
United States Patent 19 
Baumgartner et al. 

54 

75 

73 

21 
22 

51 
52 
58 

56 

Re. 33,535 

METHOD AND APPARATUS FOR 
SYNCHRONIZNG AUDIO AND WIDEO DATA 
STREAMS IN A MULTIMEDIA SYSTEM 

Inventors: Donn M. Baumgartner; Thomas A. 
Dye, both of Austin,Tex. 

Assignee: Dell USA, L.P., Round Rock,Tex. 

Appl. No.: 255,604 
Filed: Jun. 8, 1994 

Int, C. m. H04NS/04 
... 348/515: 395/806 

Field of Search ........................ 348/515; 395/154, 
395/162-164; 345/122; 375/355; H04N 5/04, 

5/12 

References Cited 

U.S. PATENT DOCUMENTS 

2/1991 
8/1985 
10/1986 
2/1987 
7/1987 
10/1987 
6/1988 
7/1989 
12/1992 
5/1995 

Cooper. 
Haji et al.. 
Kouyama et al. . 
Kouyama et al. . 
Chapelle et al. . 
Cooper. 
Lem. 
Noske et al. . 
Gear et al. . 
Dockter et al. ..................... 364,514 R 

5,430,485 7/1995 Lankford et al. ... 348/515 
5,471,576 11/1995 Yee ......................................... 395/154 

FOREIGN PATENT DOCUMENTS 

2305278 12/1990 Japan .................................... 34.8/515 

4538,176 
4,618,890 
4,644,400 
4,679,085 
4,703,355 
4,750,034 
4,851,909 
5,170.252 
5,420,801 

f Synchronizationy 
module / 

Coll oudic driver to 
citton wive rote stutus 584 

Calculate and store 
Oudio Frome rute 505 

Imtialize varicbles 
s508 

Deterinine current 
video frame number 

Determine curren 
audio positio. 

Coculate equivcent 
audio frone number 

O 

too far chead 
(nd cucio clairg 

Yes 
512 

514 

Calculate synchronization 
error yuantity cudio poused 

(nd wideo co-ght 
lip 

524 

US005642171A 

11 Patent Number: 5,642,171 
45 Date of Patent: Jun. 24, 1997 

OTHER PUBLICATIONS 

Nicolaou, Cosmos "An Architecture for Real-Time Multi 
media Communication Systems"; IEEE Journal on Selected 
Areas in Communications, vol. 8, No. 3, Apr. 1990. 
Little, Thomas D.C. and Arif Ghafoor "Synchronization and 
Storage Models for Multimedia Objects”; IEEE Journal on 
Selected Areas in Communications, vol. 8, No.3, Apr. 1990. 

Primary Examiner-Sherrie Hsia 
57 ABSTRACT 

Amethod and apparatus for synchronizing audio and video 
data streams in a computer system during a multimedia 
presentation to produce a correctly synchronized presenta 
tion. The preferred embodiment of the invention utilizes a 
nonlinear feedback method for data synchronization. The 
method of the present invention periodically queries each 
driver for the current audio and video position (or frame 
number) and calculates the synchronization error. The syn 
chronization error is used to determine a tempo value 
adjustment to one of the data stream designed to place the 
video and audio back in sync. The method then adjusts the 
audio or video tempo to maintain the audio and video data 
streams in synchrony. In the preferred embodiment of the 
invention, the video tempo is changed nonlinearly over time 
to achieve a match between the video position and the 
equivalent audio position. The method applies a Smoothing 
function to the determined tempo value to prevent overcom 
pensation. The method of the present invention can operate 
in any hardware system and in any software environment 
and can be adapted to existing systems with only minor 
modifications. 

40 Claims, 7 Drawing Sheets 
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