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Abstract: In a bus-based control system, the transmission rate and synchronization accuracy of the field-
bus are key factors affecting the speed and accuracy of multi-axis collaborative machining tasks. To satisfy
the performance requirements of high-speed and high-precision manufacturing equipment, the transmission
rate and synchronization accuracy of the control system must be optimized and the information security of
industrial communication must be ensured. Based on domestic FPGA chip, a general Ethernet interface
circuit that conforms to the IEEE802. 3 specification is designed and a linear cascaded network topology is
constructed in this study. Considering the channel transmission principle of industrial control process and
service data, a data transmission method for channel mapping is proposed, improving the bus efficiency.
A distributed clock synchronization mechanism is used to calculate the network transmission delay and

time offset using timestamps, and synchronization control is achieved by compensating for the bus control-
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ler. Experimental results show that the designed high-precision synchronous real-time Ethernet bus con-

troller can achieve a minimum communication period of 250 ps in a 100 Mb/s Ethernet link, and that the

synchronization accuracy of each node in the network is less than 50 ns, which corresponds to the interna-

tional advanced level.

Key words: bus-based control system; real-time ethernet bus; Field Programmable Gate Array(FPGA) ;

channel mapping; clock synchronization
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Fig.2 Schematic diagram of slave hardware
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b Bk R K /Byte P s U
0x0000-0x000F 16 NCUC 15 4 iR NCUC 7™ i 5 B RS i 13 18 57
0x0010-0x001F 16 NCUC Fit & Bt NCUC 195 R4 AL i b hbk A B 46
0x0020-0x003F 32 FE a4 F i w4 R A R R A R
0x0040-0x005F 32 A3k 422 i i N 3t 1S FH 2 11 g4 i 2 0 A T
0x0060-0x007F 32 i B FH B2 2 3k R 3 o A 2 A R
0x0080-0x00BF 64 DC i 4h 2 fig BL# DC PR FE M2 RS 4
0x00C0-0x00DF 32 IFi) 5 ) g IX T B () 20 A ) 2815 5 AR | ) 25 4 1 45
0x00E0-0x00FF 32 BAF T RE HC & A5 5 i) AR 4y 5 B A
0x0100-0x017F 128 F il ik e 5 AT 16 AN W G g 1 2 A Wb hE g A
0x0180-0x01FF 128 Iz 95 F 40 3 i EHR AR S5 E RO ik K S S
0x0200-0x02BF 192 I R A 3 1 AR AR RO ik K TR A
0x02C0-0x02FF 64 FIF O %45 8 i R FIFO i 18 ik < BE S 5 L i 45
0x0300-0x037F 128 GPIO #:1E FF o BB A% 5 T 19 GPIO 52 4545
0x0380-0x07FF 1152 " EBNCE Tie & d
0x0800-0xFFFF 62kB 30 3 A JHTAF RO WS K 326 30 T8 10 B8

3 M IEA A

3.1 MEEHMENX

S A K M E 8 DL bR i TEEES02. 3 LK W)
WAy % i 2 AR 30 3 X A o LA A O ot 45 A 11 R
SO T — ol e 2L S it 254 . NCUC M 4%
iz mE 4R, REKERNILFETW
IEEES02. 3 4 i LA K I’ it 3k v H #5  MAC Hb 1k
R MAC HhEAF B R 2 5295 1 i 2R B 5 A &
TE B 0x8888, % Wi 4 NCUC [ 2% it . #5 #x 1 LA
K 46-1500 F 45 19 B S X 4> Sk 2 4T (W
NCUC i3k X 1 44-1498 74 By 54l X . Hirpr,
NCUC ik &R 5 HA RA S AE I B B0 76 26
PR M . eAh , NCUC 54 X n] AR 4 5 L)
o #5 A SCIXR], BEAS NCUC Hi S0 R L2k
FEAS NN & BOE BO2 EAR BOEE . R SCE
DX [i) P AR A A2 i R A K B e OB K

IEEES02.3 u;&ﬁu M% uklﬁjﬁﬁg F@E m
PYNi ) 14Byte 46-1500 Byte 4Byte |
NCUCHT  [ETFRMAC[JRMAC | R NCUCTHIA NCUCHTR. B

6Byte 6Byte 2Byte! 2Byte 44-1498 Byte 4Byte |
NCUCH

NCUCiizk

FirasUiCMD [R] DATA [O[F[ IRQ
3L 7bit 1bit 16bit 16bit 11bit Sbit LENBytes 1bit I bit 14 bit

bl
i CMD
VT 7bit 1bit 16bit 16bit 11bit Sbit LENBytes 1bit 1 bit 14 bit

CH[ DATA [O[F[ IRQ

;ﬁiﬁz [ VD R DATA_[0[F[ RQ_MOME
7bit 1bit 16bit 11bit Sbit LENBytes I bit I bit 14Dit 8bit Sbit
s oD T
Tbit 1bit ..

/44 v IDATA|
WHRSC T 7bit 1bit 3Byte

a4 i Y
S CMD - DATA
*b:%ﬁf Thit Ibit 4Byt e
(TR a
b (D DATAT ]

B4 NCUC [ 46 w2k i i€ L
Fig.4 Definition of NCUC network frame structure

AR NCUC it 3k 5 4 SCR A BE/IN T 46 77745, W)
T WAL L Z G A 0~46 F47 . I )7 , #hrifE L



18 2 K% TR %31 %

KRB 4 545 10 FCS e R A RS S —
R W B T AT CE A AT X e

S T R 2/ G 32 (i

B LR G4 (B R AN T RIS, S BT L

3 3o 24 WA S A SO AR O SCALME . e o

JEC SRS R 95 0 45 64 S0 R e g0 A s

(D)2 AR VTR SC: F TS A 24 B0 .

(2) 3 38 b 0k U 1) 2 SC - 422 38 18 Hb ik 1) 7 X
25 B A

(3) i 38 W S 7 1] 2 3C < SR FH 3 38 e 5 0 Oy
SO T L S ) 30 3 AT

(4) 77 A B[] 38 412 3C « A 45 i NCUC #% il
i A WSO W B ) 38

(5) [R5 /5 A iz SC - FF I 8h 552 4 /) 25
i 4

(6) 32 or Fof k2 4 SC < AT R 2 Dy 32 62 1Y)
I3 A 2 A

(7) 64 AL B A A2 4 S0 - AT A B2 64 10 1Y
43 A A
3.2 RIEHEARE

B A T TR 2 BN A e i By XLl
i o A% B B 25 b 2R TR R AR AR R R
A S B 1 RGP 0 s AR o 7 S PR VT
38 {5 B AR A LR & W] Ao 2 R ik S AR
X AE AL B R WA 22 5L BT X AT e
1 3 40 00 B A% T oKk L ZE NCUC 2B BL R
P 9 1 #4515 T IR 55 BCHE ok R A N FIF O 4L
Jie 0 38

IR 55 50408 3 18 2 2 % S 1 sk A S e
s . PR ISCECHE R T A 0 ROHE A4 R gk
BT R F N A SN A o 7R B A R
b DA O ) 25 B A O A AR Y
SR ARG B ) 5 AN BRI S5
Bl 8 38 X (0x0180-0x01FF ) , Al 7E % 77 % 62 kB
() 38 T8 B X RE— A RAM 3, 1 0 il 55 %0
P30 38 . Sy PR AIE IR 5538 G b P U A% i T
SEME IR 5 TR RS R R LR, 7R b T
ARZS OB, 3 38 v I8 AT 52 0 SR Bl 7 AR T T
SESEEBIEE AL T/ R E S WS
R PR BB | Tl TE RSO — T B )
ORI R, Fon F /N S
Ao BUB, 5 Wi bR A A, AS B IR A S

FRizrhThRS

(ETERt) /%

BHEIEES . ForiE
H A5 TE{ AT

PSR A5 Kb i G R 2 5 R A5 A

Fig. 5 Service data channel state transition model
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tween two adjacent slave stations
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Fig. 12 Clock compensation model
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Fig. 13 Typical fieldbus control system architecture
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