
N. Aykin (Ed.): Usability and Internationalization, Part II, HCII 2007, LNCS 4560, pp. 382–389, 2007. 
© Springer-Verlag Berlin Heidelberg 2007 

Sound Detection as an Aid to Increase Detectability of 
CCTV in Surveillance System 

Yongjun Kim, Sang Won Lee, Daniel Hyundo Lee, Jaeyong Kim, and Myun W. Lee∗ 

Human Factors Labs. Dept. of Industrial Engineering 
Seoul National University, Seoul, 151-744 Korea 

mwlee@snu.ac.kr 

Abstract. An operator in CCTV surveillance system is required to detect 
abnormal events over long working hours, and the events are intermittent, 
unpredictable and infrequent. Therefore, Operators often show lower 
performance than desirable. This paper proposes an automated surveillance 
system that integrates vision and audition to increase detectability. Sound 
surveillance system using TDOA (Time Difference of Arrival) can locate a 
sound source accurately, turn the camera towards it, and it has more advantages 
in reliability and cost-effectiveness than the existing surveillance system. The 
system is verified by conducting experiments in various environments. 
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1   A Need for Development of an Automated Surveillance System 

Due to an increasing need for surveillance and security, size of the market for 
surveillance system is growing. Accordingly, application of CCTV is increasing. 
Since CCTV system usually requires operators to watch a number of monitors. 
Therefore, surveillance system is not reliable because of human factors of vigilance 
task. For these reasons, the need for an automated surveillance system is rising in 
order to reduce cost and increase effectiveness [1]. 

Due to an increasing need for surveillance and security, size of the market for 
surveillance system is growing. Accordingly, application of CCTV is increasing. A 
CCTV system usually requires an operator to watch a number of monitors. Therefore, 
a surveillance system is not reliable due both to performance degradation over time 
and to divided attention during vigilance task. For these reasons, a need for an 
automated surveillance system is increasing in order to reduce cost and increase 
effectiveness [1]. 

Related technologies have been evolving in recent years. Especially, due to recent 
improvements in digital image processing, automated surveillance system (AVS) is 
experiencing rapid innovation. An objective of such automated surveillance system is 
to process information gathered by sensors, understand current situation, and act 
accordingly in order to maximize efficiency of surveillance [2].  
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Since CCTV system is already in use in many areas, a market potential of AVS is 
remarkably high. Although the market is growing, the growth rate is not high as 
previously anticipated. One reason for this limited growth rate is that AVS is not 
commercialized enough due to limited reliability, high cost, and high complicacy [1]. 

1.1   Evolution of Automated Surveillance System 

Regazzoni categorized surveillance systems into three generation according to 
technological advances [3].  

Technological innovation of video surveillance system started from analog CCTV 
system. These systems consist of a number of cameras located in a multiple remote 
location and a set of monitors usually placed in a single control room. The early 
version of analog CCTV systems had technical shortcomings, such as noises from 
analog transmission and massive volume of records. Moreover, due to the decrement 
of operator’s attention and concentration, infrequent events often slipped away.  

In 1980’s, thanks to the technological progress of converting analog signal to 
digital signal, the second generation surveillance system which takes advantage of the 
digital format, were developed. This digital system, also called a semi-automatic 
system, achieved tremendous progress in transmitting and storing the data. Also, 
researches on automatic real-time detection, which, with its digital image processing 
technology, helps the users grasp the situation, came into mainstream.  

Nowadays, with the rapid developments in digital and wireless technologies, 
researches on the third generation surveillance system are on their way. The third 
generation surveillance system is a robust system which uses a large network of 
cameras. It monitors a large area with increased flexibility and reliability. 

1.2   Limitations of a Video Surveillance System 

As we saw earlier, most of the researches on automated surveillance system are 
focused mainly on video signals and image processing, lacking study of the other 
sensors. Many researchers brought up following issues concerning video surveillance 
system [1]. 

1. Due to the limitations in FOV (Field of View), it is difficult to cover a large area. 
2. Natural changes such as light, movement of camera, wind, or fog can affect 

reliability of the system.  
3. Installation and setup of the system is too complicated. 
4. It’s difficult to commercialize due to the high cost. 

2   Proposal of a Surveillance System Supported by Auditory Sensors 

Although most of the surveillance systems gather information only via camera, 
auditory information can provide more meaningful clue than visual information [4]. 
Many ergonomics researches already showed the results that audition shortens the 
time required to locate a specific object. In the research of robotics, searching 
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direction or identifying obstacle by sound information has been studied actively. 
Especially, based on the fact that human and other animals recognize their sur-
roundings by identifying the location of sound source, applying sound localization to 
machines for tracing object is being studied robustly [5]. 

2.1   Characteristics of Sound Information 

When human hears something through ears, eyes move towards the direction of sound 
source by using sound localization. This ability can be applied not only to human but 
also to machine which locates a specific object. As seen in the research of Huang 
(1999), vision and audition have the following characteristics [6]. 

Table 1. Audition verses vision 

  Audition Vision 
Directivity Omni directional Directional 
Time resolution High Low 
Spatial resolution Low High 
In darkness Works Not works 
Occlusion Not occurs Occurs 
Computation Little Much 

Even though audition has less space resolution than vision, audition has an 
important characteristic – omni-directional. That is, when a sound comes from a 
specific location, the sound sensors can receive the signal from every direction. On 
the other hand, camera can recognize an object only within its field of view. This 
means that audition can cover wider angle than vision. Moreover, audition, unlike 
vision, is not affected by lighting or obstacle, and it can calculate the location of event 
faster than visual information. 

In conclusion, automated surveillance system with auditory sensor can overcome 
the shortcomings of visual system and solve the problems of decreasing concentration 
and attention of the operator monitoring a large area. 

2.2   Sound Localization 

When wave comes from the origin of a sound, auditory sensor with microphone 
receives the signal. Determining the location (direction and distance) of the signal is 
called sound localization. 

If multiple microphones are installed remotely from each other, the location of 
sound source can be calculated. The calculation is based on the time difference of an 
arrival from sound source to the sensors. This research used the calculation method of 
using TDOA (Time Difference of Arrival) received by 3 different microphones.  

Fig. 1 shows a sound geometrically from a specific location arriving, with time 
difference, at 3 different microphones. 



 Sound Detection as an Aid to Increase Detectability of CCTV in Surveillance System 385 

 

Fig. 1. Time difference of sound that arrives to the microphones 

If we suppose a camera is at the location of the second microphone(M2), the 
location of the sound source can be defined by azimuth angle (θ) and distance (a). For 
the simplification, three cameras are located on the same line at regular intervals (d). 
Since speed of sound is a function of temperature, knowing the temperature of the 
environment, the distance between the sound source and each microphones (α, β) can 
be expressed as: 

    )21( andmicrophonbetweendifferencetimesoundofspeed ×=α     (1) 

    )32( andmicrophonbetweendifferencetimesoundofspeed ×=β     (2) 

By expressing cosine values of each angle in two triangles which share M2 using 
The Law of Cosines, the distance (a) between the camera and the sound source can be 
given by: 
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Solving this using arcsine, the inverse function of sin, it can be expressed as: 
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3   The Architecture of Sound Surveillance System 

As the location of a sound source is known by the method in the previous chapter, a 
surveillance system, which can obtain the information of the location, can be 
activated and moves the camera towards the location. Following Fig. 2 is the overall  
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Fig. 2. Structure of an auditory surveillance system prototype 

structure of an automated system that identifies the location of sound source and 
moves the camera angle to the sound source in order to record the visual information. 

4   Test of Sound Surveillance System 

To verify the sound surveillance system proposed in this research, two experiments 
were conducted. 

4.1   Measuring Accuracy of Sound Detection 

In order to measure the accuracy of a system that calculates the location of the sound 
source, sound sources were located every 15 degrees from 0 to 90 degree either side. 
Sounds of sufficient volume were created 20 times at each location. Distances were  
 

 

Fig. 3. The structure of accuracy measuring experiment 
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4m and 6m at each angle, and the room temperature was controlled at 20 degrees 
Celsius, so that the speed of sound was controlled at 343m/s. 

The summary of the experiment is in Table 2 and Table 3. 

Table 2. The measuring of azimuth angle of the sound surveillance system (4m) 

Calculated angle 
Difference between actual angle  

and calculated one Actual 
angle 

mean minimum maximum mean minimum maximum 
standard 
deviation 

0° 0.65 0.5 0.9 0.64 0.53 0.97 0.11 
15° 14.88 12.29 17.86 1.36 0.03 2.86 0.71 
30° 29.94 28.91 31.86 0.73 0.20 1.86 0.49 
45° 45.45 43.71 48.98 1.28 0.06 3.98 1.08 
60° 58.96 57.94 62.56 1.4 0.05 2.56 0.7 
75° 74.89 70.67 82.12 3.52 0 7.12 3.52 

Table 3. The measuring of azimuth angle of the sound surveillance system (6m) 

Calculated angle 
Difference between actual angle  

and calculated one Actual 
angle 

mean minimum maximum mean minimum maximum 
standard 
deviation 

0° 0.89 0.56 2.12 0.89 0.56 2.12 0.48 
15° 13.62 12.76 16.91 1.75 0.1 2.23 0.61 
30° 37.43 34.6 43.7 7.43 4.66 13.7 3.12 
45° 43.68 43.34 44.08 1.31 0.91 1.65 0.25 
60° 60.82 50.72 68.00 3.69 0.16 9.27 3.44 
75° 72.13 70.56 74.98 2.86 0.01 4.43 1.78 

As shown in the result, system usually has the error of about 5 degrees. Through 
experiments, we found out that the most important thing in order to increase the 
accuracy of the system is to minimize the errors from the three sound sensors. 
Although the sounds were created at the same location, the TDOA varies from 1 μs 
to 100μs, and that difference yields the difference of the calculated angles. The main 
reason for this error is mainly in the parts used in these sensors had tolerance of 5% 
rate. Applying electric parts which have less tolerance will improve the accuracy of 
system. 

4.2   Case Study 

In order to confirm the operation of the system for various sounds in various 
environments, three experiments were conducted in environments different from the 
laboratory. The three different environments were street outside of a building, 
underground parking lot with reverberation, and indoor hallway in a building. We 
selected many kinds of sounds at each location. Selected types of sounds are stated in 
Table 4. 
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Table 4. Success rate of sound surveillance on the street 

Type of sound # of times detection (rate) etc 

Driving sound 10 0 (0%) Miss (100%) 

Honking 10 6 (60%) 
Malfunction (20%) 
Miscalculation (20%) 

Opening & Closing door 10 8 (80%) Malfunction (20%) 

Breaking window 5 5 (100%)  

Yelling 10 4(40%) 
Malfunction (40%) 
Miscalculation (20%) 

Table 5. Success rate of sound surveillance in the underground parking lot 

Type of sound # of times detection (rate) Etc 

Driving sound 10 0 (0%) Miss (100%) 

Honking 10 4 (40%) 
Malfunction (30%) 

Miscalculation (30%) 

Opening & Closing door 10 9 (90%) Malfunction (10%) 

Breaking window 5 5 (100%)  

Yelling 10 5 (50%) 
Miss (30%) 

Malfunction (10%) 
Miscalculation (10%) 

As seen in the result, system recognized sound, calculated the location for the 
sound of “breaking window” and “opening and closing door,” turned the camera 
towards the sound source, and secured the image of the scene. However, the sensor 
received “yelling” and “honking” but was not able to calculate the location because 
those sounds were long-lasting so the time difference and the azimuth angle could not 
be calculated logically (malfunction). Sometimes, camera did not get the right image 
because the error in the calculation of azimuth angle was too big (miscalculation). 
One noticeable finding is that the sensor did not react to the driving sound which was 
more than 1m away. This is because the pitch of driving sound has low. It means that 
in the real life situation, the system considers driving sound as “noise”, and 
distinguishes it from a meaningful signal like crash. 

5   Conclusion 

As verified in the experiment, the sound surveillance system developed in this study 
can locate a sound source accurately, operates cameras towards the calculated location 
of the sound source. This system has several advantages over existing ones. 

First, traditional CCTV system had a shortcoming that human had to makes 
decision about those infrequent events or objects, thus error rate including miss and 
false alarm was high. On the other hand, this system offers secondary information of 
sound source so that the system can support human vigilance.  
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Second, since the camera moves according to the change in the environment, the 
system can cover larger area with fewer cameras. This, again, gives two advantages. 
One is that operator gets less information from less monitors so that he or she can 
continue attention easily. The other is that the amount of record is far less than the 
traditional surveillance system – it can reduce both initial cost in the installation and 
operating cost in storing data. 

Last, shortcomings of new, intelligent visual surveillance system - environmental 
limitation, complicacy of system, and lack of reliability – can be overcome. 
Especially it costs less than those systems which requires advanced logic of image 
processing. 

This system that is supported by sound detection could be a beginning to replace 
the existing CCTV products in the intelligent surveillance market. Moreover, while 
traditional visual analysis system can detect events only within the stationary camera 
angle, sound detection and sound localization technologies can commercialize a more 
intelligent surveillance system that can move around its cameras to look for 
meaningful information.  
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