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Abstract: To improve the safe and reliable operation of deep drilling equipment under extreme working conditions, this study focuses
on high-end drilling equipment that integrates automated execution, digital control, multi-source sensing, and high-reliability design.
A cloud-edge-end collaborative intelligent operation and maintenance (O&M) architecture is developed. The proposed architecture
consists of four modules, namely the drilling equipment module, the data acquisition module, the intelligent O&M module, and the
digital twin module. A data workflow based on MQTT and Kafka is designed. A data modeling strategy is established through
hierarchical topic classification and message schema specification. An edge-side feature reporting mechanism and a cloud-side
on-demand data acquisition mechanism are further introduced to cope with network conditions characterized by low bandwidth, high
latency, and intermittent connectivity. The architecture supports multi-source data access, unified deployment across multiple drilling
sites, and remote visualization and interaction. It meets the requirements of equipment condition monitoring, fault diagnosis, and
predictive maintenance, and provides a systematic reference for the design and implementation of intelligent O&M platforms for
high-end drilling equipment.
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Fig.5 Example of an MQTT message carrying JSON-formatted data
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5.2 SCATHIEMREST S5 ESEESHH

I B A2 10 0 52 B TRAL 3 5 4% 5 8 4R, Ditto Connectivity 11 %S B 5B ., I 4R B
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2y Ditto PhBGH B, FRARYERT S5 NZR A R REIEJE 14 . Ditto Core X2 RS AT — BT 7,
Jim i WebSocket [r] =4 i] M4 TS, (1 H 37 M 5 v A RE B 48 O BB 9% T2 B BB LG BSR4 IRtk
Ak, 2z, EENRXTZEA 5 S50 %E T desiredProperties 5 A28k, R4 H Sy MQTT
484 TR B EH A . WRAPITEEMERAEE, =i 6 38 5 ar SRS IRIPAT 45 R

FEARHT SE Sk BIOE 2 N, RRIEIT RS B S5 9 QoS S AMBEAF R E BN, FHRAEANT %
REAEAE T TR BLHHE 2 MongoDB . TEMZIKET 5, RS SCRFEIRAME, RIS SRH 2255 R A LI BRI
e e I I RS FE TR G T — SRS, B HEGEL AR S N, AT R T RS
FIRTATSEPE

6 4l

ARSI AR R 5T e B PR 2 (U SE PRI 4B RR R, 4R T “ m-14-3m A 3UP R e ds 41 &
R, T AR . BUeREE . B RIS ST AR AONIL B I ERIES, AR R S5 5 R B BRI
Jimngs 7 MR BOR 2, )R ST B BRI .

HE, MR T ER 2R B KRR BT R AIHILG M SRAEILI ¢ G 5 AR RRIESE IS
REHEE, SR BOE RS IR IR . AT SRS MQTT N Bt 17 0 2K 1, JF5IA
Kafka {1 Jy 2 idiE . B0 PR & 2 R B (R, R B imds f R 5 RS AL AR .

Hk, =T mimfE g S5 SEm HER I P A SR B SIS WA RN AU SS, B
TERZH I BT R A 2k, SRS AUAL 5 FnRTTE, 8 = -10-sm P Rl SE IS HE 48— 8 Hia T
o IR SCHOIGE IR MRS W, RV S TR LED S0 55, R R IS TR
B, BTIsmtESERERE.

e, M T 2T Eclipse Ditto )52 SERlG I = A sUH, IR N R B 5L S5 N2
AP FI S R, TR EAT IR WU 5 N AT SR RE S R P AL o 85 iR HEIR 5 =i AL 23,
NI M I R e O SR — B IS 4R B 6 o BERMIRH 98 5 I BRERSR M, A A B PR
AMERLH S — BRI ST REIR R S

B z-a-vm” oA SN R 2R, B PR A% P R S B T A0 S v ST AT A A A B,
WIBYE R FRMANLE L, [FIRPR SR b A% B 2 im BT IR M. S S8 2REROR, 1848 N R e Hy
AW RIS, SN HE I B BRAS . BEISAT T, $RATRBLIBE SR, FRAR e XU, 455 Tt
VEAES AR, ARG . SEAZ SRS, KR L AL B 4P B A il R (e i ok . ROk, BB
NITERE. K¥HE. XEELLL 6G A Juilt BORMIEE— PR f, 78 i il 4% 4% 1) R e A s 4 dslAy B2 41
AP EERST T R, KBRS SR s, ME TR E, LRI E SRS
o BRI T A HERN R BT 1A R
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