
INTRODUCTION
Personnel safety is one of the key concerns of 
modern mining operations. Mine tunnels are 
typically located deep under the ground and sur-
rounded by unstable surfaces and poisonous or 
explosive gases. Such working conditions present 
a major challenge in assuring complete safety in 
mining operations. Explosions, collapses, flood-
ing, and other accidents are fairly common. 
Although a considerable effort is made every year 
to improve the safety of the underground work-
ers, these accidents and resulting fatalities cannot 
always be avoided. Accidents are particularly a 
problem in coal mines in China. China produced 
2,284 million tons of hard coal in 2006, ranking 
No.1 in coal production worldwide (Worldcoal 
2008). Unfortunately, Chinese coal mines are also 
known as the world’s deadliest (Voice of America 
2006). In 2004 alone, 80% of the world’s coal 

mining deaths occurred in China, with 6,027 coal 
miners killed in accidents—more than a hundred 
times the number in the United States (Table 1). 
On January 14, 2005, in the worst coal mine 
accident in modern mining history, 214 miners 
were killed in a gas explosion at Sunjiawan mine 
in Liaoning province, northeast China (China 
News 2005). 
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ABSTRACT
China ranks first in hard coal production worldwide. Unfortunately, Chinese coal mines are also known 
to be the world’s deadliest and have recorded the largest number of fatal accidents and the highest death 
tolls. Radio frequency identification (RFID) seems to provide a potential solution to this human safety 
issue. Supported by the Chinese Coal Bureau, in 2007, an RFID-based personnel tracking system was 
developed and implemented at several major coal sites in northern China to improve safety. The system, 
known as the RFID positioning, attendance, and safety system (RFID-PASS), demonstrates a case for 
adoption of RFID in an industry that has not been studied in previous research. Our paper presents 
an example of how RFID technology is used to improve underground work safety and efficiency of 
operations at Wanglou Coal Mine, one of the largest coal mines owned by Linyi Coal Mine group 
in northern China. RFID readers were installed in underground working tunnels for the purpose of 
real-time tracking of miners’ activities and movements, to improve underground safety and to allow 
precise and quick rescue in the case of a disaster. Our case describes the details of the RFID-PASS sys-
tem and provides insights into how further safety improvements can be made using RFID technology  
at mines in any part of the world.
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TABLE 1:  Coal Mine Fatalities

Year China US

2004 6027 55

2005 5938 57

2006 4746 72

Note: Statistics obtained from China State Administration  
of Coal Mine Safety www.chinacoal-safety.gov.cn/ and U.S. 
Department of Labor, Mine Safety, and Administration  
www.msha.gov/fatals/fabc.htm
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The Chinese government has been making 
great efforts to reduce the number of deaths and 
accidents in coalmines by reinforcing regulatory 
compliance, as well as by encouraging the adop-
tion of new technologies. A few months after the 
Sunjiawan coal mine accident, the Chinese gov-
ernment shut down hundreds of illegal smaller 
mines (Drexler 2007), and approved a budget of 
3 billion Yuan (US $417 million) to introduce 
work-safety technologies, such as gas manage-
ment, in state-owned major coal mines (Laet 
2007). The National Workplace Emergency Cen-
ter of China, whose functions are similar to the 
United States’ Federal Emergency Management 
Agency, developed a series of programs aimed at 
lowering the number of coal mine accidents in 
mainland China. Printed training materials and 
training videos about disaster assistance were 
distributed and an online discussion forum was 
created for the exchange of information and the 
delivery of the best practices in coal mine safety 
management.

In this paper, we present a case study depict-
ing the use of RFID technology to improve the 
safety of coal mine workers at Wanglou Coal 
Mine in southwest Shandong Province, China. 
Safety of mine workers is the primary concern at 
Wanglou Coal Mine, especially in the unfortu-
nate event of an accident. While it is not always 
possible to predict and avoid natural causes 
or eliminate human errors, safe evacuation of 
mine workers in the event of an accident is of 
utmost concern. The Wanglou mine’s manage-
ment designed and implemented a system that 
enabled the mining controllers and administra-
tion personnel to monitor the activities of each 
individual worker inside the mine and determine 
the most effective evacuation strategy in the case 
of an accident. RFID technology is at the core of 
the implementation.

The paper is organized as follows: First, we 
provide an introduction to RFID technology and 
its application in practice, such as in supply-chain 
management. Then, we give background informa-
tion on Wanglou coal mine and describe the infor-
mation systems architecture and infrastructure of 
the RFID-PASS system at the mine, including 
hardware, software, and data management. We 
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discuss the performance, advantages, and limita-
tions of the system and conclude by summarizing 
the case and providing research implications. 

RFID TECHNOLOGY AND APPLICATIONS
Radio frequency identification, or RFID, is an 
emerging technology that wirelessly transmits 
an identification number from a small inexpen-
sive device, called a tag, to devices, called read-
ers, capable of communicating with the tag. The 
technology enables a single reader to inventory 
hundreds of tagged items per second, wirelessly 
and without line-of-sight; tags can remain in 
enclosures or packaging materials.

The most extensive use of RFID has been 
observed in supply chain management (SCM) 
applications, where pallets, cases, and individual 
items can be tagged with RFID labels, enabling 
them to be tracked through the different parts 
of the supply chain, e.g. in Bose and Pal (2005), 
Chappell et al. (2002), and Fleisch et al. (2005). 
While Wal-Mart is the most well-known RFID 
business case (Hardgrave et al. 2005; Roberti 
2005), other businesses are also innovating in 
their supply chains using RFID (Holmqvist and 
Stefansson 2006; Windley 2003).

The application of RFID to human safety is 
fairly novel. RFID has been applied quite suc-
cessfully to provide safety to patients in hospi-
tals (Booth et al. 2006; Chao et al. 2007). Case 
studies such as the one at a Pittsburgh hospital 
(Young 2006) show that RFID technology be 
used with barcodes to improve medication safety 
at a patient’s point of care. Use of RFID for 
emergency response after disasters has been stud-
ied as well. Zussman and Segall (2003) contend 
that the use of networks capable of continuously 
transmitting information during a disaster would 
require specialized systems capable of efficiently 
using the bandwidth and battery power. Arnold 
et al. (2004) argue that wireless peer-to-peer 
networks using RFID-enabled devices offer a 
promising solution to many of the technical chal-
lenges of responding to disasters. Patient tracking 
using attached RFID tags and mobile devices in 
an ad-hoc network provides a feasible method of 
identifying individuals needing assistance and 
accurately locating and recovering the individuals. 
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Prototypes such as MASCAL, which stands for 
“mass-casualty situations,” (Fry and Lenert 2005) 
have been used successfully in test applications for 
the purpose of tracking patients, staff, and equip-
ment during the response to a disaster. However, 
to our knowledge, the case presented in this paper 
is one of the first full-scale applications of RFID 
in a highly risky and dangerous environment.

BACKGROUND OF WANGLOU  
COAL MINE
The area around Jining City in southwest Shan-
dong Province, China, is famous for its vast natu-
ral resources. Jining has coal reserves of about 2.1 
billion tons and the area is one of the eight larg-
est coalfields in China. A new development 25 
kilometers (16 miles) south of the city, Wanglou 
is a low gaseous underground mine with 1,300 
employees. It produces 900,000 tons of raw coal 
per year and is expected to have a service life of 
at least 45 years. The mine is owned by Linyi 
Coal Mine Group, a large government-owned 
enterprise involved in coal production, non-coal 
production, coal-mine machinery manufactur-
ing, glass fiber, power plants, and construction 
material production. In 2006, Linyi Coal Mine 
Group’s revenues reached 3 billion Yuan (US 
$410 million).

RFID IN WANGLOU COAL MINE
The benefits of RFID technology caught the eyes 
of the Chinese administrators of coal mine safety. 
Beginning in 2006, China’s State Administration 
of Coal Mine Safety has encouraged coal mines 
in China to adopt the innovative application of 
RFID in underground working tunnels. Wanglou 
Coal Mine became the first among the very few 
coal mines in China to design, test, and imple-
ment an RFID system. The RFID application 
in Wanglou Coal Mine was designed to monitor 
underground coal mine workers and assist rescue 
should accidents happen.

Wanglou Coal Mine, together with five other 
coal mines owned by Linyi Coal Mine Group, 
began adopting RFID systems in early 2007. The 
major requirement of the system was to monitor 
and manage safety of underground miners and to 
assist rescue in emergencies and disasters. After a 

thorough research of available vendors, Wanglou 
Coal Mine chose the KJ256 RFID Positioning, 
Attendance, and Safety System (RFID-PASS) 
developed by Beijing Xiandao New Technol-
ogy Company Limited. The RFID-PASS system 
adopted has three main functions:
1) Miner Safety and Monitoring. The RFID-
PASS system is used to monitor and manage 
underground miners in real time. RFID receiv-
ers underground detect miners when they pass 
by wearing helmets with embedded RFID tabs. 
Miners without tags or with expired RFID tags 
are not allowed into the working tunnel. The 
system records time, position, and activities of 
miners working underground in real time and 
transfers the information to the RFID center on 
the surface.
2) Rescue Assistance in Accidents. The system is used 
to assist rescue when accidents, such as methane 
explosion, happen. At any given time, the system 
can capture real-time information about the dis-
tribution of the workers underground, including 
their work site and how long they have been 
working at that particular location. Using this 
information, the system can map the distribu-
tion of workers in underground tunnels, showing 
their identifications, positions, and the distance 
to the nearest rescue exit. A rescue plan providing 
the fastest assistance can be put together quickly. 
Rescue teams entering the area where an accident 
has occurred can use hand-held reader devices to 
detect the trapped workers. The underground sys-
tem is supported by an emergency power supply 
that can provide power to the RFID receivers if 
regular power is cut off during the accident.
3) Attendance Management. Data collected by the 
RFID-PASS system are used to support manage-
rial decision making. Work hours for each miner, 
the time and the position of activities are stored 
in the central database to support queries and 
reports by managers. Only managers and qualified 
personnel such as information technology staff 
can access the data. Information collected and 
transferred in underground processing centers is 
not available to any individual miner. Reports can 
be used for payroll, leave calculation, and other 
human resources activities. The identifying tags 
are mounted on helmets that can only be used 
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underground. Information is collected only with-
in the confines of the mines, and the system does 
not affect the privacy of the workers.

RFID-PASS HARDWARE
The RFID-PASS system uses several hardware 
components: (i) wireless RFID tags, (ii) RFID 
signal receivers, (iii) underground information 
processing stations (IPS), (iv) data transmission 
interface, and (v) the surface monitoring center. 
Figure 1 demonstrates the layout of the RFID-
PASS system underground. The components of 
the system are further explained below.

 
Wireless RFID Tag
The RFID-PASS system uses a proprietary active 
tag (part number KGE101-TX) attached to the 
helmets worn by workers. The tag has embed-
ded processor software, an internal antenna, a 
receiving and sending circuit, and a battery. It can 

also be powered by the lamp battery installed on 
the helmet. Each coal mine worker must wear a 
properly tagged helmet as shown in Figure 2. The 
technical specifications of the wireless RFID tags 
are listed in Table 2. 

Each tag has a unique non-repeatable code 
linked to the identification information of the 
person who wears the helmet containing that tag. 
The identification information is stored in a data-
base containing name, age, gender, work group, 
work type, job position, expiration date, and a 
digital photo. All wireless tags are validated and 
activated by the system before they can be used.

The data from the wireless tags are used to iden-
tify the position of the underground miners. Min-
ers must carry the wireless tags when they work 
underground at all times. A wireless tag remains 
in hibernate mode until it is activated by the sig-
nal from the receiver mounted in the working  
tunnel when the miner enters the working zone. 
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FIGURE 1:  Illustration of RFID-PASS System
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The wireless tag operates in full-duplex commu-
nication mode in the 2.4 GHz frequency band. 
When the tag is within a receiver’s signal detec-
tion range (60 meters or 200 feet), the receiver 
recognizes the tag’s code and activates the tag. 
Once activated, the tag sends signals to the infor-
mation processing center every two seconds. The 
duration of each signal is 5 nanoseconds. Each 
receiver in the underground working tunnel is 
able to communicate with multiple tags in the 
trail at the same time.

Wireless Signal Receivers (RFID Readers)
The RFID-PASS system uses KGE101 wireless 
signal receivers (readers). The readers use a 2.4 
GHz communications chip and are installed at 
tunnel crossings and working zones (Figure 3). 
The technical specifications of the wireless receiv-
ers are listed in Table 3.

The KGE101 receiver works in the globally 
standardized industrial, scientific and medical 
green spectrum. No special license is required 

to use the receiver, which uses a high efficiency 
Gaussian minimum shift keying modulation with 
a high resistance to noise, and is therefore spe-
cially suited for heavy industrial environments. 
The receiver has built-in cyclic redundancy check 
error detection and correction circuits. The chip 
supports built-in 1-M broadcast communication 
address control and can be used for multiple-
point communication. The maximum power 
consumption of a chip is 0 dBm (1 mW).

The wireless receiver wakes up a RFID tag 
when the tag comes within the detection dis-
tance. The activated tag sends out a KGE101-TX 
wireless signal. The receiver receives the signal, 
recognizes the coding from the tag, and sends 
the processed information to the underground 
information processing center. The receiver and 
the information processing station communicate 
through RS485 transmission cables.

Underground Information Processing  
Station and Data Transmission Interface
The total length of the underground working tun-
nels is WangLuo Coal Mines is over 1,300 meters. 
To cover this entire length, four underground 
information processing stations (UIPSs) and 26 
wireless signal receivers are installed. Each UIPS 
can be connected with 15 underground wireless 
receivers. The receivers are installed roughly 30 
to 40 meters apart, enabling each information 
processing station to cover about 500 meters. The 
underground information procession stations 
are supported with flameproof safety power and 
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FIGURE 2:  Wireless RFID Tags (Small, Left, and Large, Right) Installed on Helmets

TABLE 2:   Technical Specifics of Wireless  
RFID Tags

Working voltage 3V

Working function Continuous

Emission frequency 2.4 +- 0.08 GHz

Emission power > -25dBM

Modulation signal binary coding signal

Tag power button battery
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uninterruptible power supply (UPS) to enable the 
system to continue operating in an emergency. 
The UPS can maintain a backup supply of elec-
tric power if the primary power source fails.

For every identification signal received by 
the UIPS from the wireless receivers, the UIPS 
transfers the identification information, together 
with the time and the worker’s position in the 
working tunnel, to the surface monitoring cen-
ter. All information is recorded in real time in a 
central database at the monitoring center. Fiber 
optic cables transmit the information at a speed 
of 10Mb/sec to 100Mb/sec. Figure 4 shows the 

SAVING LIVES: THE CASE OF RFID-BASED PERSONNEL TRACKING IN A CHINESE COAL MINE

FIGURE 3:  Wireless Receiver and Installed Receiver

TABLE 3:   Technical Specifics of Wireless 
Signal Receivers

Working voltage 21V

Working current <= 60mA

Receiving frequency 2.4GHz

Receiver sensitivity > -65 dBm

Receiving distance less than 50 meters, 
usually 30-40 meters

The signal going out RS485

Transmission distance < 2km

Transmission speed 2400 bps

FIGURE 4:  Ethernet Connecting Underground and Surface RFID-PASS System
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Ethernet lines connecting the underground and 
surface components of the RFID-PASS system.

Surface Monitoring Center
The monitoring center on the surface consists of 
a server, KCT3 data communication interface, 
HUB, printer, and network terminals. The inter-
face transforms the two-phase synchronous code 
from the underground to a RS232 serial signal 
and sends it to the server. The server hosts a cen-
tral database and runs the RFID-PASS software, 
explained in detail below.

RFID-PASS DATA
The goal of RFID-PASS is to record real-time 
information about the activity of underground 
workers and to improve the efficiency of atten-
dance management. Data are collected by RFID 
underground receivers (readers), transferred 
through information processing stations, and 
stored on the servers at the monitoring center 
on the surface. Data in the RFID-PASS sys-
tem serves three main purposes (performance 
data of RFID-PASS will be discussed in the  
next section).
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FIGURE 5:  ID Numbers and Names Shown on LED Board as Miners Enter the Working Tunnel

FIGURE 6:  Graphic Display of Real-Time Positions of Miners Wearing RFID Tags

Shown in figure: Each dot represents a work site. Numbers indicates how many miners are working at each site at 
the chosen time. Lines represent the working tunnels underground.
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Real-Time Positioning
The RFID-PASS system can show the real time 
position of any underground miner at any given 
time. As explained before, each RFID tag has a 
unique code linked to the identification informa-
tion of a specific miner. The wireless RFID tags are 
activated in the system before they are installed on 
miners’ helmets. When miners enter the under-
ground work zone, their tags are detected by the 
receiver and their names and ID numbers are 
displayed on a big LED board as shown in Figure 
5. Miners with no tags are not allowed into the 
entrance to the working tunnel. Invalid tags and 
expired tags will trigger an alarm at the monitor-
ing center, alerting managers on duty to check the 
status of the miners.  

The real-time position of each miner is tracked 
and recorded by the UIPS and then transferred 
to the monitoring center on the surface. At any 
given time, the system can graphically display all 
underground miners working at that particular 

time (Figure 6), including their names and work-
ing positions (Figures 7 and 8).

Movement Tracing
The RFID-PASS system can track the under-
ground movements of any miner in any given 
time frame. Figure 8 shows the movements of a 
miner, Jiasong Liu (ID 128), between 13:45:02 
and 21:45:02 on July 7, 2007. The database has 
17 records of Miner Liu’s activity underground. 
Record 1 shows that he enters tunnel point A01, 
number 8, of tunnel entrance 5 at 15:50:16. The 
traditional method of communication between 
employees underground and on the surface is the 
telephone installed in the working tunnel. How-
ever, when accidents happen, telephone lines are 
easily cut off and miners are not able to contact 
the surface. By providing the real-time positions 
of miners and tracking their movements, the 
RFID-PASS system can assist rescue in emergen-
cies and accidents, when other methods fail.
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FIGURE 7:  Text Display of Real-Time Positions of Miners

Shown in figure (left to right): Name, ID number, RFID tag number, time entering tunnel, current time, 
and current position.
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Attendance Management
The RFID-PASS system’s software also can gener-
ate attendance reports based on the records col-
lected in the central database.

DISCUSSION
According to IDTechEx, an independent analyst, 
the global RFID market will top US $7 billion 
in 2008, with sales of 6.8 billion RFID tags 
worldwide. By 2010, almost half of RFID tags 
will be sold in Asia (Vnunet.com). The RFID-
PASS system at Wanglou Coal Mine represents 
a new stage in the application of RFID in some 
unconventional fields, beyond supply chains and 
manufacturing. Our case study on the adop-

tion of RFID at Wanglou Coal Mine makes 
three significant contributions to practice. First, 
the case demonstrates a new area of application 
where RFID technology is used for the purpose 
of saving lives in case of accidents. In the modern 
mining industry, it is urgent for coal mines to 
lower deaths and to improve working conditions 
for miners. In the case of accidents, it is crucial 
to have accurate information regarding the posi-
tions of the underground workers. Rescue teams, 
usually sent by fire and police departments, could 
use the information to develop the best strategy 
and rescue workers as soon as possible. Second, 
the case of RFID-PASS in Wanglou Coal Mine 
provides an example of best practice that can 

FIGURE 8:  Movement Tracking of Any Selected Miner Working Underground

Shown in figure: The list of records indicates, in sequence, sites where the miner has worked.  
Data included: Work site, site name, time first appeared, and length of stay.
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be referred to by companies in other industries 
that would like to adopt RFID. Recently, the 
emergence of RFID technology in the Chinese 
market has provided new business opportuni-
ties. For example, the Chinese government has 
begun replacing 900 million national ID cards 
with RFID chips. This contract alone has an esti-
mated price tag of US $2.25 billion. Finally, for 
other government-owned companies in China, 
the RFID-PASS case at Wanglou coal mine is 
a model of the successful adoption of advanced 
technologies. Linyi Coal Mine Group, the parent 
company of Wanglou Coal Mine, like many other 
state-owned companies, is subject to government 
policies and regulations. Initially, the pressure 

from higher authorities pushed Linyi Coal Mine 
Group to begin improving the conditions and 
safety of underground coal mines with the aid 
of emerging technologies. The success of RFID 
adoption at Wanglou coal mine has strengthened 
the desire of other companies to develop and 
implement such systems. In China, many large 
and middle-sized companies plan to adopt similar 
RFID applications in about two to three years. 
The RFID system will likely become a standard 
requirement of China’s State Administration of 
Coal Mine Safety, .

Wanglou Coal Mine’s RFID-PASS system 
was implemented in May 2007. The whole sys-
tem cost 600,000 Yuan (US $82,000) including 
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FIGURE 9:  Distribution of Underground Workers at Different Hours of a Day (Graphical) 

(July 2007−January 2008; chart generated from 2,324,307 data records)
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equipment, installation, training, and one year 
of maintenance. The adoption of the RFID-
PASS system has received strong support from 
management and employees at Wanglou Coal 
Mine. Since its implementation, the system has 
been performing as expected. From July 2007 to 
January 2008, a total of 2,086 different workers 
were identified in the tunnels at five major work 
sites. Over the same time period, the database col-
lected 2.3 million records (2,324,307). As shown 
in Figure 9, on average, sites A and C host more 
workers than sites B, D, and E. Large numbers 
of workers change shifts at 8 a.m., 4 p.m., and 
midnight each day. At these times, extra attention 
should be given to monitoring miners’ activities 
in case accidents happen.

Since the opening of Wanglou Coal Mine, 
operations have run normally and safely, and 
no emergency situations have occurred in the 
underground tunnels. However, should accidents 
happen, we expect the RFID-PASS system to 
play an important role in assisting rescue and to 
be evaluated for its effectiveness and efficiency in 
saving lives. RFID-PASS’s capability for real-time 
positioning and movement tracking are of great 
importance to underground rescue in event of 
accidents. To demonstrate how the system would 
function in an emergency, the distribution of 

miners at all work sites in tunnels can be obtained 
from the database at any point in time. The actual 
distribution of an arbitrarily chosen time of peak 
work hour (9 a.m., Wednesday, August 15) is 
shown in Figure 10.

IMPLICATIONS AND CONCLUSION
Many studies of RFID have focused on sup-
ply chain management. RFID still has not 
been adopted in wider range of businesses and 
industries. This case illustrates the RFID-PASS 
system adopted in Wanglou Coal Mine, Shan-
dong Province, China. Motivated and supported 
by the Chinese government, the coal mine was 
one of the very first in China to adopt an RFID 
system for personnel control and safety manage-
ment. Since its implementation in July 2007, the 
RFID-PASS system has satisfactorily monitored 
and tracked underground miners. The system 
has provided additional assurance and security to 
workers, demonstrating how the RFID technol-
ogy can be used to assist rescue and to save lives 
during emergencies. Future studies can examine 
the adoption of RFID technology in other labor-
intensive industries, providing a fuller picture of 
RFID applications in many different domains. 
In addition, the social context of labor-intensive 
industries may impact perceptions of and attitudes 
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FIGURE 10:  Distribution of Underground Workers at Different Hours of a Day (Pictoral)
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toward the use of RFID technology, a problem 
that can be solved by future research.

The RFID-PASS application presented in our 
paper can be applied in contexts other than coal 
mines. The functions of personnel attendance, 
tracking, and movement tracing are valuable to 
environments where locations of employees or 
even goods are crucial. For instance, shopping 
malls could track traffic if RFID tags were car-
ried by shoppers. Children in child-care facilities 
could be protected by tracking their movement 
and alerting the management if a child moves to a 
possibly unsafe location. The RFID-PASS system 
at Wanglou coal mine can be referred to by others 
interested in applying RFID technology in a more 
general context.

A few limitations of our case should be taken 
into account when applying and generalizing its 
findings. First, accidents in coalmines are not pre-
dictable. Since the implementation of the RFID-
PASS system at Wanglou Coal Mine, no accidents 
have occurred. Therefore, the performance of the 
system in an emergency can only be assessed based 
on simulated data. Should underground accidents 
happen at the coal mine in the future, we expect 
the system to perform well. Second, although 
data management is a major function of the 
RFID-PASS system, a more-thorough analysis of 
data should be conducted to provide information 
on performance improvement of the coal mine. 
Future studies can investigate the organizational 
and social impacts of the RFID application at coal 
mines, such as productivity improvement, social 
perceptions, and security and privacy issues aris-
ing from the use of RFID at coal mines.

REFERENCES
Arnold, J. L., B. N. Levine, R. Manmatha, F. Lee, P. She-
noy, and M. C. Tsai. 2004. Information-sharing in out-of-
hospital disaster response: The future role of information 
technology. Journal of Prehospital and Disaster Medicine 19 
(3): 201–207.

Booth, P., P. H. Frisch, and S. Miodownik. 2006. Ap-
plication of RFID in an integrated healthcare environment. 
Paper presented at the International Conference of the IEEE 
Engineering in Medicine and Biology Society.

Bose, I., and R. Pal. 2005. Auto-ID: Managing anything, 
anywhere, anytime in the supply chain. Communications of 
the ACM 48 (8): 100–106.

Chao, C., W. Jen, Y. Chi, and B. Lin. 2007. Improving pa-
tient safety with RFID and mobile technology. International 
Journal of Electronic Healthcare 3 (2): 175–192.

Chappell, G., D. Durdan, G. Gilbert, L. Ginsburg, J. 
Smith, and J. Tobolski. 2002. Auto-ID on delivery: The 
value of auto-ID technology in the retail supply chain. Auto-ID 
Lab, MIT.

China News. 2005. news.china.com/focus/sunjiawan-050214/ 
index.html (accessed February 3, 2008).

Drexler, J. 2007. Coal mining and trade unions—Overview 
of coal industry, problems and challenges. Paper presented at 
the International Coal Conference of Trade Unions, Kolkata, 
India, December 14–16, 2007.

Fleisch, E., J. Ringbeck, S. Stroh, C. Plenge, L. Dit-
tmann, and M. Strassner. 2005. RFID—The opportunity 
for logistics service providers (No. AUTOIDLABS-WP-BI-
ZAPPS-011). Auto-ID Lab, MIT.

Fry, E. A., and L. A. Lenert. 2005. MASCAL: RFID track-
ing of patients, staff and equipment to enhance hospital re-
sponse to mass casualty events. Paper presented at the Amer-
ican Medical Informatics Association Annual Symposium, 
Washington, D.C., October 22–26.

Hardgrave, B. C., M. Waller, and R. Miller. 2005. Does 
RFID reduce out of stocks? A preliminary analysis. (No. 
ITRI-WP058-1105): Information Technology Research In-
stitute, University of Arkansas.

Holmqvist, M., and G. Stefansson. 2006. Mobile RFID —  
A case from Volvo on innovation in SCM. Proceedings of the 39th 
Annual Hawaii International Conference on System Sciences.

Laet, Y. D. 2007. World wide mining accidents. International 
Federation of Chemical, Energy, Mine and General Workers’ 
Unions.

Roberti, M. 2005. EPC reduces out-of-stocks at Wal-Mart 
[electronic version]. RFID Journal. Retrieved February 2006 
from www.rfidjournal.com/article/articleview/1323.

Voice of America. 2008. www.voanews.com/specialenglish/
archive/2006-02/2006-02-12-voa2.cfm?CFID=164367586
&CFTOKEN=95732897 (accessed February 29, 2008).

Windley, P. 2003. Wal-Mart’s move to use RFID. Sept 
17, 2003. www.windley.com/archives/2003/09/walmarts_
move_t.shtml (accessed February 2006).

Worldcoal. 2008. www.worldcoal.org/pages/content/ 
index.asp?PageID=188 (accessed February 3, 2008).

Young, D. 2006. Pittsburgh hospital combines RFID, bar 
codes to improve safety. American Journal of Health System 
Pharmacy 63 (24): 2431–2435.

Zussman, G., and A. Segall. 2003. Energy efficient rout-
ing in ad hoc disaster recovery networks. Ad Hoc Networks 1 
(4): 405–421.

SAVING LIVES: THE CASE OF RFID-BASED PERSONNEL TRACKING IN A CHINESE COAL MINE

       V O L .  4 5  N O .  1    |   Product ion and Inventor y  Management  Journal   55




