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Abstract: The paper develops detection system of the module based intelligent security robot that has uniform interface. The 
detection system contains power detection module、 gas detection module、 environment detection module and fire detection 
module. The control unit of these modules is HOLTEK microchip. These modules can communicate with master module using 
I2C interface. The master module communicates with main controller of the security robot using RS232 interface. The main 
controller of the security robot system is industry personal computer (IPC). It can display status of these modules on the 
monitor. These modules can enhance the detection results using multisensory fusion algorithms. The user can add or remove 
the detection modules in any time, and the main controller can acquires sensor signals from these detection modules on 
real-time. Finally, we present some experimental results using these detection modules, and integrate these modules in the 
robot system that executes some scenario. 
Keywords: module based robot system, I2C, robot 
 

I.  INTRODUCTION 
 

With the robotic technologies development with each passing 
day, robot systems have been widely employed in many 
applications. Nowadays, robot systems have been applied in 
factory automa Recently, more and more research takes interest in 
the robot which can help people in our daily life, such as service 
robot, office robot, security robot, and so on. In the future, we 
believe that robot will play an important role in our daily life. 

In the past literatures, many experts research in the security 
robot. Some research addressed in developing target-tracking 
system of mobile robot [1,2], such as Hisato Kobayashi et al. 
proposed a method to detect human being by an autonomous 
mobile guard robot [3]. Yoichi Shimosasa et al. developed 
Autonomous Guard Robot [4] witch integrate the security and 
service system to an Autonomous Guard Robot, the robot can 
guide visitors in daytime and patrol in the night. D. A. Ciccimaro 
developed the autonomous security robot – “ROBART III” which 
equipped with the non-lethal-response weapon [5, 6]. Moreover, 
some research addressed in the robot has the capability of fire 
fighting [7, 8].  

The hardware and software of these robots are complexity, and 
are not easy to maintain and repair. How to operate these robots is 
very difficult for the user. The development and adaptability of 
robot systems have limited. To increase their development and 
adaptability, the concept of the module-based robot system 
(MBRS) has been studied in the robotic field since 1980s. Many 
robot systems have been designed [9-12].  

The paper is organized as follows: Section II describes the 
system architecture and the interface of the detection system for 
the module based intelligent security robot. Section III explains the 
function of the detection module, and it describes the fusion 
algorithms of the detection module. Section IV presents the 
experimental results for these detection modules and user interface. 
Section VI presents brief concluding remarks. 

 

II.  SYSTEM ARCHITECTURE 
 

The system architecture of the module based intelligent security 
mobile robot is shown in Fig. 1. The module based security robot 
has three parts. There are detection system, motion control system 
and others. We are focus on the detection system in the paper.  
The interface of the master module and detection modules is Inter 
IC (I2C). The master module connects with some detection 
modules. These modules can use two-way communicate with 
master module, and the master module communicate with the 
main controller of the mobile robot by series interface (RS232). 
These modules are connecting with the master module, and the 
master can detect which module to be connected, and transmit the 
module ID to the main controller. On the other hand, the user can 
adds and removes the module from the mobile robot system. The 
master can detect which module will be added and removed, and 
transmit the module ID to the main controller. The main controller 
of the module based intelligent security robot can know how much 
modules on line and it can acquire data from these modules.  

  .  

 
Fig. 1 The system architecture 

 
The controller of these modules is HOLTEK microprocessor. 

The detection modules have fire detection module, environment 
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detection module, gas detection module, remote IR and wireless 
RF module, power supply module, compass module, acceleration 
module, power detection module, inclement detection module, 
obstacle detection module (IR sensors and ultrasonic sensors), 
master module and DC servomotor driver module. We arrange an 
ID to each module, and identify the module function by the ID. 
These modules can be equipped in the intelligent mobile robot. 
The prototype of the module based intelligent mobile robot is 
shown in Fig. 2.  

 

 
Fig. 2 The prototype of the module based intelligent robot 
 

These modules can acquire sensory signal and processes these 
signal using amplifier and calibrate circuits and transmits sensory 
data to the master module using I2C interface. We list these 
sensors of the detection modules to be tabulated in Table 1. 

 
Table 1  Sensors in these detection modules 

Module Sensors Examples
humidity sensor SHT1x 
temperature sensor SHT1x 

Environment 
detection module 

illumination sensor S1133 
Fire detection 
module 

Flame sensor R2868 

Power detection 
module 

Current sensor LA-55P 

Carbon monoxide sensors HS-134 
TGS203 

Air pollution HS135 
Alcohol sensor TGS822 

Gas detection 
module 

Gas sensor TGS800 
 

III. DETECTION MODULES 
 

The detection system of the module based intelligent mobile 
robot has some detection modules and one master module. These 
detection modules contain Environment detection module 、Fire 
detection module、Power detection module and Gas detection 
module. Some of the detection modules can calculate the exact 
measured value using multisensor fusion algorithm, and transmit 
measured values and decision output to the master module using 

I2C interface. The controller of these modules is HOLTEK 
microchip. 

 
 Power detection module 
In the power detection module, we use four current sensors to 

measure the current variety of the module based security robot. 
The block diagram of the power detection module is shown in Fig. 
3. The module can measure current and voltage values on the 
power variety of mobile robots. We use two multisensor fusion 
methods (redundant management method and a statistical 
prediction method) to detect current sensor and voltage signals 
status. In the redundant management method, we can get an exact 
measured value for power detection, and isolate faulty signal from 
current sensor and voltage signal [13, 14]. Then we can calculate 
the residual power of the mobile robot, and decide the residual 
time to work using second-order polynomial regression for the 
mobile robot [15]. 

 

I2C interface

LCD DisplayVoltage detection #1

Voltage detection #4

HT46RU25

Current detection #1

Current detection #4

 
Fig. 3 The block diagram of the power detection module 

 
In the intelligent power detection module, we use redundant 

management method to estimate the exact values on current and 
voltage on the power of the mobile robot. The value of the 
measured parameter is obtained by the following equation at that 
sample time k  
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Where iI  is a weighted value for the each measurement im  

at the given sample time k . So we can define indicator function 
Ii  is 
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In the redundant management method and statistical signal 

method, we can get an exact measured value for power detection, 
and isolate faulty signal from current sensor and voltage signal. 
Then we want to predict the residual power of the mobile robot. 
First we must fit the curve from the power detection value of the 
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mobile robot. Next the user can set the critical power value for the 
mobile robot. The main controller of the mobile robot can 
calculate the extrapolation value from the critical power value, and 
can calculate the residual working time for the mobile robot. The 
mobile robot must move to the charging station in the residual 
time. 

In the paper, we fit a second-order polynomial regression 
using the power estimated value. 
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The sum of the squares of the error is 
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To generate the least squares fit, we take the derivative of 

Equation (4) with respect to each of the unknown coefficient 
( 10 ,aa and 2a ) of the polynomial, and we can get 
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Finally we can calculate 210  and , , aaa using numerical 
analysis method from Equation (5). Then we set the power critical 
value to be SP  and 
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We can calculate the x  value (the unit is second) from Equation 
(6). The sample time of the power system is 1 second. 

 
 Gas detection module 
In the gas detection module, there are two carbon monoxide 

sensors (HS134 and TGS203), air pollution sensor (HS135), 
alcohol sensor (TGS822) and gas sensor (TGS800). The HS134 
and TGS203 sensor elements have high sensitive, long life, 
reliable stability and good selectivity to low carbon monoxide 
concentration. The TGS203 has low sensitivity to alcohol and 
hydrogen. The HS135 sensor element has long period stability and 
widely detecting scope. It should be suitable for detecting of 
smoke, SO2, CO2, isobutance, alcohol, etc.. The sensing element 
of the sensor TGS822 is a tin dioxide (SnO2) semiconductor 
which has low conductivity in clear air. It has high stability and 
reliability over a long period, and high sensitivity to organic 
solvent vapors. The block diagram of the gas detection module is 
similarity to Fig. 3.  

We can use sensor elements HS134 、 TGS203 and HS135 to 
detect CO2 density of  the environment, and compare these 
measurement values. We can use the logical filter method to 
decide the CO2 density to be over the threshold. In the otherwise, 
we can use TGS822 and HS135 sensors to detect alcohol density 

to be over the threshold using the same method, too. In the logical 
filter method, we can use AND or OR filter on the gas detection 
module. Then we can calculate the system reliability of AND filter 
( SR ) and OR filter ( PR ) 
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( )tRi  is the reliability of each sensor of the gas detection 

module. 
 

 Environment module 

The environment detection module contains humidity detection, 
illumination detection and temperature detection. The sensor 
element of the humidity and temperature detection is SHT1x, and 
the sensor element of the illumination is S1133. The environment 
information can be extracted using equation (9) to (12). The 
humidity measurement value is trueRH  , and the temperature 
measurement value isT . The module can be applied in smart 
home and greenhouse, too. 

 
( ) 4001.0 −= TC SOT                         (9) 
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IV.  EXPERIMENTAL RESULT 

In the power detection module, we use redundant management 
method and statistical prediction method to calculate the exact 
power [14, 15]. Then we can compute the standard deviation of 
each sensor to find out the error sensor for the module. If the 
standard deviation is bigger than threshold, we can say the current 
sensor to be broken. We must isolate the measured value of the 
current sensor, and replace it with other current sensor.  

Now in the power detection module, the measured value of 
current sensor #4 to be broken. We can see the standard deviation 
(145.9) is bigger than threshold, and the standard deviation is 
bigger than others. We can diagnose the current sensor to be 
broken, and we can isolate the measured value. The experimental 
result is shown in Fig 4. Finally we can use these measured values 
of the other current sensors (#1, #2 and #4) to calculate the exact 
current value.  

In the residual power prediction experiment, the user can set the 
critical power. The proposed method can calculate the residual 
time, and the power of the mobile robot down to the critical value. 
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In the Fig. 5, the user set the critical power to be 26 W. first, the 
mobile robot can fit the second-order curve using polynomial 
regression method. Then it can compute the residual time, display 
on the bottom of the monitor. 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 The standard deviation variety of case II  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 The residual power prediction for 26W 
 

V. CONCLUSION 

We have presented a module-based security robot. These 
modules have environment module, fire detection module, gas 
detection module, master module and power detection module. 
The controller of these modules is HOLTEK microchip. we want 
to develop multisensor fusion algorithms to enhance the detection 
results through these detection modules. In the power detection 
module, we use redundant management method and statistical 
signal detection method to isolate faulty sensor, and estimates a 
exact current detection value for mobile robot. The module can 
transmits really current and voltage values and detection results to 
main controller (IPC) of the security robot using series interface 
(RS232). The main controller of the security robot can fit a 
second-order polynomial curve using auto-regression method. 
Then the user can select the critical power value to prediction the 
residual time on real-time for the security robot moving in free 
space. 
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