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Abstract 
 
Sources of disturbances are often difficult to identify in continuous processes, as the process 
flows are complex. There are, however, several methods that can be used to monitor flows in 
complex processes and thereby to improve traceability. Radio frequency identification (RFID) 
technique is one such method that has been extensively used in parts production for 
improving traceability. The application of the technique in continuous processes is, however, 
sparse. The RFID technique offers the possibility to create unique tags with different 
characteristics that can be detected at specific locations in the process flow. With RFID, 
virtual batches, possible to follow through the production process, could be created in many 
types of continuous processes. To report the suitability of using RFID in continuous 
processes, experiments were conducted in a distribution chain of iron ore pellets produced at 
LKAB in Malmberget. In a set of experiments eight tag containers were added to the product 
flow to test the behavior and ability of tag readers to detect the different containers. Three 
characteristics were varied among the containers: shape, coating mixture and size of tag. The 
results from the experiments show that large tags increase the read rate, and that no significant 
effect on read rate could be detected when coating mixtures and shapes were shifted. A 
conclusion is that the RFID technique could be used to improve traceability in the distribution 
chain for pellets. Finally, different advantages of improved traceability in continuous 
processes are discussed. 



Introduction 
In continuous processes, the raw material is typically unprocessed as it comes directly from 
the natural environment, for instance farms, mines and forests [1, 2]. Continuous processes 
are commonly found in process industries such as the oil, steel, paper, chemical, and food 
industries. The unprocessed raw material is normally afflicted with more variation than the 
processed raw material [1, 2]. To reduce the consequences on the product of the larger 
variation in the unprocessed raw material, and to avoid interruptions in production, large 
buffers and reflux flows are commonly used throughout a continuous process. Because of 
reflux flows, various levels in buffers, and various mixing in the flow, the residence time in a 
continuous process differs among individual products. Predicting when a product passed or 
passes through a process section is thus problematic. It is consequently difficult to identify 
disturbances leading to deviations in the end product, since the location of a product in the 
process at a specific time is uncertain. The disturbances could, for example, be caused by 
variability in the raw material or malfunctions in the machinery. 

By improving the traceability, the causes of disturbances and the product with the disturbance 
could more easily be found in the process. Traceability is the ability to follow a product or 
batch through the process. Methods for improving traceability in continuous processes are 
seldom discussed in the literature. Different methods to improve traceability in discontinuous 
processes are however frequently discussed. One such method is radio frequency identifica-
tion (RFID). Large organizations such as US Department of Defense, Wal-Mart, and Target 
Corporation have all mandated their suppliers to be RFID-enabled [3]. RFID is a wireless and 
automatic data capturing technique that resembles the bar code technique commonly used in 
consumer stores. The RFID technique has five primary abilities that make it different 
compared to the bar code technique [4], viz. it does not require line of sight to be read; it can 
have a unique code; it is more durable; it can hold more data; it allows for almost simultane-
ous reading of multiple tags.  

In some continuous processes, the RFID technique could be used for improving traceability 
by creating virtual batches. The RFID tags, the unique units that can be read, would then be 
used as imaginary start and end points of a batch. By reading the tags, and in that way keeping 
track of the virtual batches, it would be possible to trace a certain product backward and 
follow it forward in a production process.  

RFID has been applied a few times in continuous processes, as a tool for improving 
traceability, for example, for tracking batches of coal in coal-fired power stations [5]. 
However, Penttilä et al. [6] argue that the keys to increased use of RFID are modeling, 
application testing environments, and piloting. Hence, further testing of RFID in various 
environments should be of interest, to explore limitations and obstacles. Thus, in this paper 
we explore the suitability of the RFID technique as an aid to constructing models of process 
flows in continuous processes. 

Radio frequency identification (RFID) 
RFID is an automatic identification system, similar to smart card, that is beginning to conquer 
new mass markets [7]. An RFID system requires three parts: a tag/transponder, a reader, and 
software forwarding the information from the reader, see Figure 1. The tag is either attached 
to a product or dropped directly into the product flow. A tag can be passive, without an 
energy source, or active, with an energy source, usually a battery. The necessity of an energy 
source makes the active tag larger and more expensive compared to the passive tag. The 
passive tag, on the other hand, is supplied with energy by the reader. The passive tag, 
therefore, has a shorter read range and requires more powerful readers. A passive tag consists 



of three components, an antenna, a chip that is connected to the antenna, and a protecting 
shell. The reader powers and communicates with the tag through radio waves. An RFID 
reader consists of three essential components, an antenna, a transceiver, and a decoder.  
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Figure 1.  a: The three parts required in a RFID system. b: An RFID reader mounted at a conveyor 

(to the right). 

The read rate (the percentage of RFID tags that are read) and the working distance between 
tag and reader (read range) are vital factors in an RFID system. The read rate is determined by 
tag selection and placement, antenna selection and placement, and reader settings [4]. 
Furthermore, the read range varies from a few millimeters to above 15 meters [7] and it is 
determined by four variables [4]:  

• the frequency being used for communication between the reader and the tag (higher 
frequency = longer read range but more sensitive to extraneous factors).  

• the energy available in the system (more energy = longer read range).  
• the size of the reader and tag antenna.  
• environmental conditions and structures.   

 
According to Want [8], three primary problems are holding back the widespread use of RFID: 
cost, design, and acceptance. There are also extraneous factors in processes that complicate 
the use of RFID. The presence of water and metal in the reading field can, for example, cause 
significant decline in read rate [4]. Furthermore, there is a risk of radio signal interferences 
arising from, for example, walkie-talkies, which can interfere with the functionality of the 
reader [4, 6]. 

Method description 
To explore the suitability of the RFID technique as an aid in constructing models of the 
process flow in continuous processes, it was decided that experiments should be performed in 
a continuous process. Experiments were selected as a research strategy since the research 
focuses on a contemporary event that can be controlled. Before the experiment could be 
designed, a process needed to be selected. 

Process selection and description 
There are many types of continuous processes in which the suitability of the RFID technique 
could be explored. However, the distribution chain of iron ore pellets (hereafter pellets) from 
Malmberget to Luleå at the Swedish mining company LKAB was selected. This process was 
chosen since the flow in the distribution chain is complex and the RFID technique appeared 
suitable to use in an attempt to improve traceability. LKAB is specialized in extracting and 
refining iron ore from deposits in northern Sweden. The primary product is various types of 
highly developed pellets. The pellets in the distribution chain are produced at the two 
pelletizing plants, PP1 and PP2. These two pelletizing plants produce approximately 350-500 
metric ton pellets per hour each. A flow chart of the distribution chain in Malmberget is 
presented in Figure 2.  
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There are seven product silos in the distribution chain, see Figure 2, which work as 
intermediate stores. Since the pellets level in the silos varies over time, the residence time in 
the distribution chain will also vary. Moreover, unloading and loading of the product silos do 
not follow predetermined patterns. The loading and unloading are instead dependent on the 
level in the silos at the time of departure or arrival of the train or the boat. Furthermore, some 
of the pellets are delivered directly to the customer in Luleå, without passing the harbor 
facility. This delivery implies that the residence time will be shorter. Finally, there is no 
constant time interval between shipments and the capacity also varies between shipments. 
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Figure 2.  Flow chart of the distribution chain for transportation of iron ore pellets produced in 

Malmberget to the customer. T1, T2 and T3 indicate where the pellets are transported on 
conveyors.  

The supplier of the RFID equipment considered that the condition for detecting the tags was 
the best during transportation of the pellets on conveyors. The pellets are transported on 
conveyors at three places in the distribution chain before they reach the final customer: first 
from the two pelletizing plants to the product silos in Malmberget (T1 in Figure 2), then 
between the discharge of the train and the product silos in Luleå ore harbor (T2 in Figure 2), 
and finally from the product silos in Luleå to the boat (T3 in Figure 2).  

The experiments 
For the experiments an RFID reader was installed at one of the conveyors after the product 
silos in Luleå ore harbor (T3 in Figure 2). The conveyor at T3 is 1.2 meters wide and moves 
at a speed of 1 meter per second. A 1.35 meters wide and 0.5 meters high reader antenna was 
mounted around the conveyor to detect the tags in the pellets flow, see Figure 1b. When a tag 
passes the RFID reader, the reader sends information about the tag to a tag database. The 
information contains:  

• the tag’s unique identification number  
• the numbers of correct readings of the tag during passage of the reader (hereafter 

number of readings) 
• the maximal signal strength of the tag during passage of the reader (hereafter 

maximum signal strength) 
• the time the tag passed the reader (in seconds from the time the reader was restarted).  

To improve traceability in a distribution chain, the tags would have to be dropped directly into 
the product flow to create virtual batches, working as start and end points of each batch. 
Therefore, to improve traceability the tags need to behave as pellets when handled. According 
to Aranson and Tsimring [9], any changes in mechanical properties, for example size, shape, 
density and surface roughness, may lead to segregation in flows of granular material such as 
pellets. It is also important that a high rate of the tags is read by the reader or else the 



traceability in the distribution chain would not be improved. In the experiments, the following 
factors were consequently of interest to study:  

• The read rate in the product flow for different sizes of tags, shapes of tag containers, 
and coating mixtures for the tag container.  

• The behavior in the product flow for different sizes of tags, shapes of tag containers, 
and coating mixtures for the tag container.   

Two types of experiments were performed, see Table 1. But before the experiments were 
performed, the read rate and read range with different settings were tested with a 12-
millimeter long passive glass tube tag. These tests indicated that a read rate of approximately 
50 % could be obtainable for the current instrumentation, and with that tag type [10].    
Table 1.   Description of the experiments performed and the position for dropping and reading. The 

tag containers dropped in each experiment are also given. 

Experiment code Experiment 
form 

Position for 
dropping the tag 

Position for 
reading the tag 

Tag containers 
dropped 

Experiment 1A Full-scale T1 T3 A, B, C, D, E, H 
Experiment 1B Full-scale T1 T3 A, B, C, D, E, F, G, H 
Experiment 2 Verification T3 T3 F, G 

 

The full-scale experiments were divided into two parts, experiments 1A and 1B, performed 
separately. In experiments 1A and 1B, eight different passive tag containers, with various 
coating mixtures, shapes and sizes of tags, were tested. The different containers are described 
in Table 2 and illustrated in Figure 3. Furthermore, the number of containers dropped in each 
experiment is given in Table 2. The containers were dropped in random order onto a conveyor 
after the pellet plants (T1 in Figure 2) with a 30 second interval. The tag identification 
number, type of container and time for drop were recorded upon dropping. During 
experiments 1A and 1B, the transport of pellets was directed to the Luleå ore harbor. At Luleå 
ore harbor, the tags were then read by the reader at T3 in Figure 2, and the information from 
the reader was forwarded to a computer and stored for later use.  
Table 2.  A description of the different tag containers tested in the full-scale experiments. 

 
Characteristics 

 

Number of 
containers dropped 

in experiment Tag 
container 

Size of tag Coating mixture Shape 
(size in mm) 1A 1B 2 

A 12 mm glass 
tube tag 

60 % hematite and  
40 % epoxy 

Rectangular 
parallelepiped 

(16*6*6 ) 
5 5 0 

B 12 mm glass 
tube tag 

30 % hematite and  
70 % epoxy 

Rectangular 
parallelepiped 

 (16*6*6) 
5 3 0 

C 12 mm glass 
tube tag 

60 % hematite and  
40 % epoxy 

Sphere  
(13) 5 5 0 

D 12 mm glass 
tube tag 

30 % hematite and  
70 % epoxy 

Sphere  
(13) 5 5 0 

E 12 mm glass 
tube tag Inserted in predrilled pellet 5 5 0 

F 22 mm glass 
tube tag 

75 % dolomite and  
25 % polyester composite 

Cylinder 
(30*13) 0 10 5 

G 22 mm glass 
tube tag 

75 % dolomite and  
25 % polyester composite 

Sphere 
(30) 0 10 5 

H 50 mm plastic 
disc tag Polyvinylchloride Hexagon  

(55 * 60*25) 5 5 0 
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Figure 3.  Illustration of the tag containers tested in the full-scale experiments and one pellet. The tag 

containers are coded according to Table 2.   

Furthermore, one of the interests was to see how the read rate of each tag was affected by the 
stresses induced by the handling in the distribution chain. To investigate the effect of the 
handling, a verification experiment, experiment 2, was performed. In experiment 2 five units 
of container F and five units of container G (the two containers with 22-millimeter glass tube 
tags), were dropped directly after the product silo at Luleå ore harbor. This experiment thus 
included less stressful handling events. The tags of experiment 2 were dropped in random 
order with 30 seconds interval during loading of a boat.  

Results and discussion of full-scale experiments 
The read rates for the different containers in experiments 1A and 1B are summarized in Table 
3. Containers H and G had the highest read rate of the tested containers. Of the tested 
characteristics, tag size was the characteristic that seemed to affect the read rates the most, see 
Table 4 and Table 5.  No significant impact on read rate could however be seen for tag size, 
shape, and coating.  
Table 3.  The read rates for the different containers in experiments 1A and 1B.  

Tag Container A B C D E F G H 

Read rate  
(percent) 

4/10 
(40 %) 

2/8   
(25 %) 

2/10 
(20 %) 

1/10 
(10 %) 

1/10 
(10 %) 

4/10 
(40 %) 

7/10 
(70 %) 

9/10  
(90 %) 

 
Table 4.  The read rate for different tag sizes (12 and 22 millimeters) and shapes (oblong and 

spherical) in experiments 1A and 1B. No consideration was taken of differences in coating 
mixture. Each cell gives information about read rate, number of experimental units (in 
brackets), and type of container. 

                            Shape 
Tag size Oblong Spherical 

12 mm 33 % (18) A, B 15 % (20) C, D 

22 mm 40 % (10) F 70 % (10) G 
 



Table 5.  The read rate for different coating mixtures (30 % and 60 % hematite) and shapes (oblong 
and spherical shape) in experiments 1A and 1B. The tag size is kept constant at 12 milli-
meters. Each cell gives information about read rate, number of experimental units (in 
brackets), and type of container. 

                                Shape 
 

Coating mixture 
Oblong Spherical 

30 % 25 % (8) B 10 % (10) D 

60 % 40 % (10) A 20 % (10) C 

 
To investigate if there were, among the read tags, any statistically significant differences 
among the tag containers, the number of readings and maximum signal strength were 
compared among the containers. A multiple sample comparison according to the Tukey-
Kramer procedure at 5 % significance level was used. The Tukey-Kramer procedure assumes 
that the observations are independent and normally distributed with constant variance. For a 
detailed description of the Tukey-Kramer procedure see [11, pp 94-95].  

The number of readings is a discrete quantity and hence not normally distributed. However, if 
the distribution of the residuals from the Tukey-Kramer procedure does not show a clear 
deviation from a normal distribution, when plotted in a normal probability plot, the Tukey-
Kramer procedure can be used at an approximate 5 % significance level. According to Figure 
4b this is the case. The maximum signal strength was expected to be skewly distributed, since 
the observation is a maximum of different measurements. The normal probability plot for the 
residuals of the logarithm of maximum signal strength shows that the residuals approximately 
follow a straight line, see Figure 5b. Hence, the log-transformed maximum signal strength can 
be considered as approximately normally distributed. Levene’s test for equality of variance 
when applied to the number of readings, as well as to the log-transformed maximum signal 
strength, did not show any significant differences at 5 % significance level. However, only 
large differences will be found when having as small sample sizes as is the case here. 
Furthermore, the assumption of independence seems reasonable, since the containers were 
dropped in random order. The results of the multiple sample comparison for the number of 
readings and the maximum signal strength are presented in Figure 4a and Figure 5a, 
respectively. y
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Figure 4.  a: The means together with the 95 % Tukey-Kramer procedure intervals for the number 
of readings of the tag during passage of the reader for the different containers in experi-
ment 1A and 1B. If the intervals for two containers do not overlap, there is a significant 
difference. Container D and E were excluded from the comparison since only one tag of 
containers D and E was detected. b: the normal probability plot for the residuals. 
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 The multiple sample comparison in Figure 4a shows a significant difference between 
containers A and H only with regard to the number of readings.  No significant difference was 
found between the other containers.  , y

Container

M
ax

im
um

 s
ig

na
l s

tre
ng

th

A B C F G H
2

3

4

5

6

Normal distribution

R
es

id
ua

ls

-1,4 -0,9 -0,4 0,1 0,6 1,1 1,6
-1,4

-0,9

-0,4

0,1

0,6

1,1

1,6

 
Figure 5.  a: The means together with the 95 % Tukey-Kramer procedure intervals for maximum 

signal strength for the containers tested in experiments 1A and 1B. If the intervals for two 
containers do not overlap, there is a significant difference. Containers D and E were ex-
cluded from the comparison since only one tag of containers D and E was detected. b: 
the normal probability plot for the residuals.  

The multiple sample comparison in Figure 5a shows significant differences among the 
containers containing the 22-millimeter (F and G) tags and two of the containers containing 
the 12-millimeter tags (A and B), between the container containing the 50-millimeter tag (H) 
and two of the containers containing the 12-millimeter tags (A and B), and between 
containers G and C. No significant difference for maximum signal strength was seen between 
the containers containing the 22-millimeter tags and the container containing the 50-
millimeter tag and between containers with the same tag size. However, the small number of 
observations, on average five observations per container, makes it difficult to find significant 
differences in means among different containers. Hence, if supplementary experiments had 
been performed, additional significant differences may have been found among the different 
containers. 

The behavior in the product flow of the different containers was evaluated visually. The 
evaluation was made by comparing the sequence in which the containers were dropped and 
read and the difference in time interval between the dropping and reading of containers. In the 
evaluation, no obvious differences were seen among different containers regarding the 
sequence. However, at one time during the experiments, three tag containers passed through 
the reader almost simultaneously. All three of the containers passing the reader simultane-
ously were of container type H. The passing of the antenna simultaneously is interesting and 
may indicate that container H was not behaving as a pellet.   

Results and discussion of verification experiments 
To see if the read rate of a tag was affected by the stresses induced by the handling, the read 
rates for containers F and G were compared between experiments 1B and 2. By comparing the 
read rates from experiment 1B with experiment 2, we concluded that the read rate for 
container G was approximately the same, 70 % (7/10) compared to 80 % (4/5). The read rate 
for container F had, however, decreased from 100 % (5/5) in experiment 2 to 40 % (4/10) in 
experiment 1B.  

Four possible reasons for a decrease in read rate, besides randomness, were recognized. First 
of all, as there was a multi-layer bed of pellets on the conveyor, and the position in the pellets 

a b



bed could affect the read rate. If the position in the pellets bed affects the read rate, the same 
decrease should be seen for container G. No differences were however seen for container G. 
Hence, difference in position in the pellets bed was not a likely explanation for the decrease in 
read rate. Another explanation could be that the tags were damaged by heat as the temperature 
of the pellets, at the point of drop, exceeds the temperature limit of the tags. If the heat 
destroys the tags, the same decrease in read rate would be expected for container G, as the 
difference in critical mass was low between containers F and G, while the time spent in the 
heat was extensive. Heat destruction was, therefore, not seen as a likely explanation. The third 
explanation could be that container F was more exposed to abrasion or more sensitive to 
abrasion in the distribution chain than container G. Consequently, the tendency to break could 
be higher for container F, which may explain the decrease in read rate for container F and the 
lack of decrease in read rate for container G. Finally, the probability of a tag disappearing or 
getting stuck in the distribution chain could depend on the shape. For example, flat tags with 
sharp corners may have a higher probability to get stuck in, for example, product silos than 
squared tags with rounded corners. Based on the performed test, no significant effect of the 
shape could however be seen on the read rate, see Table 3 and Table 4. Hence, the shape of 
the tag does not seem to affect the read rate, and differences in shape are not a likely 
explanation of the decrease in read rate.  The decrease can, however, depend on other factors 
than those described. 

Conclusions  
The experiments show that the RFID technique could be used to improve traceability in the 
distribution chain for pellets. However, it is necessary to use tags that are larger than pellets, 
as a low read rate was observed in experiments 1A and 1B for the 12-millimeter tags. The 
necessity of using tag containers that are larger than pellets may result in the tags behaving 
differently than the pellets in the distribution chain. No obvious difference in behavior was 
seen during the experiments among the different containers in the distribution chain. Of the 
tested containers, container G was the container performing best if both behavior and read rate 
are considered. An easy way of increasing the read rate in the distribution chain, for a special 
tag size, is to use several readers with different placements instead of just one. The tag 
placement is another factor affecting the read rate, but the tag placement cannot be controlled 
in a process similar to where the experiments were performed.   

The traceability in the distribution chain would significantly increase by applying the RFID 
technique. The improved traceability gives a better opportunity to see how the products are 
affected by the handling in the distribution chain, as analyses from different stages in the 
distribution chain can be compared. Furthermore, by using RFID it is easier to track defective 
products in the distribution chain, for later disposal or downgrading. Using the RFID 
technique would also make it easier to trace customer complaints back to the production 
process for identification of the sources of the complaints. Finally, RFID could be used for 
investigating if, where, and when flow-induced segregation occurs. 

The heat sensitiveness of the RFID tags was a problem that emerged during the full-scale 
experiment. In the RFID literature the heat problem has not previously been discussed. The 
heat sensitiveness of the tags can however be decreased by coating the tags with a thicker 
protection layer. 

In the experiments, an increase in tag size was shown to have a significant and positive effect 
on the numbers of readings and maximum signal strength. Hence, to achieve a high read rate a 
large tag should be selected. No significant effects were seen on the read rate among the 
tested shapes and coatings. Therefore, it seems that no consideration of coating and shape 



needs to be taken when selecting a tag container. Since the number of read tags was quite 
small, it would be interesting to perform further experiments to investigate more thoroughly 
the effects of different characteristics, such as size, shape, and coating mixture. Before further 
experiments are performed in the distribution chain, it would be an advantage to also install 
an RFID reader at the customer in Luleå. By installing an RFID reader at the customer in 
Luleå, it would not be necessary to direct the pellets to the ore harbor in Luleå. The 
experiments could then be performed during normal operations, which would imply that 
conclusions could also be drawn about the residence time, flow-induced segregation and 
mixing. Furthermore, it would be interesting to perform experiments with the RFID technique 
in other continuous processes and to compare the results. 
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