Title: METHOD AND APPARATUS FOR VARI ABLE ACCURACY | NTER-PI CTURE Tl M NG
SPECI FI CATION FOR DI G TAL VI DEO ENOCODI NG W TH REDUCED REQUI REMENTS FOR

Di V][ SI ON OPERATIONS Abstract: A nethod and apparatus for
perform ng | jon i ol ﬂﬁop IR AToRTRERAIPER 9
1). Speci ?’lz @H@kﬁﬁ%ﬁ%}é&&#{&ipkgﬁ'#%ﬁ&%%ﬂsc oé Zl\sfﬁa&g%/ﬂs]z?é m t f\ljgtg qui ck)l y
cal cul ates estimated notion vectors i very efficient manner (Fig. 1,

i tem 160). PhWerd Inteiseal REoperty o £ g :"‘%&\ plicand is determne

o d b
mul tiplying a f%eglfagggf Fay time dif e!lllﬂﬁiﬂllﬂﬂﬂﬂllﬂlllmllm‘lllllﬂl?llll_llﬂﬂllldlliliﬂlllliﬂiﬁﬂé}wﬂlﬂllé

and a second Vi Ure by a po P Fig. 1,

and a s Ih_ L RdE Y wo scal e val ue

, : S ste cal es a numepr for 151%?9 Sication Nuhfen 120) .

Next, the ¢ h‘%ﬂ‘ﬁ%@% ?P?f]&@ onDale a1 ed b gﬁ) dﬂa Oﬁgﬁ g ]I\Igét

nuner at or bﬁg S %‘( ¥ S%OO spl ay tlf’?;l* gi f1¥er Ievycg 2@@ 5?@% ond

video prctureand a thirdvideo picrure. 1he scaled 1ario s then srored

cal cul afPnigterpationy BatepbElpsgificaiont: g tHOAN &/12.py(74) %%EB‘]; Fgg‘;?ﬁﬁ”?&%ﬁ%@é %ﬂé? A"
RO kT W th good  pr

the esti mat 8d°Wt?%n vectors can be cal cul ate ci sion

Since B8 REALESnah s ARy ST 9N {1 cant, bl g ANAEANELAONE RE, ACRLSu .

. Di
perfor Bushoosholen 1 )AZ, A, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,
(22) International Filing Date: 7 August 2003 (07.08.2003) HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ,LC, LK,
LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,
(25) Fﬂing Language; Enghsh MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG‘, SK, SL, T7,
TM, TR, TT, TZ, UA, UG, UZ, VN, YU, ZA, ZW.
(26) Publication Language: English
(84) Designated States (regional): ARIPO patent (GH, GM,
(30) Priority Data: KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
10/313,773 6 December 2002 (06.12.2002) US Eurasian patent (AM, AZ, BY, KG, KZ,MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant: APPLE COMPUTER, INC. [US/US]; One ES, FL, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
Infinite Loop, Mail Stop: 38-PAT, Cupertino, CA 95014 SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
(Us). GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors: HASKELL, Barin, G.; 1190 Fairbrook Dr., Published:
Mountain View, CA 94040-3960 (US). SINGER, David, ~— With international search report
W.; 268 Wawona Street, San Francisco, CA 94127-1328
(US). DUMITRAS, Adriana; 250 W. El Camino Real, For two-letter codes and other abbreviations, refer to the "Guid-
Apt. 2403, Sunnyvale, CA 94087 (US). PARI, Atul; 19500  ance Notes on Codes and Abbreviations" appearing at the begin-
Pruneridge Ave, #4203, Cupertino, CA 95014-0632 (US).  ning of each regular issue of the PCT Gagette.

(54) Title: METHOD AND APPARATUS FOR VARIABLE ACCURACY INTER-PICTURE TIMING SPECIFICATION FOR
DIGITAL VIDEO ENOCODING WITH REDUCED REQUIREMENTS FOR DIVISION OPERATIONS

Rate Controller
190
/"/«-— M\.\\\
Tcoming_,( / DCT JQ \I H | Encoded
Frame 105 \T/ \ 110 120 / 180 Frame
\\‘\ /"//
ME B
160
Reference 100
Frame
l: MC DCT! Q1

150 140 130

(57) Abstract: A method and apparatus for performing motion estimation in a digital video system is disclosed (Fig.1). Specifically,
the present invention discloses a system that quickly calculates estimated motion vectors in a very efficient manner (Fig.1, item 160).
In one embodiment, a first multiplicand is determined by multiplying a first display time difference between a first video picture
and a second video picture by a power of two scale value (Fig.1, items 150, 160). This step scales up a numerator for a ratio (Fig.1,
item 120). Next, the system determines a scaled ratio by divi ding that scaled numerator by a second first display time difference
between the second video picture and a third video picture. The scaled ratio is then stored calculating motion vector estimations. By
3 storing the scaled ratio, all the estimated motion vectors can be calculated quickly with good precision since the scaled ratio saves
significant bits and reducing the scale is performed by simple shifts (Fig.1, item 180).
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