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Abstract 

A rleai,serl sl)citiotc~rrpolnl irnc~!je conversion rnethod 11s- 
ill!] a /r?j~x:rbolic slit rlntl its ripplicc~tion to the acquisi- 
tion of three rli~rserts.ioi~ol i irfoin~atioi~ from car naviga- 
tion ino~~irtg iirra!jes arc proposcd i n  this paper. Con- 
t irt l~o~ls i~rtngcs taL:c:7r by (1  rnoving camera contain very 
large q?lant%ty of rlnto, the,ir nnrilysis requires too much 
~)~~ocess ing time. Tlrc pinposctl irlethod compresses data 
Oy tr/iit.sfoi~miir!j T.iirrc-varying three dimensional mov- 
ing i~r~n!le,s into f ~ u o  rliirl(!~ssio~lcil spatioteinporal images 
nnrl ncq?~ire.s 3D 11tfo17r11~ti07~ (~hcnit objects in  the envi- 
ronrrcc:nt. Edcje lirtes of objects liarallel to coordinate 
( L Z ~ S  (117: first tc~ken as special features and are trans- 
fornled into two rliir~e~~,sio~rnl irriages using hyperbolic 
.slits.Mrttlterrrntical conrlitior~s for this transformation 
(111(1 th,c y)rocerlrrrr. to eztrczct 3D information are then 
disc~issed. Siin~ilntion cx1)ei.iinents reveal the effective- 
ness of the rrrethotl. 

1 Introduction 

.I three c l i ~ n c ~ ~ s i o ~ ~ i ~ l  s l ) i ~ t i o t r ~ ~ ~ p o r a I  image is a d r ~ i s r  
S ~ Y ~ I I ( ~ I I ~ ( ~  of ill~i~ge>s t a k ( ' ~ ~  ill SIICII rapid s i~ccess io~~  t,liat 
they f o r l ~ ~  a s i ~ ~ g l r  solitl I~lock of data i11 which t,hr tem- 
poral c o ~ ~ t i ~ ~ i ~ i t y  fro111 i ~ ~ ~ i ~ g e '  to i111agr is al)proxinlat,rly 
(~111ii1 to t110 sl)i~ti;~l ( .o t~t i l~i~i ty  i l l  a11 i11dividi1a1 i~llage,. 

\I11c11 work llas I ) ~ ( . I I  t lo~~c, to  allalyze threc dime~l- 
sio11a1 sl)i~tiot(>~i~l)ol.ill i~~l i \g( ,  to o l > t a i ~ ~  3D i~~fornlat,ion 
a l ~ o l ~ t  t l ~ v  tx11viro11111(\11t of tllr canlera. For straight,- 
1i11c. c a ~ ~ ~ ( ' r a  111otio11, tra(.ks of ol,jcct apprar as li~lear 
s t r~~c . t i~ rc~s  ~ I I  c\l)il)ol;\r-l)li~"'. i~llagrs(EPIs),  which arc 
slicc,s of tl~c, s p i ~ t i o t c ~ ~ ~ ~ p o r a l  illlag(, c o ~ ~ t a i ~ ~ i n g  epipolar 
1i11c.s. The. ( l i s t ~ ~ ~ ( . c ~  fro111 tl~t,  c a l ~ ~ r r a  to th r  object is 
c I ( t t t~ r t~~ i~~( -d   fro^^^ t l ~ v  i ~ ~ ( . l i ~ ~ i l t , i o l ~  of tracks. With EPIs 
n~~alysis ,  it is I I I I I ( . ~ I  c,i~si(%r to  co111p11tr t l ~ c  tllrrr tlimen- 
siollal positiolls of ol)j(,c.t fvatilrrs. Ally corrc,sponding 
1)ro1)1(~111s I)c,twc~c~n i ~ ~ i i ~ g r s  <.ill1 I)(, solvt~l  I,y thr. cxtrac- 
tiou of f r ~ i ~ t ~ ~ r e ~ - l i ~ ~ ( ~ s  fro111 t ~ ~ t '  EPII~I.  

Yas1111o a11d H ~ I I I I ~ L I ~ ~  p r c ~ s ( ~ ~ ~ t t ~ l  a11 ~x11a11sio11 of 
( . i i~tle~a 111otio11 for sl)i1tiot,(~1111)0ral i111ag(\ allalysis us- 

ing sl)h?rica1 projectio~i trallsforlilation[2]. In thpir ap- 
proacl~. imagcs arc projrctctl 011 a homocentric s ~ l i ~ r -  
iral s ~ ~ r f a c e  to  make a Homocc~ntric Sphe~ieal Spa- 
t io t r~~iporal  11iiage(HSSI). .III ol~jer t  feature is tlra~vn 
as  a c i~ rvr  011 a P I ~ I I C  c o ~ ~ t a i ~ l i ~ l g  the longiti~tlinal lines 
of tlir HSSI. Thrn  this HSSI is a~lalyzetl to acquire the 

Tlic, three t l i n l r ~ ~ s i o ~ ~ a l  spatiotemporal image or 
HSSI is a vrry 1111ge qilal~tity of data.  It takes plenty of 
tinlc to  cxtract a linr or a cilrl-f,. Zhrng and others pro- 
~X)S(YI a 111et11ocl to  crratr a plane image using only the 
pixels selrctrd fro111 rach image talien hy the 111otio11 
camera131. They a l ~  provetl that the image includes 
spatial and t e~ l~pora l  information. 

In this 11a1)er we crcatc, two d i ~ n e ~ ~ s i o n a l  imagc.5 us- 
ing a hyperbolic slit  fro^^^ continuoi~s i111agcs t a k r ~ i  l>y 
a canlera moving a l o ~ ~ g  a straight-line, ant1 we will tle- 
scribe the imagc with Two-di111e11sio11a1 Spatioten~poral 
Ilnage(TS1). 

14a11y objects ill o11r living e ~ ~ v i r o ~ ~ n ~ e n t  arc, artificial 
1)locks. Tlit~sc~ ol)jrc~ts arcx frati~rrtl  hy 111a1iy striiigl~t- 
line rtlgcs. If wr call o l ~ t a i ~ ~  the spatial i11for111atio11 
al)oi~t thosr straight-linr rtlgrs wc call also drtt'r111i11r3 
the ohjrcts. 111 our tra~~sforrnat ion mc,tl~otl . tllrsc 
straight-1i11c rtlgrs art, ~)rojrctc-d illto TSI straight linc~s. 
M'r will prow that th r  3D i ~ ~ f o r ~ t ~ a t i o ~ ~  al)oi~t tllr ohjrct 
can l)t, accll~ircvl fro111 t l ~ v  1i11c.s (.xtractrtl fro111 TSI. 

Thr p o s i t i o ~ ~  of 11ype-rl)olic \lit it1 a11 irnagc, also 11a.5 
different inf l l~r t~cr  on  thr  ohtainrd 3D i l~fornlat io~~.  \Vr 
also disci~ss the, s r l cc t io~~  of 11y1)rrholic slit. 

2 TSI Creation 
Co~lsitler t 116. casr that t he, camrra facrs t l ~ r  (lirr(.tio~i 
it is nloving at a ~ ) I R I I ( \  It~vrl with a col~sta l~t  sprc,tl. It 
takes pictilrrs wl~ilr  ~ ~ ~ o v i l ~ g  along a straight lil~c*. \Vr 
Ilsr a 11yprrl)ola as  slit to  crcwtc- tl~c, TSI. 

2.1 Coordinate 



F i g ~ ~ r r  2: Hypcr1)olic Slit .r!y = c 

Figure 1: Glol~al Coordinate 

lens, is at the point 0, the center of the coortlinate. 
It takes pictures while ~noving along the Z axis in the 
positive direction at  a constant speed. The optic axis 
is on tlie Z axis. The image of an object in the running 
c~nvironnie~it is p~ojected on the plane Z = f which is 
parallel to the XI* plane, where f is the f o c ~ ~ s  length 
of the caniera lens. 

Suppose the .r and y  axes of tlie projection plane 
coordinate o - .ry are parallel to the ,Y and I. axes of 
tlie glohal coordinate, respectively. The center o is the 
joint point of Z axis and the projectioii plane alid the 
point P(S , IP ,  Z )  in the global coordinate is projected 
to p(.r, y )  on thr  projection plane. 

2.2 Theoretical Analysis 

As shown in Figure 1, when point P(S,I7, 2)  is pro- 
jected to p ( ~ ,  y )  on the projection plane, we have the 
following eqnat ion : 

S Y Z - llt - - - - - - 
.r Y f ( 1 )  

11 a ~ i d  t rc.prrsent s1)ec.d ant1 time rrspcctivcly. Then 
wt, use tlic. 1iyperl)ola described with equation (2) as the 
slit to create the TSI. 

From t q ~ ~ a t i o ~ i s  ( 1 )  and ( 2 )  we can obtain the fol- 
lowing rcl~~ation : 

LVhen S, Z, r f  and f are constants in equation ( 3 ) ,  
the quation ~ e p ~ e s e n t s  a line on an y - t plane. When 
S and Z are constants, it is a line parallel to tlie I*  axis 
in the global space. If we further extract such a line 
fro111 tlie y  - t plane, we can compute the inclination 
of the line. As shown in (,quation ( 3 ) ,  c, IJ  arid f are 
known and we can derive the S coordi~iate of the line. 
The Z coordinate can be furthei de~ived from equation 
(1) using this S coordinate and the y  and t coordinate5 
of some point on the line in the TSI. 

Froni tlie al)ove analysis, we can first us(, a I~yprr- 
bolic slit t,o transfor~ii tlic. i~nages tak('11 1)s a ~iioving 
c.anicra into a two dinirnsional sl)atiote~i~poral i~iiagc 
allti t,lirn I)y line extraction acql~irr tlie 3D inforlna- 
t,ion a l ~ o ~ ~ t  t,lie st,raight lines parallel to t,lle I' axis in 
the global space. 

If wc, rise t,he equation (4)  instead of eq~latio~i (2)  
for tlic, hyperbolic slit we will get equation ( 5 )  inst,rad 
of equation ( 3 ) .  where rr is a constant,. M'e call see 
fro111 equation (5) that just like using equation (2). a 
line parallel to the 1- axis in the original coordinate 
becomes a straight line on the y  - f plane. Thus we 
can still acquire the 3D information by extracting the 
lines from t,l~e spatiotemporal image. The int,rod~~ct,ion 
(1 makes it possible to atljust position of tlie hyperbolic 
position in the o - .ry plane. 

In tlie same way, we can acquire tlie 3D information 
ahor~t lines parallel to tlie S axis by extracting lines 
from the .r - t spatiotrniporal iniagrs crcatctl wit11 a 
hyperbolic slit. 

From ecl~~atiori ( 3 )  we can see that lines parallel to 
the Z axis ill tlir global space are projected on tlie 
spatiote~iiporal iniagr as straight lines parallel to tlie t 
axis. If we get the coortlinates of all i~itc~rsection point, 
the lincxs parallel to Z axis and I -  axis, then tlie S 
antl 1' coordinate of the line parallel to the Z axis is 
determined. 

2.3 Creating Plane Spatiotemporal 
Image 

Now we discuss how to set a slit in an o - x?/  plant^ t,o 
create a PSI. First we can set the .ry = c slit in each 
image as shown in Figure 2, where c is a const,ant. LVe 
can set four hyperbolas, two for positive valr~es of (. and 
two for negative values of c. But tliey are not closc~d. 
Then arrange the pixels in time sequence on tlie slit t,o 
create spatiotemporal image. 

In such sett,ings, the pos i t io~~ of slit ~ y  = c in a 
static image is tletermined only 1,s the parameter c. 
Only its distance from the origin varies with the vall~e 
of c in t,lic image. Because the four slit lines are not 



Figure 3: Hyperbolic Slit .r(y + o)  = c 
Figure 5: .4 Line in .4 Plane 

Figure 4: Position CIIAII~(> of Slit 
.r( y + ( I )  = c Caused by n 

closed, there sho111d I)(, sonlc objects in the global space - 
that are not coveled by the slits. There is also the case 
that sonie o b j w t ~  in tlie moving environment far fro111 
thcl caniera will cross the slits in the image, even these 
objects are covrrtd 1)y the slits. These objects are not 
clear in the sl)atioteniporaI image. For those reasons, 
we use slit x(?j  + 0 )  = c and IJ(.T + 0 )  = c to create tlie 
TSI. Thew wc, can a t l j ~ ~ s t  the‘ va111rs of (I and (. so that 
the slit can in an alq)rol)~iatcx 1)osition. Figl~rr 3 is 
a11 . r ( y  + 1 1 )  = (. slit and Figure 4 shows slit positions 
adjnstt~tl I)y tliv paralnt~ter ( I .  

2.4 Features of plane spatiotemporal 
image 

Tilt* followir~g sl~r~~rrrarizc~s thr cllaracteristics of t l ~ c  
plane spat iotc~~~~l)oral  inlagr created wit,h I~ypcrbolic 
slits. 

1. 3D sl)at iotc~l~i~)~ral  image data are greatly ~0111- 
pressed while krrping 3D i~~forniation of objects. 

2. Straight lines parallel to axes in the global space 
are projectctl to straight lines in the plane spa- 
tiot~e~nporal image crt,ated with a liyperl,olic slit 
ant1 the 3D infor~iiation of these lines in t,lie global 
space can 1)e obtained by rstracting st,raight tracks 
of those lines in the plane spatiotenlporal image. 

3. The position of an ol~ject in the‘ p la~ i t  ~1)atiotc,111- 
poral i ~ ~ i a g e  can lx, a d j ~ ~ s t c ~ d  1)y cl~anging tho va1111, 
11 ant1 c of the, hyprrl)olic slit. 

3 3D Informat ion Acquisition 

Froni t,lie discussion of t,l~e prt~vious sections, wr can 
see that to obtain the 3D inforlliation we need to t,s- 
tract the projrctior~ of st,raight line edges of real world 
objects f ron~ t,l~e s~)atiot,em~)oral in~age created from 
111oving ca111~ra l)ictl~res. Many al)l)roaches have I)ccr~ 
~xol)osed to txtract st,raiglit lincs fro111 a two CI~IIIPII- 
sional image 1% use t,lie Hough approach ant1 descrilw 
a straight line L with equat,ion (6) .  

In the cql~ation, 0 a~itl  p are varia1)les t,liat, a5 shown 
in Figure 5. represent angle ant1 distance rc,sl)ectiv(4y. 
They are finite in an image. 

Based on tlie disc~~ssion 111) till now, we can see 
that in the created y - t spat,iote~nporal image, tlie 
projection of vertical edges of objects are straight lines. 

The inclination of tlie st,raight line -CU is positive or -Y ! 
negative depending 011 whether c is p o s ~ t ~ v e  or negative 
and on whet,her the objert is on the left or right side 
of the ramem. The rangr of t,he inclination of t l ~ e  line 
can also be approximat,rly d i ~ t t ~ r l n i ~ ~ t ~ d  by tlie vt,rtical 
distance of the object. L i c  further use Hough approach 
to tlet,ermine the lint' from t,he  plant^ to acquire thr  3D 
information. 

4 Selection of Slit 
There are errors in the process of line- extraction fro111 
two tlime~~sional inlagrs. In this section we tliscnss slit 
selcct,ion with respect t,o t,l~esr cwors. As an exa111111e. 
we tlisci~ss the case of S coortlinate~ acclllisitiol~. 

Let 0 ant1 p I)(' Ho11gl1 t , r a ~ ~ ~ f o r ~ i ~ i l t i o  varial~I~s. .is 
discussed previol~sly, tl1c1 inclinat~ions of 1inc.s art, ~~sc,tl 
t,o obtain 3D informatio~i of objects. From eql~ation 
(5)  and (6) we have: 

.4ssu1ne that the, error in line extractio~i is h0. The 
following gives a tlieoretical analysis. 



The error of S caused Ily the error AO, From equa- 
tion (7) ,  we have: 

Fro111 eqr~ation (7) ,  we can also derive: 

From equation (9) and ' ( l0 )  we can obtain : 

Then we can calculate the minimum value of AX. 

When 

A X  is minimum : 

as = 2as.u (14) 

And at this time : 

From t l ~ e  above equation we can see that when c 
equals the error of S caused by the error A8 is 
t i i i t ~ i t i i ~ ~ ~ i l .  Beca~ise S is l~tlknown we need to estimate 
it from the approxitilate position of objects when we 
select hyperbolic slit. if we decided the c, then we can 
adjust tlie slit's position via parameter a in the image 
to set the slit. 

5 Simulation 
In our simulation experiment, we first created images of 
road as shown in Figure 3. There are many buildings of 
different heights along tlie road. Our purpose is to try 
to obtain  he 3D information about those buildings. 
A hyperbolic slit is set as shown in Figure 3. Then 
we created an TSI as shown in Figure 6. From the 
image straight lines are extracted as shown in Figure 
7. From the information about these straight lines we 
have been able to obtain the information about the 
buildings beside the road. 

6 Conclusion 
In this paper, we proposed a method to acquire 3D in- 
formation from a two dimensional spatiotemporal im- 
age created from images taken with moving camera, 
using a hyperbolic slit. This method greatly decreased 
the quantity of data  while keeping the 3D informa- 
tion. It enables us to acquire 3D information by only 
extracting straight lines from two dimensional images. 

Figure 6 :  Spatiotetnporal Iiiiag(~ 

Figure 7: Lines Extracted from TSI 

We also discussed the selection of hyperbolic slit for 
the spatiotemporal images. 

As future work, we will investig;tt,t~ ot,lier kintls of 
camera motions such as rot,ation ant1 rorrrspontliug slit 
sect,ion niethods for spatiot,etiiporal iiiii~g(s (.r(v~tiot~ for 
3D information acquisition. 
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