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Last TimeLast Time
z Motion models

– 3D displacement being projected to 2-D image plane
– Describe camera rotation/translation in terms of matrix operations

z Estimate motion from two frames f(x,y,t1) & f(x,y,t2)
– Temporal and spatial intensity changes can be obtained from two frames
– Find correspondences: pixel-level, feature-level, block-level, region-level
– Often assume the intensity of the correspondent pixels doesn’t change

� Optical flow equations
Î determines motion component along normal direction

– General methodologies for M.E.
� Motion representation; M.E. criteria; Optimization/Search strategies

z Block matching by exhaustive search
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Recall: BlockRecall: Block--Matching by Exhaustive SearchMatching by Exhaustive Search
z Assume block-based translation motion model

z Search every possibility over a specified range for the best 
matching block 
– MAD (mean absolute difference) often used for simplicity

From Wang’s 
Preprint Fig.6.6

Motion 
vector
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Exhaustive Search: Cons and ProsExhaustive Search: Cons and Pros
z Pros

– Guaranteed optimal within search range

z Cons
– Can only search among finitely many candidates

� What if the motion is “fractional”?
– High computation complexity

� On the order of  [search-range-size * image-size]  for 1-pixel step size

Î How to improve accuracy?
– Include blocks at fractional translation as candidates ~ require interpolation

Î How to improve speed?
– Try to exclude unlikely candidates
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Fractional Accuracy Search for Block MatchingFractional Accuracy Search for Block Matching
z For motion accuracy of 1/K pixel

– Upsample (interpolate) reference frame by a factor of K
– Search for the best matching block in the upsampled reference frame

z Half-pel accuracy ~ K=2
– Significant accuracy improvement over integer-pel (esp. for low-resolution)
– Complexity increase

(From Wang’s Preprint Fig.6.7)
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Fast Algorithms for Block MatchingFast Algorithms for Block Matching
z Basic ideas

– Skip candidates that are unlikely to give good match
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Fast Algorithm:  3Fast Algorithm:  3--Step Search Step Search 

z Search candidates at 
8 neighbour positions

z Step-size cut down by 
2 after each iteration
– Start with step size 

approx. half of max. 
search range

motion vector 
{dx, dy} = {1, 6}

Total number of computations:
9 + 8×2 = 25  (3-step)
(2R+1)2 = 169  (full search) (From Ken Lam – HK Poly Univ. 

short course in summer’2001)

M. Wu:  ENEE631 Digital Image Processing (Fall'01) Lec13 – Motion Est.(2) & Hybrid Video Coding 10/18/01 [8]

Lowest resolution

Lower resolution

Original resolution

Hierarchical Block MatchingHierarchical Block Matching
z Problem with fast search at full resolution

– Small mis-alignment may give high displacement error (EDFD)
� esp. for texture and edge blocks

z Hierarchical (multi-resolution) block matching
– Match with coarse resolution to narrow down search range
– Match with high resolution to refine motion estimation

(From Wang’s Preprint Fig.6.19)
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Other ApproachesOther Approaches
z Block-matching

– Correlation method (sec.6.4.5)

z Deformable block-matching (sec.6.5)
– Use more block-based motion model than translational model

� e.g., affine/bilinear/projective mapping for each block (sec.5.5)
� square block in current frame match with non-square block in ref.

z Mesh-based motion estimation (sec.6.6)

z Pixel-based motion estimation (sec.6.3)
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PixelPixel--Based Motion EstimationBased Motion Estimation
z Estimate motion vectors at each pixel

– Based on Optical Flow Equation
– Add smoothness constraints on motion field to avoid poor M.E. 
– Gradient based search ~ e.g., steepest gradient descent (Appendix B)

z M.E. criterion
– Expect LHS of O.F. equation to be zero

– Try to minimize the “residue” of LHS

– Smoothness constraints
� Add magnitude of spatial gradient of velocity vectors to objective func.
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Commonly Used Optimization MethodsCommonly Used Optimization Methods
z For minimizing the previously defined M.E. error function 

z Exhaustive search
– MAD often used for computational simplicity
– Guaranteed global optimality at expense of computation complexity
– Fast algorithms for sub-optimal solutions

z Gradient-based search (Appendix B)
– MSE often used for mathematical tractability (differentiable)
– Iterative approach

� refine an estimate along negative gradient directions of objective func.

– Generally converge to local optimal
� require good initial estimate

– Gradient estimation also affects the accuracy and robustness
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Digital Video CodingDigital Video Coding

ÎÎ How to remove redundancy in video and encode it?How to remove redundancy in video and encode it?
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Video Coding: Video Coding: IntrouctionIntrouction
z Simplest way ~ compress each frame image individually 

– e.g., “motion-JPEG”
– Only spatial redundancy is explored and reduced

z How about temporal redundancy?
– Pixel-by-pixel difference could still be large

(From Princeton EE330 S’01 by B.Liu)

M. Wu:  ENEE631 Digital Image Processing (Fall'01) Lec13 – Motion Est.(2) & Hybrid Video Coding 10/18/01 [16]

(From Princeton EE330 S’01 by B.Liu)

Residue after motion compensation

Pixel-wise difference w/o  motion compensation

Motion estimation

“Horse ride”
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DCTDCT--M.E. Hybrid Video CodingM.E. Hybrid Video Coding
z “Hybrid” ~ combined transform coding & predictive coding
z Spatial redundancy removal

– Use DCT-based transform coding for reference frame
z Temporal redundancy removal

– Use motion-based predictive coding for next frames
� estimate motion and use reference frame to predict
� only encode MV & prediction residue (“motion compensation residue”)

(From Princeton EE330 S’01 by B.Liu)
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Hybrid MCHybrid MC--DCT Video EncoderDCT Video Encoder

(From Liu’s Handbook Fig.2.18)
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Hybrid MCHybrid MC--DCT Video DecoderDCT Video Decoder

(From Liu’s Handbook Fig.2.18)
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Hybrid Video Coding: Problems to Be SolvedHybrid Video Coding: Problems to Be Solved
z Not all regions are easily inferable from previous frame

– Occlusion ~ solvable by backward prediction using future frames as ref.
– Adaptively deciding using prediction or not

z Drifting and error propagation
– Solution: Encode reference regions or frames from time to time

z Random access
– Solution: Encode frame without prediction from time to time

z How to allocate bits?
– According to statistics
– Consider constant or variable bit-rate requirement

� Constant-bit-rate (CER) vs. Variable-bit-rate (VER)

Î Wrap up all solutions ~ MPEG-like codec
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About MPEGAbout MPEG

z MPEG – Moving Pictures Experts Group
– Coding of moving pictures and associated audio

z Basic compression idea on picture part
– Can achieve compression ratio of about 50:1 through storing only the 

differences between successive frames
– Some claim higher compression ratio

� Depends on how we calculate
� Notice color is often downsampled, and interleaving odd/even fields

z Audio part
– Compression of audio data at ratios ranging from 5:1 to 10:1
– MP3 ~ “MPEG-1 audio Layer-3”
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Compression RatioCompression Ratio

z Raw video
– 24 bit/pix x (720 x 480 pix) x 30 fps = 249 Mbps

z “Cheating” points ~ contributing about 4:1 inflation
– Color components are actually downsampled
– 30 fps may refer to field rate ~ equiv. to 15 fps
– ( 8 x 720 x 480 + 16 x 720 x 480 / 4 ) x 15 fps = 62 Mbps
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MPEG GenerationsMPEG Generations

z MPEG-1  ~  1-1.5Mbps (early 90s)
– For compression of 320x240 full-motion video at rates around 1.15Mb/s
– Applications:  video storage (VCD)

z MPEG-2 ~ 2-80Mbps (mid 90s)
– For higher resolutions
– Support interlaced video formats and a number of features for HDTV
– Address scalable video coding
– Also used in DVD

z MPEG4 ~ 9-40kbps (later 90s)
– For very low bit rate video and audio coding

– Applications: interactive multimedia and video telephony
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MPEG Generations (cont’d)MPEG Generations (cont’d)

Format Video
Parameters

Compressed
bit rate

SIF 352x240 at
30Hz

1.2-3 Mbps → MPEG-1

CCIR 601 720x486 at
30Hz

5-10 Mbps

EDTV 960x486 at
30Hz

7-15 Mbps

HDTV 1920x1080 at
30Hz

20-40 Mbps
→ MPEG-2

(From Ken Lam – HK Poly Univ. 
short course in summer’2001)
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MPEGMPEG--1 Video Coding Standard1 Video Coding Standard
z Block-based hybrid coding (DCT + M.C.)

– 8x8 block size as basic coding unit
– 16x16 “macroblock” size for motion estimation/compensation

z 3-Type frame structures
– I-frame ~ intra-coded (w/o prediction)

� like JPEG
– P-frame ~ predictively-coded (w/ previous frame as reference)
– B-frame ~ bidirectionally predictive coded

z Group-of-Pictures (GOP)
– Frame order

I1 BBB P1 BBB P2 BBB I2 ……
– Coding order

I1 P1 BBB P2 BBB I2 BBB ……

(From Liu’s 
Handbook 
Fig.3.13)
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“Adaptive” Predictive Coding in MPEG“Adaptive” Predictive Coding in MPEG--11
z Half-pel M.V. search within +/-64 pel range

– Use spatial differential coding on M.V. to remove M.V. spatial redundancy

z Coding each block in P-frame
– Predictive block using previous I/P frame as reference
– Intra-block ~ encode without prediction

� use this if prediction costs more bits than non-prediction
� good for occluded area
� can also avoid error propagation

z Coding each block in B-frame
– Intra-block ~ encode without prediction
– Predictive block

� Use prev. I/P frame as ref. (forward prediction), 
� Or use future I/P frame as ref. (backward prediction),
� Or use both for prediction and take average
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Coding of BCoding of B--frame (cont’d)frame (cont’d)

Previous frame
Current frame

Future frame
A

B C

B = A ⇒ forward prediction
B = C ⇒ backward prediction

or B = (A+C)/2 ⇒ interpolation

one motion vector

two motion vectors
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Quantization Quantization for Ifor I--frame (Iframe (I--block) & M.C. Residues block) & M.C. Residues 
z Quantizer for I-frame (I-block) 

– Different step size for different freq. band (similar to JPEG)
– Default quantization table
– Scale the table for different compression-quality

z Quantizer for residues in predictive block
– Noise-like residue 
– Similar variance in different freq. band
– Assign same quantization step size for each freq. band
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SummarySummary
z Motion estimation

– Improve block-matching
– Pixel-based

z Hybrid video coding

z MPEG-1 standard based on hybrid coding

z Next lecture
– Standards evolved from or similar to MPEG-1

� MPEG-2, H.26x

– Object-based video coding & MPEG-4
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AssignmentAssignment
z Readings

– Motion Estimation:  Wang’s book Chapt.6.3-6.4, 6.9-6.10, (6.5-6.8)
– MPEG coding

� Wang’s book Chapt.13

� [Handout] Liu’s Handbook Chapt.1-3

� “Classic” MPEG-1 tutorial by Le Gall in Communications of ACM (’91)
http://www.acm.org/pubs/contents/journals/cacm/1991-34/

z Project Building-Block 2 ~ Image Coding
– Due on Thursday 10/25 1:59pm
– Make sure your codec is working ☺

� we will test it with images not yet given

– TA supervised Jasmine Lab hour
� Fri. 10/19 2:00-3:30p


