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Abstract: In order to support the reliable operation of spacecraft, the ground tracking, telemetry and command (TT&C)
equipment need to be in power on state for a long time with the increase of the number of spacecraft in orbit, which brings
great difficulty to the equipment state detection and maintenance management. Two state prediction models of GM and
Verhulst TT&C equipment based on grey system theory are proposed in this paper. By data smoothing and background value
improvement, the state prediction model of ground TT&C equipment is optimized, and the prediction accuracy is effectively
improved. Through actual case analysis, the application scope of the two prediction models is sorted out to provide decision
support for condition based maintenance of TT&C equipment.
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Table 1 10 MHz local oscillator output amplitude detection record
MWL HB CA/H)  03/01  03/15  04/10  04/20  05/01  06/20  07/10  07/12  07/18  07/20

MEXZER (dBm)  10.54 10.52 10.48 10.53 10.38 10.51 10.33 10.33 10.5 10.45

A2 FiRIMRE 4 R T
Table 2 Statistics of evaluation results of crystal oscillator components
PG H (A/H)  03/01  03/15  04/10  04/20  05/01  06/20  07/10  07/12  07/18  07/20

PEARZER (40) 92545 9272 92.23 9282 92622 92,757 92726  92.975  93.16  93.054

A3 MAREE AR AIRE S R
Table 3  Statistics of TT&C equipment system status evaluation results

PG EB CAE) 03/01 03/15  04/10  04/20  05/01  06/20 07/10 07/12  07/18  07/20
WARZESR (43) 91.731 92559 92346 92514 92139 93.104 9325 93.367 93.253 93.281
10.55 93.2
™ 93.1
10.50 93.0
E \ / 2 929
T 1045 5 928 ]
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Fig. 6 10 MHz local oscillator output Fig. 7 Statistics of evaluation results of
amplitude test statistics crystal oscillator components
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Table 4 Prediction comparison of 10 MHz local oscillator output with traditional GM and Verhulst models

PGB CH/H) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20
Jaa%dE (dBm) 10.48 10.53 10.38 10.51 10.33 10.33 10.5 10.45
12455 GM i 10.48 10.515 10.419 10.46 10.382 10.338 10.392 10.404
S a -0.08  0.009899 -0.07386 -0.02262 -0.05467 -0.058055 -0.02811 -0.01924
ZH b -0.424 -050186 -0.41476 -0.47696 -0.43228 -0.42689 047983 -0.49701
AEXTIRZE (%) 0059823 -3.1237 66692 -9.1915 84198 1.265 8 -17.823 —7.674
1545 Verhulst Tl 10.489 10.541 10.431 10.493 10.398 10.352 10.418 10.434
24 a -1.039 091423 -065507 -0.6263 -0.49836 04357 043428 -0.40485
ZH b 050476 037955 0.18084 0.16315 0.097984 0.071128 0.070596 0.060 846
AHXTRZE (%) 17215 23523 89027 34001  11.256 3.4009 -14.154 28374

%5 10 MHz A3k il Z445 2t GM 5 Verhulst B 69 T r ik
Table 5 Prediction comparison of 10 MHz local oscillator output with improved GM and Verhulst models

TEMEEIE CA/HE ) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20
JRIREAE (dBm) 10.48 10.53 10.38 10.51 10.33 10.33 105 10.45
Mo GM T 10.419 10.566 10.357 10.523 10.33 10.375 10.419 10.412
Z¥ a -0.077931 0.010319 -0.06869 -0.02044 -0.04995 -0.053012 -0.0252 -0.01695
ZH b -043493 -050138 -042734 -0.48169 -0.44266 -0.43796 -048628 —0.5022
AHXTIRZE (%) -10.469 82096 35194 27803 0.008459  7.2408 -13.996 -6.5127
Peitk Verhulst T 10.485 10.529 10.424 10.478 10.389 10.345 10.401 10.415
ZHa -1.0187 -0.8963 -0.64222 -0.61402 -0.48858 -0.42716 -0.42576 —0.39692
S8 b 048516  0.36482 0.17382 015681 0.09418 0.068366 0.067 854 0.058 483
AHXFRZE (%) 088775 025166 7.6977 61272  9.6342 2.288 2 -16561 —6.0269
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Fig. 9 Effect chart of traditional and improved GM and Verhulst models for predicting
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Table 6 Comparison of evaluation value of crystal oscillator components with traditional
GM and Verhulst models

AEEB CAA) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20

JRIREAE (43) 92.23 92.82 92.622 92.757 92.726 92.975 93.16 93.054

1£4: GM Fiil 92.228 92.641 92.643 92.724 92.747 92.876 93.033 93.092
24 a 00517 -0.00528 -0.00309 -0.00486 -0.00418 -0.006262 -0.00818 —0.007 77

ZH b 10.466 94638 95093 94669 94853 94221 93574 93728
AHXTIRZE (%) 0.020592 18569 —0.21255 0.34461 —0.21994 1.0016 12728 -0.36725

1£4; Verhulst T 92.069 92.371 92.203 92.227 92.259 92.491 92.789 92.965
S a -1.1131 -0.84291 -0.70983 -0.60729 -053173 -0.46846 —0.41745 -03791
ZH b -0.030424 —0.01685 -0.01164 -0.00837 -0.00633 -0.004863 -0.00382 -0.00312
AXFRZE (%) 1.780 9 47856 45493 57472 5.043 5.096 5 37891  0.90245

AT SIRIIRELL BGt GM A= Verhulst A2 &9 T Koz
Table 7 Comparison of evaluation value of crystal oscillator components and prediction of
improved GM and Verhulst models

WASHEA (A/H) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20

JRIREAE (43) 92.23 92.82 92.622 92.757 92.726 92.975 93.16 93.054

Aotk GM 92.282 92.782 92.603 92.781 92.749 92.943 93.097 93.123
S8 a 0.054953 -0.00581 -0.00332 -0.00509 -0.00435 -0.00647 -0.00844 —0.00799

SH b 10.344 94717 95151 94788  9.4963 9.4395 93807  9.3954
AEXHRZE (%) 055754 0.38609 01942 —0.24648 024121 031719 0.62945 -0.67837

et Verhulst T 92.361 92.724 92.663 92.743 92.815 93.053 93.341 93.518
24 a -1.0702 -0.81049 —0.68253 -0.58393 -0.51128 045044 -0.40139 -0.36452
ZH b -0.028129 —0.01558 -0.01076 -0.00774 -0.00586 —0.004496 -0.00353 —0.002 89
AEXHRZE (%) -1.4012 098929 042433 014955 -0.91447 078216 -1.7459 —4.4099

&4 Verhulst #8258 3.961 8 %, 1Mk, HEHL f=0.52, 1534 FIXHRZE N
~1.067 4 %, HLEUKS B = TAE4: Verhulst BL7 . F ph£ anEl 10 s
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Fig. 10 Effect picuture of traditional and improved GM and Verhulst models for
predicting crystal oscillator component state
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1SRN A XN 2 R 1.363 6 %, RS RE R T4 GM i

A8 Mz AR ARG S % GM A= Verhulst B2 49 Fm) ro iz
Table 8 Comparison of state evaluation value of TT&C system with traditional GM and Verhulst models

TEAEEEA CA/HE ) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20
JRIREE (43) 92.346 92.514 92.139 93.104 93.25 93.367 93.253 93.281
12455 GM i 92.344 92.45 92.234 92.735 93.095 93.343 93.419 93.472
S a 0.147 0.015955 0.076755 -0.06504 -0.10343 -0.10582 -0.08818 -0.07461
ZH b 1.7805 1.520 2 16694 12472 11099 1.1 11837  1.2563
AEXTRZE (%) 0.1405 44483  —7.6626 21.25 7.4023 10104 68627 -7.7244
1545 Verhulst Tl 92.332 92.478 92.223 92.76 92.926 93.119 93.294 93.398
S8 a -1.633 -1.0794 -0.94645 -058039 -047016  -043  -0.41645 -0.39489
ZH b -0.39782 -0.17311 -0.13336 -0.04725 -0.02643 -0.020237 -0.0185 -0.01614
AEXTIRZE (%) 1.086 1 24445 68927 19517 16.822 11694  -1.7701 -4.8784

A9 Mz AR ARG S Bt GM A= Verhulst B2 449 F70m) ro iz
Table 9 Comparison of state evaluation value of TT&C system with improved GM and Verhulst mode

TEMEEIE (A ) 04/10 04/20 05/01 06/20 07/10 07/12 07/18 07/20
JRIEEAE (43) 92.346 92.514 92.139 93.104 93.25 93.367 93.253 93.281
Ytk GM Fi 92.306 92.549 92.056 93.128 92.968 93.431 93.241 93.431
S a 015139 0.012623 0.071443 -0.06032 -0.09528 -0.0974 -0.08045 -0.06726
ZH b 1.739 1 15065 16343 12763 11594 1.150 9 12299 13002
AR IRZE (%) 30981 22802 7.8941 -1.1303  14.308 26341 055346 —6.1721
e Verhulst T 92.403 92.542 92.326 92.735 92.846 93.029 93.232 93.357
S8 a -15702 -1.0379 -0.91005 -055807 -0.45208 -0.41346 -0.40043 -0.3797
ZH b -0.36781 -0.16005 -0.1233 —0.04368 -0.02444 —0.01871 00171 -0.01493
XS RZE (%) -40309 -1.7855 -14.072 21.29 21.867 16.647 0.95853 -3.2297

1545 Verhulst BRI B F-IAERHRZE g 4.752 8 %, [kt , P =051, 53R EARR 2 K
4.705 5 %, FIEURE B = 550 Verhulst B2 T g2k an & 11 frs.
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Fig. 11 Effect picture of traditional and improved GM model and Verhulst model
for predicting the state of TT&C system
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@© R E R GM BEHLS Verhulst SR BINRERE = T SEBAI funRE i, —BRes i 2 15U
L, HIEHAREREE .
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