
VIDEO SEQUENCE MATCHING 

ABSTRACT 

Kc prcscn~ a nwcl s;chemc to Mach a video clip agains a large 

tia~haw of \ idcos. llnlike prc\ ious schemes thal match \.idcos 

h:~wtl on image similarity. this schcmc malchcs videos based on 

>iiiiilurit!~ 01‘ temporal activity. ix.. il finds similar “actions.” 

Furthermore. it provides precise temporal locali7aCon of the 

actions in the m:iWhcd Adcos. 

C’idco scqucnccs arc rCprcstxiM as a scqucncc of lbaturc \ wtoi-s 

called fingcrprinrs. The lingerprinr of the query \ idco is mnrchcd 

against the fingerprints of \,idcos in a da!nhasc using sequential 

matching. The lingerprints arc computed directly from 

comprrsscd MPE(i videos. The matching is much faster than 

real-time. U‘e hwc used this scheme 10 lint1 similar aclions in 

sporlin~ c\cnts. such as di\ing and baseball. 

1. INTRODUCTION 

\,.itlco i\ incrcasingl; awilahle in digital form. Digital \,ideo is 

nw hroadcn51 into millions of homes (LX3 etc.). ii is dcli\.crcd 

o\.cr the Internet. and the High Definition TV (IIDTV) format is 

di?iral. This has spurred \bork on applications dealing \vith 

digital \,ideo. such as datahascs. \ idco hrowinp systems. video 

:lnnlysis. cditinp. and administrBlion. Video matching is n kc! 

componenr of many of these applicarions. 

‘Llos~ \ idco malchiny schcmcs first r&cc videos to a small set 

of key-tiamcs I?][ X][ 91[ I2 I. and then IISC image matching 

schemes to match the kc! frames [I]. Thcsc schemes have SOIW 

dra\vhucks. I:irsrly. as they depend on the dctcction of edits to 

syii~nt \ itlco into shots [-l)[ I O][ I:]. if an edit is missed. such 

schcmc~ may fail. Secondly. it is not clear as to Lvhich image 

should hc uwi as the kc?-liamc for a shot [I I]. Thirdly. and 

iiio~l importantly. such schcmCs lorgcly iywrc Ihc “action” 

within ;I \Aco. This &-a\\ back has hccn addressed fo some cxtcnt 

by including some motion information (for csamplc. from 

Ml’l:(i motion \cctors) \vi~h the kc! frames (51. 

L.ideos. unlike image. capture actions that occur o\ cr a period 

of lime. Thcreforc. in qucryinp \,ideo databasss. one can pose 

qucrics dircclcd at this temporal acti\ ily. For cxamplc. one may 

\vish to Iocatc all the discs in a di\ing compcti~ion or all the hirs 

in a haschall yamc. Such qucrics can not bc ansacred soleI> 

based on image similarity: \vt‘ need the notion of “action 

similari~!;.” In this work. WC address the issue of matching videos 

on the basis of similar actions. 

Kc cncod~ the scqucnce of frnmcs 01‘ a \%~eo clip 3s a scqucnce 

of lbaturc vccmrs. \vhich WC toll a fingcrprinl. The action that 

pets cncodcd in \idco as a scqucnce of diffcrinp images is also 

caprurcd in the tinpcrprint as a scqucncc 01‘ fcarurcs. I‘hc 

tinpcrprints arc directly computed from comprcsscd \ idco and 

the video scqucnccs arc ma~chcd based on Euclidean distance 

betuccn the linpcrprims. 

The paper is organi/cd as Ihllo~~. In Section 2 \ve prcxw \ idco 

sequcncc matching. lcmporal locali/arion and linL32rprints. 1n 

Seclion 3 wc present some expcrimenrs. In Seclion 4 w prcscnt 

our conclusions and propose lilturc dircctiona. 

2. VIDEO SEQUENCE MATCHING 

An a&on is a pattern ofacli\ il! occurring wcr a period of time. 

Thus. actions ha1.c 8 spccilic temporal scqucncc and ~cmporal 

cxtcnl. When an action is filmed. it is cnpturcd as ;I sequcncc 01‘ 

images: each image slighlly different. Ila~ching \,idcos on 

similar action then maps lo matchinp a sequcnw of \idco liamcs 

10 onother scqucncc of video frames. \I’e call this 1~ido0 w~ww 

mrrrchir?g. A \ idco sequcncc hilS I\\0 important Ic’mporal 

proper-tics: ( I) the spccilic ordering of the t’rnmcs in time (2) the 

Icnpth of the scqucncc. \Vhile ~hc length 01‘ 111~ scquenw is 

actually in time. it is convenient talk of it terms 01‘ numhcr 01‘ 

frames. 

WC detinc the problem of video scquencc malching as 1hat 01‘ 

dctcrmininp if a match for a pivcn \ idco scqucncc appcnrs in 

another video. and if so at \vhal locarion. Formally. pivcn a query 

video sequence X = .y!.y. ..y,, . .y( =I 4’I’ramc 01‘ .V. and :I 

database video Y = J*,,\‘~ . . . J’,,! . J*, =j!” frame 01‘ Y. and 

W) = >‘(.I’,. 1. . . .!‘,.,; , a oonsecuti\ e sub-scqucncc of franit in 

I’. WC soy thar X z Y(i) or .Y matches 1’ at i ii’ the \ idco 

scquencc l’(i) matches the \ idco scqucncc A’. 

WC call the dctcrmination of the exact location i in 1’ whc‘rc .\’ 

malchcs. as ~rn~~~o~u/ lowlixr~io~~. JUSI as in imnpc matchinp. 

spatial localization allo\\ s us to place oh.jccts Lvilhiii an image. in 

1 idco malching. temporal localization i5 important for locaring 

actions precisely in time. cvcn \vhen the surrounding frames arc 

visually similar (for example. when the shot in 1’ conlaining 

frame i. is much longer than ,%I. Video matching schcmcs haxd 

only on key-frames cannot provide temporal localization. 

A central thesis of our work is that for matching actions (ix. fol 

video scquencc matching) we ncod a reprcscnMon that 

emphasixs the tcmpornl description 01‘ the \ idco ;md dc- 

emphasizes the \ isual description of c;~ch frame. In other \vords. 

WC can use a reprcsenration tbr each frame that is w compacr 3s 

lo bc essentially usclcss for malchiiig images. hut \vhcn :I 



reprcscntntion for rhc scqucnce is built from it. it is suflicicnt to 

di\tinyuish among a huyc’ number of scqucnccs. U’c call such a 

rcprcsentation. a /i~gcvy~V/~/ of the \Aeo scquencc. 

2. I Features 

As \vc Lvish to match act inns. lhe Icngth of a \.ideo scquencc. and 

conscilucntly its rcprcscntafion. dcpcnds on the tcniporal cxtcnl 

01‘1hc action. In most \,idco matching schomcs. the Icngths of the 

\-idw scyncn~s in the dntahasc are prcdctcrmincd: they are either 

chopped up intn lied lcnpth scgmcnts or a~ shot boundaries 

1 I ][‘]I I I]. Since dil‘fcrcnl actions have dilTcrcnl tcniporal cYtt’nI. 

the \ idcos in ;I database can nnt hc pre-scgtncntcd. For purposes 

ofcfticiency. if is thcrcforc dcsirablc. lhal the reprcscntation of a 

\ idco scqucncc U(i) = ,\‘,.I’, , . . .I’!, ,! . from a video 1. does not 

rcquirc rc’-coinpttt;ttioII if i or II change. This itnplics that each 

Ii-amc hc rcprcscnted indcpcntlently of other frames and lhe 

rcprc‘scnlatinti 01‘ it \,iclco scqucncc bc easily derived from the 

rcprcwntation 01‘ its cc~nstituent frames. 

I‘his notion of using lhc full \,itlco for raprcscntation is similar in 

spirit to the wcoding 01‘ the lime varying .l‘V siynnl in syslcnis 

used hy TV ratings agcncics for monitoring commercials [3][6]. 

U’c define rhc lingcrprint 01‘ a video scqucncc as a \‘cctor of 

some rcprcscntation of its constitttcnt liamcs. The fingerprints (I 

and /I(;) on .Y and 1’ respccti\ cl? arc delincd as 

(1 = [.I’(.~,).,f’(.~~)..‘..,/‘(~~.,)~ 

h(i)=[,f’(,l,,). f’(,~,. ,).....,/‘(I,. ,,.l)]. 15 i<m--n+l 

Dil‘ltircnt lingcrprints can hc dclincd based on different choices 

liw 1. ()nc /’ that WC have ttscd is the o/~/itlrrl MW.Y~~W (2 1 of a 

rcdttccd intcnsit!; image of .Y. First. frame .r is rcdttccd. i iii 

awrnfin~. to an II x 1’ intensity image .v’ ‘Then. an ordinal 
I 

nicasurc 01‘ .Y IS coniptttcd as a wctor (I = (I (1 [ ,. ,...q,,] (fttlc 

ranks of the intensity \alttcs of .Y’ scanned in row-major o&r. 

\\‘c get f‘(y) = (I and ,/‘(I.)= h . uhcrc 1~11 = l/71 = t/l’ 

In ottr cvpcrimcnts WC hn\c used 11 = I’ = 3 The si/c of the 3x3 

lingcrprint for each liamc is -Ihits* or 4.5 bytes. Thus the si7e 

01‘ ;I 3u.3 lingcrprint for ;I Gdco scquencc of Icngth II is 4.5~ 

bytes. 7.hc rationale for using this fcarurc runs as fnllows. The 

liamcs u ithin ;I short scqttcncr haw similar global fcatttrcs since 

the!, depict the satnc sccnc. Thus position indcpcndcnt global 

visual fcnturca such as intensity or color histograms are not 

ttscftil Ihr capturing action. As ob.jccts mow. the colors and 

intensity associated with them mow also. Thus a position 

dcpctidc~it rcprcscnliition is rcqttircd. A rcduccd iniapc \~ottld 

provide such a rcprcscntation. Howe\ cr. the intensity and color 

\alttcs for all pixels in the 2x2 or 3x3 redttccd image arc all 

ncarl! cqttal to the a\crngc Ibr that fratnc. I{\; ttsinf ordinal 

\aIuc\ instead. we arc able to diffcrcnMc betwectt these ctosc 

values. In the I’ttturc. WC‘ plan to invcstigatc fcntures that ttsc 

some motion information in order 11, cmphasi7c the moving parts 

01’ IIlL‘ liun1cs. 

.~\I1 our cuperiments \\crc wndttctcd on \lPt!(i-I cncodcd \ idco. 

IHic LlPE(i- I \ idco w;15 tirst rcdticcd to all D-franics using a 

techniqttc by Yco 1 IO]. The D-frames are the DC‘ coellicicnts of 

the frames. ‘l‘hc DC cocfticients for the I frames arc obtniwd 

directly. while those of the B and P tiamcs arc obtained h!, 

pcrforniing molion compensation only on the IX cocfiicicnts. 

Since this technique dots not require complcto d~comprcssion. it 

works faster than real-time on most Pentium based PC‘s, 

The frame si7e of MPI:G-I is 351~210. The D-l~antcs art’ ;I 

rcduwd 34x30 representation for the Y cotnponenl and 23~ I5 lip 

the U and \’ components. These D-frames arc then ttscd tint 

computing ~hc tingerprints as outlined ohow. 

Time taken Ibr computing the 1%frntncs (Y.1.: and \’ togcthcri is 

is 30 mintttcs for each hour 01‘ \,idco. or t\vicc rc’al time. Time IO 

co~llputc the 3x.3 lingcrprint is I mintrtc for I hour of I itlco tall 

titncs on it Pcntittm II 200 Mhr). 

2.2 blatching 

A video database is prepared for video \cqttcncc matchine b! 

first computing a compact rcprchcntation. such as Ihc .3x.3 ordinal 

tncasurc dcscribcd abow. for each frame ot’ each \ idco tn the 

dntabasc. This operation needs IO bc perlhrmcd onl! nncc’. The 

query for locating an action tonics as a video sequcncc .I’, 01 

Icngth 17. depicting the action. A fingerprint of .Y is comptttcd. .\ 

is matched to a video 1’. of length 111. in the database hv matchin? 

it against each sub-scqucnce of conswttti\ c II linnws. i.c. .1 is 

matched against )I I ) then I’(2) and so on until )‘(rt~-,~+l 1. I his is 

rcpcated for each \ idco in the datnbnsc. 

The scqttcncc .Y is matched to a sub-scqttencc I’(i) b!, comptttinp 

the distance bet\\ccn their fingerprints. This distance is d~lined 

as: 

For the ordinal mcasttrc based fingerprint. u c use’ 

The database videos arc not prcscgmcntcd as there is no simple 

analogtte to detection of shot botmdarics to dctccting bottndarics 

of action. Thcrcfnre. \vc ha\ c to match .V againal all po%siblc 

successive scqucnccs of 17 frames in I’. This yivcs us fi7++ I 

scqucnces to tnatch. The best possible schctnc would nwd to 

consider at lcast rw’/t scqttcnces. 4s we slide A along I’. \vc pc~ a 

scqttencc of WI-U+ I distance \ alucs. Nest \vc‘ dctccr the local 

minimas in thcsc distanw valttcs. LVc then \vc suppress an!. 

minimas lhnt are IL‘S than n unit< apart in the VX~IIU~CC as I~CJ, 

~nmr liotn suh-scqttenccs in 1’that o\wlap by a~ Icast one hame. 

In our itnplemcntatiori. WC have found it better to du~ect tnaximas 

iii I /(D(~.h(i))). Tt K resttltinp tninitnas (or twtxitnas of the 

reciprocals) arc Ihen sorted to pi\c an ordering IO ~hc matchca. 

As in other itnapc and \ idco databases. the top choices arc then 

rettirncd 10 the user. 

In the litfurc. we plan to explore ( I ) changing the sampling of the 

frames (2) matching between dissimilar length sequcnccs. We 

cttrrcn~ly ctnploy different sampling of linmcs to rctlccr ~hc 

liatnc raw of the capture. 



Video sequence matching exhibits rolcrancc to diffcrcnces in 

lime an aclion in a database video rukcs to that in the quer! 

\ idco. Iii our cspcriiiiciirs (Scctioii 3) \vc’ ha\.e li~ind thor actions 

1h;11 arc longer or shorter hq cwn a tilctor of I~U arc still 

idcnlilicd as mnrchc\. 

Time 10 ma1cli ;I 2.5 second scqiicnct (75 frames) against one 

hour ol‘\ idco is I2 seconds. 

2.3 Fingerprint Evaluation 

\,.itlco sequcncc malching ib pcarcd roaords \ idcos with a hish 

acli\ ily con1cnI: i.c. \\,hcre Ihc lianics arc changing rapidly (and 

Ihc’rcfi)rc key-tixmc hnsctl motchinp is no1 appropriate). ‘NC 

sclcc.ti\ iry and tcmpor;ll Incali/ation capabiliry of a lingerprint 

then d~pcnd\ on the \,ariability hctaccn the f~nrurcs from 

xiiaccnl tixnic5. One nicasurC for c\ altinting scqucnces Ihr 

suilabililv for niaWhing \,ia video scqucnce matching. and fi,r 

e\ alualiny lhc ltiuturcs used 10 form fhc linpcrprints. is lhc frame 

lo ii-nmc fcalure ~urialion in ;I tingcrprinl. 

Rnscd on this measure 1,‘. wu ha\.c been able to check if Hicrc is 

cnouyh visible ;tcli\.ity in a scquencc that gets picked by a 

feature to bc used In video wqucnce matching. For the 

tingcrprinr prcscnlcd in the previous section. LVC yet the 

thllowing rcwlrs. For ralking heads. this mc’asurc lies bclo~ 0.3. 

For aclivilics such as di\,ing (xc Fiyrc I I this measure is > 2.0. 

In 1 idens of hawhall yncs (sue Figure 2). Chile Ihcrc is a lot 01 

activity \\hun a hall is hit. the camera \icw is iride and the 

acti\ it? takes up ;I \er!; small part of the frame. I lcrc the measure 

lit> bct\vccn 0.5 10 I .O. indicntine Ihat Ihc ordinal bawd 

lingerprints n~ay nor hc suitahtc. 

3. EXPERIMEKTS 

The primary application WC considered \vas that of pro\ iding 

lools for suniniaririn~ \ idcos 01‘ sporting e\cnts. Often the 

inrcrcsring and exciting parts of the y;lmc arc shown alrain in 

replays. Thcsc replay% can he at lhc same speed or in “sIo~.- 

nioCc)n” which is uwully at half-speed. Our rschniquc Ihr 

tlctccring replays is to rukc a video scquencc. suhsamplc it by 2 

and nxt~~h ils lingerprint against the \,idco sequcncc preceding il. 

Also. in many sparring cwms. the intcrcsting actions arc’ 

rspmletl. for cuarnple. dives iii a di\ ing conipclilion or hits in a 

b;~sehall y;uws. In our expcrimcnts. WC warchcd for the best 

I~;IIC~CS li)r ;I parlicular u&m (dives. hits) that WC \vishcd 10 

ltctccl. 

One L idco \vc used ~‘2s of a I996 Olympic di\,ing conipctition. 

‘1.11~ \ idco is 23 minuws long. ‘Thcrc arc P diws in this \idco and 

thcrc is :I slow-morion replay of six of rhe di\es. A 5-second 

scqu~ncc ( I50 frnmcs) showing a dive in slow motion was used 

;IS the query. The scquencc smls a~ rhc point \vhm the diwr 

rakes off rhc hoard and ends at the point of entry in the \vaTcr. It 

was dmvn san~plcd b\; IWO in time: ix. the fingerprint NTIS 

compuwd al wcry other frame. 

WC used the video itscll‘ as the dnrahnsc. The query \ idco 

sequence is matched against e\.cry 2.5 seconds long (75 frnnwsj 

\ idco sequcncc. or 36.309 scqucnces. u’c used a tinyprint 

babcd on rhc ordinal \.nlucs of’ 3x3 reduced intensity image I& 

each frame. Thus. Ihc qucr) and the datnhasc ~cquc‘ncc 

lingerprints H.cre wzh of si/c 3~3x75. 

The top march is the original. rcal4mc tli\.c 01‘ \vhich WC usctl 

the slow motion. In the top 5 matches. all scqucnccs arc corrccil! 

idcnriticd di\c scquanccs. In Ihc ncxl 5 marches. onl! one is noI 

;I diving aclion (milch 2 8). and one is ol‘a di\e bul not prcciscl! 

locaM rempornlly (match + 10). The top h marches arc all rca- 

Ciiic (original) discs. the rcinaininf two correct nialch~s arc IO 

slmv-motion scqucnccs. 

Some of the ma~chcd sequcnccs x-c rcwxsc an+ shors and sho\i 

diffcrcnl types of dives. t’.ach of the niatchcd divinp scqucnccs 

sho\vs precise temporal locali7alion; the innlchcd scilucnccs slat-[ 

exactI! at the linic of lake of from the hoard. c\‘cn rhough ~hc 

actual Gdco olicn she\\ s the di\ crs on the board and approaching 

Ihr rhc di\ c for 2 to.3 seconds. Thaw is. il‘ WC look at the shors. 

Ihcy show the di\ er on the board Ibr :I linw period comparohlc to 

rhc actual di1.c. This indicates that the \ idco wqucncc mawhing 

algorirhni is able to 

L isual sczncs. 

prcciscly locate the acliwl \\ithin siniiG 

(a) Qucry (slow nio1ion replay I 

--- -.- -- .-.. - 
(hj First match. original of replay abow 

(c j Second match 

(d) Third niatch 

(cj Seventh match. slow-motion. rcwrsc nnplc 1 

Figure I. IX\-ing scquencc. Original \-idea is 2.7 niinulcs. cnch is 

seilucnce 2.5 seconds 
_- .-. -_ _I 



(a) Query scilucncc shotving 1 

(hl First mawh 

i 

(d) Third hlatch 
I -. 

:h + hit 

.- -- 

I : 

.-. -. .-- I- ---l -_. .- 
(c) I,ir<t error. AoMing 3 pitch bul no hit 

-. - --- -- .-.. .-. -.- 

7 

-.-- 

Figure 2. A Knschall match. \‘idco is 21:35 minutes long. Each 

sequence is 3.3 wconds lonp. 
L-.-.-- -- -.- --_ I 

From thcsc top matches. the real-time diw scquenccs can bc 

easily picked. This giws us a summary video short enough (< 30 

wc) to hc included in a web pnye for display iwr lhc Internet. 

l\‘e ran another set of expcrimcnts \vith ;I video of a has&all 

g;~mc. Our goal IV;I~ to idcntiry the parts \i here a hit occurred. 

lVc sclcctcd ;I L ideo scqtiencc IO0 ri-amcs or 3.; seconds long. 

depicting ;I pitch mid a subsequent hit. as the query. Fingerprints 

\vcrc j\;7 ordinal \ ;~lucs oi’ rcducod V D-liamcs. Each frame of 

the squcncc ~2s uwd lix the lingcrprint. so cnch fingerprint was 

01‘ six .~~~~I(~(~. fhe hascball video. used 3s the database. v.xs 

31:?5 niinutcs long. 

A total 01‘ 41.1 3 I wq~~c~~ccs of’ I00 fi-amcs arc tnatchcd. In the 

top 5 lllatchcs. 3 arc \ idco sequences correctly identilitxl as 

pit&s liAlo\\ed by hits. The 2 c’rrors show the pitcher on the 

mound \vith the batter Cng. In the next 5 matches only one 

more correct match v.as Ibund. This mav indicate that the 3x3 

ordinal hascd fingerprint may not be thc’ideal feature when the 

action occupies only a small part of the rramc. 

The tcmpoml IocaliAon is cxccllcnt. In each of ~hc correctI> 

idcntilicd wliicnccs. the ball Icli the pitchers hand Lvithin IO 

liamcs of each other. 

4. CONCLUSIONS 

LVc have prcscnted a novel schstnc li)r matching \ idcos based on 

similarity of “actions.” The computation of the tingcrprint 

fcnturc of a sccluencc. and hc matching. arc both t&t. The 

schcmc shons prccisc locsli~ution of actions in lime. \l’c belie\ c‘ 

that matching ol‘actions I\ ill complcmcnt kc!-frame hascd \.isttal 

matching in \.ideo d,7tabases. 

There are certain shortcomings in the current work. The ordin;ll 

based tingerprints do not emphasize motion but capture the 

\z hole frame. The matching is not robust to chanpc in \.iC\\.poinl: 

a side \.iew of a dice \t.ill not match f top-\,ic\\ oi’a tii1.c in rlic 

current scheme. I’uturc directions in rescurch \\.ill attach thchc 

topics. 
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