Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2021.22.10.760

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 22, No. 10 pp. 760-767, 2021

ZZREE 53 olFHR 7k AlA Hlolg HFE

— - *
205" oAy, U7, 2y4d Astm’
'ZoTaM st MALZstn} 2(T)91|0|01|¢%.", 3zu|§ia|or(T)

Double Modulation-based Sensor Data Transmission through Drill
Rods

Eon-Ho Yun!, Sang-Rak Lee? Gi-Hyun Kim’, James M. Kwack®, Han-Go Choi'"
'Dept. of Electronic Eng, Kumoh National Institute of Technology
’KSM Co., Ltd.
3Robit Korea Ltd.

2 o Bt % A o] Jidel] WAtk 22 IAoA P e SEs] A A4 A FUA W A

dlolE o] AAZE Hgo] AFEAN ofF L P2 A AEo] A k. & =RoAE T =Y HE
gAE A9 9 HlolHE EE R2EE B3 15T 5 e FA TS ALSlt &, $4A7= AA HolHE
PSK31% Wx3t & thA] SSBR WFsto] EE RER FFshal 47| = EF REo|A A& 4150 dis) SSB
52 ¥ PSK31 B2 3& &5 AlA dlolHE Edstolet. AjbE WA 7% AAE AUt $ 3,0008 B
Sl AAIRE EloE HFo] HFHOR $yHE SISttt At WS APBH] A8 Al =L AR TS
AAZEoR ZRIT 4 JoHR V)& EAEE ET & A2 w ohdet EY RES ARShe BE AR ol
A8 5 ol

Abstract During the drilling process required in mining and geothermal energy development, real-time
transmission of current drilling position data is required to ensure safety and profitability. But, methods
capable of performing real-time transmission of drilling position have not been studied so far. In this
paper, we proposed a communication method that can transmit the output data of the sensor mounted on
the drill bit through drill rods. In this setup, the transmitter modulates the sensor data with PSK31 (Phase
Shift Keying, 31 Baud), modulates it again with SSB (Single Side Band), and then transmits it to drill rods.
The receiver restores the sensor data through the PSK31 demodulation process after the SSB demodulation
of the signal detected by drill rods is performed. After developing the device implementing the proposed
method, it was confirmed through 3000 experiments that real-time data transmission was normally
performed. When the proposed method is applied to an industrial site, the position and direction of the
drill can be checked in real-time, so the existing problems related to safety and profitability can be solved.

Hence, this method is useful in all industrial fields that use drill rods.

Keywords : Data Transmission, Modulation, Sensor, Drill Rod, PSK

E AT 20199% FAMATZARY 71E/PEARY] A¥o o3t A7 [S2781065]
*Corresponding Author : Han-Go Choi(Kumoh Inst. of Tech.)

email: hgchoi@kumoh.ac.kr

Received September 6, 2021 Revised September 28, 2021
Accepted October 1, 2021 Published October 31, 2021

760



SHEE

il

% o|FH=E 7

wol A Holg A%

=

—

1. M

AL, A6, AL oNUIA A A B Bl st
L WO AYsHA FIsh] Slef LA BF 9]
4 Z&o] A B Bool A B A =g}
A Rt ol WakE hA| Ssiol Fol wet A=,
Ao, AnE U AT AolF ARt 3712 BA] Eol
A ole] W e ¥ HolE £AS BAAD 4
QIeH1). wheba] BgolAle] bk ol L ALY
A4S oo 0B 9T E 9B Ao ST Y

713 9 ARERe oluAU0E A ouiA] AulE
AZS] oA AEEO RN Holge WEA A
Fofok BiTH2). et 23 AEE 2sb] Slat 0
o] Q= AL Tl HRte] Azt B HojEe ATt
#37] 589 70| Hetstel Agio] APs e
Bt Zole 2AY 4 dick. old A tha] AT
Holgg F71HAL} ojn] WgH Holge] ARE thA]
W9 27b49Ql gje] a7k

=] 11
A5 A

-

T

9ol 714 Bolelq A 59 AF X AR =
e SR 71 PAS Awne YAk Hopl AT
A% F = HE Ho) 9H/1S FHS PR 2
2 B9 ey ¥ £U2 Amson LA %7
= JAE Aol HASAFEE AZsle] ol WFo.

AP AEAG} o HE ol BIHAEA &

sl o] Y WEAUA HE JA WES A

=9 AR F2e AA dolEs
Qolok shed] o5 Ad $541
5o} YA Gtk olF sEs]
7129] ouetel WAl g

e 1

fsh 2 =2ollA

A% F £Y 2ES F9) A4 doleE dxse] 4%
S Al Aistglom, AokE WAk FEdt B4l

5ehe wolgtt

761

gt

H

2. E8 2L 7| ol

MS HME
2.1 S HZAMe EE 2E TS

Fig. 13} Zo] &2 258 oy 7 JZ43H
o|& 31 Edto:= Frityr|E Adsta
= SDR(Software Defined Radio) ZE<
SDR RE2 YHEE 459 Fuke B4
A 2A E 2E71 XS AES A5 B4 A
s F g 45 & AUtk

< FY5t=A

Function Generator

( )]

[ SPR Module

| ] )

)]

Fig. 1. Experimental configuration diagram
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Table 1. Measure of resonant frequency

Capacitance Resonance Capacitance Resonance
(pF) frequency(MHz) (nF) frequency(MHz)
10 13.5 0.39 46/53
18 10.8 0.68 3.1/ 45
24 9.9 2.2 2.0/3.0/ 44
180 6.0 100 1.2 /20/3.0
Telk A [ T} T'I‘J’G* Pos: 12.90MHz = CURSOR

CH1 10.0d8

2.50MHz (S0.0MS/5
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Fig. 3. Oscilloscope screen
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Fig. 8. Designed PSK31 output waveform
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