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Design and Implementation of Timing System Based on
VxWorks and FPGA

HU Guanghao, ZHANG Haonan, RUAN Fuming
(Geophysical Department, China Oilfield Services Limited, Tianjin 300450, China)

Abstract: Time synchronization is the prerequisite for all systems to work together in offshore oil seismic exploration, while the
synchronization accuracy directly affects the accuracy of seismic data. A timing system based on embedded real-time operating system
VxWorks and FPGA is designed, and the timing accuracy is better than 50 ps. The system uses the industrial control VME chassis as
the carrier of each module, and uses the time source of GPS and three-level timer of FPGA to guard clock precisely. Based on Vx-
Works design, the software’s programming method of network time service based on Simple Network Time Protocol (SNTP) is intro-
duced in detail. Meanwhile, a set of communication protocol based on General-Purpose Input/Out ports (GPIO) is designed to realize
the communication between software module and FPGA module. The timing system’s practical application results on the China Off-
shore Petroleum Geophysical Survey ship show that the timing accuracy can meet the requirements of time synchronization accuracy
for offshore oil exploration, and the long and stable time service can meet the requirements of reliability. On the premise of losing re-
al-time and accuracy, the system adopts the modular design and has good expansion ability, which makes it easy to expand the applica-
tion system with time calibration or time service.

Keywords: seismic exploration; timing; VxWorks; FPGA; GPIO; SNTP
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° s s RS232 1 PPS
VxWorks (FPGA, field-pro- UTC , UTC TTL
grammable gate array) s 50 ms , 2 .
« » 3]
1
(VME., versamodule
eurocard) s
VME , 1 .
s s GE VG5
VxWorks ; , 9
FPGA .
o (GPIO, general uTC s
purpose 10) s P2 (RTC,
. real-time clock) , GPIO
FPGA , 3 .
3
s (NTP, net-
work time protocal)t*
. NTP
, - )
1 o (SNTP, simple network
time protocal) NTP ,
L1
(GPS, global positioning system) ’
(UTC, coordinate universal time) ' ’ SNTP
. 0. 1 ms (ol
i-Lotus M12M Timing GPS ‘
8 m/s, M12M Timing GPS GPS C/A Code SNTP '
, 12 GPS , 515 m/s, ’ °
(1 PPS, one pulse per second) 12 ns ( ) SNTP
@6-sigma, NMEA 0183 v3, 0, ’ 4 :
» M12M Timing GPS 1L 2 GPIO
- (TTL, tran- GPIO ,
sistor-transistor logic) 1 PPS s
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6 GPIO
4 50 MHz . . FPGA
63, GPIO
7 : . 1PPS .
s GPIO .
. . . 8 . .
1, 1.
, FPGA
1 GPIO
Pin
[32: 277 Reversed
[26:26] Ctrl WR 7 FPGA
[25:25] Ctrl RD
(240 17] Addr MSB 21 1PPS
[16 : 9] Data RD MSB 1 PPS 1 PPS
[8:1] Data WR MSB s 1 PPS
, 1 PPS
1 GPIO GPIO  FPGA ’ ’ _1PPS
25 ,
. 1 us, FPGA ) , ) ' L PPS
GPIO [16 : 9],
GPIO . 1)° '
S . . IPL.
DPL, . . “IPL == 1
DPL == 0” . 1 PPS
. ., “IPL=—=0 DPL==1"
. . “IPL ——
= GPIO DPL” 500 ms, s
2) GPIO GPIO 2 1 PPS
GPS ( ) FPGA . 26 g g
, , 1 ps, °
3) 60 s 1 PPS
’ ’ . o | , 1 PPS
. AVG
2 o
. FPGA I '
. . , 1 PPS , .
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. [AVG-5 ps : AVGH5 ps] [o.13]
s 1 PPS s o
22 , GPIO
FPGA . SNTP
N . 25 ps N ( ) , 9 . GPIO
s 25 ps GPIO , FPGA
. GPS s (API, application programming inter—
8 . face) , .
N ;s SNTP
SNTP GPIO s
8
1) 25 ps : 20 ns (50 MHz
s 1250 1 PPS
2) . 25ps 1 PPS
. 1 PPS s
40 000, 1 PPS
40 002 GPS
50 ps, 9
3) GPS : 1 PPS 1 31 GPIO
PPS ’ ° VxWorks (BSP, board support pack-
GPS ’ age)[1720 GPIO :
4) : 25 ps R , SNTP
GPS ) FPGA API,
. = GPS X 40 000 + D GPIO Init O
¢ 25p8, /% VxWorks . GPS
3 GPIO */
semMID =
semMCreate(SEM Q PRIORITY|SEM INVERSION SAFE|
 VxWorks - \ SEM DELETE SAFE);
/% GPIO ,[9 ¢ 16]—in,other—out * /
? ’ sysGpioDirSet(0x0000FF00) ;
. h 2) GPIO :
GPIO Read(UINTS addr, UINT8 * pData) :
° / * * /
NTP  SNTP . ’ semTake(semMID, WAIT FOREVER) ;
/>'< * /

GPIOValue = (GP1OValue & 0xFFOOFFFF) | ((addr<<<(16)

&.0x00FF0000) ;
/ % GPIO 25

*/

GPIOValue = GPIOValue & 0xEFFFFFFF;
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sysGpioWrite(GPIOValue) ; if(SNTPS ID == request) {
/% lus. FPGA */ strepy (pBuffer, " pps™) ;
sysUsDelay(1) ; }
/ * 1Byte %/ / * %/
* pData = (sysGpioRead()>>8) &. 0xFF; else if (SNTPS RESOLUTION = = request) {
/ * GPIO 25 ( ) */ / * FPGA 50000(ns) * /
GPIOValue = GPIOValue | 0x10000000; * ((ULONG *)buffer) = (ULONG)50000;
sysGpioWrite( GPIOValue) ; }
/ * */ /% %/
semGive(semMID) ; else if(SNPTS REALTIME = = request) {
3) GPIO GPIO , o / * RTC */
32 rteSetTime(0,0,0) ;
ViWorks SNTP /% RTC API RTC
s s */
) VxWorks rtc SetSysTimeFromRTCO) ;
. SNTP -2 Yy /* , 1970 1 1 0 0 0
Works SNTP ( ) */
, sntp- / % ,timeval  struct timespec */
clock gettime(CLOCK REALTIME, & timeval)) ;
sClockSet (), sntpsClockHook (int re- ) .
/% FPGA ( ) */
quest. void > pBuffer) ’ request / % FPGAClockTimeGet GPIO Read %/
- SNTP SNTPS ID. SNTPS FPGAClockTimeGet( &.clockTime) ;
RESOLUTION, SNPTS REALTIME 3 /% FPGA %/
10 ° clockTimeSec = clockTime/40000;
/* FPGA (FPGA 25us, 40000 1
) x/
clockTimeNano = (clockTime —
clockTimeSec * 40000) * 25000
/% SNTP */
/ * 1970 1 1 0 0 0 s
*/
/% SNTP UNIX OFFSET x/
time = timeval tv sec +
SNTP UNIX OFFSET —+ clockTimeSec;
pTime = (ULONG *)buffer;
/ * SNTP */
* pTime+ + = time;
/ * SNTP */
* pTime =
sntpsNsecToFraction(clockTimeNano) ;
boelse ...}
FPGA s 25 ps N
. GPS ,
SNTP s SNTP ,
10 s
SNTP ,
/* */ FPGA s SNTP .
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1 PPS s RS232
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