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Phitchaya Srikalasin. 2011. Applying RFID Technology for Tracing and Tracking Assets
Case Study: Faculty of Science, Khon Kaen University. Master of Science Independence
Study in Information Technology. Faculty of Science, Khon Kaen University.

Independent Study Advisor: Assoc.Prof.Dr. Somjit Arch-int

ABSTRACT

Organization assets are essential for business operation as they bring in efficiency in terms of
operational speed, accuracy, and system management. The efficiency is required especially when the
operation needs more assets to produce more output, or when the assets produce less output because
of the degenerating condition of the assets themselves. When the new assets are added in or when the
old assets are discarded or removed, the asset tracing and tracking information is crucial. But, in
actual practice, the information such as to-and-from locations is not well recorded nor up-to-date.
This inaccuracy could cause a risk of untraceable assets, and organizational finance and operation
damage, consequentially.

This research is to design and develop asset location tracing and tracking system by applying
RFID technology. The system could inquire, organize, and verify the information about asset
locations. The ultimate purpose of the system is to increase efficiency in tracing and tracking assets --
- registering the assets, monitoring traveling routes, and counting total amount of the assets at each
checking point.

The result shows that the system works correctly, precisely and automatically as designed.
Whenever any asset relocating occurs, the system could detect and verify the activity concurrently.
The Precision and Recall are used to evaluate RFID technology performance in tracing and tracking
assets. For tracking assets, the average of Precision is 100 percentage, and the average of Recall is at
97 percentage. For counting assets, the average of Precision is at 100 percentage, and the average of

Recall is at 96 percentage.
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True Positive
Precision = (1)
True Positive + False Positive

True Positive
Recall = (2)
True Positive + False Negative
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ﬂ151\1ﬁ 11 AaNITNITAAMIUNTNITU 3TUIU 5 LUND

ﬂ%&ﬁ True Positive False Positive False Negative | Precision Recall
1 5 0 0 1.00 1.00
2 5 0 0 1.00 1.00
3 5 0 0 1.00 1.00
4 5 0 0 1.00 1.00
5 5 0 0 1.00 1.00
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M50 11 HanITNMTAAMUNSTNITY 11U 5 uin (99)

ﬂ%ﬂ‘ﬁ True Positive False Positive False Negative Precision Recall

6 5 0 0 1.00 1.00
7 5 0 0 1.00 1.00
8 5 0 0 1.00 1.00
9 5 0 0 1.00 1.00
10 3 0 0 1.00 1.00
11 5 0 0 1.00 1.00
12 5 0 0 1.00 1.00
13 5 0 0 1.00 1.00
14 5 0 0 1.00 1.00
15 5 0 0 1.00 1.00
16 5 0 0 1.00 1.00
17 5 0 0 1.00 1.00
18 5 0 0 1.00 1.00
19 5 0 0 1.00 1.00
20 5 0 0 1.00 1.00
21 5 0 0 1.00 1.00
22 5 0 0 1.00 1.00
23 5 0 0 1.00 1.00
24 5 0 0 1.00 1.00
25 5 0 0 1.00 1.00
26 5 0 0 1.00 1.00
27 5 0 0 1.00 1.00
28 5 0 0 1.00 1.00
29 5 0 0 1.00 1.00
30 5 0 0 1.00 1.00

Aunde 100% 100%
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ﬂ151\‘1ﬁ 12 AaN1TNITAAATUNTNITUITUIU 10 LND

ﬂ%&ﬁ True Positive False Positive False Negative Precision Recall
1 10 0 0 1.00 1.00
2 10 0 0 1.00 1.00
3 10 0 0 1.00 1.00
4 10 0 0 1.00 1.00
5 10 0 0 1.00 1.00
6 8 0 2 1.00 0.80
7 10 0 0 1.00 1.00
8 10 0 0 1.00 1.00
9 10 0 0 1.00 1.00
10 10 0 0 1.00 1.00
11 10 0 0 1.00 1.00
12 10 0 0 1.00 1.00
13 10 0 0 1.00 1.00
14 10 0 0 1.00 1.00
15 10 0 0 1.00 1.00
16 10 0 0 1.00 1.00
17 10 0 0 1.00 1.00
18 9 0 1 1.00 0.90
19 10 0 0 1.00 1.00
20 10 0 0 1.00 1.00
21 10 0 0 1.00 1.00
22 10 0 0 1.00 1.00
23 10 0 0 1.00 1.00
24 10 0 0 1.00 1.00
25 9 0 1 1.00 0.90
26 10 0 0 1.00 1.00
27 10 0 0 1.00 1.00
28 8 0 2 1.00 0.80
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M3197 12 HaNITMTAAMUNSNITUI NI 10 UAD (AD)

ﬂ%’lﬁ‘ﬁ True Positive False Positive False Negative Precision Recall

29 10 0 0 1.00 1.00
30 8 0 2 1.00 0.80

Aunde 100% 97%

Gnﬁﬁﬁ 13 wamimﬁﬁﬂmw%’wéﬁuﬁmu 20 Llﬁﬂ
ﬂ%ﬂﬁ True Positive False Positive False Negative | Precision Recall

1 20 0 0 1.00 1.00
2 20 0 0 1.00 1.00
3 19 0 1 1.00 0.95
4 19 0 1 1.00 0.95
5 20 0 0 1.00 1.00
6 20 0 0 1.00 1.00
7 20 0 0 1.00 1.00
8 20 0 0 1.00 1.00
9 18 0 2 1.00 0.90
10 20 0 0 1.00 1.00
11 20 0 0 1.00 1.00
12 19 0 0 1.00 0.95
13 20 0 2 1.00 0.80
14 19 0 0 1.00 0.95
15 20 0 0 1.00 1.00
16 17 0 0 1.00 0.85
17 18 0 2 1.00 0.90
18 20 0 0 1.00 1.00
19 19 0 1 1.00 0.95
20 20 0 0 1.00 1.00
21 17 0 3 1.00 0.85
22 18 0 2 1.00 0.90
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M3197 13 HAaNITMITAAAIUNSTNIAUIIUIU 20 LN (AD)

ﬂ%ﬁﬁ True Positive False Positive False Negative Precision Recall

23 20 0 0 1.00 1.00
24 19 0 1 1.00 0.95
25 20 0 0 1.00 1.00
26 19 0 0 1.00 0.95
27 20 0 0 1.00 1.00
28 19 0 2 1.00 0.95
29 17 0 0 1.00 0.85
30 19 0 0 1.00 0.95

Aunde 100% 95%
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ﬂ‘lﬁ‘lﬁﬁ 14 Waﬂ'ﬁﬂ'ﬁﬁijfﬂﬁﬂﬂﬂﬁwgﬁu 1UIU 10 LUND

ﬂ%ﬂﬁ True Positive False Positive False Negative Precision Recall
1 10 0 0 1.00 1.00
2 10 0 0 1.00 1.00
3 10 0 0 1.00 1.00
4 10 0 0 1.00 1.00
5 10 0 0 1.00 1.00
6 10 0 0 1.00 1.00
7 10 0 0 1.00 1.00
8 10 0 0 1.00 1.00
9 10 0 0 1.00 1.00
10 10 0 0 1.00 1.00
11 10 0 0 1.00 1.00




4 v da o < 1
M3197 14 HANITNITATIVEBUNSNITU 311U 10 LUAD (AD)

ﬂiﬂﬁ True Positive False Positive False Negative Precision Recall
12 10 0 0 1.00 1.00
13 10 0 0 1.00 1.00
14 10 0 0 1.00 1.00
15 10 0 0 1.00 1.00
16 10 0 0 1.00 1.00
17 10 0 0 1.00 1.00
18 10 0 0 1.00 1.00
19 10 0 0 1.00 1.00
20 10 0 0 1.00 1.00
21 10 0 0 1.00 1.00
22 10 0 0 1.00 1.00
23 10 0 0 1.00 1.00
24 10 0 0 1.00 1.00
25 10 0 0 1.00 1.00
26 10 0 0 1.00 1.00
27 10 0 0 1.00 1.00
28 10 0 0 1.00 1.00
29 10 0 0 1.00 1.00
30 10 0 0 1.00 1.00
Aunae 100% 100%
ﬂﬁN‘ﬁ 15 wamsmnaauﬁwéﬁu 1UIU 20 Llﬁﬂ
ﬂ%ﬂﬁ True Positive False Positive False Negative | Precision Recall

1 20 0 0 1.00 1.00

2 20 0 0 1.00 1.00

3 19 0 1 1.00 0.95

4 19 0 1 1.00 0.95

5 20 0 0 1.00 1.00
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ﬂ%ﬂél True Positive False Positive False Negative Precision Recall

6 20 0 0 1.00 1.00
7 20 0 0 1.00 1.00
8 20 0 0 1.00 1.00
9 18 0 2 1.00 0.90
10 20 0 0 1.00 1.00
11 20 0 0 1.00 1.00
12 19 0 0 1.00 0.95
13 20 0 2 1.00 0.80
14 19 0 0 1.00 0.95
15 20 0 0 1.00 1.00
16 19 0 0 1.00 0.95
17 18 0 2 1.00 0.90
18 20 0 0 1.00 1.00
19 19 0 1 1.00 0.95
20 20 0 0 1.00 1.00
21 17 0 3 1.00 0.85
22 18 0 2 1.00 0.90
23 20 0 0 1.00 1.00
24 19 0 1 1.00 0.95
25 20 0 0 1.00 1.00
26 19 0 0 1.00 0.95
27 20 0 0 1.00 1.00
28 19 0 2 1.00 0.95
29 18 0 0 1.00 0.90
30 20 0 0 1.00 1.00

Aunde 100% 96%
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ﬂ1§1\1ﬁ 16 HANITATIVADUNTNITU T1UIU 30 LUNN

ﬂ%ﬂﬁ True Positive False Positive False Negative Precision Recall
1 30 0 0 1.00 1.00
2 30 0 0 1.00 1.00
3 28 0 2 1.00 0.93
4 28 0 2 1.00 0.93
5 29 0 1 1.00 0.96
6 30 0 0 1.00 1.00
7 29 0 1 1.00 0.96
8 29 0 1 1.00 0.96
9 28 0 2 1.00 0.93
10 30 0 0 1.00 1.00
11 29 0 1 1.00 0.96
12 27 0 3 1.00 0.90
13 29 0 1 1.00 0.96
14 30 0 0 1.00 1.00
15 29 0 1 1.00 0.96
16 26 0 4 1.00 0.86
17 28 0 2 1.00 0.93
18 28 0 2 1.00 0.93
19 29 0 1 1.00 0.96
20 30 0 0 1.00 1.00
21 29 0 1 1.00 0.96
22 28 0 2 1.00 0.93
23 30 0 0 1.00 1.00
24 29 0 1 1.00 0.96
25 27 0 3 1.00 0.90
26 29 0 1 1.00 0.96
27 26 0 4 1.00 0.86
28 27 0 3 1.00 0.90
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M3197 16 WANITATIVADUNTNIFU 314U 30 UNA (99)

ﬂ%ﬂﬁ True Positive False Positive False Negative Precision Recall
26 29 0 1 1.00 0.96
27 26 0 4 1.00 0.86
28 27 0 3 1.00 0.90
29 29 0 1 1.00 0.96
30 28 0 2 1.00 0.93
Aunae 100% 93%
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XR450 RFID Fixed Reader

MNWN 41 XR450 RFID Fixed Reader

1. QMENTAIRNIZUB XR450 RFID Fixed Reader

Physical Characteristics XR450

Dimensions:

Weight:

Base Material:

Visual Status Indicators:
Connectivity

Network:

External interfaces:

RF Connectors:

Read Points:

Power Supply:
Environmental
Temperature:
Operational:
Storage:
Humidity:
Vibration:

Environmental Sealing:

22cm L x 30cm W x 5Sem H (8.75in. L x 11.75 in. W x 2.0 in. H)
2.27kg/5 lbs
Die-cast aluminum

LEDs for power (green), activity (yellow) and error (red)

10/100 BaseT Ethernet — RJ45

Control I/O (12) — DB15; RS232 Serial Console - DB9 USB Host — Type A;
USB Client — USB Type B

8 Reverse TNC

4 mono-static ports (default operation); or 4 bi-static ports (4 transmit ports,
4 receive ports)

+24v DC @ 1.2 amps

IEC 60068-2-1/2/14

-20° to +55° C/-4° to +141° F

-40° to +70° C/-40° to +158° F @85% RH
IEC 60068-30/56 5-95% non-condensing
IEC 60068-2-6

IP53
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Compliance
Safety: EMI/RF Emissions, UL60950-01
Regulatory: Region 1, FCC Part 15 US

Hardware/OS & F/W Management

Memory: Flash 64 MB; DRAM 64 MB

Operating system: Win CE (Version 5.0)

Firmware upgrade: Web-based and remote firmware upgrade capabilities
Management Protocols: SNMP support and AirBEAM level 2 support
Tag Protocol: EPC Gen 2 (Dense Reader Mode)

Frequency: UHF band, 902-928 MHz US

Method: Frequency Hopping Spread Spectrum

Power Output: Up to 30 dBm

Air Link Protocol: EPC Gen 2 (Dense Reader Mode)
Synchronization: Network Time Protocol

IP addressing: Static and dynamic

Host Interface Protocols: XML and Byte Stream

2. Meeamaan]flunsAnne XR450 RFID Fixed Reader

v v
v A

M99 18 dedadanlFlunisfnae XR450 RFID Fixed Reader

fda MIMNY
objReader.Connect() WMsi¥euaeiy RFID Reader
objReader. Disconnect() 1ygAN3ITONARBU RFID Reader
SetReadMode(ReadMode. AUTONOMOUS) T1uAN1391U RFID Tag
SetReadMode(ReadMode. ONDEMAND) Mg IMUANITO1U RFID Tag
objReader.WriteTagID(hexTagID, antennaCfg) Weud 9381111812V RFID Tag




MC9090-G RFID

MMNN 42 MC9090-G RFID Handheld Reader

1. AUaNTAIRWIZY29 MCI090-G RFID

Physical Characteristics
Dimensions:

Weight:

Performance Characteristics
CPU:

Operating System:

Memory (RAM/ROM):
Expansion:

Application Development:

Bar Code Options:

RFID

Standards supported:
Nominal read range*:
Nominal write range*:
Field:

Antenna:

Frequency Range:

Output Power:

10.75in. Lx4.7in. Wx 7.7 in. H

35.4 0z./1 kg (includes battery, scanner and radio)

Intel® XScale™ Bulverde PXA270 processor at 624 MHz

Microsoft Windows Mobile 5.0 Premium Edition

64 MB/128 MB

SD/MMC card

PSDK, DCP and SMDK available through Motorola Developer Zone Web site
Omni-directional 1D and 2D imaging engine reads symbologies and captures

grayscale images and signatures with intuitive laser aiming.

EPC Gen 2 DRM (DRM compliant up to 0.5w)

0.2 ft. to 10 ft./6.09 cm to 304.8 cm

1 ft. to 2 ft./30.5 cm to 60.9 cm

70-degree cone (approx.) measured from nose of device
Integrated, linearly polarized

US: 902-928 MHz, Europe: 865.7-867.5MHz (ETSI EN 302 208)
US: 1W (2W EIRP), Europe: 0.5w
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Wireless Data Communications

WLAN: 802.11 a/b/g

Output Power: 100 mW U.S. and international

Data Rate: 802.11a: up to 54 Mbps; 802.11b: up to 11 Mbps; 802.11g: up to 54 Mbps
Antenna: Internal

Frequency Range: All country dependent: 802.11a - 5 GHz;

802.11b - 2.4 GHz; 802.11g — 2.4 GHz

PAN (Bluetooth Support): Bluetooth Version 1.2 with BTExplorer (manager) included

2. AvehamaanFlumsaane MC9090-G RFID

' '
v A

M990 19 dregmdanlFlumsfnae MC9090-G RFID
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fda MIMNY
MyReader.Actions.Enable() N3 L"]ﬂ; UADNY RFID Reader
MyReader.ReadNotify, StopRead() 1en 15014 Tag RFID
MyReader.Actions.Disable() ﬂﬂlaﬂmil“]d; 91AD RFID Reader
MyReader.Actions.Read(MyReaderData) TvuAM381U RFID Tag
MyReader.Actions.Flush() 1en T+iuAN15814 RFID Tag




RFID Tag: ALN-9640

N 43 RFID Tag T4 ALN-9640

1. pauanlia

1193314 EPCglobal Class 1 Gen 2 (v1.2.0)
11733711 ISO/IEC 18000-6C

ﬂél&ﬂ’ﬂhﬁ 840-960 MHz

EPC Size 96 - 480 Bits

User Memory 512 Bits

TID 32 Bits

Unique TID 64 Bits

Access Password 32 Bits

Kill Password 32 Bits

UHF Passive Metal Tag Gen2

WA 44 UHF Passive Metal Tag Gen2

1. pavanina

UHF Passive Metal Tag Gen2

71101 TUM-004

U1M337U ISO 18000-6/EPC1.19/EPC C1G2s54r
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