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Abstract

fae this study, s ave interested o some speciul Kined
af campern movemends thal ddeally lake plicd on o il
surface and the dmge projeetions perperdicudar to these
mvements, We anelyze interpretation of molaern for a
eomamn, heading forward,. panngng arownd dts aphead een-
ter and troveleting perpendicondor to its optical exs. We
present sumulptions and experitents with veal dalo. Our
results s that of s possthle to ablam gualitabive infor-
gt abput the comers motion's et

Wovwords: Camorn Motion, Guelitecive Interpretation, Tmangs:

Sueguerioe, Flatlnn:d

Hesumen

Bn vsie documerio, estudiomos una olese espectal de
mesigmniendos de lo vidmare gue wealmende se desorrolieg
e superficie plona ) oy proyeceiones de mnagern per-
pendiculnres o esos mootmeentos. e este Jorma, anel-
Formos b snlerpretaciin e rrarinTe s it G CeTean
cnende esto meamas en diveceion deoanoefe fol gira
alvertedor de s centro optico y se fresfada perperiiien-
fer s e focal Mestromes simodiciones y eperinien
s ron detos peelegs, Naestroe resultades reestoen g
l apromimiciin perraabe abfener dnforoicion rualitatie

solirn fi reterrkess deld masinienda de loearine

KE}"W{TIT(I.-—;: Mlorimienibo de o Camara, Tnles probacida

Clinlltistive, Seenoncias e Dnigeney, Baodo Plans

1 Introduction

Compater Vision 18 concerned wish the widimensions)
mterpretakion a seene from osequence of images. For one
ching, this problem is impertant because i theory, Lhere
i oan infnisy mamber of ohjects thal can produce the
samme mage, e, warying the object sive and the distanes
from the camera to the object. Do particular, we foves-
Hpate soane uses of prajections of individual fames that
are part themselves of an image streans. Lo a way sime-
lar b images, projections ares oot unigue. Nonetheless, in
s dicument, we explore some limits where this notion
can be chiallmged in practice. Projecticns ars well known
cumpact representations of images|lain oo al, 1895](5e
Fig. 4ia)] and s projection in Fig, 2al). In a compact
image stream the varstions of projections ol individual
frumes are smabl Thus providing almost anigue chiarac-
reristics o & particulny camera trajectory.

It some cases, camers motion s solved along with
serne structure. NMevertheless, compuning structure from
moatiore bas besn sbown te be an estremely difficuts
problem,  However, siprificatively advanres have heen
dome in the arca,  Bor mstanee, Tomnsi Toonesi, 1961
heveloperd wn aptimel sclution for thy vase of ortopmapdi:
projection,  Under perspactive predection, extrime gar
mst be siven bo compoting the intrinsic snd ENLTITEL
Fvent then, the solutn is briccio
Toray's stete of The ar

SlreTin l_lll]'fin]ﬂtETH-
ol pumerically nnstihle
ineludes mnling Guelidean reconsteuction ot base
cally  uneatibrared  cameras|Babl and Hegden, 2000

Tho two dominnmn  approaches s factorizalion-
il methods|Shane and Tomas, 19990 for weak
perspective  and berative  solubioons with o Teabies
fittering|Kim et al, 1997]  The former reguites solv-
ine seruential matcling while the latrer involws (he
probbem of sstublishing a pood initial stacting poisnl fiar

Ve
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Fignes 10 boaging object poiets in Hatland. An object with corners poand o is placed in the world, The world
reference system 3= centered in LW A& camern, with reference system {7}, hag ifs eprical center in % The camesa
focal length is . The Dmage's ceferenee system is placed in {0}, The angle @ 3 Cthe angular difference hetweer {O
and the imape reference gvatemn {04 We would like to verify how object poinds are imaged 2 the camers moves in

its worliplace,

biddle neljostment, Dorie and Riviin [Durie et al., 2000
analyze what happen witly the histogsam of oormal
optical Bow when the camera rotales, branslates in Lhe
dliveckion of Lhe oplical axiz, perpeondicolae o Lhe oplical
axis ail around Lhe axds perpendioebae to Lhe oprieal
axis. Binee obtaining complete stractore from motion
has shown to be difficult and error prone, we claim than
it is wiorth parsuing trying Lo gatler ol leass partial
and gualitative information abond the nature of camera
mokiom,

I 52, we stady ideal projection of object points for
different types of camera mokion, Mext in 83, we prosent
an scheme Lo track featnres along the projected individ-
al frames in an image steeamm. Thee in §4, we present
sorne expaerimental resulls with Loth ideal and real data,
Finally, we conclude with scme remarks and discussion
abour research directions.

2 Imaging in Flatland

W are interested on opospecial kind of camers auove
ments hat ideally take place on w Has surface and
Che dmmage projections perpendicular to these move-
ments.  Hnder these ciroumslances, Lhe projection

24

process may be described  analytically by the Badon
eransform|Hak wod Slaney, 1988], given by

P La )
Pt = [J Fla 0 {meos v+ ywainy — 1) e dy

ey e
(0
where {{w,y) deseribes She Donsge, 3,y 38 a deltn fune-
Clom, meosy b ogsiny — 1 s a collection of parellel vavs
chit forms an angle o with the geneds, wod s adistanes
along the projection. From now on, we will foeus on the
ease where v =10, Lol s consider the situation where o
robial mevees while & vision system grabs images with o
very sl ] nestamp difference beoween lranes. Tn this
sechion, we review now world points will be fagped o
woise free Qalland(see Fip 11 Unless stabed all cosrdi-
nates are pxpressed in the world reference system W)
Suppose thar an objecl wilh corners poand o Bs plice|
i bhe world, A swmera, wikh reference syslem (O, lins
it ophical cencer ik, The eamera focal lenpeh 5 F F5
nally, Lhe fisge’s ceferanee spstemn iz placed in 77 We
worbel ke to verify ow abject points are imaged as 1he
camern moves i its workplace. e loe hetwosn paints

P oandd x5 given b

rpt+ [l —vix=1t i
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b Resull of evaluating Eqg. (12} 40 {b) are ordered from larger Lo
dial in plof (a] smaller and divided by Lheir oo
mlacive s,

fa) Projecrion of the irmaps in Fig.

A

Figure 2; Features aee Tound in the projection of images. They are chosen among Lhe larger values of Theg, (129,

thresheld 32 established Based on their cirmnlative s,

where the poinis in che sepienl BE are the poines ty for 3 MhMotion Tracking

wlich v & [(L1 Cuo the other hand, the image plane is
iefined by the line Shi s Tonasi[Shi snd Tomasi, 1994] studied the prob-
b ol tracking fwo-dimensionsl imeee feaviares Teom
framme to frame using a Newton-Haphson bype of search,
I e vase, the problem = sioplilied sinee we track
one dimensionnl featuees. The following development
is largely based on Shi and Tomasi Toe Whe case of one
dimensional feptures. Let Jix) ad £{e) be two consec-
ntive frame projections. The dissimilarity between oo
responding features separaded b distonce o can b mess

p=ls—%"u o

Here v = [eas ), sind] s the vector in the direction of
Lhe shortest point froon the imape plane and both he
camers (O and Lhe world {197 reference systems; g is
the shorvlesl distance from J9} 1o fhe image plane; s i 0
point in the wmage plane; o & b5 the anpular difference sured by
fronn 47 pnd the image sefornes svsbem {7}, Both lines

eredl — [

meersect when s +x = £ That 32 when r oonals CIP AT --
Fx=*¥ Th i (dia = dy — I} de (6]

where B is 8 small inferval ower which similarine i

g%y (4
= Al S i ;
' — T _-I . 1-]* Tl.'-‘\' f.____rr. . E"" """ll' |:|' .
W xtu SOUEINL. e Lo S cun be exproase iy L linear
termng, neplecting the second and higher order terms, of

This point is given in world coordinales.  To pet the  its Tavlor's expansion as
progection in imape coordinales, the fellowing teansfor- b1
Jim + d) = I ) rI.G— 7y

i

mation applies

pl =T e 50 Thus,
' = dl (L) ;
where T4 tefers fo a bhomegenous transform frvolving el Gy (8
& rotation sand a translacion such that pt = Tl,'-j'pb' = Thie:clerivative: of:etid) je
R:::.p“ bt Therelore, wiven & known camers molion, HI
we live nowiy Lo express o featiuee’s projection,  Oche deid) [ (Hz+d) — () Iz = d) e o
ad e \ 2 ol il ™ i

erwise staled, when the camera neves perpendienlar oo
o ey () of an objoet point . . N Lo ,
X REL}]&HHIJ‘_E‘; .-.lrl:_J.' | ri} ancl s derivative ]‘:.:,.' Lireir approcl-

its aprical axis, the peoje

= {m.2) i3 () = Ry, wheee &y = (/2. Whe
P {m.2) |r||..,l'_|. I where J 2 ‘r"7. L, ]r_n Pk b e e
tle camwerea noves along che divection of its optical axis
mowrgiz) = hofzoowhere ke = S0 Finally, when pans el 3 ik ) )
'1['L||]|:1| ibs oplical center it is wsff = J ot By e Sz -'[_.d_ Iz} __.'l' Ll (100
i soopplical center if s wgli = Jeobd i Fi ar i
295




J. Salas, Qualitafive Interpretation of Camera Motion in the Projection of Individiual Frames of an image Stroam

all?
L
B
[}
— |
)
| §
]
Pl ' L r
I3 c '
il % : \ | } |
b \ !
|I 3 \- m
at \ . :
I L [y b
4 e fis kali ¥ 3 n
7
el \L— | — I i . :i-
L ) PR i L J
JJ i 2 1 i : ' ] k I ¥ 1 ] ¥ : ] b — t 3 Lo
‘rm e o
() ih lel
T — l!";.—? . - w2
i II
i -— i | - o
= v
]
p II" | g
! ¥ 5 ok ”/J
i 1 & S
a i i [ l
£ § ¥ s
; 1 ! £ o {
; ;
3 ; i
; | A
i f i ! . /
i d
g4 ¥ o .
' : i ! ik~
n [IE 1 “ I his 1 B i L ] Il ([} 1 1 [} 7t | R L} 1 L I' & I i 1 1 i ¥ LHERT |
THH e
{d) g (£}
Figura 5 Matehing image profile featiares, Dodia), 3000 and 3c) we found the correspondence for o feature altor 7
iterations. In S{s) the upper ine shows che displacement af cach Heration. The lone Delow 0 shows (e aemnmulative
displacement. The final displacement is -4 4875 pixels. Iy 3(0) we show how the srror g decreasing, The final ereor
ig 1123 millions. Tn 30e) we show praphically how both curves converge iteration after iteration te tloe cialed coree,

In 3(d), dle) and 3(F) we found the correspondence for another feature after 4 iterations. To 37} she upper line shows

the displacement ac each fteration. The line below i shows the camulacive displacement. The final displaceanen |
S2A464E pixela. o d{e) we show how the error is decreasing, The final error is 17,3700 Tn 30 we show graphically
howe both curves converge teration affer eracion. The righbmose coree 8 che best 80 e che circled curve.

The mininmim error yvields when the derivative of eid)
equads were, Therelose o can e expressed as

Bince nen linear laotors becomme important under most
situations, Ea. 011} hes to be veplaced by the followiog
therabive fommulation
d=z" (11)
' gt =g il (343
whete
- i . ; e
5= / ( E"i.j}.r.fr:') dit iz 4 Bxperimental Hesults
Jw b A
oy The eguattons matlined o §2 can be nsed w get inswhi
S . ad () abnrt Lhe projection of obdect poiats o atband aoder
= J'II () — f{r1) 3 iz (13) chifferant tyjaes of camera motivn, Suppose that cher
I HE 13
The value of 2 11 a good reference phout how eagy 1t
Woko Gracl o jeature

In
The Local lenprts & oone anil
Conbrariwise, when = 08 large, Lhe iteration tends Lo con
verg:

an objeel with points o = —4, W7 and o = (4407
Thitt 18, when iis value 15 small
che displacement is large and converrence may be poor,

In Wig, 4 there are some
resulting plots. In Fig. (b the conter of projeciion was
moverd betweens 0,817 and [0, 3007 woits. The focal axig

coincides with the direction of moton. The lmaped ob-
Wk

ject simo 1s mversely proportionad to choe digtane betareg
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Figure 5 Matching image prolile features, I 3la), 3000 and 30¢) we foand the correspondence for o fonture afier 7
iterations: In 30 the upper lne shows the displacement gl each Boralion. The loe below it sheas che peenmoiabive
displacement. The fnal displacement, §5 <4.4875 pixeld. In 3{0) we show how the ervor i decreazing, The fnal error
is 1123 millioms: Tn i) we show graphicaslly bow bobh curves converge iteration after theration fo the cireled eurve,
En 3{d), dfe) and 3(f) we found the correspondence for anat her Teature after 4 ilerations. In 30d) che upper e shows

the dizplacement ab each tleration, The line below i shows the cumulative displacetsert. The final displucement i
-2AMHE pixels. o Sle) we show hew theerror s decrensing, The Gual erroer is TLT700 D 8000 we show praphically
how both curves converge iberacion atter tteration. The sightmost curve s chie Besl Gt o the cireled anrve:

The minimnm error yicwds when the decivative ol efd)
aopisls wera. Therafore o can be expressed os

d=2"¢

Sinee non hinesr fctors beeome important wwnder oost
!
whirry

heradive formalation

e
-
—

aituacions, B 11)-hna to o veplaced by ihe following

i1 = il - od (14}
C faTiEn®
. j LG8 T

o i

12y 4 Experimental Results
%l

B |||"- [Ty —T(r))
S

The equations outlned 5052 v b gsed L pel sl

phiont 4he projection of olgect pomis e fatland under
ditferent bypay of camers motion. Supposs that thewe i

an object with points p = [—4, 407 and o = [§.407
i bo Lruck o leatare,

The salue of 2 15 a good reference alout how easy 30 The local leogll is ene amt, B Fle. 4 there are some
That s when its value is smoll cesulbing plovs. In Figo d(00 the contor ol projection wis
the displacement i large and convergence may be poor. moverd betwesn (L3 anl |0,3007 unies. The focal s
Clontrarivise, when = s larpe, Ahe teration tends to con comides with the direction of motioan. The ool ol
VETED
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the camera and the ohject. In 11z, 4] we rotaced the
camnera belween 50 and 130 deprees,

The center of projection is fixed st x = [0,3]7, In
this range the variation is almost linesr ol oy he
confused with camers motion perpondicular to the op-
tical wxis. In 403 the camera moves laterally between
% = [=3,00" and x¢ = [#, 01, The focal axis is per
pendicular to Lhe direction of motion. A= reporfod by
Bolles Baker and Bolles, 1958], since the image size de-
pends on the distanca between the camera and the olbjact
and henee remaing constant through the displacement
uneer a predefined motion, the extended base line may
provide both & way to o robust ninmerieal salution and
simple algorithm for Lasks such as occluding boundary
detection, stores analvais and others,

Given the simulation results, we gather some experi-
mental data: In Fig, 4, we show three dense senueoces,
Pigure dic) correaponds to images of She scene showr i
Fig, Ala). It shows a sequence of 153 intensity profiles
of 4 camera beading forwnrd. Flvsically, the camera -
vanced about 120cms, There was nol strict contral on
the distance betwoon frames. Indeed the variations in
vrientations are remarkable,  Nevercheless, the comora
had an overall forwari trajectory with its optical axis
approcimately jo ity divection of motion. Here, we ol-
serve how the features diverge as the camera pets closer,
Figuee A(p) corresponds to images of the scene shown in
Fig. die). It presents o 82 intensity profiles when the
carera rolates about 9 degrees. Again, the angle he
tween rames is oot equal. Also there is not warranly
that the optical center coincides with the center of ro-
tation. Finally, 4{k) eorresponds to imapes of the scene
shown in Mg A(1), T presents a dense sequence of 82
ntensivy profiles where we imaged in a dicection perpen-
dicular Lo the direction of motion. The camera advaneed
abwonal, 9.

The intensity profile of the image in Fig. 4{a) is shown
in Fig. 2(a), Then in Fig. 2(h), we show the function =
when Lhe sise of the window F is 10 pixels. The values
af the maximum sorted by decreasing order as a per-
ernbage of the cumulabive sem ave given in Fig, 2{c).
poerd feature lends to be present when Lere s abirupt

change in Lthe profile intensity valiwes, In the rest ool @he
experiments, we consider a poorl feature te those whicl
cumulative value are below 99% of the sum of the featire
values.

Nowe, we iy attempt to brack o featire from line o
lines In i, 30 we show a couple featires of o Ziven line
and its tracking in the nesct line. In 3{a), b and 3(c] we
found the correspondence after 7 iterations. In 3(n) the
upper lioe shows Lhe displacement, at each: iteration. The
line below it shows the acoumualative displacement. The
final displacement. is -4 4875 pixels T 30h) we show how

20

the vreor i decreasiog, The Gnal error is 1123 millions,
I Be) we show graphically how boll carves CONVeIEn
iteration after ileration ro the cireled fine, 1y Sl e
aned 3L we foend the correspondenvs for feature 1 allor
iterations, Tn A(d) the apper line shows Lhe dispilavement.
alench iteralion. The line below it shows the commlative
displacement. The final displacement ts -2.07549 pixels,
In dfe) we show how the error i decreasing, The fina)
arror B TLTATIL In 800 we show sraphically bow hoth
curves comverge ilerstion after itecalion. The rigltmost
cirve is the best fil o the circled eurve, AL this poine, we
are in the posilion o teack all the selbed fenlores om
one frams to the following, Figire did), ATk} and 4(1)
show the resull of readdng Ehrongls dhe imaee shream,
The lines are compueed agkomtica Iy by teacking che
mosl promising fealures, Thess lines show clearlv il
it ts posstble voodnfer, et least qualitativels, the watare of
camera molion roin the projections of fndividisl Trames,

Conclusion

In this document, we show that it s possible to qual-
tatively interpret camera mnotion fron Lhe profection of
individual frames In an image stream. This interpreta-
tion is made for the cases whers the camera s noying
in the direction of its optical axis, around its optical
conler, and perpendicular to ity optical axis. Given an
image streams with these tvpe of camera mokion, i
preseated o bracking scleme to follow Teabures along the
image seguence. [0 s possible o obaore ol arly how fhe
difference from o rotation and a translation perpendicu-
lar te the direction of motion are geneate very similar
fmaging features, The adds fo the commoen belicve shat
structure Iromn motion s VORIV SENSILIVG 10 nadnre.

Tn this scucy, we show thal useful inlormation can e

‘processed Iﬁ[’[‘:lﬂiﬂ!'lt[l'," cdue to the COIPACD repecsentation

of images and the smooth variation of the comulative
s between frames, Parther wark aim to arganize the
redundant visual percephion, and to quantitatively infer-
pref o eaners motion, and to ase this inlormation to lo-
calive the cameri in the workspace Lo allow visual based
nuvization.
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