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Abstract: This paper describes a technology testing part of a global project developed by University of Cagliari and 
“Azienda Ospedaliera Brotzu” (hereinafter AOB) in Cagliari (Italy), and funded by Sardinia Autonomous Region. Its 
two main targets are: patient safety enhancing and blood inventory management processes improving. Both are 
pursued through RFID-based process reengineering (Orrù, et al., 2010; Borelli et al., 2010). The project also aims at 
testing and validating RFID UHF technology for transfusion medicine. Nowadays, this technology is the accepted 
standard in worldwide logistic applications, while it is still considered innovative in transfusion medicine. Recent 
studies on RFID-based inventory management for medical drugs had satisfactory results. However, they revealed 
problems related to liquid proximity interaction (Polycarpou et al., 2012). Particularly, the paper focuses on 
experimental testing related to technology assessment, which aims at evaluating RFID performance in terms of 
accuracy, reading time, and reliability. UHF RFID tags were tested, to evaluate multiple readings. Two types of tag 
were applied to main logistics assets of the transfusion process: commercial tags were used to track blood test tubes; 
tag prototypes, designed and manufactured by University of Cagliari, were used to track blood bags. Experimental 
tests related to blood test tubes were performed in two different experimental scenarios: one indoor and not EM-
isolated environment, and one EM-isolated environment. Experimental tests related to blood bags were performed 
in the latter only. Then, test results were compared with a previous testing research based on commercial tags. 
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1.Introduction 

New technologies for patients, personnel, and materials 
management are progressively integrated in healthcare 
facilities, in order to improve efficiency and effectiveness 
of business functions (Chong and Chan, 2012). New 
tracking technologies allows improving process control 
and managing an increasing amount of data. 
Radio Frequency IDentification (RFID) is a wireless 
technology that is more and more deployed for tagging 
products throughout supply chains (Bottani et al., 2016). 
As for healthcare facilities applications, Transfusion 
Medicine is nowadays one of the most promising sectors 
for RFID technology deploying, since blood components 
are high added value assets, so their efficient management 
could generate important advantages, both from the 
clinical and economical points of view (Borelli et al. 2012). 
In order to improve safety and quality of processes, 
introducing RFID technology in transfusion process is 
nowadays under examination, and it is source of several 
application examples (Hohberger et al., 2012; Van der 
Togt et al., 2011). 
Introduction of RFID requires, of course, a careful 
feasibility assessment, particularly from both economic 
(Borelli et al., 2012) and technical points of view.  

RFID systems that have not been designed and tested in 
response to particular needs of healthcare settings might 
introduce new risks (Van der Togt et al., 2011). Therefore, 
technical factors that affect RFID systems performance 
should be measured (Ohashi et al., 2008), by analysing, for 
instance, multiple reading accuracies, reading times and 
reliability.  
Critical issues, strictly linked to radio waves use (such as 
privacy issues and fulfilment of RF emission 
requirements, in terms of interferences both with nearby 
electronic equipment and people), should be evaluated in 
the design phase (Van der Togt et al., 2011). 
Studies conducted by Clarke et al. (2006) showed that, 
with reference to their experimental results, achieving 
100% read rate was not possible even in the most 
favourable RFID environment. The number of tags to be 
detected, the environmental factors and the orientation of 
tags with respect to the reader antennae are relevant in 
reading accuracies and times.  
According to literature review carried out by D’Mello et 
al.  in 2008, the literature on highly detailed performance 
evaluations of RFID technology was scattered among a 
few studies with varied methods. Their study was aimed at 
exploring effects of tags orientation on the associated read 
error rates. 
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Based on a literature review provided by Potdar et al. 
(2007), several studies were undertaken to achieve 100% 
read rates in RFID deployment, by developing new and 
smarter tags and antennas for specific applications. They 
proposed a solution to detect if all the tags are read or to 
identify how many tags are read from a bunch.  
Indeed, missed/unrecognised tags in reading operations 
can lead to long time scanning, which produces an 
increase in activity times of the considered chain. 
Evaluations of Derakhshan et al. (2007) led them to assert 
that read rate accuracy was still in the 60% - 70% range. 
The present paper focuses on a technology testing part of 
a global project called “Logistic Optimisation in 
Healthcare”, developed by Università degli Studi di 
Cagliari, Università degli Studi di Parma, and Azienda 
Ospedaliera Brotzu in Cagliari (AOB), and funded by the 
Regional Government of Sardinia. Aims of the project are 
to devise a method to enhance patient safety, along with 
blood inventory management processes improvement 
through a RFID-based process reengineering, and also to 
estimate clinical risk reduction (Orrù et al., 2010).  
The research design aims at testing and validating RFID 
UHF technology for the specific context of transfusion 
medicine applications. Indeed, nowadays UHF technology 
is the accepted standard in worldwide logistic applications, 
while it is still considered innovative in transfusion 
medicine field.  

Particularly, the paper focuses on an experimental testing 
part, related to technology assessment, which aims at 
evaluating UHF RFID performance in terms of reading 
time, accuracy and reliability in all transfusion chain 
RFID-enabled processes, to be part of and to support the 
decision-making during the reengineering process of the 
considered chain, and the implementation of the 
reengineered model in the above-mentioned hospital. 

2.Overview 

The study was divided into two main parts (A and B), 
aimed at identifying different outcomes, as indicated 
below.  

A. Tests on blood test tubes  
B. Tests on blood bags 

These are the two main logistic assets in blood transfusion 
chain processes, and they are tagged. Blood test tubes are 
used for checking the patient-donator blood compatibility, 
and move from the Thalassemia Centre to the Blood 
Transfusion Centre.  
During input and output inventories, a comparison 
between actual and expected numerousness and EPC 
codes of tubes, has to be performed. The same check is 
necessary for blood bags, which move from the Blood 
Transfusion Centre to the Thalassemia Centre.  
As for experimentation, test tubes are tagged with 
commercial tags only, while blood bags are tagged with 
commercial tags, as well as prototype tags. 
A-tests focused on comparing multiple reading 
performance of commercial UHF tags applied to blood 
test tubes, when a change occurs in operative conditions. 
It was aimed at evaluating differences among 
environmental conditions, with respect to EM emissions 
and interferences which might affect results. The two 

considered scenarios are: operative environment (indoor, 
not EM-isolated), which is the Laboratory of logistics and 
traceability of the University of Cagliari, and controlled 
environment (EM-isolated), which is the semi-anechoic 
chamber of the same University. Several KPIs (Key 
Performance Indicators) were calculated and compared. 
B-tests aimed at comparing reading performance of 
commercial and experimental UHF tags, applied to blood 
bags. Its target is to analyse the most important 
characteristics of each type of tag in terms of KPIs, by 
fixing the environmental conditions (EM-isolated 
environment, semi-anechoic chamber). This test allowed 
comparing accuracy and reading capacity of prototypes 
and commercial tags. 
 

3.Materials and methods 

3.1 Tests on blood test tubes 

Commercial RFID UHF tag samples used in experimental 
tests on blood test tubes were EPC Class 1 Gen 2, ISO 
18000 6C, NXP UCode 7. Specifically, they were LabId, 
model HF601, wet-inlay.  
Tests were conducted on samples of those tags, to 
evaluate their performances: reading time, accuracy and 
reliability.  
For this purpose, two sets of tests were carried out: 

 The first in the Laboratory of logistics and traceability 
of the University of Cagliari, which represents a not-
isolated EM environment 

 The second in the semi-anechoic chamber of the same 
university. 

 
A comparison of results, provided some highlights in 
multiple reading performance of considered tags, by 
changing the EM environmental conditions, in order to 
observe whether any significant differences occur. 
Each test was conducted using: 

 40 blood test tubes, with a progressive number from 1 
to 40, fulfilled with water and inserted into a tube-
holder  

 40 tags LabId HF601, with a progressive EPC, as the 
progressive number of the related tube 

 1 reader Nordic ID Sampo S1 

 1 PC connected to the reader, and the related demo 
software used to manage the reader during reading 
tests. 

Two tests were carried out on blood test tubes, by setting 
the antenna power of the reader to 500 mW (maximum 
power of the reader). The reader has an integrated far-
field antenna. The particular position of tags on blood 
tubes fulfilled with water lead them to work in near-field 
emission conditions. Indeed, the relative permittivity of 
water (81) is high, and it reduces the reader performance 
in far-field conditions. 
Test 1 - Firstly, the empty tube-holder was placed on the 
reader, and continuous reading mode was started, using 
the Advanced Test Inventory of the software. 
Blood test tubes were inserted into the tube-holder in 
groups of five per run (8 rows of 5 tubes), by adding each 
row and performing cumulated readings. Then, 60 
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seconds passed to complete a reading. At the end of each 
run, reading performance data were collected into a 
spreadsheet. The test was repeated 10 times. 
Test 2 – This test was realised by placing the tube-holder 
containing all tubes on the reader, and by reading them 10 
times. 
The below listed data and KPIs were acquired and 
analysed in a spreadsheet: 

 Number of expected tags 

 Number of read tags after 60 s 

 Reading Time [s] (maximum time necessary to read all 
the tags in the tube-holder) 

 Accuracy [%] (percentage of tags read after 60 s, 
compared to the number of expected tags) 

 Time to read all tags [ms] (time necessary to read the 
maximum number of detected tags) 

 Inventory rounds (number of inventory cycles 
performed by the reader during reading) 

 Found % Min (minimum number of times for which a 
particular tag was detected, with respect to the total 
number of reading cycles; it is the percentage of 
reading cycles during which the less detected tag of a 
group was read).  

 Found % Max (maximum number of times for which 
a particular tag was detected, with respect to the total 
number of reading cycles; it is the percentage of 
reading cycles during which the most detected tag of a 
group was read).  
The same types of tests were carried out in the semi-
anechoic chamber. 

3.2 Tests on blood bags 

Four types of tests on blood bags were carried out on 
prototypes developed by the University of Cagliari (Boi et 
al., 2015), for the specific purpose of tracking blood 
products. These tags were developed according to the 
meander line model, and consist in an ad-hoc designed 
antenna coupled with a commercial chip. The latter is a 
GEN 2 of NXP Semiconductors, type UCODE G2iM+. 
Tests were carried out in the semi-anechoic chamber, and 
results were compared to those previously obtained on 
commercial tags Smartrac dogbone, paper face, NXP 
UCode G2iL. 
Tests involved the materials listed below: 

 30 blood bags fulfilled with water (500 ml circa) 

 30 experimental tags, applied to the top of each bag, 
with a progressive EPC from 1 to 30 

 1 mobile reader Motorola MC3190Z (Test 1) 

 1 Reader Nordic ID Sampo S1 (Test 2) 

 1 Reader Speedway Revolution Impinj and related 
software (Test 3 and Test 4) 

 2 near-field antennas MT 249567/NCP (Test 3) 

 2 far-field Antennas LAIRD (Test 4) 
 

Test 1 – This test involved multiple reading of tags 
through mobile reader, which were randomly inserted into 
a container transparent to the considered frequencies, 
about 20 cm high and placed on the table of the semi-

anechoic chamber. The reader rotated around the 
container. 
Performance was evaluated in terms of: reading time, 
accuracy and reliability of reading, compared to a list of 
expected tags. Reading power was set to 100%, and tests 
were repeated 30 times. 
Test 1 aimed at measuring the number of detected tags 
after 60 s, and the time required for reading all tags of the 
container. The chosen KPIs are listed below. 
• Accuracy [%]: percentage of tags successfully read with 

respect to the number of expected tag after 60 s 
• Number of expected tags 
• Total reads: Total number of read tags 
• Time to read 100% of tags [s]: Reading time necessary to 

read the expected tags 
 

Test 2 - Single reading test, to simulate the loading phase. 
The test involved the single reading of tags attached on 
blood bags placed into a container of 37 cm x 25 cm x 21 
cm. 
The aim is the performance assessment in terms of: 
reading time, accuracy and reliability of reading compared 
to a list of expected tags. 
Reading power was set to 100% (500 mW, 27dBm). The 
reader Nordic ID Sampo S1 is equipped with an 
integrated far-field antenna; in this test, it works in near-
field. 
The procedure consists in passing a single bag into the 
reading volume of the reader and loading it into the 
container. This test was repeated 30 times. 
The considered KPIs are the same of test 1, but not the 
last one. 
 

TEST 3 - Multiple reading with near-field antennas. The 
test consisted in multiple reading of tags attached on the 
blood bags, placed into a container 50 cm x 35 cm x 10 
cm, placed between two near-field antennas, on a 
horizontal plane. 
Performance was assessed in terms of: reading time, 
accuracy and reliability of reading compared to a list of 
expected tags. 
Reading power was set to 100%, corresponding to 1000 
mW or 30 dBm. The container was positioned into the 
reading volume of the near-field antennas. 
This test was repeated 30 times with 30 bags, 30 times 
with 25 bags, and 30 times with 20 bags.  
Each simulation was performed for 60 seconds, in order 
to complete reading. 
The considered KPIs were: 
• Accuracy [%] (see test 1) 
• Number of expected tags  
• Time to read 80% of tags [s]: Reading time necessary 

to detect the 80% of expected tags 
• Total reads (see test 1) 
• Time to read 100% of tags [s] (see test 1). 
 
TEST 4 - Multiple reading with far-field antennas. The 
test consisted in multiple reading of tags attached on the 
blood bags placed into a container 37 cm x 25 cm x 21 
cm, positioned between two far-field RFID antennas. The 
relative distance between them is about 68 cm. 
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Performance was assessed in terms of: reading time, 
accuracy, and reliability of reading compared to a list of 
expected tags. 
Reading power was set to 100%, corresponding to 1000 
mW or 30 dBm. The reader was equipped with 2 far-field 
antennas. In this test, they work in near-field. 
The test was repeated 10 times with 30 bags, 10 times 
with 20 bags, and 10 times with 10 bags. 
The duration of each simulation was 60 seconds, in order 
to detect all tags. 
The considered KPIs were: 

 Accuracy [%] (see test 1) 

 Number of expected tags 

 Time to read 80% of tags [s] (see test 3) 

 Total reads (see test 1) 

 Time to read 100% of tags [s] (see test 1). 
 

4.Results 

4.1 Tests on blood test tubes 

Results of reading tests on blood test tubes are listed in 
Tables 4 and 5. 
 
 

Table 4: results of test 1 (multiple reading tests, 10 
repetitions) 

Parameters 

 Test in 
semi-

anechoic 
chamber 

Test in 
Laboratory 
of Logistics 

and 
Traceability 

Accuracy 
[%] 

AVG 90 80.79 

MIN 73 40 
MAX 100 100 

    
    
    

Time to 
read [s] 

AVG 8.44 14.27 

MIN 0.08 0.06 

MAX 59.05 58.45 

 

 

Table 5: results of test 2 (all blood test tubes) 

Parameters 

 Test in 
semi-

anechoic 
chamber 

Test in 
Laboratory 
of Logistics 

and 
Traceability 

Accuracy 
[%] 

AVG 84 81.75 

MIN 83 80 

MAX 93 85 
    
    
    

Time to 
read [s] 

AVG 13.85 12.77 

MIN 4.31 2.34 

MAX 43.55 31.39 

4.2 Tests on blood bags 

Results of tests performed on blood bags are shown in 
Tables 6, 7, 8, and 9. 
 
 
 

Table 6: results of test 1 (for 30, 20 and 10 blood bags) 

Parameters 
 Test on 

commercial 
tags 

Test on 
experimental 

tags 

30 tags 

Accuracy 
[%] 

AVG 76 87 

MIN 90 86.7 

MAX 67 93.3 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 5.05 0.85 

MIN 0.125 0.12 

MAX 37.92 20.28 

20 tags 

Accuracy 
[%] 

AVG 88 97.33 

MIN 70 90 

MAX 100 100 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 1.6 0.045 

MIN 0.05 0.021 

MAX 27.47 0.09 

10 tags 

Accuracy 
[%] 

AVG 100 100 
MIN 100 100 

MAX 100 100 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 0.051 0.023 

MIN 0.009 0.01 

MAX 0.32 0.05 

 
 
 

Table 7: results of test 2 (multiple reading with mobile 
reader) 

Parameters 
 Test on 

commercial 
tags 

Test on 
experimental 

tags 

30 tags – distance 20 cm 

Accuracy 
[%] 

AVG 100 99.3 

MIN 100 86.7 
MAX 100 100 

    
    
    

Time to 
read 100% 
of tags [s] 

AVG 19.32 58.6 

MIN 9 33 

MAX 33.1 292 
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Table 8: results of test 3 (multiple reading with near-field 
antennas) 

Parameters 
 Test on 

commercial 
tags 

Test on 
experimental 

tags 

30 tags  

Accuracy 
[%] 

AVG 100 99.7 
MIN 100 96.7 

MAX 100 100 

 
 

 

Table 9: results of test 4 (multiple reading with far-field 
antennas of 30, 25 and 20 blood bags) 

Parameters 
 Test on 

commercial 
tags 

Test on 
experimental 

tags 

30 tags 

Accuracy 
[%] 

AVG 99 90 

MIN 93 90 

MAX 100 90 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 1.67 2.21 

MIN 0.45 0.33 
MAX 3.8 4.58 

25 tags 

Accuracy 
[%] 

AVG 99 89.87 

MIN 96 88 

MAX 100 92 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 0.94 2.25 

MIN 0.14 0.21 

MAX 2.44 4.57 

20 tags 

Accuracy 
[%] 

AVG 100 95 

MIN 100 95 

MAX 100 95 
    
    
    

Time to 
read 80% 
of tags [s] 

AVG 0.90 0.78 

MIN 0.12 0.097 

MAX 1.83 2.38 

 

5.Discussion  

Results of tests performed on RFID UHF tags applied to 
blood test tubes showed differences among accuracies, by 
comparing the two considered test environments. 
Particularly, a significant decrease in multiple reading 
accuracy was detected, when tests were performed in 
indoor and not EM-isolated environment. 
The main reasons are related to the EM emissions and 
electric noise of the real environment, due to the presence 
of various EM sources other than the investigated ones, 

which may affect reading performance. UHF signal could 
be reflected off concrete walls and metal surfaces, but also 
the reading patterns of antennas vary depending on 
location and geometry of the indoor environment, causing 
a decrease of reading performance. 
Test 1 results showed an anomalous trend, which depicts 
a decrease in reading accuracies when the number of tags 
is between 15 and 30. It is important to point up that the 
physical location of tags in the tube holder is the same for 
each test configuration, thus spatial location of tags was 
identified as the most relevant factor in reading 
performance of commercial tags. This scientific relevance 
could be used in further studies, aimed at designing 
optimised tags for the specific application. 
As an overall statement, results of tests performed on 
RFID UHF tags attached on blood bags did not show 
very significant differences among accuracies for the 
considered tests, by comparing commercial and 
experimental tags. Specifically:  

 Test 1 provided better results in terms of accuracy and 
time to read the 80% of tags for experimental tags, 
than those obtained for the commercial ones 

 Results of test 2 are slightly better, for commercial tags 
than those of prototypes 

 Test 3 provided results of experimental tags very close 
to those of commercial ones 

 Results of test 4 showed better accuracies and times to 
read the 80% of tags for commercial tags than for 
prototypes. 

These outcomes show that simulating dynamic conditions 
(tests 1 and 2), i. e. relative movements between reader 
and tags during reading process, does not affect 
performance in both types of tested tags. Indeed, 
optimisation level of experimental tags is acceptable when 
reading is performed in dynamic conditions. 
Tests 3 and 4 showed that experimental tags do not have 
sufficient optimisation level if reading is performed in 
static conditions. Particularly, using near-field antennas for 
proximity readings provided more effective results in 
terms of accuracy and time to read, if compared to those 
obtained by using far-field antennas. 
Relative orientation between tags and antennas is still a 
relevant factor, strongly affecting performances of 
experimental tags.  
 

6.Conclusion  

Results of tests carried out on RFID UHF tags are useful 
to improve the design of logistic systems in transfusion 
medicine, by taking into consideration the physical 
suitability of the assessed RFID UHF tags, readers and 
antennas, in the specific process. It means that simulations 
of tag inventory during the blood transfusion chain 
provide information to be used in decision-making for 
process reengineering: characteristics of commercial RFID 
UHF tags and assessed reading performances can 
stimulate system planners to select the most adequate 
commercial RFID UHF tags for the process under 
consideration, in terms of accuracy and reading time. 
Also, studies performed on experimental tags developed 
for the specific application have great importance in 
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creating new prototypes complying with particular 
requirements, such as liquid proximity interaction, levels 
of performance of multiple reading higher than those of 
commercial tags.  
If we consider that, currently, in accordance to their tests, 
providers of passive RFID UHF tags often indicate a read 
rate very close to 99%, it has to be taken into account that 
this percentage could be lower than official read rates for 
specific applications and reading/operative conditions: in 
this study, tests performed on blood bags in static and 
dynamic reading conditions showed that accuracies and 
reading times vary by varying tag-antenna relative 
orientation and reading conditions.  
Assessment of tests environment (EM-isolated, not EM-
isolated) is important in order to quantify the variations 
occurred in reading performance of the considered tags 
when EM emissions are not under control (such as, for 
instance, tests carried out on blood tubes). 
From the clinical point of view, improving reading 
performance of RFID UHF tags to be used in transfusion 
medicine applications (e.g. by developing new prototypes) 
could be desirable to reduce operative times related to 
blood tubes and blood bags inventories. 
Moreover, by comparing reading performances of 
different RFID UHF tags, decision makers could develop 
technological scenarios when planning reengineering of 
blood transfusion chain, and evaluate also economic 
benefits of each alternative. 
Further studies of University of Cagliari will focus on: 

 Optimisation of experimental tags, in static reading
conditions, with particular attention to the relative
orientation between reader and tag

 Testing experimental and commercial tags attached on
blood bags, in two operative conditions: indoor, not
EM-isolated environment, and controlled
environment (EM-isolated). It will be aimed at
recognising differences between the two technological
solutions in multiple reading accuracy, when a change
in operative conditions will occur.
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