 toa do twong dbi (x, y) va
s& duoc chuyén thanh toa do tuyét ddi (cx, cy) dua trén kich thudc khung hinh. Chung
t6i str dung moé hinh Landmark ctia MediaPipe Hands. M6 hinh nay nhan dau vao 1 anh
da cat chia ban tay va tra vé toa d6 3D tuong ddi cua 21 diém, duoc luu dudi dang [id,
cx, cy]. Sau do, cac diém dic trung va cac moi lién két gitra chiing s& duoc vé& 1én khung

hinh gdc bang module drawing_utils.
Bude 3: Nhan dang ctr chi

Dua trén cac diém dic trung da duogc trich xudt, phan loai ctr chi tay thanh cac 1énh diéu
khién gripper bao gdbm nim/mé ban tay. Pé 1am diéu nay, chung toi sir dung cac diém
dic trung twong ing v6i ndm dau ngon tay. Pau tién 1a ngdn cai, do c6 su khac biét so
vO1 cac ngon con lai, trang thai cia n6 sé duogc kiém tra bﬁng cach so sanh toa do cua
dau ngon cai va diém nay dudi no. DPdi v6i bon ngdn con lai s€ so sanh toa do cua dau

ngoén tay voi toa do diém khdp ngay giita ngon.
Buéc 4: Xéc dinh cir chi dé diéu khién robot
+ Diéu khién Gripper: Tao mot khung chir nhat kich thudc cb dinh, néu ban tay dugc

phat hién trong khung chit nhat, hé théng s& bat diu nhan dién ctt chi ndm/md tuong

g dé diéu khién dong/md Gripper clia robot.
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+ Diéu khién vi tri/gbc quay clia robot bang cac nut nhan ao: V& cac nit 4o 1én khung
hinh, néu tay nim trong ving nut va gitt 1au hon 1 gidy thi hé thong s& x4c dinh 1énh

tuong Gng véi timg nat, tir d6 diéu khién vi tri/gdc quay cua robot.

2.3.2. Lwu do thudt todn

] Dlng _~Ché 49 diéu

Sai khién?
Position Rotation Hand
Mode Mode Mode
, «
Hién thi cac nut Hién thi cac nat o e
= +X, X, Y, -Y, +Z, -Z +RX, -RX, +RY, -RY pLicnithy ving
e Hién th it Reset RZRZ Jam vige Gripper
nable Han,
Tracking? ¢ trén man hinh ¢ ¢ ¢
Kiém tra tay trong cac Kiém tra tay trong cic Xur i anh trong ving
nut ao trén man hinh nut ao trén man hinh lam viéc Gripper

l

Pém s ngon tay
trong vung lam viéc
Gripper

Hién thi céc nit

Position Mode

Rotation Mode
Hand Mode

A
Hién thi
anh gbc

Xir Iy anh bang
Mediapipe

Landmarks = 0

Gripper Gripper
ON OFF

¥

Thay déi vitri | | Thay ddivitri | | Thay ddivitri Thaliad"c‘ﬁi“
Trich xudt toa CtlRobot theo CuafRobot v CifRobot theo Ro‘ll)ot{/é vi tri
V& Landmarks o gy chirc nang vi tri mat dinh chirc nang AN
., —>» d0o cac khdop . , X N . mat dinh ban
1én anh . timg nat ban dau ting nit Y
ngon tay dau

) 4
N
O

Y .
N Hién thi anh 1én man
"\ ) '( ) " hinh didu khién

Hinh 2 2 Lwu do thudt todn quy trinh xit 1y dnh, nhdn dién cir chi tay
2.4. Két qua dat dwoc

Hé théng nhan dién ctr chi tay duoc xay dung trén nén tang OpenCV va MediaPipe

da dat dugc mot s chirc nang chinh nhu sau:
1. Nhan dién ban tay va ctr chi thoi gian thuc

Hé thong sir dung module MediaPipe Hands dé phat hién ban tay va xac dinh 21
diém dic trung (landmarks) trén mdi ban tay v&i do chinh xac cao. Viéc xir ly duoc thuc
hién theo thoi gian thyuc véi do tré thap, dam bao cho phan hdi diéu khién robot mugt

ma va lién tyc. Bao gom céc chirc nang sau:
+ Phat hién ban tay trong khung hinh video tir webcam.

+ Theo ddi cur dong tay lién tuc thong qua toa d landmark.
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+ Xac dinh ctr chi dya trén hinh hoc va méi quan hé khong gian gitra cac diém dac

trung.

Hinh 2 3 Phat hién, theo doi va nhdn dang ci chi tay
2. Diéu khién dong/ma gripper robot bang cir chi

Mot trong nhitng chtrc ning quan trong 1 diéu khién gripper ctia robot thong qua

nhén dang cu chi tay cu thé:
+ Cu chi ban tay m& — Lénh mo gripper.
+ Cu chi nim tay — Lénh dong gripper.

Céc ctr chi nay dugc phan loai bang cach phan tich khoang cach gitra cac ngon tay

va trang thai déng/md ctia chiing thong qua landmark ban tay.
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Hinh 2 4 Péng/Mé Gripper ciia robot bang cir chi nam/tha tay
3. Piéu khién vi tri/goc quay robot bang cac nut ao trén giao dién camera
Hé théng tich hop cac nut diéu khién 4o hién thi truc tiép trén khung hinh camera,
cho phép ngudi dung didu khién vi tri cta robot bang cach cham va dua tay vao cac
ving dinh sin trén man hinh. Céc chiic ning bao gom:
+ Céc nat a0 dé diéu chinh ting giam cac thong sd vi tri (x, y, z) va goc quay (rx, ry,
rz) cua robot.
+ Céc nit 4o dé tiy chon ché d¢ didu khién nhu ché d6 diéu khién gripper, ché do
diéu khién vi tri, ché do diéu khién goc quay.
+ Giao di¢n tryc quan hd tro phan hoi truc tiép khi tay cham vao nt do.
Co ché nay gitip nang cao kha ning tuong tic ty nhién, loai bo sy can thiét cia cac

thiét bi ngoai vi truyén théng nhu ban phim hay chudt.

Hinh 2 5 Diéu khién vi tri va goc quay cua robot bang cac nut nhan do
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2.5. Két luan chwong 2

Trong chuong nay, ching t61 da hoan thanh viéc 1ap trinh xtr 1y anh, nhan dién ctr
chi tay dé diéu khién vi tri, gbc quay va déong md gripper cua robot. Hé thong két hop
gitta MediaPipe va OpenCV di cho thay tinh tmg dung thyc tién cao trong linh vuc diéu
khién robot dua trén thi gidc may tinh va nhan dang ctr chi. Cac chlrc ndng nhu nhan
dién ban tay, phan loai cir chi va twong tic voi nit nhan 4o dd hoat dong 6n dinh trong
moi trudng thir nghiém, mé ra tiém ning tmg dung trong diéu khién robot cong nghiép,

dich vu hodc hd trg nguoi khuyét tat. ..
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Chuong 3: XAY DUNG HE THONG GIAO TIEP GIUA CAMERA-PC -
ROBOT

3.1. Tong quat toan b hé thong

-

¥
I o e Robot Web Services _.:. ‘ .
@ _ Externally Guided = — !

Motion

Hinh 3 1 So dé tong qudt toan bé hé thong

Hé théng tuong tic ngudi — may trong dé tai nay duoc xay dung theo mo hinh giao
tiép phan tang gitta ba khoi chinh: Camera — PC — Robot ABB CRB15000. Dudi day 1a

mo ta chi tiét cac thanh phan chinh va chitc niang cia tirg phan trong hé thong:

Bdng 3 1 Cdc thanh phan chinh trong hé thong

Thanh phin Vai tré chinh
Camera Thu nhan anh dau vao
OpenCv Tién xtr Iy anh
MediaPipe Nhan dién va trich xuat ctr chi tay
Thuét toan diéu khién Phan tich ctr chi va nhan 1énh cho robot
PyQt5 Giao dién nguoi dung, hién thi video va diéu khién
EGM/RWS Giao tiép gitta PC va Robot
Bo diéu khién Robot Nhan 18énh va diéu phdi hoat dong robot
Robot ABB CRB15000 Thuyec thi hanh dong vat li

Hé thong diéu khién robot ABB CRB15000 bang ctr chi tay thoi gian thuc bao gdm
ba thanh phan chinh: camera, may tinh xtr 1y trung tim va robot ABB CRB15000.
Camera c6 nhiém vy thu nhan hinh anh lién tyc cua tay ngudi ding véi tbe do khoang
30 khung hinh/gidy va truyén dir liéu hinh anh nay t6i may tinh. Tai may tinh, anh duoc

xtt 1y so bo bang thu vién OpenCV dé chuyén doi khong gian mau, sau d6 duge dua vao
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mé hinh MediaPipe Hands dé phat hién ban tay va trich xuit 21 diém dic trung
(landmarks). Dua trén cc dic trung hinh hoc nay, hé théng xac dinh cir chi twong tmg
va dua ra cac 1énh diéu khién robot (Vi du: di chuyén, xoay, mé hoidc dong gripper). Cac
1énh diéu khién vi tri/gbc quay duoc ma héa va giri téi bo diéu khién Omnicore C30 cia
robot ABB thong qua giao thitc EGM (Externally Guided Motion) stt dung UDP, v&i
tdc d6 cap nhat khoang 250Hz, cho phép robot phan héi gan nhu tire thoi theo tay ngudi
diéu khién. Dong thoi, cac 1énh diéu khién hé thdng nhu bat/tit dong co, chon ché do
hoat dong (Auto/Man), chay/dirng/reset chuong trinh hodc dong/m¢ gripper dugce gui
qua giao thitc RWS (Robot Web Services) sir dung HTTPS. Tat ca qua trinh xu 1y,
truyén 1énh va phan hoi déu dugc giam sat trén giao dién ngudi dung duoc 1ap trinh
béng thu vién PyQtS, noi hién thi video thoi gian thyc va cac nat 4o hd tro nguoi van
hanh diéu khién robot béng cu chi mot cach truc quan va hiéu qua. Toan bd hé¢ théng
van hanh lién tuc, dam bao do tré thép va hoat dong 6n dinh trong moi1 truong cong
nghiép.

3.2. Chu hinh EGM va lap trinh Robot trén RobotStudio
3.2.1. Cdc ciu hinh can thiét cho EGM

Budc 1: Tao mdé1 mot Solution. Tuy chon bao gém Robot va Bo diéu khién a0 néu st
dung mo6 phdng.

Hinh 3 2 Tao moi Solution trén RobotStudio
Néu str dung Robot va Bo diéu khién that, sau khi tao Solution, ta tién hanh thém bo

diéu khién bang cach chon vao tab Controller > Add Controller > One Click Connect.
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Hinh 3 3 Két noi bé diéu khién Robot
Budc 2: Vi tuy chon EGM khong dugc kich hoat mac dinh trong bd diéu khién nén ta
s phai kich hoat trong ttty chon bo diéu khién. Sau khi Bo diéu khién duogc két ndi, nhép
chudt phai vao Controller va chon Change Options. O tab Options, chon Engineering
Tools va tich chon EGM. Sau d6 Apply va Reset bo diéu khién.
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Hinh 3 4 Kich hoat tuy chon EGM trén bo diéu khién Robot
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Bude 3: Thiét lap céng va dia chi cho Thiét bi UDP. O Tab Controller, chon
Configuration > Communication > UDP Unicast Device dé thiét 1ap dia chi IP va Cong.
Sau khi thiét 14p hoan tat, tién hanh Reset bo diéu khién.

ereee

Hinh 3 5 Thiét ldp cau hinh cho thiét bi UDP
3.2.2. Ldp trinh Rapid cho Robot

3.2.2.1. Cac ham EGM chinh
a) EGMActPose
Muc dich:

EGMActPose kich hoat mot tién trinh EGM cu thé diéu khién Robot dén mot muc tiéu
tu thé. Day 13 budc chuan bj trude khi goi ham EGMRunPose.

Cu phap co ban:
EGMActPose EGMid [\Tool] [\WObj] [\TLoad] [\DOtoSensor] [\DataToSensor]

[\DIfromSensor]  [\DataFromSensor] = CorrFrame  CorrFrType  SensorFrame
SensorFrType [\x] [\y] [\z] [\rx] [\ry] [\rz] [\LpFilter] [\SampleRate]
[\MaxPosDeviation] [\MaxSpeedDeviation]

Cic tham s6 chinh

+ EGMid: Bién dinh danh cho két ndéi EGM. Kiéu dit liéu egmident.
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+ \Tool: Cong cu dugc sir dung cho céc chuyén dong duoc thyc hién véi hudng dan
EGMRunPose. Mac dinh la tool0.

+ \WObj: WorkObject - h¢ toa dg lam viéc. Néu khong khai bdo, st dung hé toa do

toan cuc (world).

+ \TLoad: Téai dugc st dung cho cac chuyén dong dugc thyc hién véi 1€nh
EGMRunPose. Néu khong khai béo, 1y tir tooldata.

+ \DotoSensor: Tin hiéu I/O duoc giri tir bo diéu khién Robot dén thiét bi bén ngoai.

+ \DataToSensor: Mot mang c6 toi da 40 gia tri dnum dugc giri tir bo diéu khién

Robot dén giao dién bén ngoai chang han nhu cam bién.

+ \DifromSensor: Tin hi¢u I/O dugc gui tir giao dién bén ngoai nhu cam bién dén bd
diéu khién Robot.

+ \DataFromSensor: Mot mang c6 t6i da 40 gia tri dnum dugc giri tir giao dién bén

ngoai chang han nhu cam bién dén bo diéu khién Robot.
+ CorrFrame: Khung hi¢u chinh.

+ CorrFrType: Loai khung cta khung hi¢u chinh.

+ SensorFrame: Khung cam bién.

+ SensorFrType: Loai khung cua khung cam bién.

+ \x, \y, \z: Tiéu chi hoi tu cho x, y va z tinh bﬁng milimét. Gia tri mac dinh 1a +£1,0
mm. Dt liéu ti€u chi hdi tu dugc st dung dé quyét dinh xem Robot d3 dat dén vi tri
da ra I¢énh theo hudng truc da chi dinh hay chua. Néu chénh léch gilra vi tri da ra 1énh
va vi tri thyc té nam trong khoang egm minmax.min va egm minmax.max, thi Robot

duoc coi la da dén vi tri da ra 1énh.

+ \rx, \ry, \rz: Ti€u chi hoi tu dé xoay X, y va z theo d9. Gia tri mac dinh la +0.5°.
Dit liéu vé tiéu chi hoi tu dugc str dung dé quyét dinh xem Robot di dat dén hudng da
ra Iénh doc theo truc da chi dinh hay chua. Néu sy khéc biét gitta hudng theo tha tu
va hudng thyc té nam trong pham vi egm minmax.min va egm minmax.max, thi
Robot dugc coi 1a di dat ¢én hudng da ra 1énh.

+ \LpFilter: B9 loc thong thap (Hz) gitip giam nhiéu tir cam bién. Mic dinh lay tir
EGMSetup.

+ \SampleRate: Tan suat lay mau dir liéu tir cam bién. Pon vi 1a bdi sé cta 4ms.
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+ \MaxPosDeviation: Gidi han 1éch vi tri tdi da (°).
+ \MaxSpeedDeviation: Gi6i han thay d6i van toc toi da (°/s) trén cac khop.
b) EGMRunPose
Muc dich:

EGMRunPose thuc hién mot chuyén dong c6 hudng dn tir cam bién dén mot vi tri dich
bat dau tir mot diém chinh xac cho mot tién trinh EGM cu thé, xac dinh cac hudng va tu

thé nao co thé dugc thay doi.
Cu phap co ban:

EGMRunPose EGMid, Mode [\NoWaitCond] [\x] [\y] [\z] [\rx] [\ry] [\rz] [\CondTime]
[\RampInTime] [\RampOutTime] [\Offset] [\PosCorrGain]

Cic tham sb chinh
+ EGMid: Bién dinh danh cho két ndi EGM. Kiéu dit liéu egmident.
+ Mode: Kiéu dir liéu egmstopmode. Xac dinh cach két thuc chuyén dong.

+ \NoWaitCond: Cho phép RAPID tiép tuc ma khong chd dén khi chuyén dong hoan
tat. Phai goi EGMWaitCond sau d6 dé dong bo.

+ \x,y, \z: Chuyén dong theo hudng x, y va z.
+ \rx, \ry, \rz: Dinh hudng lai xung quanh céc truc x, y va z.

+ \CondTime: Cho phép RAPID tiép tuc ma khong chd dén khi chuyén dong hoan
tat. Phai goi EGMWaitCond sau d6 dé dong bo. Gia tri miac dinh 1a 1 gidy.

+ \RampInTime: Xac dinh tc d6 bit dau ciia chuyén dong trong vai gidy.
+ \RampOutTime: Xac dinh trong vai gidy tbc d6 giam téc cua EGM s& dugc thuc
hién.
+ Offset: Mot pose tinh dé cong thém vao di liéu cam bién.
+ \PosCorrGain: Hé s6 hiéu chinh vi tri. Gid trj tir 0 dén 1. Mic dinh 1a 1.
¢) EGMGetld
Muc dich:

EGMGetld dugc su dung dé dat trude mot dinh danh EGM (EGMid). Pinh danh nay
sau d6 sé dugc su dung trong tat ca cac 1énh va ham RAPID EGM khac dé xac dinh mot
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tién trinh EGM cu thé dang duoc két ndi voi tac vu chuyén dong RAPID ma tir d6 no
dugc st dung. Mot egmident dugc nhan dién béng tén cua nod, nghia la khi goi
EGMGetld 1an thtr hai hodc tht ba véi cung mot egmident, s€ khong tao ra mdt tién

trinh EGM méi ciing nhu khong thay d6i ndi dung cua né.

Dé giai phong mot egmident nham cho phép cac tién trinh EGM khac sir dung, can sir
dung 1énh RAPID EGMReset.

Cu phap co ban:
EGMGetld EGMid
C4c tham s6 chinh
+ EGMid: Bién dinh danh cho két ndi EGM. Kiéu dit liéu egmident.
d) EGMSetupUC
Muc dich:

EGMSetupUC dugc str dung dé thiét 1ap giao thirc UdpUc cho mot tién trinh EGM cu
thé (EGMid) 1am ngudn cung cap gia tri vi tri dich, ma robot va tbi da 6 truc phu s& duoc

dan huéng dén.
Cu phap co ban:

EGMSetupUC MecUnit, EGMid, ExtConfigName, UCDevice [\Joint] | [\Pose] |
[\PathCorr] [\APTR | \LATR] [\CommTimeout>]

Cic tham sb chinh
+ MecUnit: Tén don vi co khi.
+ EGMid: Bién dinh danh cho két n6i EGM. Kiéu dit liéu egmident.
+ ExtConfigName: Tén c4u hinh giao tiép dinh nghia trong system parameters.
+ UCDevice: Tén thiét bi UdpUc.
+ \Joint: Chon chuyén dong khép dé huéng dan vi tri.
+ \Pose: Chon chuyén dong tu thé dé hudéng dan vj tri.
+ \PathCorr: Chon hi¢u chinh duong dan.
+ \APTR: Thiét lap loai cam bién At-point tracker dé hiéu chinh duong dan.

+ \LATR: Thiét 1ap loai cam bién Look-ahead tracker dé hiéu chinh duong dan.
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+ \CommTimeout: Thoi gian timeout (gidy) néu khong nhan dwoc dit liéu UDP.
e) EGMGetState
Muc dich:

EGMGetState trong RAPID cho phép ban kiém tra trang thai hién tai ctia mQt qué trinh
EGM (dugc xac dinh bang egmident). Thudc kiéu dit liéu egmstate.

Cu phap co ban:
EGMGetState (EGMid)
Cac tham s6 chinh
+ EGMid: Bién dinh danh cho két ndéi EGM. Kiéu dit liéu egmident.
3.2.2.2. Cic kiéu dit ligu EGM dic trung
a) Egmstate
Cach sir dung:

Egmstate duogc stir dung dé xac dinh trang thai cua cac hi¢u chinh va do dac cam bién
trong EGM.

Mo ta:
Egmstate 1a gia tri tra vé cia ham EGMGetState.
Cac gia tri:

Bang 3 2 Cac gia tri trang thai cua mot chu trinh EGM

Gia tri Mo ta

Trang thai EGM cua tién trinh chua dugc xac

EGM STATE DISCONNECTED | . .
- - dinh. Chua c6 thiét 1ap nao.

Tién trinh EGM da duoc thiét 1ap nhung chua

EGM STATE CONNECTED
- - hoat dong.

Tién trinh EGM dang hoat dong. Robot dang

duoc diéu khién.

EGM STATE RUNNING

b) Egmident
Cach sir dung:

Egmident ding dé xac dinh mot tién trinh EGM cu thé.
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Mo ta:
Mot egmident dugc dat trude béng 1énh EGMGetld. Sau do, n6 duogc dung dé lién két
va xac dinh chudi cac 1énh nhu: EGMSetupXX, EGMActX, EGMRunX, va EGMReset
cung thudc vé mot tién trinh EGM duy nhét.

Mot egmident dugc xac dinh bﬁng tén bién cta nod. Viéc goi EGMGetld nhiéu 1an véi
cing mot tén egmident s& khong tao tién trinh méi va khong thay doi ndi dung cua tién

trinh hién tai.

Chi c6 1énh EGMReset méi c6 thé giai phong mot egmident dé tién trinh khac co thé st

dung lai.
¢) Egmmin_max
Cach sir dung:

Egm minmax duoc ding dé xac dinh tiéu chi hoi tu (convergence criteria) cho viéc
dimg qua trinh EGM. N6 gitip robot biét khi nao sai s6 vi tri nim trong gi6i han cho

phép, va co thé coi 1a da dat dén muc tiéu.
Mo ta:

Egm_ minmax thuong dugc str dung trong cac 1énh nhu EGMActJoint va EGMActPose.

Thanh phén:
Bdng 3 3 Cdc gid tri thanh phan cia Egm_minmax
Thanh phan | Kiéu dir liéu M6 ta
Min num Sai s6 nho nhét dugc cho phép.
Max num Sai s6 16n nhét dugc cho phép.

d) Egmstopmode
Cach sir dung:

Egmstopmode dugc dung dé xac dinh ché do dung cho céc 1énh diéu khién hiéu chinh

va dir liéu do tir cam bién trong EGM.

Mo ta:
Egmstopmode thudong dugce stir dung trong cac 1énh nhu EGMRunJoint, EGMRunPose
va EGMStop.
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Thanh phén:

Bang 3 4 Cac gia tri dwoc xac dinh cua kiéu dir lidu EGMstopmode

Gia tri

Mo ta

EGM_STOP_HOLD

Giit nguyén vi tri cudi cung khi dimg EGM.
Robot khong quay vé vi tri ban dau.

EGM_STOP_RAMP DOWN | Trd vé vi tri bat dau cia EGM mot cach tir tir.

3.2.2.3. Lwu do thudt todn

r - ----"—"—-"-——- =—7= =/ |
@ | VONGLAP |
, \ | |
Thiét 1ap vi tri home (pHome) | |
Thiét 1ap cac ngudng hoi tu (egm_minmax)
Thiét Iap khung hiéu chinh | |
(egm_correction_frame, egm sensor_frame) | bang ky ID |
EGMGetld egm id;
Main | ¢ |
Di chuyén vé vi tri home | : |
EGM_POSE_MOVEMENT() | Cap nhat trang théi
egm_state := EGMGetState(egm_id) |
EGM_STATE_DISCONNECTED ? | |
» Bat dau vong lip | |
Goi ham EGMSetupUC
> | Thiét lap két ndi |
A 4 |
v |
: ERRNO = .
Sai | Goi ham EGMActPose |
2 : . <
RR_UDPUC_COMM: | Gidi ma goi tin tir thiét bj UDP |
| v |
_ i | Goi EGMRunPose
Canh bao ) Thuc hién chuyén dong |
"EGM Error: External device not | |
detected." >
| Y |
A | WaitTime = 0.004? |
TRYNEXT
Bo qua 13i | |
! . = _ _ _ _ _ _
Hinh 3 6 Luu do thudt todn chwong trinh Rapid
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3.3. Lap trinh giao tiép giira PC va Robot

3.3.1. Lap trinh giao thirc EGM
3.3.1.1. Thiét lip ban dau

Dé thyc hién giao tiép bang giao thirc EGM, ABB di cung cip mdot tép co tép
“egm.proto”. Day 1a mot tép dinh nghia giao thirc, ding dé dinh nghia ciu trac cia cac
message truyén qua UDP giita Robot va PC. Dé sir dung, cin bién dich bang trinh bién
dich Protocol Buffers, tao ra mi ngudn python tuong tng.

Céc céu tric message chinh dugc sir dung trong hé thong

Bang 3 5 Cdc tham s6 message EGM chinh dwoc sir dung

Tén message Chirc nang

EgmRobot | Dit liéu phan hoi gtri tir robot dén may tinh.

EgmSensor | Dit liéu diéu khién giri tir may tinh dén robot.

EgmHeader | Thong tin ti€u dé g01 tin (sé thir tu, loai message, thoi gian).

EgmPlanned | Vi tri du kién (C6 thé 13 joint hodc cartrsian).

EgmCartesian | Toadd X, Y, Z.

EgmEuler Goc quay Euler: Rx, Ry, Rz.

EgmPose Bao gom EgmCartesian, EgmEuler.

EgmFeedBack | Vi tri thyc té phan hoi tir robot.
EgmMCiIState | Trang thai chu trinh EGM.

3.3.1.2. Chirc nang chinh

Hé théng str dung ngdn ngit Python, thong qua giao thirc EGM sé& thuc hién hai
chtrc nang chinh:

+ Nhan phan hdi cac gid tri vi tri/gdc quay/trang thai dugc giri vé tir Robot.
+ Gui 1énh diéu khién vj tri/goc quay dén Robot véi tan sb 250Hz

3.3.1.3. Cac Iop chinh trong chwong trinh EGM
a) Lop Tao goi tin (CreateSensorMessage)

Chiic niing: Tao géi tin dang EGMSensor dé giri dén Robot.
Cic tham sb chinh:

+ Seq num: So thir ty cia goi tin
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+ Pos: Vi tri muc tiéu (x, y, z)

+ Euler: Goc quay (rx, ry, 17)

b) Ldp Nhin goi tin tir Robot (ReceiveThread)

Chirc ning: Nhan géi tin tir Robot sau d6 xur 1y dit liéu phan hoi nhu vi tri, goc quay

va trang thai.

Cic thanh phan chinh:

+ Update_feedback: Bao gdm cac thong sd vi tri (x, y, z) va gbc quay (rx, ry, rz) thuc

té duoc phan hoi tir Robot.

+ Update_egm_state: Chira thong sb trang thai chu trinh EGM.

¢) Lop Giri géi tin dén Robot (SendThread)

Chire ning: Gui goi tin chita cac thong sd diéu khién tdi Robot.

B diéu khién Robot

EgmRobot
message

4

EgmSensor
message

A
( Cbng giao tiép UDP )

EgmRobot
message
A 4
ReceiveThread
(L6p nhan goi tin)
Update feedback
Update egm_state

h 4
Giao dién nguoi
dung

Ngudi ding diéu khién
gid tri vi tri, goc quay |
Bién toan cuc (Pos,
Euler)

Gia tri céc bién vi
tri, goc quay

A 4

A

EgmSensor
message

Sendthread
(Lop gtri goi tin)

le———Tra vé gdi tin guri

——Goi |&p tao goi tin glti di—

CreateSensorMessage
(Lop tao goi tin)

Hinh 3 7 So dé luong dit liéu EGM

3.3.2. Ldp trinh RWS
3.3.2.1.  Kién tric tong quan

Muc dich chinh cua RWS la thong qua cac phuong thirc GET/POST cua giao thirc

HTTPS dé nhan, gtri cac 1énh diéu khién céc tai nguyén ciia robot.
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Dinh dang dir liéu: Tra vé XML hodc JSON (diéu chinh qua header Accept). Gui
dir liéu, vi du thay d6i bién RAPID hay I/O, thudng diung XML trong phan body.

Céac nhom dich vu, tai nguyén chinh dugc st dung trong hé théng gdm:
+ /users: Ding ky quyén ngudi dung.
+ /subscription: Pang ky céac thay doi tai nguyén.
+ /ctrl/identity: L4y thong tin ctia bo diéu khién.
+ /rw/rapid: Quan 1y chuong trinh RAPID.
+ /rw/panel: Truy xuat trang thai giao dién diéu khién.
+ /rw/iosystem: Giam sat va diéu khién cac tin hiéu I/O.

Dinh dang dir liéu: Tra vé XML hodc JSON (diéu chinh qua header Accept). Gui
dir liéu, vi du thay d6i bién RAPID hay 1/0, thuong diung XML trong phan body.

Céu tric co ban ciia mot 1énh RWS s& bao gém:
+ URL: Base URL + Endpoint cuy thé

+ Phuong thic HTTP: Tuy vao muc dich cia 1énh. C6 thé ding GET dé doc gia tri
tir robot, POST dé ghi gia tri dén robot.

+ Headers: Xac dinh cach ma hoéa dit li¢u giri va nhan, cung thong tin xac thyc. Bao

gém Content-Type, Accept.
+ Authorization: Chtra thong tin x4c thuc. Gom Username va Password.

+ Data: Thuong c6 khi sir dung phuong thirc POST. Dit li¢u gui di dudi dang form

urlencoded.

3.3.2.2. Cdc chirc ning chinh dwoc siv dung trong hé thong

a) Diéu khién va gidm sdt trang thdi by diéu khién

Bang 3 6 Cdc ham chirc ning diéu khién va gidm sdt trang thai bé diéu khién

Phuong thirc .
Ham Chtrc nang API Endpoint
HTTP

Thiét 1ap trang thai ciia b diéu
set_ctrl state(state) 2 POST /rw/panel/ctrl-state
khién (motoron/motoroft).

Cap nhap trang thai bo cua diéu

get ctrl state() 2 GET /rw/panel/ctrl-state
khién.
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b) Diéu khién va giam sat ché do vian hanh

Bang 3 7 Cdc ham chirc ning diéu khién va gidm sdt ché dd vin hanh

. L Phuong ,
Ham Chtrc nang , API Endpoint
thaec HTTP

Thiét 1ap ché do van hanh
set_opmode(mode) | (Auto/Man). Yéu cau quyén ngudi POST /rw/panel/opmode

dung cuc bo.

Xéc nhan chuyén ché do (Bat bude /rw/panel/opmode
opmode_ack() . L POST
khi sang ché d¢ auto) /acknowledge
Cap nhap trang thai van hanh
get opmode() GET /rw/panel/opmode
(Auto/Man)

¢) Diéu khién va giam toc do robot

Bang 3 8 Cdc ham chirc ning diéu khién va gidm sat toc dg robot

. L Phuong .
Ham Chtrc nang ) API Endpoint
thic HTTP
) biat ty 1€ tdc d6 robot /rw/panel/speedratio?mastership

set_speed(ratio) POST ) o
(0-100%). =implicit
Cap nhap tbe d6 cua i

get_speed() bot GET /rw/panel/speedratio

robot.

d) Diéu khién va gidm sdt trang thuwe thi chwong trinh Rapid

Bang 3 9 Cdc ham chirc ning diéu khién va gidm sat trang thdi thuc thi chirong trinh

RAPID
. L Phuong ,
Ham Chtrc nang API Endpoint
thirc HTTP
_ Bit dau thuc thi chuong , ,
start_rapid() . POST /rw/rapid/execution/start
trinh RAPID.
_ Dung thuc thi chuong /rw/rapid/execution/stop
stop_rapid () . POST L
trinh RAPID. ?mastership=implicit
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/rw/rapid/execution/resetpp

reset_rapid() Reset chuong trinh Rapid. POST o o
?mastership=implicit
Cap nhap trang thai thuc
get rapid state() | thi chuong trinh RAPID GET /rw/rapid/execution

(Start/Stop).

e) Didu khién va gidm sdt trang thdi 1/0

Bdng 3 10 Cdc ham chikc ndng diéu khién va gidm sdt trang thdi /0

. L Phuong ,
Ham Chtrc nang API Endpoint
thaec HTTP
/rw/iosystem/signals/EtherNetIP
Thiét lap trang thai I/O /ABB_Scalable 101
set_1O(lvalue) _ POST
(ON/OFF gripper) /ABB_Scalable 101 0 _DO2
/set-value
) ) . /rw/iosystem/signals/EtherNetIP
Céap nhap trang thai I/O
get 10 _state() hién tai GET /ABB_Scalable 101
ién tai.
o /ABB_Scalable 101 _0 DO2

) Dang ky quyén nguwoi ding cuc bj

Bang 3 11 Ham dang ky nguoi dung cuc bo

. L. Phuong )
Ham Chtrc nang API Endpoint
thec HTTP
bang ky nguoi dung cuc bo,
register_user local() | dung dé diéu khién ché d6 van POST /users/register/local
hanh.

2) Nhin thong tin ciia by diéu khién

Bdng 3 12 Ham chirc nang nhdn thong tin ciia bo diéu khién

. oL Phuong _
Ham Chtrc nang ) API Endpoint
thirc HTTP
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Cap nhap thong tin ctia bo diéu khién

et identit A
get 1dentity) | e Joai thiét bi)

POST /ctrl/identity

h) Dang ky tai nguyén

Bang 3 13 Ham chirc nang dang ky cdc thay doi tai nguyén

Phuong API

Ham Chtrc nang ) ]
thac HTTP | Endpoint

Ping ky cac thay doi trén cac tai nguyén
subscribe(parent) | khac nhau. Cap nhdp thay di lién tuc POST /subscription
thong qua Websocket.

3.3.3. Thiét ké giao dién
3.3.3.1. Gidi thiéu vé thuw vién PyQt5

Qt Desiger 1a mot bo framework phat trién phan mém giao dién nguoi dung (GUI
— Graphical User Interface) da nén tang, ma nguon mo, dugc phat trién ban dau boi cong
ty Trolltech va hién dugc duy tri bai Qt Desiger Company. Qt Desiger hd trg phat trién
ung dung trén nhiéu hé diéu hanh nhu Windows, Linux, macOS, Android, va iOS, cho
phép céc 1ap trinh vién xay dung ing dung c6 giao dién nhat quan va giau tinh ning trén
nhiéu thiét bi.

Qt5 Designer 1a phién ban thir ndm cta framework nay, dugc phét hanh chinh thure
ttr ndm 2012. Vi nhiéu cai tién vé hiéu ning va kha ning mé rong, Qt5 Desiger ho tro
khong chi phat trién phan mém desktop ma con ca cac hé thong nhung, thiét bi IoT va

giao dién cong nghi¢p thong minh.
a) PyQt5 — B cong cu giao dién Python dwa trén Qt5

PyQt5 1a mot thu vién wrapper ctia Python cho Qt5, do Riverbank Computing phat
trién. Thu vién nay cung cip hon 620 16p (class) bao trim toan b tinh ning cua Qt5
Desiger, tir cac thanh phén giao dién co ban nhu nit bam, menu, hop thoai... dén cac hé
théng phtrc tap nhu xur ly sy kién, dd hoa 2D/3D, hién thi anh/video, da luéng va truyén
thong mang (networking). PyQt5 cho phép lap trinh vién viét ing dung GUI chuyén
nghiép bang ngdn ngit Python — ngdn ngir duoc wa chudng trong nghién ctru AL xir 1y

anh va di€u khién robot — ma van tan dung dugc strc manh cua Qt Desiger.
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b) Cic tinh ning néi bt ciia PyQt5

Bdng 3 14 Cdc chitc ndng néi bét ciia thu vién PyOt5

Chirc nang

M6 ta chi tiét

Thiét ké giao dién (Widgets)

Cung cédp hon 50 widget giao dién nhu
QPushButton, QLabel, QLincEdit, QComboBox,
QTableView...

Trinh quan ly layout

H) tro layout tir dong theo chiéu ngang, doc, ludi,
cho phép bd tri giao dién d& dang, thich nghi da do
phan giai.

Signal-Slot

Co ché xtr 1y sy kién manh mé&, cho phép két nbi
hanh vi nguo1 dung véi logic xtr [y mét cach ro rang,
tach biét.

Pa ludng (Multithreading)

HO trg cac tac vu chay song song nhu xtr 1y hinh
anh, thu dir liéu camera, didu khién robot... ma

khong lam treo giao dién.

Xu 1y 4nh va video

HO tro hién thi anh tr OpenCV (QImage,
QPixmap), két hop véi QTimer va QThread dé cap
nhat khung hinh theo thoi gian thuec.

Tich hop v&i Qt Designer

Giao dién kéo-tha GUI tryc quan, tiét kiém thoi gian
viét ma. Céc file .ui dugc bién dich thanh ma Python

dé dang.

Két ndi mang

Co thé tich hop HTTP, socket, WebSocket... phuc
vu cho REST API hoic robot giao tiép thoi gian
thue.

3.3.3.2.  Céu tricc ciia giao dién

Giao dién diéu khién Robot ABB CRB15000 duoc chia lam 4 nhom chinh: EGM
Control, Camera Control, RWS Control va System Log
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| & CRAE15000 Robet Conml

Sedect Carmey

Rabat 1P 192165812514
Post 6510

Start ECM

EGM State: Unknown

L X

y Y 0

Z Z Ol z

|
srent Rod: RX=0.00 RY =000 RZ=0.00

RX RX 0 “RX

1) RY: 00 -RY

RZ RZ: O R2 Start Camera

Carrera 0 " 192 168.125.1
Port 2
e i
Password sssssses
Connect RWS
Controfer Indor Unimawn

Gripper StatusiUrnenown
ON Gripper
Operation Mode: Unkn
AJTO
MOtor SEatuss Unknorar
Maotor ON
Raphd Status: Unknown
P Hun

W Stop

Spood Rabior

Enable Hand Tracking Hand Contro!l Mode

(a1

Wil

150

Mo

Gripper

ANUAL

for OFF

& Reset PF

Hinh 3 8 Giao dién diéu khién Robot CRB15000

a) EGM Control

Phan diéu khién EGM nam bén trai cta giao dién, bao gdm céc thanh phan chinh:

Bang 3 15 Cdc thanh phan chinh ciia nhém EGM Control trén giao dién

Thanh phan

Chirc nang

Cac 0 text

Nhap dia chi IP/Port dé giao tiép UDP.

Nt nhan “Connect EGM”

Tao két ndi EGM dén robot dé bat dau

guri/nhan vi tri/goc quay.

EGM State

Hién thi trang thai ctia quy trinh EGM.

Céc nat nhan ting/giam X, Y, Z

Diéu khién céc gia tri vi tri ciia Robot.

Céc label hién thi gia tri X, Y, Z

Hién thi gi tri vi tri duoc gui di va gia tri

vi tr thuc té ctia robot phan hoi.

Céc niit nhan tang/giam RX, RY, RZ

Diéu khién gia tri gbc quay cua Robot

Céc label hién thi gia tri RX, RY, RZ

Hién thi gia tri goc quay duoc giri di va gia

tri goc quay thuc té cia robot phan hoi.
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b) Camera Control

Phan Camera nam & chinh gitra giao dién, bao gom cac thanh phan chinh:

Bdng 3 16 Cdc thanh phéan chinh ciia nhém Camera Control trén giao dién

Thanh phin Chirc nang
O lua chon camera Lua chon thiét bi camera dé bt dau xu 1y anh.
Nut nhén “Start Camera” Bit dau két ndi dén camera.

Nt nhan “Enable Hand Tracking” | Cho phép bat ché d6 phat hién ban tay.

Nut nhan “Hand Control Mode” | Bat ché do xtr Iy cur chi tay.

Hién thi video truc ti€p tir camera. Phuc vu cho
Phan hién thi camera viéc nhan dang, xu 1y ctr chi tay cling nhu céac

nut nhan ao dé diéu khién robot.

¢c) RWS Control

Phan diéu khién RWS nim bén phai ctia giao dién, bao gém cac thanh phan:

Bdng 3 17 Cdc thanh phdn chinh ciia nhém RWS Control trén giao dién

Thanh phan

Chirc nang

Céc 6 nhap liéu

Nhép dia chi IP/Port/Username/Password

dé két no1 dén bo diéu khién cua robot.

Nt nhan “Connect RWS”

Tao két ndi RWS dén bo diéu khién robot.

Controller Information

Hién thi cic thong tin ctia bd diéu khién

nhu Tén/Loai bd diéu khién.

Céc nat nhdn ON/OFF Gripper

Dicu khién dong mé cong cu Gripper cua

robot.

Céc nit nhAin AUTO/MANUAL

biéu khién ché d0 van hanh cua bo dieu
khién.

Céc nat nhan Motor ON/Motor OFF

Piéu khién bat/tit dong co.

Céc nat nhan START RAPID/STOP
RAPID/RESET

Diéu khién chay/dimg/reset chwong trinh
chinh.
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Hién thi cac trang thai ctia Gripper, ché do
Céac nhan hién thi thong tin van hanh, trang thai motor, trang thai thuc
thi chuong trinh, tdc do.

Thanh truot Piéu chinh toc do cta bd diéu khién.

d) System Log
Nam phia duéi cing cia giao dién, gdm 2 thanh phan chinh

Bang 3 18 Cdc thanh phan chinh ciia nhém System Log trén giao dién

Thanh phin Chirc nang
Phén text log Hién thi cac thay ddi ctia hé thong.
Nt nhan “Clear Log” Xoa toan bg cac thong tin c6 trong Log.

3.4. Két luan chwong 3

Trong chuong nay, ching t6i di trinh bay tong quan toan b hé théng twong tac
gifra nguoi va robot CRB15000. Bén canh do, néi dung chuong cling da di sau vao qua
trinh thiét ké hé thong bang ngon ngit Python véi cac giao thitc EGM, RWS va xdy dung
mot giao dién tryc quan giup cho viéc twong tac dugc hiéu qua. Sau khi hoan thién viéc
lap trinh cho toan bd hé thdng, trong chuong tiép theo chung toi s& tién hanh kiém
nghiém bang md phong va thuc nghiém trén robot that, tir d6 danh gia hiéu qua hoat

dong va mirc 46 dap Gng cuia hé thng.
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Chwong 4: KIEM NGHIEM VA PANH GIA KET QUA

4.1. Mo phéng trén RobotStudio
4.1.1. Kiém tra chirc ning RWS

&}
WS Con X Control Panel
antr
" 192.160.125.1
O
Port: 441 -
uocked [EN @
Ui Admin Mode Auto
Poswward:  sessssss ) o) @
Connact WS Auto Manual Hamid: Shrchigh
antrolles Intarmmation ) Motors; 0“ E
Cantraller infor; Unkiown - Execution
®
Gripper statusiUnknown Motors off Motors on %
ON Gippet QFF GHppol Visal
Run Speed 100%
Opirolion Mo Unknown
« ©O
AUTO MANUAL
‘ Info
MOtOr Status! Linknown
49 Reset program (PP to main) -
Motor ON Motor OFF
; Connected
Rapid Sttus; Unknewn Suivices
* Run ™ Stop & Rosat PP &
Spoed Ratio: L I)l‘)u(l!/
100% ~ RL;’.(MI
‘ b Play Ll stap
1 Cloar Loy |
L ) ‘ 1 Prev Pl Next

Hinh 4 1 Giao dién RWS Control khi chua két néi véi robot

Pay la giao dién RWS Control khi chua két ndi dén bo diéu khién ctia robot. Luc
nay, cac thong tin nhu trang thai cua gripper, ché d6 van hanh, trang thai motor... van
chua duoc cap nhap va chua thé sur dung cac nut dé diéu khién.

b4 Control Panel
v
—
Uneenemse At =55l
L - [
Clbsommnet 243 “ e
g Motos On
fowve (VD 5 %
n VROLAL COnRnLEn 5
e " ® *)
Gigpwr: DIP Motors off MOt0ss e
O Gaiame RV Grgper
Rur Speed 9%
Disessbace Visaka. W "0
.
A NS
Peter Ty 0N st progrien B9 10 Tun)
Vrer (W Natze OW
ez S Grppec
i LR St e
et bt e
Her@ Cortam Made
b My ) e
o Ly
M Frev M Nest

Hinh 4 2 Giao dién RWS Control két noi robot, diéu khién va hién thi trang thai thoi
gian thuc
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Sau khi két ndi RWS, c6 thé thdy Giao dién RWS Control di cép nhap ddy du cac
trang thai van hanh, trang thai motor, trang thai thuc thi chuong trinh cling nhu tdc do.

Dng thoi co thé sir dung cac nit nhan, thanh truot dé diéu khién.

Két qua dat duoc: Giao dién da co6 thé két noi véi robot, cd thé dicu khién cling
nhu giam sat trang thai ctia cac doi tugng co ban trén bd diéu khién robot voi thoi gian

phan hdi nhanh chéng.

4.1.2. Kiém tra chirc nang diéu khién vi tri robot

$C CRB1500 Rotet Control

Robot IP: 192,168.125. 10 Select Camerx Camera 0 > 127001
Part 6510 Part
i A5 Userndme Adimen
Passaoerd ssnssnes

EGM State: Unknown
Dezonnect RWS

Name: CRE15000_5 95

Type: VIRTUAL_ CONTROLLER

Current Fos X=0.00 Y=0.00 Z=0.00

X X: Qo X Geipper: OFF

v i CON Grippes OFF Gaippes
Operation Mode: AUTO

7 7. 0D r

AUTO MANUAL

Motor Status: ON

Motor ON Motor OFF
RX G On “ X Rapid Status: Stopped
\ S y &Y Rosat PF
Ry qY: O -R P Rur LR & Raset P
Speed Rato
R2 RZ: 00 “RZ Skt Camera Enabie Hand Tracking Hand Controd Mode
65%
X4 - ARS CRE1S00 - INFO - Connected to RWS!

20 0 ALS CRE1S00 « INFO - Gnipper OFF .
M125.06 085 18-85 Chear Log

30 - ABS CRE1500 - INFO . Speed Adusted!

Hinh 4 3 Giao dién nguoi ding khi chua két noi EGM véi robot
C6 thé thay, khi chua bat dau giao thitc EGM thi trén giao dién van chua cap nhap
duoc trang thai hoat dong cta chu trinh EGM, chua thé diéu khién cling nhu giam sat

duoc vi tri/gdc quay cua robot.
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S CRB15000 Robot Contret
EGM Contral
Robot IP: 127.0.0.3
Port: 6510

Stop EGM
EGM State: MCI_RUNNING

Position (mm)

2025-06-08 18:57:16,921 -
2025-06-08 18:57:23,859 -
2025-06-08 18:57:32,163 -

POS: X=500,00 Y=-0.00 Z=600.00

X X 500.0 X
Y v -0.0 +¥
4 Z £00.0 *Z
Rotation (degree)
RX=180.00 RY=0.24 RZ=172.98
-RX RX: 1800 +RX
-RY RY: 02 +RY
-RZ RZ: 1800 +RZ
EULIUDTUO TOOUOULY T MDD CRD U
2025-06-08 18:55:08,040 - ABB CRB1500 -

ABB CRB1500 -
ABB CRB1500 -
ABB CRB1500 -

Rl A= a
INFO -
INFO -
INFO -
INFO -

Operator Messages

AlL Tasks
T_ROB1

T_ROB1

T_ROB1
T_ROB1
T_ROB1
T_ROB1
T_ROB1
T_ROB1
T_ROB1

T_ROB1

EGM

EGM

EGM

EGM

EGM

EGM

EGM

EGM

EGM

EGM

EGM

state:

state:

state:

state:

state:

state:

state:

state:

state:

state:

state:

~
~

Visualization e

Reorient Show when jegging ()

Tool
Pechanical Unit r E |
ROB_1
X - 4 \
500.00 mm
Y
0.00 mm
Z
600.00 mm
at
0.00207
@2
000017
a3
1.00000
Q4
0,00002

~

< x] vy— z(_)

Hinh 4 4 Giao dién EGM Control sau khi két n6i EGM véi robot

Sau khi bat ddu EGM, c6 thé théy trén giao dién da cap nhdp dugc trang théi cia

chu trinh EGM, dong thoi c6 thé diéu khién va giam st vi tri/goc quay cua robot.

K CRBIS000 Rodos Controt

EGM Control
Robot 1P: 127.0.0.7
Port: 6510

Stop EGM

EGM State: MCI_RUNNING

Position (mm)

POS: X=553.49 Yu0.00 Z=599.99

X X 5535 =X
-y Y. 00 ¥
-Z Z: 6000 +~Z

Rotation (degree)

RX=180.00 RY=0.24 RZ=179.98

RX RX 180.0 +RX
-RY RY: 02 +RY
-RZ RZ: 180.0 +RZ

Camera Control

Seléct Camers:

Camera 0

Stop Camera

2025-06-08 19.04:35,974 - ABB CRB1500 - INFO - EGM Started!
2025-06-08 15:04:36,651 - ABB CRB1500 - INFO - Started Camera!
2025-06-08 19.04:37,307 - ABB CRB1500 - INFO - Started Hand Mode!

Disable Hand Tracking

Hand Control Mode

¥ Clear Log

X Visualization
Reoﬁént Show when jegging O
Tool
Medharical Unit
ROB_1 I
5 .
560.58 mm :
v S
0.00 mm /

Z —

\Tqi' | Y—>Z’U

~

Hinh 4 5 Piéu khién vi tri/géc quay ciia robot bang xir Iy danh

Bén canh vi¢c diéu khién vi tri/géc quay cua robot bang cac nit nhan trén giao

dién, nguoi dung cling c6 thé di€u khién vi tri/géc quay cua robot bang cac nut nhan do

thong qua xur Iy anh, nhan dién cur chi tay.
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4.2. Thuc nghiém trén Robot CRB15000
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Hinh 4 6 Diéu khién va gidm sdt trang thdi robot théng qua giao dién
Sau khi két ndi v&i bo didu khién cua robot, giao dién da cip nhap chinh xac va
nhanh chéng thong tin bd diéu khién, trang thai dong co, ché do van hanh va tdc d6 caa

robot.
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Hinh 4 7 Diéu khién vi tri/géc quay ciia robot
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Kiém tra hoat dong diéu khién vi tri/gbc quay cia robot théng qua cic nut nhin
trén giao dién va cac nut nhan ao bang xir Iy anh. Hé thong hoat dong tron tru, chinh

Xac.

Hinh 4 8 Diéu khién déng/mé gripper

Piéu khién dong, md gripper bang cir chi nam/mé ban tay thong qua xir 1y anh.
4.3. Panh gia h¢ thong
4.3.1. D§ tré ciia hé thong

Hé thdng twong tac nguodi may voi robot ABB CRB15000 g dung xir Iy anh,
nhan dang ctr chi tay va cic niit nhin 4o dé diéu khién vi tri cta robot thong qua giao
thire EGM va quan Iy trang thai, ché d6 robot bing giao thic RWS. Trong qua trinh thir
nghi¢m thyc té, do tré cua hé théng duoc do dac béng cach xac dinh thoi gian tur luc
ngudi didu khién bat dau chuyén dong dén khi robot hoan tat hanh vi twong tng. Do tré
tong thé cua hé thong bao gdbm cac thanh phan chinh:

+ Thoi gian xir Iy anh: Bao gdm thoi gian thu hinh tir camera, phat hién ban tay va
xir Iy dé nhan dién cir chi tay. Tong thoi gian nay thudng giao dong tir 80-120ms tiry
thudc vao camera, ciu hinh may, anh sang.

+ Thoi gian gui 1énh diéu khién thong qua giao thitc EGM: Giao thitc EGM thuong
¢ do tré diéu khién roi vao khoang 10-20ms tuy loai robot.

+ Thoi gian phan hoi va di chuyén ciia robot: Robot thudng mat khoang 20ms dé

phan hoi vi tri méi.
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Nhan xét: Do tré téng thé cua hé thdng 100-150 ms, du dé dap Gmg yéu cau diéu
khién thoi gian thyc trong cac tng dung twong tac ctr chi véi robot théng thuong. Tuy
nhién dé dat hiéu qua cao nhat, can t6i wu phan cing xir 1y anh (Camera, GPU...) hoic

st dung cac thuat toan nhan dang t8i wu hon.
4.3.2. D¢ chinh xac

Hé thdng tuwong tac ngudi may véi robot ABB CRB15000 tng dung xtr 1y anh,
nhan dang ctr chi tay va cdc niit nhin 4o dé diéu khién vi tri cua robot thong qua giao
thirc EGM va quan 1y trang thai, ché d robot bang giao thitc RWS. Do chinh xac cta
hé théng s€ dugc danh gia dua trén hai thanh phén chinh

+ Do chinh xac vé vi tri: Do chinh x4c vj tri ctia robot s& duge danh gia dya trén vi¢c
so sanh gia tri dat va gia tri thyc té ctia robot. Két qua thuc nghiém cho théy Vi1 tri thuc
té ctia robot gan nhu chinh xac tuyét di vai vi tri dit nhd vao giao thire EGM véi giao
thire UDP toc d6 cao (250Hz).

+ Do chinh x4c cta qua trinh nhan dang, x{r Iy cir chi tay: Hé thong hoat dong nhan
dang va xtr 1y cir chi tay twong ddi chinh xac trong diéu kién 6n dinh, tuy nhién van
con mot sb yéu td anh huong dén chat lugng nhéan dién nhu: 4nh sang, nhiéu, téc do

cu chi cua nguoi dung, goc quay ban tay va chat luong camera

Nhan xét: Nhin chung, hé thong dap tng t6t yéu cau vé do chinh xac pht hop cho
cac ung dung diéu khién thoi gian thuc don gian. Tuy nhién, dé dat do tin cay cao hon
trong mdi truong cong nghiép thi can cai thién thém mét sé yéu té nhu bd sung cac thuat

toan loc nhiéu, ting chét luong camera...
4.4. Két luan chwong 4

Trong chuong nay, nhom ching t6i da hoan thanh viéc kiém nghiém bang mé
phong trén phén mém RobotStudio va thuc nghiém trén hé théng robot that tai Cong ty
TNHH Tu dong hoa Nhat Tri. Két qua ctia qua trinh kiém nghiém da cho thay hé thong
hoat dong on dinh, tdc do cao va do tré thép, ngoai ra giao thirc EGM Position Guidance
d3 cho thay d6 chinh xé4c tuyét dbi, dam bao robot dat dugc vi tri muc tiéu nhu duoc chi
dinh.
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KET LUAN

Db an “Phat trién hé thdng twong tac ngudi — may cho robot ABB CRB15000” tap
trung vao nghién ctru va trién khai giai phap diéu khién va giam sat robot cong tac
CRB15000 thong qua mdy tinh, nhim xdy dung mot hé théng giao tiép ngudi — may

truc quan, linh hoat va hiéu qua hon trong méi trudng cong nghi€p hién dai.
Trong sudt qua trinh thyc hién, nhom d hoan thanh cac ndi dung chinh sau:

+ Vé xir Iy anh va nhan dién cir chi: Nhom st dung thu vién MediaPipe két hop
OpenCV dé xdy dung hé théng nhan dién ctr chi tay theo thoi gian thuc. Hé thong cho
phép nhan dién ban tay, phan tich 21 diém dic trung (landmark) va diéu khién robot
thue hién céc thao tic nhu dong/mé gripper hay diéu chinh vi tri/géc quay théng qua

cac nat nhan 4o trén giao dién camera.

+ V& diéu khién robot: Ap dung giao thirc Externally Guided Motion (EGM) dé diéu
khién vi tri cta robot theo thoi gian thuc, déng thoi tich hop Robot Web Services

(RWS) dé giam sat va giri 1énh van hanh robot thong qua giao dién.

+ V& giao dién nguoi dung: Giao dién diéu khién dugc thiét ké bang ngon ngir Python
va thu vién PyQt5, tich hop dong thoi ba thanh phan chinh: EGM Control, RWS
Control va Camera Control. Nho do, nguoi van hanh co thé diéu khién va giam sat

trang thai, vi tri ctia robot mot cach truc quan, dé hiéu.

+ V& thyc nghiém: Hé thong di duoc kiém chimg bang mo phong trén phan mém
RobotStudio, déng thoi trién khai thuc nghiém trén robot ABB CRB15000 that tai
Cong ty TNHH Tu Pong Hoa Nhat Tri. Céc thir nghiém cho thay hé théng hoat dong

on dinh, c6 dJ phan hoi tot, dap g y€u cau diéu khién va gidm sat thuc te.

Hién tai hé théng da dap trng duoc nhu cau diéu khién va giam sat robot thong qua
giao dién tuong tac duoc 1ap trinh két hop v6i nhan dang cir chi tay, tuy nhién van con
mot sb van dé ton tai nhu chét lugng nhéan dang ct chi tay con phu thudc vao anh sang
moi truong xung quanh, chat lwong camera va thuat todn nhan dang chua t6i wu...Dua
vao nhiing thiéu sét trén, nhém dua ra mot s phuong an cai thién nhu: Téi uu phan

cung xu ly anh (Camera, GPU...) hodc st dung cac thuat toan nhan dang t61 vru hon.

Bén canh d6, nhom chiing t6i ciing c6 dinh huéng phat trién trong twong lai vi con

ton tai cac han ché cia hé théng. Mot trong nhirng bat tién 16n cta hé théng hién tai la
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ngudi dung budc phai dimg gin may tinh dé thao tac diéu khién robot, giy han ché vé
tinh linh hoat va tinh co dong trong méi truong lam viéc thuc té. Vi vay, nhém dinh
huéng phat trién hé thdng theo hudng tich hop véi cac thiét bi deo thong minh nhu kinh
Google Glass. V&i kha ning hién thi thong tin tryc tiép trong tim mét va hd trg nhap
1énh bang giong ndi hodc cir chi, kinh théng minh s& gitip ngudi van hanh c6 thé giam
sat va diéu khién robot tir xa, hoan toan ranh tay, dong thoi di chuyén linh hoat trong
khong gian san xuit ma khong bi phu thudc vao vi tri cia may tinh. Thém vao dé viée
tich hop hé thong vao mat kinh c6 thé gitip chung toi phét trién hé théng theo nhiing
huéng khac nhu 6 thé biét duoc thong tin may moc, tinh trang hoat dong chi bang cach

nhin vao thiét bi d6 va vo so tién ich khac ma h¢ thong c6 thé mang lai.

Cudi cung, nhém chung t6i xin giri 106i cam on chén thanh dén TS. Gidp Quang
Huy va cam on cong ty TNHH Tu DPong Hoéa Nhat Tri, ddc biét 1a KS. Lé Phudc Sinh
d3 dong hanh va tao diéu kién tot nhat vé kién thtc cling nhu co sd vat chét, thiét bj dé
nhém c6 thé hoan thanh do an tét nghiép. Trong subt qua trinh lam viéc, nhém ching
t61 da nhan duogc rat nhiéu sy gitp d&, dong gop ¥ kién va sy hudng dan tir phia giang
vién hudng dan va phia cong ty. Pay chinh 12 ngudn dong luc va nén tang quan trong

gitp ching t61 hoan thién d6 an mot cach hi¢u qua va dang tién do.
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PHU LUC

PHU LUC 1: MA NGUON CHUONG TRINH RAPID GIAO TIEP EGM

MODULE EGMCommunication
VAR egmident egm _id;
VAR egmstate egm_ state;
PERS robtarget pHome:=[[500.0,0.0,600.0],[0.0,0.0,1.0,0.0],
[0,0,-0,0],[9E+09,9E+09,9E+09,9E+09,9E+09,9E+09]];
! Ngudng hoi tu
CONST egm minmax egm minmax_translation := [-1, 1];
CONST egm minmax egm minmax_rotation := [-1, 1];
| Khung hiéu chinh va cam bién
LOCAL CONST pose egm_correction_frame := [[0, 0, 0], [1, 0, 0, 0]];
LOCAL CONST pose egm_sensor_frame := [[0, 0, 0], [1, 0, 0, 0]];

PROC main()
Movel] pHome,v100,fine,tool0;
EGM_POSE_MOVEMENT;
ENDPROC

PROC EGM_POSE_MOVEMENTY()
IKiém tra c6 thiét 1ap EGM nao dang hoat dong khong
IF egm_state = EGM_STATE DISCONNECTED THEN
TPWrite "EGM State: Preparing controller for EGM communication.";
ENDIF

WHILE TRUE DO

! Bang ky ID EGM méi

EGMGetld egm 1id;

! Nhan trang thai hién tai cua chu trinh EGM

egm_state := EGMGetState(egm_id);

I Thiét 1ap giao tiép EGM

IF egm_state <= EGM_STATE CONNECTED THEN
TPWrite "EGM State: Setting up communication.";
EGMSetupUC ROB_1, egm id, "default", "UCdevice", \Pose;
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ENDIF
IGiai ma goi tin tir thiét bi bén ngoai
EGMACctPose egm id\Tool:=tool0,

egm_correction_frame,
EGM_FRAME BASE,
egm_sensor frame,
EGM_FRAME BASE
\x:=egm_minmax_translation
\y:=egm_minmax_translation
\z:=egm_minmax_translation
\rx:=egm_minmax_rotation
\ry:=egm_minmax_rotation
\rz:=egm_minmax_rotation
\LpFilter:=16
\MaxSpeedDeviation:=30;

I Thuc hién chuyén dong dya trén muc tiéu tu thé dugc thiét bi bén ngoai gui dén
EGMRunPose egm id, EGM_STOP HOLD \x \y \z \Rx \Ry \Rz \CondTime:=1
\RampInTime:=0;
WaitTime 0.004; ! Tan s6 cap nhat 250Hz
ENDWHILE

ERROR
IF ERRNO = ERR_UDPUC _COMM THEN
TPWrite "EGM Error: External device not detected.";
TRYNEXT;
ENDIF
ENDPROC
ENDMODULE
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PHU LUC 2: MA NGUON CHUONG TRINH PYTHON GIAO TIEP VOI
ROBOT

import sys

import socket

from datetime import datetime

import threading

import time

from tracemalloc import reset peak

import requests

from requests.auth import HTTPBasicAuth

import urllib3

import egm_pb2 as egm

from Ixml import etree

import cv2

import mediapipe as mp

from PyQt5.QtCore import pyqtSignal, QThread, QTimer

from PyQt5.QtWidgets import (
QApplication, QWidget, QVBoxLayout, QLabel, QLineEdit, QPushButton,QMessageBox,
QHBoxLayout, QSlider, QGroupBox, QGridLayout, QComboBox, QCompleter, QStyle,

QTextEdit,QTabWidget)

from PyQt5.QtGui import QImage, QPixmap, Qlcon

from PyQt5.QtCore import Qt,QTimer,pyqtSignal

from collections import deque

import numpy as np

import pyqtgraph as pg

from ws4py.client.threadedclient import WebSocketClient

import xml.etree.ElementTree as ET

urllib3.disable warnings(urllib3.exceptions.InsecureRequestWarning)

# Global Variables
Pos =[500.0, 0.0, 600.0]

Euler =[0.0, 0.0, 0.0]

num = 0

lock = threading.Lock()

# EGM Handler
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class ReceiveThread(QThread):
update feedback = pyqtSignal(float, float, float,float, float, float)
update_egm_state = pyqtSignal(str)

def init (self, sock):
super(). _init_ ()
self.sock = sock

self.running = True

def run(self):
global num
while self.running:
try:
data, addr = self.sock.recvirom(2048)
msg = egm.EgmRobot()
msg.ParseFromString(data)
num = msg.header.seqno + 1
self.update feedback.emit(msg.feedBack.cartesian.pos.x,
msg.feedBack.cartesian.pos.y,
msg.feedBack.cartesian.pos.z,
msg.feedBack.cartesian.euler.x,
msg.feedBack.cartesian.euler.y,

msg.feedBack.cartesian.euler.z)

self.update egm_state.emit(egm.EgmMCIState. MCIStateType.Name(msg.mciState.state))
except Exception as e:
print("EGM receive error:", e)
time.sleep(0.01)

def CreateSensorMessage(seq_num, pos, euler):
egmSensor = egm.EgmSensor()
egmSensor.header.seqno = seq_num
egmSensor.header.mtype = egm.EgmHeader.MessageType. MSGTYPE CORRECTION
pose = egmSensor.planned.cartesian
POSe.pos.X, pOSe.pos.y, POSE.pos.Z = pos
pose.euler.x, pose.euler.y, pose.euler.z = euler

return egmSensor

class SendThread(QThread):
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def init (self, sock, addr):
super(). _init_ ()
self.sock = sock
self.addr = addr

self.running = True

def run(self):
global num, Pos, Euler
while self.running:
with lock:
pos = Pos.copy()
euler = Euler.copy()
msg = CreateSensorMessage(num, pos, euler)
self.sock.sendto(msg.SerializeToString(), self.addr)
num += 1
time.sleep(0.004)

# RWS Handler
class RwsWebSocketClient(WebSocketClient):
def init (self, url, headers, parent=None):

super(). _init_ (url, protocols=['rws_subscription'], headers=headers)
self.parent = parent
def opened(self):
print("RWS WebSocket connection established")
def closed(self, code, reason=None):
print(f"RWS WebSocket closed: {code} - {reason}")
def received message(self, message):
if message.is_text:
try:
self.parent.process_rws_event(message.data.decode('utf-8'"))
except Exception as e:

print(f"Error processing message: {e}")

class RwsClient:
def init (self, ip, port=443, username="Admin", password="robotics"):
self.session = requests.Session()
self.ip=1ip
self.port = port
self.base url = f"https://{ip}:{port}/rw/"
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self.auth = HTTPBasicAuth(username, password)
self.headers = {"Accept": "application/xhtml+xml;v=2.0"}
self.post_headers = {
"Content-Type": "application/x-www-form-urlencoded;v=2.0",
"Accept": "application/xhtml+xml;v=2.0"
H
self.reg url = f"https://{ip}:{port}/users/register/local"
self.identity url = f"https://{ip}:{port}/ctrl/identity"
self.subscription_url = f"https://{ip}:{port}/subscription"
self.ws_client = None
self.subscription_thread = None

self.running = False

def register user local(self):

try:
url = self.reg_url
data = {

n.n n

"username": "abc",
"application": "RobotStudio",
"location" : "Labbr",

"local-key" : "123456"

}

r = self.session.post(url, data=data,
headers=self.post_headers,
auth=self.auth, verify=False)

return r.status_code

except Exception as e:

return str(e)

def get identity(self):
try:
response = self.session.get(
self.identity url,
headers=self . headers,
auth=self.auth,

verify=False

if response.status_code != 200:
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return {"error": f'"HTTP Error: {response.status code}"}

root = etree.fromstring(response.content)
ns = {'xhtml'": 'http://www.w3.0rg/1999/xhtml'}

name = root.xpath(
'//xhtml:1i[ @class="ctrl-identity-info"]/xhtml:span[ @class="ctrl-name"]/text()',
namespaces=ns

)

ctrl type = root.xpath(
'.//xhtml:1i[@class="ctrl-identity-info" |/xhtml:span[ @class="ctrl-type"]/text()',

namespaces=ns

return {
"name": name[0].strip() if name else "N/A",

"type": ctrl_type[0].strip() if ctrl type else "N/A"

except Exception as e:
return {"error": f"Request failed: {str(e)}"}

def set_opmode(self, mode):
try:
r = self.session.post(self.base url + "panel/opmode", data={"opmode": mode},
headers=self.post_headers, auth=self.auth, verify=False)

return r.status_code
except Exception as e:
return str(e)

def opmode_ack(self):
try:
r = self.session.post(self.base_url + "/panel/opmode/acknowledge", data={"opmode":
nautou}’

headers=self.post headers, auth=self.auth, verify=False)

return r.status_code

except Exception as e:
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return str(e)

def get opmde(self):
try:

response = self.session.get(
self.base url + "/panel/opmode",
headers=self.headers,
auth=self.auth,
verify=False,
timeout=2

)

if response.status_code !=200:
return f"HTTP Error: {response.status code}"

root = etree.fromstring(response.content)

ns = {'xhtml": 'http://www.w3.0rg/1999/xhtml'}

state = root.xpath(
".//xhtml:li[@class="pnl-opmode"]/xhtml:span[@class="opmode"]/text()',
namespaces=ns

)

return state[0].strip().lower() if state else "unknown"

except Exception as e:
return f"Error: {str(e)}"

def set_ctrl_state(self, state):
try:
r = self.session.post(self.base url + "panel/ctrl-state", data={"ctrl-state": state},
headers=self.post_headers, auth=self.auth, verify=False)
return r.status_code
except Exception as e:

return str(e)

def get ctrl state(self):
try:
response = self.session.get(

self.base url + "panel/ctrl-state",
headers=self.headers,
auth=self.auth,
verify=False,
timeout=2
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)

if response.status_code !=200:
return f"HTTP Error: {response.status code}"

root = etree.fromstring(response.content)

ns = {'xhtml'": 'http://www.w3.0rg/1999/xhtml'}

state = root.xpath(
'//xhtml:1i[ @class="pnl-ctrlstate" |/xhtml:span[ @class="ctrlstate" ]/text()',
namespaces=ns

)

return state[0].strip().lower() if state else "unknown"

except Exception as e:

return f"Error: {str(e)}"

def start_rapid(self):
try:
url = self.base_url + "rapid/execution/start"
data = {
"regain": "clear",
"execmode": "continue",
"cycle": "forever",
"condition": "none",
"stopatbp": "disabled",
"alltaskbytsp": "true"
h
r = self.session.post(url, data=data,
headers=self.post_headers,
auth=self.auth, verify=False)
return r.status_code
except Exception as e:

return str(e)

def stop_rapid(self):
try:
url = self.base_url + "rapid/execution/stop?mastership=implicit"
data = {
"stopmode": "stop",

"usetsp": "true"

}

r = self.session.post(url, data=data,
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headers=self.post_headers,
auth=self.auth, verify=False)
return r.status_code
except Exception as e:

return str(e)

def reset_rapid(self):

try:
url = self.base_url + "rapid/execution/resetpp?mastership=implicit"
data = {
b

r = self.session.post(url, data=data,
headers=self.post_headers,
auth=self.auth, verify=False)

return r.status_code

except Exception as e:

return str(e)

def get rapid_state(self):
try:
response = self.session.get(
self.base_url + "/rapid/execution",
headers=self.headers,
auth=self.auth,
verify=False,
timeout=2
)
if response.status_code != 200:
return f"HTTP Error: {response.status_code}"
root = etree.fromstring(response.content)
ns = {'xhtml'": 'http://www.w3.0rg/1999/xhtml'}
state = root.xpath(
".//xhtml:li[@class="rap-execution"]/xhtml:span[ @class="ctrlexecstate" |/text()',
namespaces=ns
)
return state[0].strip().lower() if state else "unknown"
except Exception as e:

return f"Error: {str(e)}"
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def set IO(self, lvalue):
try:
r = self.session.post(self.base url
"/iosystem/signals/EtherNetIP/ABB_Scalable I01/ABB_Scalable 101 0 DO2/set-value",
data={"lvalue": Ivalue},
headers=self.post headers, auth=self.auth, verify=False)
return r.status_code
except Exception as e:
return str(e)
def get 1O state(self):
try:
response = self.session.get(
self.base_url
"/iosystem/signals/EtherNetIP/ABB_Scalable I01/ABB_Scalable 101 0 DO2",
headers=self . headers,
auth=self.auth,
verify=False,
timeout=2
)
if response.status_code !=200:
return f"HTTP Error: {response.status code}"
root = etree.fromstring(response.content)
ns = {'xhtml": 'http://www.w3.0rg/1999/xhtml'}
state = root.xpath(
".//xhtml:1i[ @class="10s-signal-1i"]/xhtml:span[@class="lvalue"]/text()',
namespaces=ns
)
return state[0].strip().lower() if state else "unknown"
except Exception as e:

return f"Error: {str(e)}"

def set_speed(self, ratio):
try:
r = self.session.post(self.base_url + "panel/speedratio?mastership=implicit",
data={"speed-ratio": str(ratio)},
headers=self.post headers, auth=self.auth, verify=False)
return r.status_code
except Exception as e:

return str(e)
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def get_speed(self):
try:
response = self.session.get(
self.base url + "panel/speedratio”,
headers=self . headers,
auth=self.auth,
verify=False,
timeout=2
)
if response.status_code !=200:
return f"HTTP Error: {response.status_code}"
root = etree.fromstring(response.content)
ns = {'xhtml": 'http://www.w3.0rg/1999/xhtml'}
speed 1 = root.xpath(
".//xhtml:li[@class="pnl-speedratio"]/xhtml:span[(@class="speedratio"]/text()',
namespaces=ns
)
return int(speed 1[0].strip().lower()) if speed 1 else "unknown"
except Exception as e:

return f"Error: {str(e)}"

def subscribe(self, parent):
try:

payload = {
'resources': ['1','2",'3"],
'1": '/rw/panel/speedratio’,
"T-p"'1',
'2": '/rw/panel/ctrl-state’,
2-p'l,
'3': '/rw/panel/opmode’,
3-p" '

resp = self.session.post(self.subscription_url,
auth=self.auth,
headers=self.post headers,
data=payload,
verify=False)
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if resp.status_code == 201:

location = resp.headers['Location']

cookies =[]
for cookie in self.session.cookies:
cookies.append(f'{cookie.name}={cookie.value}")

—_nn

cookie str="; ".join(cookies)

auth _header = HTTPBasicAuth(self.auth.username, self.auth.password)

auth value = auth header(self.session).headers['Authorization']

headers = |
('Cookie', cookie_str),
('Authorization', auth _value)

]

ws_url = location.replace(‘https://', 'wss://")

self.ws_client = RwsWebSocketClient(ws_url, headers, parent)
self.subscription_thread = threading. Thread(target=self.ws_client.connect)
self.subscription_thread.daemon = True
self.subscription_thread.start()
return True

else:
print(f"'Failed to subscribe: {resp.status code}")
return False

except Exception as e:
print(f'Subscription error: {e}")

return False

# CAMERA
Hanlder
class HandDetector:

def init (self):

self.mp _hands = mp.solutions.hands

self.hands = self.mp_hands.Hands(max_num_hands=1)

self.mp_draw = mp.solutions.drawing_utils

def find_hands(self, frame):
img_rgb = cv2.cvtColor(frame, cv2.COLOR_BGR2RGB)
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results = self.hands.process(img_rgb)
hand landmarks =[]

if results.multi_hand landmarks:
for hand landmark in results.multi_hand landmarks:
self.mp draw.draw landmarks(frame, hand landmark,
self.mp_hands. HAND CONNECTIONS)

h, w, = frame.shape

landmarks =[]

for id, Im in enumerate(hand landmark.landmark):
cx, cy = int(lm.x * w), int(Im.y * h)
landmarks.append([id, cx, cy])

if landmarks:

hand landmarks.append(landmarks)

return frame, hand landmarks

def count_fingers(self, landmarks):
if not landmarks:

return -1

finger indices = [4, 8, 12, 16, 20]

count=10

if landmarks[finger indices[0]][1] < landmarks[finger indices[0] - 1][1]:
count +=1

for idx in finger indices[1:]:
if landmarks[idx][2] < landmarks[idx - 2][2]:

count += 1

return count

defis_hand in area(x, y, w, h, landmarks):
if not landmarks:
return False
for hand in landmarks:

for , Ix, ly in hand:
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ifx<Ix<x+wandy<ly<y-+h:
return True

return False

def draw button(frame, x, y, w, h, text, color=None, font scale=0.5, thickness=1,

bg color=(200, 200, 200)):
if color is None:
color =(0, 0, 0)
cv2.rectangle(frame, (X, y), (x + w, y + h), bg_color, 1)
cv2.rectangle(frame, (x, y), (x + w, y + h), color, 2)

(tw, th), =cv2.getTextSize(text, cv2.FONT HERSHEY SIMPLEX, font scale, thickness)

tx=x+(W-tw)//2
ty=y+(h+th)/2

cv2.putText(frame, text, (tx, ty), cv2.FONT HERSHEY SIMPLEX, font scale, color,

thickness)

class CameraThread(QThread):
frame processed = pyqtSignal(QImage, list)
button_pressed = pyqtSignal(str)
gripper_changed = pyqtSignal(bool)
reset_xyz requested = pyqtSignal()
reset_rxyz_requested = pyqtSignal()
def init (self):
super(). _init_ ()
self.detector = HandDetector()
self.running = False
self.process_hands = False
self.camera_index =0
self.states = {
'hand_mode": False,
'current_mode': None,
'gripper’: False,
'xyz": {'X": 500, 'Y": 0,'Z": 600},
rxyz'": {'/RX": 180, 'RY": 0, 'RZ": 180},
'xyz_timers': {'X+'": 0, 'X-":0,"Y+":0,'Y-"0,'Z+": 0,'Z-": 0},
'rxyz_timers": {'RX+": 0, 'RX-": 0, 'RY+'": 0, 'RY-": 0, 'RZ+" 0, 'RZ-": 0},

'mode_timers'": {}}

def run(self):
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cap = cv2.VideoCapture(self.camera index)
while self.running:
ret, frame = cap.read()
if not ret:
print("Failed to capture frame")

continue

frame = cv2.flip(frame, 1)

if self.process hands:
frame, landmarks = self.detector.find _hands(frame)
self.process_controls(frame, landmarks)

else:

landmarks = []

rgb_image = cv2.cvtColor(frame, cv2.COLOR _BGR2RGB)
h, w, ch =rgb_image.shape
qt_image = QImage(rgb_image.data, w, h, ch * w, QImage.Format RGB888)

self.frame_processed.emit(qt_image, landmarks)

cap.release()

print("Camera thread stopped")

def process_controls(self, frame, landmarks):
current_time = time.time()
# Gripper Control Mode
if self.states['hand _mode']:

draw_button(frame, 20, 100, 120, 40, "Position Mode", (255,0,255))
ifis_hand in_area(20, 100, 120, 40, landmarks):
if 'position' not in self.states['mode timers']:
self.states['mode _timers']['position'] = current time
elif current_time - self.states['mode_timers']["position'] >= 1.0:
self.states['hand mode'] = False
self.states['current mode'] = 'xyz'
del self.states['mode timers']['position']
else:
if 'position' in self.states['mode_timers']:
del self.states['mode timers']['position']
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draw_button(frame, 150, 100, 120, 40, "Rotation Mode", (255, 0, 0))
ifis_hand in_area(150, 100, 120, 40, landmarks):
if 'rotation' not in self.states['mode timers']:
self.states['mode_timers']['rotation'] = current_time
elif current _time - self.states['mode timers']['rotation'] >= 1.0:
self.states['hand mode'] = False
self.states['current mode'] = 'rxyz'
del self.states['mode_timers']['rotation']
else:
if 'rotation' in self.states['mode timers']:

del self.states['mode_timers']['rotation']

area_x, area_y = 350, 50

area_w, area_h = 250, 250

cv2.rectangle(frame, (area x, area y), (area x + area w, area_y + area_h), (0, 255, 0),
2)

ifis_hand in_area(area x, area y, area_w, area_h, landmarks):
fingers = self.detector.count_fingers(landmarks[0] if landmarks else [])
if fingers in [0, 5]:

new_state = (fingers == 0)

if new_state != self.states['gripper']:
if 'gripper_hold' not in self.states['mode timers']:
self.states['mode_timers']['gripper_hold'] = current_time
elif current_time - self.states['mode_timers']['gripper _hold'] >= 1.0:
self.states['gripper'] = new_state
self.gripper_changed.emit(new_state)
del self.states['mode_timers']['gripper_hold']
else:
if 'gripper_hold' in self.states['mode_timers']:
del self.states['mode_timers']['gripper_hold']
else:
if 'gripper_hold' in self.states['mode_timers']:
del self.states['mode_timers']['gripper_hold']

else:

if 'gripper_hold' in self.states['mode_timers']:
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del self.states['mode_timers']['gripper_hold']

cv2.putText(frame, f"Gripper: {'ON' if self.states['gripper'] else 'OFF'}",
(area_x + 10, area_y - 10), cv2.FONT HERSHEY SIMPLEX, 0.6, (255, 0, 0),
2)

# XYZ Position Control Mode
elif self.states['current mode'] == 'xyz":
xyz_labels = [-X', X', -Y', "+Y", -Z', '+Z']

draw_button(frame, 10, 200, 120, 40, "Hand Mode", (0,255,255))
ifis_hand_in_area(10, 200, 120, 40, landmarks):
if 'hand_xyz' not in self.states['mode_timers']:
self.states['mode_timers']|['hand xyz'] = current_time
elif current time - self.states['mode_timers'|['hand xyz'| >= 1.0:
self.states['hand _mode'] = True
del self.states['mode timers']['hand xyz']
else:
if 'hand xyz' in self.states['mode timers']:

del self.states['mode timers']['hand xyz']

draw_button(frame, 10, 250, 120, 40, "Rotation Mode", (255, 0, 0))
ifis_hand in_area(10, 250, 120, 40, landmarks):
if 'rotation_xyz' not in self.states['mode timers']:
self.states['mode timers']['rotation xyz'| = current_time
elif current_time - self.states['mode_timers']['rotation_xyz'] >= 1.0:
self.states['current mode'] = 'rxyz'
del self.states['mode timers'|['rotation xyz']
else:
if 'rotation_xyz' in self.states['mode_timers']:

del self.states['mode timers']['rotation xyz']

for i, label in enumerate(xyz_labels):
btn_ x =220+1* 70
draw_button(frame, btn_x, 30, 60, 40, label, (255,0,255))
axis = label[ 1]
delta = -3 if label[0] =="-' else 3
key = f'{axis} {label[0]}'

current_time = time.time()

Phu luc 18



ifis_hand in_area(btn_x, 30, 60, 40, landmarks):
last time = self.states['xyz timers'][key]
if last time == 0 or current time - last time > 0.2:
self.states|['xyz']|[axis] += delta
self.states['xyz_timers'|[key] = current_time
self.button pressed.emit(label)
else:

self.states['xyz timers']|[key] =0

draw_button(frame, 150, 30, 60, 40, "Reset", (0, 0, 255))
ifis_hand in_area(150, 30, 60, 40, landmarks):
if 'reset_timer' not in self.states['mode_timers']:
self.states['mode_timers']['reset timer'] = current time
elif current time - self.states['mode_timers']['reset timer'] >= 1.0:
self.states['xyz'] = {'X": 500, 'Y": 0, 'Z": 600}
self.reset xyz requested.emit()
del self.states['mode_timers']['reset timer']
else:
if 'reset_timer' in self.states['mode_timers']:

del self.states['mode_timers']['reset timer']

cv2.putText(frame, f"POSITION MODE",(10,20), cv2.FONT HERSHEY SIMPLEX,
0.6, (255,0,255), 2)
# RXYZ Rotation Control Mode
elif self.states['current mode'] == 'rxyz":
rxyz_labels = ['-RX', +RX', '-RY', +RY", '-RZ', '+RZ'"]

draw_button(frame, 10, 200, 120, 40, "Hand Mode", (0,255,255))
ifis_hand in_area(10, 200, 120, 40, landmarks):
if 'hand_rxyz' not in self.states['mode_timers']:
self.states['mode timers']['hand rxyz'] = current time
elif current_time - self.states['mode timers'|['hand rxyz'] >=1.0:
self.states['hand_mode'] = True
del self.states['mode_timers']['hand_rxyz']
else:
if 'hand rxyZ' in self.states['mode_timers']:

del self.states['mode_timers']['hand_rxyz']

draw_button(frame, 10, 250, 120, 40, "Position Mode", (255,0,255))
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ifis_hand in_area(10, 250, 120, 40, landmarks):
if 'position_rxyz' not in self.states['mode timers']:

self.states['mode timers']['position rxyz'] = current time

elif current time - self.states['mode_timers']['position_rxyz']l >= 1.0:

self.states['current_mode'] = 'xyz'
del self.states['mode timers']['position rxyz']
else:
if 'position_rxyz' in self.states['mode timers']:

del self.states['mode_timers']['position rxyz']

for 1, label in enumerate(rxyz_labels):
btn x =220+1* 70
draw_button(frame, btn_x, 30, 60, 40, label, (255, 0, 0))
axis = label[ 1:]
delta =-0.1 if label[0] =="-" else 0.1
current_time = time.time()
ifis_hand in_area(btn_x, 30, 60, 40, landmarks):
last _time = self.states['rxyz_timers'].get(axis, 0)
if last_time == 0 or current _time - last_time > 0.4:
self.states['rxyz'][axis] += delta
self.states['rxyz_timers'][axis] = current time
self.button_pressed.emit(label)
else:

self.states['rxyz_timers'][axis] =0

draw_button(frame, 150, 30, 60, 40, "Reset", (0, 0, 255))
ifis_hand in_area(150, 30, 60, 40, landmarks):
if 'reset_timer' not in self.states['mode timers']:
self.states['mode_timers']['reset timer'] = current time
elif current_time - self.states['mode_timers']['reset_timer'] >= 1.0:
self.states['rxyz'] = {'/RX": 180, 'RY": 0, 'RZ": 180}
self.reset rxyz requested.emit()
del self.states['mode_timers']['reset _timer']
else:
if 'reset_timer' in self.states['mode timers']:

del self.states['mode timers']['reset timer']

cv2.putText(frame, f"ROTATION MODE",(10,20),

cv2.FONT HERSHEY SIMPLEX, 0.6, (255, 0, 0), 2)

Phu luc

20



# HOLDBUTTON

Hanlder

class HoldButton(QPushButton):
pressed = pyqtSignal()

released = pyqtSignal()

def init (self, *args, **kwargs):
super(). init (*args, **kwargs)
self. timer = QTimer(self)
self. timer.timeout.connect(self. handle repeat)
self. initial delay =300

self. repeat interval = 100

def mousePressEvent(self, event):
self.pressed.emit()
self. timer.start(self. initial delay)

super().mousePressEvent(event)

def mouseReleaseEvent(self, event):
self.released.emit()
self._timer.stop()

super().mouseReleaseEvent(event)

def handle repeat(self):
self. timer.setInterval(self. repeat interval)
self.clicked.emit()

# GUI

class MainWindow(QWidget):
speed changed = pyqtSignal(int)
opmode changed = pyqtSignal(str)
motor_state _changed = pyqtSignal(bool)

def init (self):
super(). _init ()
self.rws_connected = False
self.robot_socket = None

self.initial pose received = False
self.setWindowTitle("CRB15000 Robot Control")
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self.setWindowlIcon(QIcon("D:/2024-2025
KI 2/PythonApplicationl/PythonApplicationl/icon.png"))

self.setStyleSheet("""

QWidget {
font-family: Segoe UI;
font-size: 10pt;

}

QGroupBox {
border: 1px solid #cccecec;
border-radius: 5px;
margin-top: lex;

b

QGroupBox::title {
subcontrol-origin: margin;
left: 10px;
padding: 0 3px;
color: #555555;

}

QPushButton {
background-color: #0{010;
border: 1px solid #ccccecc;
border-radius: 4px;
padding: 5px 10px;
min-width: 80px;

}

QPushButton:hover {
background-color: #e0e0e0;

}

QLineEdit {
border: 1px solid #ccccecec;
border-radius: 4px;
padding: 3px;

}
QSlider::groove:horizontal {
border: 1px solid #bbb;
background: #ddd;

height: 5px;
border-radius: 3px;
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QSlider::sub-page:horizontal {

background: glineargradient(
x1:0, y1:0, x2:1, y2:0,
stop:0 #409EFF,
stop:1 #409EFF

);

border: 1px;

height: 5px;

border-radius: 2px;

QSlider::add-page:horizontal {
background: #ccc;
border: none;
height: 5px;

border-radius: 2px;

QSlider::handle:horizontal {
background: white;
border: 1px solid #409EFF;
width: 14px;
margin: -5px 0;

border-radius: 6px;

QSlider::handle:horizontal:hover {
background: #66baff;
border: 1px solid #0077cc;

}
"

#
self.speed changed.connect(self.update speed ui)
self.opmode changed.connect(self.update_opmode ui)

self.motor state changed.connect(self.update motor ui)
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main_layout = QVBoxLayout()
main_layout.setContentsMargins(5, 5, 5, 5)

# ===== Control Layout =====
main_control layout = QHBoxLayout()
main_control layout.setContentsMargins(0, 0, 0, 0)

main_control layout.setSpacing(10)

# +++++++ Left Panel (EGM) +++++++
left panel = QWidget()
left layout = QVBoxLayout(left panel)
left layout.setContentsMargins(0, 0, 0, 0)
left layout.setSpacing(10)
egm_group = self.create_egm_group()
left layout.addWidget(egm group)
main_control layout.addWidget(left panel, 2)

# +++++++ Center Panel (CAMERA) +++++++
center_panel = QWidget()
center layout = QVBoxLayout(center panel)
center layout.setContentsMargins(0, 0, 0, 0)
cam_group = self.init_camera_ui()
center_layout.addWidget(cam_group)
main_control layout.addWidget(center panel, 2)

# +++++++ Right Panel (RWS) +++++++
right_panel = QWidget()
right_layout = QVBoxLayout(right panel)
right_layout.setContentsMargins(0, 0, 0, 0)
right layout.setSpacing(10)
rws_group = self.create_rws_group()
right_layout.addWidget(rws_group)
main_control layout.addWidget(right panel, 2)
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main_log_layout = QHBoxLayout()
main_log layout.setContentsMargins(0, 0, 0, 0)
self.log_output = QTextEdit()
self.log_output.setReadOnly(True)
self.log_output.setFixedHeight(110)
self.btn_clear log = QPushButton("Clear Log")
self.btn_clear log.setlcon(QIcon("D:/2024-2025
KI 2/PythonApplicationl/PythonApplicationl/trash.png"))
self.btn_clear log.clicked.connect(self.clear log)
main_log layout.addWidget(self.log output, 9)
main_log layout.addWidget(self.btn_clear log, 1)

H:
H#

main_layout.addLayout(main_control layout)
main_layout.addLayout(main_log_layout)

self.setLayout(main_layout)

# Khoi tao cameraThread

self.camera thread = CameraThread()

self.camera_thread.frame processed.connect(self.update camera preview)
self.camera_thread.button_pressed.connect(self.handle camera button)
self.camera_thread.gripper changed.connect(self.handle gripper change)
self.camera_thread.reset xyz requested.connect(self.reset xyz position)
self.camera_thread.reset rxyz requested.connect(self.reset rxyz rotation)
# Thread and connection variables

self.recv_thread = None

self.send thread = None

self.connected = False

self.addr = None

self.rws = RwsClient("127.0.0.1")

#********Camera Group*************
def init_camera ui(self):
camera_group = QGroupBox("Camera Control")
camera_layout = QVBoxLayout(camera_group)
camera_layout.setContentsMargins(5, 15, 5, 15)

camera_layout.setSpacing(10)
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#Camera Selection

select _group = QGroupBox()

select layout = QHBoxLayout(select group)

select layout.setContentsMargins(10, 10, 10, 10)
select layout.addWidget(QLabel("Select Camera:"))
self.camera_combo = QComboBox()

self.camera combo.addItem("Camera 0", 0)
self.camera_combo.addItem("Camera 1", 1)
select_layout.addWidget(self.camera combo)
camera_layout.addWidget(select group)

#Camera Stream

stream_group = QGroupBox()

stream_layout = QVBoxLayout(stream_group)
stream_layout.setContentsMargins(0, 5, 0, 5)

self.camera_label = QLabel()
self.camera_label.setFixedSize(750, 550)
self.camera_label.setAlignment(Qt.AlignCenter)
stream_layout.addWidget(self.camera_label)
camera_layout.addWidget(stream group)

#Camera Controls

control_group = QGroupBox()

control layout = QGridLayout(control group)

#control layout.setContentsMargins(10, 15, 10, 15)
self.btn_camera = QPushButton("Start Camera")
self.btn_camera.clicked.connect(self.toggle camera)
self.btn_hand_tracking = QPushButton("Enable Hand Tracking")
self.btn_hand tracking.clicked.connect(self.toggle hand tracking)
self.btn_hand control = QPushButton("Hand Control Mode")
self.btn_hand control.clicked.connect(self.toggle hand control)
control layout.addWidget(self.btn camera,0,0)

control layout.addWidget(self.btn _hand tracking,0,1)
control_layout.addWidget(self.btn_hand control,0,2)
control_group.setLayout(control layout)
camera_layout.addWidget(control group)

return camera_group

#********Egm Group*************
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def create_egm_group(self):
egm_group = QGroupBox("EGM Control")
egm_layout = QVBoxLayout()
egm_layout.setContentsMargins(12, 15, 12, 15)
egm_layout.setSpacing(10)

# Egm Connect

connect group = QGroupBox()

conn_layout = QGridLayout()

self.egm_ip = QLineEdit("192.168.125.10")
ip_suggest = [

"192.168.125.10",

"127.0.0.1"]

completer = QCompleter(ip_suggest)
completer.setFilterMode(Qt.MatchContains)
completer.setCaseSensitivity(Qt.Caselnsensitive)
self.egm_ip.setCompleter(completer)

self.egm_port = QLineEdit("6510")
self.btn_connect = QPushButton("Start EGM")
self.btn_connect.clicked.connect(self.toggle egm)
self.btn_connect.setStyleSheet("background-color: #d7¢919;")
self.lbl egm state = QLabel("EGM State: Unknown")
conn_layout.addWidget(QLabel("Robot IP:"), 0, 0)
conn_layout.addWidget(self.egm ip, 0, 1)
conn_layout.addWidget(QLabel("Port:"), 1, 0)
conn_layout.addWidget(self.egm port, 1, 1)
conn_layout.addWidget(self.btn_connect, 2, 0, 1, 2)
conn_layout.addWidget(self.lbl egm_state,3,0,1,2)
connect_group.setLayout(conn_layout)
egm_layout.addWidget(connect group)

# Position controls

pos_group = QGroupBox("Position (mm)")

pos_layout = QVBoxLayout()

pos_layout.setContentsMargins(10, 20, 10, 10)
pos_layout.setSpacing(10)

self.lbl_feedbackl = QLabel("Current Pos: X=0.00 Y=0.00 Z=0.00")
pos_layout.addWidget(self.lbl_feedbackl)

# X axis controls
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x_layout = QHBoxLayout()

self.btn_x_ minus = HoldButton("-X")
self.btn_x_minus.pressed.connect(lambda: self.start adjust(0, -1))
self.btn_x minus.released.connect(self.stop adjust)

self.lbl x = QLabel("0.0")
x_layout.addWidget(self.btn x minus)
x_layout.addWidget(QLabel("X:"))
x_layout.addWidget(self.lbl x)

self.btn_x plus = HoldButton("+X")
self.btn_x_plus.pressed.connect(lambda: self.start adjust(0, 1))
self.btn_x_plus.released.connect(self.stop_adjust)
x_layout.addWidget(self.btn_x_plus)
pos_layout.addLayout(x layout)

#Y axis controls

y_layout = QHBoxLayout()

self.btn_y minus = HoldButton("-Y")

self.btn_y minus.pressed.connect(lambda: self.start_adjust(1, -1))
self.btn_y minus.released.connect(self.stop adjust)

self.lbl y = QLabel("0.0")
y_layout.addWidget(self.btn_y minus)
y_layout.addWidget(QLabel("Y:"))
y_layout.addWidget(self.lbl y)

self.btn_y plus = HoldButton("+Y")

self.btn_y plus.pressed.connect(lambda: self.start adjust(1, 1))
self.btn_y plus.released.connect(self.stop_adjust)
y_layout.addWidget(self.btn_y plus)
pos_layout.addLayout(y layout)

# Z axis controls

z layout = QHBoxLayout()

self.btn_z minus = HoldButton("-Z")

self.btn_z minus.pressed.connect(lambda: self.start_adjust(2, -1))
self.btn_z minus.released.connect(self.stop_adjust)

self.lbl_z = QLabel("0.0")

z layout.addWidget(self.btn_z minus)

z layout.addWidget(QLabel("Z:"))
z_layout.addWidget(self.lbl z)

self.btn_z plus = HoldButton("+Z")
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self.btn_z plus.pressed.connect(lambda: self.start adjust(2, 1))
self.btn_z plus.released.connect(self.stop adjust)

z layout.addWidget(self.btn_z plus)
pos_layout.addLayout(z layout)
pos_group.setLayout(pos_layout)

# Rotation controls

rot_group = QGroupBox("Rotation (degree)")

rot_layout = QVBoxLayout()

rot_layout.setContentsMargins(10, 20, 10, 10)

rot_layout.setSpacing(10)

self.lbl_feedback2 = QLabel("Current Rot: RX=0.00 RY=0.00 RZ=0.00")
rot_layout.addWidget(self.lbl feedback?2)

# RX axis controls

rx_layout = QHBoxLayout()

self.btn_rx_minus = HoldButton("-RX")
self.btn_rx_minus.pressed.connect(lambda: self.start rotate(0, -1))
self.btn_rx_minus.released.connect(self.stop_rotate)

self.lbl_rx = QLabel("0.0")
rx_layout.addWidget(self.btn_rx_minus)
rx_layout.addWidget(QLabel("RX:"))
rx_layout.addWidget(self.1bl rx)

self.btn_rx_plus = HoldButton("+RX")
self.btn_rx_plus.pressed.connect(lambda: self.start rotate(0, 1))
self.btn_rx_plus.released.connect(self.stop rotate)
rx_layout.addWidget(self.btn_rx plus)
rot_layout.addLayout(rx layout)

# RY axis controls

ry_layout = QHBoxLayout()

self.btn_ry minus = HoldButton("-RY")

self.btn_ry minus.pressed.connect(lambda: self.start rotate(1, -1))
self.btn_ry minus.released.connect(self.stop_rotate)

self.lbl_ry = QLabel("0.0")
ry_layout.addWidget(self.btn_ry minus)
ry_layout.addWidget(QLabel("RY:"))
ry_layout.addWidget(self.1bl ry)

self.btn_ry plus = HoldButton("+RY")
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self.btn_ry plus.pressed.connect(lambda: self.start rotate(1, 1))
self.btn_ry plus.released.connect(self.stop rotate)
ry_layout.addWidget(self.btn_ry plus)
rot_layout.addLayout(ry layout)

# RZ axis controls

rz_layout = QHBoxLayout()

self.btn_rz_minus = HoldButton("-RZ")
self.btn_rz_minus.pressed.connect(lambda: self.start rotate(2, -1))
self.btn_rz minus.released.connect(self.stop rotate)

self.lbl_rz = QLabel("0.0")
rz_layout.addWidget(self.btn_rz_minus)
rz_layout.addWidget(QLabel("RZ:"))
rz_layout.addWidget(self.lbl rz)

self.btn_rz plus = HoldButton("+RZ")

self.btn_rz plus.pressed.connect(lambda: self.start rotate(2, 1))
self.btn_rz_plus.released.connect(self.stop_rotate)
rz_layout.addWidget(self.btn_rz plus)
rot_layout.addLayout(rz_layout)
rot_group.setLayout(rot_layout)

egm_layout.addWidget(pos_group)
egm_layout.addWidget(rot_group)
egm_group.setLayout(egm layout)

return egm_ group
#********Robot Web SeI'ViceS Group*************
def create rws_group(self):
rws_group = QGroupBox("RWS Control")
rws_layout = QVBoxLayout()
rws_layout.setContentsMargins(10, 15, 10,10)
rws_layout.setSpacing(10)

# RWS Connect

connect_group = QGroupBox()

connect_layout = QGridLayout()
connect_layout.setContentsMargins(10, 10, 10, 10)
connect_layout.setVerticalSpacing(10)
connect_layout.setHorizontalSpacing(20)
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self.rws_ip = QLineEdit("192.168.125.1")
ip_suggestions = [

"192.168.125.1",

"127.0.0.1"]

completer = QCompleter(ip_suggestions)
completer.setFilterMode(Qt.MatchContains)
completer.setCaseSensitivity(Qt.Caselnsensitive)
self.rws_ip.setCompleter(completer)
self.rws_port = QLineEdit("443")

self.rws user = QLineEdit("Admin")
user_suggestions = [

"Admin",

"Default User"]

completer = QCompleter(user _suggestions)
completer.setFilterMode(Qt.MatchContains)
completer.setCaseSensitivity(Qt.Caselnsensitive)
self.rws_user.setCompleter(completer)
self.rws_pass = QLineEdit("robotics")
self.rws_pass.setEchoMode(QLineEdit.Password)
self.btn_rws connect = QPushButton("Connect RWS")
self.btn_rws_connect.setStyleSheet("background-color: #d7e919;")

connect_layout.addWidget(QLabel("IP:"), 0, 0)

connect layout.addWidget(self.rws_ip, 0, 1)

connect layout.addWidget(QLabel("Port:"), 1, 0)
connect_layout.addWidget(self.rws_port, 1, 1)
connect_layout.addWidget(QLabel("Username:"), 2, 0)
connect layout.addWidget(self.rws_user, 2, 1)
connect_layout.addWidget(QLabel("Password:"), 3, 0)
connect_layout.addWidget(self.rws_pass, 3, 1)

connect layout.addWidget(self.btn rws_connect, 4, 0, 1, 2)
connect group.setLayout(connect layout)
self.btn_rws_connect.clicked.connect(self.toggle rws connection)

rws_layout.addWidget(connect group)

# Identity section

iden_group = QGroupBox("Controller Information")
iden_layout = QVBoxLayout()
iden_layout.setContentsMargins(10, 20, 10, 10)
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iden_layout.setSpacing(10)

identity layout = QHBoxLayout()

self.lbl _identity = QLabel("Controller Infor: Unknown")
self.lbl identity.setWordWrap(True)

identity layout.addWidget(self.lbl identity, 1)
iden_layout.addLayout(identity layout)
iden_group.setLayout(iden_ layout)
rws_layout.addWidget(iden group)

#Gripper Control

10 _layout = QVBoxLayout()

IO button_layout = QHBoxLayout()

self.lbl IO _status = QLabel("Gripper Status:Unknown")
self.btn_on_io = QPushButton("ON Gripper")
self.btn_on_io.setStyleSheet("background-color: #d4edda;")
self.btn_on_io.clicked.connect(self.ON_10)

self.btn_off io = QPushButton("OFF Gripper")

self.btn_off io.setStyleSheet("background-color: #{8d7da;")
self.btn_off io.clicked.connect(self.OFF 10)

IO button_layout.addWidget(self.btn_on_i0)

IO_button layout.addWidget(self.btn_off io)
I0_layout.addWidget(self.lbl IO _status)

IO layout.addLayout(IO button layout)
rws_layout.addLayout(IO_layout)

#Operation Mode Control

Mode layout = QVBoxLayout()

Mode button_layout = QHBoxLayout()

self.Ibl_opmode = QLabel("Operation Mode: Unknown")
self.btn_mode Auto = QPushButton("AUTO")

self.btn_mode Auto.setStyleSheet("background-color: #d4edda;")
self.btn_mode Auto.clicked.connect(self.mode auto)
self.btn_mode Man = QPushButton("MANUAL")

self.btn_mode Man.setStyleSheet(""background-color: #f8d7da;")
self.btn_mode Man.clicked.connect(self.mode man)

Mode layout.addWidget(self.Ibl opmode)

Mode button layout.addWidget(self.btn_mode Auto)

Mode button layout.addWidget(self.btn mode Man)
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Mode layout.addLayout(Mode button layout)
rws_layout.addLayout(Mode layout)

# Motor controls

motor_layout = QVBoxLayout()

motor button layout = QHBoxLayout()

self.lbl motor status = QLabel("Motor Status: Unknown")
self.btn_motor on = QPushButton("Motor ON")

self.btn_motor on.setStyleSheet("background-color: #d4edda;")
self.btn_motor on.clicked.connect(self.motor on)
self.btn_motor off = QPushButton("Motor OFF")
self.btn_motor off.setStyleSheet("background-color: #8d7da;")
self.btn_motor off.clicked.connect(self.motor of¥)

motor layout.addWidget(self.1bl motor_status)

motor button layout.addWidget(self.btn_motor on)
motor_button layout.addWidget(self.btn_motor_of¥)

motor layout.addLayout(motor button layout)

rws_layout.addLayout(motor layout)

# RAPID controls
rapid layout = QVBoxLayout()
rapid_button layout = QHBoxLayout()
self.lbl rapid_status = QLabel("Rapid Status: Unknown")
self.btn_start rapid = QPushButton(" Run")
self.btn_start rapid.setlcon(QIcon("D:/2024-2025

KI 2/PythonApplicationl/PythonApplicationl/play.png"))
self.btn_start _rapid.setStyleSheet("background-color: #d4edda;")
self.btn_start rapid.clicked.connect(self.start rapid)
self.btn_start_rapid.clicked.connect(self.update rapid_status)
self.btn_stop rapid = QPushButton(" Stop")
self.btn_stop rapid.setlcon(QIcon("D:/2024-2025

KI 2/PythonApplication1/PythonApplicationl/stop.png"))
self.btn_stop rapid.setStyleSheet("background-color: #8d7da;")
self.btn_stop rapid.clicked.connect(self.stop_rapid)
self.btn_stop rapid.clicked.connect(self.update rapid_status)
self.btn_reset rapid = QPushButton("Reset PP")
self.btn_reset rapid.setlcon(self.style().standardIcon(QStyle.SP_BrowserReload))
self.btn_reset rapid.setlcon(QIcon("D:/2024-2025

KI 2/PythonApplicationl/PythonApplicationl/reset.png"))
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self.btn_reset rapid.setStyleSheet("background-color: #FFFFCC;")
self.btn_reset rapid.clicked.connect(self.reset rapid)

rapid layout.addWidget(self.lbl rapid status)

rapid button layout.addWidget(self.btn_start rapid)

rapid button layout.addWidget(self.btn_stop rapid)

rapid button layout.addWidget(self.btn reset rapid)

rapid _layout.addLayout(rapid button layout)
rws_layout.addLayout(rapid layout)

# Speed control

speed layout = QVBoxLayout()

speed layout.addWidget(QLabel("Speed Ratio:"))
slider layout = QHBoxLayout()

self.slider = QSlider(Qt.Horizontal)
self.slider.setMinimum(0)
self.slider.setMaximum(100)
self.slider.setValue(100)
self.slider.valueChanged.connect(self.set_speed)
self.1bl_speed = QLabel("100%")

slider layout.addWidget(self.slider)

slider layout.addWidget(self.lbl speed)

speed layout.addLayout(slider layout)
rws_layout.addLayout(speed_layout)

rws_group.setLayout(rws_layout)

return rws_group

# EGM Functions
def toggle egm(self):

if not self.connected:
try:
# Validate inputs
computer_ip = self.egm_ip.text()

robot_port = int(self.egm_port.text())
# Create new socket

self.robot_socket = socket.socket(socket. AF_INET, socket. SOCK _DGRAM)
self.robot_socket.bind((computer_ip, robot port))
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print(f"Waiting for EGM connection on {computer ip}:{robot port}...")
data, addr = self.robot_socket.recvirom(2048)
print(f"Connected to robot at {addr}")

self.addr = addr

self.recv_thread = ReceiveThread(self.robot socket)
self.recv_thread.update feedback.connect(self.update feedback)
self.recv_thread.update _egm state.connect(self.update egm state)
self.recv_thread.start()

self.send thread = SendThread(self.robot socket, self.addr)
self.send thread.start()

self.connected = True

self.btn_connect.setText("Stop EGM")
QMessageBox.information(self, "Success", "EGM Started!")
self.add log("EGM Started!")

self.initial pose received = False

except ValueError as ve:
QMessageBox.critical(self, "Input Error", str(ve))
except Exception as e:
QMessageBox.critical(self, "Connection Error", str(e))
if self.robot_socket:
self.robot_socket.close()
else:
if self.recv_thread:
self.recv_thread.running = False
self.recv_thread.wait()
if self.send_thread:
self.send thread.running = False
self.send _thread.wait()
if self.robot_socket:
self.robot_socket.close()
self.connected = False
self.btn_connect.setText("Start EGM")
QMessageBox.information(self, "Info", "EGM Stopped!")
self.add log("EGM Stopped!")
self.lbl egm state.setText("EGM State: Disconnected")

def start_adjust(self, axis, direction):
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self.adjust_timer = QTimer()

self.adjust_timer.timeout.connect(lambda: self.adjust position(axis, direction))
self.adjust_timer.start(100)

self.adjust position(axis, direction)

def stop adjust(self):
if hasattr(self, 'adjust_timer'):
self.adjust_timer.stop()

del self.adjust_timer

def adjust_position(self, axis, direction):
global Pos, lock
step = 3 * direction
with lock:
Pos[axis] += step
self.camera_thread.states['xyz'][['X","Y",'Z'][axis]] = Pos[axis]
if axis == 0:
self.lbl_x.setText(f" {Pos[axis]:.1f}")
elif axis == 1:
self.lbl y.setText(f" {Pos[axis]:.1f}")
elif axis == 2:
self.lbl_z.setText(f"{Pos[axis]:.1f}")

defupdate feedback(self, x, y, z, rx, ry, 12):
global Pos, Euler, lock
if not self.initial pose received:
with lock:

Pos =[x, y, 7]

Euler = [rx,ry,rz]
self.lbl_x.setText(f" {x:.1f}")
self.lbl y.setText(f"{y:.1f}")
self.lbl z.setText(f"{z:.1f}")
self.lbl_rx.setText(f" {Euler[0]:.1f}")
self.lbl ry.setText(f"{Euler[1]:.1f}")
self.1bl_rz.setText(f" {Euler[2]:.1f}")

self.initial pose received = True
self.lbl_feedbackl.setText(
f'POS: X={x:.2f} Y={y:.2f} Z={z:.2f} "
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)
self.lbl feedback?2.setText(

f"RX={rx:.2f} RY={ry:.2f} RZ={rz:.2f}"

def start rotate(self, axis, direction):
self.rotate _timer = QTimer()
self.rotate_timer.timeout.connect(lambda: self.adjust rotation(axis, direction))
self.rotate timer.start(100)

self.adjust_rotation(axis, direction)

def stop_rotate(self):
if hasattr(self, 'rotate timer"):
self.rotate _timer.stop()

del self.rotate_timer

def adjust_rotation(self, axis, direction):
global Euler, lock
step = 0.1 * direction
with lock:
Euler[axis] += step
if Euler[axis] > 180:
Euler[axis] -= 360
elif Euler[axis] < -180:
Euler[axis] += 360
self.camera_thread.states['rxyz'][['RX",'RY",'/RZ'][axis]] = Euler[axis]
if axis == 0:
self.lbl rx.setText(f"{Euler[axis]:.1f}")
elif axis == 1:
self.1bl_ry.setText(f" {Euler[axis]:.1f}")
elif axis == 2:
self.lbl rz.setText(f" {Euler[axis]:.1f}")

defupdate_egm_state(self, state):
self.lbl egm_state.setText(f"EGM State: {state}")

defreset xyz position(self):
global Pos, lock
reset_values =[500.0, 0.0, 600.0]
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with lock:
Pos = reset_values.copy()
self.camera_thread.states['xyz'] = {'X": 500, 'Y": 0, 'Z": 600}
self.lbl_x.setText(f" {reset values[0]:.1f}")
self.lbl y.setText(f" {reset values[1]:.1f}")
self.lbl z.setText(f" {reset values[2]:.1f}")

defreset rxyz rotation(self):
global Euler, lock
reset_rxyz values =[180.0, 0.0, 180.0]

with lock:
Euler =reset_rxyz values.copy()
self.camera_thread.states['rxyz'] = {'RX": 180, 'RY": 0, 'RZ": 180}
self.Ibl_x.setText(f" {reset rxyz values[0]:.1f}")
self.lbl y.setText(f" {reset rxyz values[1]:.1f}")
self.lbl_z.setText(f" {reset rxyz values[2]:.1f}")

# RWS Functions

def toggle rws_connection(self):

if not self.rws_connected:
try:
self.rws = RwsClient(
self.rws_ip.text(),
port=int(self.rws_port.text()),
username=self.rws_user.text(),
password=self.rws_pass.text()
)
# Test connection
identity = self.rws.get identity()
if "error" in identity:

raise Exception(identity["error"])

self.rws_connected = True

self.btn_rws_connect.setText("Disconnect RWS")

QMessageBox.information(self, "Success", "Connected to RWS!")
self.add log("Connected to RWS!")
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print("Connected to RWS!")
self.update motor status()
self.update rapid status()
self.update _opmode()
self.update IO _status()
self.show_identity()
self.rws.register user local()

self.update speed()

# Start subscription for real-time updates
if self.rws.subscribe(self):

print("Subscribed to RWS events")
else:

QMessageBox.warning(self, "Warning", "Failed to subscribe to events")

except Exception as e:
QMessageBox.critical(self, "Error", f"Connection failed: {str(e)}")
print("Connection failed!")

else:

# Close WebSocket connection

if self.rws and self.rws.ws_client:
self.rws.ws_client.close()
if self.rws.subscription_thread:

self.rws.subscription_thread.join(timeout=1.0)

self.rws = None

self.rws_connected = False

print("Disconnected to RWS!")

self.add log("Disconnected to RWS!")
self.btn_rws_connect.setText("Connect RWS")
self.btn_rws_connect.setStyleSheet("")
self.lbl_motor_status.setText("Motor Status: Disconnected")
self.lbl rapid_status.setText("Rapid Status: Disconnected")
self.bl_IO_status.setText("Gripper Status: Disconnected")
self.lbl_opmode.setText("Operation Mode: Disconnected")

def process_rws_event(self, event_xml):

namespace = {'xhtml": 'http://www.w3.0rg/1999/xhtml'}
try:
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root = ET.fromstring(event_xml)

# Process speed ratio
speed_elem = root.find(".//xhtml:li[ @class="pnl-speedratio-ev']/xhtml:span",
namespace)
if speed_elem is not None and speed elem.text:
speed_str = speed_elem.text.strip()
speed = int(speed_str)
self.speed_changed.emit(speed)

# Process opmode

opmode elem = root.find(".//xhtml:li[ @class="pnl-opmode-ev']/xhtml:span",
namespace)
if opmode_elem is not None and opmode_elem.text:
mode = opmode_elem.text.lower()

self.opmode changed.emit(mode)

# Process motor state
ctrl_elem = root.find(".//xhtml:1i[ @class="pnl-ctrlstate-ev']/xhtml:span", namespace)
if ctrl_elem is not None and ctrl_elem.text:
state = ctrl_elem.text.lower()
if 'on' in state:
self.motor_state changed.emit(True)
elif 'off' in state:

self.motor_state changed.emit(False)

except Exception as e:
print(f"Error processing RWS event: {e}")

defupdate_speed_ui(self, speed):
self.slider.setValue(speed)
self.lbl_speed.setText(f" {speed}%")

defupdate_opmode ui(self, mode):
if "auto" in mode:
self.lbl_opmode.setText("Operation Mode: AUTO")
self.lbl_opmode.setStyleSheet("color: green; font-weight: bold;")
elif "man" in mode:
self.lbl_opmode.setText("Operation Mode: MANUAL")
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self.lbl_opmode.setStyleSheet("color: red; font-weight: bold;")

def update motor ui(self, state):
if state:
self.lbl motor_status.setText("Motor Status: ON")
self.lbl motor status.setStyleSheet("color: green; font-weight: bold;")
else:
self.lbl_motor_status.setText("Motor Status: OFF")
self.lbl motor_status.setStyleSheet("color: red; font-weight: bold;")

def mode_auto(self):
if self.rws_connected:

code = self.rws.set_opmode("auto")

if code == 202:
QMessageBox.information(self, "Succesfully","Change Mode Success!")
self.add log("Auto mode selected!")
self.rws.opmode_ack()

else:

QMessageBox.critical(self, "Error", f"Failed to changes mode: {code}")

def mode man(self):
if self.rws_connected:

code = self.rws.set_opmode("man")

if code == 202:
QMessageBox.information(self, "Succesfully","Change Mode Success!")
self.add log("Manual mode selected!")

else:
QMessageBox.critical(self, "Error", f'Failed to changes mode: {code}")

def motor_on(self):
if self.rws_connected:
code = self.rws.set_ctrl state("motoron")
if code == 204:
self.update_motor_status()
self.add_log("Motor On state!")
else:

QMessageBox.critical(self, "Error", {"Failed to start motors: {code}")

def motor off{(self):
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if self.rws_connected:
code = self.rws.set_ctrl state("motoroff™)
if code == 204:
self.update motor_status()
self.add log("Motor Off state!")
else:

QMessageBox.critical(self, "Error", f'Failed to stop motors: {code}")

def set_speed(self, value):
self.lbl_speed.setText(f" {value}%")
if self.rws_connected:
code = self.rws.set_speed(value)
self.add log("Speed Adjusted!")
if code !=204:
QMessageBox.warning(self, "Warning", f"Failed to set speed: {code}")

def update_speed(self):
if self.rws_connected:
speed 1 = self.rws.get speed()
self.slider.setValue(speed 1)
self.lbl_speed.setText(f" {speed 1}%")

def ON_10O(self,lvalue):
if self.rws_connected:
code = self.rws.set_10("1")
if code == 204:
self.rws.set _10(lvalue)
self.add_log("Gripper ON!")
else:
QMessageBox.critical(self, "Error", f"Failed to changes IO values: {code}")

def OFF IO(self,lvalue):
if self.rws_connected:
code = self.rws.set 10("0")
if code == 204:
self.rws.set_10(lvalue)
self.add _log("Gripper OFF!")
else:
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QMessageBox.critical(self, "Error", f'"Failed to changes 10 values: {code}")

def show identity(self):
if self.rws_connected:
identity info = self.rws.get identity()
if "error" in identity info:
self.lbl identity.setText(f"Error: {identity info['error']}")
return
display text = f"'Name: {identity info['name']}\nType: {identity info['type']}"
self.lbl identity.setText(display text)

def start_rapid(self):
if self.rws_connected:
code = self.rws.start_rapid()
if code == 204:
QMessageBox.information(self, "Success", "RAPID started!")
self.add log("RAPID program started!")

else:
QMessageBox.critical(self, "Error", f"Failed to start RAPID: {code}")

def stop_rapid(self):
if self.rws_connected:
code = self.rws.stop_rapid()
if code == 204:
QMessageBox.information(self, "Success", "RAPID stopped!")
self.add_log("RAPID program stopped!")

else:
QMessageBox.critical(self, "Error", f"Failed to stop RAPID: {code}")

def reset_rapid(self):
if self.rws_connected:

code = self.rws.reset_rapid()

if code == 204:
QMessageBox.information(self, "Success", "RAPID reseted!")
self.add log("RAPID program has been reset!")

else:
QMessageBox.critical(self, "Error", f'Failed to reset PP: {code}")
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def update rapid status(self):
if self.rws_connected:
state = self.rws.get rapid_state()
if "running" in state:
self.lbl rapid status.setText("Rapid Status: Running")
self.lbl rapid_status.setStyleSheet("color: green; font-weight: bold;")
elif "stopped" in state:
self.lbl rapid status.setText("Rapid Status: Stopped")
self.lbl rapid_status.setStyleSheet("color: red; font-weight: bold;")
else:
self.lbl rapid_status.setText(f"Rapid Status: {state}")
self.lbl rapid_status.setStyleSheet("color: orange; font-weight: bold;")

defupdate_motor_status(self):
if self.rws_connected:
state = self.rws.get ctrl_state()
if "motoron" in state:
self.lbl_motor_status.setText("Motor Status: ON")
self.lbl motor_status.setStyleSheet("color: green; font-weight: bold;")
elif "motoroff" in state:
self.lbl motor_status.setText("Motor Status: OFF")
self.lbl motor_status.setStyleSheet("color: red; font-weight: bold;")
else:
self.lbl_motor_status.setText(f"Motor Status: {state}")
self.Ibl motor_status.setStyleSheet("color: orange; font-weight: bold;")

def update_opmode(self):
if self.rws_connected:

state = self.rws.get_opmde()

if "auto" in state:
self.lbl opmode.setText("Operation Mode: AUTO")
self.lbl_opmode.setStyleSheet("color: green; font-weight: bold;")

elif "manr" in state:
self.lbl_opmode.setText("Operation Mode: MANUAL")
self.lbl_opmode.setStyleSheet("color: red; font-weight: bold;")

else:
self.lbl_opmode.setText(f"Operation Mode: {state}")
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self.Ibl_opmode.setStyleSheet("color: orange; font-weight: bold;")

defupdate 10 status(self):
if self.rws_connected:
state = self.rws.get 10 _state()
if "1" in state:
self.lbl 1O _status.setText("Gripper Status: ON")
self.add log("Gipper ON!")
self.lbl 10 status.setStyleSheet("color: green; font-weight: bold;")
elif "0" in state:
self.lbl IO _status.setText("Gripper: OFF")
self.add log("Gripper OFF!")
self.lbl IO _status.setStyleSheet("color: red; font-weight: bold;")
else:
self.lbl IO _status.setText(f"'Gripper Status: {state}")
self.lbl IO _status.setStyleSheet("color: orange; font-weight: bold;")

=

Camera Function

def toggle camera(self):

if self.camera_thread.isRunning():
self.camera_thread.running = False
self.camera_thread.quit()
self.btn_camera.setText("Start Camera")
self.add_log("Stopped Camera!")
self.camera_label.clear()

else:
camera_index = self.camera_combo.currentData()
self.camera_thread.camera index = camera_index
self.camera_thread.running = True
self.camera_thread.start()
self.btn_camera.setText("Stop Camera")
self.add log("Started Camera!")

deftoggle hand_tracking(self):
self.camera_thread.process hands = not self.camera_thread.process hands
self.btn_hand tracking.setText(
"Disable Hand Tracking" if self.camera_thread.process hands
else "Enable Hand Tracking"
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def update camera preview(self, image, landmarks):
try:
pixmap = QPixmap.fromImage(image)
if not pixmap.isNull():
self.camera_label.setPixmap(
pixmap.scaled(self.camera label.width(),
self.camera_label.height(),
Qt.KeepAspectRatio,
Qt.SmoothTransformation)
)
except Exception as e:

print("Error updating preview:", )

def handle camera button(self, command):
if command[1] in ['X", "Y', 'Z']:
axis map = {'X" 0,'Y" 1,'Z" 2}
direction = 1 if '+' in command else -1
axis = axis_map[command[1]]

self.adjust position(axis, direction)

elif command.startswith(('+R', '-R")):
axis_map = {'RX": 0,'RY" 1, 'RZ": 2}
rotation_axis = command[1:]

direction = 1 if command[0] == "+' else -1

if rotation_axis in axis_map:
axis = axis_map|[rotation_axis]

self.adjust_rotation(axis, direction)

def handle gripper change(self, state):
if self.rws_connected:
lvalue = "1" if state else "0"

code = self.rws.set_10(lvalue)

if code == 204:
self.update 1O status()
else:

self.add log("Failed to update gripper via camera: {code}")
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deftoggle hand control(self):
self.camera_thread.states['hand mode'] = not self.camera thread.states['hand mode']
self.add log("Started Hand Mode!")

H

System Log
def add log(self, message, level="INFO", source="ABB CRB1500"):
now = datetime.now().strftime('% Y -%m-%d %H:%M:%S,%f")[:-3]

log line = f"{now} - {source} - {level} - {message}"

self.log_output.append(log_line)
def clear log(self):
self.log_output.clear()
self.add log("[INFO] Log cleared by user.")

I
def closeEvent(self, event):
if self.recv_thread:
self.recv_thread.running = False
self.recv_thread.wait()
if self.send thread:
self.send thread.running = False
self.send_thread.wait()
if self.robot_socket:
self.robot_socket.close()
if self.camera_thread.isRunning():
self.camera_thread.running = False
self.camera_thread.wait()
if self.rws_connected and self.rws and self.rws.ws_client:
self.rws.ws_client.close()
if self.rws.subscription_thread:
self.rws.subscription_thread.join(timeout=1.0)
if hasattr(self, 'chart_timer'):
self.chart_timer.stop()
event.accept()
if name ==" main "
app = QApplication(sys.argv)
win = MainWindow()
win.resize(1500, 750)

win.show()
sys.exit(app.exec ())
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