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TiCH HOP CAMERA XU¥ LY ANH VA ROBOT IGUS 5 BAC TU’ DO
VOl TRAM PHAN LOAI SAN PHAM THEO VAT LIEU MS4

INTEGRATION OF IMAGE PROCESSING CAMERA AND 5-AXIS IGUS ROBOT
WITH MS4 MATERIAL-BASED PRODUCT SORTING STATION

Nguyén Anh Diing*, Ngb Vin Vi
Truong Co khi, Pai hoc Bach Khoa Ha Noi

TOM TAT

Bai bdo nay nham muc dich giGi thiéu phwong phdp tich hop cdc thiét bi, cdc cum thiét bi
bao gom tram phdn loai san pham MS4 dwoc diéu khién béi PLC S7-1500, camera cong nghiép
don sac DMK 33GP031 GIGE va robot Igus 5 bac tu do nham tao ra mot hé thé’ng linh hoat, don
gidn, dong thoi két hop dwoc wu diém cia tirng thanh phan. Tram phdn logi MS4 sé thue hién phdn
logi san pham theo vit liéu trong khi camera sé thu thip hinh anh bé mdt san phdam va giri vé mdy
tinh. Cdc hinh anh thu duoc sé dwoc xu ly trén may tinh thong qua cac thudt toan xur ly anh va dua
ra dac trung vé bé mdt cing nhu vi tri cua san phcfm, tw do xac dinh duoc loai san phcfm va gui dir
lieu twong ung sang PLC thong qua giao thirc Modbus TCP. Robot sé dya vao tin hiéu nhdn duoc
tir PLC thuc hién gcfp san phcfm toi vi tri da chi dinh.

Tw khéa: PLC; Camera cong nghiép,; Robot, Xur ly anh; Modbus TCP.
ABSTRACT

This paper aims to introduce the method of integrating equipment and device clusters
including the MS4 product sorting station controlled by S7-1500 PLC, DMK 33GP031 GIGE
monochrome industrial camera, and 5-axis Igus robot to create a flexible and simple system while
combining the advantages of each component. The MS4 sorting station will sort products by
material while the camera will capture images of the product surface and send them to the computer.
The acquired images will be processed on the computer through image processing algorithms to
determine the surface characteristics and position of the products, thereby identifying the product
type and sending corresponding data to the PLC via Modbus TCP protocol. The robot will based on
the signals received from the PLC, grip the products to the designated position.

Keywords: PLC; Industrial camera; Robot; Image processing;, Modbus TCP.
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1. PAT VAN PE

Trong thoi dai cong nghiép 4.0, rat
nhiéu cic cong nghé hién dai da va dang duoc
ap dung vao trong san xuat. Cé thé ké dén nhur
cong nghé thi gidc may tinh, thi gidc robot, hay
cac thuat toan tri tu¢ nhan tao hoc may, hoc
su,... Cac cong nghé ké trén khi duoc 4p dung
trong san xuat sé tao ra cac hé thong hién dai,
thong minh, hi¢u suét cao va tiét kiém nguén
nhan lyc. Mot minh ching rd nhat cho diéu dé
la viéc tich hop cong nghé xu ly anh va canh
tay robot vao cac hé théng phan loai san pham
nham tao ra cac hé thong ty dong héa thong
minh v&i hiéu suat cao, dong thoi tiét kiém
dang ké nhan cong.

Mo hinh chuing t61 xay dung, tich hop bao
gém tram phan loai san phém theo vat liéu MS4,
camera cong nghiép don sic DMK 33GP031
GIGE va robot Igus 5 bac ti do. Pay déu 1a cac
thiét bi don 1¢ voi chirc nang riéng biét, nhung
khi két hop lai sé tao ra mot hé thong hoan thién,
linh hoat v6i chitc nang dugc mo rong. M6 hinh
duoc thé hién nhu trén Hinh 1.

Hinh 2. Su phén bo cdc phéi trén bang tai
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2. CAC THANH PHAN CUA HE THONG

Tram phan loai san phém MS4 [1] duoc
diéu khién bsi PLC S7-1500 véi nhiém vu 1a
phan loai san phém dua vao vat liéu cua chung,
cu thé la phan biét gitra vat liéu kim loai va vat
lidu nhua, sau d6 xy-lanh s& day phéi vao ranh
tuong tng trén bang tai nhu Hinh 2.

Camera duoc st dung trong hé thong 1a
camera cong nghiép don sic DMK 33GP031
GIGE [2]. Hinh 3 la camera cong nghiép va
ong kinh di kém.

F

Hinh 3. Camera cong nghiép va lens

Hinh 4. Cdc cong két néi ciia robot.

Hé thong str dung robot Igus Robolink®
RL-DCi-5S8-M [3] 05 bac tu do ¢6 cdu tao nhu
Hinh 1. Robot dugc diéu khién bang phan mém
di kem co6 tén 1a Igus Robot Control dugc cai
dat trén may tinh két ndi voi robot qua cong
ethernet. Bén canh do, robot c6 bén céng dau
vao DIn va bon dau ra Dout. Bén cong dau vao
s€ nhén tin hiu tir cac output cua PLC dé diéu
khién robot gip vat theo chi dinh trong khi cac
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cong dau ra dung dé dua tin hiéu dén cac thiét
bi ngoai vi nhu van khi nén dé diéu khién dong
mo co cu kep. Hinh 4 1 cac cong két ndi cua
robot.

3.XU LY ANH
3.1. Pic diém phoi

Hinh 5 1a vi tri cua céc phoi trén khung
hinh. Quan sat Bang 3 va Hinh 5, ta thay bé mat
cac phoi déu c6 dang dudng bao 1 hinh chir
nhat va bén trén trong dudng bao co sb lugng
16 khac nhau. Bén canh do, phoi bang nhom thi
nam bén trai khung hinh, va phoi bang nhya
nam ¢ bén phai khung hinh. Do véy, ta s& su
dung phuong phap tim du’ong vién dé tim vién
bao, dong thoi cling vai s6 lugng 16 trén bé mit
cling nhur vi tri ctia phoi trén khung hinh dé xac
dinh loai phoi twong tmg. Pé thuc hién dugc
cong vi¢e trén, ta s€ st dung thu vién xtr Iy anh
OpenCV [4].

Hinh 6. Anh nguyén ban tir camera

Hinh 7. Anh sau khi ap dung buée tién xir 1y

3.2. Tién xir Iy

Budc nay thong qua cac thao tic nhu
loc nhidu, tim canh, x6i mon va gidn nd dé bién
d6i hinh anh thu dwgc nguyén ban tir camera
thanh anh thich hop dé phuc vu cho thao tac
trich xuat duong vién & phia sau. Hinh 6 va
Hinh 7 lan luot 13 anh trudc va sau khi ap dung
budc tién xur 1y.

Sau qua trinh thir nghiém va diéu chinh,
chung t6i dua ra bo thong sé6 duoc ap dung
trong cac thao tac tién xur Iy anh phu hop nhét
v&1 mo hinh cta chiing t61 nhu Bang 1 va cho
ra két qua 6n dinh nhat nhu Hinh 7.

Bdng 1. Théng s6 lwa chon trong chicong trinh tién

xar Iy
I Tén tham sa | Ki higu trong chiromg trinh Gidtrj |
| Kich thurde ma irdn loc nhigu Gauss | 2121
Tham s6 minVal trong plnrong Thresholdl 170
phap Canny

Tham 56 maxVal trong plurong Threshold2 250
| phip Canny |

Tham so sickma cua him Gauss sickma 2

S0 lan l§p trong thao tac gidn nd iteradeli 3

56 lan 13p trong thao tic x6i mon iteragro 2

Hinh 8, Hinh 9 trinh bay mot s6 két
qua khi thay d61 mot so6 thong so trong Bang 1,
trong khi cac thong so con lai gilt nguyén.

Hinh 8. Két qua khi thay déi gid tri sickma ciia
phwong phdp loc Gaussian
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Hinh 9. Két qua ciia viéc thay doéi sé lan Idp trong
thao tdac xoi mon anh

3.3. Tim s6 duwdng vién

Ap dung cac phuong phéap tim duong
vién cua thu vién xtr Iy anh OpenCV, ta thu
duogc két qua vé sd luong dudng vién va tri tri
trén khung hinh tuong Gmg véi tirng loai phoi
nhu trong Bang 2. Do khung hinh ¢6 kich thuéc
1a 640x480 nén ta 14y mdc hoanh d6 & trung
tam.

Bdng 2. Két qua khi trich xudt ddc diém hinh dang
bé mat cua cac phoi
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3.4. Vong lap chinh

Pau tién, hinh anh s& duoc thu thap tu
camera, sau do thuc hi¢n cac ham xu ly da xay
dung, dya vao két qua nhan biét xem d6 1a phoi
gi, cap nhat bién dém sau dé guri tin hi¢u diéu
khién v6i PLC. Hinh 10 1a so do giai thuat cua
vong lap chinh trong chuong trinh xtr 1y anh.

(REGI)

Bitn TG ab.cd =0, 30 haomg <éc phoi blag
10, Kb tpo kit b OpestCV v cnssern,
Khiri tyo ket whi m y tink v PLC

CAMERA™_§
~ OPENED

27 | = = .
0 0 M " ¢ B
end_doa 2 plenion] | 0 snd et 2 ple00,10) AT ,mnm &0

Gl
send damn 2 ple(1,000)

;‘!) §T:_ s B {\ 8 O L] .> - .|\v\

Hinh 10. So do gidi thudt vong lap chinh chiong
trinh xuw Iy anh

4. KET NOI HE THONG

Camera s& thu thap hinh anh gui dén
may tinh dé xu 1y, sau d6 may tinh s& giri dir
liéu sang PLC va cudi cung PLC gui tin hiéu
dén DIn cua Robot Igus. Hinh 11 13 so d6 két
ndi céc thiét bi. Ta cai dat dia chi IP cho cac
thiét bi nhu trong Bang 3. Bang 4 thé hién dia
chi két ndi gitta cac cong cua PLC va robot.
Hinh anh tir camera gui dén may tinh théng qua
cap ethernet. May tinh truyén thong véi PLC
bang giao thitc Modbus TCP [5], trong d6 may
tinh duoc coi la Client con PLC duogc coi la
Server. Hinh 12 1 ciu hinh Modbus Server trén
PLC.
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Hinh 11. So dé két néi cdc thiét bi trong hé thong

Bang 3. Cai dat dia chi IP cho cac thiét bi trong

hé thong
Thiét bi Pia chi IP
May tinh 192.168.3.4
Camera 192.168.3.58
Robot Igus 192.168.3.11
PLC 192.168.3.25
g’ 'Z.‘IF'-‘Fﬁ =iy
ME_SERVER
EM ERD
a3 DR —
"o L FALSE™ e DR ONECT DA =
L il ERfCR —i
e M _HOLD_RES STATLE

“Connef METCP - EOMKECT

Hinh 12. Modbus TCP Server

Bdng 4. Két néi PLC va robot Igus

Output PLC DIn ciia robot Igus
Ql.1 DIn21
Ql.5 DIn22
Ql.6 DIn23
Ql.7 DIn24
Néi dat GND

Hinh 13 1a khéi tao két ndi client-server
gifra may tinh va PLC. Hinh 14 la chuong trinh
truyén dir liéu tir chuong trinh xtr 1y anh trén
may tinh sang PLC.

pLE_1p =
ple_part =
ellent = HodbusClient|heit=ple_Lp arL=ple_paie)

Hinh 13. Khéi tao két néi gita mady tinh va PLC

Fople(walo, wall, wald, wall):

el ient . apamni )

clisnt write_single_reglsterc] . wald)
elient .write _gingle_regleter( 1, walll
elient . write_slngle_reglater . waldd

client write_slingle_reglsteri 5. wald)
client.close(])

Hinh 14. Giri dit liéu tir may tinh dén PLC

Cac gia tri reg_addr: 0,1,2,3 trong hinh
14 tuong ung vdi cac value [0,1,2,3] trong
khéi ServerData. Ciing trong Hinh 14, cac
gia tri val0, vall, val2, val4 1a cac gia tri )
nguyén ma ta mudn giri &én cac value (cac gia
tri nguyén ma ta gui di ¢ day la 0 hoac 1). Cac
value [0,1,2,3] trong khdi ServerData s& tuong
(g v6i bon loai phoi. Khi phat hién ra loai phoi
nao, gia tri 1 s& dugc giri dén va luu vao value
tuong ing voi phoi do, dong thoi cac value con
lai s€ nhan gia tri 0.

Déi vé6i viee két ndi gitra PLC va robot
Igus, ta s€ so sanh gia tri cac value vdi 1, value
nao co gia tri bang 1 thi PLC s& xudt tin hiéu ra
output truyén dén DIn twong tng trén robot va
robot sé& tién hanh gap loai phoi tuong tng véi
value d6 vé diing vi tri.

5. THU'C NGHIEM

Qua trinh hoat dong cia mo6 hinh da
dugc ghi lai trong video dinh kém trong link:
https://drive.google.com/file/d/1icrOSIISKMGn
SaXE9z1DeJStgf9ahxNw/view?usp=drive link
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Bdng 5. PJ chinh xdc trong qud trinh phan loai ciia hé thong

Truong hop da hi¢u
chuan (chi su dung dén

Str dung thém den
chiéu sang mau trang

Str dung thém deén chiéu
sang mau do cong suat

Truong h . . . p 1
1P chiéu sang phong thi cong suat 48W chicu 48W chiéu lén bé
nghiém) 1én bé mat phoi mit phoi
Loai phoi S6 lan S6 lan S6 lan S6 lan S6 lan S6 lan

oat phot thwe | nhandién | thuc | nhandién | thuc | nhandién
nghiém chinh xac nghiém | chinh xac | nghiém chinh xac
Phéi nhoém 2 16 50 50 (100%) 50 42 (84%) 50 45 (90%)
Phéi nhoém 3 16 50 50 (100%) 50 46 (92%) 50 47 (94%)
Phoi nhya 0 16 50 50 (100%) 50 50 (100%) 50 49 (98%)
Phoi nhya 1 16 50 50 (100%) 50 23 (46%) 50 44 (88%)

Cac Hinh tir 15 d&n 20 miéu ta cy thé vé
qué trinh hoat dong cua hé thong. Bang 5 trinh
bay do chinh xac ctia qua trinh hé thong hoat
dong trong mot sd trudng hop thay doi didu

kién v€ anh sang.

Hinh 16. Robot tha phéi nhiea 1 16 vao khay

b
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Hinh 19. Robot tha phéi nhém 2 16 vao khay &
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Hinh 20. Robot tha phéi nha khéng 16 vao khay
6. KET LUAN

M0 hinh cua ching t6i1 tuy stir dung cac
thiét bi don gian, riéng r& nhung khi tich hop
lai da tao ra mot hé théng linh hoat va hi€u qua.
Hé théng nay minh hoa mdt cach ro nét vé mot
hé théng tu dong hoa linh hoat, hién dai voi sy
két hop cua nhiéu module, nhiéu linh vuc, tir
d6 cung cap cai nhin ddy du vé mot hé théng

tu dong hoa, dong thoi 1a co s¢ phat trién mot
tu duy hé thng hoan thién trong viéc xdy dung
cac mo hinh ty dong hoda san xuét hién dai, bat
kip su phat trién cua thoi dai cong nghé 4.0,
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