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Tém tit: Muc tiéu cia bai béo la ché tao canh tay robot 4 bdc ty do su dung dong co
step két hop dong co servo dé phdn logi san pham theo mau sdc sit dung camera GENIUS
1000x. Camera GENIUS 1000x phdt hién cdc mau nhw mau do, vang, xanh. Hé thong dwoc
trang bi mot mdy tinh xdch tay hién thi dau ra cia Arduino Mega 2560 dé théng bdo vé mau
sdc dd phdt hién dwoe. Qud trinh di chuyén cdc san pham dwa trén mau sac dwoc mé phong
bcfng ba san phcfm co mau la do, vang, xanh. Canh tay Robot di chuyén dée kep vat o vi tri dat
co dinh va di chuyén cdac san phcfm c6 mau sdc den vi tri da dinh trude. Phan mém dwoc sir
dung la Arduino IDE va Pycharm. Phén loai dwoc cac san pham cé mau sdc khdc nhau sir
dung camera GENIUS 1000x mdy tinh nhdn va xit Iy thong tin dé phan logi mau sdc sit dung
phan mém Pycharm dé phan tich, sau @6 dwege Arduino Mega 2560 xir Iy bang cdch sit dung
thudt todn Idp trinh trong phan mém Arduino IDE.

Tir khoa: arduino mega 2560, dong co bwdce, phdn loai mau sdc, 16 bot 4 bdc tw do, xut Iy anh

I. Pit van dé

Nhu cdu nang cao ning sudt va chat
luong san pham ngay cang doi hoi nhiing
ung dung rong rai cua cac phuong ti¢n
ty dong hoa san xuét. Xu huéng tao ra
nhitng diy chuyén ty dong c6 tinh linh
hoat cao dang hinh thanh. Cac thiét bi
nay dang thay thé dan cic may tu dong
“cmg” chi dap tng mot viéc nhat dinh
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trong ltic thi trudng ludn doi hoi thay dbi
vé ching loai, vé kich ¢& va vé tinh nang
san pham. Qu4 trinh san xuat phat trién
doi hoi phai nang cao ning suat va chét
luong ciia san pham. Vi vay cang ting
nhanh nhu ciu vé tng dung tay may dé
tao ra cac hé théng san xuit tu dong va
linh hoat. Theo thoi gian, tay may ngay
cang duoc phat trién manh mé, hién dai



vé cong nghé va tinh xao vé chirc ning
lam viéc. Nho vay tay may cong nghiép
(TMCN) da c6 vi tri quan trong trong
cac day truyén tu dong san xuét hién dai
(Vinh va cong su, 2019).

Cénh tay robot hoac bo diéu khién
robot 1a sy két hop cuia cac khép va thuong
chia thanh ba phan, d6 1a canh tay, co tay
va b kep (Thinh & Quang, 2020). Canh
tay robot rat can thiét trong linh vuc cong
nghiép dé cong viéc co thé hoan thanh
nhanh chéng va khong can nhiéu lao dong
con ngudi. Robot duge thiét ké dé co thé
tu dong di chuyén cac san pham theo mau
sdc, hinh dang dén cac vi tri da chi dinh
trude. Tu dong & day la robot hoat dong
ma khong can sy can thiép cta con nguoi.
Cénh tay robot cling hoat dong nhu mat
cong cu thay thé khi thuc hién cac cong
viéc ¢6 rui ro cao nhu di chuyén hang hoa
ning, lam viéc trong moi truong hoa chat
ddc hai, vat liéu nong va cac cong viéc
khac (Setiawan, 2018).

pé nghién cuu, ché tao ra mot thiét
bi thong minh c6 thé di chuyén cac san
pham theo mau sic, kich thudc va c6 thé
hoat dong tu dong, can c6 mot cong cu
hodc bo phan c6 thé diéu khién, ghi nhé
va dua ra lya chon hodc quyét dinh. Kha
ndng nay thudoc pham vi lam viéc cua
Arduino. Arduino c6 thé duoc 1ap trinh
khi can thiét d& kiém soat, ghi nhd va
dua ra nhitng lya chon ma chiing ta can.
Cam bién thi giac dong vai trd quan trong
trong hoat dong cua canh tay robot. Cam
bién hinh anh duoc sir dung 1a mot may
anh camera v6i Arduino Mega 2560 lam
vi diéu khién. Camera c¢é chirc ning phat
hién mau sic cta vat thé va Arduino Mega
2560 hoat dong nhu mot bo vi diéu khién
dugc sir dung trong hé théng canh tay
robot (M.Kom & Ph.D, 2015).
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Vao nam 2020, nghién ctru thé hién
hé théng robot van chuyén hang hoa ty
dong str dung trong linh vuc cong nghiép
dua trén cam bién dudng truyén va diéu
khién logic mo dé robot co thé chay on
dinh va su dung cam bién BFD-1000,
hé thdng diéu khién logic cia A Mutolib
(Mutolib va cong su, 2020).

Vao nam 2018, Purwono Prasetya
da thyc hién nghién ctru va ché tao mot
canh tay robot duoc diéu khién khong day
bang Arduino Uno lam vi diéu khién dé
diéu khién canh tay robot bang dién thoai
thong minh thong qua Bluetooth trén hé¢
diéu hanh android va thiét ké mot robot
phan loai san phim dua trén mau sic boi
Md Jamilur (Rahman va cong su, 2018;
Prasetyawan va cong su, 2018). Canh tay
robot ¢ thu hoach ca chua d6 va ca chua
xanh bang xtr 1y hinh anh sir dung camera,
Arduino Mega 2560, Raspberry Pi cua
Yurni Oktarina. Cay tiéu st dung camera
pixy 2, cam bién mau TC3400 va thuc
hién xur ly hinh anh do Mustafa Ahmed
thuc hién (Oktarina va cong su, 2020; Al-
Sammarraie va Ozbek, 2021).

Sau khi tim hiéu cic nghién ctu
trude day, canh tay robot 4 bac ty do st
dung dé di chuyén san pham. S6 lugng cac
khdi duoc st dung nham nang cao pham
vi hoat dong ctia canh tay robot. Mdi khép
su dung cac chuyén dong voi mot dong
co duge két ndi va diéu khién boi b vi
diéu khién Arduino Mega 2560 va camera
GENIUS 1000x.

II. Co s& ly thuyét

So dd khéi canh tay robot di chuyén
san pham st dung vi diéu khién Arduino
Mega 2560 duoc thé hién nhu trong hinh
1. Nguyén ly hoat dong cua canh tay
robot nay la khi robot hoat dong, camera
GENIUS 1000x s& phat hién mau sic cua
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vat thé & phia trudc robot st dung phan
mém Pycharm. Sau khi xac dinh duogc
mau sic cua san pham, canh tay robot s&
di chuyén dé gip san pham bang kep cua
robot ¢ toa d0 xac dinh va sau do, canh
tay robot s& di chuyén san pham dén khay
dé san phdm theo mau sic cua san pham.
Va cir nhu vy cho dén khi tat ca cac doi
tuong duoc di chuyén dén vi tri tuong tng.

Cénh tay robot di chuyén san phdm
¢6 thé dugc chia thanh ba giai doan cia h¢

. cwy

thdng: dau vao, xur Iy va dau ra. Cac giai
doan cua hé théng canh tay robot duoc thé
hién trong hinh 1.

Cénh tay robot phan loai san phdm
st dung vi diéu khién Arduino Mega
2560, bao gdm dau vao, xir Iy va dau ra.
Céac bd phan nay lién quan, anh hudng 1an
nhau dé tao ra mot canh tay robot c6 thé
su dung dugc. Trong bai bado nay, nhém
su dung phuong phap nghién ctru gitra ly
thuyét két hop véi thuc nghiém.
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Hinh 1. So d6 khoi hé thong diéu khién canh tay robot

I11. Phwong phap nghién ciru

Nghién ciru két hop giita md phong
va thuc nghiém dé ché tao canh tay robot
4 bac tg do Ung dung cho phan loai san
pham theo mau séic. Thiét ké co khi duogc
thuc hién trén phan mém SolidWorks, cho
phép mé phong cac khép chuyén dong va
t6i wu héa kich thudce khung robot. Khung
robot dugc ché tao bang cong nghé in 3D.
Dt li¢u hinh anh dugc xtr ly va phan tich
mau sic trén Pycharm. Két qua phan loai

mau sic duoc giri dén Arduino Mega 2560,
dé xir Iy va diéu khién dong co va servo
dugc lap trinh trong Arduino IDE. H¢
théng duoc ché tao va thur nghiém véi ba
san pham mAu (do, vang, xanh) dé danh gia
dd chinh xac trong nhan dién va phan loai.

3.1. Thiét ké phén citng ciia hé thong

Dé thiét ké duoc robot 4 bac tu do
tmg dung cho phan loai san pham theo
mau sic, mot s céc thiét bi st dung trong
mo hinh dugc mo td nhu trong nhu bang 1.

Bang 1. Cdc thiét bi sir dung trong mé hinh
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-

Tén thiét bi

So luong

Cénh tay robot

1

Arduino mega 2560

Camera GENIUS 1000x

Dong co step nema 17

Dong co servo MG1290s

Driver TB 6600 4A 9V-42VDC

Cong tic hanh trinh Tiahua

Mach DC-DC buck LM2596 3A
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Ngudn to ong 24V-5A
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Thiét ké mach dién t&r st dung trén
canh tay robot dugc thuc hién theo so dd
trong hinh 2. Trong so d6 thiét ké, hé thong
canh tay robot 4 bac tu do su dung vi diéu
khién Arduino Mega 2560, nhan dit li¢u tir
camera va cam bién dé xac dinh mau sic
san pham. Ba dong co step NEMA 17 két
ndi voi driver TB6600 diéu khién chuyén
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dong cac khdp, trong khi dong co servo
MG1290s diéu khién co cau kep qua tin
hiéu PWM. Céng tic hanh trinh Tiahua
cung cip phan hoi vi tri, bao vé co khi.
Nguon dién 24V tir ngudn t6 ong duoc ha
ap qua mach DC-DC Buck LM2596 dé
cap cho cac thiét bi dién ap thap.
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Hinh 2. So dé ddu néi Arduino véi cdc thiét bi cia mé hinh robot

3.2. M6 hinh thuc nghiém

Trong bai b4o nay, canh tay robot 4
bac tu do duoc ché tao bfmg cach su dung
ba dong co step, mdt dong co servo. B

Hinh 3. M6 hinh thiét ké trén phan mém

solidworks

khung ctia canh tay robot dugc 1am bang
in 3D va dai khoang 30cm. Khung cua
canh tay robot dang dwoc thiét ké trén
hinh 3, hinh 4.

Hinh 4. Mo hinh canh tay robot
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Hinh 4 1a hinh anh canh tay robot
da dugc lip rap, véi camera GENIUS
1000x va ba dong co step, mot dong co
servo nam & mdi khép cua robot. Camera
GENIUS 1000x d3t trén cot dé robot ¢6
thé phat hién san pham theo mau sac.

Reset cam bién vé
vi tri ban dau

Nhip théng sb
vi tri cua vat

y

Truyéu théng cho
Adruino

3.3. Thiét ké chwong trinh diéu khién

Luu d6 thuat toan diéu khién mo
hinh canh tay robot phan loai san pham
nhu trén hinh 5. M6 hinh dugc thiét ké
phan loai duoc cac mau sic co ban nhu
mau xanh, do va vang.

< ‘4
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72}

Vat maun
vang?

Tinh todn goc quay
timg khdp dé to1 vi
tri vat mau xanh

Tinh toén géc quay
timg khop dé toi vi

tri vt mau do

Tinh toan goc quay
timg khop dé tdi vi
tri vt mau vang

¥

¥

Gilp vit

By

Hinh 5. Luu do thudt todn

Phan mém thiét ké trén hé théng mo
hinh canh tay robot phan loai san pham st
dung camera. Sau khi thiét ké phan cting va
quy trinh 1am viéc cua hé thong diéu khién
canh tay robot hoan tat, viéc lap trinh duoc
thuc hién trén phﬁn mém Arduino IDE va
xtr Iy thong tin dé phan loai mau sic st
dung phan mém Pycharm dé phan tich cac
san pham dya trén mau sic.

IV. Két qua va thao luan

Hé théng canh tay robot 4 bac tu do
duoc danh giad dua trén cac ndi dung sau:

Kiém tra kha nang nhan dién mau sic
clia san pham bang camera GENIUS 1000x.

Kiém tra do chinh xac va 6n dinh
ciia cac co ciu, bao gém ba dong co

step NEMA 17 diéu khién cac khop va
dong co servo MG1290s diéu khién co
ciu kep.

4.1. Kiém tra camera GENIUS 1000x

Camera GENIUS 1000x xac dinh
mau sic cua cac san pham (mau do, mau
vang, mau xanh) va dir liéu mau sic cua
san pham dugc gui dén Arduino Mega
2560. Budc mot 1a khi khong co san pham
va budc hai 1a khi ¢6 mot san pham (mau
do, mau vang, mau xanh). Trong mo hinh
gém c6 Arduino Mega 2560, Camera
GENIUS 1000x, cap ndi va may tinh xach
tay. Khi camera da nhan dién dugc mau
sdc ciia san pham hién thi trén man hinh
may tinh duogc thé hién trén hinh 6.
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Qua két qua kiém tra cho thay
camera nhan dién chinh xac tirng mau, tin
hiéu 6n dinh, khong c6 sai léch trong quéa
trinh truyén dir li¢u. Nhu vay, camera da
chon phu hop dé nhan dién va cung cap dir
liéu dau vao cho hé thong dé xir Iy thuat
toan phan loai tu dong cua canh tay robot.

4.2. Kiém tra dpng co step va dong
co’ servo

Qua trinh kiém tra dong co step va
dong co servo dugc thuc hién dé x4c dinh
dd chinh xac cua sb doc gbc trén servo
bang chiét ap va thuéc do goc. Thiét bi
duoc sir dung trong moé hinh nay 1a servo,
Arduino Mega 2560, chiét ap, thudc do
goc va phan mém Arduino IDE. M6 hinh
duoc thuc hién béng cach két ndi 3 dong
co step va 1 dong co servo vdi cac chan
(2), (3), (4) va (5) Arduino Mega 2560
duoc thé hién trong Bang 2.

Viéc st dung 3 dong co step va 1
dong co servo nay dugc diéu chinh theo

Hinh 6. Camera nhan dién mau sac san pham hién thi trén man hinh may tinh

s6 luong khdp nbi trong robot, dong co
step 1 1a chan dé dé diéu chinh vi tri cua
robot, dong co step 2 dugc st dung ¢ khop
bén trai cua robot, dong co step 3 dugc st
dung & khop bén phai cua robot va dong
co servo duoc sir dung dé lam tay kep gip
vat cua robot.
Badng 2. Kiém tra déng co step va dong
co servo trén Arduino Mega 2560

No Pin servo trén Arduino
Dong co Arduino
1 |Pong co step 1 (d6) 8
2 |DPong co step 2 (trai) 9
3 |Pong co step 3 (phai) 10
4 |Dong co servo (bo kep) 11

Khi dong co step, dong co servo va
chiét ap da duoc két ndi voi Arduino, dé
do do chinh xac cia dong co step va dong
co servo bang chiét 4p. M6 hinh nay duoc
thuc hién bang cach do do chinh xéac cua
goc step, servo tu 0 dén 180 do. Tu két
qua thu dugc nhu trong Bang 3.

Bang 3. Goc quay cua dong co step va dong co servo

Géc thit nghi¢m Dik liéu thir nghiém ddng co step, servo trén chiét ap
’ Pong costep1 | Pongcostep2 | DPongcostep3 | Dong co servo

0° 0° 1° 1° 0°
20° 20° 21° 21° 20°
40° 40° 40° 40° 40°
60° 61° 60° 60° 60°
80° 80° 80° 80° 80°
100° 100° 101° 101° 100°
120° 120° 120° 119° 120°
140° 140° 140° 141° 140°
160° 160° 161° 160° 160°
180° 180° 179° 180° 180°
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Duya trén dir liéu thu dugc trong
Bang 3, c6 thé thay dudi dang biéu d6 vé
két qua dong co step va dong co servo st
dung chiét 4p & Hinh 7.

Goc quay (%)
20 |

150 e
100 —
50 il
i i , Goc thir
0 20 40 60 80 100120140160180 "8hiém (°)
StEP]l mm—StEP2 m— 5t€p3 == Servo

Hinh 7. Biéu do kiem tra goc quay cua
cdc dong co

Qua két qua kiém tra dénh gia hoat
dong cuia dong co step va servo trong bang
4 va hinh 7, cho thiy ca dong co step va
dong co servo déu dat do chinh xac cao,
sai sO trong pham vi +£1°. Pong co step ¢6
sai sO phan bd rai rac, khong tich Iy theo
goc quay, trong khi servo hau nhu tring
khdp hoan toan véi goc dit nhd co ché diéu
khién vong kin. O céc tri t6i thiéu 1a 0° va
t6i da 1a 180° thi s& rung nhe nén cac budc
dugc thyc hién bang cach thay d6i do toi
thiéu va téi da clia servo thanh 10° va 170°.

Dong co step ddm bao do chinh xac
trong di chuyén khép va chwa xuat hién
mat budc, chimg to co cau hoat dong 6n

Bang 4. Goc quay cua dong co step va
dong co servo

dinh. BDong co servo cd kha nang kep vat
chinh x4c nhd vong diéu khién kin, phu
hop cho thao tac gip va tha vét trong mo
hinh canh tay robot.

4.3. Kiém tra tong thé

Kiém tra tong thé dé biét kha ning
ctia canh tay robot trong viéc di chuyén va
phat hién mau sic cua san pham tir diém
gép vét dén noi dat da duoc xac dinh theo
mau sic cua san pham dugc phat hién.

Cénh tay robot trong nghién ctru nay
dugc trién khai dé di chuyén cac san pham
mau xanh, mau d6 va mau vang vé cac kho
trong (mg. Budc ddu tién cua robot nay
1a phat hién mau sic clia san pham bang
Camera GENIUS 1000x. Bang 4 hién
thi ddu ra goc quay ciia dong co step va
dong co servo trong khi robot di chuyén
san pham. Dir lidu nay cho thay canh tay
robot di chuyén dya trén mau sic cia san
pham dugc camera ghi lai. Chuyén dong
trai phai duoc diéu khién boi 1 dong co
step gan dudi dé ciia robot. Chuyén dong
1én xubng cua robot duoc diéu khién boi 2
dong co budc nam & bén trai va bén phai
cua robot va dong co servo MG1290s
dung dé diéu khién tay kep cua robot. Goc
quay tu 3 dong co step va 1 dong co servo
cua canh tay robot trong bang 4.

Badng 5. Géc quay ciia déng co khi ldy va di

chuyén san pham xanh

Chuyén GoOc quay cia djng co R an Goc quay cia dong co
dong cua Ste[’)l Step2 | Step3 Servo Clclgi)l’erlz)g((;)tllg StePI Step2 | Step3 Servo
robot (d&) | (trai) | (phai) (@é) | (trai) | (phai)
Chédocho | 90° | 20° [ 500 | o Ché do cho 90° | 20° | 50° | 0°
Xuong dudi | 90° | 70° | 160° | 0° Di xuong 90° | 70° | 160° | 0°
Di lén 90° [ 200 | 90° | o° Gap vit 120° | 70° | 170° | 180
Sangphai | 150° [ 20° | 50° [ 0° Di lén 120° | 200 | 70° | 180°
Sang trai 300 | 20° | 50° 0° Quay trai 60° 20° 700 | 180°
Pi xudng 60° | 60° | 160° | 180°
Nha vét 60° | 60° | 160° | 0
Vévitricho | 90° | 20° [ 50° | 0




Tir bang 4, c6 thé thiy tir vi tri chd
clia robot c6 thé di chuyén 1én, xudng
sang trai va sang phai. Trong nghién ctu
nay, s& st dung canh tay robot dé phan
loai 3 san phém la mau xanh,vang, do.
Néu camera phat hién san phdm mau
xanh, robot s& di chuyén tir vi tri chd sang
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vi tri dé vat. Sau dé tay gip s& kep san
pham va robot s& chuyén sang vi tri di
Ién va ha vat xuéng vi tri dinh truge. S6
liéu vé goc quay cua dong co khi lay va
di chuyén san pham mau xanh, mau vang
va mau do dugc trinh bay trong bang 5,
bang 6, bang 7.

Bdng 6. Géc quay ciia dong co khi lay va di  Bang 7. Goc quay ciia déng co khi ldy va di

chuyén san pham vang

chuyén san pham do

2 e Goc quay cia dong co P Goc quay cia djng co
Clcll’l:zerlr)gstn ; Stepl Step2 | Step3 Servo Clcl:’:z)t’erltl)ggtn : Stepl Step2 | Step3 Servo
(dé) | (trai) | (phai) (dé) | (tri) | (phai)
Ché d9 cho 90° | 20° | 50° | 0° Chédochy | 90° | 20° | 50° | 0°
i xubng 90° | 70° | 160° | 0° i xubng 90° | 70° | 160° | 0
Gap vat 120° | 70° | 170° | 180° | |Gép vét 1200 | 70° | 170° | 180°
Di lén 120° | 20° | 70° | 180° | [Dilén 120° | 200 | 70° | 180°
Quay trai 400 | 200 | 70° | 180° | |Quay trai 200 | 200 | 70° | 180°
Di xudng 60° | 50° | 150° | 180° | |Dixudng 60° | 50° | 155° | 180°
Nha vat 60° | 500 | 1500 | 0° Nha vat 60° | 50° | 155 | 0°
Vévitricho | 90 | 200 | 500 | 0 Vévitricho | 90° | 20° | 50° | 0
O cac bang 5, 6 va 7, quy trinh gap V. Két luin

va phan loai san phim duoc giit nguyén,
chi thay d6i cac gia tri goc tai budc quay
va dat vat. Su khéc bié¢t nay phan anh vi tri
khong gian khéc nhau cua tirng kho chura,
cho thiy hé théng di duoc hiéu chinh cy
thé. Ngoai ra, servo chi hoat dong ¢ thao
tac gap va nha, gitip don gian hoa hiéu qua
trong qua trinh diéu khién.

Qua céac két qua kiém tra danh gia
mo hinh cho thdy, camera da nhan dién
chinh x4c cic mau co ban va truyén dir
liéu 6n dinh vé Arduino. Cac dong co step
van hanh 6n dinh, sai s6 trong pham vi
+1°, khong tich lily theo goc quay, trong
khi dong co servo c6 kha nang kep, nha
vét chinh xac véi vong diéu khién kin.
Hién tuong rung ¢ bién do dugc khéc phuc
béang gii han pham vi 10°-170°. Nhu vy,
hé théng thiét ké hoat dong 6n dinh, dap
mg dugc nhiém vu phéan loai san pham
theo mau sic.

Nghién ctru da chi ra dugc qua trinh
thiét ké va ché tao mo hinh canh tay robot 4
bac ty do str dung Arduino Mega 2560 Kkét hop
v6i hé thong xtr Iy anh tir camera GENIUS
1000x. HE théng c6 kha nang nhan di¢n mau
sic san pham (xanh, vang, d6) va thuc hién
phén loai tyr dong thong qua su phdi hop cia
ba dong co step va mdt dong co servo.

Két qua thuc nghiém cho thay robot
hoat dong 6n dinh trong toan bg qua trinh,
tir nhan dién, gép vat dén di chuyén va dat
san pham vao dung vi tri twong tng. Dix
liéu tur thyc nghiém khfmg dinh robot co
thé di chuyén linh hoat tir vi tri chd dén
cac vi tri lam viéc theo tirng mau sic san
pham v&i d6 tin cdy cao. Két qua nay cho
thiy tinh kha thi va hiéu qua ctia mé hinh,
ddng thoi mé ra kha niang Gng dung trong
cac hé théng phan loai san phém tu dong
quy mo nhd va trung binh.
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RESEARCH OF A 4-DOF ROBOT USING ARDUINO
MEGA 2560

Trinh Thi Hau', Phan Van Hai', Dinh Khac Long', Tu Viet Hoang',
Trinh Bich Ngoc?

Abstract: The objective of this paper is to manufacture a 4-degrees-of-freedom robotic
arm using a stepper motor combined with a servo motor to classify products by color using
the GENIUS 1000x camera. GENIUS 1000x camera detects colors such as red, yellow, and
blue. The system is equipped with a laptop that displays the Arduino Mega 2560's output
to notify of detected colors. The process of moving products based on color is simulated by
three colored products: red, yellow, and blue. The robot arm will move to clamp the object in
a fixed position and move the colored products to the predetermined position. The software
used is Arduino IDE and PyCharm. Sort products with different colors using a GENIUS
1000x camera. The computer receives and processes information to classify colors using
PyCharm for analysis, and the results are then processed by an Arduino Mega 2560 using
mathematical algorithms in the Arduino IDE.

Keywords: Arduino Mega 2560, stepper motor, color classification, 4-DOF robot, image
processing
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