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Abstract — Tém tit ndi dung

Cénh tay robot dugc ng dung rong rii trong rat nhiéu muc dich khac nhau nhu xép
hang, han co khi, gip tha san pham, kiém chan chét luong. Trong dy 4n nay nhém dé
xudt mot canh tay robot mini c6 kha ning gip duoc vat co kich thude nho cung véi
mot s6 tiy chon hoat dong tir bang diéu khién. CAu hinh thiét ké dé xuét dudi dang
mo-dun va kich thudc nhd gon, san phém hoan thién s€ dugc dung trong cac mon hoc
nhu mén vi diéu khién, mén robot cong nghiép hay c6 thé dugc dung cho chuong
trinh STEM, cAu tric co hoc cia tay may dugc lam hoan toan béng vat liéu nhua in
3D, bo mach sur dung la Arduino uno, giao dién diéu khién tur app mobile trén h¢ diéu
hanh android, truyén thong két ndi 1a bluetooth. Sau khi thuc hién nhém thu vé mot sd
két qua tinh toan bai toan dong hoc thuat va nguoc, nhitng bang so sanh céc Iya chon
vé linh kién, vat liéu, phuong phap gia céng va nhitng thong tin co ban cua timg lién
lién hay thanh phan dwoc néu. Trong qua trinh thuc hién ban dau sb thanh vién gom
c6 3 ngudi trong qua trinh thyc hién bi giam di con 2 thanh vién, dan dén qua trinh
thuc thi cong viéc gap mot sO van d¢, khién cho ké hoach khong duge thyc hién dung
theo du dinh ban dau.
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1. Dat van deé va xac dinh van de
1.1. Bat van dé

Nhu cau nang cao ning suat va chat luong san pham ngay cang doi hoi ing dung réng rii
cac phuong tién ty dong hoa san xuét. Xu hudng tao ra cac diy chuyén vé thiét bi ty dong co
tinh linh hoat cao dang hinh thanh. Cac thiét bi nay dang thay thé dan cac may ty dong ‘cimg’
chi dap tmg mot viéc nhat dinh trong khi thi truong luon doi hoi thay doi mat hang vé ching
loai, vé kich ¢& va vé tinh ning..v..v. Vi thé ngay cang ting nhanh nhu ciu tmg dung robot dé
tao ra cac hé théng san xudt tu dong linh hoat.

Chiéc robot cong nghiép duoc dua vao tmg dung dau tién, nim 1961, & mot nha méy 6 to
cua General Motors tai Trenton, New Jersey Hoa Ky.

Tir khi thay loi ich ciia robot cong nghiép con nguoi cang ngay cai tién va phat trién
robot, tir nhirmg nam 80, nhét 12 vao nhimg nam 90, do ap dung rong rai cac tién bo k¥ thuat
vé vi xir Iy va cong nghé thong tin, s6 lugng robot cong nghi€p da gia tang, gia thanh giam di
13 rét, tinh ning di c6 nhiéu bude tién vuot bac. Nho vay robot cong nghiép di c6 vi tri quan
trong trong cac ddy chuyén san xuét hién dai.

Ngay nay chuyén nganh khoa hoc vé robot ‘robotics’ da trd thanh 1 linh vuc rong trong
khoa hoc, bao gém cac van dé cau tric co ban dong hoc, lap trinh quy dao, cam bién tin hiéu,
diéu khién chuyén dong..v.., trong d6 c6 mot linh vuc vé phat trién tay may robot.

Tay may robot cong nghiép c6 kha ning linh hoat cao, thiét bi nay dugc tmg dung vao
nhiéu linh vuc khac nhau, trong san xuét: han, son, l'flp rap cac banh mac in, dan nhan, hd tro
xtr 1y vat liéu, kiém tra san pham va thir nghiém, ... ngoai nhiing viéc d6 ra thi tay may robot
con cé thé dugce str dung trong cac bai hoc vé STEM, ung dung trong cac mon hoc nhu: Ky
thuat Robot, k¥ thuat dién tir, vi xtr 1y trong trrong Pai hoc.

Trong dé tai hoc phﬁn Db an Thiét ké Hé théng Co dién tlr, nhom sinh vién tdp trung ché
tao mot tay may robot mini SDOF v61 myc dich gap phoi co6 kich c& nho di€u khién qua app
viét trén h¢ dieu hanh Android v6i mét so6 tinh ndng co ban.

Tay may Robot mini SDOF duoc sit dung trong méi truong nha may san xuat banh keo,
gap phoi dang hinh hop/hinh try tron tlr vi tri ¢6 dinh va tha téi vi tri ¢6 dinh khéc v6i yéu cau
1at mat phoi véi ving khong gian nho (< 500mm). Quy dao di chuyén 1a duong thang, hodc
duong cong béac nho 4.
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Hinh 1: Robot xép hang trong kho van

1.2. Xac dinh vdn dé 9
Nhimng ung dung ma canh tay robot c6 thé su dung:

Ung dung trong cong nghiép:
Lap dat vat li¢u, han diém va phun son.
Duing trong nhitng khu vuc nguy hiém
Duing dé boc d& hang hoa, vat liéu, phdi c6 trong lwong 16n cong kéng trong
cac nganh cong nghiép nang
Dung dé thuce hién cic cong viée thi cong, cac cong viée mang tinh lap di lap
lai, nhiéu thao tac doi hoi sy phdi hop tay nghé cao va sy lanh loi ctia d6i mat
gay nham chan véi cong nhan nhung véi robot ludn ¢ thé gitr viing tién do va
d6 chinh xac cao.




Faculty of Mechanical Engineering and Mechatronics

Ung dung trong gido duc:
Robot duoc str dung lam cac phuong tién hd tro trong qua trinh giang day trong
cac truong trinh hoc.
Robot dugce str dung két hop véi ngon ngit LOGO dé giang day va nhan thire
vé may tinh.

e

Hinh 3: robot hd tro giang day tai Pai hoc Phenikaa

2. Khao sat thong tin
2.1.  Giai phap/san pham dang co trén thi truong

Trén thé gi6i co mot s6 hang cong nghé di phat trién cac san phém Robot mini ¢ cdu
hinh twong tw va tinh nang dac biét. Vi du nhu hang Adeept cung cép canh tay Robot 5 DOF
véi gia thanh 69.99$. Cac ti€éu diém dang nhac tdi cia Canh tay Robot Adeept nhu sau:

Tuong thich véi arduino IDE

D@ dang lip rip véi cac hudng din chi tiét va duoc cung cip code sin c6

C6 cac cach thie diéu khién khéc nhau

Nhiéu cach hoat dong: self-learning, action memory, drawing, imitating, ect
Pin khong dugc trang bi sin va can phai mua them pin ( 2x18650), ciing c6 thé
dung day micro USB dé tiép nang lugng ( dién hinh may tinh hay thiét pin c6
ngudn tuong ty)

o bDé hoat dong can c6 them bd diéu khién ( Arduino IDE) — ban can mua thém

OO0o0oo0ooOo
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Bang 1: Céc thong s6 canh tay robot Adeept

Théng s6 Gia tri Miéu ta
Kich thuoc Chua xac dinh

Khoi hrong Chua xac dinh

Bé diéu khién Chua c6

Cong dung Gap vat c6 kich thude nho

Gid thanh 1.600.000

Hinh 4: anh minh hoa cénh tay Robot cua hang Adeept

Ngoai ra c6 ciing c6 mot san pham déng cha y Hiwonder ArmPi Al Vision Robotic Arm
5DOF Robot Arm

Céc thong sd Hiwonder ArmPi Al Vision Robotic Arm 5DOF Robot Arm:
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Hinh 5: Hivyonder ArmPi Al Vision Robotic Arm 5DOF Robot Arm
Béang 2: Cac thong so canh tay robot Hiwonder

Kich thudc 291x159%430 mm

Can nang 1.2 kg

Chat ligu Khung kim loai

Do phan giai camera 480p

Bac tu do 5

Ngudn 7.5V 6A DC

Phén cing For Raspberry Pi 4B and Raspberry Pi
extension board

Phin mém PC VNC software + for i0OS/Android mobile
phone App

Thong s servo single shaft/.X-15D/LX-225 intelligent bus
Servo

Hé thdng diéu khién May tinh, dién thoai thong qua app diéu
khién
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3. Muc tiéu
3.1.  Muc tiéu tong quat
- Ap dung kién thtc cua cac hoc phan trong viéc xdy dung giai phap. Céc hoc
phan gom co: ...
- Kinang thuc hanh thiét ké co khi
- Kinang gia cong co khi
- Kinang lam viéc nhom
- Ki nang tim kiém thong tin va chon loc thong tin vé linh vuc nghién ctru

4. Giai phap dé xuat
4.1. M6 td gidi phap/thiét ké

Nguoi Dung

=

QUY TRINH DIEU

KHIEN MO

‘. ; -

Hinh 6: so d6 mo ta cac cum thanh phan

Biang 3: Bang md ta cic cum thanh phéan cila san phdm

STT Tén cum Chirc nang

1 Khung co khi Nang d& va gé lap thiét bi

2 Dbong co Cung cip mo-ment

3 Vi diéu khién Diéu khién hé thonga

4 Giao tiép Giai phap giao tiép, truyén
tin

5 bién thoai Cong cu tuong tac voi
nguodi dung

10
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5. Phan tich cac tac dong/anh hwéng

5.1.  Tinh kha thi vé cong nghé .
Giang vién hudng dan 1a TS. Nguyén Dtric Nam — c6 nhiéu kinh nghiém trong viéc phat trién
cac san phém co dién ti, ty dong hoa. Nhom d8 tai c6 thé trién khai tai phong lab Co dién tu
tmg dung (Applied Mechatronics Lab) voi cac dung cu, thiét bi day du dé thuc hién dé tai.

5.2.  Tinh kha thi vé kinh ¢
Giai phap nhom dua ra c6 yéu cau ve tai chinh khong cao (dudi 2,000,000VND) va hoan toan
c6 tinh kha thi ve tai chinh.

5.3. Tac dong xa hoi ‘

Thiét ké san pham 14 mo ta giai phap van chuyén hang héa trong nha may, tir 46 nang cao
nang suét lao dong, cai thién hiéu qua.

Tac dung cta san pham con thé hién ¢ kha nang tmg dung da dang trong cac linh vyuc nhu
dao tao vé cong nghé, hoc cu, ... San pham c6 tac dong quan trong trong viéc hinh thanh y
tudng vé canh tay robot.

5.4.  Tac dong vé hoat dong

5.5.  Tac dong vé méi truong

Séan phém dugc ché tao tir nhua PLA duge ché tao tir bot sinh hoc nhu bot ngd. Do do, san
pham hoan toan than thién vdi méi truong, c6 kha nang tu phan huy sau mot thoi gian.

5.6.  Tiéu chudn dao dirc

Dao duc ky thuat 1a mot phan quan trong trong gido duc k¥ thuat va ciing nhu trong cac hoat
dong nghé chuyén nghiép khac. Pé tré thanh ki su Co dién tir v6i kién thirc chuyén mon
cling nhu théa man tiéu chuan nghé nghiép vé dao dirc, nhém dé tai da tham khao céc tiéu
chuan dao dirc theo Hiép hoi Ky su Co khi Hoa Ky (The American Society of Mechanical
Engineers). Theo d6, nhom dé tai budc dau thyc hién cac quy trinh cu thé trong tiéu chuan
dao duc ky thuat nhu trich dan bai viét ddy di (Phan 13), quan tdm va c6 danh gia toi cac yéu
t6 tac dong vé ky thuat va kinh t& (muc 5.2), xa hoi (muc 5.3), hoat dong khi van hanh (muyc
5.4) va anh hudng cta san pham t6i moéi truong (muc 5.5).

6. Ké hoach thwc hién hang tuan
6.1.  Thanh vién

STT Tén thanh vién Lép + MSSV Nhiém vu (Ghi r6 Muc phu

trach)
1 Nguyén Vin K§ thuat Co dién 1.1;2.1; 7.1.1; 7.2.1;
Quan tir 19010198 7.2.2;7.3;
2 Nguyén Tién Ky thuat co dién tir 1.2;4.1;7.1;7.1.3;
Manh 19010192 7.3.1;7.5; 10;

11
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3 Nguyén Minh Khoéng thuc hién
Hicu
6.2.  Ké hoach va tién trinh

PROJECT ROADMAP/SCHEDULE
February March Apuil May
Task Kitqidiors  [Ngiithockin W0 (W W3 we v [w m |w
Vanflungbiow: ot ooyl b sk
proposal
Thiétkésolidworks  [Binvé 3D chitiét Hit
- Xay dumg bé truc toa 69
T -Bang D-H ; s
Bai todn dong hoc it i e Cahom
- Giai ba fodn nguge

Difu khitn qua Android |- Appdiéu i Mah

i 1 ] -Codechucmgtrinhdiéu n
Lip tinh Arduino i Quin

— -Homthanh giacong | .
Ché taovatich bop ol it by Hiew
Do lwomg vi xiy dvng bai |- Baido :
do -Kétqdo o
Hoin thién Sinphim Calom
Bio cio+ thuyéttrih B cdo Quin
BO sung bio cdo Cic phfm 678 Mch + Hity

Hinh 7: Bang ké hoach va tién trinh ctia nhom dé tai

12
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7. Tientrinhdwan
7.1.  Chu dé 1: Thiét ke che tao khung co khi

Hinh 8: khung co khi cua robot

7.1.1. Md hinh hoa san phidm va bai todn dong hoc thuin/nguoc

Mo hinh héa san pham:

Hinh 9: mo hinh robot

13
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Bai toan djng hoc:
Dong hoc thugn:

Bang 4: Bang D-H cua céanh tay robot

Khau O d o a
1 ql 11 /2 0
2 q2 0 0 12
3 q3 13 /2 0
4 q4 14 -7/2 0
5 q5 0 0 15

Xac dinh ma tran bién ddi thun nhat

Ma trén tong quat:

cos (&i) —sin(@i)cos(ai) sin(@i)sin(xi} ai.cos (Si)

i1 o —| 510 (&) cos(@i)cos (i) — cos(&i)sin(ei) al.sin(ei)
1 0 sin (ed ) cos (ai) di
Qa Qo a 1

di: dich chuyén tinh tién géc 0i-1 doc theo truc zi-1 dé dua n6 vé giao diém cua truc xi
va zi-1 ( budc bién d6i 1)

qi: gbc quay cua truc xi-1 ( nhan dugc sau bude 1) quay truc zi-1 dé dua n6 vé tring
voi 4 xi

ai: khoang dich chuyén gitra 2 truc zi-1 va z doc theo dudng vudng goc ciia 2 truc nay

ai: goc léch gitra 2 tryc zi-1 va z, sao cho truc zi-1 chuyén dén truc zi theo quy tac ban
tay phai

thay thong sb tir bang D-H vao ma tran tong quét ta ¢ cac ma trin sau:

14
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cos(ql) 0 sin(ql) ©
0A,=|Sin (ql) 0 —cos(ql}) ©
0 1 cos(ai) {1
Q 0 0 1
cos(q2) —sinfg2) @ [2. cos(q2)
A= sin (g2} cos{g2) O [2 sin(q2)
Q 0 1 di
Q 0 0] 1
cos(q3) 0@ sin(g3) ©
2p,=| 50 (q3) 0 —cos(g3) ©
Q 1 0 i3
0 v} 0 1

cos(g4) O sin(g4) ©
A= sin(gd) 0 cos(g4) ©

Q —1 cos(ad) {4
0] 1] 0] 1
cos (q5) —sinfg5) @& 5. cos(gh)
47 4=|5in (g8} cos(gs) O I[5. sin (g5}
0] sinfed} 1 0
Q Q 0] 1

D =9A1.1A5.%2A3.3A4. %A

Ta dung matlad dé thyc hién phép tinh cac ma tran tir d6 ta xac dinh dwong phuong
trinh toa d6 diém tac dong cudi:

x=13 sin(ql) + 14 sin(q2 + q3) cos(ql) + 12 cos(ql) cos(q2) + 15 cos(g5) ( sin(ql)
sin(q4) + cos(ql) cos(g2) cos(q3) cos(g4) - cos(ql) cos(g4) sin(q2) sin(q3)) - 15 sin(q2
+q3) cos(ql) sin(qd)

y=14 sin(q2 + q3) sin(ql) - 13 cos(ql) + 12 cos(q2) sin(ql) - 15 cos(q5) (#6 - cos(q2)
cos(q3) cos(q4) sin(ql) + cos(g4) sin(ql) sin(q2) sin(q3)) - 15 sin(q2 + g3) sin(ql)
sin(q5)

z=11 - 14 cos(q2 + g3) + 12 sin(q2) + 15 cos(q4 + q5) sin(q2 +q3) /2 +15 cos(q2 + q3)
sin(q5) + 15 cos(g4 - q5) sin(q2 + q3) /2

15
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bong hoc nguoc:
Do 5 bac tu do kho gidi nén don gian hoéa thanh 3 bac tu do
Ta c6 bang D-H méi:

Béang 5: Bang D-H mdi cta canh tay robot

Khau © d a a
1 ql 11 /2 0
2 q2 0 0 12
3 q3 0 0 L3

Thay thong sé ¢ bang D-H vao phuong trinh tong quat:

cosf(gl) O sin(gl) @
H,= | sin (ql) 0 —cos(gl) @
0 1 cosfedy I[1
0 Q 0 1
cos (q2) —sin(q2) © [2.cos (q2)]
H,= | 5B (q2) coslg2) @ I[2.s5in(q2)
a Q 1 di
a Q Q 1
cos (q3) —sin(q3) O [3.cos (q3)]
H,= | sin(a3) cos(g3) O [3.5in(q3)
0 ] 1 di
0 ] ] 1
H=Hi. H>. H3

Dung matlab dé tinh toan, thu dugc ma tran:
H, Hs=

cos(q2 + q3) —sin(g2 + g3}
sin(q2 + g3) cos(q2 + q3)
a a
0 0

13 cos(q2 + q3) + 12 cos(q2)
I3 sin{q2 + ¢3) + [2 sin(q2)
L
1

(=T = =
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x. cos(gl} + y.sin(ql)
H)! H=l- - - z—[1
(H) x. sinfgl) — v.cos (gl)
¢ ¢ o 1

Can béng phuong trinh & cot cudi cta hai ma tran H23 va HH, ta c6 hé phuong trinh
x.cos(gl) + v.sin(gl) = 13 cos(q2 + g3) + 12 cos(q2)

z—1[1 =13 sin(q2 + ¢q3) + 2 sin(q2)

x.sin{gl) — y.cos (gl) = I3 sin(g2 + g3) + (2 sin(g2)

Giai h¢ phuong trinh, ta thu dugc:

ql = arctan(y/x)

7.1.2. Gia cong ché tao
Sau khi hoan thanh ban thiét ké trén solidwork nhom dé tai d thao luan giira 2
phuong an CNC va in 3D. Sau d6 nhom dé tai da chon phwong 4n in 3D vi ¢6 chi
phi ré hon.

Bang 6: Bang so sanh gia cong CNC va gia cong 3D

CNC 3D
Do chinh xac Co6 d6 chinh xac cao Do chinh xac thép hon
Vat liéu Nhira Mica PLA
Gia thanh Gia thanh cao Gié thanh thap
May gia cong May cat CNC May in 3D Ender 3 pro

May in Ender-3 pro c6 by khung dugc lam hoan toan tr nhom, khong dung Mica.

St dung thanh nhom dinh hinh dé chéng truot moi

Chtre nang in tiép tuc khi sy cb mét dién say ra, tam dimg dé thay nhya in hay tam
ding khi khong mudn may hoat ddng ma khong c6 ngudi giam sat. Co thé tit may va
hém sau tiép tuc in.

Khé mé hinh 16n: 220x220x250mm

Str dung muc in: PLA, PLU hoac PETG, ABS...

Pau phun tiéu chuin: 0.4mm
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Man hinh LCD: khe cam thé nhé SD va cap két ndi may tinh dé diéu khién
Qua trinh in 3D dau phun 1€ 1am ndng chay vat li¢u va lién tuc di chuyén theo 2 truc X
va'Y de€ boi dap tirng 16p mot cho dén khi hoan thanh s€ dugc mot chi tiét ctia robot.

 Lf

Hinh 10: Phuong phap gia cong bang in 3D

7.1.3. Bai toan tinh hoc

Céc thong so cua cac khau:

Khau 1:
can nang: 13.14 gram = 0.01314 kg
kich thude: 31 mm

khau 2:
can nang: 75.3 gram = 0.0753 kg
kich thudc: 112 mm

khau 3:
18
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can nang: 124.5 gram = 0.01245 kg
kich thudc: 86 mm

khau 4:

can nang: 30.7 gram = 0.0307 kg
kich thudc: 28 mm

khau 5:

can nang: 60.1 gram = 0.0601 kg
kich thudce: 120 mm

tir thong s kich thude va khéi luong cac khau, ta xét timg khép phai chiu luc
mo men can 16n nhat khi hoat dong.

Khép 1: ching ta khong xét

Khép 2: 0.0753 *112/2 + 0.1245 *(112+86/2) + 0.0307 *(112+86+28/2) +
0.0601 *(112+86+28+120/2 ) =47.2113Nmm

Khép 3: 0.1245 *86/2 + 0.0307 *(86+28/2) + 0.0601 *(86+28+120/2) =
18.8809 Nmm

Khép 4: 0.0307 *28/2 + 0.0601 *(28+120/2) = 5.7186 Nmm

Khép 5: 0.0601 *120/2 = 3.606 Nmm

Theo két cau ctia canh tay robot khép 1, khép 2, khép 3
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Lua chon dong co

Arduino Uno 12 mét nén tang phat trién phan cirng ma ngudn ma, duogc st dung
deé di€u khién céc thiét bi thong qua cac dong co. Dudi day 1a mot so loai dong co phd
bién dugc st dung voi Arduino Uno:

Dong co Servo: Bong co Servo dugce st dung dé kiém soat céac chuyén dong
gbc cua cac thiét bi nhu canh tay robot, ctra ty dong va céc thiét bi khéc.

Déng co budc: Pong co budc 1a loai dong co dugce st dung dé kiém soat
chuyén dong theo budc, phu hop v6i cac img dung nhu may in 3D hodc cac
thiét bi di chuyén.

bong co DC: Bong co DC dugce st dung dé kiém soét toc do quay cua cac thiét
bi, chang han nhu quat hay bo phan danh Itra.

Pong co dong truc: Pong co dong truc dugc sir dung dé kiém soat chuyén dong
cua céc thiét bi nhu may cat c6 hoac may giat.

Dong co khéc: Ngoai cac loai dong co trén, con co6 céac loai dong co khac dugc
st dung véi Arduino Uno nhu Pong co dong luc hoc va dong co dong luong.

Véi Arduino Uno c6 thé sir dung cac loai dong co trén bang cach két ndi ching
v6i board dung cach va st dung thu vién pht hop dé diéu khién cac dong co d6. Theo
bai toan dé ra dong co phu hop nhét 1a dong co Servo nén chon dong co Servo cho
Cénh tay robot.

Theo tim hiéu mot s6 tai lidu trén truc tuyén nhom quyét dinh chon hai loai dong
co chinh cho Cénh tay robot 1a: Servo MG90S va Servo MG995
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Thong sb ciia hai dong co da chon:

Bang 7: Bang thong s dong co servo MG90S

bién &p hoat dong 4.8-6 VDC

Tdc do tai trong 0.10 giay/ 60 do (4.8V) ; 0.08 giay/ 60 do
(6V)

Nhiét do hoat dong -30t61 5536 C

Luc kéo 1.8 kg/ cm (4.8V); 2.2 kg/ cm(6V)

Kich thudc 22.8x12.2x28.5 mm

Trong luong 13.4 gram

Bing 8: Bang thong s dong co servo MG995

bién ap hoat dong 4.8-7.2 VDC

Goc quay 180 do

Kich thudc 40x19x43 mm

Tbc d6 hoat dong 0.17 giay/ 60 do; 0.14 giay/ 60 do (6V)
M6 men xo0dn 9,4 kg/ cm(4.8V); 11 kg/cm(6V)

Nhiét do hoat dong 0-50d6 C

Chiéu dai day 300 mm
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7.1.5. So sanh Vi diéu khién va PLC

Bang 9: Bang so sanh PLC va vi diéu khién

PLC Vi di¢u khién
Gia thanh Cao Thap
Téc do Cao Thap
6n dinh Cao Thip

7.1.6. Arduino

Arduino 12 mét platform hd trg cho viée ché tao cac ung dung loT, robot va céac
thiét bi nhiing. Arduino cung cap board phét trién san xuét bdi Arduino.cc v6i nhiéu
phién ban khac nhau nhu Arduino Uno, Mega, Nano va Mini. Arduino Uno dugc xem
1a phién ban board phé bién nhat, di kém véi mot loat cac giao dién phén cing va
phan mém linh hoat.

Arduino Uno sir dung chip Atmega328p c6 toc do xir Iy 16MHz va 32kB flash
memory, trong d6 2kB dugc danh riéng cho bootloader. Board tich hop cac chan I/O
s0 va chan analog, cung véi cac giao tlep UART, I2C va SPI. Véi nhing tinh nang
nay, Arduino Uno cé thé duogc su dung dé diéu khién céac thiét bi sensor, diéu khién
dong co va thiét bj don gian khac.

Arduino Uno di tro thanh mét cong cu ndi tiéng va phd bién trong cong dong
DIY, duoc str dung rong rii trong cic Gmg dung nhu khoa thong minh, thiét bi giam
sat va diéu khién. Arduino Uno dugc wa chudng béi tinh tién dung va dé& dang sir
dung, khi cho phép ngudi ding phat trién va thiét ké cac ung dung IoT theo ¥ mudn,
cung voi vigce Kkét hop véi céac loai module va phu kién ngoai vi khac nhau.

RK TX SU GND i
scL son sy ool o @
3:3U3.3UGND GND[@ 8 & # |

Hinh 11: Anh minh hoa Adruino Uno R3
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thong so cua mach diéu khién Arduino Uno:

« Chip diéu khién chinh: ATmega328

« Chip nap va giao tiép UART: ATmegal6U2

o Ngudn nudi mach: 5VDC tir cong USB hoidc ngudn ngoai cam tir glac tron DC
(khuyén dung 7-9VDC dé dam bao mach hoat dong t6t. Néu ban cim 12V thi
IC 6n ap rat dé chét va gay hu hong mach).

« S0 chéan Digital: 14 (hd trg 6 chon PWM)

« S chan Analog: 6

« Dong ra tdi da trén GPIO: 40mA

« Dong ra tdi da trén chan cip ngudn 3.3VDC: 150 mA

o Dung luong bd nhé Flash: 32 KB, 0.5 KB used by bootloader.

« SRAM:2KB

« EEPROM: 1KB

o Tbc do thach anh: 16 MHz

7.2.  Gidi phdp truyén thong

Cong nghé Bluetooth 1a mot cong nghé khong day cho phép truyén tai dit lidu
giita cac thiét bi dién tir nhu dién thoai di dong, may tinh, loa, tai nghe, dong hd thong
minh, mdy anh, ban phim, chuét, va nhiéu thiét bi khac.

Cong nghé Bluetooth dugc phat trién bai tip doan cong nghé nguoi Thuy Dién
vao nam 1994 va chinh thirc ra mat vao ndm 1999. Bluetooth c6 thé truyén tai dit liéu
gifra cac thiét bj cach nhau khoang 10 mét. Tuy nhién, trong thoi gian gén day, cac
phién ban Bluetooth méi c6 thé truyén tai dir liéu tir xa hon, tiy thudc vao tinh ning
cta thiét bi va cong nghé dugc su dung.

Bluetooth thuong dugc stir dung dé truyén tai 4m thanh c6 chat lugng cao, dir licu
va hinh anh gitra cac thiét bi ma khong can st dung cap két ndi truyén théng. Ngoai
ra, Bluetooth ciing dugc sir dung phd bién trong gia dinh hodc noi lam viée dé két ndi
nhiéu thiét bi v6i nhau nhu truyén tai nhac cho loa, hodc dé két ndi véi cac thiét bi do
dac y té trong linh vuc chuan doan y té.

Hién nay, cac phién ban Bluetooth trong nhirng nim gan day da duoc cai tién dé
tang toc do truyén tai dir liéu, giam thiéu kha nang xay ra 18i két ndi va tiéu ton it ning
luong hon cho cac thiét bi di dong, dong thoi tich hop tinh ning an toan phuc vu cho
viéc truyén tai dir liéu nhay cam.
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Module HC-05 1a mdt module Bluetooth thudc loai Bluetooth Serial Port Profile
(SPP Bluetooth). N6 duoc sir dung dé thyc hién két nbi khong day giira cac thiét b
dién to nhu Arduino, Raspberry Pi, may tinh hodc di¢n thoai thong minh v6i cac thiét
bi sir dung Bluetooth.

Module HC-05 duoc thiét ké véi kich thudc nho gon va dé dang dé 1ap dat. N6
cling c6 kha niang hoat dong trong pham vi tir 10 mét dén 100 mét, phu thudc vao vat
can. Thong thuong, module nay dugc st dung dé diéu khién céc thiét bi robot, do
ludng cac théng sb trong cac hé thdng cam bién khong day hodc truyén tai dir liéu
khong day.

Module HC-05 ¢6 cac chan két ndi don gian, bao gdm chan ngudn, chan dat, chan
RX va chan TX. N¢ ciling c6 cac chan dac biét cho viéc chirc nang két ndi Bluetooth.
Module HC-05 ¢6 thé két ndi va truyén dit liéu véi toc do tdi da 2,1 Mbps.

Pé st dung HC-05, ta c6 thé sir dung mat s6 thu vién nhu SoftwareSerial hodc thu
vién BluetoothSerial cia Arduino va cac IDE khac. N6 cling c6 thé dugc cau hinh
bang cach st dung cac 1énh AT dé thay ddi cac thong s6 nhu tén thiét bi, toc do truyén
va ma dinh danh.

Thong s6 k¥ thuat caa module HCO5

o Dién 4p hoat dong: 3.3 - 5V

« Dong tai: khi ghép d6i 30 A, khi truyén tai 8mA

o Baudrate UART tuy chinh: 1200, 2400, 4800, 9600, 19200, 38400, 57600,
115200

« Dai tan song: 2.4GHz

e Bluetooth protocol: Bluetooth Specification v2.0+EDRo

e Kich thudc: 26.9 x 13 x 2.2mm
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sketch_may23a §

#include <SoftwareSerial.h>

SoftwareSerial BTSerial(l1l, 12); /f RX | IX

, OUTPUT): /¢ This pin will pull the HC-05 pin 34 (KEY pin) HIGH to switch module to AT mode.
» HIGH): i IfE ¥ 're using the "button method"™ to reach AT mode, then 3 doesn't matter
egin (9600) /{ This is the serial communication between the PC and the Arduino
1 ("Enter AT commands:™);
BTSerial. 1(38400) /{ HC-05 default speed in AT command mode is 38400

void loop()

/{ Keep reading from HC-05 and send to Arduino Serial Monitor
if (BTSerial.available()){
Serial .wri (BTSexrial.read());

1g from Arduino Serial Monitor and send to HC-05

1 (13fg

Hinh 12: Poan code sir dung thu vién softwaveSerial dé két ndi voi module
HCO05

7.3.  Giai phap twong tac voi nguoi dung
Nhiing gidi phap tuong tac voi nguoi dung thudng co:

- Qua tay diéu khién

- Qua phan mém diéu khién qua may tinh

- Nhom dé tai thuc hién giai phap tuong tac voi ngudi dung thong qua
smartphone ( android ) va giai phap giao tiép 1a Bluetooth ( phan 7.4). phan
mém chay trén android duoc viét théng qua app inventor

App inventor 1a mot img dung web ma ngudn mé duge cung cip bai google tir thang
7 nam 2010. Sau nay App Inventor dugc quan ly bdi Vién Cong Ngh¢ Masachussets
hay con goi la MIT. B¢ cling 1a Iy do tai sao né hay dugc goi la MIT App Inventor.

Vé co ban App Inventor s& hoat dong dua trén nén tang smartphone (android). Ttrc 1a
cac thanh pham dugc tao ra App Inventor s& chi hoat dong dugc trén Android. Giao
dién ctia App Inventor bao gdm céc khdi hop, bén trong 13 cac doan ma. Khi str dung,
ngudi ding s& kéo tha cac khdi ndy vao trong bang ma dé tién hanh lip ghép thanh
mot ung dung hoan chinh. Céach str dung ctia App Inventor rat don gian, tat ca chi
xoay quanh thao tac kéo va tha.
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Ché d6 thiét ké giao dién

MIT
M. AP INVENTOR

e O () B

Palette Viewer

Projects +  Comnect+  Buld+  Seftngs = Help +

Companents
Display hidden companents in Viewer @ | soreem
User Interface Horizontalirrangeme|
AlLabeis
Bution

8 B Horizontathrrangeme
CheckBox

BluetcomList

b4
[ DotePiker A connected
=l

Image
Aligniertical
] Labe Top:1+
ListPicker ApoN:

Backgreundimage

o
BigDefaultText
=
- Switch BlocksToolkit
Textfiox

CloseScreenAnimation
B TimePicker

@ WebViews

Layout

Media

Icon giao dién kéo tha Giao dién dugce tao ra Cau hinh icon

Hinh 13: Thiét ké giao dién trén app

Icon cau lénh kéo tha Khéi giao tiép
bluetooth

Khoi van hanh servo Khoi cac nit chitc nang

I — 4

& [ soreent

& M HonzontalArangeme

ianeis

' ' ©
AN
—_—
Media = %
Bicowt g Show Warning
Bl aowrmg
Ewtmiogopng

Hinh 14: Viét code cho app bang cach kéo tha cac khoi
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Khdi giao tiép:

LU Bluetoothlist » BEE Gl 0]
do éet BluetoothList + | L BluetoothClient1 ~ lAddressesAndNames v I

when _AfterPicking

do (o] if | cal _Connect

LGl BluetoothList - B Selection - |
then éet | BluetoothList + B8 Elements = W0 " "BlustoothClient1 - |4 AddressesAndNames -

Hinh 15: M6 ta khdi két ndi bluetooth

Khi bdm vao nut bluetoothList s& hién 1én mot danh sach tén cac bluetooth c6 thé két
ndi. sau khi chon dia chi két ndi bluetoothClient1 s& két ndi va ghi nhé dja chi do.

Khoi diéu khién
when _PositionChanged

(s (A" [l BluetoothClient1 » BG4

text ( (@) join ( “E&B”

; L[58 thumbPosition ~

Hinh 16: M6 ta khéi diéu khién 1 dong co servo

Khi thanh trugt cta servo thay ddi vi tri 1ap ture goi bluetooth g dir li€u dang véan ban
dén s1. S1 nhan dit liéu va di chuyén servo dén gbc da chon.

Khoi nit chire nang

when V=84 .Click

U1 [l BluetoothClient1 ~ BEELTE
N SAVE + M Text - |
Sl Positions ~ Il Text - ICIERCINE T ciiions - I Text - MR 1)
L . .
Hinh 17: M0 ta khoi ddm nhiém churc nang nat “SAVE”

Khi nit SAVE duoc nhén, bluetooth thyc thi 1énh gtri vin ban “SAVE”. Thay dbi dit
li¢u Positions cong thém 1.

8. Két qua va thao luan

8.1.  Kétqua
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STT Théng sb Pon vi tinh Két qua Két qua
1 Kich thudc Mm <500 (tam voi Dat
t6i da)
2 Khdi luong tay Kg <1 Dat
may
3 Phuong thirc Piéu khién qua Chua hoan
diéu khién giao thic thanh
Bluetooth
4 B¢ diéu khién Arduino + Hoan thanh
Android
5 Khéi luong vat gram <100 Dat
nang/phoi
6 Nguon dién VDC <24 Pat
7 Gia thanh VND <1.000.000 Dat
8 Bac tu do <4 Chua dat
9 Kich thudc mm <40 x 50 Dat
phoi dang hinh
tru
10 Kich thudc Mm <40x40x40 Chua cap nhat
phoi dang hinh
hop

Bang 10: Bang cac két qua dat duoc

8.2.  Thao lugn

Trong qua trinh thuc hién cac cong viéc nhoém da gap mdt s6 van d€, nhitng han ché
va van dé€ dién hinh da gap phai:

76 chire: Trong qua trinh thuc hi¢n cong viéc, ban dau c6 ba thanh vién nhung hién
chi con hai nguoi thyc hién. Véi su thiéu Véng ciia mot thanh vién, s& dan dén viéc
phan chia cong viéc khong can ddi, gdy ra su ciang thang trong to chirc va ting ap luc
cho nhiing thanh vién con lai.

Kién thirc: Van con han ché vé kién thyc, chua thanh thao mét s ki nang va kién
thire vé cac thiét bi dan t6i cac van dé sau:

Két ndi bluetooth chua hoan thién.

Phan 1ap trinh van con bét cap.

Gia Céng: Thiét bi in 3D c6 cu hinh trung binh nén két qua cho ra khong dugc cao,
san pham xuat hi¢n mot so tinh trang nhu sau:
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Céac khdp nodi con long 1éo.
kich thudc cac chi tiét con sai s6 dang keé.

Céc van dé néu trén déu la cac thach thirc trong qua trinh san xuat va cai tién san
pham. D¢ co thé giadi quyet dugc cac van de nay, co6 thé thuc hién cac giai phap de
xuat nhu:

To chirc lai phan cong cong viée: cac thanh vién can tim cach phan chia cong vi¢c hgp
1y va cong bang gitra cac thanh vién con lai d€ ddm bdo sy hi¢u qua trong viéc thuc
hién cac nhiém vy, dong thoi tang cuong su chi dong trong cong viéc.

Nang cao kién thic va ky nang cho ting ca nhan: thanh vién can cai thién kién thurc
cua minh dé tranh céc sai sot trong qua trinh thuc hién cong vi¢c. C6 the tim kiém
nguon tai li¢u hay tham gia cac khoa hoc d€ nang cao k¥ nang va kién thue.

Str dung thiét bi va cong nghé tét hon: dau tu vao cac thiét bi va cong nghé chat luong
cao c6 thé dé tdi uu hoa hiéu qua cua san pham. Chat luong san pham sé& dugc ting
1én dang ké khi st dung thiét bi va cong nghé ding cach, thong minh.

Tang cudng su sang tao va tim kiém giai phap khac: Ngoai cac giai phap trén, cac
thanh vién con c6 thé ting cudng sy sang tao va ddi moi dé giai quyét cac van dé
trong cong viéc. Cac giai phap doc déo va sang tao sé gitip cho doi ngii giai quyét cac
thach thirc trong cong viéc mot cach tt nhat.

9. Bao cao vé tai chinh va kinh té

Bang 11: Bang cac danh muc da chi tiéu

STT  Tén vat Pon gi4 S Thanh gia Link
li¢u, vat luong
tu
1 MG996 85.000VND 3 215.000VND https://nshopvn.com/prod

uct/dong-co-servo-

mg996-360-do/

2 MG90s  70.000VND 3 210.000VND https://nshopvn.com/prod

uct/servo-mg90s-banh-
rang-kim-loai/
3 HC-05 143.00VND 1 143.000VND https://nshopvn.com/prod
uct/module-thu-phat-

bluetooth-hc-05/
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4 Adruino  240.000VN 1 240.000VND https://nshopvn.com/prod
UNO R3 b uct/arduino-uno-r3-dip-
kem-cap/?variant=100977
5 Test 20.000VND 1 20.000VND https://ampeshop.com/pro
board ducts/board-cam-

testboard-breadboard-
nho-85x55mm-400-lo
6 Daycam  450VND 50 22.500VND https://ampeshop.com/pro
test board ducts/board-cam-
testboard-breadboard-
nho-85x55mm-400-lo

10. Két luan

Trong qué trinh nhém d¢ tai thyc hién DO an co khi co dién tir da gap nhiéu khé khan
tir nhan lyc. Dudi tinh trang nhom thiéu mot thanh vién, khdi luong cong viée ciia mdi
thanh vién con lai déu phai sap xép lai dé co thé hoan thanh dung véi thoi gian da dat
ra. Duéi sy hudng dan gitp d& cia giang vién TS. Nguyén Pirc Nam, nhom dé tai da
hoan thanh cong viéc vé& SolidWorks va tién hanh gia cong san phim bang phuong
phap in 3D va tién hanh lap rap.

11.  Tiéu chuan
Tiéu chuan ISO ASTM, ANSI, ASME, ASHRAE, TS-EN hodac TCVN
TCVN 12669-1:2020: Ti¢u chuan quoc gia vé an toan may — thi€t bi bi may

12.Tai li€éu tham khao

// Tai liéu tham khao. Tham khao quy tac viét tai liéu tham khao & dudi

[1] Khéng Minh, Robot cong nghiép, NXB Khoa hoc va cong ngh¢, 2019

[2] Robert J. Schilling, Fundamental of Robotics: Analysis and control, Prentice Hall,
2003

13.Phu luc

Code

#include <SoftwareSerial.h> // Thu vién truyén théng giao tiép noi tiép ]

#include <Servo.h> // Thuw vién cda diéu khién servo: gom cac ham diéu khién cho déng
co’ servo

Servo servo01; // Class dé diéu khién servo 1
Servo servo02;
Servo servo03;
Servo servo04;
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Servo servo05;
Servo servo06;

SoftwareSerial Bluetooth(3, 4); // Arduino(RX, TX) - HC-05 Bluetooth (TX, RX): két nbi
v&i chdn RX, TX cta Bluetooth qua chan 3 va chan 4 cua Arduino

int servo1Pos, servo2Pos, servo3Pos, servo4Pos, servo5Pos, servobPos; // current
position - vj tri hién tai cta Servo

int servo1PPos, servo2PPos, servo3PPos, servo4PPos, servo5PPos, servo6PPos; /
previous position - vj tri phia tr/éc cta Servo

int servo01SP[50], servo02SP[50], servo03SP[50], servo04SP[50], servo05SP[50],
servo06SP[50]; // for storing positions/steps - méng thanh phéan luu triv céc gi tri goc
cla servo trong qua trinh hoat dong

int speedDelay = 20; / Do tré cua toc do

int index = 0; // bién chay

String dataln = ""; // di¥ liéu nhan (Data IN)

void setup() {
servo01.attach(5);
servo02.attach(6);
servo03.attach(7);
servo04.attach(8);
servo05.attach(9);
servo06.attach(10);
Bluetooth.begin(38400); // Default baud rate of the Bluetooth module - téc do truyén

cla giao thire Bluetooth
Bluetooth.setTimeout(1); // Thoi gian mét két néi sau 1 ms
delay(20);
// Robot arm initial position
servo1PPos = 90;
servo01.write(servo1PPos);
servo2PPos = 150;
servo02.write(servo2PPos);
servo3PPos = 35;
servo03.write(servo3PPos);
servo4PPos = 140;
servo04.write(servo4PPos);
servo5PPos = 85;
servo05.write(servo5PPos);
servo6PPos = 80;
servo06.write(servo6PPos);

}

void loop() {
// Check for incoming data
if (Bluetooth.available() > 0) {
dataln = Bluetooth.readString(); // Read the data as string

// If "Waist" slider has changed value - Move Servo 1 to position
if (dataln.startsWith("s1")) {
String datalnS = dataln.substring(2, dataln.length()); // Extract only the number. E.g.
from "s1120" to "120"
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servo1Pos = datalnS.tolnt(); // Convert the string into integer
// We use for loops so we can control the speed of the servo
// If previous position is bigger then current position
if (servo1PPos > servo1Pos) {
for (int j = servo1PPos; j >= servo1Pos; j--) { // Run servo down

servo01.write(j);
delay(20); // defines the speed at which the servo rotates

}
}
// If previous position is smaller then current position
if (servo1PPos < servo1Pos) {
for (intj = servo1PPos; j <= servo1Pos; j++) { // Run servo up
servo01.write(j);
delay(20);
}

servo1PPos = servo1Pos; // set current position as previous position

}

// Move Servo 2

if (dataln.startsWith("s2")) {
String datalnS = dataln.substring(2, dataln.length());
servo2Pos = datalnS.tolnt();

if (servo2PPos > servo2Pos) {
for (int j = servo2PPos; j >= servo2Pos; j--) {
servo02.write(j);
delay(50);

if (servo2PPos < servo2Pos) {
for (int j = servo2PPos; j <= servo2Pos; j++) {
servo02.write(j);
delay(50);

}

servo2PPos = servo2Pos;
}
// Move Servo 3
if (dataln.startsWith("s3")) {
String datalnS = dataln.substring(2, dataln.length());
servo3Pos = datalnS.tolnt();
if (servo3PPos > servo3Pos) {
for (int j = servo3PPos; j >= servo3Pos; j--) {
servo03.write(f);
delay(30);

if (servo3PPos < servo3Pos) {
for (int j = servo3PPos; j <= servo3Pos; j++) {
servo03.write(j);
delay(30);
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}
}
servo3PPos = servo3Pos;
}
// Move Servo 4
if (dataln.startsWith("s4")) {
String datalnS = dataln.substring(2, dataln.length());
servo4Pos = datalnS.tolnt();
if (servo4PPos > servo4Pos) {
for (int j = servo4PPos; j >= servo4Pos; j--) {
servo04.write(j);
delay(30);

if (servo4PPos < servo4Pos) {
for (int j = servo4PPos; j <= servo4Pos; j++) {
servo04.write(j);
delay(30);

}

servo4PPos = servo4Pos;
}
// Move Servo 5
if (dataln.startsWith("s5")) {
String datalnS = dataln.substring(2, dataln.length());
servo5Pos = datalnS.toint();
if (servo5PPos > servo5Pos) {
for (int j = servo5PPos; j >= servo5Pos; j--) {
servo05.write(f);
delay(30);

}

if (servo5PPos < servo5Pos) {
for (int j = servob5PPos; j <= servobPos; j++) {
servo05.write());
delay(30);

}

servobPPos = servo5Pos;
}
// Move Servo 6
if (dataln.startsWith("s6")) {
String datalnS = dataln.substring(2, dataln.length());
servo6Pos = datalnS.toint();
if (servo6PPos > servo6Pos) {
for (int j = servo6PPos; j >= servobPos; j--) {
servo06.write(j);
delay(30);

if (servo6PPos < servo6Pos) {
for (intj = servo6PPos; j <= servo6Pos; j++) {
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servo06.write(j);
delay(30);

}

servob6PPos = servo6Pos;

}
// If button "SAVE" is pressed
if (dataln.startsWith("SAVE")) {
servo01SP[index] = servo1PPos; // save position into the array
servo02SP[index] = servo2PPos;
servo03SP[index] = servo3PPos;
servo04SP[index] = servo4PPos;
servo05SP[index] = servo5PPos;
servo06SP[index] = servo6PPos;
index++; // Increase the array index

}
// If button "RUN" is pressed
if (dataln.startsWith("RUN")) {
runservo(); // Automatic mode - run the saved steps

}

// If button "RESET" is pressed

if ( dataln == "RESET") {
memset(servo01SP, 0, sizeof(servo01SP)); // Clear the array data to 0
memset(servo02SP, 0, sizeof(servo02SP));
memset(servo03SP, 0, sizeof(servo03SP));
memset(servo04SP, 0, sizeof(servo04SP));
memset(servo05SP, 0, sizeof(servo05SP));
memset(servo06SP, 0, sizeof(servo06SP));
index = 0; // Index to O

}

}
}

// Automatic mode custom function - run the saved steps
void runservo() {
while (dataln I= "RESET") { // Run the steps over and over again until "RESET" button
is pressed
for (inti=0; i <=index - 2; i++) { // Run through all steps(index)
if (Bluetooth.available() > 0) {  // Check for incomding data
dataln = Bluetooth.readString();
if ( dataln == "PAUSE") { // If button "PAUSE" is pressed
while (dataln I= "RUN") { // Wait until "RUN" is pressed again
if (Bluetooth.available() > 0) {
dataln = Bluetooth.readString();
if ( dataln == "RESET") {
break;
}

}
}

}
// If speed slider is changed
if (dataln.startsWith("ss")) {
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String datalnS = dataln.substring(2, dataln.length());
speedDelay = datalnS.tolnt(); // Change servo speed (delay time)
}

}
// Servo 1

if (servo01SP[i] == servo01SP[i + 1]) {

}
if (servo01SP[i] > servo01SP[i + 1]) {
for (int j = servo01SPJi]; j >= servo01SP[i + 1]; j--) {
servo01.write());
delay(speedDelay);

}
if (servo01SP[i] < servo01SP[i + 1]) {
for (intj = servo01SPJi]; j <= servoO1SP[i + 1]; j++) {
servo01.write(j);
delay(speedDelay);
}
}

// Servo 2
if (servo02SP[i] == servo02SP[i + 1]) {

}
if (servo02SP[i] > servo02SP[i + 1]) {
for (int j = servo02SPJi]; j >= servo02SP[i + 1]; j--) {
servo02.write(j);
delay(speedDelay);

}
if (servo02SP[i] < servo02SP[i + 1]) {
for (int j = servo02SPJi]; j <= servo02SP[i + 1]; j++) {
servo02.write(f);
delay(speedDelay);
}
}

// Servo 3
if (servo03SP[i] == servo03SP[i + 1]) {

}
if (servo03SP[i] > servo03SP[i + 1]) {
for (int j = servoO3SPJi]; j >= servo03SP[i + 1]; j--) {
servo03.write(j);
delay(speedDelay);

}
if (servo03SP[i] < servo03SP[i + 1]) {
for (int j = servoO3SP[i]; j <= servo03SP[i + 1]; j++) {
servo03.write(j);
delay(speedDelay);
}
}
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// Servo 4
if (servo04SP[i] == servo04SP[i + 1]) {

}
if (servo04SP[i] > servo04SP[i + 1]) {
for (int j = servo04SPJi]; j >= servo04SP[i + 1]; j--) {
servo04.write(j);
delay(speedDelay);

}
if (servo04SP[i] < servo04SP[i + 1]) {
for (int j = servo04SPJi]; j <= servo04SP[i + 1]; j++) {
servo04.write());
delay(speedDelay);
}
}

// Servo 5
if (servo05SP[i] == servo05SP[i + 1]) {

}
if (servo05SP[i] > servo05SP[i + 1]) {
for (int j = servo05SPJi]; j >= servo05SP[i + 1]; j--) {
servo05.write(j);
delay(speedDelay);

}
if (servo05SP[i] < servo05SP[i + 1]) {
for (int j = servo05SPJi]; j <= servo05SP[i + 1]; j++) {
servo05.write(f);
delay(speedDelay);
}
}

// Servo 6
if (servo06SPY[i] == servo06SP[i + 1]) {

}
if (servoO6SPJi] > servo06SP[i + 1]) {
for (int j = servo06SPJi]; j >= servo06SP[i + 1]; j--) {
servo06.write(j);
delay(speedDelay);

}
if (servo06SP[i] < servo06SP[i + 1]) {
for (int j = servoO6SPJi]; j <= servo06SP[i + 1]; j++) {
servo06.write(f);
delay(speedDelay);
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