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Quality Enhancement

• Joint work with Dung Vo
• Supported by Qualcomm and Texas Instruments
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Color Conversion

Red Channel Green Channel Blue Channel

Y Channel Cb Channel Cr Channel
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Color Artifacts of Compressed Images

 Color bleeding: only DC or coefficients at very low frequencies are non -zero:

! Chroma components have less information than luma component.

! U and V are quantized by a large quantization step size matrix.

 Color mismatch: U and V components do not match to Y component:

! Chroma components are downsampled and upsampled.

! Upsampling is a simple interpolation method.

Example of artifacts in color of MJPEG sequence.

Beside blocking and ringing artifacts as in luma component, artifacts in chroma
components can be seen as:
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Artifacts in Color of Compressed Videos

 Color bleeding:

 For P and B frames: chroma components of the
residual have a few number of non-zero transform
coefficients.

 Color mismatch:

 For P and B frames: motion vectors of the chroma
components are halved of the motion vectors of
luma components.

 Color flickering: inconsistence in color quality over
frames at the same position:

 Different quantization step sizes are applied to
optimize the rate-distortion relation.

Fig. 2. Example of artifacts in color of
H.264 sequence.

Beside artifacts for I frame as in compressed
images, artifacts in videos come from its temporal
characteristic:
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Directional Fuzzy Spatial Filter

 Spatial adaptation: filter strength adapts to the activity of pixels

 Strong filtering for high activity areas.

 Weak filtering for low activity areas.

 Directional adaptation: ringing artifacts occur along the edges

 Strongest filtering is applied in the gradient direction.

 Weakest filtering is applied in the tangent direction.

 Color enhancement:

 Deblocking filter is applied at block borders for chroma components to reduce the blocking artifacts.

Fig. 3. Edge-based filtering. Fig. 4. Flow chart of the directional fuzzy filter.
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Directional fuzzy spatial filter: simulation results

a. Original c. Chen’s methodb. Compressed

d. Liu’s method f. Directional fuzzy filteringe. Isotropic fuzzy filtering
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Directional fuzzy spatial filter: simulation results

a. Original c. Chen’s methodb. Compressed

d. Liu’s method f. Directional fuzzy filteringe. Isotropic fuzzy filtering
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Adaptive fuzzy Motion Compensated Spatio-Temporal Filter (MCSTF)
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 Fuzzy MCSTF: its filtering strength is controlled by an adaptive spread parameter

Fig. 7. Block diagram of the adaptive fuzzy MCSTF

 Spatio-temporal adaptation:

 Amplitude adapts to activity of
pixels in the cubic.

 Directional adaptation:

 Scaling factor adapts to cross-
correlation value of pixels of
matching blocks.

 Color enhancement:

 Deblocking filter is applied for U and V components to reduce blocking artifacts.

 Extra information from chroma components of surrounding frames can help further enhance the
color quality: chroma components are upsampled and filtered by an adaptive fuzzy spatio-temporal
filtering to reduce color flickering.
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Fig. 8. Comparison of filtered results, MJPEG sequence.

Adaptive fuzzy MCSTF: simulation results

a. Compressed c. 3D fuzzy filterb. 2D fuzzy filter

a. Compressed c. 3D fuzzy filterb. 2D fuzzy filter
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Adaptive fuzzy MCSTF: simulation results

a. Original c. Chen’s method

d. Liu’s method

Comparison in video sequences adaptive MCSTF.

b. Compressed

e. Isotropic spatial fuzzy filter f. Spatial-temporal fuzzy filter
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a. Original b. H.264
compressed

c. Fuzzy
spatial filter

d. Adaptive
MCSTF

Comparison of filtered results, H.264 sequence.

Adaptive fuzzy MCSTF: simulation results on H.264 sequence
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Future works

 Chroma enhancement using luma information:

 Enhance chroma components using luma structure to reduce color bleeding.

 Interpolate chroma components using luma information for registration to
reduce color mismatch.

 Motion compensate the chroma components using motion vectors from luma
component and spatio-temporally filter to reduce the flickering artifacts in
colors.

 Chroma interpolation:

 Develop an interpolation method other than the conventional bilinear
interpolation.

 Use the information between U and V to achieve a better interpolation.
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Image Superresolution

• Joint work with Karl Ni
• Supported by NVIDIA and VonLieBig Foundation,

UCSD
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Non-Adaptive Interpolation Methods

Simple:
Bilinear, Bicubic
More Complex:
Splines, Fractals
Slow-varying
image model
Do not account
for sudden
changes (e.g.
object edges )

Images courtesy of Wikipedia ®
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Interpolation Examples - Simple Methods

Complexity of Algorithm

Nearest Neighbor Bilinear Bicubic
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Edge-Directed Interpolation:
Quick Review

Canny Edge Based Expansion [Shi02]

Edge-Guided Image Interpolation
[Zhang06]

New Edge-Directed Interpolation [Li01]

Data-Dependent Triangulation [Su04]

Modify pixels on either side of edge Use linear interpolation within triangles

Estimate high resolution covariances
from low resolution image.

Perform interpolation using two triangles
fuse with weighting scheme

Video Processing Laboratory

Original

Bicubic

Power-Spectral

Edge-directed

Sub-pixel Edge Localization
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Learning-Based Image Interpolation

• Add information to increase resolution

LR
Image

HR
Image

2x
Interpolation

A Priori Knowledge:
In our case, a training set

Parameters
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Classification-based Filtering
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Extensions to Color

• Three interpolators for RGB
• Observation vector is z = (z r, zg, zb)
• Uses luminance: z = 0.299 z r + 0.587 zg + 0.114 zb

• Filtering on RGB channels separately

Convert to Y Cb Cr

f Classify

R Filter

G Filter

R

G

B B Filter

�õ
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Issues with RGB

• No intuitive reason to keep things in RGB
• Formats already come in Y (luminance), Cb Cr

(chrominance)
• Color detail is less detectable to HVS

• Y (luminance) modulation visible up to & beyond 30 cycles/deg
• Cb, Cr (chrominance) modulation not seen above 12 cycles/ deg

(more low-pass)
• Video formats may vary (e.g., 4:4:4, 4:2:0), so it may be

favorable to build regressions based on filters
• Hence, we can build regression off of Y Cb Cr
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Nonlinear Regression:

Video Processing Laboratory

Using a Modified SVR
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Extensions to Nonlinear Regression

• Replace Filters with Regression Techniques
• Still classify on luminance
• Regression on Chrominance, i.e. Cb, Cr components (not RGB)
• Sometimes Cb and Cr are subsampled

Convert to Y Cb Cr
(if necessary)

Y

f Classify

Luminance
Regression

Cb

Cr

Cb Regression

Cr Regression

�õ
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Comparison

(c) Edge Directed Interpolation (c) Proposed Algorithm

(a) Original (b) Bicubic Interpolation



Video Processing Laboratory

Comparisons

(b) Classification-based Linear Filtering (c) Proposed Algorithm

Video Processing Laboratory

Frame Rate Conversion

• Joint work with Ai Mei Huang
• Supported by Conexant, NVIDIA and UC Discovery
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Motion Compensated Frame Interpolation

•• Increase the frame rate using the temporalIncrease the frame rate using the temporal
redundancyredundancy

•• Improve the temporal qualityImprove the temporal quality
(reduce the motion jerkiness)(reduce the motion jerkiness)

f1
f2

f3
f4

f5

t

• In low-bit rate video broadcasting, the encoder often skip frames to meet
bandwidth requirement such as video telephony.

• The conversion between different frame rate formats.
• Motion deblurring for LCD TV.

Video Processing Laboratory

Frame Rate up Conversion
Technology to improve the video temporal quality

• Direct Frame Rate up Conversion
- Assume the received motion vectors are reliable and can be d irectly used for
frame rate up conversion.

bit-streamEncoder FRUCDecoder decoded frames

MVF
f1 f3 f5 …

f1 f2 f3 f4 …

• Bidirectional Frame Interpolation
- Based on the assumption of the linear motion, the skipped fr ame can be
interpolated bidirectionally.
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Frame Rate up Conversion
Problem formulation in Direct FRUC

• The Reliability of the Received Motion Vectors

- In video coding, the motion vectors(MV) are generated to max imize the coding
efficiency instead of finding true motion.

- Co-located MVs around the motion boundary cannot truly rep resent the actual
motion in the interpolated frame.

• Correction for Unreliable Motion Vectors
- To avoid computational motion re-estimation, the received MV field can be used
for FRUC with further motion correction.

- MV reliability, MV correlation, and visual artifacts redu ction should be thoroughly
considered during the motion vector process.

• Block-based Motion

- Block-based MVs usually have limited precision to represen t the real motion, so
blockiness artifacts are often observed in the interpolate d results.
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Frame Rate up Conversion
Conventional decoder-only approaches

• MV Re-estimation algorithms are performed at the decoder to obtain the true motion (high
complexity)
- Block matching algorithms with further consideration on sp atial and temporal MV
correlation. [G. Haan 93]

- Multi-block size motion estimation for global motion and l ocal motion, respectively. [R. Thoma

89]

- Image segmentation techniques are used to refine the estim ated MVs. [S.-C. Han 97]

• Motion Vector Processing methods can be used to obtain the sm oother MV field, to reduce
the visual artifacts, and to classify MV reliability.
- General/adaptive vector median filter can be used to remove motion outliers. [J. Astola,90]

- Blockiness artifacts can be removed by interpolating MV fi eld into a refiner field. [G. Dane, 04]

- A MV reliability analysis can be used to determine if the MV f ield is reliable for FRUC and
which MVs should be corrected. [S. Sekiguchi 05]
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Frame Rate up Conversion
The Proposed MV Classification Method

• Motion Vector Reliability Classification by Analyzing the Residual Energy
- Block-based motion estimation easily fails when a block contains multiple motions. Therefore, we can
often see higher residual energies on these areas.

• Macroblock(MB) Merging Process Based on the Residual Energy Distribution
- The boundary where the motion differs is possibly the place where high residual energies are
distributed.
- We analyze the connectivity of the MBs that have high residual energies and group them accordingly.
By assigning a single motion to each merged group, we can avoid deformed structure.

(direct Interpolation) (residual of frame 15) (classification map) (merging map)
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Frame Rate up Conversion
The Proposed MV Classification Method

• Color Processing in Motion Vector Reliability Classification

- Since the motion estimation often consider pixel values in the luminance domain, it
is likely that an unreliable MV that minimizes the luminance difference but the colors
are often mismatched.

- In the MV classification, we consider both luminance and ch rominance residues
and the residual energy can be represented as:
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Frame Rate up Conversion
The Proposed MV Classification Method

0$ "

0$ "

0$ "

• “color processing” vs. “no color processing”

Direct interpolation, frame 56

Residual energy ( )

Residual energy ( )

MV classification map without color

MV classification map with color2$ "
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Frame Rate up Conversion
The Proposed MV Classification Method

• “color processing” vs. “no color processing”

0$ "

Direct interpolation, frame 14

Residual energy ( )

Residual energy ( )

MV classification map without color

MV classification map with color2$ "
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Frame Rate up Conversion
The Proposed Motion Vector Processing Method

• Multistage Motion Vector Processing
- To avoid broken edges and deformed structures, we hierarch ically refine the motion
vectors on different block sizes.

 MV selection on each merge group (32x32 to 16x16)
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- Absolute bidirectional prediction difference( ABPD) considers both
luminanceluminance and chrominancechrominance information.

MB merging

MV selection
Direct FRUC

Figure 2Figure 1
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Frame Rate up Conversion
The Proposed Motion Vector Processing Method

 MV refinement based on block size 8x8
- We reclassify improper MVs for local motion adjustment with in each merged group.
- Since these unreliable MVs may be located on the motion boun dary, a different MV should
be chosen to correct unreliable MVs.

 MV interpolation based on block size 4x4
- 8x8 block based MV field is interpolated into 4x4 finer fiel d with smoothness
constraint. Blockiness artifacts are removed by minimizin g the difference between
MVs.

MV reclassification

MV refinement

MV interpolation

Figure 2 Figure 3 Figure 4
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Frame Rate up conversion
Simulation Results and Visual Performance Comparison

Direct interpolationOriginal frame 14

Interpolated result using the proposed MV
processing method but without color processing

Interpolated result using the
proposed MV processing method
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Frame Rate up conversion
Simulation Results and Visual Performance Comparison

Direct interpolationOriginal frame 56

Interpolated result using the proposed MV
processing method but without color processing

Interpolated result using the
proposed MV processing method
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Color Enhancement

• Joint work with Jack Tzeng
• Supported by VonLieBig Foundation, UCSD
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Fluidic Lens Camera

An ultra small liquid lens camera invented by Dr. Yu -Hwa Lo with
properties:

 Very Small

 High Optical Zoom Capability

 Power Efficient

 Great for Medical Applications

The two biggest challenges of the device are:
 Image Curvature Issues

 Non-Uniform Reaction to different Color Wavelengths
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Color Image Enhancement

The liquid medium causes
the wave lengths of each
color to focus at different
locations

Our system has only one
CCD, so only one color plane
can be in focus.

Here, green is in focus, while
blue and red are out of focus

Video Processing Laboratory

Conventional Method

• Conventional methods, such as Richardson-Lucy Deconvolution or
Weiner Deconvolution, typically assume that all three color planes
have the same level of blur.

• They do not use information from the green color plane to improve
the edges of the blue color plane.
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The proposed method

• A typical filter bank will separate an image into it’s edge
(BLH,BHL,BHH) and shading components (BLL)

Video Processing Laboratory

The proposed method

• The lens blurs out the edges of the blue image so they can be
removed from the system
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The proposed method

• Since blue and green images exhibit high edge correlation, the green
edges can be substituted without sacrificing shading
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Gaussian Kernel Variance vs PSNR of Blue Image for
Various Methods

Gaussian Kernel Variance with Fixed 21x21
Window
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The proposed method (PR) achieves about 5 dB better than the Lucy-
Richardson algorithm.
At all levels of kernel Variance, the proposed method does better than
conventional methods.

5-6 dB Improvement
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Actual Image from the Device
While the shading component is maintained, edge details along the face
and hair are enhanced by the proposed method.

Original Blue Image Enhanced Blue Image
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Actual Image from the Device

The color along the hair looks more consistent with less blur. The
yellowish haze has been removed along the edges

Original Image Improved Image
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Actual Image from the Device
The edge detail has been dramatically improved for the blue image.

Original Blue Image Enhanced Blue Image

Video Processing Laboratory

Actual Image from the Device
The yellowish haze along the scales and pink portion have been
replaced with sharper, richer color.

Original Image Enhanced Image


