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Abstract: Aiming at the low frequency modulation accuracy of traditional voltage controlled frequency modulation
methods for crystal oscillators, the taming and controlling and time holding method of oven-controlled crystal oscillators is
investigated based on direct digital synthesis (DDS) frequency micro-step. By using the DDS module in the self-developed
phase micro-stepper, frequency adjustment with a resolution of 0.6 pHz is achieved, providing conditions for improving the
taming performance of crystal oscillators. The taming and controlling algorithm is based on the time transfer principle of
global navigation satellite systems and the design of proportion-integral-differential (PID) control algorithm. By analyzing
clock error data, the PID control model is optimized to effectively improve the taming and controlling performance of crystal
oscillators. The experimental results show that the crystal oscillator taming and controlling algorithm based on DDS frequency
micro-step can achieve a frequency stability of 1.09%107!3 and a time stability of 9.46x107'° s with an average time of one day.
In more than 99% of cases, the time deviation from the reference frequency source remains within £25 ns, and the standard

deviation of the time difference is 8.49 ns, proving the effectiveness of the proposed method.
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Fig. 15 Comparison of frequency stability based on DDS frequency micro-

step taming method and GPS locking rubidium atomic clock taming
method
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Table 5 Frequency stability based on DDS frequency micro-step taming
method and GPSDO taming method
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Fig. 16 Comparison of frequency stability for the proposed crystal oscillator
and PRS10 under freeoscillation
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Table 6 Frequency stability between the proposed crystal oscillator and

PRS10 under freeoscillation

SEXIN ] /s SCrb il AR PRS10
1 2.669 8x107 2,510 010"
10 3.679 6x107 6.722x10712
100 7.300 4x10°° 3.800x1012
1000 1.240 9x10°* 2.503%10712
10 000 3.323 8x10°® 9.32x10713
4 % i

A SCBEH IS T AT DDS SR AU Y & HR IR A,
A R 5 AR — AR 2, (i F ARG R T DDS
AR B AT 23R 42 ) 0 5 3k TR AT R R Y, O X T AR B
f R R 2 R O 7 0k, B TN TR B PR R RS B X
A S R TR ARG b i DU, 3830E T 58031 A9 IE i ik

%f T PID YN AR B35 43, 38 2 XF PID 2 il 38k v L 3] 33
55280 ROk, MICRET, SRS 2% 05 IR
I [6] {22 78 il A £50 ns 38 75 225 ns, IF i 3R T SR
R (R A A A B B S I DA B

S 2, B AR SO A5 R 5 H At SR S PR R AR IR O
X E LA K 55 GPS i H - 4 X [ 45 SR R B, BT DDS #
RBER Y i B I AR 7 2T LA 0B o o R AR 1) A R R
BE, It B 6% 78 1 P PR R R R AR E B . IR T 1E IR R
P B 5] it 2 7E 25 ns LA A A s 800 LU 99.45%, B 22 AR HE 25
8.49 ns; £ 7 ¥ B[] Sy — K B 14 450 R A2 B2 T 3K 1.09%10°%,
P[] B 5 BE AT 3K 9.46x10710 s,

S 2% 3k

[1]BUI T, ELANGO A, LANDRY R J. FPGA-based autonomous GPS-
disciplined oscillators for wireless sensor network nodes[J]. Sensors,
2022, 22(9): 3135.

[2]GOODWIN A J, EYTAN D, DIXON W, et al. Timing errors and


https://doi.org/10.3390/s22093135

k/AS,ﬂ;q

AR RS : T DDS M A SR F it 4o 85 IR 5 12 0F 52 - 1713 -

temporal uncertainty in clinical databases-a narrative review[J]. Front Digit
Health, 2022, 4: 932599.

[3]MAJORAL M, ARRIBAS J, PRADES F C. Implementation of a high-
sensitivity global navigation satellite system receiver on a system-on-chip
field-programmable gate array platform[J]. Sensors, 2024, 24(5): 1416.

[4]NASIR A A, DURRANI S, MEHRPOUYAN H, et al. Timing and
carrier synchronization in wireless communication systems: a survey and
classification of research in the last 5 years[J]. EURASIP Journal on Wire-
less Communications and Networking, 2016, 2016: 180.

[SIYANGCZ, WANGY L, HUAY, etal. Investigation and design of dis-
ciplined clock system based on BDS[C]//Proc. of the IEEE 12th Internation-
al Conference on Electronic Measurement & Instruments, 2015: 753-756.

[6(JACHENBACH R, FEUERSTACK-RAIBLE M, HILLER F, et al. A
digitally temperature-compensated crystal oscillator[J]. IEEE Journal of
Solid-State Circuits, 2000, 35(10): 1502—1506.

[7]LI H, ZHANG X J, LIZH, etal. A novel high-precision method based
on sequence weighted adaptive unscented Kalman filter for GPS disci-
plined crystal oscillator[C]//Proc. of the IEEE 12th PES Asia-Pacific Power
and Energy Engineering Conference, 2020.

[S]ISONG W, YANDY, SHIC, etal. BDS/GPS tens of picoseconds time
synchronization method with application to communication network[J].
IEEE Internet of Things Journal, 2025, 12(11): 17244-17262.

O1EMZR, kiR, H3CA, 5. BT TR BRI SRR Y e R B A
ARG, B TR, 2025, 33(9): 31-37.

WANG X D, YANG Y Q, FENG W J, et al. Design of high precision
frequency source system based on satellite-time and tamed OCXO[J]. Elec-
tronic Design Engineering, 2025, 33(9): 31-37.

101X 3. ZETIL S} OCXO HIERRIFHORAIDIZ[D]. V% . P42
TRHRAE, 2023,

LIU S Y. Study on adaptive retention technology of OCXO based on
Beidou[D]. Xi’an: Xidian University, 2023.

[11)F A& 2T 1PPS {5 5 YIS PR A9 10MHz AR A bR -5 52

BU[D]. BLAR: ATRHER:, 2024,
CHANG S. Design and Implementation of 10 MHz low phase noise
frequency standard based on 1PPS signal disciplined oscillator and hold-
over technology[D]. Chengdu: University of Electronic Science and
Technology of China, 2024.

[12] 21 . 3 PR 3 25 oA B A ) 5 1 1 335 7 48 1F LI 52 (D).
Kb WIgRY:, 2017,

WANG H J. Adaptive correction algorithm for high precision time mainte-
nance of oven controlled crystal oscillator[D]. Changsha: Hunan Univer-
sity, 2017.

[13]TSENG W H. Comparison of GNSS all-in-view (AV) and upsampled
common-view (UCV) time transfers[C]//Proc. of the Joint Conference of
the European Frequency and Time Forum and IEEE International
Frequency Control Symposium, 2021.

[14]WUJ, ZHENG X N, XU J, Research on common view time frequency
transfer based on RINEX format observation data[C]//Proc. of the Interna-
tional Seminar on Computer Science and Engineering Technology,
2022: 318-322.

[15]DEFRAIGNE P, PEITI G. CGGTTS-version 2E: an extended standard
for GNSS time transfer[J]. International Journal of Scientific Metrology,
2015, 52(6): Gl.

[16]MIAO X, HU CJ, QIAO Y J. A novel two variables PID control algo-
rithm in precision clock disciplining system[J]. Electronics, 2024,
13C19): 3820.

[17]CUI B J, HOU X B, ZHOU D H. Methodological approach to GPS
disciplined OCXO based on PID PLL[C]//Proc. of the 9th International
Conference on Electronic Measurement & Instruments, 2009.

[I8]JCOELHO L D S, GREBOGI R B. Chaotic synchronization using PID
control combined with population based incremental learning algorithm[J].
Expert Systems with Applications, 2010, 37: 5347-5352.

[19]ANG K H, CHONG G, LI Y. PID control system analysis, design,
and technology[J]. IEEE Trans. on Control Systems Technology, 2005,
13(4): 559-576.

[20]LINJN, ZHENGRJ, ZHANG YR, etal. CFHBA-PID algorithm dual-
loop PID balancing robot attitude control algorithm based on complemen-
tary factor and honey badger algorithm[J]. Sensors, 2022, 22(12): 4492.

[21]PRITESH S, SUDHIR A. Review of fractional PID controller[J]. Mecha-
tronics, 2016, 38: 29-41.

[22]JTANG S T, WANG X. The design of a novel low phase noise anti-vibra-
tion OCXO[C]//Proc. of the Joint Conference of the European Frequency
and Time Forum and IEEE International Frequency Control Symposium,
2017: 227-230.

[23]5K74Ot. GPS YR B4 s A fi i A R 5 SE B D ). e W TR
2, 2020.

ZHANG Y G. Design and realization one kind of GPS disciplined high
stability oven controlled crystal oscillator[D]. Chengdu: University of
Electronic Science and Technology of China, 2020.

[24)BTK . 43 o PRBE B TR (R 22 ANH R AT SE (). B2 T hsifE 5 Bk,
2017C1): 34-36.

JIA'Y G. Uncertainty evaluation of indication error for metal rock-well hard-
ness testers[J]. Standard & Quality of Light Industry, 2017(1): 34-36.

[2517EW1RH . ST b 242 iy B IR S5 PR 15 RGEWT S [D). PH % : P
TRHERE, 2022,

ZUO Z Y. Research on a clock disciplining and holding system based on
Beidou time service[D]. Xi’an: Xidian University, 2022.

[26]15h a4, AR, KB o e 400 T g R AT R A T T vk (D).

FRHMHA, 2014, 34(6): 45-48.
HAN Y J, YANG K, ZHENG H Y. Improved frequency temperature
stability method for high frequency wide voltage controlled crystal oscilla-
tor[J]. Journal of Astronautic Metrology and Measurement, 2014,
34(6): 45-48.

[27125 0. =R RE BN R A b B AR ER B B0 5 S [D]. ME/R I MG/R
TREREE, 2009.

LI H. Design and realization of high precision clock synchronous micro-

ailg

J

step phase-shifter[D]. Harbin: Harbin Engineering University, 2009.

[28] ¥ 0k, L, EICR, . —FhRkG ARG OR 1PPS (55 K4 4%
RIBERILT]. B AR 4, 2019, 42(4): 275-283.
XIAO B, FAND S, WANG W L, et al. Development of a high-preci-
sion phase micro stepper 1PPS signal generator[J]. Journal of Time and
Frequency, 2019, 42(4): 275-283.

[29188 ftF. BT TR AR R G AN Eh DI IR BARWFSE[D]. Jbnt: b atkeg
K, 2021
ZHAO J Y. Research on rubidium clock taming technology based on satel-

lite common view system[D]. Beijing: Beijing University of Posts and


https://doi.org/10.3389/fdgth.2022.932599
https://doi.org/10.3389/fdgth.2022.932599
https://doi.org/10.3390/s24051416
https://doi.org/10.1186/s13638-016-0670-9
https://doi.org/10.1186/s13638-016-0670-9
https://doi.org/10.1186/s13638-016-0670-9
https://doi.org/10.1109/4.871329
https://doi.org/10.1109/4.871329
https://doi.org/10.1109/4.871329
https://doi.org/10.1109/4.871329
https://doi.org/10.1109/JIOT.2025.3534897
https://doi.org/10.1088/0026-1394/52/6/g1
https://doi.org/10.3390/electronics13193820
https://doi.org/10.1016/j.eswa.2010.01.022
https://doi.org/10.3390/s22124492
https://doi.org/10.1016/j.mechatronics.2016.06.005
https://doi.org/10.1016/j.mechatronics.2016.06.005
https://doi.org/10.3969/j.issn.1671-0711.2020.24.084
https://doi.org/10.3969/j.issn.1671-0711.2020.24.084
https://doi.org/10.13875/j.issn.1674-0637.2019-04-0275-09
https://doi.org/10.13875/j.issn.1674-0637.2019-04-0275-09
https://doi.org/10.13875/j.issn.1674-0637.2019-04-0275-09

. 1714 -

ARG TR THEAR

i 48 %

Telecommunications, 2021.

BOJET, HEF, BT, 5 RRIRAEE R LR B 228X 422 il
FERERISENA-S 3T [CY/AR 6 Jai I TUR 2R 4R 22, 2015,
WANG N, LV ZP, WANG Y P, et al. Precision analysis of satellite
clock for different sampling interval satellite clock bias data[C]//Proc. of

the 6th China Satellite Navigation Conference, 2015.

EH T/

HBER R (2002—), B, WL AF 52 A4, F EWFSE J5 17 GNSS B[] 451 R
3 B S IR L et R 4 o 5 o

FOC1980—), B, #Hz, Wi, T EMHFITIT I Jooks SR AT R

] AR R S

& SHC2000—), B, WL AFIE A, FHFWFT I 0]l GNSS B[] 45T 3R
1% 13 55 AR . Hn Al AR A o

BB R1980—), B, Pl B+, L5 )5 In R kG % 00 4
Bl ) RO 6 . T AL A

FER2000—), &, W-HMF5EA, EEHITIT M GNSS W5 1% %
HE% . TRk,

FEWUEQ001—), B, WL 5 A, FEWF5 7 0] 2y GNSS B[] 451 3
3% . GNSS H2 ML {4 B 8 4% 1 o

AZBC1992—), B, RIBFFE G, Wi+, FEBF5ET7 [0 0 5 8 4711
b, B fES .



	0 引　言
	1 原理设计
	1.1 GNSS时间传递
	1.2 驯服控制

	2 系统实现
	2.1 总体方案
	2.2 硬件实现
	2.2.1 GNSS时频传递接收机
	2.2.2 恒温晶振
	2.2.3 相位微跃计

	2.3 驯服算法软件
	2.3.1 钟差数据获取间隔
	2.3.2 PID系数优化


	3 实验与分析
	3.1 驯服控制与自由振荡稳定度对比
	3.2 本文方法与压控调频方法稳定度对比
	3.3 本文方法与GPS锁定铷原子钟方法稳定度对比

	4 结　论
	参考文献

