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Abstract—Passive Infrared (PIR) sensors are commonly used 
in indoor applications to detect human presence. PIR sensors 
detect human presence by detecting the change in infrared 
radiation across the polarity of the sensor. Due to this, PIR sensors 
are unable to accurately detect stationary human subjects, which 
results in false negatives. In the pursuit of creating a low-cost 
solution for detecting stationary occupants in a closed space, the 
novel approach to mount a PIR sensor on a moving platform was 
developed (MI-PIR). This approach was developed for the system 
to artificially induce the motion that is necessary for stationary 
human detection. Utilizing the raw analog output of the PIR sensor 
and an artificial neural network (ANN), the closed space was 
accurately classified for room occupancy, the number of 
occupants, the approximate location of the human targets, and the 
differentiation of targets.  This novel approach provides the 
advantages of a utilizing a single PIR sensor for human presence 
detection, while eliminating the major known drawback to this 
type of sensor. Scanning the room using a PIR sensor also allows 
for an expanded field of view (FoV) and a simpler deployment, in 
comparison to other approaches using a PIR sensor. Finally, MI-
PIR expands the functionalities of PIR sensors by using an ANN 
to detect various other occupancy parameters. The experimental 
results show that the system can detect room classification with 
99% accuracy, 91% accuracy in occupancy count estimation, 93% 
accuracy in relative location prediction, and 93% accuracy in 
human target differentiation. These results show promise for an 
application of tracking and monitoring an at-risk patient in an 
indoor setting.  

Keywords—PIR sensor, artificial neural network (ANN), human 
detection, stationary occupancy 

I. INTRODUCTION

Passive infrared (PIR) sensors have been used for human 
detection in various applications including smart homes [1], [2], 
smart cities [3], and biomedical applications including resting 
heart rate estimation [4] and epileptic seizure detection [5]. PIR 
sensors are popular due to their low-cost, low-complexity, and 
noninvasive nature with respect to the end user. PIR sensors 
detect human presence by having two or, in some cases, four 
pyroelectric elements wired in parallel. When one of the 
elements views more infrared radiation than the other, the PIR 
sensor will be triggered by this change in infrared radiation. 
During ambient conditions, each of the pyroelectric 
elements views the same infrared radiation and with no 

    

change between the elements, there is no triggering of human 
movement. As a result, when no human movement is detected 
in the field of view (FoV) of the PIR sensor, the output will be 
an unoccupied state, leading to false negatives.  This major 
known drawback to PIR sensors limits the potential 
applications of PIR sensors. PIR sensors provide many 
advantages that lead them to be deployed in a number of 
environments; however, many applications require sensor 
fusion deployment to overcome the disadvantage of the lack of 
reliable stationary occupancy detection. 

Human presence detection in an indoor environment is a 
popular research topic. Various sensor modalities have been 
chosen for deployment in numerous indoor human presence 
applications. Camera modalities have been deployed for human 
presence and associated parameters in an indoor environment, 
yet their invasive nature is the common reason for reluctance in 
utilizing this technology in domestic applications. Obtaining 
reliable accuracy is negated by these privacy concerns and the 
high computing power needed to handle image data. Wearable 
devices have been used for human presence detection, 
occupancy count, location prediction, and human target 
differentiation. Wearable devices provide a level of discomfort 
to the user that negates the high level of accuracy of the wearable 
device. Wearable devices include modalities such as radio 
frequency identification (RFID) tags and smart watches.  Other 
approaches function properly, but come with higher costs than a 
PIR. These approaches include ultrasonic sensors, radio 
frequency (RF) based localization systems, and localization 
systems that equip active beacons. Thus, PIR sensors become a 
logical solution to indoor human presence, as they are non-
invasive and low-cost, especially in comparison to the sensor 
modalities mentioned above.  

There are many aspects of stationary human target detection 
with a PIR sensor that need to be further researched. Existing 
literature applies a common method in order to overcome this 
issue. In [6], this group provided the initial promise of using a 
PIR sensor to detect stationary occupants. The system was based 
on an optical shutter that periodically chops the thermal heat of 
the human body. Their design achieved 100% accuracy through 
analysis of maximum sensing distance with a FoV of 110 
degrees. No room occupancy parameters were addressed in this 
work. In [7-8], this group has published three works on their 
system that detects stationary human targets with a single PIR 
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sensor. Each of their respective papers have progressed their 
previous design, by adding more functionalities and reducing the 
power consumption of their design. Their design is similar to [6] 
with an optical shutter that periodically chops the FoV of their 
single PIR sensor. This group was also successful at stationary 
human detection with a FoV of 93 degrees in [8]. Also in [8], 
the group achieved a 97% accuracy in room classification during 
a 31 hour experiment.  

Both designs developed modules to optically shutter a PIR 
sensor for stationary presence detection. Their respective 
modules are dependent on the Fresnel lens of the PIR sensor for 
FoV and are mechanically complex solutions to the problem. 
Neither of the groups addressed occupancy parameters such as 
occupancy count estimation, relative location prediction, or 
human target differentiation in their work.  

In the effort to combine the low-cost, non-invasive, and 
passive capabilities of the PIR sensor with a simple design to 
detect stationary occupants, we developed a system that shows 
promise in this area. To the best of our knowledge, our design is 
the first of its kind. Our design works by inducing the motion 
needed for stationary human detection. By rotating a single PIR 
sensor on top of a robotic actuator in a constant, periodic cycle, 
a closed office space is scanned. With the combined technology 
of an artificial neural network (ANN), human presence was 
accurately detected. This novel motion induced approach is 
coined MI-PIR, and has provided accurate detection in the four 
occupancy parameters in a closed office space. MI-PIR allows 
for a greater FoV, where the entire office space can be scanned 
in a relatively short amount of time. Thus, MI-PIR is a novel 
approach for stationary human presence detection using a single 
PIR sensor and deep learning.  

Overall, the contributions of this paper are as follows. We 
designed a novel approach for stationary human occupancy 
detection utilizing a single PIR sensor. This novel design 
provides advantages in comparison to similar works in that the 
FoV is expanded with MI-PIR due to the scanning nature of the 
design and the mechanical complexity is lowered. Finally, we 
expand the capabilities of a PIR sensor with the pairing of an 
ANN by accurately detecting the four occupancy parameters.  

The four occupancy parameters include room classification, 
occupancy count estimation, relative location prediction, and 
human target differentiation. Room classification refers to an 
office space being occupied or unoccupied. An occupied state 
involves at least one human subject present in the room, whereas 
an unoccupied scenario involves no human subjects present. 
Occupancy count estimation classifies the number of human 
subjects present in the office space from zero being unoccupied 
to three individuals present. Relative location prediction 
classifies the location of human subjects in the office space, 
where the room is segmented into six possible locations, with a 
zero label indicating an unoccupied state. Finally, human target 
differentiation refers to differentiating human subjects based on 
the output of the PIR sensor. These labels can include 
unoccupied, one subject, or many subjects present.  

The rest of the paper is organized as follows. Section II 
describes MI-PIR’s novel design, including the hardware and 
the ANN. Section III examines the experimental portion of the 
work, including the data collection process. Section IV identifies 
the data analysis, providing evidence for the high accuracy 
obtained from the ANN. Section V is the results and discussion 

portion of the work. Finally, Section VI will provide the 
conclusions for the paper.  

II. MI-PIR DESIGN 

MI-PIR is composed of a single PIR sensor, a robotic 
actuator, a thermal insulator, a microcontroller, a PC, and an 
ANN for learning purposes. The hardware of MI-PIR will be 
discussed first and then the software architecture of the ANN 
will be presented.  

A. Hardware 
MI-PIR is based on a single PIR sensor system. The PIR 

sensor chosen for this application was the Panasonic AMN 
24412 sensor, shown in Fig. 1. This sensor model was selected 
due to the device’s analog output capability. More common PIR 
sensors on the market do not have analog output capability, and 
are dependent on their own threshold to determine if there is 
human presence. A digital PIR sensor would not function 
properly for MI-PIR, as the determined threshold would present 
false positives by all elements of the office space while in 
motion. This is due to the fact that everything above the absolute 
temperature emits some level of infrared radiation, with 
generally the greater the temperature, the more infrared radiation 
produced. Moreover, this PIR sensor has a 10 meter maximum 
detection distance, 110 degree vertical range, and a 93 degree 
horizontal range when applied in the traditional sense. The PIR 
sensor is wired to an Elegoo Uno R3 microcontroller for real-
time communication to a PC. The Elegoo Uno R3 was 
programmed in the Arduino integrated development 
environment (IDE) to output the raw analog voltage readings 
from the analog-to-digital converter pin, displaying a number 
from 0 to 1023. These values were then mapped to a value 
between 0 to 5 Volts (V) within the IDE for means of mapping 
to the maximum voltage produced by the microcontroller. The 
real-time data was shown on the serial monitor of the IDE. 
Overall, for each line of data, the serial monitor would output 
the timestamp of the data taken, the raw voltage reading, and the 
raw voltage reading mapped to a value between 0 and 5V. The 
resulting data is in turn fed as an input into the ANN for 
classification after appropriate calculations.  

 
 

Fig. 1. Panasonic AMN24112 PIR sensor with analog output capability. 
 
  Due to MI-PIR’s close proximity to potential inanimate 
sources of heat, such as PCs, monitors, and printers, a thermal 
insulator was applied to limit local infrared radiation that might 
otherwise contaminate the voltage values and accuracy. The 
thermal insulator developed is made of cardboard, as part of the 
proof of concept stage of MI-PIR. Future work for long-term 
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deployment would to change the insulating material for greater 
longevity. The current design of the thermal insulator achieves 
this by simply covering the surrounding viewing angles of the 
MI-PIR sensor. The cardboard material was first experimented 
in the traditional deployment of a PIR sensor, and showed to be 
sufficient from blocking radiation from inanimate objects in 
motion. 
 The other half of the MI-PIR design comes with the robotic 
actuator that cycles the PIR sensor in a 130 degree motion. As 
a result, the overall horizontal detection range has been 
expanded with the novel MI-PIR design from 93 degrees to 223 
degrees of coverage. The robotic actuator, Dynamixel MX-28, 
was previously programmed to scan in the forward direction 
(south to north) in 26 seconds and then back to the original 
position in 10 seconds, for an overall complete scan back to the 
original position in 36 seconds. This rotation has not been 
experimented with and has only been implemented for optimal 
usage in the lab. The Dynamixel MX-28 robot actuator holds a 
platform for the PIR sensor and thermal insulator; where, the 
platform provides no purpose other than to give the PIR sensor 
and the thermal insulator a flat surface to rest. The platform 
used in this work is a Hokuyo UTM-30LX-EW, which was 
used in a previous work. Fig. 2 displays the entire hardware 
setup for the MI-PIR design.  
 

 
 
Fig. 2. Full MI-PIR Design. 
 

B. Software 
Deep learning is a powerful tool that is capable of achieving 

end-to-end learning from unstructured data. Given the robust 
nature, efficiency, and the lack of detailed feature extraction 
required, deep learning was an obvious choice for a problem as 
nonlinear as stationary human detection via PIR. The MI-PIR 
architecture primarily relies on an ANN in which a calculated 
version of the raw voltage data from the PIR is fed as an input, 
with the output being a classification of the current state of the 
room. The ANN models provide the ability to learn from the 
data and make accurate predictions that way. The ANN models 
are a set of algorithms that function similarly to a brain. The 
neural network associated the real-world data as numbers and 
make predictions based on the inputs [9]. 

Over the course of experimentation, four separate ANN 
models were developed for each of the four occupancy 
parameters, with each deviating slightly in terms of accuracy. 
Slight changes in architecture were applied for each of the ANN 
models as seen below in Table I.  These modifications were 

necessary to deal with the number of output labels. Outside of 
these changes in output classification and architecture, the ANN 
models all received the same preprocessing for each of the 
experiments.  

 
Table I. The four room occupancy parameters and the composition of their 
ANNs. 

Occupancy 
Parameter 

Optimizer Output 
Activation 

Loss Layers  
(I, H, O) 

Room 
Classification 

sgd sigmoid binary_ 
crossentropy 

2,2,1 

Occupancy 
Count 
Estimation 

adam softmax Sparse_
categorical_ 
crossentropy 

16,16,4 

Relative 
Location 
Prediction 

adam softmax Sparse_
categorical_ 
crossentropy 

128,128,32 

Human Target 
Differentiation 

adam softmax Sparse_
categorical_ 
crossentropy 

128,128,32 

 

  The changes in optimizer, output activation function, loss 
calculation and layers were dependent on the task for each of 
these respective classification outputs. The room classification 
parameter has two states, either unoccupied or occupied, so as 
a result the binary_crossentropy loss function was used. Loss 
functions are used to measure the error between a network’s 
output and a desired output. The room classification occupancy 
parameter used the stochastic gradient descent (sgd) optimizer 
while the other three room occupancy parameters used the 
adam optimizer. Optimizers are algorithms used to change the 
attributes of the neural network, such as weights and learning 
rate in order to reduce the losses [10].  The activation function 
is used to send “impulses” or map the output of the neuron to a 
certain value corresponding to a “yes or no”. Finally, there are 
input (I), hidden (H), and output (O) layers that are individually 
given varying values that correspond to the number of inputs 
the ANN needs to process [11]. As a result, due to the fact that 
room classification has two labels, the ANN architecture 
follows a conventional binary classification model. As for the 
other three ANN models, each of them have more inputs and 
potential categories and are modified as such to match the task 
at hand. 
  The overall goal is to train the computer to learn the subtle 
variations in the continuous waveforms for classification 
purposes of the four different occupancy parameters: room 
classification, occupancy count estimation, relative location 
prediction, and human target differentiation. To meet that goal, 
data was preprocessed after collected from the Arduino IDE. 
The data was combined into one large CSV file with the Pandas 
concatenate function. Furthermore, the data was batched into 
36 seconds based on the one complete cycle of the robotic 
actuator of MI-PIR, prepared for input via Numpy. After the 
data was separated into 36 second batches, the absolute value 
of the Fourier transform was calculated for each batch and used 
as the only feature for the ANN to learn from.  
  After trial and error with using standard deviation and raw 
voltage as the features to be learned from, the absolute value of 
the Fourier transform proved to be the most successful for 
learning. The absolute value of the Fourier transform batches 
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were normalized to be between 0 and 1 to aid in simplicity for 
the ANN. Finally, data was split between training, testing and 
validation at 70%, 15% and 15% respectively. Accuracies were 
obtained for each of the four room occupancy parameters with 
the results being analyzed and elaborated on in section V. 
Confusion matrices and F1-score values are presented in this 
section.  

III. EXPERIMENTS 

For the purposes of testing MI-PIR in a closed indoor 
environment, an office space in an academic research building 
was used for data collection. This room is located in Dodge Hall 
of Oakland University and has five desk locations that have at 
least one PC and one monitor accompanying. Student 
researchers utilize these locations as work stations and the 
locations have variations in their subjects. All data collected 
with MI-PIR is during real working scenarios, with many of the 
subjects not knowing that they were actively being tested. This 
is important as to have normal movements during the day being 
collected, as a perfectly still subject for the length of time at the 
desk location is not a true indicator of a real-world application. 
There are six student researchers that are accounted for and 
labeled for during the data collection stage. Only those with a 
key access are allowed in the room.  

There was a location in the room that need to be selected for 
optimal MI-PIR deployment. A desk location holds a PC, is a 
location that is not frequently used by any student researchers, 
and provides a higher vantage point than all other desk locations. 
In addition, this location provides the best scenario for a full scan 
of the room. These qualities made this location the optimal 
location for MI-PIR deployment. Fig.3 shows the view from this 
location at the vantage point of MI-PIR.  

 

 
Fig. 3. The view from MI-PIR in Dodge Hall Room 120A. 

 

For labeling purposes, the lab was segmented based on the 
desk locations. Fig. 4 lays out the lab in which data was 
collected, labeling the five various desk locations. Labels for 
deep learning purposes range from 0 to 25, where each of the 
number labels are associated with a location. When there are two 
people present, the smaller location number is presented first. 
For example, two people occupying the space at Locations 1 and 
2 would be given a label of six, yet no label would be given for 
Locations 2 and 1 to avoid redundancy. MI-PIR is located at 
Location 1 in the office space. Locations 2 through 5 are 
consistently used as student work desks throughout data 

collection. There is variation between who is sitting at what 
location throughout the data collection process.   

 
Fig. 4. Data labeling for the relative locations of human targets according to PC 
location. MI-PIR is at Location 1. 
 
 As data collected was taken normally as the student 
researchers worked, variations in the conditions exist. The 
blinds are open throughout much of the data collection process, 
allowing direct sunlight to enter in the office. However, in some 
datasets, the blinds were closed. Data was collected from 
8/21/19 to 12/16/19, covering the changes in the seasons from 
the summer to winter months. Also during this time period, 
Location 3 lost an operating PC throughout the process. All of 
these changes provided varying ambient conditions. From 
varying sunlight, varying weather conditions, varying student 
researchers, and varying ambient heat in the room, the data 
collection process allowed for a wide range of datasets for the 
ANN to learn from. These changes make for a robust model, as 
all data collection was done under normal working conditions. 
The ANN learns from real-data and not under specific ambient 
conditions. Due to the varying environments, an ANN was the 
logical choice for determining differences in the data, as the 
voltages recorded from MI-PIR varied day to day. 
 Data was collected at a 10 Hz sampling rate. Data was only 
collected for occupied scenarios when the test subjects were 
sitting near a desk location or no one was in the office for an 
unoccupied state. All occupied data was collected with a 
constant student researcher being present, as this subject served 
as the ground truth in terms of data collection. Any change in 
state, such as a student researcher standing or moving from their 
desk location, would end that dataset and a new one would 
begin once all student researchers in the closed office space 
returned to a sitting position near or at their desk locations. In 
regards to an unoccupied state, ground truth for no student 
researchers present was administered by a student researcher 
outside the office door and verified by an OV7670 Arduino 
camera. This camera would take snapshots of the office door 
with five second durations and save them to the PC at Location 
1. Scanning through the images would serve as a verification to 
the student user recording the room classification state in 
person.  
 Data was recorded in real-time from the Arduino IDE. The 
voltage output in the range of 0 to 1023 from the ADC pin of 
the analog PIR sensor was deleted and the 0 to 5 V range was 
saved and used.  Labels of occupied or unoccupied, occupancy 
count, relative location prediction, and human target 
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differentiation were added manually. Integer labels are given 
for each occupancy parameter. These labels and the numbers 
associated from which the ANN will learn from are listed in 
Table II. Finally, the Excel sheet was converted into a CSV to 
be read by the ANN.  
 
Table II. The labels used to indicate the different states associated with the 
closed office space.  
 

Occupancy Parameter Number Label Real Label 
Room Classification 0 

1 
Unoccupied 
Occupied 

Occupancy Count 
Estimation 

0 
1 
2 
3 

No People 
One Person 
Two People 
Three People 

Relative Location 
Prediction 

0 
1 
2 
3 
4 
6 
10 
11 
12 
15 
23 
24 
25 

Unoccupied 
Location 1 
Location 2 
Location 3 
Location 4 
Locations 1 and 2 
Locations 2 and 3 
Locations 2 and 4 
Locations 2 and 5 
Locations 4 and 5 
Locations 2, 3, and 5 
Locations 3, 4, and 5 
Locations 2, 4, and 5 

Human Target 
Differentiation 

0 
1 
2 
3 
4 
5 
6 
7 
8 

Unoccupied 
Student 1 
Students 1 and 2 
Students 1 and 3 
Students 1 and 4 
Students 1 and 5 
Students 1, 4, and 5 
Students 1, 3, and 5 
Students 1, 4, and 6 

 
 
 The timestamp was kept in a CSV file for the means of 
systematic data collection. Data was collected at the start of the 
cycle, where the robotic actuator ends the backward cycle and 
begins the forward cycle again. This process synced all the data 
at roughly the same time, allowing for the analysis of the data 
in terms of where the data collection began. During unoccupied 
states, 36 seconds would be added to the syncing timestamp to 
ensure enough time to leave the room. Although not always an 
exact syncing of data, this extra step allowed for a better chance 
of the ANN to learn from the data.  
  Overall, there are 3,657 batches of 36 second cycle datasets 
for the ANN. There are a total of 61 different scenarios that 
were collected during the data collection process, ranging from 
varying occupied and unoccupied scenarios. Some of the data 
conditions are less prevalent due to others. For example, 
organically collecting data for three stationary individuals is a 
greater challenge than collecting unoccupied data. Each of the 
data samples has a unique number of voltages as each sample 
was dependent on when the conditions changed. Two hours was 
the maximum time period of data collection, as the Arduino 
IDE serial monitor can only hold up to two hours of data at a 
10 Hz sampling rate. The maximum conditions are for 

unoccupied states, whereas occupied conditions were 
dependent on human subjects sitting at their seat continuously.  

IV. DATA ANALYSIS 

The room classification occupancy parameter was labeled as 
0 for unoccupied and 1 for occupied. In comparison of the two 
states visually, where voltage was on the y-axis from 0 to 5 V 
and time was the x-axis, there was a discernable difference. 
Visually, one can identify that occupied states have more heat 
recorded than unoccupied states during similar time frames on 
the same day; however, in comparison between unoccupied and 
occupied states between different days, the pattern was not 
upheld. An example of unoccupied and occupied states on the 
same day is shown in Fig. 5 and Fig. 6, respectively. This shows 
a discernable difference that provided the means of continuing 
the project forward. A threshold, however, could not be 
determined with signal processing or statistical methods alone. 
The signal processing techniques used in attempting to 
determine a threshold was the Fourier transform and Wavelet 
transform. Standard deviation, mean, and certain thresholds 
were trialed for the statistical methods. Due to the inability of 
these techniques to produce an adequate threshold between 
varying days, our attention turned to utilizing deep learning for 
this application.  

 

 
Fig. 5. An unoccupied office space.  
 

 
Fig. 6. An occupied office space.  

 
Utilizing the raw voltage, as plotted in Fig. 5 and Fig. 6, the 

ANN produced low accuracy. Utilizing standard deviation as the 
feature inputted into the ANN, the ANN models again produced 
low results. Thus, the feature used for training in the ANN 
models was the minmax normalized absolute value of the 
Fourier transform of the raw PIR voltage data, in other words, 
the amplitude of the Fourier spectrum. This feature produced 
high accuracy for each of the four ANN models.  

In identifying the accuracy presented from the ANN, the 
values in which the ANN learned from was plotted graphically 
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to identify the differences from which the ANN was able to 
learn. These figures were plotted using MATLAB. Fig. 7 though 
Fig. 10 identifies the discernable difference seen between the 
four different occupancy counts. Fig. 7 identifies the differences 
seen in the continuous waveforms between unoccupied and 
occupied states. The occupied state shows a higher amplitude 
than the unoccupied state across the data point range. The more 
people in the room, the greater the signal power was, as shown 
in Fig. 8 for the occupancy count estimation room parameter. 
Fig. 9 indicates the differences between Location 2 and Location 
4 with the same student researcher present. Location 2 shows 
greater signal power than Location 4, overall. Location 2 is in 
closer proximity to Location 4, aligning with the PIR sensor 
theory that Location 2 would produce more signal power. Fig. 
10 identifies the discernable differences seen between an 
occupancy state of student 1 and student 2 versus student 1 and 
student 3. Students 1 and 2 consistently shown higher signal 
power values than students 1 and 3. The amplitude of the Fourier 
spectrum is showed on the y-axis and the data points are plotted 
continuously on the x-axis for the following four figures.  

 
 

 
Fig. 7. Room classification state between unoccupied (blue/dashed) and 
occupied states (orange/solid). 

 
Fig. 8. Occupancy count estimation between no people (blue/dashed), one 
person (orange/circle), two people (yellow/dotted), and three people 
(purple/solid). 

 
Fig. 9. Relative location prediction between Location 2 (blue/dotted) and 
Location 4 (orange/solid).  

 
Fig. 10. Human target differentiation between Students 1 and 2 (orange/solid) 
and Students 1 and 3 (blue/dashed).  

V. RESULTS AND DISCUSSION 

    In classifying the occupancy state of a closed office space in 
an academic building, the ANN achieved an accuracy of 99%. 
For predicting the number of occupants present in a room, the 
ANN achieved an accuracy of 91%. In predicting the relative 
location of human targets in the closed office space, the ANN 
achieved an accuracy of 93%. Finally, in human target 
differentiation, the ANN achieved an accuracy of 93%. These 
accuracy results prove that the ANN was able to generate 
features through the waveforms from the absolute value of 
Fourier transform that was normalized to values between 0 and 
1, to produce more accurate results with respect to the ground 
truth. This section aims to analyze the ANN performance 
parameters through output of confusion matrices, F1-score, 
precision and recall values.  
  Confusion matrices are used to gauge the performance of 
the data in terms of learning for the ANN. Confusion matrices 
serve the purpose as to identify true positive (TP), true 
negatives (TN), false positives (FP), and false negatives (FN) 
for learning from the dataset in question. TPs and TNs are the 
optimal result from the ANN, where the FP and FN indicate the 
percentage and number of batches that were not correctly 
classified. TPs and TNs are used to calculate precision and 
recall and he F1-score can be defined as the harmonic mean 
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between the precision and recall values. A perfect F1-score 
would be 1.0 while the lowest possible score is 0.0.  
  The occupancy classification of the closed office space 
produced the best results for our testing. Comparing between 
labels of 0 being unoccupied and 1 being occupied for 
stationary occupants, the ANN performed well in producing a 
high accuracy classification. Only discerning between two 
labels, room classification as unoccupied or occupied, the 
accuracy was reasonably the highest out of the four labels. A 
confusion matrix was produced with sklearn for the accuracy 
with a result shown below in Fig. 11. The F1 score, precision, 
recall are shown in Table III for the room classification 
parameter. Both of these graphical tools provide insight into the 
number of batches used for testing and the success of the ANN 
in comparing the occupied and unoccupied states.  

 
Fig. 11. Without normalization and normalized confusion matrices for room 
occupancy classification. 
 
Table III. F1 score, precision, and recall for the room classification room 
occupancy parameter.  
 

 Precision Recall  F1-Score Support 
0 0.95 1.00 0.97 117 
1 1.00 0.99 0.99 432 
Accuracy   0.99 549 
Macro Avg. 0.98 0.99 0.98 549 
Weighted Avg. 0.99 0.99 0.99 549 

 
 There were 549 bacthes used for validation for each of the 
four occupancy parameters, with the number of occupied and 

unoccupied instances being randomly chosen for each. There 
were 426 batches for occupied and 117 batches for unoccupied. 
This is fifteen percent of the overall data. In addition, there were 
six batches that were misclassified, with the other 543 being 
corrrectly predicted. The six batches misclassified are 
considered FNs.  
 Each of the next three occupancy paramters will have 
accompanying confusion matrices and F1-score, precision, and 
recall tables. Fig. 12 and Table IVare for the occupancy count 
estimation parameter.  

 
Fig. 12. Without normalization and normalized confusion matrices for 
occupancy count estimation. 
 
Table IV. F1 score, precision, and recall for the occupancy count estimation 
parameter.  
 

 Precision Recall  F1-Score Support 
0 0.99 0.99 0.99 140 
1 0.92 0.90 0.91 280 
2 0.81 0.89 0.85 100 
3 0.69 0.89 0.65 29 
Accuracy   0.91 549 
Macro Avg. 0.85 0.85 0.85 549 
Weighted Avg. 0.91 0.91 0.91 549 

 

Occupancy count estimation produced an overall accuracy 
of  91% for comparing the signal power of four different labels. 
Three people shows the worst accuracy out of the four labels, 
primarily due to the lack of data for this label. As shown in Table 
IV, the support for three people present is at 29 batches and the 
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next lowest is 100. Moreover, from examining the confusion 
matrix for this label, one can identify that there are discrepancies 
made with a prediction of 1 when in fact the correct label was 2 
and 3, respectively. Based on the experiment design, a possible 
reason for this could be that the third person location collected 
was farther from MI-PIR at Location 5. Under further analyis of 
the occupancy count label of three people, we can see that the 
close proximity of Locations 3, 4, and 5 to eachother and the 
greater distance from MI-PIR may be added reasons for these 
errors. However, more data collection of three people, especially 
for instances where the third person is not located at Location 5, 
would be the most logical method to increase the accuracy for 
this occupancy parameter. Having the ANN model learn from 
the three people occupied label with varying locations would 
likely increase the results of this occupancy parameter.  

Overall, MI-PIR was able to learn from the signal power 
waveforms and produce an accuracy of greater than 90% . 
Fig.13 and Table V are for the relative location prediction 
occupancy parameter. 

 
Fig. 13. Without normalization and normalized confusion matrices for relative 
location prediction. 
 
 

Table V. F1 score, precision, and recall for the relative location occupancy 
parameter.  
 

 Precision Recall  F1-Score Support 
0 0.99 1.00 1.00 135 
1 0.88 0.92 0.90 25 
2 0.88 0.94 0.91 185 
3 1.00 0.97 0.98 29 
4 0.92 0.92 0.92 52 
6 0.90 0.56 0.69 16 
10 0.62 0.62 0.62 8 
11 0.94 1.00 0.97 16 
12 0.80 0.82 0.81 34 
15 0.95 0.91 0.93 23 
23 1.00 0.73 0.84 22 
24 1.00 0.50 0.67 2 
25 1.00 0.50 0.67 2 
Accuracy   0.92 549 
Macro Avg. 0.92 0.80 0.84 549 
Weighted Avg. 0.92 0.92 0.92 549 

 

 Relative location prediction achieved an accuracy of 93%. 
From the confusion matrix, there is inaccuracies in the data 
mainly due to the relative lack of data. With more testing of 
certain examples, the ANN would theoretically perform better. 
The greatest challenges in accuracy are for the location labels 
which were similarly limited with respect to training data. In a 
controlled experiement, selecting the specific desk location 
combinations needed, the accuracy for these labels would likely 
increase. The selected instances of this data include labels of 10, 
24, and 25. More data on these labels for training and testing 
would create a more balanced model and ultimately lead to 
higher accuracy.  
 Table 6 and Fig. 14 presented below are for the human target 
differentiation occupancy parameter. This occupancy parameter 
labels individuals from 0 to 8 for the inidividual subjects present 
in the office space. For example, a label of 0 corresponds to an 
unoccupied scenario, a label of 1 indicates “Subject A” present, 
and a label of 4 indicates “Subject A” and “Subject B” present. 
The inaccuracies in the data are centered around the lable of 1, 
with reason as this subject was present in each of the occupied 
scenarios. 
Table VI. F1 score, precision, and recall for the human target differentiation 
occupancy parameter.  
 

 Precision Recall  F1-Score Support 
0 0.98 0.98 0.98 129 
1 0.92 0.96 0.94 291 
2 1.00 0.20 0.33 5 
3 0.92 0.82 0.87 28 
4 0.88 0.80 0.83 54 
5 1.00 0.87 0.93 15 
6 0.94 0.94 0.94 18 
7 0.50 0.67 0.57 6 
8 1.00 1.00 1.00 3 
Accuracy   0.93 549 
Macro Avg. 0.91 0.80 0.82 549 
Weighted Avg. 0.93 0.93 0.93 549 
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Fig. 14. Without normalization and normalized confusion matrices for human 
target differentiation. 

 

 Human target differentiation also obtained an overall 
accuracy of 93%. The greatest inaccuracies in the testing data, 
as evidenced in Table VI and Fig. 13, are the labels with the 
lowest amount of data, such as labels 2 and 6. Thus, with 
increased data collection for these labels, we would expect the 
accuracy to increase.  
 The ANN performed well at identifying the subtle variations 
between waveforms of varying types. ANNs are dependent on 
abundant training data, and with more data collected, the results 
are expected to increase. For most of the specific labels with 
lower accuracy results, the primary cause for their performance 
is the limited amount of data for these data samples. For 
example, limited data is available for three people occupying the 
office space in a stationary format at one time, due to the 
coordination of all individuals in a stationary set. This idea in 
comparison to unoccupied datasets that are easily recorded. 
More data collection will allow for unique samples to be better 
represented and accuracy to increase. All of the occupancy 
parameters are expected to improve with greater data collection 
in the areas of which there are limited samples of data available. 
 MI-PIR produced accurate results for all four occupancy 
parameters. MI-PIR produced an accuracy of 99% for room 

classification, whereas in [8] an accuracy of 97% was produced 
for their room classification experiment. The FoV is extended in 
this work from 93 degrees to 223 degrees, allowing for an entire 
office space in an academic building to be scanned and classified 
every 36 seconds. In motionless PIR sensors, the human subject 
in a space would have to be in the fixed FoV for detection. This 
system also detects stationary human targets with a simple 
design, while utilizing an ANN for classification and data 
processing. The most similar works, such as those in [6-8], rely 
on maximum sensing distance and room classification only. 
Through room classification, occupancy count estimation, 
relative location prediction, and human target differentiation, a 
single PIR sensor has shown expanded functionalities. 

VI. CONCLUSIONS 

  MI-PIR is a novel approach to detecting stationary human 
targets in a closed space. With an accuracy of 99% for 
occupancy classification, 91% for number of people estimation, 
93% accuracy for location estimation, and 93% for human 
target differentiation, MI-PIR shows accurate detection in a 
closed office space for all four of the occupancy parameters. 
MI-PIR extends the FoV of a traditional PIR sensor by 130 
degrees, allowing for an entire office space to be scanned and 
classified every 36 seconds. MI-PIR allows for applications in 
a multitude of areas including energy management systems, 
surveillance, and alarm systems, amongst others. Passively 
detecting human targets allows for easier applications in real-
world scenarios. 
  In future work, data collection of labels with limited number 
of samples would increase the accuracy results of this work. 
Further, reducing the power consumption from the Dynamixel 
MX-28 and improving the overall efficiency will be addressed. 
This could be addressed with a triggering of a traditional PIR 
sensor located at the door that starts the robotic actuator’s 
movement. In future research, we plan to quantify the specs of 
MI-PIR. Specifically, including maximum distance of sensing 
and determining the optimal rotation pattern of the robotic 
actuator for performance. Identifying the maximum sensing 
distance for a stationary subject using MI-PIR would provide 
support that the FPs and FNs from the occupancy parameters 
are due to lack of data for select labels and not due to sensing 
distance. In addition, we intend on expanding MI-PIR’s 
architecture to distinguish motion versus stationary states in the 
closed office space. The end goal would be to deploy MI-PIR 
for automated monitoring of a human subject by following their 
sleep and travel patterns.  

ACKNOWLEDGMENT 

This research is supported by AFOSR grant FA9550-18-1-0287 
and the Bioengineering Summer Research Internship program 
at Oakland University. 

REFERENCES 
 

[1] Gochoo, Munkhjargal & Tan, Tan-Hsu & Velusamy, Vijayalakshmi & 
Liu, Shing-Hong & Damdinsuren, Bayanduuren & Yeh, wei-chih. (2018). 

1303

Authorized licensed use limited to: OAKLAND UNIVERSITY. Downloaded on August 20,2020 at 14:47:54 UTC from IEEE Xplore.  Restrictions apply. 



Device-Free Non-Privacy Invasive Classification of Elderly Travel 
Patterns in A Smart House Using PIR Sensors and DCNN. IEEE Sensors 
Journal. 18. 390-400. 10.1109/JSEN.2017.2771287. 

[2] Mokhtari, Ghassem & Zhang, Qing & Nourbakhsh, G. & Ball, Stephen & 
Karunanithi, Mohanraj. (2017). BLUESOUND: A New Resident 
Identification Sensor – Using Ultrasound Array and BLE Technology for 
Smart Home Platform. IEEE Sensors Journal. PP. 1-1. 
10.1109/JSEN.2017.2647960. 

[3] Akhter F, Khadivizand S, Siddiquei HR, Alahi MEE, Mukhopadhyay S. 
(2019). IoT Enabled Intelligent Sensor Node for Smart City: Pedestrian 
Counting and Ambient Monitoring. Sensors (Basel). 2019;19(15):3374.  

[4] Kapu, Hemanth & Saraswat, Kavisha & Ozturk, Yusuf & Enis Cetin, A. 
(2017). Resting Heart Rate Estimation Using PIR Sensors. Infrared 
Physics & Technology. 85. 10.1016/j.infrared.2017.05.010. 

[5] Hanosh, Ouday & Ansari, Rashid & Younis, Khaled & Cetin, A.Enis. 
(2019). Real-Time Epileptic Seizure Detection during Sleep using Passive 
Infrared (PIR) Sensors. IEEE Sensors Journal. PP. 1-1. 
10.1109/JSEN.2019.2907664. 

[6] Serfa Juan, Ronnie & Kim, Jin & Sa, Yui & Kim, Hi & Cha, Hyeong. 
(2016). Development of a Sensing Module for Standing and Moving 
Human Body Using a Shutter and PIR Sensor. International Journal of 
Multimedia and Ubiquitous Engineering. 11. 47-56. 
10.14257/ijmue.2016.11.7.05. 

[7] Wu, Libo & Wang, Y. & Liu, Haili. (2018). Occupancy Detection and 
Localization by Monitoring Nonlinear Energy Flow of a Shuttered 
Passive Infrared Sensor. IEEE Sensors Journal. PP. 1-1. 
10.1109/JSEN.2018.2869555. 

[8] Wu, Libo & Wang, Y. (2018). A Low Power Electric-Mechanical Driving 
Approach for True Occupancy Detection Using a Shuttered Passive 
Infrared Sensor. IEEE Sensors Journal. PP. 1-1. 
10.1109/JSEN.2018.2875659. 

[9] Nicholson, Chris. (2019). A Beginner’s Guide to Important Topics in AI, 
Machine Learning, and Deep Learning. Pathmind. 
https://pathmind.com/wiki/neural-network 

[10] Doshi, Sanket. (2019). Various Optimization Algorithms For Training 
Neural Network. Medium. https://medium.com/@sdoshi579/optimizers-
for-training-neural-network-59450d71caf6. 

[11] Ognjanovski, Gavril. (2019). Everything you need to know about Neural 
Networks and Backpropagation – Machine Learning Easy and Fun. 
Medium. https://towardsdatascience.com/everything-you-need-to-know-
about-neural-networks-and-backpropagation-machine-learning-made-
easy-e5285bc2be3a 

[12] Bianco, Vittorio & Mazzeo, Pier Luigi & Paturzo, Melania & Distante, 
Cosimo & Ferraro, Pietro. (2020). Deep learning assisted portable IR 
active imaging sensor spots and identifies live humans through fire. 
Optics and Lasers in Engineering. 10.1016/j.optlaseng.2019.105818. 

[13] Casaccia, Sara & Braccili, Eleonora & Scalise, Lorenzo & Revel, Gian. 
(2019). Experimental Assessment of Sleep-Related Parameters by 
Passive Infrared Sensors: Measurement Setup, Feature Extraction, and 
Uncertainty Analysis. Sensors. 19. 3773. 10.3390/s19173773. 

[14] Gami, Hirenkumar. (2017). Movement Direction and Distance 
Classification Using a Single Pyroelectric IR Sensor. IEEE Sensors 
Letters. PP. 1-1. 10.1109/LSENS.2017.2782179. 

[15] Hobson, Brodie & Lowcay, Daniel & Gunay, Burak & Ashouri, Araz & 
Newsham, Guy. (2019). Opportunistic occupancy-count estimation using 
sensor fusion: A case study. Building and Environment 159. 
10.1016/j.buildenv.2019.05.032.  

[16] Kim, Seonghyeon & Kang, Seokwoo & Ryu, Kwang & Song, Giltae. 
(2019). Real-time occupancy prediction in a large exhibition hall using 
deep learning approach. Energy and Buildings. 199. 
10.1016/j.enbuild.2019.06.043. 

[17] Li, Tianhong & Fan, Lijie & Zhao, Mingmin & Liu, Yingcheng & Katabi, 
Dina. (2019). Making the Invisible Visible: Action Recognition Through 
Walls and Occlusions.  

[18] Mukhopadhyay, Bodhibrata & Srirangarajan, Seshan & Kar, Subrat. 
(2018). Modeling the Analog Response of Passive Infrared Sensor. 
Sensors and Actuators A Physical. 279. 65-74. 
10.1016/j.sna.2018.05.002. 

[19] Odat, Enas & Shamma, Jeff & Claudel, Christian. (2017). Vehicle 
Classification and Speed Estimation Using Combined Passive 
Infrared/Ultrasonic Sensors. IEEE Transactions on Intelligent 
Transportation Systems. PP. 1-14. 10.1109/TITS.2017.2727224. 

[20] Pham, Minh & Yang, Dan & Sheng, Weihua. (2018). A Sensor Fusion 
Approach to Indoor Human Localization Based on Environmental and 
Wearable Sensors. IEEE Transactions on Automation Science and 
Engineering. PP. 1-12. 10.1109/TASE.2018.2874487. 

[21] Singh, Saipriyati & Aksanli, Baris. (2019). Non-Intrusive Presence 
Detection and Position Tracking for Multiple People Using Low-
Resolution Thermal Sensors. Journal of Sensor and Actuator Networks. 
8. 40. 10.3390/jsan8030040.  

[22] Yang, Tianye & Liu, Xuefeng & Tang, Shaojie & Niu, Jianwei & Guo, 
Peng. (2019). Push the Limit of PIR Sensor based Localization. 

 

1304

Authorized licensed use limited to: OAKLAND UNIVERSITY. Downloaded on August 20,2020 at 14:47:54 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


