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Abstract: With the widespread application of meteorological data, the contradiction between data security risks and sharing demands has
become increasingly prominent. Constructing a secure and trustworthy meteorological data service system has emerged as a crucial issue
requiring urgent resolution. This study employs domestic computing architectures such as Haiguang, Tianshu Zhixin, and Huawei Ascend,
combined with Kubernetes container orchestration technology, to establish a multi-source heterogeneous trusted computing infrastructure.
Aiming at the multimodal characteristics of surface meteorological observation data, this paper comparatively analyzes the computational
efficiency and security boundaries of privacy-preserving technologies such as differential privacy, homomorphic encryption, and secure
multi-party computation, and proposes a dynamic hierarchical protection scheme based on trusted computing environments. By constructing
a trusted space for meteorological data where " data is usable but invisible," core functions such as statistical analysis service interfaces,
personalized computing engines, attribute-based access control, and full-link audit tracking are realized. Practices show that the platform
effectively enhances the security and flexibility of meteorological data usage under the premise of ensuring that " original data does not leave
the domain," providing strong support for the secure sharing and in-depth application of meteorological data in the scientific research field.
Keywords: trusted computing environment; meteorological data; trusted space; indigenization; data service
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Tab. 1 Characteristics of surface meteorological data resources in shandong province
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Tab.2 Performance and applicability comparison of common privacy computing techniques in meteorological data processing
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Fig. 1 Overall architecture of the trusted spatial platform system for meteorological data



A Zh b 8 R 5 H

2026 4F 55 45 % 55 8

Techniques of Automation and Applications 135

4 KTy LIG M T R

4.1 SZ—EORZSHEES

-5 B M 55 1R AR AL s RS, AR
PO REAL | B B R 2, B R R E
TN 2 AR 2T BRI A B, SCRR LT 4 260)
%975,

1) Restful API iR 45, I ] 4% 5 2% 1) 5040 4 T ik
HTTP PR AR EfL GET i R A M)

2) SDK & Fumfk 45, 24t Java C# C/C++ Python
PHP Fortran %5 2155 SDK JT & f1, 32 #F Linux . Windows
EERT-H E TR G i AR B

3) MEAECIRE AR SS . T 55 dn RE T K S, SCREERE
B P AE Notebook 8% IDE ¥ 85 d ) Python LEAE S 1
[ fE4E A,

4) BRI E SRS, EEXFRHIE P SRS AR 1
b EE U (R T 2K KN [ AE A 25 Y (40 NFS | CIFS \FTP S3)
HEZES5— 0B H FER A ARSI 55 800 8 41 H SR 4
¥, 3 G — i 44 25 R B At 4 2k XS v 1n) , SR A
FAHEAT RS I 4 S 1 0t Ak B o 20 9 5 s =
5 A D AT R S ) AR SR, ) FH P 7 ) B AR
YL IR VA H AR TR

0 R 55 1R & 0 I AUBR A = ML, 3T RBAC 5
ABAC RN G SEBLSh A W 40k B2 v ) 45 i, P ALRR
AU F A 0 5 07 95 , 0 5 8 FHECHE 09 )8 1 (CBOiE 9/
1) F R DX JH] B 3R 4 ) DG, SE < e/l T 4324
RO, 0 PR B U [ AT R TR AR
4.2 FIEIHEDHRAENS

B FTF TCE HLEIAS 2 AT 5 BT 49 88, IR v 5 0t
AT S A SRR IR SR 0 1P A S A
a0 B AL, B RS AT 55 (U AFE TCE V)
FETP TR N 24T S R B RV NS S
T P AR R S5 R s e T Al . ARSI A
FRULF 4 55,

1) AESAMRDRIERE . F P 3 sC SR AR 5% = oy
AIAAL IR | 5 48— 8 B 2 (595 ST, SAM AN
BImE

2) BN, X T REREEE, B 5iB T
FHP 7 ] Ak d8 2 (A 808 2 11 3k e kot D s 2500 2 1)
FEBRAE X T SO 8000, P i ek 5 A I 0 R AR
AREL,

3) BT HEICSR S R, s RS A )
1ok H A P AT 25 SR RO 3 R BRI A
lEL N

4) AR SIB I TIEEAR AT 5SS HT, X T
G ST S ENERE , B 1B B AR A S TCE R34,

WML ORI T 0t 26 T H A AR i 2 b T RIS T B
WG S5, AR P SR TS A P T DR

4.3 REWHITSTHEW

FERE T AR 2w LR X RHIE PEL
PEUR AT 559258 4 U7 ) S8 SC PR E AT B 2R IE 5%
FEALFELUT 4 £,

1) HEERHLH . A SR ERIERE] ™ 1D %
i ID $2 A B AR BT RS T B

2) HGEEME, R A B AT BUAS AT B0 1
FHIC B, SRR RIS G AL 2RI

3) SR RCIALE B TAT R CaniE AR B
THAE S5 SR A ) #4752 U 317

4) Mt s SR eEE, RYE WA R RS,
FEAE SN AT R fi A 157 SR N LTS 516 7T

ZHURER T T B R TR S s TiE IR AT
A5 AR T T B2 2 I (1Y) 42 4 A BRS04
4.4 BRI FIfSWIE

BT FIRER SHLE] P G S T 2R i BHE
1) B B 19 55

1) ARifEGET o TR 55 . BT & BE A 5 B iE
1 ZHAHOE Az 1 77 X P AT R AR BRURY A2 ik
R/ DK B ) B I R R OK | KU A R A et A R
(Nl Al FRIHE) TS T SRR,

O 1 WARAE A YRGS,

BT b E T HAE B 7E-F & W FI AT Notebook 78
LSBT BEE 3 B S F B il P B e o
FARE 2015-2024 45448 [E 580k A Yok & 898 1% H 5 o1
i A WK =508, 454 Mann-Kendall #5565 Sen'’s
RERAGEACHD B, #2704 H A 3 o B g R
W 2 PR . XHE AR R /NS B R A Gei o, AR
76 s, AT R R RHIFER K R B s A A UL IR
PR 4

2) MEASEREITIRS . P BAR A SCRE A
sz v AT AR AR , 7 B L6 AT A5 BRBE R s AT, JF AL
HaR g 545 R al Ak S kE

612 e E AR H B KSR T

T v ] M T OZ /DN N ROHE , 7EF B A IDE 7Rk
Y ARIAET kB AR 55 H2 R 2 B /N B T
1 /INBF B K B 2 /N 68 7K o 46 380 i A 7K A B 85 SR T 4T B
iy, AR json SCOFH F s S & 3 Fros . JRAR ¥k
N (= = S 4 € T I K =
4.5 BESW

IR 2 )RR R G AR 5 AR A R A AL 7
BT NERE VI B R 8 A TE R TR
ige)Em , A2 Xm0 MELE R BT S 4
AR ORI P SR e A Rl T B ik 55 BE
1o BAYS B E 2 B, 207 6 78 P e B0 A H S )
I, e A2 R R B 43 B PR RE S oK, B A B Y
SRR M, 0 G EE d mE SR AR AL T4
HET AR AR



136

H2h b 3 R 5 5 H

Techniques of Automation and Applications

Xt iR BE T Kemel HB& £f% B SIS S UHREIEHERIKEESIT

8 a8k TOKE usEE R, Terminal@20255! BN +

o BEF T RT O BEEs D EGHAE O Ff C Exkemel (3 8 ® XX @ 8 % 318 ® EfA1.7h
> D EFRE 155 # FTEDRAE

=] 156 print(tabulate(table_data, headers="keys", tablefmt="grid", floatfmt=".4f"))
v O REETE # 2. BITRABSI

B 158 print("\nl@BDRER:")

1@ %} PostgresQL

[2] {58Y pickle 3Zf4

2 W Excel 34

[ REREXAD S

O RECTAA a
2] R E-SR RS

2 REHRE-BY

for month, precipitation_list in sorted(results_by_month.items()):
& EIGHERNFAMIIR
precipitation_values = [float(item('avg_precipitation']) for item in precipitation_list]
# Mann-Kendall 28
trend_result = mk.original_test(np.array(precipitation_values))
# Sen's HiE& (EAEEENTEMN)
sen_slope, tintercept = np.polyfit(range(len(precipitation_values)),
print(f'Af} {month} | #%H: {'FHE' if trend_result.h else 'E'}, H@:

ST S e

0.0397 | 0.7217 | 0.7314 | 1.9247 | 1.7284 | 0.9033 | 1.1744 |

precipitation_values, 1)

0.6324 |

.- T T

| 11 | 3.3317 | 0.4704 |

1 12 | ©.0840 | ©.7460 | ©.0532 | ©.5861 | ©.5075 | ©.2891 | ©.6893 | ©.0782 | ©.9681 | 0.0716 |

@ BRERE-E RS
BENRER:

O EEHRTEYSE Bt} o1 | #%B: X, HM: no trend, $F: 0.0012, PA: 0.8580
Bttt 02 | #%: &£, AM: no trend, $%: 0.0235, PH: 1.0000

B HEsIERSEE Bft 03 | ¥%: X, AB: no trend, $H: 0.0113, P{H: 0.7205
Bt o4 | #%B: X, HM: no trend, $FH: -0.0303, PE: 0.8580

) [ SEBEmEE... Bt o5 | #%: &£, AM: no trend, $¥: -0.0528, Pfi: 0.4743

Bfp o6 | 8%B: X, AM: no trend, $FE: -0.0365, Pl: 0.5915

B BTV TER. . B o7 | #%: fE. HM: increasing. $1F: 0.7858, P(E: 0.0200

> D Sz

B2 WHREHETFERHBKEESNER

Fig.2 Trend analysis results of monthly average precipitation in shandong province over the past decade
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