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TOM TAT

Nghién citu nay trinh bay viéc xdy ding va kiém chitng mot hé thong truyén théng PROFINET
Real-Time (RT) nham diéu khién phoi hop hai robot SCARA KUKA KR6 R700 Z200 sir dung PLC
SIMATIC S7-1200 trong mot cell lam viéc co bang tai chung. Hé thé'ng dwoc trién khai dua trén
kién triic PROFINET véi PLC déng vai tro 10-Controller va cdc robot SCARA hoat dong nhu 10-
Device, giao tiép thong qua bé diéu khién KRCS micro va giao dién Auto-External. Qud trinh cdu
hinh dwoc thiee hién bang phan mém TIA Portal va KUKA WorkVisual, bao gom nhdp tép GSDML,
dnh xa tin hiéu I/O chu ky va thiét ldp thoi gian cdp nhdt mang. Co ché diéu phoi dua trén token
trong PLC dwoc sir dung dé dam bdo hai robot vdn hanh ludn phién, tranh chong lan ving lam viéc
va duy tri thong lwong on dinh. Hiéu nang hé thong dwoc danh gid théng qua phép do dé tré khir hoi
(ping-pong) va phdn tich telegram PROFINET RT bang Wireshark. Két qua cho thdy dé tré truyén
théng trung binh khodng 8 ms va jitter nhé hon 2 ms trong qud trinh van hanh dong thoi cia hai
robot. Cdc két qua nay chimg minh rang PROFINET RT cung cdp kha ndng truyén théng mang tinh
quyét dinh va di do on dinh dé diéu phoi nhiéu robot SCARA trong cdc cell san xudt nhé gon.

Tw khéa: PROFINET RT; Ethernet cong nghiép; Robot SCARA; KUKA KR6 R700 Z200;
PLC SIMATIC S7-1200, Diéu khién phoi hop robot; Truyén thong thoi gian thuc.

ABSTRACT

This study presents the implementation and validation of a PROFINET Real-Time (RT)
communication system for the coordinated control of two KUKA KR6 R700 Z200 SCARA robots
using a SIMATIC S7-1200 programmable logic controller (PLC). The experimental cell consists
of two SCARA robots sharing a conveyor workspace and communicating cyclically with the PLC
through PROFINET. The robots operate in Auto-External mode, allowing the PLC to manage
their execution states using a small set of deterministic I/O signals such as DRIVES ON, MOVE _
ENABLE, and EXT START, while the robot controller handles motion planning internally. The
system is configured using TIA Portal and KUKA WorkVisual, including GSDML integration,
device naming, and cyclic 1/O mapping. A token-based coordination strategy implemented in the
PLC ensures that the robots operate sequentially and avoid workspace conflicts while maintaining
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stable throughput. System performance is evaluated using a PLC-based ping-pong latency test and
PROFINET RT telegram analysis captured with Wireshark. Experimental results show an average
round-trip latency of approximately 8 ms and network jitter below 2 ms during simultaneous
robot operation. These results demonstrate that PROFINET RT provides sufficiently deterministic
communication to support reliable coordination of multiple SCARA robots in compact industrial

automation cells.

Keywords: PROFINET RT; Industrial Ethernet; SCARA robot; KUKA KR6 R700 Z200;
SIMATIC §7-1200 PLC; Coordinated robot control; Real-time communication.

1. GIOI THIEU CHUNG

Robot SCARA dugc timg dung pho bién
trong cac khong gian san xuat chat hep don
gian boi vi chiing di chuyén rat nhanh va khong
doi hoi nhiéu dién tich. Hinh hoc ciia ching
don gian, truc thang dung c6 do cimg cao va
khong gian 1am viéc ngang pht hop voi hau hét
bd tri bang tai hodc dd ga. Nhitng dic diém nay
khién chiing phui hop véi cac tram lap rap, day
chuyén déng goi, nap PCB va céc tac vu pick-
and-place lap lai lién tuc trong ngay [1].

Khi hai hodc nhiéu robot SCARA vén
hanh trong ciing mot khu vue, van dé thoi gian
tréd nén quan trong hon nhiéu so voi du doan;
chi vai mili-gidy tré cling c6 thé dan dén bo sot
chi tiét hodc chong 1an khong gian 1am viéc —
mot hién tuwong da dugc ghi nhan trong céc cell
san xuat da robot [10]. Nhiing sai léch nhu vay
thuong khé nhan thiy trong cic thir nghiém
ngén nhung c¢6 xu huéng tich lity trong cac chu
ky van hanh dai, khién yéu cau 6n dinh thoi
gian tr¢ nén ngay cang quan trong.

Ethernet cong nghiép da thay thé phan
16n cac hé théng fieldbus cii trong cac day
chuyén hién dai. Biang thong tang va kha ning
chan doan 13 rang hon gdp phan vao su chuyén
d6i nay, nhung uu diém c6t 16i nam ¢ kha ning
truyén thong chu ky du doan duoc [8], [12].
Trong mdi truong str dung thiét bi Siemens,

PROFINET la lya chon mic dinh, cung cip chu
ky cap nhat & mirc mili-gidy va cau trac I0-
Controller/IO-Device don gian [6]. V&i chu ky
lap ngan, robot SCARA phoi bay rat rd cac sai
1éch truyén thong nho: jitter mang thudng biéu
hién dudi dang I¢ch nhe ¢ thoi diém kich hoat,
khép véi cac két luan trong nhitng nghién ctru
vé Ethernet thoi gian thuc [9], [11]. Do d6, duy
tri truyén thong mang tinh quyét dinh 1a diéu
thiét yéu dé dam bao hai robot hoat dong nhét
quén khi lam viéc canh nhau. Su khac biét gitra
gia dinh thoi gian trong 1y thuyét va hanh vi
thuc té trén san san xuét chinh 1a dong luc cua
nghién ctru nay.

Robot KUKAKR6R700Z200 SCARA,
su dung bd diéu khién KRC5 micro nho gon.
Ché d6 Auto-External ctia né cung cip tap
6 dinh céc bit 1énh va trang thai PROFINET
— DRIVES ON, MOVE ENABLE, EXT
START, READY, RUNNING, DONE - cho
phép PLC diéu khién tién trinh trang thai ni bo
ma khong can thi€p vao tinh todn quy dao [2],
[16]. Viéc phan chia trach nhiém — PLC xt ly
chudi logic con bo diéu khién robot xur Iy 1ap ké
hoach chuyén dong — phu hop véi cac khuyén
nghi tich hop PROFINET [3], [5].

Mac du PROFINET dugc st dung rong
rdi trong cong nghi¢p, tai liéu moé ta qua trinh
cua hai robot SCARA khi chia sé cung mdt

bang tai va cung phan tng vdi tin hi€u thoi &
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gian tir PLC vAn con han ché. Phan 16n tai liéu
chi d& cap thoi gian Ethernet & mirc tong quat
hodc tap trung vao cac phuong phép do luong
cu thé [8], [11]. Trong khi d6, su tuong tac chi
tiét gitra thoi gian cap nhat PROFINET, jitter,
hanh vi cta trinh diéu khién PNIO va may trang
thai Auto-External cia SCARA hiém khi duoc
mo ta truc tiép. Trén thuc té, chinh cac chi tiét
nay quyét dinh viéc robot c6 nhan dung timg
chuyén trang thai hay d6i khi bo sot canh xung
— mdt van dé dic biét quan trong trong cell hai
robot, noi ca hai bo thao tac phai phan hdi nht
quan ma khong bi I¢ch theo thot gian [9].

Trong nghién ctru nay, mdt mang
PROFINET RT duoc xay dung bang hai robot
KR6 R700 Z200 va mot PLC S7-1200 dong vai
tro IO-Controller. Cac budc ky thuat trong TIA
Portal va WorkVisual bao gdm gan tén thiét bi,
tai t¢p GSDML, chon tham s6 PNIO, 4nh xa
/O Auto-External va thiét 14p uvu tién & tang
Ethernet theo huéng dan PROFINET [3], [6],
[7]. M6t co ché cap quyén dua trén token trong
PLC quyét dinh robot nao duoc phép bat dau
chu ky trude, bao dam tach biét vat 1y va tranh
can thiép 1an nhau trong ving lam viéc chung.

Hinh 1. Workspace — Hai robot SCARA KUKA
KR6 R700 Z200.

Hanh vi thoi gian duge danh gia bang
thir nghiém ping-pong dua trén PLC va phan

tich goi tin bang Wireshark — nhitng phuong
phap phu hop véi cac tiéu chuan danh gia hiéu
ning Ethernet thoi gian thuc [11], [12]. Két
qua thu dugc dat ky vong: thoi gian cap nhat
nam trong khoang 4-8 ms theo khuyén nghi
PROFINET RT, va jitter duy tri dudi khoang
2 ms ngay ca khi ca hai robot hoat dong.
Nhitng phét hién nay cho thiy mot hé thong
PROFINET RT duoc thiét ké dung ky thuat
la du dé diéu phdi hai robot SCARA van hanh
trong cell nho, c6 dd nhay cao véi thoi gian.
Chiing ddng thoi 1a tai liéu tham khao hiru ich
cho cac k¥ su trién khai nhitng hé théng twong
tu va goi ra cac hudng phat trién tiép theo nhu
PROFINET IRT, lap lich TSN hoic chién lugc
didu phdi nang cao hon [15]. Trong cac thu
nghiém so bg, anh hudng cua viéc I¢ch thoi
gian bang tai dic biét rd rang, cang cing c¢b nhu
cau vé mot nén tang truyén thong duoc kiém
soat chat ché.

2. PHUONG PHAP NGHIEN CUU

Nghién ctru dugc thuc hién thong qua
viéc xdy dung mot cell robot thuc nghiém
gém hai robot SCARA KUKA KR 6 R700
7200 dugc diéu khién boi PLC SIMATIC
S7-1200 théng qua mang truyén thong cong
nghi¢p PROFINET RT. PLC dong vai tro 10-
Controller, trong khi mdi robot hoat dong nhu
mot 10-Device thong qua bo diéu khién KRC5
micro va driver PNIO tich hop [2], [3], [4].
Mo hinh nay cho phép PLC gt céc tin hi¢u
diéu khién Auto-External nhu DRIVES ON,
MOVE ENABLE va EXT START, dong
thoi nhan cac trang thai phan hdi READY,
RUNNING va DONE tu robot theo chu ky
truyén thong thoi gian thuc [16]. Qua trinh ciu
hinh hé théng duoc thuc hién bang TIA Portal
V16 va KUKA WorkVisual. Tép GSDML cua
robot dugc nhap vao moi truong TIA Portal dé
thiét 1ap thiét bi PROFINET, gan tén thiét bi
bang DCP va céu hinh chu ky cap nhat trong
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khoang 4-8 ms theo khuyén nghi cua tiéu
chuan PROFINET RT [5], [6], [7]. C4c tin hiéu
Auto-External dugc anh xa vao vung nhd 1I/0O
chu ky cua PLC, trong khi phia robot cAu hinh
driver PNIO dé dam bao sy twong thich giita
bit diéu khién PLC va mAy trang thai ndi bd
ctia robot [2], [3]. DPé kiém ching hiéu ning
truyén thong va do 6n dinh thoi gian cta hé
thdng, hai phuong phap do duoc ap dung. Thu
nhét, thir nghiém ping-pong 1/O dya trén PLC
duogc str dung dé do do tré khir hoi cua kénh
PROFINET gitta PLC va robot. Thur hai, cong
cu Wireshark duoc str dung dé thu thap va phan
tich cac frame PROFINET RT nhiam danh gia
jitter cua telegram theo thoi gian. Cac phuong
phép nay tuadn theo cac quy trinh danh gia dac
tinh thoi gian thyc cia Ethernet cong nghiép da
dugc dé xuat trong cac nghién ctu trude [9],
[11], [12]. Dit li¢u thu thap tir cac phép do duoc
sir dung dé danh gia tinh quyét dinh cuia truyén
thong PROFINET RT va kha ning phdi hop
gitra hai robot SCARA trong mot cell 1am viéc
chung.

2.1. Xay dung mo hinh

Mo hinh nghién ctru dugc xdy dung
dudi dang mot cell robot cong nghiép gdom
hai robot SCARA KUKA KR 6 R700 Z200
hoat dong phdi hop trén cing mot bang tai,
duogc diéu khién tap trung boi PLC SIMATIC
S7-1200 théng qua mang truyén thong cong
nghiép PROFINET RT. Trong kién tric nay,
PLC dong vai tro IO-Controller, thuc hi¢n
logic diéu khién trinh ty va giri cac tin higu
diéu khién dén robot theo chu ky truyén thong
thoi gian thuc. Mdi robot SCARA duge trang
bi bd diéu khién KRC5 micro, hoat dong nhu
mot [O-Device trong mang PROFINET va trao
d6i dir liéu chu ky thong qua driver PNIO tich
hop [2], [3], [4]. Hai robot SCARA duogc bd tri
& hai phia ctia bang tai dé thuc hién céc thao tac
pick-and-place luan phién. Do dic diém hinh

hoc phing ctia robot SCARA, ving lam viéc
ctia hai robot ¢ thé chong 14n mét phan, vi vay
hé théng can co ché didu phdi thoi gian dé dam
bao khong xay ra va cham trong qué trinh van
hanh [1], [10]. PLC giam sat céc tin hi¢u trang
thai ctia robot va cam bién bang tai dé quyét
dinh robot nao dugc phép bat dau chu ky tiép
theo. Trong h¢ thong, giao tiép diéu khién giita
PLC va robot dugc thyc hién thong qua ché do
Auto-External ctia by diéu khién KUKA. PLC
guri cac tin hiéu diéu khién nhu DRIVES ON,
MOVE ENABLE va EXT START, trong
khi robot phan hoéi cic trang thdi READY,
RUNNING va DONE theo chu ky PROFINET
RT [16]. Co ché trao di tin hiéu nay cho phép
PLC diéu khién tién trinh thyc thi chwong trinh
robot ma khong can thiép truc tiép vao thuat
toan 1ap ké hoach chuyén dong bén trong bod
diéu khién robot [2]. Toan by hé théng duoc
két ndi thong qua mot switch Ethernet cong
nghiép hd trg PROFINET, tao thanh topo hinh
sao gitra PLC va hai robot. Kién trac nay gitp
giam d tré truyén thong, han ché jitter do tic
nghén hang doi va dam bao chu ky truyén
thong 6n dinh theo khuyén nghi cia tiéu chuan
PROFINET [6], [7], [12]. M0 hinh cell thuc
nghiém nay tao nén tang dé danh gia tinh quyét
dinh cua truyén thong PROFINET RT ciing
nhu kha nang phdi hop giita hai robot SCARA
trong mot moi truong san xuit tu dong.

Hinh 2. M6 hinh cell thic nghiém gom hai robot
SCARA KUKA KR 6 R700 2200, PLC SIMATIC

§7-1200 va mang truyén thong PROFINET RT. &
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2.2. Thiét bi thue nghiém

Hé théng thuc nghiém dugc xay dung
tir cac thiét bj ty dong hoéa cong nghiép tiéu
chuin nhim dam bao kha ning van hanh 6n
dinh va phu hop véi moi trudng truyén thong
PROFINET thoi gian thwc. Cac thanh phan
chinh cua hé théng g@)m robot SCARA, bo
diéu khién robot, PLC diéu khién trung tdm, ha
tang mang cong nghiép va cac thiét bi hd tro
cau hinh — giam sat. Robot duoc sir dung trong
nghién ctru 1a KUKA KR 6 R700 Z200, mot
robot SCARA bdn truc duoc thiét ké cho cac
tac vu pick-and-place toc do cao trong cac day
chuyén lap rap va dong goi cong nghiép [1].
Robot c6 vung lam vi¢c ngang rong, do cung
cao theo phuong thang dung va kha nang lap lai
chinh xac, phu hop cho cac tng dung thao tac
lap lai trén bang tai. Mdi robot dugc diéu khién
boi bd diéu khién KUKA KRCS micro, tich
hop giao dién PROFINET PNIO cho phép trao
d6i dir liéu chu ky véi PLC thong qua cac tin
hiéu Auto-External [2], [3]. Bo diéu khién trung
tam ctia hé thong 1a PLC SIMATIC S7-1200
CPUI1214C, dong vai tro 10-Controller trong
mang PROFINET [4]. PLC thuc hién cac chtic
nang diéu khién trinh tu, xtr 1y tin hi¢u cam bién
bing tai va didu phdi hoat dong cia hai robot
thong qua cac tin hidu diéu khién DRIVES_ON,
MOVE_ENABLE va EXT START. Dong thoi
PLC nhén céc trang thai phan hdi nhu READY,
RUNNING va DONE tir robot dé xéac dinh
trang thai thyc thi ctia ting chu ky lam viéc
[16]. Ha tang truyén thong duoc xay dung dua
trén mang Ethernet cong nghiép PROFINET
RT, trong d6 PLC va hai robot dugc két ndi
thong qua mot switch Ethernet cong nghiép ho
trg QoS va LLDP nham dam bao truyén thong
chu ky 6n dinh va giam thiéu jitter trong qua
trinh van hanh [6], [7]. Ngoai ra, m0t mdy tinh
k¥ thuat duoc sir dung dé céu hinh va giam sat
hé théng thong qua phan mém TIA Portal V16
va KUKA WorkVisual, dong thoi thyc hién thu

thap dir lidu truyén thong bang cong cu phan
tich goi tin Wireshark [5]. Tap hop céc thiét bi
trén tao thanh mot nén tang thi nghi¢ém hoan
chinh cho viéc danh gia hiéu nang truyén thong
PROFINET RT va kha ning phi hop giita hai
robot SCARA trong mdi truong cell robot cong
nghiép.

3. KET QUA VA THAO LUAN

Phan nay trinh bay cac két qua thuc
nghiém khi danh gia hé thong truyén thong
PROFINET RT va chién lugc diéu khién phéi
hop hai robot SCARA KUKA KR 6 R700
Z200. Phan tich tap trung vao cac chi s6 chinh
gom do tré truyén thong, jitter cia telegram
PROFINET va hiéu ning phdi hop giita hai
robot trong cell thi nghiém [9], [11], [12].

3.1. Két qua d9 tré khir hdi

Do tré khr hoi (Round-Trip Latency —
RTL) dugc do bang thir nghiém I/O ping-pong
trén PLC véi cac chu ky cap nhat 4 ms, 6 ms va
8 ms.

O c4u hinh 4 ms, hé thong dat:

* RTL trung binh: 7.9 ms;
« RTL nho nhét: 7.2 ms;
* RTL 16n nhét: 9.1 ms.

Két qua cho thdy do tré truyén thong
on dinh va phu hop véi déc tinh hoat dong cua
PROFINET RT trong cic hé théng Ethernet
cong nghiép [6], [7]. Trong sudt qua trinh thir
nghiém khong ghi nhan hién tugng mat phan
hdi hodc ting dot bién do tré.

3.2. Phan tich jitter

Phan tich hon 200.000 telegram
PROFINET RT bang Wireshark cho thay:
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« Jitter trung binh: 0.42 ms;
* Jitter p95: 1.28 ms;
* Jitter p99: 1.84 ms.

Céc gia tri nay nam trong gi6i han yéu
cAu cho cac ung dung robot SCARA tde do cao,
von can jitter dudi khoang 2 ms dé dam bao
ddng bo tin hiéu diéu khién [10], [12]. Khi bo
sung luu lugng nén, jitter ting nhe nhung van
nam trong pham vi chap nhan dugc.

PROFINET RT jitter over time
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2.51 Mixed traffic
‘ Stress condition

2.0 4
1.5 4

104

Interarrival jitter (ms)

0.5 1
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Hinh 3. Dong thoi gian jitter cua cac telegram

PROFINET RT mé phong.
CDF of PROFINET RT jitter
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Hinh 4. Ham phén phdi tich lity (CDF) ciia jitter
PROFINET RT.

3.3. Do toan ven tin hiéu diéu khién

Cac tin hiéu Auto-External duoc theo
doi bang PLC trace cho thay:

* EXT _START dugc robot nhan trong 1-2 chu

ky PROFINET;

« DONE phan hdi ngay sau khi robot hoan tat
chuyén dong;

« RESET dua robot vé trang thai READY trong
2-3 chu ky.

Khong ghi nhéan sai 1éch trinh tu diéu
khién, cho thay su dong b tdt gitta PLC va bod
diéu khién robot [2], [4].

3.4. Hiéu ning phoi hop hai robot

Chién lugc diéu phéi dua trén token va
mutual-exclusion cho phép hai robot hoat dong
luan phién ma khong xay ra xung dot vung lam
viéc. Trong 15 phut van hanh lién tuc, hé théng
dat:

« Tong s6 chu ky: 1780;
* B bién thién chu ky: < 2.5%;
* EXT START bi bo 15: 0.

Thong luong dat 118-122 chu ky/pht,
tuong duong cac hé SCARA cong nghi¢p st
dung bang tai [10].

4. KET LUAN

Nhu vay, nghién clru nay da xay dung
va kiém ching dugc hé thdng truyén thong
PROFINET Real-Time (RT) diéu khién phdi
hop hai robot SCARA KUKA bang PLC S7-
1200 trong hé thong lam viéc ¢ bang tai. Hé
théng str dung kién trac I0-Controller (PLC)
va 10-Device (Robot), dugc cau hinh qua TIA
Portal va KUKA WorkVisual v6i co ché diéu
phéi bang token dé tranh va cham. Két qua thyc
nghiém cho thay hé thong van hanh 6n dinh voi
do tré trung binh dat khoang 8 ms va jitter < 2
ms. Piéu nay da chimg minh PROFINET RT
hoan toan dap ng tinh quyét dinh va do tin cay
cao cho viéc diéu phdi da robot trong cac hé
thdng san xuat nho gon. %
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