Enbodi ments of nmethods for nmultinmedia annotation with sensor data (referred
to herein as Sensor-rich video) includes acquisition, managenent, storage,

i ndexi ng, transm ssion, search, and display of video, inages, or sound,
that has beeRreRcOiged. AFPLRATIONRIBLEHEYIUNDER MEE bAGAAlCODRNRAMON TROATEPEDN

(a1 tude, T ongesdnatal t s ute) . cosgase di rDLNTLRMERGMING M@ ||hﬁﬂ|u|mu4|||u||||||

anbi ent |ight iImIgnatigrnd]BLtrfi:a@ns etc. )==khe col | ect 1(3 W0f sensgr, i nf o jonis
acqui red ona contl ug mam?naﬁa s duriZag r ecor di ng. mﬁ %ﬁg ﬁ
i nformatio dHE% %l)s?y\f\lﬁqg,ldpgé{-oma o at
every secon r|n e recordi ng of "a video. Therefore, the acquisition

appar at ener a pt L nuous stream of . fra

st ream gﬁ Igternat onzlzl?zﬁetg 1a SEC!;I;')H% Qﬁ@m he two Si deg ploj;%eggiﬂﬁ égn)%fléi Oénjloofgm 1
every Vi de@vaﬂmommmssm&aﬁ 200601 a set afg saegaﬁﬁbm sratobi@ser sm&ezt bhadter K&e
sanpl i n(g fﬂu%&y%ﬁ'a?x;gﬁ&an&NumBJﬁe frequency at ngcWo@eﬁQ@morwal%ﬁs(S@arﬁﬂi@ Zhijie

measur e epen ent on t epctmggﬁnmoo(gensor[cwﬁ(é] of ?n%elllé‘”eraty@@g@érﬁgﬁfdr?ﬁy

utm

be Sampl, 5. B S Af interval's while a conpislisg 0§9r o O

S0 m | ﬁgéglcfgn ’ §?Frgva *sa) FMnE§801b &1 & $0) Sanbeerd [N RBMa ohguﬁ@tsg&ffslh@areas
25 or fl; anes second. Sensor déat a ar e [wsiod Catpethg\Wddnmea chConpaarBcienbef
sensor 6)1 AR G 35? changed from t he BFévi o IfOWﬁri‘ém Rtes Rogsl. Ainpapue é%??ﬁﬁl(ﬁ@g
rate) t@@rPublseiopkegisenus| y measured daelah val I & ISdd e P YE) apore,

d . . uting, artment 0 uter Rcience,
conbi nage) amioddy Daavi deo and a sensor streamig 155@1 I@r&p @dggqﬁgtprslngab& 1MbdEQ6).
61/445,036 21 February 2011 (21.02.2011) us ZHANG, Ying [CN/SG]; c/o National University of
(71) Applicant (for all designated States except US): NA- Slpgapore, School of Compl}tmg, Department of Computer
TIONAL UNIVERSITY OF SINGAPORE [SG/SG]; 21 Science, 21 Lower Kent Ridge Road, Singapore 119077

Lower Kent Ridge Road, Singapore 119077 (SG). (5G).

(74) Agent: AMICA LAW LLC; 30 Raffles Place, #18-03/04
Chevron House, Singapore 048622 (SG).

(72) Inventors; and
(75) Inventors/Applicants (for US only): ZIMMERMANN,
Roger [US/SG]; c/o National University of Singapore, (81) Designated States (unless otherwise indicated, for every

School of Computing, Department of Computer Science, kind of national protection available): AE, AG, AL, AM,
21 Lower Kent Ridge Road, Singapore 119077 (SG). AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
KIM, Seon Ho [US/US]; 6115 S. Galena Ct., Englewood, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
Colorado 80111 (US). ARSLAN AY, Sakire [US/SG]; ¢/o DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
National University of Singapore, School of Computing, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
Department of Computer Science, 21 Lower Kent Ridge KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

[Continued on next page]

(54) Title: APPARATUS, SYSTEM, AND METHOD FOR ANNOTATION OF MEDIA FILES WITH SENSOR DATA

Sensor Meta data 3G Network

Vldeo Request ‘
Message (VRM) :

Vldeo Content

Data
Storage
and
Indexing

Video Query
Segments Request

Data Acquisition
and Upload

FIG. 1

Query Processing

(57) Abstract: Embodiments of methods for multimedia annotation with sensor data (referred to herein as Sensor-rich video) in-
cludes acquisition, management, storage, indexing, transmission, search, and display of video, images, or sound, that has been recor-
ded in conjunction with additional sensor information (such as, but not limited to, global positioning system information (latitude,
longitude, altitude), compass directions, WiFi fingerprints, ambient lighting conditions, etc.). The collection of sensor information is
acquired on a continuous basis during recording. For example, the GPS information may be continuously acquired from a corres -
ponding sensor at every second during the recording of a video. Therefore, the acquisition apparatus generates a continuous stream
of video frames and a continuous stream of sensor meta-data values. The two streams are correlated in that every video frame is asso -
ciated with a set of sensor values. Note that the sampling frequency (i.e., the frequency at which sensor values can be measured) is
dependent on the type of sensor. For example, a GPS sensor may be sampled at 1-second intervals while a compass sensor may be
sampled at 50 millisecond intervals. Video is also sampled at a specitic rate, such as 25 or 30 frames per second. Sensor data are as -
sociated with each frame. If sensor data has not changed from the previous frame (due to a low sampling rate) then the previously
measured data values are used. The resulting combination of a video and a sensor stream is called a sensor-rich video.
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