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Abstract— This paper presents unmanned monitoring system. 

This system based on the motion sensors, ultrasonic sensor, and 

camera has been constructed, which is considerably inexpensive 

compared with the conventional 3D motion analysis system based 

on high-speed camera. This unmanned monitoring system which 

can detect the targets in the concerning region using the motion 

detector and then capture the image of target using camera. 

Moreover, this proposed approach calculates the distance of 

targets using cross correlation of received signal from the 

ultrasonic sensor. The experimental result shows the reliability of 

the system. 

Keywords— Unmanned monitoring, Motion detection, 

Ultrasonic sensor,  Mobile monitoring,  Wireless communication. 

I.  Introduction 
The rapid development of communication and network 

technology has speeded up the digital control system to 

replace the pace of analog control system; camera based 

monitoring has become an inevitable trend in monitoring 

technology. Over the last decade, many camera based 

monitoring systems have been extensively developed and 

implemented for numerous applications. The increasing 

requirements of the markets, which include banks, companies 

and other important institutes [1] are established on three main 

concepts; low power, less cost and high efficiency.  

An increasing amount of attention has been paid to improve 

reliability, availability, and safety in most autonomous control 

systems such as remote control station. For instance, the 

control systems in the field of aerospace, electric power and 

automobiles become more complicated, more rigorous 

research for Fault Detection and Diagnosis (FDD). For these 

reasons, a fault tolerant state estimation and diagnosis method 

with high reliability are developed for the reliable operations 

of remote control station in combat fields. 

 
The authors in [2] introduce a potential technique for 
monitoring the indoor environment. A web-based building 
environmental monitoring system is proposed in [3], based on 
wireless communication scheme. 
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 In terms of performance metrics in [4], some applications 

have been discussed in the building monitoring system. 

Moreover, a wireless network based monitoring system was 

deployed in a number of residential and commercial buildings 

in [5, 6]. For these approaches a human operator is required to 

monitor the camera images at all times when security is to be 

maintained, visually scanning the images to determine whether 

or not suspicious activity is taking place. This is a monotonous 

task which may lead to operator fatigue and inevitably results 

in errors [7]. Currently, the data link between cameras onboard 

an unmanned aerial vehicle and the monitoring terminal [8] 

and new technological solution for the ocean observation 

using an unmanned surface vehicle [9] have been researched. 

Kinematic and dynamic analyses have been done and the 

mathematical model is developed for the marine platform of 

the surface vehicle [9]. 

 

The objective of this paper is to develop an unmanned 

monitoring system achieving the requirement of a real time 

security system, which is expected to calculate the distance of 

object at the same time. The basic concept of the proposed 

method is to detect the targets in the region using the motion 

detector and then capture the images of target using camera. 

Moreover, this proposed approach calculates the distance of 

targets using ultrasonic sensor. This approach is considerably 

inexpensive compared with the conventional 3D motion 

analysis system based on high-speed camera. 

The rest of the paper is organized as follows: Section 2 

describes the design of unmanned monitoring system 

including motion detection, image captures and ultrasonic 

signal processing. Section 3 shows the implementation results 

of hardware and software. Finally, the   conclusions are 

presented in Section 4. 

  

II. Design of unmanned 
monitoring system 

Flow chart of overall unmanned monitoring system is 

presented in figure 1. This unmanned monitoring system 

which can detect the targets in the concerning region using the 

motion detector and then capture the image of target using 

camera. There are four detection regions (I, II, III, IV) which 

detect the objects from two motion sensors in the figure 1. 

When the control unit receives detection signal from motion 

detectors it sends signal to servo motor. Then server motor 

moves toward the detected region and the camera takes 

pictures and ultrasonic sensor sends/receives signals from/to 
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target at same time. Then control unit sends the images to the 

server computer through wireless communication. The server 

computer calculates the distance between sensors and target 

using the ultrasonic signals, and sends information to mobile 

devices. 

 

 
 

Figure 1: Overall block diagram for unmanned monitoring 

system 

 

 

 
 

Figure 2: Flowchart of unmanned monitoring system 

 

Flow chart of overall unmanned monitoring system has been 

presented in figure 2. This unmanned monitoring system 

which can detect the targets in the region using the motion 

detector and then capture the images of targets using digital 

camera. Moreover, this proposed approach calculates the 

distance of targets using ultrasonic sensor with cross 

correlation. It will be discussed later. 

 

A. Motion Detection and  Image Capture 
The main disadvantages of existing monitoring systems are to 

continuously capture or record the video. So the system 

consumes huge power and need large memory to store the 

database of the captured image or video. To overcome these 

disadvantages we proposed the new system working only 

motion detection occurred. 
Motion detection system consists of motion detector, 

control board, servo motor, digital camera, and wireless 
communication system as shown figure 3. There are two 
motion detector in our system. The motion sensor-1 keeps 
monitoring left detection region(region I) and motion sensor- 2 
keeps monitoring right detection region(region II) as shown 
figure 1. The mid region(region IV) is detected  when both 
motion detectors  are activated. Detection region III is not 
necessarily for detection because region IV already covers it. 
When the motion detectors detect the target in any of four 
region, then control unit sends signal to servo motor to move 
toward that detected region. Digital camera(IP camera) takes  
pictures toward the target and wireless  mobile system 
transfers it to server computer system.   

We analyzed camera image transmission format  with 
image transmission protocol to get image from IP camera. 
VSTARCAM-100S uses JPEG format for the images.  The 
firmware in the IP camera controls the CGI and accesses to 
URL. The camera transmits the images through http protocol 
to the client when URL is accessed. 

 

Figure 3: Motion detection and image capture system  
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B. Distance Calculation using 
Ultrasonic Signals 

Ultrasonic distance detection is based on the time of flight of 

an ultrasonic pulse. An ultrasonic pulse will be partially 

reflected from the object. The time difference between 

transmitting a pulse and receiving the reflected signal is a 

measure for the distance between the transmitter and the 

object. We use the cross correlation to find the time difference. 

Correlation is the process to determine degree of „fit‟ between 

two waveforms and to determine the time at which the 

maximum correlation coefficient or “best fit” occurs. For this 

system, we correlate between the transmitted signal and the 

received signal, then we get the time difference between 

transmitted and received signal. The figure 4 shows 

experimental setup of ultrasonic sensors. 

 
In this section we will drive the equation of the cross-

correlation for distance calculation. If we consider x(n) as the 

transmitted signal from the ultrasonic sensor, then the returned 

signal,  r(n) may be modeled as: 

 

r(n)= αx(n-D)+w(n)                                 (1) 

 

Where w(n) is assumed to be the additive noise during the 

transmission, α is the attenuation factor, D is the delay which 

is the time taken for the signal to travel from the transmitter to 

the target and back to the receiver. 

 

Now the auto-correlation of the transmitted signal x(n) with 

itself (constant shift l ) be [10] 

   

Cxx(l)=    





n

n

lnxnx                               (2) 

 

The maximum value of the auto-correlation will be at the 

delay time l. The cross-correlation between the transmitted 

signal, x (n) and the received signal, r (n) be [10] 
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Now using Equation (2) and (3)       

  

 Cxr(l)=α Cxx(l-D)+ Cwx(l)                                (4) 

 

Since the noise signal w (n) and the transmitted signal, x(n) 

are uncorrelated then, Cwx(l )=0. Therefore equation (4) will be  

 

Cxr(l)=αCxx(l-D)                                          (5) 

   

Comparing the equation (5) with equation (2), the maximum 

value of the cross-correlation will occur at l=D, which is our 

interest in cross-correlation from which we can detect our 

target. 

 

 
 

Figure 4. Experimental setup of ultrasonic sensors 

 

III. Implementation and Results 

A. Motion Detection and Image Capture 
 

The hardware implementation for motion detection and image 

capture is shown in figure 3.  The operating procedure is as 

follows.   

1. Motion detectors keep monitoring the detection 

region 

2. Motion detectors recognize the region when motion 

occurred  and send detection signal to control board 

3. Control part activates the servo motor  

4. The  motor with camera turns to detected  area 

5. Camera takes  pictures  and sends information to 

sever computer through wireless communication 

6. The computer displays the target information and 

transfers  information  to mobile device 

 

B. Distance Calculation of Targets 
 Experimental set up to get distance information is shown 

figure 4. Figure 5 represents the experimental ultrasonic 
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transmitted and received signal. Experiments are carried out, 

in which tranmitted signal contains 16 pulses with frequency, 

50kHz and sampling frequency, 500 kHz. The cross 

correlation between transmitted signal and received signal is 

shown in figure 6. Using the correlation coefficients from 

equation (5), target distance is calculated. This distance from 

the target can be calculated by the figure 6. 
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Figure 5: Ultrasonic transmitted signal and received signal 
 

0 0.5 1 1.5 2 2.5

x 10
4

-40

-20

0

20

40

60

80

samples

Figure 6: Results of cross correlation 

 

C. Display of Radar Format Indicator  
Display of PC based radar format consists of control board 

and communication, connection to control module, azimuth of 
control information part, GUI interface. Figure 7 shows the 
output display of PC based radar format from the target 
indication of the received ultrasonic signals. 

 

 

Figure 7: GUI and Display of PC based Target Area  

IV. Conclusions 
The proposed unmanned monitoring system can detect the 

targets in the concerning region using the motion sensors. This 

system can capture the target image by camera and also detect 

the target distance by ultrasonic sensor. Hardware 

implementation is completed and tested with software we 

designed. The results showed that the developed system works 

properly and can apply to the actual fields. We need the 

system upgrade for reliability and security purpose in the 

future. 
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