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Abstract— A tracked crawler robot using body heat detection 

and a purpose built analogue tracking circuit is designed in this 
work.  The infrared detection module consists of a single dual 
element pyroelectric infra-red sensor. The drive and steering 
control system is designed using a single chip 74HCXX Quad 2-
input NAND gate as the logic controller and providing constant 
forward propulsion whilst in real time adjusting to the subject’s 
direction. Automatic tracking of animal or human subjects is the 
sole purpose of the design. The range has been limited to two 
meters, with a maximum range of five meters. Modification of 
the pyroelectric sensor enables detection of both left and right 
movement. The robots ability to follow human and animal 
motion has been achieved.  Visually observed results show the 
robot is able to drive, turn and detect human and animal motion 
and can work reliably. The design is able to be utilized using a 
microprocessor or as a highly responsive analogue unit making it 
both adaptive and flexible. 

 
Index Terms - Robot, PIR, Analogue, Motion Detection, tracking, 
Sensors 

I. INTRODUCTION 
The main contribution of the paper revolves around the 

need for fast and reliable human detection in closed 
environments. Obstacle avoidance addresses those static and 
non-static objects within a dynamic environment, however the 
human following and detection arena encompasses more, 
those matters of safety, primarily where mobile robotics 
platforms are becoming increasingly larger with associated 
weight and mass. Attempts have been made to address these 
issues from both a human follower and surveillance 
perspective [14] [15], and this paper attempts to simplify one 
aspect of the methodology with a view to obtaining a non-
processor reliant yet robust system. In any closed or limited 
area environment, both human and animal movement tracking 
and following remain the focus of much research in the areas 
of computer vision, robot mobility and robot obstacle 
avoidance. Many advanced technologies exist in the various 
fields which include but are not limited to automaton control, 
pattern recognition, artificial vision and obstacle mapping. 
Intelligent electronic monitoring may require any of these or 
fall to some other model based methods. Alongside 
computational technology developments, the design of 
communications electronics are also developing rapidly with 
higher importance toward the value of human motion 
detection, animal (pet) avoidance and obstacle detection. The 
principles behind following and tracking are increasing in the 

areas of smart weapons systems, virtual reality and the 
robotics arena. [1][2]. With regard to the model-based 
methods, interesting work is presented by Freund et al. [3], 
which deals with model and conditions for safety path 
planning. Shiller et al. present another excellent work [4], in 
which a mathematical model of free places is developed. 

 The most common areas of research are based on the 
various computer based vision methods for human tracking to 
detect the possible shape of body, filter the noise, get the 
features of the face and compare against a database to identify 
the object. However there are many disadvantages for 
computer vision based human tracking methods being the 
problem of mass image data storage, heavy computational 
loads, cost of required cameras and the need for verbose and 
complicated algorithms to reduce the noise, extract relevant 
features and to follow or track the subject. [5][6][7]. 

Electronic human motion detection is susceptible to a 
variety of noise which includes, excessive lighting, changing 
backgrounds, insufficient lighting and non-static obstacles 
making it very difficult to obtain suitable results in detecting 
or tracking a subject. The objective was to design an effective 
system for detecting human or animal motion with subsequent 
tracking of that subject in line with current research topics in 
the field of computer vision. The system must be robust, 
demonstrate real time tracking capabilities and be versatile. 

The resultant system incorporates a single modified 
pyroelectric sensor [8], amplifier, comparator and logic driver. 
The system demonstrates the ability to detect and follow a 
subject effectively utilizing only passive analogue circuitry, 
yet has the ability to be easily connected to a microprocessor 
for more advanced function.  

Almost all indoor environments represent overly cluttered 
closed spaced and are classed as non static. In developing this 
system it was paramount to forego the requirement for 
recognition of objects and items, instead focusing on the 
objective to track successfully a human or animal subject. The 
use of analogue circuitry is also in response to this objective. 
The form factor is minimal, passive element response time is 
negligible and costs are low. The robot is a wheeled vehicle 
and therefore restricted to relatively flat surfaces and as such 
if multiple floors were to be patrolled, multiple robots would 
be required. Keeping costs to a minimum also serves the 
criteria. Hybrid structured robotics for the purposes of home 
security abound with many able to convert from wheeled to 
walking to tracked vehicles, robot of walking and vehicle 
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types is presented in [9] for the performance of home security 
tasks and can transform between the legged walking and the 
wheeled driving modes. The objective in this paper however, 
is not to create a better mobile platform but to ease the 
microprocessor requirements of existing robots.  

II. TEST ROBOT DESIGN PARAMETERS 
To present the reader with an idea of the small scale of the 

device included here is a short overview of the design 
parameters. The mobile platform is constructed from heavy 
compound impact resistant plastic. It is a tracked platform 
with tracks of 80% rubber, ensuring longevity. The speed and 
direction of each track is freely controllable, having 
independent drive trains with a gear ratio of 80:1. It is driven 
by a pair of noise suppressed 280, 6V motors capable of 
handling from 6 to12v DC. One of the gears in each drive 
train has a hole that can be used for tracking motor rotation 
with a resolution of 4 counts per output shaft revolution, 
which corresponds to a linear distance of about 37mm. Battery 
compartment is in the base keeping battery weight in a low 
centre of gravity. Nominal current drain is from 160 – 180mA 
dependent on chosen motor voltage and load. Driving 
Gradient is >30o dependant of friction only. Dimensions: 
173×125.5×55(mm). Nominal Load: 7.5kg.  

 

 
Fig. 1.  Prototype mounted with two modified PIR sensors 

III. PYROELECTRIC SENSOR 
The output voltage, being a function of the amount of 

infrared radiation sensed at the input is the basis for the 
Passive Infrared Sensor (PIR). Therefore we are interested in 
the responsivity of the detectors. Electrical response depends 
on two factors: thermal response of the detector due to 
incident radiation and the response of the pyroelectric material 
due to temperature changes. A typical pyroelectric detector 
system consists of four basic elements. These are the sensor, 
amplifier, window comparator and coupler. In this paper we 
look specifically at current response RI, and voltage response 
RV [10]. Where:  

 
c’: volume specific heat (J/cm3K);  
c : specific heat of material (J/gmK);  
� : density (gm/cm3);  
b : sensor thickness (�m);  
GR : irradiative conductance (W/cmK);  
A : detector area (cm2);  
� : emissivity of the crystal;  
� : Stefan-Boltzmann constant (5.67x10-12 W/cm2K4);  
T : temperature (K). 

Current responsivity of various photovoltaic materials: RI is 
the ratio of the output current flow �� to the input radiation 
power incident to detector surface Pi. The current responsivity 
can be calculated as [10] [11]: 
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Pyroelectric charge �Q is given by: 
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Where p is the pyroelectric coefficient of material and PS  is 
the polarization. Suppose that radiation power is a sinusoidal 
function, therefore, temperature changes of whatever detector 
due to irradiation flux is given by the steady-state equation 
[11]: 
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Substituting (3) and (4) into (2), the final expression for this 
current responsivity becomes (5): 
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Voltage responsivity of various photovoltaic materials: RV is 
determined as a ratio of the voltage generated in the detector 
�V and radiation power incident to detector surface Pi. From 
this definition, we have [11] [12] [13]: 
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The generated detector voltage is given by: 
 

dC
QV Δ=Δ  (7) 

 
Where �Q = pA�T is electric charge and Cd = �r�0A/b is 
detector capacitance. When substituting (3), (4) and (6) into 
(7), we get the final expression for the voltage responsivity (8): 
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The above parameters become especially relevant during 

the responsivity measurement of the unmodified pyroelectric 
sensor in Fig. 2 and the modified pyroelectric sensor in Fig. 3. 
With the addition of varying band pass filters, a segregation of 
the dual ceramic substrates and the addition of the mirrored 
partition, the above referred parameters are essential in the 
conversion process to ascertain the amplification gain 
necessary to ensure that the overall initial sensor 
responsiveness remains equal to or  better than the unmodified 
sensor . 
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Fig. 2.  Unmodified Pyroelectric sensor 

IV. MODIFIED PYROELECTRIC SENSOR 
One dual pyroelectric sensor has been modified to produce 

the left and right signal necessary for directional detection of 
the subject.  Fig. 3 shows the schematic of the sensor. In effect, 
what has been done is to divide the transmission window in 
order to detect directional movement as opposed to simple 
motion detection.   

 

 
Fig. 3.  Modified PIR sensor 

The two sensing elements are connected such that one 
subtracts from the other, therefore when our robot or mobile 
platform is stationary, all sensors are cancelled out by ambient 
radiation and our unit is effectively converted to a motion 
detector able to distinguish subject IR which may pass its 
sensors. Upon mobilization our robot effectively reverses its 
role in that hereto before stationary objects become moving 
objects. Without any radiation source amplification (Fresnel 
lens), the range of the sensors is limited to a few metres.  

Through the physical division of substrate pairs on any 
single sensor with the mirrored partition, success has been had 
in determining left to right and right to left motion. 
Additionally, with quad substrate configuration, up, down and 
diagonal movement joins that list and can be controlled 
largely through manipulation of the thermal imaging 
frequencies of each substrate, however that remains the 
subject of further research. 

In the dual element configuration a body passing across the 
sensor activates first one and then the other element whilst 
vibration and other background signals, affecting both 
elements simultaneously are cancelled. The layout of the two 
elements allows for maximum sensitivity along a single axis. 
The sensing elements are connected such that one subtracts 

from the other. This arrangement causes any signal common 
to both elements to be effectively cancelled out. A body 
passing in front of the sensor activates first one and then the 
second element whilst vibration and other background signals, 
affecting both elements simultaneously are cancelled. A dual 
sensor PIR will operate most efficiently with an external 
radiant, IR Source, progressing across its breadth as in Fig. 4.  

 
Fig. 4.  Sensitivity of the modified quad sensor along the x, y axis. 

V. SINGLE PYROELECTRIC SENSOR MODEL 
The model in Fig. 5, was designed to be simplistic, 

functional, robust and of a small form factor. Signals from the 
modified PIR sensor feed to an amplification circuit which 
utilizes two transimpedance operational amplifiers to attain a 
gain of 10,000 in line with the formula described in section III 
and a chained pair of comparators in order to successfully 
detect left and right movement across the sensor substrates. 
Although the test unit has been designed as a stand-alone 
human tracker we have additionally configured the circuit to 
enable microprocessor control of the unit. This is pre-emptive 
of future research into area mapping, database adaption and 
higher level computer vision work. The robot is also designed 
to accommodate dual cameras. 

 

Fig. 5.  Simplified schema model  

The amplification and comparator circuit in Fig. 6, with 
only two possible outputs is fed to the logic circuit in Fig. 7 
below. The circuit has adjustable transimpedance 
amplification capable of gain at around 10,000 which is 
necessary for amplification of the low signal from the 
pyroelectric sensor. 
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Fig. 6.  Amplification and comparator circuit 

 
The logic circuit in Fig. 7, is connected directly to an H-

Bridge motor driver capable of forward and reverse motoring 
of the tracks, making the test unit impressively agile. It is 
configured so that when both substrates of the pyroelectric 
sensor are balanced (e.g. no radiant energy is detected), the 
robot will continue to move on the last logical path detected 
until the subject is again detected. In this manner we can re-
locate the subject when it may temporarily go out of range or 
pass behind an obstacle. 

 

Fig. 7.  Directional logic configuration  

VI. RESULT 

Testing of the device by its nature required visual 
observation within a real time environment utilizing live 
animal and human subjects. Video recording of the observed 
responses indicates a more than acceptable degree of success 
with high responsivity and negligible time delays upon 
detection of a subject and subsequent following maneuvers. 
Slight problems were indicated in the situation where a 
subjects’ path crossed that of a static object however the 
resultant temporary pause of the mobile robot is indicative of 
further investigation and analysis of the video footage. In the 
case where the mobile robot “looses” the subject, the 
configuration of the logic circuit ensures the robot will 
perform a circular maneuver ensuring a secondary path cross 
of the subject enabling continued pursuit. This particular 
scenario occurred only once during testing and was successful.  

VII. CONCLUSION 
To date all expectations have been met with respect to the 

use of a single pyroelectric sensor for human tracking or 
following for robots. Due to the nature of the device, real time 
visual testing was required, as the only criteria to be assessed 
was whether the robot, utilizing only one modified 
pyroelectric sensor, amplification/comparator unit and a logic 
motor driver could successful track a subject in a closed 
environment. Although the results prove very successful, 
stage two of the project shall require that the modified sensor 

be manufactured more precisely as opposed to hand 
constructed. The pyroelectric sensor was able to detect both 
moving and stationary objects where those objects were of 
approximate human temperature however the larger signal of 
the subjects left right motion was easily detectable as the band 
pass filter window of the pyroelectric sensor is specifically 
designed for the human wavelength.  

Subjects were detected at up to two meters distant. Further 
distance could be attained with the addition of a Freznel 
amplifying lens with the sacrifice of an associated loss in 
accuracy. Distance can be reduced somewhat and would be a 
matter of fine tuning in reference to section III regarding 
responsivity. Another minor problem relates to the need for a 
separate system purely for obstacle avoidance. The crawler 
robot, dependant only of passive analogue configuration, 
exhibits abilities to avoid objects (continue tracking subject), 
turn, reverse and the ability to detect not only human and 
animal motion but also some stationary objects. Future work 
will focus on improving the self-control mechanism of the 
tracking robot. We plan to add more sensors for standard 
obstacle avoidance and to provide more analytical passive 
response times. 
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