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LOI CAM ON

Trong sudt qué trinh thuc hién dé tai, véi sy giup d& nhiét tinh cta quy thay
c6, hudng dan vé moi mit tir thiét ké phan cing dén phan mém diéu khién 1a nhiing
yéu t6 quyét dinh dén su thanh cong ciia dé tai ngay hom nay. Nhém xin chan thanh
guri 101 cam on dén:

Gido vién huéng dan TS. Nguyén Vin Thai da dinh huéng, nhiét tinh giap da,
chi bao tan tinh va tao diéu kién t6t nhat cho nhom khi 1am viéc tai phong thi nghiém
(3DVisionLab) trong sudt qua trinh thyc hién d¢é tai.

Nhém ciing xin giri 101 cam on dén toan bd quy thiy ¢ trong Khoa Dién —
Dién tir va BO mon Tu Pong Diéu Khién da gitp d& nhom rat nhiéu trong qua trinh
thyc hién dé tai cling nhu déng gép y kién va tao diéu kién thuan loi gitip dé tai hoan
thién hon.

Nhém xin guri 161 cam on dén tap thé 16p 12151CLC, trong qua trinh lam dé
tai cac ban da c6 nhitng y kién thiét thuc va gitp dd nhém trong viée thiét ké va thi
cong dé tai.

Cubi cung, nhém xin géi 101 cdm on chan thanh tdi nha truong, thay co, cha
me va ban be da dong vién va giup do trong suot qua trinh thuc hién de tai.

Nhom xin chan thanh cam on!
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TOM TAT

Trong dé tai nay, nhom thuc hién thiét ké va thi cong canh tay mdy 4 bic tu
do. Canh tay mdy c6 nhiém vu gip hinh khéi khi d3 phan biét dugc mau sic va hinh
dang. Qua trinh phan biét mau sdc va hinh dang dugc thong qua mdt chiéc camera,
chirc nang chinh ciia chiéc camera nay 14 thu nhan hinh anh .

Pau tién, nhom s& tién hanh tinh toan phuong trinh déng hoc va mé phong
canh tay may 4 bac tu do. Phan mém nhém thyc hién mé phong 1a Matlab. Sau khi
tinh toan va mo phong, nhém bét dau thiét ké ban v& co khi cho mé hinh thuc té bang
phan mén Solidwork. Viéc Iyra chon thiét bi dé thi cong mé hinh 14 mot phan rat quan
trong gép phan vao sy thanh cong cua dé tai, phan ndy nhém s& trinh bay ki hon &
phan noi dung chinh .

Sau khi d4 thi cong mé hinh hoan tit, nhém chung em bat ddu diéu khién canh
tay may hoat dong theo phuwong trinh dong hoc di tinh toan, qua d6 so sanh két qua
thuc té thu dugc véi két qua ma nhom da mé phong, tir d6 dua ra két luan moé hinh
d3 hoat dung véi muc tiéu cta dé tai hay chua?

Tiép theo nhom tién hanh nghién ctru cac thuat toan xir ly anh dap tng duoc
muc tiéu cua dé tai la nhan dang dugc mau sic, hinh khéi va x4c dinh duoc toa do
ctia hinh khdi d6. Phin mém dé nhém nghién ctru va 1ap trinh cho chuwrong trinh xir Iy
anh 1a Visual Studio v6i thu vién xtr ly anh EmguCV.

Budc ké tiép, nhom sé lap trinh viée truyén dit liéu tir chuong trinh xir 1y anh
giri xudng board vi diéu khién Arduino dé Robot di chuyén dén vi tri mong muén va
gip vat. Nhom thyc hién véi cac hinh khéi ¢é hinh dang va mau sic khac nhau, dé
dua ra két luan duoc nhitng wu diém va khuyét diém cia dé tai.

Két qua nhom thu duge 13 mé hinh cénh tay mdy 4 béc tu do theo dung thiét
ké ban dau, chwong trinh xir Iy anh d4 nhan dang ddi tugng cua dé tai mot cach twong
d6i chinh xéc.



MUC LUC

NHIEM VU DO AN TOT NGHIEP ......coovreeeeereeneenneseesesssssesssssssessessssessessessessesses i
PHIEU NHAN XET CUA GIAO VIEN HUONG DAN........... . wer il
PHIEU NHAN XET CUA GIAO VIEN PHAN BIEN.......coueremercrnerncsecsscsanses iii
LOT CAM ON ...ceererereeessessessesssessessssssessessessasssessessasssessssassasssessessassasssessasssessessesses iv
TOM TAT .oueeerrerrereerrensssenenns - . vervessessanen v
MUGC LUC ceccurrreererrssssssesssssssssssssessssessssessssessessessossessessessessessessesssssessessessesass vi
DANH MUC CAC CHU VIET TAT......... . . verseraeses Vil
DANH MUC CAC BANG BIEU .u.uoneeeerncrnnensesesessesesssscssssssesssssssssssssssessessess ix
DANH MUC CAC HINH ANH VA BIEU DO.....uucrercrercrcressessessessessessessesses X
Chuwong 1: TONG QUAN........ ceeeesasaessasaes . reveesasaens 1
L1, DEEVAN Q& oo 1
1.2, MUC tHEU G T ..o 2
1.3, GiGiNAN A& tA1 ...ooveveeeceeeeeeeee e 2
14, NOTAUNE A8 T oo, 2
Chwong 2: CO SO Li THUYET............ - - veevrerressenees 4
2.1.  Phuong trinh d0ng hoc canh tay May ........cceovviveiiieiiiieiiiecee e, 4
2.1.1.  Phuong trinh ddng hoc thu@n..........c.cceecvveeiiiiiiiieee e 4
2.1.2.  Phuong trinh dong hoc nghich..........cccoeoiiiiiiiiiii e, 11
2.1.3. Céc diéu kién cua bai toan dong hoc nghich ........ccoooeeiiiiiiiiiiis 12
2.1.4. Giai bai toan dong hoc ngugc cho canh tay Robot..........cccceeevvennnnnee. 12
2.2, XU LY ANN oo 14
221, Khaini€m XU 1y anh.....ooooiiiiiiiiee e 14
222, Céc van d& co ban trong XU Iy 4NN ........o.coveveeveverenieeeeeeeeee e, 15
223, KRTNNIEU.....ooovieeiceceeeeeceeee e 16
2.2.4. M0 hinh mau HSV (Hue, Staturation, Value) ..........ccoceevveeiivennennenn. 20
2.2.5. Cdac phuong phap phat hi€n bi€n ........cccceeeviiiiiiiiiiiiieeiieeeeeieeee 21
Chuong 3: THIET KE VA CHON THIET BI ....cucueeerercrecsecsecsessessessessessessesaes 27
3.1.  Thiét ké mo phong dong hoc cAnh tay MAY........c.oeeweveeveeeeeeeeeeeeeeeeerenes 27
3.1.1. MO phong dOng hoc thUln ..........coeeiiieiiiiiiiiieee e 27
3.1.2.  Mod phong dong hoc nghich ........cccoeiiiiiii e 30

3.2. Thiét ké canh tay mdy va lya chon thiét bi trong mo hinh thuc & 32
3.2.1. Thiét ké ban v& co khi trén phan mém SolidWorks ..........ccccocevveuene.. 32
322, Lua chon thidt Bi....o.cooovovvieeceeeeeeeeeeeeeee e, 32

vi



3.3.  Thi cong mo hinh canh tay RobOt .......ccooviiiiiiiiiiieee, 38

Chwong 4: GIAI THUAT ........ ververesssessenens . ververenees39
B.1. TONG QUAL et ees e en s 39
4.2. Luu dd tong quat ciia qua trinh XU 1Y A0h........oveveeeeeeeee e 40

4.2.1. Nhan dang mau G sttt ettt e et et r s reneen 41
42.2. Nhan dang hinh KNOit........o.oovoiveeeeoieeeeeeeeeeeeeeeeeee e 42
4.2.3. Luu dd truyén nhan dit liéu tir phan mém xu 1y anh xubng board vi diéu
KRGIY: .. ettt ettt et et r et e et r e 44
424, Luu dd diu Khien TODO: ....o..o.ovieeeeeeeeeeeeeeeeeeeeeeeee e, 45
4.2.5. Phuong phap chuyén ddi toa do trén khung anh sang toa d¢ trén mat
PRANG thEC 1 ..o 46
4.3.  Phan mém Visual Studio va thu vién xir Iy anh EmguCV ...........cc.cco.......... 47
4.3.1.  Gidi thi€u thu vién xt ly anh EmguCV ... 47
43.2. Loithé cia thu vién xir Iy anh EM@UCV .....oooveveeeeeeeeeeeeeeeean. 47

Churong 5: KET QUA ...uueceeeeeeereeressesnesessesssessessssessessessssesssssssessassssessessssessasesse 48
5.1. Mot sb két qua hinh anh xir 1y anh trén Visual Studio .......cc.ceeveeeeveeeeennanes 48
5.2, K&t qua Kim NGRISIM t...oveeveeeeeeeeeee e 50

5.2.1.  Két qua thuc nghiém ddi vOi MAU SAC & ..veveeeeeeeeeeeeeeeeeeeee e, 50
5.2.2. Két qua thuc nghiém d6i v&i hinh Khéi @ .....ooovveeveeveieecececee, 50
523, DANN I 1oeiiiii e 50

Chuong 6: KET LUAN VA HUONG PHAT TRIEN............. . .51
6.1, KEETUAN . ....oeoveeieeee s 51
6.2, HUGONE PRAL TN .......oeveeeeeeeeeeeeeeeeeee e 51

TAI LIEU THAM KHAO......... vernereressessenens . vernerernens 32

Vil



. PWM:

. USB:

. ICSP:

. RGB:

. HSV:

DANH MUC CAC CHU VIET TAT

Pulse Width Modulation
Universal Serial Bus

In Circuit Serial Programming
Red Green Blue

Hue Saturation Value

viil



Béng 2.1:
Béng 3.1:
Bang 3.2:
Bang 3.3:
Bang 3.4:
Béng 5.1:
Bang 5.2:

DANH MUC CAC BANG BIEU

Béng thong s6 Denavit-Hartenbert clia tay may nay nhu sau: ................... 8
Thong s6 hoat dong ctia RC Servo TowerPro MG946R........................... 34
Thong s ctia Webcam NanSin ............o.ov.eeeveeveeeeeeeeeeeeeeeeeeeeeeeeeceeeneean. 34
Thong s6 ctia board Arduino U0 ............eeeeeveeeeeeeeeeeeeeeeeeeeee e, 35
Thong s6 thuc ctia canh tay RODOL. ........o.ovuovieeeeeeeeeeeeeeeeeeeeeeeeen. 38
Két qua thuc nghiém ddi vOi MAU SAC .....voveeeeeeeeeeeeeeeeee e, 50
Két qua thue nghiém ddi v6i hinh KRS ......ovveeeeeeeeeeeeeeeeeee e, 50

1X



DANH MUC CAC HINH ANH VA BIEU PO

Hinh 2.1: Céc vecto dinh vi tri va dinh hudng ctia ban tay may. .......ccccceeveeveeenennne. 5
Hinh 2.2: Chiéu dai va goc xoan ctia mot KhAU. ..........coccoveveevereeeeeeeeeeee e 6
Hinh 2.3: Céc thong SO C0A KNAU: 0, d, 8 VA Ol 7
Hinh 2.4: Tay may ¢ hai khiu phang (vi tri DAt KY). c...eveveeeeeeeeeeeeeeeeeeeeeeees 8
Hinh 2.5: Qué trinh XU 1y anh. .....coooiiii e 14
Hinh 2.6: AN 0B oot 15
HINA 2,75 ANN GONE ... 16
Hinh 2.8: Anh trudc va sau khi loc 134010V SRR 18
Hinh 2.9: Anh trudc va sau khi 10¢ trung binh ..........ooooeeeeeeeieeeeeeeeeeeee e 19
Hinh 2.10: M6 hinh khong gian mau HSV ... 20
Hinh 2.11: HUONE Gradient ........ccccviiiiiiieiiieeiie ettt 25
Hinh 2.12: Anh trude va sau khi sir dung k§ thuat Canny.............coooeveveeveereeeeennnnn. 26
Hinh 3.1: Tay may & vi tri ban dAU ..........cooovoveiieeieeeeeeeeeeeeee e, 27
Hinh 3.2: Tay may ¢ vitri 6, =90°, 6, =0°, €, =0 ...ccceeviriiniiiniineceeeeeceee 28
Hinh 3.3: Tay may ¢ vitri 6, =0°, 0, =90°, €, =90° ....c.ceotriiniiiriirieniereeeeeene 29
Hinh 3.4: Tay may & vi tri P, =0,P, =385,P, =230 ...ccceoemiiiiiiiiieieccn, 30
Hinh 3.5: Tay may & vi tri P, =—145,P, =0,P, =470 .....cccoriiiiiiicccc, 31
Hinh 3.6: M6 hinh cdnh tay MAY........ccceeviiiiiiiiiiiiiieeeeeeeeee e 32
HINH 3.7 CAU 0 D8It e e et es e eeeeeees e es e eeesaees 32

Hinh 3.8: Diéu khién vi trj truc ra cua dong co bﬁng cach diéu ché d6 rong xung. .33

Hinh 3.9: RC Servo TowerPro MGO46R. .........cccoooviiiiiiiiiiineeceeeeeee 33
Hinh 3.10: Webcam NaNSIN. ....ccceeriiiiieiieeiieeie et 34
Hinh 3.11: Board Arduino Uno (mat trirdC VA SAU). ....eevvveeieeriieiieeieeiee e 35
Hinh 3.12: Board Arduino Uno.........coceoiiiiiiiiiiiiiiieieceeeeee et 36
Hinh 3.13: So d6 nguyén 1y ctia mach Arduino Uno............cccoeovvevveveeveereenereennnne. 37



Hinh 3.14: M6 hinh cdnh tay RODOt. .......ccoooiiiiiiiiiieec e 38

Hinh 4.1: So d6 xr 1y tong quét ctia he thOng .........o.oooveeveveeeieeeeeeeeeeeee e 39
Hinh 4.2: Céc budc co ban trong mot hé thong Xt 1y 4nh. ......o.veveeeeeeeeeeeeeeeen. 39
Hinh 4.3: Luu d0 qua trinh xir 1 anh cfia d€ 131 .....vvveeeeeeeeeeeeeeeeee e 40
Hinh 4.4: Luu d6 qua trinh xtr Iy nhan dang mau SAC...........co.cooevrvevevrreererrennnnnn. 41
Hinh 4.5: Luu d6 qua trinh truyén nhan dang hinh Khoi..........cc.coeovevverveirnrrnennnne. 42
Hinh 4.6: Luu d6 qu4 trinh truyén nhén dir liéu tir phdn mém xu ly anh xudng board
VI QICU KNIN ...ttt 44
Hinh 4.7: Luu d6 qua trinh diéu Khién 1obot ............co.covovvevreeeieeeeeeeeeeeee e, 45
Hinh 5.1: Giao dién x1r ly anh trén Visual Studio.........ccceevveriieviienciiiiecieieeiens 48
Hinh 5.2: Nhan dién hinh tron mau d0............oevviiiiiiiiiiiiccceceeeeeee e 48
Hinh 5.3: Nhén dién hinh tam gidc mau xanh duong ...........ccccceevvevviiiiieniienieens 49
Hinh 5.4: Nhan dién hinh vuong mau xanh 1& ............cccoooeiiiiiiiniiii e, 49
HInh 6.1: RODOt GAP VAL ..o e 51

x1






Chuong 1: TONG QUAN

1.1. Dit van dé

Tir khi m&i ra doi robot cong nghiép duoc ap dung trong nhiéu linh virc dudi
gbc do thay strc ngudi. Nho vay cac ddy chuyén san xuat duge to chirc lai, ning suat
va hiéu qua san xut tang 1én rd rét. Ban dau Robot dugc tmg dung trong cong nghiép
vao nhirng nam 60 dé thay thé con nguoi lam cac céng viéc nang nhoc, nguy hiém
trong moi truong doc hai. Do nhu cau can st dung ngay cang nhiéu trong cic qui
trinh san xuét phirc tap nén Robot cong nghiép can c6 nhitng kha nang thich ing linh
hoat va thong minh hon. Ngay nay, ngoai tng dung so khai ban du cua Robot trong
ché tao mdy thi cic tmg dung khac nhu trong y té, cham séc sitc khoe, nong nghiép,
déng tau, xay dung va ca trong an ninh qudc phong.

Dudi ddy ching ta s& diém qua mét sé thoi diém lich sir phat trién cua ngudi
méy cong nghiép. Mot trong nhiting Robot cong nghiép dau tién dugc ché tao 1a Robot
Versatran ctia cong ty AMF, My. Ciing vao khoang thoi gian ndy & My xuét hién loai
Robot Unimate (ndm 1900) dugc ding dau tién trong k§ nghé 6t6. Tiép theo sau My,
cac nude khac bat dau san xuat Robot cong nghi¢p: Anh — 1967, Thuy Dién va Nhat
— 1968 theo ban quyén ciia My, CHLB Birc — 1971, Phap — 1972, 6 Y -1973...

Tai Viét Nam, nghién ctru phat trién Robot di c¢6 nhimg budc tién déng ké
trong 25 nam vira qua. Nhiéu don vi trén toan qudc thue hién cac nghién ctru co ban
va nghién ctru tng dung vé Robot nhu: Trung tim ty dong héa, Hoc vién K§ thuét
quan sy, Vién cong ngh¢ thong tin thugc vien KHCNVN... Bén canh do6 con phai ké
dén cic cong ty co phan nhu Robot TOSY, 1a doanh nghiép thiét ké va ché tao Robot
Viét Nam c6 nhiéu san pham an tuong trén trudng quic té. Ngoai ra ¢ cac truong PH
Bach Khoa Ha No1, DPH Bach Khoa PBa Nﬁng, PH Béach Khoa Tp.HCM, BH Su Pham
Ky Thuat Tp.HCM... di c6 nhiing d6 4n vé Robot nhu: Robot ca, Robot Dancing,
Robot hoa, Canh tay Robot...

Trudc sy ra do1 manh mé€ cia Robot cong nghi¢p, xu ly anh cling dugc nghién
ctru manh mé va d3 c6 nhiéu tng dung trong thuc té. Nhu trong y hoc, xir Iy anh da
dugc ding dé phat hién va nhan dang cac khéi u, cai thién anh X quang, nhan dang
duong bién mach mau tir nhitng anh chup mach bang tia X. Trong cudc séng hiang
ngay, xtr ly anh c6 mat hau hét & cac d6 dung théng dung nhu: Tivi, dién thoai, may
anh... Con trong linh vuc khoa hoc k¥ thuat, xtr ly anh da va dang c6 nhiing dong
gop quan trong, ddc biét la trong linh vuc Robot. Robot thong minh ngay nay khong



the thi€u yéu to xur ly anh. D4 1a cac van dé nhan dang do6i twong ngoai mdi truong.
Tur viéc nhan dang c6 the gidi quyét rat nhicu bai todn nhu tranh vat can, do duong,
tim toa d0 cua vat...

Giai phap cho nhu cau hién nay chinh 1a “Ung dung xir ly anh vao trong diéu
khién canh tay Robot”.

1.2. Muc tiéu dé tai

Muc tiéu cta dé tai 1a thiét ké mot canh tay Robot duoc diéu khién bai mot
camera. Camera c6 chirc ning thu thap hinh anh, phan loai mau séc, hinh khéi, x4c
dinh toa do cua vat va sau dé canh tay Robot s& dén gép vat.

1.3. Giéi han dé tai

Canh tay may rat da dang vé ngudn gbc va chung loai, ddy 13 1an dau tién thuc
hién nghién ctru dé tai: “Thiét ké, thi cong va 1ap trinh diéu khién canh tay may gap
vat thé sur dung thuat todn nhan dang mau sac va hinh khéi” trong diéu kién:

e Thoi gian thuc hién dé tai chi trong mot hoc ky.
e Kinh nghiém thuc té chua ¢ nhiéu.
e Vit tu va linh kién khong dong bo.

Vi vdy dé tai ¢6 nhitng diém gidi han ma canh tay Robot khong thé gap vat
dugc. Vi du: Nhitng diém ngoai tim nhin thdy dugc ctia camera.

1.4. Noi dung dé tai

Pé tai “Thiét ké, thi cong va lap trinh diéu khién canh tay may gap vat thé sir
dung thuat toan nhan dang mau sic va hinh khéi” bao gém céc chuong sau:

Chwong I: Tong quan: Chuong nay trinh bay tong quan so b vé cac yéu cau
cua cudn bdo cdo nhu dit van de, muc tiéu, gidi han va ndi dung dé tai

Chwong II: Co sé Iy thuyét: Chuong nay trinh bay phuong phap tinh dong
hoc thudn , dong hoc nghich canh tay may . Bén canh d6 1a Ii thuyét xir Iy anh vé
nhan mau sic va hinh khéi cua vat

Chuwong III: Thiét ké, thi cong va lwa chon thiét bi: Chuong nay trinh bay
vé thiét ké va lua chon thiét bi phan cimg cho canh tay may. Sau d6, tién hanh thi
cong theo mo hinh da duoc thiét ké.



Chuwong IV: Gidi thugt: Chuong nay sé trinh bay giai thuat, luu do phan biét
mau, hinh khdi, x4c dinh toa do cua vat va trinh bay phuong phép chuyén ddi toa do
trén khung anh sang toa do trén mit phiang thyc té.

Chuwong V: Két qua: Két luan chung vé uu diém va han ché cua dé tai, khiang
dinh nhiing két qua déng gop dat dugc, dé xuat y kién dé cai thién khuyét diém va
dinh huéng phat trién dé tai.



Chuwong 2: CO SO LI THUYET

2.1. Phwong trinh dong hoc canh tay may
2.1.1. Phuwong trinh dong hoc thuin
2.1.1.1. Din nhap

Bat ky mot Robot nao ciing ¢6 thé coi 1a mot tip hop cac khau (links) gan lién
vé6i cac khdp (joints). Ta hiy dat trén moi khau ctia Robot mot hé toa dd. St dung céc
phép bién doi thuan nhat c6 thé mé ta vi tri twong ddi va hudng giita cac hé toa do
nay. Denavit. J di goi bién ddi thuan nhat mé ta quan hé giira mot khau va mot khau
ké tiép la mdt ma tran A. Noi don gian hon, mdt ma tran A 1a mt mo ta bién doi
thuan nhét bai phép quay va phép tinh tién tuong d6i giira hé toa d6 cua hai khau lién
nhau. A; md ta vi tri va huéng cia khau dau tién, A» md ta vi tri va hudng cua khau
tht hai so véi khau thir nhat. Nhu vay vi tri va hudng cia khau thur hai so vdi hé toa
d6 gbc duge biéu dién boi ma tran: [4]

T, =A1.A> (1)
Ciing nhu vay, A3 mo ta khau thtr ba so vdi khau thi hai la:
Ts=A1.A2.As3; v.v... (2)

Ciing theo Denavit, tich ctia cdc ma tran A dugc goi 1a ma trén T, thudng cé
hai chi s6: trén va dudi. Chi sd trén chi toa do tham chiéu téi, bo qua chi sb trén néu
chi s6 d6 bang 0. Chi s dudi thuong dung dé chi khau chdp hanh cudi. Néu mot
Robot ¢6 6 khau ta co:

Te = A1.A2.A3.A4.A5.A¢ 3)

T6 mo ta mbi quan hé vé hudng va vi tri ctia khau chdp hanh cudi ddi v6i hé
toa do gdc. Mot Robot 6 khau c6 thé ¢ 6 bac tu do va c¢6 thé duge dinh vi tri va
hudng trong trudng van dong ciia nd. Ba bac tu do x4c dinh vi tri thuan tay va ba bac
tir do khéc x4c dinh huéng mong mudn. Ts s& 13 ma trdn trinh bay ca hudng va vi tri
ctia Robot. Hinh 2.1 mé ta quan hé dé véi ban tay may. Ta dat gdc toa do cua hé mo
ta tai diém gitta ctia cac ngén tay. Goc toa dd ndy dugc md ta boi vecto p (xac dinh
vi tri cua ban tay). Ba vecto don vi mo6 ta hudng cia ban tay duoc xac dinh nhu sau:



Hinh 2.1: Cac vecto dinh vi tri va dinh huong cua ban tay may.

e Vecto c6 huéng ma theo d6 ban tay s& tiép can dén dbi turong, goi 1a
vecto a (approach).

e Vecto c6 huéng ma theo d6 cac ngdn tay ctia ban tay nim vao nhau khi
cAm nam d6i tuong, goi 13 vecto o (Occupation).

e Vecto cudi cung 1 vecto phap tuyén n (normal), do vay ta co:

A=dxd @)

Chuyén vi T nhu vay s€ bao gdm cac phan tu:

I]' x 0 x a x p.\
T, = n, O a D,

n, O, a P

0 0 0 1

Tong quat, ma tran Te c6 thé biéu dién gon hon nhur sau:

Ma trin dinh hudng R ‘ Vecto vi tri p

Te = 0 0 0 | I

Vecto diém P c6 kich thude 3x1, biéu dién mdi quan hé toa d6 vi tri ctia goc
hé toa do gan trén khau chap hanh cuoi doi vdi hé toa do co ban.

2.1.1.2. Bj théng sé Denavit-Hartenberg (DH)

Mot Robot nhiéu khau c4u thanh tir cac khau ndi tiép nhau thong qua cac khép
dong. Gbc chuin (Base) ciia mot Robot 13 khau sé 0 va khong tinh vao sé cac khau.



Khau 1 ndi véi khau chudn boi khép 1 va khong ¢6 khép & ddu mut cia khau cudi
cung. Bét ky khau nao ciing dugc dic trung boi hai kich thude: [4]

e Do dai phap tuyén chung: a,.
e Goc giira cac truc trong mit phang vudng géc voi an : on.

Thong thudng, nguoi ta goi a, 13 chiéu dai va on 13 gbc xoin cia khau (Hinh
2.2). Phé bién 1a hai khau lién két v&i nhau & chinh tryc cua khép (Hinh 2.3).

MGéi truc s& cé hai phap tuyén véi nd, mdi phap tuyén ding cho mdi khau
(trude va sau mot khép). Vi tri trong ddi cua hai khau lién tiép nhu thé duoc x4c dinh
boi dn 12 khoang cach giita cac phap tuyén do doc theo truc khép n va 0, 1a goc gitra
cac phap tuyén do trong mit phing vudng goc véi truc.

dn va 0, thuong duoc goi la khodng cach va goc gitra cac khau.

Khépn Khépn+1,

Hinh 2.2: Chiéu dai va goc xoan cua mot khau.
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