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FJ % iy EPICS ( experimental physics and industrial
control system) SZ I W5 2R 45, # £ 485 AU &I
BT Wk I 4 B KT R RIRAE M4 R 5

BEXF L ARIAE AR SCHESE T B/S B9 H5 2 2 vify
WP BRI T, A o FH R A AR SE 3, J i ]
{&79# 1 Spring Boot HEZLFE # , A M 45 i) 7 & th iz
BT A A 5G BEA L L, 32 % il 4 i USB 3K
SFEFF IR 5G B4, f T 2 BA S 28 DU A% i ( mes-
sage queuing telemetry transport, MQTT) P3G T 5G
W 2 55 0] L 25 e 55 e A T R0 22 1, OF HAE A Cod-
esys IDE B T—A Pou /SHilliz sh 5256 & T RE AN
WEB i s AL B3 T 5G 5 B B 2 iy 7S iz 552
-5 RS .

1 RAEEEER

1.1 REEMHIEZR

Wit RGEREPFHESR AN 1 Fs . N This she s
FEH 6 AL 6 A IREK 3N 2% 4 A, Hhiz sl 1
il gl it EtherCAT V2R % 4 {5 5 2I4r] i 3K 2l 2 4%
FIHRALAIZZ) . 12 S H 2L H Cortex-A8 N %0
9 Tl 326 MCU™ AM335X S8 1, iz s il 2% 22
BT Linux #8E RS IF7E Linux 248 1453 Codesys
Runtime ZZEA Y, T A FEK PLC, 6 W38 43R H
MH5000-31 5G #5¢4  fid 3 A RETf Hifi A2 A 56
AP 55 SIM RAET 5G A a5 %A 56 M
2 T AMIERT- 6 5 = M55 f 8s 5% s
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1 EERGRE G ELRE

A BB AE M55 % L, F P 3E ah ) E 2 U [ R
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B V- 5 HE HL s B o AT B Ak ST B R

54 BIA 7 0 F &, F 5 B WEB Rij 3 77 187

Spring Boot HEAL 5 i . MQTT % 1 3 F11 I 55 i 2 1l

N7 RS RIR Y [0 A A, WEB A3 {4 FH Nginx' ™

HRETE = RS #% I, Spring Boot J& %t 3= 5 1 77 Ab B Y
i) AJAX (asynchronous JavaScript and XML) K .

A -5 40 5G B RS sl A%, 18

A i 4T AR HE T MQTT % 7 i | Codesys

Runtime 5[ 5519 Linux &4t, T Codesys Runtime
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I MQTT % = diigJ& T AW A 2R, Bt LLiz g4l 4%

I B A A R S TR 55, o 3 AR S
Codesys Runtime [1] 2252 N £ 5 A L5075 W8 17
Beyn i I =2 N A7 B S5 6 B S 4R 2
MOQTT 7% 7 i AL ?V\]ﬁ*b&bﬂ&%ﬁ%ﬁﬂh%
?Uzﬁﬁ%ﬁ@i%?ﬁxﬂﬁ%ﬁk%%% SHAILEN
1, Codesys Runtime Pou T F2if i EtherCAT &
LRI 25 45 SR IR AR Sl 25 S S S - iz
S ThRE

2 KA T 6 Rt

A& EEAATE 56 B iz sh a4
PIRHR Y, 45 USB SRS L 57 5G #4512 8)
g 0 T, B A MQTT WSl AE iz sl 4 il 4% v
3. MQTT % ¥
2.1 M USB RHHE

A A 5 5 2 vl 55w A T 8008 52 H R i
PEEARMIEGRIFEHA I, BT 56 #Hd iz
B a i USB Zeie iz, e LAl B0 75 B dn 5
Linux 4% USB 3Kl A S FI Y2 Linux-3.2. 0
¥, % 56 B I A AR I B He4S, 75 BT A T i
CDC 3Rz Al ECM 3XshifF AT, FES T,

(1) 7 linux _ sre/include/linux/usb. h %
I

(2) 7 linux
{4 usb  device
TR A s 0y 1D,

(3) 7 linux
wwan. ¢ "IN bedUSB {HAIAER VID fHAE X,

(4) linux _ src/drivers/usb/serial /usb _ wwan. ¢
S ush  wwan  write RRZCS X AL A0 T

USB SR & 2l f5 T3 2 S R G, TR RS
Hh i B tyUSBO L ttyUSB1 | ttyUSB2 A1 ttyUSB3 4 /™ i
H 378 5G B #aR, anldl 3 Fios,

B AR 5 B AS 1)ty USBI 42 111 & 3%

TR A AR T 5 SC D, B A B S
eI

echo “AT + COPS =0” > /dev/ttyUSB1

sleep (1)
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sre/ drivers/usb/serial/option. ¢ 3C
Cids[ 1/ ID B F G0

id option

sre/drivers/usb/serial/usb

echo “AT"NDISDUP =1,1,” >/dev/ityUSB1

sleep (1)

dheped -i ethO

AR A RS R 2% Rk S R
st dheped /75 302 1P Hohk FH T B RIETH],
ARHAERF 5 IEF AR Sh A5 1P dihk, ikl 4 R,
IP 24 169.254.129.250,

usb 1-1.4: new high-speed USB device number 3 using musb-hdrc

usb 1-1.4: New USB device found, idvendor=12dl, idProduct=15c3

usb 1-1.4: New USB device strings: Mfr=12, Product=13, SerialNumber=14
usb 1-1.4: Product: HUAWEI_MOBILE

usb 1-1.4: Manufacturer: HUAWEI_MOBILE

usb 1-1.4: serialNumber: 6870220212000233

cdc_ether 1-1.4:2.0: eth2: register 'cdc_ether' at usb-musb-hdrc.1-1.4,
option 1-1.4:2.2: GSM modem (l-port) converter detected

usb 1-1.4: GSM modem (1-port) converter now attached to ttyusB0
option 1-1.4:2.3: GSM modem (1-port) converter detected

usb 1-1.4: bSM modem (1-port) converter now attached to ttyUSB1

option 1-1.4:2.4: GSM modem (l-port) converter detected

usb 1-1.4: GSM modem (1-port) converter now attached to ttyUSB2
option 1-1.4:2.5: GSM modem (l-port) converter detected

usb 1-1.4: GSM modem (1-port) converter now attached to ttyUSB3

net ethl: CPSW phy found : id is : 0x4dd072

3 5GEARERARFEER

dhcped[1073]: canO: up_interface: Invalid argument
dhcpcd[1073]: all: 1Pvb kernel autoconf disabled
dhcpcd[1073]: usb0: IPv6 kernel autoconf disabled
dhcpcd[1073]: ethO: IPv6 kernel autoconf disabled
dhcpcd[1073]: ethl: IPv6 kernel autoconf disabled
dhcped[1073]: eth2: 1IPv6 kernel autoconf disabled
dhcpcd[1073]: eth0: waiting for carrier

dhcpcd[1073]: ethl: waiting for carrier

dhcpcd[1073]: usb0: using IPv4LL address 169.254.129.250
dhcped[1073]: ust adding host route to 169. ’54 129.250 via 127.0.0.1
dheped[1073] : b0: adding route to 169.254.0.0/16
dhcpcd[1073] : forked to background, child pid 1083

214 dheped REFEFIPER

2.2 MOQTT & Figi&it

MQTT & —Fp T KA /1T B3 =0 B U,
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IR IE MQTT YA AL 3RAS s A 5 K sl A
BRI A B B4 H 45 1Y Linux REEH
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TER AT 4’5 Publish( ) AL, R EZH T
SCPEBRAG SRR AT £d, Write () pRECHE T fd T4
BISCHFI HE AKE, BB MQTT A stk | 3=
P kAR B SRS mosquitto  pub s
W R AT RN 55 # , TH E AT LR AN TE 6 R

HIEEAMQTT
y
Open();¥TFF 3 MOTT%:
AR T QITRAH SR
Write(); 8 it 3044
IRFFEAS NHE

Ele HEAXMREE

(3)H BT T HE IR 55 i A A B9 TH B
FEIT B 2 7 o fd FH mosquitto _ lib _ init ¥ 47 4k
MOQTT Sy 580 H WA o5, 4T 7 S 2 A7 T
W BRI N A, 3 mosquitto _ subscribe 1T
Be B, B 1T 1 2N e AL S N AF 7 8 Codesys
Runtime ZRAGEHE . HEIT RV ANE 7 iR

( Tk )
v
‘ mosquito_lib_init() FI4H1L |
L
| rwan |

Mosquito_subscribe 1T [ £ |
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=
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v
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7 HRIVTRRER

2.3 #HEEWNEZERNE

Linux #EFEE] A0 15 247 3 Fh, B EE1F
HEZE i fF At N R, BEEER R T8
AR, T R 28 o B R IR T4 T kR  H (R B
ST EAMY CPU [y ], = oy 77 ) 22 o
DCEARACHR B, R S, Pt [FEE R, AR
Gk AL NAE I 7 5 B MQTT % 7 3 Al Code-
sys Runtime 1% 38 804 . He 52 9 A7 (9 Q1 8 5 S
Shm  open BJFILZANLE IRJ5 Firuncate H T E X
HEZNFFRI RN )i Mmap FRAFILZZ ARG ik,
TIEEHE R ORI S A, R AEZ5 HS 6 Close
munmap Fl shm  ulink JCHFBE AL N L7, SLE
PAFRI R AN ] 8 7

Shm_openfll I Z AT

v

Ftruncate  #7 & L HLE RN

v

Mmap3R 3 JL = 7 bk

v

B NI B T SR

v

Close. munmap- shm_unlink3< ] P 7R U IR

&R

B8 H=NFEIERER

2.4 BEINAHIEFHLIETF A Pou TIE

1t Codesys JF A ¥ 5E N 2T PLCopen FL3E R H
ST i 5 LA M Codesys SoftMotion $2 ik it )y fig e % i1
ANHSEET SRR . 7E Codesys IDE PR3 T £
37—~ Standard Project, 7E01 H H1 R MINIZ sl 45 il 4%
45 LA M EtherCAT Master %45 , EtherCAT Master
NN 6 4> LiWei  SMD002 X HLHLEE A FH T1E 5
B FIRIKSN#% , Z S5 U Pou FRITIHEH] ST 155
AT AR BT M AR Y .

Pou F.7T H [81 2 v B R Bl P A4~ D R 4K, [
T Home Rl T MC  MoveAbsoulte FHt S BY |
3 o TR IR R | R RE AR T 7 A F AL AT B 4
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TERINLE , ACEIRFE 2R T SMC _ FollowPosi-
tion BEHOR LI, I MR fSetPostion [1E {H FELAL
BATRIAN L E BT LL L T5 BLAf fSetPostion AY{H
g FEE 5% A8 40 BRI AT o B3 ML IR GE 5232 3)) , fSetPostion
AIEZE AN (1) Frzs o oy v s v s e 8
MR —ZENHAY (SetPostion fH, Herb ¢ M), o
TR A TR %, 2, x5 20, X5 g TR PIIR
AN FH ,SMC  FollowPosition FEH & 4N& 9 FFR

y, = Asin(wt + x,)

y, = Asin(wt + x,)

y, = Asin(wt + x;) (0

y, = Asin(wt + x,)

ys = Asin(wt + x5)

ys = Asin(wt + x4)

MC_FollowPositioMLiWei_SMDOOZ_X}

9 SMC FollowPosition 1R [E

3 =¥ WEB &% 1T

U WEB W5 5% FH B/ SZEM 1 75 s 30,

By HL 25 i 55 8 AR R 2= o Wa 7567 & ik . AR SC WEB
WA - £ 35 2 Py i R v 2K, 10 R AR 1
HTML SCAFRICHE T . CSS BRI JavaSeript 1A 25
i, HTE% WEB #2485 T2 244, I A i
SRR TT & B9 B3R Spring Boot HE 242 ) HLAT P 3 1
AR T ARG SR ) Spring Boot HE 44
T 1
3.1 WEB ®imi&it

WEB s 4t 738 B A, P 38 20 0 Y 45
[F) 46 A2 /Y 1P ik 54 iz 55 s B AT 5 0] 2] 3¢ B 5L,
WEB ij vy U 3 BALFE IR, /Al S 867 59817
RS IEFE AR RIS o PSSR IR
TR T2 17 SE PR &, ol Multi Axis De-
tection System 175 %l it 4k K1 P &B 73 4H 1, BU(E s
o> R AN A SE PR S AU, 2R BB s 6
AN S Ry B B (] Sh A AR Ak, 7l h 2 (&1 43
fdi [ Echarts SZ230, ffi ] Echarts. init %) 1434k DIV #5
23RS Echarts BIRSPRTA, 38 £ b5 AT L B Al L 18
AN Serial % 24, P TR L HF & h HL LIS T
Fsf R A7 S Al DAy B TR Bt (s TR] BN SR ) | Series 7
T R G T A A AN AL B, T set-
Postion A5 i i £& &, 5408 14 587 T 6 R FH 52 s o d
Series TEIT N &P B8 2P, B setInterval SZ3E
TE M AR A D RE , WEB 28 5 AL 40 1A 10 s

2020/12/1 EH12:15:55

Multi Axis Detection System
20.000000

15.000000

23.000000

40.000000

33.000000
10.000000

| System

50.000000 - .
[1.000000 - -

WAVE-START WAVE-STOP

E 10 WEB ZxEHREE

3.2 WEB Fiigit
WEB Ji 3 i | JAVA 15 5 % F Spring Boot HE
HRHEST, Spring Boot J&— 3T Spring A 2HHESL
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i 11 s, Ja s dE Sk A i 5 AR g il 5 22
H R R AT U 2 5 AJAX TSR PN 25 ) KT 2 1)

SO AP G Pl e 2 18 8 A SO i s
515 B B i dh

4
| FileO4T FF3CHE3RMBRIChR AR | | FileQHI I S H4AB file b 07|

[f: FiFileReader Q3RS Pilfitw|  [fi AIFileWriter Q3R /8SF i fw]

| read OB SCHFREEAR | [ B MwriteQ I SCARR S AU |
| ﬂush??l"ﬁ'ﬁﬁ | ﬂush‘{lﬁiﬂiﬁ'ﬁ?ﬁ |
&R
B 11 FREFRtREE

4 SEE T BT

RISz gl il 52 6 F- 6 Sy B A 0 8 7R B
7 B W R G AT S

(1)5G MIZEA LT 4G P2 HAT T 1 25 2
R T AR AYLERT  {i ] SpeedManager #/Fi 4G
P26 FT NSA AR 195G 2% 25— 12, 56 W
Z5LL 4G 4 HA B 0y R AT HUEE R AT R OF
H 56 MZEIER X BHSA Y T 4G M5 —F,
T2 5G P2 R H 0 21 A X R A 37, 41 9 (non-
stand alone, NSA)TE 4G 4% iy FEREiE 1 HBE 5C
R FFARESE A IRELH 5G J4% (3, {8 g S7
ZH MR 2L (stand alone, SA) 7 Z5HT 5C P45, £ 45
SEu | TRRBE I BAZ O, T L SA A

(2) FLALAYIZ B 6l B Codesys Pou 11 H SZHR
21 Codesys Pou H1H¥) fSetPostion {EL LK B HLiz 5 .
fSetPostion fH F1 2 (1) 15 2], X B Y HUIE(H A A
50 em IR w PEFE 1 rad/s , 5545l B4 46 AEA A
x, =2 xm x (i +24) Yo, i WUE 0 ~5 4330w
1 ~ 6%l A IBITHT 6 A~ r AL Z 0] [F) A8 4 B IE % i
B, B AR IR X R EGETT (AR R IR AL
1 AR TR S B08 il 2[RI AE AR 25, 75 iz Bl 52

- Es T BN 13 Jis , &4 LR IE %08 3l
I H A H 2 [BIAEAE AL 22 %5 L E 13 194 G RIS G

(a)4G LTE M2 24k

(b)5G NSA M35
B 12 4G 55G WMEXIELE

120

& {E/cm

0
2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
B8] /s

(a)4G ML T 1z sk #

& {E /cm
[9%)
(=]

AN Y /\\\
NN/ /4

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
i) /s

(b)5G ML (1¥iz shihat &
B 13 ANHIEZELEFEEITHIER
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W26 T )iz sh Bl ], 15 31 4G 2% T Bk 1 £ His
e (A SIE ISP R B i e el o B2 EC AR 1O, L g
KECE R TRT- 53 E5Z2 80, 1 56 M4 T %5
0 PR LA B S, O HAR S AR X R

7E WEB Wadz i i s eI 7Sl 25
WA TRIIR AL, B 4TI E i 13 R, 52
BV 4RI S RO S BUE R 14 PR, PR
I 6 Nl A7 B AE 4 51 M 49. 99388 cm 48. 08789 cm
42.90479 cm 34.79780 cm 24. 31940 em F112. 18367 cm,,
K15 SR 24 i 7Sz sh il S8 5 K dh sk i &
INZEFEAT 43 20 1 250 6,6 DK MERFTAM B 5
WEB FL1 i 7~ 7 B —2,

Multi Axis Detection System
49.99388
L 48.08789

= 42.90479

o
3
i

14 IRFEETUNEHERETE

=
= 42.90479

o
3
i

15 ANHEZEHIBFERNACEE

5 % ik

AR 56 {5 MQTT #38 , Codesys IDE
P TR AR HT S o 73 B HORFE A —Fh B TR L
(75502 s LT B R IEE R G, A HdEHIE &
fEFHIFIEY Linux RGEFEAR T IF R A, 275 T &
GRAETE, JF HoR B i it X5 17 IF &
JA, AT AR B AT e () i g s I & . WEB
23 i s A5 R P IS i 70 B9 B R AT 83T, HE 48 AE BT
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R RMR55a Lo RGN Nz sh il L5 5
117 SRR e R s AR S a5 2w ik
G5 e S A ALk LT 4 7S 32 2l 7 SR A i o
TS 7, I LA S 5 A 55 i T AR N Bz 2 S8 5P
APEATIE RS PTG R G 2 T i R G
FEARBER N IFREET 56 M4 Tk = R4 B
A—ERNSHEHE,

S 30k
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Design of six-axis motion experiment platform monitoring system
based on 5SG and Alibaba Cloud

XU Jianming, ZHANG Yuxuan, ZHU Junwei, YU Li
(School of Information Engineering, Zhejiang University of Technology, Hangzhou 310023)
Abstract

A six-axis motion experimental platform monitoring system is designed based on 5G and Alibaba Cloud in this
paper, including WEB monitoring platform and local motion control platform. The cloud WEB monitoring platform
is built with front-end and back-end separation technology. The front-end is implemented using native HTML text
markup language, CSS styles and JS scripts, and the back-end is built by using Spring technology based on the
Spring Boot framework. The local control platform is built with embedded system development technology, inclu-
ding 5G module and motion controller. The 5G module as a networking channel is interacted with the motion con-
troller by USB3. 0 transmission technology. The motion controller is equipped with MQTT client, process communi-
cation mechanism and Codesys Runtime. The messages are published and subscribed to Alibaba Cloud server by
MQTT client. The six-axis motion experiment platform is controlled by Codesys Runtime via EtherCAT bus. The
MQTT client is communicated with Codesys Runtime through process communication mechanism. Finally, the Cod-
esys Pou project of the six-axis motion experiment platform is created, and the feasibility of the monitoring system is
verified by the WEB monitoring interface. The network status under 4G and 5G network in NSA mode is respective-
ly tested by SpeedManager software.

Key words: motion controller, MQTT, 5G, Codesys Pou, WEB monitor
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