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Abstract. Utilization of Thermopile sensor at an early stage of human detection is challenging
as there are many things that produce thermal heat other than human such as electrical
appliances and animals. Therefrom, an algorithm for early presence detection has been
developed through the study of human body temperature behaviour with respect to the room
temperature. The change in non-contact detected temperature of human varied according to
body parts. In an indoor room, upper parts of human body change up to 3°C whereas lower part
ranging from 0.58° C to 1.71° C. The average changes in temperature of human is used as a
conditional set-point value in the program algorithm to detect human presence. The current
position of human and its respective angle is gained when human is presence at certain pixels
of Thermopile’s sensor array. Human position is estimated successfully as the developed
sensory system is tested to the actuator of a stand fan.

1. Introduction

Localization estimations of a subject prior to the location of the sensor can be interpreted using
distance, angle, and coordinates. Depending on the parameters measured by sensor, the output is
translated into distance, angle, coordinates, and etc. Our early work in [1], only tested a single
Thermopile sensor to distinguish the sensor behaviour with respect to number of human in the sensor’s
field of view (FOV). Result support that the location of occupants can be determine by the highest and
distinguishable temperature value of the pixels. However, we could not solely depend on one, but want
to strengthen the finding by adding another stage of human sensing detection precedence the
localization stages which is presence detection stage. Thus, the main direction of this work is to
develop algorithm for human location detection and to rotate an actuator to the detected location.

2. Thermopile sensor
Thermal sensor or temperature sensor is a device that detects heat, a distinguishable property that
human has. In general, operation types of Thermal sensor can be either contact or non-contact based.
Examples of contact types of temperature measurement sensor are Thermocouple, RTD and
Thermistor. Meanwhile, for non-contact sensors for thermal radiation measurement are Pyroelectric,
Thermopile, and Bolometer. To this date, research for applying non-contact Thermal sensor for human
sensing is not as common as the other sensors such as Pyroelectric and Ultrasonic. The possible
application of this human detection heat-based sensory system are home automation, security, and
other indoor types of application.

Many of the Thermal sensor used MEMS technology, a process to create a tiny microscopic size of
mechanical devices (i.e. MEMS Thermopile). Thermopile array types of Thermal sensor is one of the
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famous passive sensor among the researcher for human detection. It comprises of a stack of junction
(i.e. serially connected Thermocouple) [2] of two diverse materials that when the voltage is applied at
the junction, voltage difference and temperature difference will be produced. Passive characteristics
does not allow it to radiate energy to the surrounding. Therefore, Thermopile sensor will not be
affected by the reflectivity of the materials or object [3]. As Thermopile is a non-contact Temperature
sensor, energy radiated by the object is collected by the absorber attached to the Thermocouple
junction make it possible for the temperature to be measured from a distance location.

Method proposed in [3] for human detection in application for pedestrian counting at doorway used
TPAB81 Thermal sensor manufactured by Devantech Ltd. A person is said to be detected when the
temperature exceeds the normalized or threshold temperature. Furthermore, different result of the
correct detection rate for different walking speed are recorded. It was found that correct detection rate

decreases as the speed is increasing from 98% to 90% for 0.5 % to 2 ? walking speed. For the high

pedestrian traffic entrance experiments, 95.7% correct detection was documented. It has a total of 18
times false detection in the duration of 30 minutes.

Kuki et al. in [4] proposed a multiple human location estimation system using Thermopile array
sensors. Sensors installed at the ceiling detect the temperature of an empty room space. They employ a
background removal and fuzzy inference on the temperature distributions. The system does not give a
good result in human presence detection but it is excellent in human counting. It has 52.4+12.4% total
correct rate for a dynamic or moving human test. A higher correct rate is obtained for a stationary
position as thermal distribution of stationary person is clear than a moving person.

There is also a research attempt to detect human temperature wirelessly using 40X60 Thermal array
sensor for smart camera application [5]. When the sensor reading is recorded, it can produce a thermal
image similar from the output of thermal camera. That is the reason it can produce an image if the
sensor FOV is wide. As such in his research, many set of Thermal sensors are needed for having a
bigger picture frame. The thermal images are then filtered and isolated using MATLAB to the areas of
high heat. Their result shows the physical shape of human body can be clearly seen at distance of 0.5
meter from the sensor.

In [6] using Daubechies Wavelets (i.e. a nonlinear and non-parametric method) to eliminate the
high frequency noise from the thermopile array sensor readings. The process of eliminate the noise
that coming from the unstable data using Daubechies Wavelets give a better result without altering
useful information such as signal rupture produces by human presence. The time series graph human
presence denotes that once human is exiting, temperature drops to ambient temperature.

In [7], they design a sensing units that state the status of room occupancy and counts the number of
human using two OMRON Thermopile sensors. They found that at a long range of between 6 mto 9
m, temperature reading recorded an average rise of 3° C upon the presence of an object known to be
10° C warmer than the ambient temperature. Furthermore, overlapping two sensor FOV allows the
identification of the human location with respect to the sensor position. Both sensors will give an
intersection point for the detected human since both FOV are overlapping.

3. Algorithm development

3.1 Changes in non-contact human body temperature using single Thermopile sensor

Experiment is conducted to analyse the changes of human body temperature with respect to the room
temperature using a single Thermopile sensor D6T-8L-06. The sensor is tilt to 90° angle therefore the
adjustment can cover the whole length of human body. The measured distance of 2 m from the sensor
gives the total width and a width of every pixel to be about 0.2 m each respectively. At this total
wideness, it is enough to fit in the height of a man up to 1.7 m. Meanwhile, Thermopile sensor is
attached at the height of 70 cm to the fixed position aluminium rod. The pixels of Thermopile sensor
are positioned to target different human body parts such as head, neck, shoulder, midriff, waist, thigh,
leg, and lower leg.
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As controlled parameters, experiment is conducted in an indoor room as outdoor environment have
high sunlight penetration exposure that can affect temperature readings. A 5 mX3 m room is used
throughout the experiment. Before experiment subjects are rested in an air-conditioned room for a
period of time (i.e. 10 to 15 minutes), then is brought to the experimental room with no air
conditioning appliance. The purpose is to study the minimum net changes since the body already
regulate to a balance thermal comfort after sitting long in the air condition room. Therefore, the
changes in temperature can be used as the setting point or condition in the algorithm to detect the
human presence.

An image of the sensor FOV is captured right before the subject entered the experimental area.
Different configurations of human body (i.e. front, side and back) in front of the sensor is shown in
figure 1. The significant of this configuration to illustrates the freedom of the human behaviour in
front of the sensor as human may face the presence detection device from front, side or blocking the
fan from back.

No Subject Front Side Back
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Figure 1. Sample of GUI windows for the experiments for Front, Side, and Back
position. The program is developed using Processing user interface. Temperature value
is in multiple of 10 and unit is in °C.

Changes in the temperature is used as the setting point or condition in the algorithm to detect the
human presence. This research denoted each body part temperature as T,. Where the subscript p
denotes for the parts of human body (i.e. head, shoulder, chest, midriff, waist, thigh, leg and lower
leg). Equation (1) and equation (2) are used to estimate the changes of section of human body
temperature, AT, to the room temperature, Tg.

AT, =T, — Trave (1)
0T
TR,AVG = OTX 2

Tr v is notation for average temperature for sensor pixels in the room. While, notation Ty is used to
describe the temperature data of each pixel and the formulae for derivation of Ty is explain in our
previous work in [1]. Table 1 tabulated the result of the experiment for ten subjects.
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Table 1. Average Changes in temperature of body parts for front, side,
and back configuration for 10 subjects with respect to average
temperature, AT,

Body Parts (p) Front (°C) Side (°C) Back (°C)
Head 1.6042 1.6960 1.4875
Shoulder 2.8990 2.5163 2.6263
Chest 2.5563 2.7563 2.9563
Midriff 2.4763 2.0613 2.1363
Waist 2.2363 1.7412 2.3163
Tight 1.6563 1.5563 1.7088
Leg 1.0153 1.1486 1.2156
Lower leg 0.6833 0.5875 0.6833

Since human wear a variety of types and thickness of clothes, the non-contact temperature will not
give the output as high as the normal skin temperature (i.e. 36-37° C). Rather the expected output will
be less due to the thermal insulation of the clothes. The average changes in temperature resulted that
human takes a change of more than 2° C for upper parts of the human body except for the head. While,
the lower part of a body changes at average of more than 1°C except for the lower leg. This result is
used as the conditional set points in the program to detect human presence in the next section.

3.2 Multiple sensor algorithm

The algorithm to combine two Thermopile sensors can be written as in the form of equations.
Equation (3) and equation (4) lists the temperature that can be collected by each of two sensors at
instant time, t. TPAT is the temperature at the surface of the sensors itself. Both Thermopile sensors
will give one TPAT and 1 x 8 array of FOV pixels.

T Distributions sensor1l = {TPAT(t),T0(t),T1(¢t),T2(t), .....,T7(t)} (3)
T Distributions sensor2 = {TPAT(t),T0(t),T1(¢t),T2(t), .....,T7(t)} 4)

Combination of both sensors into 1 X 16 array excluding the sensor’s surface temperature (i.e.
TPAT(°C) ) give new temperature distribution of Ty as in equation (5).

While Ty = { TO(t), T1(t), T2(¢), ....., T15(£)} °C (5)

Recall that Ty is the temperature outputted from the Thermopile sensor which depends on the
objective and background temperature. Because of the human skin temperature can be distinguishable
and always be higher than any other temperature we could compare the temperature from Equation 5
to find the maximum pixel in the array, T,,4, Using equation (6).

Thax = Maxg<i<is Ty °C (6)
Tmax = MaXg<i<isi TO(t), T1(t), T2(t),.....,T15(t)} °C @)

Equation 6 can also be written as in equation (7). To distinguish the types of object in front of
sensor FOV (i.e. human and non-human), Ty, is further compared with the setting point value from
its average temperature data from the previous experiment.
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Figure 2. Flowchart for
human presence detection
algorithm using Thermopile
sensor. Maximum number
of Thermopile sensor can be
used in the algorithm is 4.

1, Tmax = (AT + TR,avg) (8)
0, Tmax < (AT + TR,avg)

From equation (8), human is detected and returned value of 1 when the condition is true and
returned zero if otherwise. The presence of human in the room as estimated in the equation is only
depend on the temperature regardless of the state of motion. In this research, change of temperature
due to the presence of human, AT generally is chosen as 2° C as the height of sensor aim to sense at
the upper part of the body. Figure 2 shows the algorithm flowchart for human presence detection.
Once the human is detected, the direction in terms of angle is estimated as in section 5.

4. System block diagram and schematics

Block diagram of Thermopile sensory system is shown in figure 3. Sensor array is considered as
‘Device’ and is connected to the ‘Master’ (i.e. Controller) through the ‘Slave’ (i.e. multiplexer). When
the controller sends the address of 0X70 to multiplexer, all the four channel is enable. As the channels
are enable, controller read the temperature distributions, T by commanding read and write to the

device address of 0X0A.
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After the human location (angle) is estimated, controller use the value to rotate the actuator toward the
current human location.

Thermopile array sensor used Inter-Integrated Circuit (1IC) communication protocol. Therefore,
data can be transmitted and received only using two serial lines, which are, Serial Data (SDA) and
Serial Clock Line (SCL). Arduino Microcontroller only have one SDA and SCL pin. Therefore,
multiplexer switch is needed to connect multiple Thermopile together. PCA9545 is a 4-channel switch
multiplexer. PCA 9545 comes in a very small size of surface mounting chips.

5. Sensor array arrangement
5.1 Sensor Array Positioning
Since one D6T-8L-06 can have a wide width angle of 62.8°, another sensor is added to widen the
sensor FOV. The position of one sensor to another matter as much as to reduce the uncovered spot (i.e.
blind spot). The following restricts the arrangement of the Thermopile sensors: -
i.  Two sensors FOV must not be overlapped
ii.  Two sensors must close enough to reduce blind spot between each FOV.

A sensors holder is designed to satisfy the design constraint. Therefore, this combination of two
sensors has the maximum of 125.6° wide width-angle of sensors FOV and a total of 16 independent
pixels. Figure 4 shows the illustration of subject movement in 125.6° wide width-angle.

Subject

N e
H 1]
)
{ )
5,
i N
! ha
;

FOV Width
angle
125.6°

Thermopile ‘

sensors

Figure 4. lllustration of the FOV of two Thermopile D6T-8L-06 sensors.

5.2 Actuator angle direction estimation Method

The next step after sensing the human presence is to direct the servo motor to the location that the
human is presence. Taking the advantage that the eight pixels have independent temperature value and
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has a horizontal FOV of 62.8° for single sensor, we develop an active FOV of 125.6°. Shown in the
figure 5(a), is the position of the eight pixels of sensor 1 and 2. To minimize the blind spot and
maximize the total sensor’s FOV, sensor 1 is flipped to 180°. This configuration has interchange the
pixel position of the sensor 1 causing both PO of the sensors to meet in the middle section.

As the horizontal angle of the sensors are 62.8° each, and each pixel have wide angle, @ of 7.85°.
Therefore 8, and 8, are both 27.2°.

180° . o
[}
® N
g g
© e -
» % 62.8 .
a @
c o] P7 X
<] p7
2 = P15
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Figure 5. a) Total FOV angles. b) Ty arrangement.

The detection power will decrease over the increase in detection distance. As explained in the
algorithm, a set of new pixel number is introduced to store the combination of both sensors pixels
containing 16 elements in the array of Ty (equation (5) and illustrated in figure 5(b).

Upon detecting the presence of human in any pixels of Ty, the fan-head servo will move to the
centre of the pixel. Let say, human is detected at PO, then servo will rotate at an angle of 6 + (@/2).
The most right of sensor 1 is set to be the 0° angle.

The presence of human in the next pixel will increase the angle by @. The last swinging angle is

therefore 6 + 3;_;2) which is equivalent to (125.6° + 27.2° — %50) or (180° — 27.2° + %) Figure 6

depict the assignation of angle of the servo is directed to go if the certain pixel is occupied with human
presence.
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Figure 6. Angle assignation of each pixel location.

6. Result

Similar to [1], we tested the developed algorithm to a Standing Fan which swing according to the
presence of human in the room.
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6.1 Single Human Detection (Following Mode)

The fan under test was kept in a 5X3 m room that has one window, one door lead to outside, and two
doors lead to another room. All doors have at least a 10 mm allowable distance between the floor to
allow the door to be open, therefore the temperature from the other two rooms may affect the test
room through the space under it. The window was not exposed to the direct sunlight as the hallway
very wide, but still heat transfer from the window could not be neglected. The air-condition from the
two room was turn on, and the door is open and closed at any time. The first mode of the test is to see
the fan response corresponding to the subject facing to the fan. This means that the Thermopile
sensory system will only detect the Front body temperature. Initially, subjects are asked to step on all
the grid point marked on the floor and stay stationary. Figure 7 illustrate the motion of the swing fan
upon the presence of a subject. It is observed that the fan head follows the subject by estimating the
correct angle successfully.

As the subject is move to another point, fan head also rotate to the new position. When the subject
is at stationary, fan head also stays at its current position. Furthermore, sensors also could detect
subject successfully up to 4 m. The test for the distance of 3 m is shown in figure 7 (a). Despite the
successful response, there are cases of slower response of the system feedback. This happen only at
the middle pixel location (i.e. pixel 7 and pixel 8).

3m

Figure 7. (a) Fan
response  to a
subject facing
FRONT of the
sensor. (b) Fan
response for single
subject in free-style
motion
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In Figure 7 (b), the swing fan is tested during the subject move at free path. This test the sensor
ability to detect human from either Front, Side, or Back of the body temperatures. Again, the fan is
able to estimate the correct angle of the location of subject efficiently.

6.2 Multiple Human Detection (Ranging Mode)

In the real utilization of a regular Stand fan, the default swinging angle can serve multiple humans.
Therefore, to make the fan to become more interactive corresponding to multiple human, ranging
mode is developed. In this mode, the fan can estimate the swinging range between two extreme
temperature at the pixel location occupied by humans. The larger the distance between the humans,
the bigger the angle range. For example, if subject A and subject B move from far to closer, the swing
angle also become smaller. Figure 8 illustrate the fan response to multiple human.

Figure 8. Fan response
for multiple subject.

Thermopile sensory system developed have the advantages in detecting a single and multiple human
presence and its respective location. However, the controller need to be program separately. It is
possible to combined both mode into one program but it will require much deeper programming
knowledge and time.

7. Conclusion

The number of Thermopile sensors used and their arrangements or positioning with respect to one
another would return a different FOV. Vertical sensor arrangement was used to study the non-contact
temperature change of human. While, in general application, horizontally array is used. The
experiments result shows significant changes in the non-contact body temperature. Using the
algorithm developed, AT, is generally chosen as 2° as the height of the swing appliance (i.e. stand fan)
is limited to detect the upper part of human body. Condition as in equation 8 is applicable to verify the
human presence. However, it is needed for the algorithm to be tested on more subjects and at different
other indoor room. Other heat producing device or things such as computer CPU, iron, pets, or even a
cup of hot water should be added within FOV to test the reliable of algorithm in near future.

Thermal sensory system developed may even be applied in the security system or even a military
purpose for aiming the direction of a target. For instance, in the surveillance system, sensory system
can be attached with camera to record and widen the recorded area by following the motion.

To summarize, our approach is only applicable to detect up to 2 persons between FOV. Different
programs are used for each situation (i.e. following mode is for a single person is presence and ranging
mode is for more than one person is detected). Swing type of electrical appliances such as stand fan
that used to test the Thermopile sensory system developed is chosen due to its wide household
application. Therefore, producing new types of smarter stand fan that equipped with human detection
system is far more important rather than to produce a regular type of fan. In future, it is hope that this
system can be upgraded to detect multiple number of human in a single program mode.
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