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Abstract- Frame Rate Up-conversion(FRUC) is essential to display a low frame rate to high frame rate video signals within 
the limited bandwidth. In this paper, we propose the FRUC of high definition(HD) video based on feature-based robust3-D 
recursive search(3-DRS) motion estimation(ME)by focusing the problem that 3-DRS algorithm can propagate some wrongly 
estimated motion vectors(MVs) between original frames. First, we set a feature point patch in previous frame through the 
features from accelerated segment test(FAST) detector by using adaptive thresholding process(ATP). Second, to calculate 
the initial MV, we implement the uni-directional ME from a feature point patch to corresponding block in current frame. 
Third, the weighted average value of feature point vectors is adopted for initial MV, then,perform the robust 3-DRS ME 
based on bi-directional by using initial MV to reduce the error propagation and get a true motion. Last, the overlapped block 
motion compensation(OBMC) is performed for getting better visual quality and reducing the blocking artifacts. 
Experimental results of proposed algorithm show that the performance subsequently improves that of conventional methods. 
 
Indexterms- Frame rate up-conversion, Motion estimation, Robust 3-D recursive search, Features from accelerated segment 
test. 
 
I. INTRODUCTION 
 
Frame rate up-conversion(FRUC) is the technique 
that shows a low frame rate video signals to high 
frame rate video signals within the limited bandwidth 
by generating interpolated frames between original 
frames. In addition, FRUC can reduce the motion blur 
in a hold-type display, such as a liquid crystal 
displays (LCDs) by increasing the frame rate and this 
technique is also used for film to video conversion. 
The earliest method of FRUC was that simply 
duplicates the original frame or averaging its previous 
and successive frames. However, these methods has a 
serious drawback in the video sequences with 
intricate motions. Although these methods work well 
with stationary or slow motion images, motion 
fluctuation is detected when the image has large 
motion. These FRUC methods do not consider 
motion information between original frames. 

In order to alleviate disadvantages of previous 
methods, various FRUC algorithms have been 
proposed. Among them, motion-compensated frame 
rate up-conversion(MC-FRUC) based on block 
matching algorithm(BMA)[1] is the most popular for 
reducing the motion fluctuation. MC-FRUC estimates 
the motion vectors(MVs) between the reference 
blocks in previous frame and processing blocks in 
current frame using sum of absolute differences(SAD) 
in ME process. After that,motion compensated 
interpolation (MCI) is performed to interpolate the 
new generating frames in the corresponding position 
of motion trajectory.In conclusion,ME process is the 
most crucial point in MC-FRUC algorithm. In other 
words, the accuracy and consist of MV is very 
important issue. 
There are three types of ME process in FRUC: uni-
directional ME by using full search[2], bi-directional 

ME by using full search[3], and 3-D recursive 
search(3-DRS) ME[4], [5], commonly. As in [2], uni-
directional ME algorithm is performed through 
backward or forward direction by utilizing SAD in 
search area. Because this algorithm finds the MV 
between original frames in only one direction. 
However when generating the interpolated frame, it 
can occur holes and overlapped areas. Contrary to 
uni-directional ME, the bi-directional ME algorithm 
find the MV from the interpolated frame to original 
frames using sum of bi-directional absolute 
differences(SBAD). It can obtain any holes and 
overlapped areas. Nevertheless, this method also 
caused the incorrect MV because of the spurious or 
false temporal symmetry in background of frame. 
To improve these demerits, several true ME 
algorithms have been proposed. One of the most 
popular true ME methods for FRUC is 3-DRS as in 
[4], [5]. 3-DRS algorithm is performed to produce a 
smooth and accurate MV field by using the spatial, 
temporal, and update candidates.In other words, 
instead of full search algorithm, 3-DRS limits the 
number of MVs to those already estimated for 
reducing the risk of reaching a wrong minimum.It is 
calculated by using two steps. First, calculate the 
SAD value between candidate set and current block. 
Second, select current MV from the candidate MV 
using minimum SAD value. This 3-DRS algorithm is 
very efficient and suited for the implementation for a 
real-time system. However, in 3-DRS ME process, 
once the MV of a block is wrongly estimated, it tends 
to be propagated to the not estimated blocks in the 
interpolated frame. It is called error propagation of 3-
DRS ME. 
In this paper, we propose novel 3-DRS ME algorithm 
to compensate above issues. The section is organized 
as follows. The structure of the proposed FRUC 
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algorithm is illustrated in Section II. In Section III, 
we propose simple and adaptive algorithm about new 
robust 3-DRS ME based on the FAST detector for 
reducing error propagation and generating correct 
MV field. In Section IV, the experimental results are 
represented through peak signal-to-noise ratio(PSNR), 
structural similarity(SSIM), and subjective visual 
quality. Finally, concludes this paper in Section V. 
 
II. OVERALL 
STRUCTUREOFPROPOSEDALGORITHM 
 
Figure 1 shows the overall framework of the 
proposed FRUC algorithm. First, obtain the corner 
point that is feature point through FAST detector 
using adaptive thresholding process (ATP) in the 
previous frame. It is because the feature point has 
important information in original frame. Second, set 
the feature patch centered at feature point in the 
previous frame, respectively. Third, the uni-
directional ME is performed from previous to current 
frame. Then, to calculate the 3-DRS ME, uni-to-bi 
directional conversion is implemented. After that, the 
robust 3-DRS ME is performed by following raster 
scan order. Finally, get the interpolated frame by 
OBMC [11]. 

 
Figure 1:  Overall flowchart of the proposed algorithm 

 
III. FEATURE-BASEDROBUST 3-DRS ME 
 
A. FAST detector using ATP 
Sincethe texture information, i.e. important 
information, is abundant in the local area around the 
feature point,the feature point detection is extensively 
used for image/video processing. Among various 
feature detectors, the FAST detector [6] is proven to 
be a good performance. The FAST detector is 
performed as follows. First, select the processing 

pixel in the image. Second, set the appropriate 
threshold value. Third, set the circle consisting of 16 
pixels around processing pixel. Then, check the circle 
pixels whether or not contained in the specific 
condition as described in [6]. If the number of circle 
pixels of sequentially contained in the rangeare larger 
than 9,10,11, or 12, processing pixel is determined as 
temporaryfeature point. Last, fast test based on ID3 
decision tree is performed to exclude the unreliable 
feature points. The ID3 decision tree method is 
described in [10]. The FAST detector example image 
and the feature pixel example are shown in [6].  

The FAST detector is fast in speed because it 
compares pixel intensity value using ID3 decision 
tree method. In addition, the FAST detector can 
produce a feature points of adequate quality.However, 
the FAST detector has a serious disadvantage that 
depends on the threshold, i.e. user parameter.In order 
to compensate the defect of threshold, ATP is applied 
in proposed algorithm. ATP is the adaptive difference 
value between the pixel intensity average value of 
neighboring 16 pixels around the processing pixel 
and the processing pixel intensity value.The 
neighboring 16 pixels around the processing pixel are 
already described above.We can obtain the superior 
feature point by checking the adaptive threshold 
value. 

 
Figure 2: Example of weighted average using feature patch 

 
B. Unidirectional Motion Estimation Using 
Feature Patch and Uni-to-Bi-directional 
Conversion 
Next, the 17×17 patch around the feature point is 
defined as a feature patch, and a frame is divided into 
16×16 blocks. The uni-directional ME is performed 
by using SAD equation (1) between feature patch in 
previous frame and current frame. 
 

 
 
Where (dx, dy)  means the MV 
coordinate, B and B stands for the horizontal and 
vertical size of block when we find the MV 
coordinate, respectively. f and f  denote the 
previous and current frames, and  
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Figure 4: The flowchart of robust 3-DRS ME 

 
∆vdenotes the searched MV. As shown in Figure 2, 
the interpolatedblock is covered with multiple feature 
patches. Therefore, we determine the weighted value 
ω  by using the proportion of MV in processing 
16 × 16 blocks for pixel unit. Then, the weighted 
average is calculated byusingω .After obtaining all 
feature MVs,uni-to-bi-directional conversion is 
performed because we use theseuni-to-bi-directional 
MVs for candidate MVs in robust 3-DRS ME. 
 

 
Figure 3: Candidate MV sets 

 
C. Robust 3-DRS Motion Estimation 
The robust 3-DRS algorithm is implemented by using 
the candidate sets. The candidate sets are composed 
of two different sets of search locations which are 
applied based on several PSNR checks. Figure 3 
represents the candidate MV sets. Figure 3(a) is 
consists of a small number of search locations 
including spatial, temporal, and feature candidate sets. 
In Figure 3(b), the dilatational search location sets are 
composed of a lot of locations including the zero MV. 

S, T, and F denotes spatial, temporal, and feature 
candidates, respectively.  

The feature candidates are used for preventing the 
error propagation in 3-DRS ME.In addition, if spatial 
and feature candidates are same position, the feature 
candidates are selected as the spatial candidates. 
Because the feature candidates are more powerful 
than spatial candidates. 
The flowchart for robust 3-DRS algorithm is given in 
Figure 4. First, the proposed algorithm checks 
whether the vectors in primary candidates are exist 
belonging to the same object.It represents similar 
motions in fixed range. In other words, primary 
candidates are consistent with the motion of the 
current processing block. Therefore, we calculate the 
difference between each pair of the candidate MVs in 
the primary candidate set, as in equation (2). 

 
v , v mean horizontal and vertical components of a 
candidate MV, respectively. Where V , V represent 
each pair of the MVs in the primary candidate set. If 
the V  is smaller than predefined experimental 
parameter 2, it means that the motion associated with 
neighboring blocks is likely to be almost same as the 
motion of the current processing block. Therefore, we 
set the median value퓂of the primary candidate of the 
current block. However, If only median vector has 
adopted, the incorrect vector filed can be formed 
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because of the recursive behavior of motion vector 
selection. Thus, we also set the median vector’s 
random update added value, i.e.퓂 + U .The update 
values are chosen randomly from set U  in (4) and 
are added to median MV to form new candidate. 
Then, among these vectors, minimum SBAD is 
selected as current block’s MV. SBAD equation is 
denoted in (3). 

 
 
However, if theV is larger than experimental 
parameter 2, it means that inconsistent MVs is exist 
around the current block. Thus, MVs in primary 
candidate set are searched individually. It means 
minimum SBAD value is calculated for all primary 
candidate set. Then, if the minimum SBAD value is 
smaller than the average SBAD of previous frame 
SBAD h h , the MV of minimum SBAD value is 
selected as current MV. But, if the minimum SBAD 
is larger than SBAD h h , the selected MV 
represents unavailable value, and therefore additional 
search locations that consisting of 5 temporal 
candidates and zero motion should be evaluated. 
These additional candidates are defined as secondary 
candidate set. If the minimum SBAD values of 
secondary candidates are smaller than the minimum 
SBAD of primary candidate set, the MV of minimum 
SBAD in secondary candidate set is used for current 
MV. 

Finally, when we fill the all MVs of interpolated 
frame, OBMC [11] is implemented to generate a new 
interpolated frame. It is substantially reduce the 
blocking artifacts and provide high visual quality in 
video applications by using weighted coefficient of 
bilinear window and implement by overlapping with 
the neighboring blocks. 
The proposed algorithm significantly reduces the 
number of SBAD calculations, i.e. computational 
complexity, and maintain the PSNR and subjective 
visual quality by generating a smoother MV field. 
And also, it prevent error propagation in 3-DRS ME 
process and preserve the time while keeping PSNR, 
SSIM, and time. 
 
IV. EXPERIMENTAL RESULTS 
 
For evaluating the objective performance of the 
proposed algorithm, PSNR, SSIM, and processing 
time are used. These are used for evaluating objective 
quality of FRUC. The experimental results are 
compared with trilateral filtering (Trilateral) [7] and 
high definition video application (HDVA) [8], and 
direction-select algorithm (DS-ME) [9].The reference 
algorithms of [7], [8] are applied that uni-directional 
and bi-directional ME. [8] algorithm is one of the true 
ME algorithms for HD FRUC. 
Test conditions of experimental result are as follows. 
High definition (HD) sequences, which include 
PeopleOnStreet, Traffic, BQTerrace, BasketballDrill, 
BQMall, BQSquare, FourPeople are used in the 
experiment. We opted for the 16×16 block size in all 
cases.When uni-directional ME based onthe feature 
point is operated, the search range of full search is set 
to ±32.  

 
Table 1 

Average of PSNR, SSIM, and Time of Test Sequences 

 
 

As shown in Table1, PSNR, SSIM, and processing 
time is calculated. It achieves good performance in 
the average PSNR, SSIM, and time better than DS-
ME and Trilateral because of 3-DRS ME by using 3 
different candidates of robust 3-DRS algorithm, i.e. 
spatial, temporal, and feature candidate, to obstruct 

error propagation in conventional 3-DRS ME 
algorithm. Although processing time of the HDVA 
algorithm is similar with proposed, the proposed 
algorithm shows an overwhelming performance for 
speed versus PSNR and SSIM ratio.In addition, 
Figure 5, 6, and 7 show outstanding performance in 
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subjective visual quality of 
Traffic(2560 × 1600),BQMall(832 × 480),and 
FourPeople(1280×720). 
Subjective visual quality also can be greatly 
improved in our proposed algorithm because we 
generate error-prevention MV field by using feature 
detection and perform OBMC to remove blocking 
artifacts. 
 
CONCLUSION 
 
In this paper, we proposed robust 3-DRS motion 
estimation with feature point detection, i.e. FAST 
detector, for FRUC of HD video applications. It is 
effectively increases the PSNR and SSIM comparing 
with existing algorithms by generating error-
prevention and consistent MV field. The objective 
and subjective results are showed that the proposed 
algorithm has good performance because it adaptively 
use spatial, temporal, and feature candidates through 
robust criterion in ME process.  
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Figure 5: Interpolated results of the 70th frame of the  Traffic(2560×1600) sequence as calculated by (a) Trilateral; (b) HDVA; (c) 

DS-ME; (d) Proposed. 
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Figure 6: Interpolated results of the 38th frame of the BQMall(832×480) sequence as calculated by 

(a) Trilateral; (b) HDVA; (c) DS-ME; (d) Proposed. 

 
Figure 7: Interpolated results of the 106th frame of the FourPeople(1280×720) sequence as calculated by 

(a) Trilateral; (b) HDVA; (c) DS-ME; (d) Proposed 
 
 
 
 

 


