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Abstract

Aiming at the problems of limited bandwidth of mud pulse channel and real-time processing bottle-
neck of traditional Central Processing Unit (CPU) in the measurement while drilling (MWD) tech-
nology for shale gas exploration, this paper proposes a hardware acceleration scheme for the adap-
tive Short-Time Clustering (STC) algorithm based on Field-Programmable Gate Array (FPGA). By
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adopting a numerator/denominator decoupled calculation mechanism and a four-stage pipeline ar-
chitecture design, this scheme effectively breaks through the performance limitations of traditional
serial processing. Experimental verification results show that under typical high-temperature and
high-pressure environments, the scheme can achieve efficient real-time data processing, while having
the dual advantages of high precision and low resource consumption. The proposed innovative de-
signs include independent pipeline parallel computing, register retiming technology, and fixed-point
quantization optimization, which provide key technical support for the miniaturization and reliabil-
ity improvement of complex reservoir exploration equipment.
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B B 0 B ARAE AR A= i 2 IR TR SR 3 R AZ O TF B, RV SRS S KT AR L
N PF S s, AKIEE HZE SEEh ST I BT 55 (1], HEOE AR 2 — £ T, ZRKIKMEE
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ArEENE. BAUA R ES A R S WK, e LRI T RE RS EEPE6], (H R AR
PR RE A T 20 AT RN S 5 B U S | R B A e P el @, Rk, AR R O ) AT 1
AR, RSB ERIAEE N A SERT P BETE, TR A B I S A0 R R ) SR R S 1T

B FIRFEAI RS, ASCHEHE —FEET FPGA HIMERIFAT THE M Wl &0+ Bt EEgE
MRS KL, a5 A5 R 18R =HHHATH, LI EEABE(120°C) F 1R P =ik
ERIRRCR AT . 1207 BAEW 2 AP ARERE BEEDR WATHE T, K S i A PRI A8 248 50 B = FD 2, R
VRV 1 2R AR 30% LA b, Dy i o T A AR 8 R (K S AR, SRS AL S v T S ) TR
VUED
2. BESE A Rit
2.1. 28 STC HE¥F [EE

PRI, 18 (Slowness) AL A5 AR LR FH A% 3R E B8, FORS T SR OGS /2 PPN 255 B
7] L ISEI IS STC FIRIE T FEFFRWCER T 5 AU AR SCHE 704, e M 2 A — A AR 5 R B R 52
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Figure 1. Downhole edge computing architecture
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Figure 2. Numerator/denominator decoupling calculation flow chart
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3.2. BUERKERT

RSB AR R MEREIR B, A OB DU KR AR TR EEH, SR B IhRE T -

Stagel (Bl X 4R : 0L BT RIRAT S BB B, [FIR SRR FIR JE AR HGE 4T I
TR, NS g E AR A R B AR .

Stage2 (ZEIR M=) : K FH AT L B AL 17 27 A7 B S 224022, S RHB I R KA sh &Y, R
TS AN R b J2 A 103 B A

Stage3 (FHATHHE ). FET AR E ST II(MOL)5 4 BEI(DEN) FI A T+ R K 2k, i@ k7
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3.4. REEH

FEBIN S aE A R A 16 A 77 5 B 4oks X (FEH-32,768~+32,767), £ STC HkMEAF 5L
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Table 1. Accuracy comparison table

* 1 RBEXEE

BT B RARZE (us/fY) PR Z (us/ft) IRIEH
HE A 3.12 1.37 =
R I BriZ: 1.15 0.46 1%

4. ISR 7
4.1 LR E

411 BH¥EE

KA XilinxArtix-7XC7AL100TFPGA TR (EEZEEH 2, B3 FGG4A84). RS LI HIHIZy 100
MHz (GBit MMCM 4:5%), TAEHEVEE N—-40°C~125°C . RIEH AN Slice 27 /7a% & kL 15%, 7k
F(LUT) 5L 24%, B35 4033 (DSPASEL) it 90%, ERFHEHLAEBUAE i 25 (BRAM) (5 L 3%.

4.1.2. Bk

SR SRR T r A i A I H A PR B (CPL) SR A XX i B T SR sl s » P20icas ke
FIBCE Ny 8 My, BRERIAIEEy 0.5 fto HURIR 7S 56 Dy 1000~2200 m (H#EVE), W& 2 MatER
M A . TUAEACE). BRI 8000 MMARLE AT, KAEMRIFE Y 0.15 m, FREREE fi¥idli 85 8 1liE x 512
SRFF R x 16 bito #E Ll FIR {RE IR (B 1 B4R 20 kHz) 2 BRie % = e 4k

4.13. HZEBHEE
STC ByAM 12 B 22 YE D 0~200 ps/ft (R 27 33 B 5000~1250 ft/s), #ZPKA 1 ps/fts B Al ki
FEVEIN 0~360 SKAE T, eI 2SRIEE >y 0.5 ft; JE B [A] 5 1% & o 200 ps.

414, SHHEFR
% MATLAB 7E Inteli7-10750HCPU _FS2I STC &k, DAILAE Jotd: fext bl 3

4.2. SIBRERTEE

SEISAE R OR, AR FPGA J7 RACH 8 1HiE 32k KL S BRI, B SBTZEN 0.8 ms; AHELZ
N, CPU FRIALFLITZE A 0.8 FM/T, 1555 FPGA AL 7 R ALFER ZE N 4ms. B WL, A FPGA
725 CPU Jr =Nk 800 15, A4t FPGA AL T R INIE 16 %, Aefei & S bRl HEs R N i s 1 75

4.3. ERAR

EF RN, WA FPGA HEATHFEM#E, FIH XilinxVivado ) TemperatureCycling .5
MO PEAT R AL AR Ak 76 25°CHY, JCERIRAEITZEN 7.7 ns; 4R B2+ 28 120°C R, SCBEEEATIT AEHY %2 9.4
ns (W1 3 Fi7R). AHNHL, B FHEM 2.3 ns [E4 0.6 ns, {EATI AL @I T E SR . xF 1 ANRE 5 8 ik
ITEFRIAR, 4550 BoR1B R bk Z R e 21 ps/ft, IR T %907 2% 5 N R FE SR T i IR 3R B8 R
T 1t A Rtk
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Figure 3. FPGA temperature and delay relationship curve
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Figure 4. Comparison of MATLAB and FPGA data
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Table 2. Performance comparison table
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hnig £ % 1 200 fi% 1000 f%
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