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Implementation of NTP network timing service based on digital array radar
Liu Yuyan, Bao Aida, Guo Xin, Liu Xinyi

(' Key Laboratory of Micro-Nano Devices and Systems, Ministry of Education, North University of China, Taiyuan 030051, China )

Abstract: Aiming at the problems of time synchronization of each module under digital array radar system and the implementation of NTP
protocol on different platforms, this paper designs a digital array radar system architecture, with a detailed focus on its time synchronization
module. To address the issue of insufficient synchronization accuracy in traditional software-based network time protocol ( NTP), the
system introduces the hardware timestamping mechanism from the precision timing protocol ( PTP), elevating synchronization precision
from milliseconds to nanoseconds. An improved minimum delay filtering algorithm is also applied to the protocol to enhance system stability
in complex environments. On this basis, the paper presents the specific implementation methods of the NTP protocol on the zynq-7000 all
programmable SoC (ZYNQ) platform and within the STM32 real-time operating system (RTOS), providing developers with a reference
for implementing the NTP protocol on mainstream ZYNQ and STM32 platforms. Experimental results demonstrate that the proposed scheme
achieves high-precision and stable time synchronization, meeting the timing requirements for coordinated operation of distributed modules in
digital array radar systems.
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Fig. 1 Architecture of the digital array radar system
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Fig.2  Principle of NTP transmission
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Fig.4 Simulation for algorithm validation
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1) ZYNQ linux i NTP & F Ui fey . H 56 A ntp £l
H %, 1247 configure U, iy A A0F .

. /configure

——prefix=/home/ guojr/tools/ntp/ntp—4. 2. 8p12/install
——exec-prefix =/home/ guojr/tools/ntp/ntp-4. 2. 8p12/
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install

——host = arm-linux-gnueabihf CC = arm-linux-gnueabihf-
gee

——with-crypto

——with-openssl-incdir=/usr/include/openssl/

——with-yielding-select = yes

Forp prefix F1 exec-prefix #R & T8 & B9 SCH-5 o1 A%
With-openssl-incdir B openssl| Y include %42, host A1 CC
A8 E M IMIF SRR | R )5 38 Ui PR FF 4T make & make
install, J-7F install/bin SCA32 #2542 Bl ntpd , ntpdate , 143X
PSSO DLE BARMRE) bin H SRR, st 4T R 3] S0
2., FH nipdate192. 168. 2. 100 B A [ 4 iz 55 4§ At
[6], TP Hhdik 75 L0 X R NTP fj 55 2% 1P )i i date
T8 A 7 I A] 2 15 W) 20 N, 58 i ZYNQ F 5 19 % 7 diig
NTP 5IA,

2) ZYNQ #HL NTP % P o )5, 78 SDK H A & lwip
echo server 1Y) demo %%T“ s ntp_demo. ¢ i ntp_demo. h Y
AT AR, main PRECH FH Lwip () PRECER i start_application
() PR, P4 DHCP DIRE, B E A 1P, KR Iwip () BREREL
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Fig. 6 NTP operational workflow on the ZYNQ platform
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oF isdmte e, caloursued e for 213 Sblad Sadilk

508 #define LWIP_NUM SYS_TINEOUT_INTERNAL (LWIP_TCP + IP_REASSEMBLY + LWIP_ARP + (27LWIP_DHCP) + LWIP_AUTOIP + LWIP_SNTP + LWIP_IGNP + LWIP_DNS + PPP_N
s09

516 #define MEMP_NUM_SYS_TIMEOUT
317 sendif

522 */

524 #define MEMP_NUM_NETBUF
525 bendif

$15 WiF 1defin \ed MEMP_NUM_SYS_TIMEOUT || defined _DOXYGEN

5199 /=
528 ' B MR {he munber of atsuct nethifs:
521 * (only if you use the sequential APT, like api_lib.c)

$33 417 ldefined MEAP_MRLNETOUF || defined _poctosn_

\

LWIP_NUM_SYS_TIMEOUT_INTERNAL

[22 Problems ] Tasks & Console 53 [ Properties.

X %|EbEREE @B~ = 0 [ BbudAnalyzer 5= Static Stack Analyzer 47 Search XX

d> ntp_f407 [STM32 Cortex-M C/C++ Application] ST-LINK (sr -LINK GDB server) ) (Terminated 2024%F2H228 F49:1€ Occurrences of 'LWIP_SNTP" in project ‘ntp_f407" (1 match)

File download c

Verifying ...

Download verified successfully

onplet:
Tine elapsed during downlosd operation: 00:00:02.542

~ [ ntp_f407
v @S e
v @ Target
~ [@ Iwipopts.h
2 line 77: #define [WIP_SNTH 1
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Fig.7 Debugging on the STM32 platform

3.2 STM32 4l NTP B Fi%iEF

F T3 3 ) NTP B ORG24 AL 1 1%, A SCis
T1 7 AT AFE STM32 Hhil 248 RTOS HRas Ty 7, Bkl
TR . & 4 fd ] STM32 CubelDE A7 T-#2, %45 RTOS |
ETH A1 LWIP , ELUKS | BAIAR 4 A R L & . 76 LWIP Fg
fifiGE SNTP , 3t B 4 TP stk , FHo AR (E A ERIA T B, #1A
A LA R R BE ping 38, 7E opt. h 1 1 #defineLWIP_NUM _
SYS_ TIMEOUT _ INTERNAL * it A LWIP _SNTP, 7
lwipopts. h HUILALLF T, 5351 2 f# §E SNTP [ debug £

3, $84 SNTP WK [a] il 45 #5115 K B [ 6] B, 4 & SNTP
FAbBEpR L K SNTP eREH A G BT 55 H /Y 1wip 9] ih
AL EUR T, E RTOS 1, lwip 2338 43 MDIO i8] PHY t:
R RJ45 B link RZS

#define SNTP_DEBUG LWIP_DBG_ON

#defineSNTP_UPDATE_DELA Y20000

#define SNTP _SET_SYSTEM _TIME ( sec ) UpdateTime
( sec)

JE1E main. ¢ F5E X UpdateTime PREL, G1F Fs .
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void UpdateTime (time_t t)

3

struct tm * t_set;

time_t it;

t += 28800;

t_set = localtime( &t) ;

it = mktime(t_set) ;

printf (" ntp time : %s\r\n" ,ctime ( &it) ) ;

}

TE main PREC I FH sntp_setserver I sntp_init PR
B ONTP 55 %% 1P 40451k NTP, 7E while(1) Hi F MX
_LWIP_Process( ) , i 8 firs,

10/
168 /* USER CODE BEGIN SysInit =/
oo

110 /* USER CODE END SysInit */

112 /* Initialize all configured peripherals */
113 MX_GPIO_Init();

114 // MX_USART2_UART_Init();

115 IX_LWIP_Init();

116 /* USER CODE BEGIN 2 */
117 MX_USART2_UART_Init();

<<24) | (2¢416) | (168<<8) | 192;
newip);

125 /* USER CODE END 2 */

g

27~ /* Infinite loop */
125 /* USER CODE BEGIN WHILE */
while (1)
131 /* USER CODE END WHILE */
2
133 /* USER CODE BEGIN 3 */
MX_LWIP_Process() 3

3
137 /* USER CODE END 3 */

141 * gbrief System Clock Configuration
142 * @retval None

8 MX_LWIP_Process( ) BH%1
Fig.8 The MX_LWIP_Process( ) function
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