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Architecture of time sequence control software design based on ¢cRIO
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(a.The Key Laboratory of Science and Technology on High Energy Laser;
b.Institute of Applied Electronic, China Academy of Engineering Physics, Mianyang Sichuan 621999, China)

Abstract: Program architecture is designed to meet the requirements on time sequence control based
on CompactRIO and LabVIEW. According to different requirements on instructions responses, the time
sequence control software is divided into two layers:Field Programmable Gate Array(FPGA) layer and Real
Time(RT) layer. Data communication is achieved by using Direct Memory Access First-In First-Out(DMA
FIFO) and interface widget between the two layers. Function of time sequence control and hardware logical
operations are achieved by using state machine in FPGA layer. Human-computer interaction is carried out
in RT layer. The state of time sequence is passed to upper level computer. As a result of measurement,

hardware operations response time is less than 50 ps.
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Fig.2 Detail function of time sequence control software

P 2 A1 5

3 MEFEHRENSEREET
3.1 BFEGIREEIT SRR AR

AR AT 2 #4240 ) D RE R GE , K of PP 2 o 1R (9 D BE &I 73 2 cRIO 19 RT A1 FPGA )2 3531 52 B,
Horp, SERHPEEOR ILE R, SRR A S R DI BE R SE BUICAE FPGA JZ, . 1O B R&E Sk Thg . mhy
MR IIAE . AN S B2 A A TIRE . CAN G AE D RE LSS 4 R LR AL SR R B T Ak . ABLAS
HPRAE KSR R AN S R DI REACAE RTJZ S, A0 28 58 5 ThRE . B i 1) 42 ) A A i T e



54 RiBIES BT cRIO KB FF i 5 8k #2240 1% 3t 621
3.2 B BB AEIR T B 2

WE 3 s, $ BB AT RS, KR4 FPGA 2 M1 RT E W RE 8k, Hh, FPGA JZ# ki

it CAN ffi i 54N R 5 S1 F1 S2 @{m, 3 1O B R He R R 4R S6~S10 By HL PR A . MKHE FPGA fiff

#FEEE%%C TAE, AIARIERAP A SE R PE . FPGA 234 5T AT 1/O Bl RAE Sl | fik R B P#sifil . & 40%

%ﬁ R4 A s | CAN {5 DA RT 2800 i W 4% 5 58 R 48 S3,54,S5 15, 7T PR F 2 Fb g i) S i

BT HAT MBS . SR A A DR o BRI R 17 DI RERIHAL B, AR 1Y 44 Bk RN T A
ifﬁﬁni% 1 s

CANRXTx.vi DIDO.vi brake.vi reset.vi

FPGA_MAIN.vi

FPGA_GLOBAL_VAR.vi
FPGA layer

} | RT layer

RT_GLOBAL VAR.vi RT MAIN.vi
FIFORead CAN1.vi FIFORead CAN2.vi TCP_S3.vi TCP_S4.vi TCP_SS.vi
ParseTCPData.vi processTCPDatal.vi processTCPData2.vi ProcessTCPData3.vi
Fig.3 Architecture of time sequence control software
P 3 i R AR
e 1 I FPEER A I RE R R A 2R S S RERER
Tablel Partition and function of time sequence control software
number code name name function overview

initialization of IO and CAN, time sequence control state machine and communication

1 ZK_SXKZ 01 FPGA_MAIN
- - - between RT layer and FPGA layer
2 ZK _SXKZ 02 CANRxTx CAN receive and send
3 TZK_SXKZ 03 Brake safety and emergency fault automatic processing
4 ZK_SXKZ_04 DIDO output and input of IO signal
5 ZK_SXKZ_05 Reset reset of time sequence control state machine
6 ZK_SXKZ_06 FPGA_GLOBAL_VAR definition of global variables in FPGA layer
initialization of network, upper level computer instruction interaction,
7 ZK_SXKZ 07 RT_MAIN
- - - control of program run and manage of FIFO_RT FPGA

8 ZK SXKZ 08 TCP_S3 communication with S3
9 ZK_SXKZ_09 TCP_S4 communication with S4
10 ZK_SXKZ_10 TCP_S5 communication with S5
11 ZK _SXKZ 11 FIFORead CAN1 send S1’s CAN command from FPGA layer to upper level computer
12 ZK SXKZ 12 FIFORead CAN2 send S2’s CAN command from FPGA layer to upper level computer
13 ZK SXKZ 13 ParseTCPData receive TCP network data
14 ZK SXKZ 14 ProcessTCPDatal deal with TCP1 network data, create and add state machine event in RT main function
15 ZK_SXKZ_ 15 ProcessTCPData2 deal with TCP2 network data, create and add state machine event in RT main function
16 ZK_SXKZ_16 ProcessTCPData3 deal with TCP3 network data, create and add state machine event in RT main function
17 ZK SXKZ 17 RT GLOBAL VAR definition of global variables in RT layer
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2% 2 DMA FIFO X} 835
Table2 List of DMA FIFO

number name purpose remarks
1 FIFO S1 FPGA to RT store S1’s information received from CAN and send it from FPGA U32 type
- = - = layer to RT layer 1 023 elements
5 FIFO S2 FPGA to RT store S2’s information received from CAN and send it from FPGA U32 type
- - = layer to RT layer 1 023 elements
3 FIFO_FGPA _to RT store other information needed to send from FPGA layer to RT layer U32 type

1 023 elements
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Table3 State design of time sequence control state machine

number state function overview
1 Idle detect time sequence trigger signal
2 ClosePLZKF send close number one valve command to S1
3 Delay0.3s delay Atl and receive the S1’s feedback signal of close number one valve
4 StartS2 send start command to S2
5 CheckS2DF delay At2 and receive the feedback signal of S2, determine whether number one valve is opened successfully
6 DelayCloseS2 delay At3
7 StartS1 send start command to S1
8 RecieveS11 receiving the feedback signal of S1 to determine whether the first experiment model is completed
9 RecieveS12 receiving the feedback signal of S1 to determine whether the second, third or fourth experiment model is completed
10 Delay0.5s delay At4
11 StopS2 send stop command to S2
12 Delay4s delay At5 and receive the feedback signal of S2, determine whether number one valve is closed successfully
13 OpenPLZKF send open number one valve command to Slequipmen
14 Delay8s delay At6 and send reduced speed command to S1 equipment
15 Reset state reset
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