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Abstract. A motion compensated de-interlacing algorithm is proposed to 
recover the defects of interlaced video frame for capturing motion object. In this 
algorithm, two anti-noise background fields are formed by analyzing the 
temporal correlation of pixels between adjacent same parity fields. To each 
field, the subtraction with the corresponding background is used to detect 
motion object. To avoid the inaccurate detection caused by the difference 
between the spatial scanning positions of odd and even field, the motion objects 
are detected with same parity field and background field. Then motion 
estimation technology is used to measures the inter-field motion, find out the 
motion vector between the odd field and even field. Based on the motion vector, 
an interpolation filter is designed to shift the pixels of the motion object in the 
two temporally displaced fields to a common point in time. This de-interlacing 
algorithm maximizes the vertical resolution of the motion objects. Experimental 
results show that the proposed algorithm could achieve higher image quality on 
motion object, and the computational complexity is acceptable for consumer 
computer applications. 

Keywords: de-interlacing, motion compensation, motion estimation, motion 
detect, motion object. 

1   Introduction 

The conventional television system based on interlaced video signal has been widely 
used for many decades. There are many systems transmit or record video in PAL or 
NTSC format. The interlaced video signal means that during the image capture 
process, the camera outputs the odd lines at one instant in time, and then several 
milliseconds later, outputs the even lines. Odd lines make up odd field and even lines 
make up even field. Interlacing reduces the bandwidth by half, is a way to display the 
nonmoving parts with full resolution and the moving parts with half resolution, but 
fluidly. It is a very clever way to cut bandwidth without sacrificing much quality [1]. 
But in some cases it is necessary to get one full frame from the two fields. A traffic 
surveillance and automobile license plate identification system, for example, is 
required to capture moving objects and to allow viewing of details within a moving 
image. 
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Fig. 1. An example of interlaced effect on moving object 

Because of a time delay between two half-frames which is approximately 16ms for 
NTSC standard and approximately 20 ms for PAL and SECAM standards [2], a 
temporal shift occurs between the odd and even lines of the image. After combing two 
adjoining half-frames an interlaced effect appears on moving object’s edges. This 
problem is illustrated in Figure 1.  

Therefore, the de-interlacing process attempts to remove interlace effect by 
creating a clean frame from the two fields. Many de-interlacing algorithms have been 
proposed [3-7]. These methods can be classified into two basic categories: motion 
compensated and non-motion compensated. When restoring a full frame from two 
half-frames, most of non-motion compensated methods base on one of the half-
frames, and calculate moving pixels which need to be corrected from the basic one 
using an interpolation method. These mathematical methods lead inevitably to 
information loss right up to losing all the information of one of the half-frames [6], 
especially in regions with significant motion. In contrast with non-motion 
compensated method, motion compensated de-interlacing using maximum 
information of both half-frames. It is the most advanced method of de-interlacing [7], 
but it requires significant compute resources to implement. 

In this paper, we present a low computation requirement de-interlacing algorithm 
based on motion compensation. It adapts to divide quick moving object from 
background and interpolate moving pixels based on motion vector. Comparing with 
conventional methods, it produces higher image quality on motive object. 
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The organization of this paper is as follows. The motion compensated de-interlacing 
is reviewed in section 2. The proposed algorithm is presented in section 3.  Experiment 
results are presented in section 4. Finally, our conclusion is given in section 5. 

2   Motion Compensated De-interlacing 

Since the position of a moving object will be different in the two half-frames, if one 
measure the inter-filed motion vector and then align data between the two half-
frames, more inter-field information can be used. Motion compensated de-interlacing 
is the technique attempts to interpolate pixels base on motion vectors. 

Motion compensated de-interlacing can be symbolized as: 
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where ),( nxf  is the brightness value of the pixel in field n, at position tyxx ],[= , 

t  for transpose, ),( nxf  the input field and ),( nxF  the de-interlaced output 

frame, t
yx nxdnxdnxd )),(),,((),( =  for the motion vector at spatial position x  

in field n. 

Obviously, the accuracy of motion vector ),( nxd  is key factor to de-interlace 

frame correctly. In general, finding out the motion vector is typically implemented as 
a block-matching motion estimation process. Typical block sizes range from 4x4 to 
8x8. However, the complexity of real-time block matching is significantly higher. The 
extra hardware is required to perform the complex motion estimation and 
compensation process. For example, real-time motion estimation for CIF (352 x 288) 
30 frames per second (fps) video with [-16, +15] search range requires 9.3 Giga-
operations per second (GOPS). If the frame size is enlarged to D1 (720 x 480) 30fps 
with [-32, +32] search range, 127 GOPS is required [8]. To reduce computation in 
real-time system, an improved motion compensated de-interlacing algorithm for 
motive object capture is proposed.  

3   The Proposed Motion Compensated De-interlacing Algorithm 

The proposed algorithm consists of three stages, that is, motive object detection, 
motion estimation and motion compensated de-interlacing filtering. We will discuss 
them in detail in the following. 

3.1   Motive Object Detection 

Motive object detection is the essential pre-stage of motion estimation. In order to 
extract motive objects, background subtraction method is adopted. Widely used in 
surveillance system, background subtraction is an efficient method to discriminate 
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moving objects from the still background [9]. The idea of background subtraction is 
to subtract the current image from the still background, which is acquired before the 
objects move in. 

To avoid the inaccurate detection caused by the difference between the spatial 
scanning positions of odd and even field, the proposed method form two anti-noise 
background fields by capturing the statistics from the first N  background frames: 
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where )(0 xB is the brightness value of the pixel in odd background field, at 

position tyxx ],[=  and )(1 xB  is the even one. Then the motion objects located 

displaced in adjoining fields are detected by subtracting the current field from 

background field with same parity. The brightness difference value )(0 xD  and 

)(1 xD  are defined as: 
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If )(0 xD  or )(1 xD  is larger than a given threshold, current pixel x  is classified 

to the motive object. Otherwise, the pixel x  belongs to the background. Then an 
assumable motion vector can be calculated by comparing the centroids of the motion 
object located displaced in the two half-frame. 

3.2   Motion Estimation 

As described in previous section, the accuracy of motion vector ),( nxd  is key factor 

to de-interlace frame correctly. The goal of the motion estimation is to get an accurate 
motion vector of inter-field object moving. To achieve this goal, an improved block-
matching method is adopted.  

Considering low computation requirement, only one block within the area of 
motive object is chosen in the even field, and the motion of the block in the even field 
is estimated by matching to candidate blocks in the previous odd field. The size and 
position of the block depend on the size and the user most interested part of motive 
object. In order to reduce search positions, the search positions are calculated base on 
the assumable motion vector which was found in motive object detection stage. Then 
a search of lowest brightness distortion block among the entire candidate blocks is 
performed. 
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The proposed block-matching can be expressed as: 
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where ( , )SAD x y  is the sum of absolute differences of the candidate block at search 

position ),( yx , the block size is NM × , 

{ }10,10)1,],([ −≤≤−≤≤+ NjMinjif t  means current block data in even 

field 1+n , { }10,10),],([ −≤≤−≤≤++ NjMinyjxif t  means candidate 

block data at search position ),( yx  in odd filed n , ]1,[ −− pp is the search range, 

],[ aa yx is the assumable motion vector which was found in motive object detection 

stage, and )1,( +nxd is the motion vector of current block with minimum SAD 

among 2)2( p search positions. 

3.3   Motion Compensated De-interlacing Filter  

In the previous two sections, the inter-field motion vector of motive object has been 
calculated by the proposed method. Based on the motion vector, an interpolation filter 
is designed and the missing pixels in motive object could be interpolated by applying 
median filter on the spatial neighbors in the vertical direction and the predict position 
in the next even field. 

The final output can be defined as: 
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4   Experimental Results 

The proposed algorithm was simulated on a Celeron CPU 2.53GHz PC for 
performance evaluation. We used interlaced video sequences of spatial size 720 x 576 
 

 

Fig. 2. An interlaced frame of the test sequences including a fast moving object 

 
(a) 

 
(b) 

Fig. 3. Motive object detection results: (a) odd field, (b) even field 
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  (a)     (b) 

  
  (c)     (d) 

Fig. 4. Partial image of motive object: (a) original, (b) line average, (c) median filtering, (d) 
proposed method 

 

 
  (a)     (b) 

 
(c) 

Fig. 5. Enlarged image of license plate areas: a) line average, (b) median filtering, (c) proposed 
method 

which are captured on road for testing. The average processing speed is over 25 
frames per second. For comparison, tow simple de-interlacing methods, line average 
and median filtering, were applied to same sequences. 

Figure 2 is an interlaced frame of the test sequences including a fast moving object. 
The motive object detection results are shown in Figure 3. The de-interlacing results 
on this moving object are shown in Figure 4. Figure 5 are enlarged images of license 
plate areas. It can be seen that the image quality of the proposed method outperforms 
the line average and median filtering method. 
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5   Conclusion 

The proposed motion compensated de-interlacing algorithm employed maximum 
information of both half-frames to interpolate the missing pixels of the motive object, 
maximized the vertical resolution of the motion objects. It could achieve higher image 
quality on motion object, and the computational complexity is acceptable for 
consumer computer applications. 
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