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depth maps, and in particular a nmethod of representing ep maps in terns
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the object to a reference point, for example the camera lens.
For systems that seek to create stereoscopic images from a 2D image, the

15 creation of this depth map is in most cases, if not all, an interim step in this
conversion process. The operator, or system, will analyse a 2D image, create a
unique depth map, and then finalise the process by creating left and right eye
images. Depending on the circumstances, this final process may take place
some time after the creation of the depth map.

20 There presently exists a number of systems which attempt to convert 2D
images into stereoscopic images. Whilst each of these systems may effectively
create a depth map, the processes of obtaining those depth maps, and similarly,
the process by which those depth maps are utilised differ. Further, in order to
determine the depths of an object within an image and thereby a depth map, a

25 number of techniques may be used, including the use of muiltiple cameras, laser
range finders, radar imaging, and techniques using modulated radiation sources
coupled with reflected radiation intensity detectors.

For example, in the Applicants prior application PCT/AU96/00820, the
contents of which are incorporated herein by reference, there was disclosed a

30 number of techniques, including determining the distance of objects from a

camera using variable focus techniques. Alternatively, the use of two cameras

# and _an autocorrelator to determine the distance of objects from a camera was
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coupled with reflected radiation intensity detectors. For exanple, in the
Appl i ca ri.Qr application PCT/ AU96/ 00820, the conten f ' are
incorpo%@g@:;%g? ein by reference, there was disclosed a %%?%W%h‘ﬁ’gof
techni ques, including determ ning the di stance of objects froma canera

usi ng VQIE{)%%C‘?OJ@‘?“S techniques. Alternatively, the use of two cameras
and-an autocorrelator to determ ne the distance of objects froma canera
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of depth maps. The task of analysing a 2D image for conversion to a depth map
can be complicated and in some cases time consuming, and it would be
15  preferable to avoid the need to repeat this task depending on the overall 2D to 3D
conversion process selected.
OBJECTS OF THE INVENTION
It is therefore an object of the present invention to provide a method of
compressing depth maps, and in particular it is an object of the present invention
20 to provide a relatively simple technique for representing depth maps in terms of
curves, such as bezier curves, and ramp functions that is well suited for real time,
or semi real time conversion.
SUMMARY OF THE INVENTION
With the above objects in mind, the present invention provides in one
25 aspect a method of compressing depth maps including:
determining the boundary of at least one object within a depth map;
applying a curve to the boundary of each said at least one object;
converting the continuous depth data within an area bounded by said
curve into at least one ramp function.
30 In a further aspect the present invention provides a method of compressing
depth maps including the steps of:

identifying at least one object within a depth map;



curves, such as bezier curves, and ranp functions that is well suited for
real tiRpgoysyp$em real time conversion. SUMVARY OF THEpChMEWRAfdE W th the
above objects in mnd, the present inyention provides in one 25 aspect a
met hod of conpressing depth maps including: determ ning the boundary of at

| east one obj&eimiMiridine GutisPbheaBPsaidaRPbydthefolsjBél antio t he boundary of
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1 showsha pressseVeraionon of a depth map depicting three objects. Figure 2
shows how the edges of the three objects of Figure 1 may be detected.

Fi gure 3 shdwdhédrawingsout|ine of the three objects of Figure 2 may be
' eqroesent ed IJ-JIgS;iurneg1 %ﬁ%\i/v%ra rCelf)rré/seésritation of a depth map depicting three objects.
Figure 2 shows how the edges of the three objects of Figure 1 may be
detected.
Figure 3 shows how the outline of the three objects of Figure 2 may be
represented using bezier curves.
15 DETAILED DESCRIPTION
The Applicants have in prior applications AU 10884/97, PCT/AU98/01005,
and Australian Provisional PQ1197, the contents all of which are herein
incorporated by reference, disclosed various technigues used in the conversion of
2D images to stereoscopic images. These techniques in part disclosed the
20 creation of depth maps and the encoding of those depth maps. However, these
techniques only considered the use of depth maps created as part of the
respective process. They did not deal with a depth map created by a different
process.
Accordingly, if we assume that a depth map has been created either
25 singularly, or as part of a conversion process, and that that depth map has been
transmitted, retained or recorded in some way, then the present invention can be
adopted to convert the depth map for transmission and/or further processing so
as to display stereoscopic images.
Referring now to Figure 1, there is shown by way of example a single
30 video frame of a depth map representative of a 2D image. For purposes of
explanation only, assume the video image has been digitised at 800 x 600 pixels

with 8 bits of depth resolution thus allowing a possible 256 discrete depth levels.



15 DETAI LED DESCRI PTI ON The Applicants have in prior applications AU
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all of which are herein incorporated, by reference, disclosed various
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15  the outline of each object, the processor is unable to distinguish what each shape
represents. Accordingly, the individual objects will not be known as all we have is
a 2D image that represents the depth of each object in the image by a different
shade of grey.

In order to determine an object edge, or segment edge, conventional edge

20 detection methods can be applied that will be familiar to those skilled in the art
and include, although not limited to, Sobel, Marr-Hildreth, Canny, zero crossing in
derivatives and local energy/phase congruency techniques. Using such edge
detection techniques the outline of each object can be detected as is illustrated in
Figure 2.

25 Once the outline of each object has been identified, then to aid in further
processing it is possible to represent each of the outlines using bezier curves. |t
will be understood that other curves could also be used, although beziers are
preferred due to the amount of data they require to represent the outline of an
object. In order to achieve this standard curve matching techniques, known to

30 those skilled in the art, can be applied to the outlines to convert them into bezier
curves, as is illustrated in Figure 3. The application of a bezier curve to the outline

of an object within a depth map, which can be applied manually, semi-



In order to convert the depth map, the objects within the depth map are 10
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15 along a linear depth ramp between points A and B as A1, A2, A3, ....B, it is

possible to set the individual depths at A and B and assume a linear change of
depth between the two points. The same approach can be applied for other
shapes of depth — in general a mathematical expression that describes the depth
function is used rather than the actual depths — thereby forming a highly efficient

20 form of compression. Such ramp functions include, but are not limited to, linear,
exponential, square law and radial.

There are a number of methods to select the appropriate ramp functions
which will be known to those skilled in the art. Such techniques, applied within
the boundaries of each object, could include, fitting selected points of the depth

25 data to the set of ramp functions and minimising the error values. Alternatively,
the ramp functions may be determined by testing for constant areas and zero
crossings in the zero, first and second order derivatives of the depth data. This
will reveal flat, linear and curved areas respectively.

It is desirable to determine the lowest number of ramp functions that can

30 be used to represent the continuous depth value within the object. In order to
determine the lowest number of ramp functions it is possible to compare the

depth function with a library of pre-existing depth functions (linear, radial etc.,)



object. If there is a depth discontinuity, then an object edge or obj ect
segment is present. That is, a further object is pphESRidlo1402

shoul d beélogg%'?lsfied as such. By thi(? process the objects wthin the dept h
map are identified and conveniently the boundaries are represented as

bezi er & YiRd 2 bbst fit. thsnexaﬁ.?@%a@ési QqasERUiticdull pehgsethtd AuterAfms hs of

each of e objects. 10 Once theé outline of each object has been deternined
and replthesmnsmbpropaatecfuncm emntheflibramyt | preferabl y bezier curves, it is
necessary to_represent the continuous de value within the boundar| es by

one or a pl uPHICEthebieatspn thafantlfeap %ﬁm@éﬁf‘te’g WReZI HVeRat ranp

functio f [ 0 Si or
exanpl egﬁd q’%ﬁ]gaf%%%ngt@ée: d%ﬁ W be Feﬁr@?@@t@gl Oe'r?]\%oﬁaﬁl near ggﬁbﬁserd;np
bet \@EenusﬂﬁgnttﬁeAt@é‘rm%@é 8bscrivhd Aih the Bpplidanlt§ ppogsud| didciosieés t he

i ndi vi dual gt hs at and B and assune a |inear change of depth between

t he th%qu 8/0tABS5 samng %@ﬂ)ﬂ%chlrtéwswaup@ﬁntedma@s efeted DynNPHEAUDT depth

- in g€ amath matical. ex t hat ction
s UsedephoiuBs B b7 reniBited HRRCRIRRR o kpls SE 6T TABSH ST i on
20 fOfnﬂh%fné"émﬂér%yﬁ‘the%ﬁ@?né@muﬁﬂﬁéfté @Fé%té aqjd@% dBpth iap, not linited
to, linear, exponential, square |law and radi al here are a nunber of

net hods to skl thet pastebegier opmeathaa\reabpem wsedi tmnsrea\tmlacdemh Mmapewketawn t o
those skilled in the art technl t he bo ndari es

I ed
1 925 c T a8 ol Aieed G tata. HONELSIng 554 861 ﬂchﬁq\g‘MFL‘P%?dttﬂé:oﬂ‘gﬁ 25 data

to t he t | n r
Al ter na‘?l vglqé?é&?ﬁ Helriil& d%gﬁ?%ﬁﬁaﬁp& ggt e??ﬁé%gghgy test i ngpfaor
const anderisseafsbetidr poeints aﬂdaﬂijedftg@epthst@e/eneeﬁiméritrway aficosmmessingraler

derivatives of the depth data. This w/|l reveal flat, |linear and curved
areas reamBdnap&an be addessedi rByvery gffigiantlyrearapiassindothesdepitinhep ibf r anp

functi Ofgarpeggadggﬁ nto t%gr S uﬁﬁ?lﬂ ?mESB ra%%%?énérﬁlﬁeﬁoﬂaﬁé'uﬁtlﬁsn d%‘?ﬁ&a if "f‘é ue

W t hin
15  highly compressed it takes a little extra bandwidth and can thus be transmitted via

existing video and Internet systems.

It will be appreciated that the preceding process is well suited to fully
automatic implementation in either hardware, software or a combination of both.
This would enable live depth maps captured from a suitable device to be

20 converted and encoded in a suitable format in real time for subsequent
broadcasting or recording.

It will be appreciated that the preceding process could be undertaken
completely manually. In this embodiment, an operator would manually select the
outline of each object and describe the bezier curve. Similarly, the operator may

25 select a ramp function from a predetermined library of functions and/or create
new ramp functions as required.

It will also be appreciated that a semi automatic process could be
implemented whereby the performance of the process is monitored by an
operator and assistance is given by the operator if and when the process is

30 unable to automatically determine the outline of an object or select an appropriate

ramp function.
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hi ghly conpressed it takes a little extra bandwi dth and can thus

t ransmi tnvedtiona existing video and Internet systens. It will be
appreciated that the preceding process is well suited to fully automatic

i npl enentation in either hardware, software or a conbination of both. This
woul d enable live depth maps captured froma suitable device to be 20
converted and encoded in a suitable format in real time for subsequent
broadcasting or recording. It will be appreciated that the preceding
process could be undertaken conpletely manually. In this enbodi nent, an
operator would manual ly select the outline of each object and describe the
bezier curve. Simlarly, the operator nay



25 select a ranp function froma predetermned library of functions and/or
create g saP functions as required. It will also be pppiagpbaies that a
sem autonatic process could be inplgnented whereby the performance of the
process is nonitored by an operator and assistance is given by the
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ARE AS FOLLOAS: 1. A nethod of conpressing depth maps including:

determ ning the boundary of at | east one object within a depth map;

appl yi gy a cAmethod astaaibmehinanlginod, wheteir said curve imatbegiar alyact ;

converting the continuous depth data within an area bounded by said curve

into at |east one ranp function. 2. A nmethod as clained in claiml,

wher el n3 sal dA%tHS?'a% ﬂail?ﬁ%d fel claith Mor aalﬁZnWh@?Qnarﬁa‘He@tﬁr%%doﬂtlﬁuﬂ m1 or
ein i1t a dept

claim 2, wher di sconti nuit
|s detected during processing, the processmg is suspended to allow the additional

boundaries to be detected.

4. A method as claimed in any preceding claim further including assigning a

depth to each said at least one object.

5. A method as claimed in any preceding claim wherein said ramp function is

represented by at least one algorithm.

6. A method as claimed in claim 5 wherein said ramp function includes at

least one of linear, exponential, square law or radial.

7. A method as claimed in any claim in any preceding claim wherein said

ramp function is selected from a library of preexisting ramp functions.

8. A method as claimed in claim 7 wherein at least squares fit is used to

determine the ramp function selected from the library.

9. A method as claimed in any preceding claim further including encoding the

compressed data.



is detected during processing, the processing is suspended to allow the
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encodi ng t hedefepmiHieg a€badtiohe MAOLNGHAR %o REPredbkaheldélth di ebgh shidret hod
of conpressing depth maps including the steps of: identifying at |east one
obj ect &fleAstonre gejgch map; determning the outline of each said at |east
one object; and determ ning at | east one ranp function to represent the
depth of each said at |east one object. 11. A nethod as clainmed in claim

10 further i AGhEfHJWad BRimkaNn Waiftl §THHAGNBICIRENG BRS b6l Gotey@irlilg
represent said outline. 12. A nethod as clained in claim1l1l, wherein said

curve i at laascanecuertogepedenpsadtduditheas cl ai ned in any one of clains 10 to
12, wherein if a depth discontinuity is detected during processing further
object identification is wundertaken to determ ne additional objects. 14. A

method g5 cl &I B oL LALIRERIPEIafmh 31 TRhéRih QaitBed b i 8hd A &g the

13. A method as claimed in any one of claims 10 to 12, wherein if a depth
discontinuity is detected during processing further object identification is

undertaken to determine additional objects.

14. A method as claimed in any one of claims 10 to 13 further including the

step of assigning a depth to each said at least one object.

15. A method as claimed in any one of claims 10 to 14 wherein said ramp

function is represented by at least one algorithm.

16. A method as claimed in claim 15 wherein said ramp function includes at

least one of linear, exponential, square law or radial.

17. A method as claimed in any one of claims 10 to 16 wherein said ramp

function is selected from a library of preexisting ramp functions.

18. A method as claimed in claim 17 wherein a least squares fit is used to

determine the ramp function selected from the library.



step of assigning a depth to each said at | east one object. 15. A nethod as
cl ai med iy @nyi8ne of clains 10 to 14 wherein said ranp gdcmgtoonia0zs
represented by at |east one algorithmy 16. A nethod as clained in claim15
wherein said ranp function includes at |east one of |inear, exponential,
square hgw op kitdh&d -asl ElaimefBinNafy asne Iofi dTBithd NARY @ ¢udherCirRitbing0 to 16
wherein said ranp function is selected froma library of preexisting ranp
f unct i oapcodisg the pempoebsas ddtai med in claim 17 wherein a | east squares fit
is used to determine the ranp function selected fromthe library. W

01/ 39125 PCT/ AUOCO 01402 10 19. A nethod as clained in any one of clains 10
to 18 fypt hep 4 ! ; i TR ; as

cl ai madEP'n c a@%ﬁgﬂéﬁéé‘g‘agﬁ%@% cﬁ@%?’rﬁ sal d?gﬁl@geégg; g%llggéﬁcgaeggdr%?ﬂséd with
t he deptombinedowitiatheodepthmabp iorageoridginan inzigehfroreviichthe deptiwamp weas i ved.
21. A nethod as clainmed in any preceding claimwherein said ranp function
is repfad@f-with meshes, netaballs, NURBS, CSG or TIN S. 22. A nethod
substantially as herei nbefore described with reference to the acconpanying
dr awi ngs.

21. A method as claimed in any preceding claim wherein said ramp function is
replaced with meshes, metaballs, NURBS, CSG, or TIN’'S.

22. A method substantially as hereinbefore described with reference to the

accompanying drawings.



