
VIDEO CODING BY MODEL-BASED STABILIZATIONC. Morimoto P. Burlina R. Chellappa and Y. S. YaoCenter for Automation Research,University of Maryland,College Park, MD 20742, USA.ABSTRACTWe study the performance associated with model-based video coding schemes using global motion modelsfor motion compensation. Reference frames and com-pensated frame di�erences are coded using a methodsimilar to MPEG, employing transform coding, quan-tization, and Hu�man coding. The traditional blockmatching motion compensation approach is comparedto globalmotion compensation approaches derived from3D motion stabilization methods, using similarity andprojective transformations. 3D model-based motioncompensation is achieved by derotating the input se-quence. This yields a projective transformation, whichunder certain circumstances, is well approximated by asimilarity transformation. Experiments are carried outto analyze the performance of each scheme for compa-rable coding rates.1. INTRODUCTIONCurrent source coding techniques applied to video se-quences rely on modeling image motion as local 2Dtranslations. In MPEG, the compensated frame di�er-ences and reference images are transform coded, andthe transform coe�cients are quantized and entropycoded (e.g. by Hu�man or arithmetic coding). Ex-isting video compression standards are essentially vari-ants of this scheme based on motion compensation anddiscrete cosine transform (MC-DCT) [1, 4, 7]. Thesemethods yield unacceptable performance at very lowbit rates. Alternative approaches to block matching formotion compensation that relies on the use of globalmotion characteristics have received increased atten-tion [5, 3]. We study a motion compensation schemederived from 3D model based video stabilization [8].This method uses derotation which results in compen-sation through a projective transformation, or it's ap-proximation, a similarity transformation. We presentexperiments comparing the performance resulting frommotion compensation utilizing block matching, similar-

ity and projective transformations, obtained for equiv-alent coding rates, for various video sequences.2. COMPENSATION BY STABILIZATIONWe summarize below the various steps characterizingour method. We extend the approach reported in [8]and consider motion compensation using 3D model-based stabilization. Distant points are used for esti-mating the instantaneous rotation of the camera. Thesequence is then derotated using a simple projectivityoperator whose eight parameters (8P) are computedfrom the 3 instantaneous rotation parameters and theintrinsic camera parameters [8]. The transformationrelating the image plane positions p1 and p2 of a givenpoint at t1 and t2 are then expressed asp2 = (cTp1 + 1)�1(Ap1 + b) (1)For an arbitrary rigid motion, if all imaged points arecoplanar, the above relationship still holds. When theintrinsic parameters are unknown, nominal values areassumed to avoid estimating all the parameters, whichmost often yields an ill-conditioned system. A projec-tive transformation is well approximated, under certaincircumstances, by a similarity transformation (a�ne),p2 = Ep1 + f (2)where E includes only scaling and rotation, resultingin a 4-parameter (4P) transformation. These two ap-proaches (4P and 8P motion compensation) are com-pared to a traditional block matching (BM) motioncompensation scheme.Local motion estimates are traditionally computedby block matching, by searching for the block that min-imizes a given error measure, such as Mean AbsoluteDi�erence, or Normalized Cross Correlation [2]. Globalmotion estimates are computed by tracking a small setof image features using the Sum of Squared Di�erences.The feature displacements are then used to �t the sim-ilarity or projective model to obtain the global motionparameters.



For coding purposes, we use a classic approach usedin MC-DCT schemes such as MPEG. The referenceframes and compensated frame di�erences are trans-form encoded. The transform coe�cient is uniformquantized, the resulting diagonally scanned bit streamis run length coded and Hu�man encoded. Di�erentquantization matrices are employed for intraframes andcompensated frame di�erences.3. PERFORMANCE ANALYSISFeature tracking was implemented in a Datacube MaxVideo 200 connected to a SUN SPARCstation 20/612.Motion compensation and frame di�erences can be pro-cessed at about 15 frames.s�1 (this includes trackingnine features within displacement of up to �15 pixels).We show in this section three experiments, eachusing sequences composed by 30 frames of resolution256�256�8. The �rst experiment was performed on asequence exhibiting smooth dominant translation. The�rst frame is taken as the intraframe and the compen-sated frame di�erences are computed and transformcoded for each subsequent frame. We show in Fig-ure 1.(a) the resulting PSNR for each decoded frame.Clearly after the 10th frame the 4P compensation yieldsbetter results when compared to the BM. This sug-gests that for large displacements the 4P compensa-tion works better, so that the intraframe does not needto be updated as often (this is further supported bythe second experiment). Figure 2 shows the 1st, 10th,20th and 30th frame of the original sequence, and thecorresponding reconstructed frames using BM and 4Pmotion compensation methods. For a video rate of 10frames.s�1, the overall coding rate equals to 72Kb.s-1.The second experiment also compares the BM and4P based compensations. The sequence was obtainedby panning the camera, causing average displacementsof 10 pixels per frame. Images from the original anddecoded sequences using BM and 4P motion compen-sation are shown in Figure 3. Subjective analysis showsthat the 4P compensation yields superior results. Thisis con�rmed by Figure 1.(b), which shows the perfor-mance decay of both schemes in dB. It can be seenthat the 4P method always outperforms the BM. Thissequence has a coding rate of about 25 Kb.s�1.The last experiment involves a sequence with dom-inant rotation, where we compare the BM compensa-tion with the 8P based motion compensation. Thissequence has a coding rate of about 40 Kb.s�1 ThePSNR plot shown in Figure 1.(c) shows that the 8Poutperforms the BM after the seventh frame. This canbe seen in Figure 4, where it can be observed that thequality of the 8P compensation is better than the BM
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(a) Sequence 1 (b) Sequence 2 (c) Sequence 3Figure 1: Performace degradation for compensated frame di�erences for the Sequences 1, 2 and 3.
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