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Abstract

Aiming at the problems of data time unalignment, time format error and data discontinuity in pre-
cision appraisal of measurement and control equipment, this paper discusses some specific me-
thods of data preprocessing in precision appraisal for measurement and control equipment. This
paper first briefly introduces the flow of data preprocessing and tools, and then points out that
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there are some problems between the measured data and the precision orbit data, such as time
misalignment, time format error and so on, and puts forward the solution to the corresponding
problem with the help of Python’s third-party library functions like numpy and pandas, and finally
gives the results of the comparison before and after processing.
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Figure 1. Basic process of data precision appraisal
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Xof [R]— I BRI 4% B o5 I S e 5 P EASPUEAR AT W 08, R, Time A% AL XS I I A
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FERGEEHE A, I () A% 2 I xxexx:60.xxx T2, BIH 60 A ENAHE S B, 3 S0 B) AN 2 1E H s
NER, WL 1 PoR, AEPEERER R HI 18:36:60.000, FIERGIS A 308 4 18:37:00.000.
Table 1. Precision orbit data error data in seconds time
= 1. BYEUE R E RS
Time X (m) Y (m) Z (m) Vx(m/s)  Vy(mls) Vz(m/s)
2021-09-11T18:36:60.000 —-1,979,075.511  5,961,320.698 2,781,960 2422.595 —2435.05 6889.751
2021-09-11T18:37:00.050 —1,978,954.379  5,961,198.936 2,782,304 2422.698 243543  6889.579
2021-09-11T18:36:60.000 —1,978,833.241  5,961,077.154 2,782,649  2422.802 —2435.82  6889.407

2) G AR —

AR I B A SR E B () TS EER, TR B 58 — WU () A — e 2 5 I 2 300 1) 28 — Wt [) 58 42
B, BEMMTEETES S8R EL K, i3 2 f3 3 Fis . & 5dE 58 — Wi ah i e 18:35:42.250,
XoF LT AP SR A AR B BB B — U ES 4 ek ] 18:35:42.000

Table 2. Start time of measurement data
52 2. MEFIEEIEATE

Time vV (mis) R (m) A() E () DA () DE ()
18:35:42.250 ~6683.20 1.31E+06 154.366 16.8092 0 ~0.00781
18:35:42.300 ~6682.84 1.31E+06 154.362 16.8226 0 ~0.00781
18:35:42.350 ~6682.47 1.31E+06 154.357 16.8284 0 ~0.00781

Table 3. Start time of Precision orbit data

3. BMBUERIARTE

Time X (m) Y (m) Z (m) Vx (m) Vy (m) Vz (m)
18:35:42.000 -2,161,428 6,127,781 2,234,803 2249.087 —1830.87 7131.155
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Continued
18:35:42.050 -2,161,316 6,127,689 2,235,160 2249.206 —1831.26 7131.018
18:35:42.100 —2,161,204 6,127,598 2,235,516 2249.325 —1831.65 7130.880

3) DK il

WA AT PR R I A P] R H AN E LE B RO ER BRI, TEMC SRR B =, 45 LA PRI G 22
HH IS PR L Ak T ZE (B R ARG RIS Ol . IS 4 Hhm] DL I Bt 10 s R B[R] AN 18:49:32.700 Bk
FI| 18:49:34.550, H[A]EK T 37 mi%id .

Table 4. Loss record of measurement data
=4 MEFIBEKRICE

Time V (m/s) R (M) AQ) E () DA () DE ()
18:49:32.650 454.906 489,573 220.917 92.6592 0.085938 0.039063
18:49:32.700 460.474 489,594 220.928 92.6695 0.109375 0.023438
18:49:34.550 651.769 490,618 282.238 85.7685 ~0.09375 0.320312
18:49:34.600 657.712 490,649 284.226 85.7390 ~0.09375 0.335938

4) IS [ A 57
i P 46 5 1O P S 5 A FH RIS R B, (H B T B AL i 27 AL ) 28 5 B0 & 5000 A el ] He B
fW#, tn7e 5 dobrE B ER T [A] S A 18:28:33.700, {HEFZELEEFEL T 0.002 ZFP W% .

Table 5. Time delay of measure data

F 5. MEXKIETE

Time V (mls) R (m) A() E () DA () DE ()

18:28:33.702 ~7020.16 2,237,433 155.9238 3.424301 0.002292 0.014897
18:28:33.752 ~7020.13 2,237,086 155.9228 3.435631 ~0.00344 0.00573
18:28:33.803 ~7020.05 2,236,736 155.9207 3.445244 0.004011 0.011459
18:28:33.853 ~7020.00 226,389 155.9190 3.454857 0.005157 0.006303

5) #EAEL

Zoid— RAPAL B 5 75 20 D & R AR R 22 . o 7 AL A YE L 0°~360°,  HH T

BARA— g\ 07 (B F), 25 nlfess UM B2 E RIS, Wk 6 s, Hd, Ag A
TEEPEIETME, Ag HIEEIRERI A AE, DA NI —B 20 /A B 2Z{E. E 18:41:00.950 B A%
U O, TR R R BUE A B R 2 BT, BT R S L T 360° R 1R M

Table 6. Record data across zero at different times

6. TEITEEICREE

Time Ay () Aq () DA ()

18:41:00.900 0.000211 0.032952 0.032741
18:41:00.950 350.9964 0.028452 ~359.968
18:41:01.000 359.9926 0.024294 ~359.968
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Figure 2. The flow of data alignment processing
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#re
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Table 7. Comparison of precision orbit data before and after processing in seconds time
= 7. BHEBER AR BRI R T

& IERT BIEjE
Time Date Time Date
2020-09-11 18:36:60.000 2020-09-11 18:37:00.000
2020-09-11 18:37:00.050 2020-09-11 18:37:00.050

DOI: 10.12677/csa.2022.124083 823 TR 5 R H


https://doi.org/10.12677/csa.2022.124083

R

2) S5 MUK I R0 55 25 2R
U 2 F4 3 Fom, MR RS 55— WE AR N (] 18:35:42.250, 4R 1 J5 45 A5 B B4 55 — US4 ) i)
79 18:35:42.000. £ HE X T AL BRI 5 — A i [B] g S M I R] 18:35:42.250, Hoib B A5 R 8 Fis.

Table 8. Time alignment calculation results
= 8. BURATEX TR &SR

Rig A = DR}, dr dA dE dv
(m) @) @] (m/s) (m) @] @) (m/s)

1,314,425 154.328 16.734  —6682.77 18:35:42.250 18:35:42.250 37.3993 0.0378 0.0169 -0.436

Time;g Timeyg

1,314,091 154324 16.742 —6682.41 18:35:42.300 18:35:42.300 41.5365 0.0376  0.0228 —0.437
1,313,757 154321 16.750 —6682.05 18:35:42.350 18:35:42.350 35.6521 0.0364 0.0211 -0.429

3) EMikbH4E
W% 4 B B S EE A TR E 58 T 37 MUECHE iR R, TR A B S PR SV o I8 I 18:49:32.700
2 18:49:34.550 R (A1 B, DAST bRl s, HaE 8k 9 Fir.

Table 9. Processing result of frame loss of precision orbit data

?O. FHBUREWLIBLER

R; A Ej DR

( n% (01)9 (;)9 (m/s) Time;, Timey

489,540.6 330.0844 86.36835 436.6873 18:49:32.600 18:49:32.600
489,562.5 330.3054 86.32559 442.2990 18:49:32.650 18:49:32.650
489,584.8 330.5212 86.28279 447.9101 18:49:32.700 18:49:32.700
490,605.1 336.0357 84.67652 654.8979 18:49:34.550 18:49:34.550
490,704.6 336.3396 84.54512 671.6198 18:49:34.700 18:49:34.700

4) I} B 55 b P 45 IR
SoF 77 75 IS [A] 15 22 0 W B 5 HE , % LN A Sy 18:35:42.304, X b ok BB A I A & EHE 45 OE #
18:35:42.300 W O%{E, &5k 10 Fiows.

Table 10. Result of time alignment

= 10. BHEISTFTAIELER

R g A g E sEw DR s Time ges  Time ses R gEs A pEg Esrrs DR ges

(m) Q) Q) (mis) (m) 9] ) (m’s)
1,316,068 154.4187 17.0473 —6682.83 18:35:42.304 18:35:42.300 1,316,094.48 154.4190 17.0467 —6682.85

1,315,726 154.4139 17.0566 —6682.47 18:35:42.353 18:35:42.350 1,315,576.94 154.4141 17.0560 —6682.49
1,315,392 154.4084 17.0649 —6682.11 18:35:42.403 18:35:42.400 1,315,412.04 154.4087 17.0643 —6682.13

5) &k b B 45 R
fE 18:41:00.900 I, A5 HUHHE J7 fr A1 T 0.000211°3279 359.9964°, Ik ] 2 Kl CL 2 78 LIRS 21 B 58 A
TEE%, JrfifAe0y 0.0284520°, XIEEFH A ZEBIE, fFRIHMIXZEN 0.03205°. W1k 11 Pox.
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Table 11. Difference processing results
11 EELEBER

Time Ay () A () dA ()

18:41:00.900 0.000211 0.032952 0.03274
18:41:00.950 359.9964 0.028452 0.03205
18:41:01.000 359.9926 0.024294 0.031697
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Figure 3. Azimuth error curve (step length: 10 seconds)
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Figure 4. Pitch angle error curve (step length: 10 seconds)
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Figure 5. Distance error curve (step length: 10 seconds)
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Table 12. Data accuracy appraisal processing results
12, BIEBELEELEER

E 2 MRE BEHLRZ RGRE
PEES (PN K) 20.4815 0.6338 20.4717
IALfa(AL: ) 0.0802631 0.00031184 0.0802625
A fa (Bhr: ) 0.0622897 0.00098764 0.0622819
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PRI RS R AT, Ui B A BT R AR IR, DISERTAT, XRG4 e A BUAR BT i BT — € 1
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