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Abstract- Active-pixel CMOS image sensors have many attractive features, such as low power consumption, integrated on 
peripheral circuits, and nondestructive column-parallel readouts. Integrated on signal-processing circuits, they provide the 
advantages of high-speed parallel operation and lower power consumption, features which meet the special requirements of 
CMOS image sensors. A number of integrated signal processing circuit sensors have been developed and adopted not only 
for video but also for machine-vision and security applications as well. However, these approaches almost always involve 
lowering the pixel density and increasing the chip size to accommodate the added functions requiring large circuits. Hence 
proposed system is designed to detect a motion on the basis of difference between current and previous frame. While finding 
the difference system will indicate the location or the position of the motions. System will also capable to detect motion in 
dark by reducing the infrared filtering from CMOS sensor. The system will then give alert to user through light operating or 
buzzing the sound. 
In market-driven applications such as surveillance, automotive, and machine vision, there is an increased demand for 
imaging systems with real-time processing capabilities. In some cases, these specific requirements are quite hard to be 
fulfilled through a conventional approach, consisting of a standard charge-coupled device or complementary metal–oxide–
semiconductor (CMOS) camera linked to a digital signal-processing platform. These systems are typically based on general 
purpose architectures, performing real-time image processing. Although their high computational power and high flexibility 
are satisfactory for many applications, there are some low-level images processing tasks that can be efficiently executed 
using ad-hoc image processing capabilities embedded directly in the imager. Thanks to the great advantages of CMOS sub 
micrometer technology, allowing even smaller device feature size, some recent CMOS image sensors with integrated signal 
processing have been developed, following two main approaches: pixel-level and array-level processing. 
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I. INTRODUCTION 
 
In market-driven applications such as surveillance, 
automotive, and machine vision, there is an increased 
demand for imaging systems with real-time 
processing capabilities. In some cases, these specific 
requirements are quite hard to be fulfilled through a 
conventional approach, consisting of a standard 
charge-coupled device or complementary metal–
oxide–semiconductor (CMOS) camera linked to a 
digital signal-processing platform. These systems are 
typically based on general purpose architectures, 
performing real-time image processing. Although 
their high computational power and high flexibility 
are satisfactory for many applications, there are some 
low-level images processing tasks that can be 
efficiently executed using ad-hoc image processing 
capabilities embedded directly in the imager. Thanks 
to the great advantages of CMOS sub micrometer 
technology, allowing even smaller device feature 
size, some recent CMOS image sensors with 
integrated signal processing have been developed, 
following two main approaches: pixel-level and 
array-level processing. 
Proposed system will be a design and development 
CMOS camera based independent motion detection 
camera module which will find out the motion and try 
to find out the exact location of the motions so that 
user can point out the motions location in order to 
give some emergency alerts as the system is mainly  

 
designed for security purpose. Users don’t need to 
attach special computer system to process motion 
detection. 
 
Many digital cameras are equipped with motion 
detection capabilities that allow the camera to react to 
the presence of motion in the field of view. Digital 
cameras detect motion via circuitry that determines 
when the patterns of light striking the camera's lens 
change. Motion detection can be used to activate 
digital security cameras and to correct camera 
settings to capture clear pictures of moving objects. 
Most digital cameras detect motion via a charged 
silicon microchip that is subdivided into light-
sensitive pixels; this chip is referred to as a charge-
coupled device or CCD. When motion occurs within 
the camera's frame of view the pattern of light 
detected by the CCD changes. This change generates 
an electrical charge that is processed by the digital 
camera's central circuitry. Some digital cameras use a 
complementary metal oxide semiconductor circuit, or 
CMOS circuit, to detect changes in motion. This type 
of circuit was originally used as a memory chip but 
also can be used to detect motion. CMOS motion 
detection chips vary the electrical relationship 
between the semiconductors on a circuit according to 
the patterns of light that strike the circuit. Current 
electrical states are compared to previous electrical 
states to determine whether motion has occurred 
within the frame. 
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Some digital cameras offer digital motion correction, 
which automatically changes camera settings to best 
capture a moving subject. When the camera's optical 
motion sensor detects movement, the camera 
automatically adjusts the shutter speed and ISO light 
sensitivity. Speeding up the shutter and raising the 
light sensitivity results in a sharper digital image. 
Digital security cameras use motion as a trigger; they 
only begin filming when motion is detected in the 
area that the camera covers. Most digital security 
systems use a CCD detection chip because quality of 
image is important for security systems and CCD 
circuits provide clearer images than CMOS detection 
setups. 
 
II. DETAILS EXPERIMENTAL 
 

 
Figure 1 - System Architecture 

 
Figure 1 describes the proposed system architecture 
where the CMOS sensor will be used to capture the 
frame at maximum possible speed. These frames are 
then transferred to central processor as array of data 
which will always get store at buffer of exact size of 
captured frame. This buffer will be utilized by the 
processing unit to find out any changes in current 
captured view with respect to buffer image. If there 
are any dissimilarity between buffered image and 
current captured image more that the defined 
threshold values then the system will generate the 
alert signals. Defining the threshold value is 
compulsory CMOS sensor result are environmental 
changes dependent so system will never get exact 
result even after the camera and the scene is steady. 
 
Proposed system is mainly divided in to following 
modules. First is video capturing to get the video 
frames, next is image processing to get the images 
from frame, and next is to get the pixel information 

from the image, the detection of color from pixel and 
at last controlling the hardware. 
 
2.1 RASPBERRY PI  

 
Figure 2 – Raspberry pi board 

 
The Raspberry Pi is a series of credit card-
sized single-board computers developed in the UK by 
the Raspberry Pi Foundation with the intention of 
promoting the teaching of basic computer science in 
schools. Raspberry pi is a small credit-card sized 
computer capable of performing various 
functionalities such as in surveillance systems, 
military applications, etc. The various components of 
Raspberry- Pi are 

1) SD Card Slot is used to install 
OS/booting/long term storage .The total 
memory of the SD card is about 8GB. 

2)  Micro USB Power Port provides 700mA at 
5A. 

3) RCA Video Out is connected to display if 
HDMI output is not used. It is mainly used 
to carry audio and video signals. They are 
otherwise called as A/V jacks. 

4)  Audio Out Digital audio is obtained if 
HDMI is used to obtain stereo audio. Here 
analogue RCA connection is used. 

5)  Ethernet Port is used to connect to the 
Internet. It also plays a role in updating, 
getting new software easier. 

6) HDMI OUT(High Definition Multimedia 
Interface) is used with HDTVs and monitors 
with HDMI input. Also HDMI-HDMI is 
used here. 

7)  BROADCOM BCM 2835: It is otherwise 
defined as System on chip .It is a 700 MHz 
Processor. It has a Video core IV GPU. 

8)  GPIO allows us to control and interact with 
real world. 

 
2.2 SERVO MOTOR 
Servo motors have been around for a long time and 
are used in many applications. They are small in size 
but pack a big punch and are very energy efficient. 
Because of these features , they can be used to 
operate remote-controlled or radio-controlled toy 
cars, robots and airplanes. Servo motors are also used 
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in industrial applications, robotics, in-line 
manufacturing, pharmaceutics and food services. 
 

 
Fig. 3 – servo motor & its assembly 

 
The servo circuitry is built right inside the motor unit 
and has a position able shaft, which usually is fitted 
with a gear (as shown above). The motor is controlled 
with an electric signal which determines the amount 
of movement of the shaft. To fully understand how 
the servo works, you need to take a look under the 
hood. Inside there is a pretty simple set-up: a 
small DC motor, potentiometer and a control circuit. 
The motor is attached by gears to the control wheel. 
As the motor rotates, the potentiometer's resistance 
changes, so the control circuit can precisely regulate 
how much movement there is and in which direction.  
 

 
Figure 4 – system Design 

 
In the figure 3, Raspberry Pi is connected to the USB 
camera with the help of USB port .In the PC 
,Raspbian operating system is installed. Raspberry-pi 
works only on Raspbian operating system ,Linux., 
Raspbian is a free operating system based on Debian 
optimized for the Raspberry Pi hardware. An 
operating system is the set of basic programs and 
utilities that make your Raspberry Pi run. However, 
Raspbian provides more than a pure OS: it comes 
with over 35,000 packages, pre-compiled software 
bundled in a nice format for easy installation on your 
Raspberry Pi. 
 
III. RESULTS AND DISCUSSION 
 
Raspberry Pi has enough power for HD video and 
image manipulation, and can be connected to the 
Arduino board. Connected to Raspberry Pi, Arduino 

can be used as a control unit while Raspberry Pi 
processes video images. Raspberry Pi features 
include Bluetooth and Wi-Fi wireless technologies 
and this is the shortcut to display images directly on 
the Android device. 
 
Based  on this model of motion detection, user is able 
to find out the exact location of the object or co-
ordinate or any unwanted movement and at the same 
time image processing camera which is connected to 
the Raspberry pi for motion detection, will follow 
that object where it will move. The result of this 
whole process will be shown on the video output 
device such as T.V or monitor in the form of Co-
ordinate. The whole process consumes very less 
power as here we use C-MOS sensor for motion 
detection i.e image processing camera, and Raspberry 
pi which require 12V power supply only.  
 

 
Figure 5 – Stationary view 

 

 
Figure 6 - Detection of motion  

 
CONCLUSION 
 
It proved that it is possible to design a miniature 
CMOS sensor which can clear out the undesired 
objects from the scene according to their distance to 
the camera. The main purpose of this design is 
extremely low power consumption. This purpose 
could be achieved by the optimized one-bit CMOS 
motion detector. This motion detector is suitable for 
using with battery-operated portable applications. The 
biggest advantage of a CMOS sensor is that it is 
typically less expensive. Using proper timing control, 
the output transferred curve can be modified to meet 
the need of a real-time nonlinear sensor application. 
Raspberry Pi opens up a whole new chapter when it 
comes to technology today. Not simply because of its 
size but because of its capabilities. The fact that it is 



International Journal of Advanced Computational Engineering and Networking, ISSN: 2320-2106,        Volume-3, Issue-12, Dec.-2015 

Design And Implementation Of Low Power Smart Motion Detection Using CMOS Sensor 
 

46 

so portable allows it to be used for anything. Even 
though it is Linux based and many individuals are not 
familiar with terminal commands, the online 
community for Pi is growing. There has been so 
much input from different users along with tutorials 
online making everyone’s life simple when it comes 
to Pi projects. This can be seen from this security 
camera project. The system can be made by anyone 
who follows these steps. The steps basically focus 
mainly on installations which are done directly from 
the terminal. The program Motion and its 
configuration file perform 90% of the task required 
for the pictures to be taken and sent to the email. 
There is also minor programming involved to send 
email. To even simplify the aspect of the script, the 
user can find a single command that would send an 
email directly from the configuration file using 
programs such as "send Mail" or Postfix.  
Also the instrumentation development in this project 
conclude that, we have able to develop a CMOS 
image sensor with the help of Raspberry Pi board and 
servo motor which will sense the motion & find the 
exact location of motion & will continuously follow 
the motion of that particular object. 
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