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Collecting Travel Time Data of Mine Equipments in an Underground
Mine using Reverse RFID Systems

Jihoo Jung, Yosoon Choi*

Abstract In this study, travel time data collection of mine equipments was conducted in an underground mine using
a reverse Radio Frequency IDentification (RFID) system. In the reverse RFID system, RFID readers and antennas
are mounted on mine equipments, and RFID tags are attached to the underground mine gallery. Indoor experiments
were performed to analyze how RFID reader transmission power levels affect tag readable area and tag recognition
rates. The results showed that travel time measurement become precise when the reader transmission power was
reduced, however tag recognition rates were reduced. The field experiments indicated that setting the reader
transmission power to 28 dBm maintained the tag recognition rate while minimizing the tracking location error.
In addition, the results revealed that the reverse RFID system can be used successfully in an underground mine

to collect the travel time data of haulage trucks.
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Fig. 1. Views of the ALR—9900+ RFID reader, MT-92 antenna and ALN-9629 passive tags used in this study
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Table 1. Specifications of the ALR-9900 RFID "
alienasia.com/index.php)

reader, MT-92 antenna and ALN-9629 passive tags (http://www.

Model Properties

Frequency: 902-928 MHz
Transmit Channels: 50
Channel Spacing: 500 KHz
Communications: LAN TCPI/IP, RS-232(Serial)
RF Power Capability: 31.6 dBm, 4watts EIRP
Supported RFID Tag Protocols: EPC Generation 2: ISO 18000-6C

Frequency: 902 MHz-928 MHz
Input Impendence: 50 ohm
Polarization: Circular Type
Antenna gain: Maximum 6 dBi
Beam Width(3 dB): 70 degrees
Size: 213 mm x 213 mm
-Weight: 405 g
-Operating Frequency: 840-960 MHz
- Total memory: 512 bits
Maximum EPC memory: 128 bits
Maximum user memory: 128 bits
Unique TID code : 64 bits
Sensitivity: -18.5 dBm
Read range: 11 m (normal environment)

Alien ALR-9900+
(Reader)

Alien MT-32
(Antenna)

ALN-9629
(Tag)

(b)

Low transmission power

A
(@) \\ High transmission power

Fig. 2. Comparison of reverse RFID systems for collecting travel time data when the reader antennas have (a) high and
(b) low transmission powers
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Fig. 3. Design of indoor experimental area. (a) Sectional view. (b) 3D view. (¢) Photo
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Table 2. Experimental data measured by the reverse RFID system with an autonomous car
A -
. tenuation | 30 gBm | 28 dBm | 26 dBm | 24 dBm | 22 dBm
Velocity
Location error (m) 2.6 2.3 2.1 1.9 1.2
0.5 m/s Tag recognition count 28 26 23 15 13
Tag recognition success rate (%) 100 100 100 100 100
Location error (m) 2.6 2.1 2.1 1.9 1.5
1.0 m/s Tag recognition count 27 21 20 13 11
Tag recognition success rate (%) 100 100 100 100 100
Location error (m) 2.2 2.1 1.7 1.5 1.2
1.5 m/s Tag recognition count 21 18 14 12 9
Tag recognition success rate (%) 100 100 100 100 100
Location error (m) 2.6 2.2 1.8 1.8 1.4
2.0 m/s Tag recognition count 17 14 13 13 8
Tag recognition success rate (%) 100 100 100 100 100
(a) Comparison of error distance by transmission power
3
2 N
£
= 2 = e ——
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i 15 —u—-0.5m/s
_E - ——1.0m/s
® 1 1.5m/s
o]
-~ 05 ——2.0m/s
0 T T 1
30dBm 28dBm 26dBm 24dBm 22dBm
Reader Transmission power Level
(b) Comparison of tag recognition count by transmission power
30
8 \\\.\
20
E s **-._,___‘____’__‘__ —#-0.5m/s
2 -;_-‘_"____‘ ——1.0m/s
g 10
P It 1.5m/s
o
8 0 ——2.0m/s
a T T 1
30dBm 28dBm 26dBm 24dBm 22dBm

Reader Transmission power Level

Fig. 4. Experimental results for a autonomous car equipped with the reverse RFID system
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Fig. 6. Reverse RFID system mounted on dump trucks in the study area
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Table 3. Pre-test data measured by the reverse RFID system in the study area
Tags Attenuation | 30y ) 28 dBm 26 dBm 24 dBm
Location Error (m) 34 2.6 1.1 Fail
Tagl Tag recognition count 7.5 53 1.5 Fail
Tag recognition success rate (%) 100% 100% 33.3% 0%
Location Error (m) 2.8 2.7 2.5 0.6
Tag2 Tag recognition count 6.3 43 2 1.5
Tag recognition success rate (%) 100% 100% 66.6% 33.3%
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g BTag
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== Ground route
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&; Loading site

w- Dump truck
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Fig. 7. Mine map showing the positions of RFID tags installed in the study area



262 Reverse RFID A]AHIS

ol XakaAlel o] ] o] FAE 2%

Table 4. Field experimental data measured by the reverse RFID systems in the study area

Tags Tags
(Mine entrance — Ist 2nd 3rd (Loading point — Ist 2nd 3rd
Loading point) Mine entrance)
Tag recognition |09:19:08.1 | 10:11:53.4 | 11:01:36.5 Tag recognition |09:44:25.2 | 10:36:12.6 | 11:20:28.1
time (in) AM AM AM time (in) AM AM AM
Al Tag recognition |09:19:08.5|10:11:53.7 | 11:01:36.8 B4 Tag recognition |09:44:25.6 | 10:36:12.9 | 11:20:28.4
time (out) AM AM AM time (out) AM AM AM
Tag recognition 7 5 4 Tag recognition 14 12 1
count count
Tag recognition |09:26:59.6 | 10:16:16.9 | 11:06:12.4 Tag recognition |09:49:00.8 | 10:41:13.0 | 11:24:06.4
time (in) AM AM AM time (in) AM AM AM
A2 Tag recognition |09:27:00.1 [ 10:16:17.0 | 11:06:12.6 B3 Tag recognition |09:49:01.5 | 10:41:13.2 | 11:24:07.0
time (out) AM AM AM time (out) AM AM AM
Tag recognition 5 3 3 Tag recognition 7 4 3
count count
Tag recognition |09:27:35.0|10:16:57.8 | 11:06:38.6 Tag recognition | 09:52:24.7 | 10:44:02.0 | 11:27:23.3
time (in) AM AM AM time (in) AM AM AM
A3 Tag recognition |09:27:35.3 | 10:16:58.6 | 11:06:39.0 B2 Tag recognition |09:52:25.0 | 10:44:02.2 | 11:27:23.8
time (out) AM AM AM time (out) AM AM AM
Tag recognition 5 7 5 Tag recognition 5 4 9
count count
Tag recognition |09:29:18.3 [ 10:20:20.3 | 11:09:23.7 Tag recognition |09:59:30.0 | 10:50:00.6 | 11:34:34.0
time (in) AM AM AM time (in) AM AM AM
A4 Tag recognition |09:29:18.5|10:20:20.7 | 11:09:24.2 Bl Tag recognition | 09:59:30.2 | 10:50:00.9 | 11:34:34.3
time (out) AM AM AM time (out) AM AM AM
Tag recognition 6 5 7 Tag recognition 4 4 3
count count
Tag recognition | 09:32:42.5 | 10:24:33.5 | 11:12:32.3 Tag recognition |10:07:31.8 | 10:56:25.6 | 11:42:25.9
time (in) AM AM AM time (in) AM AM AM
A5 Tag recognition |09:32:42.8 | 10:24:33.8 | 11:12:32.5 BO Tag recognition |10:07:32.2 | 10:56:26.3 | 11:42:26.6
time (out) AM AM AM time (out) AM AM AM
Tag recognition 7 3 6 Tag recognition 3 12 9
count count
Total travel time 48:23.7 44.32.6 40:49.2
© B9 9IS bl WAl mrelm, WA Fax  ASHAE B WHoli Al A2, A3, Ad, A5 ofo]
Az Aol Ba7h AAE B4 Belzth A B H7t QleiE garh Bsila, vl s Bo,
2E Aol whet 2e7]e] $% WAL 28 dBmOE Bl B2, B3, B4 ofolelt iE 17k RARE|ick
Agstgom, e B Aol wel B 30 PmEEle] TR FAITA A HAA of

kmh o]ahe] SEE 2o Holch WEES WAk ¢
T8 Fastel AW BAZES At A Mol e
BHE A F, A MRt PAUTE At
FAE upEF| A

— = =

S d= Al-AS HITZF Q1A E AL, HARH A G
= AABIAL AT WEO R EokE w= B4-Bl H|
27F A s - At eftel YAk
miell B02) ofoltlE et BjT1E FAtsklh wet
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Fig. 8. Analysis of travel time data collected by the reverse RFID systems in the study area
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