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(57) Abstract: A color look-up table includes a plurality of im-
ages recorded on a film. Each of the images being recorded on
a separate picture of the film and containing at least a first level
and a second level. The first and second levels having different
pixel color values and are arranged to form a detectable geometric
pattern on each of the pictures. The first field and a second field
having detectable boundaries assigned to characterize distortions
on the film.
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LOOK-UP TABLE ON FILM

Field of the Invention

The present invention relates to a method for recording a color look-up table on film
wherein at least two levéls are recorded on each picture of the film, and the levels are
recorded such that a detectable geometric pattern is formed. Thé invention further relates to a

method of recording and using the same.

Background of the Invention

In order to be able to restore colors in pictures of a film, a color look-up table is
recorded on the film. The color look-up table is typically recorded on the film, for exérriple,
in2l le§rcls.. The value of each level is recorded on a picture of the film. After the pictures
that contéiri the color look-up table are sca@ed, a scanner, computer, or other devices restore
the colors of the pictures in the film based on the color look-up table.

The above-described color look-up table, héwevcr, has the drawbaqk that when a ﬁ]m
is in need of res’;oration; 21 levels do not provide sufficient resolution to accurétely restore
the film. Increasing the amount of levels recorded on the ﬁlﬁ, however, directly. increases
the amount of space needed on the film to record the color look-up table. Additic'mally, there
is nc; current method to correct geon{etric distortions in the film due t6 film degradation.

It is therefore desirable to provide a color look-up table that can provide sufficient
resolution to laccurately reétore the film without taking-up excessive space on the film. Itis
further desirable to provide a color look-up table that enables geometric distortion due to film

degradation to be detected and corrected.
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Summary of the Invention

The invention provides a film capable of correcting physical distortion comprising at
least one of image recor&ed on a film, each of thé at least one images being recorded on a
separate picture of the film and containing at least a first field or level and a second field or
level having detectable boundaries. The at least one images can be a color look-up table,
wherein the first and second levels having different pixel.color values.

An embodiment of th;a invention is a method that includes the steps of providing on film -
one or more images of a geometric pattern, scanning the images, detecting distortions of the
geometric pattern of the images, geﬁerating instructions for cofrecting distortions in the
geometric pattern and applying corréctions to other images on the film. The method can
further comprise building a color look-up table in the images and performing color
corrections on the film, wherein the color look-up table on the irhages contain at least a first
color level and a second color level and selecting the first and second color levels to have
different values. The first and second color levels can be shaped to form a detectable
geometric pattern on each of the images. The generating instructions step can comprise
generating an afﬁne transformation to correct deviations in the geometric pattern and the
applying corrections step can comprise applying the affine transformation to the other

images.

Brief Description of the Drawings

The invention will now be described by way of example with reference to the

accompanying drawings.
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Figure 1 is a schematic illustration of a color look-up taf:le provided on a reel of ﬁlm‘
accprding to the iﬁventipn.
Figure. 2 is a schematic illﬁstrafiqq of an imége recorded on the color look-uptablé: of
Figure 1. |
| Figure 3 is a schématic illustrzii‘tiorll of a first imagé recorded on the color look-up table

of Figure 1. -

Figure 4 is a flow chart showing a method of use of the color look-up table of Figure

Figure 5 is an image having distortions prior to correction.

Figure 6 is the image of Figure 5 after correction according to the invention.

Detailed Description of the Invention

Figure l shows a color look-up table 1 according to the invention. As shown in
Figure 1, t'hC color look-up table 1 comprises a seﬁes of imagés 2 (or steps) fqﬁhed over a
plurality of pictures 3 (or frames) on a film 4. The color look-up table 1 may be formed, for
example, over a piuralify of tI.1e pictures 3 at a beginning .of areel of the film 4. The color
look-up table 1 contains répresentative pixel information that may be used for restoring
colqrs iﬁ the ﬁim 4. The color look-up t.able 1 corresponds to one color component on the
film 4, for example, red, green, or blue. |

The golor look-up _tz.xble 1 in the film 4 may have 8-bits, 10 bits, 12 bits, or 16 bits to
represent a pixel. As shown in Table 1, which is illustrated below; if the film 4 uses 8 bits to
represent a pixel, then the color look-up table 1 may have 256 possible pixel color values
(whi;:h' can be referred to as color values, levels or i;lterisities). Table 1 can be the color look-

up table for red, green, or blue. (In other words each color has its own look-up table.) If the
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film 4 uses 10 bits to represent a pixel, then the color look-up table 1 may have 1024 possible

pixgl 'cqlor values. It will be apprecigted By those skilled in the art, however, that the number
of bits used to represent a pixel may vary depending on the desired application of the color

look-up table 1.

Table 1: True Intensity vs. Level Recorded

M’

'‘LevelL, |o© 1 2 13 |4 s |6 |7 18 lo 10 J11 |12 |13 |14
" 8-bits 0 {4 |s 12 116 120 |24 |28 (32 |36 |40 |44 |48 |52 |s6
10-bits 0 16 132 148 |64 |80 96 112|128 | 144 {160 | 176 | 192 | 208 | 224
Level L, 15 116 |17 118 119 |20 {21 |22 |23 |24 |25 |26 |27 |28 |20
8-bits 60 |64 |68 |72 [76 80 |84 (88 192 |96 1100|104 | 108 [ 112 | 116
10-bits 240 | 256 | 272 | 288 | 304 | 320 | 336 | 352 | 368 | 384 | 400 | 416 |.432 | 448 | 464
Level L, 30 131 132 133 (34 |35 |36 137 138 {390 {40 |a1 |42 |43 |44
8-bits 120 | 124 | 128 | 132 {136 | 140 | 144 [ 148 | 152 | 156 | 160 | 164 | 168 | 172 | 176
. 10-bits 480 | 496 | 512 | 528 | 544 | 560 | 576 | 592 | 608 | 624 | 640 | 656 | 672 | 688 | 704
LevelL, §45 {46 147 48 |49 |50 {51 |52 |53 (54 |55 (56 [57 |58 |so
8bits 1180 | 184 [ 188 | 192 | 196 | 200 | 204 | 208 | 212 | 216 { 220 | 224 | 228 | 232 | 236
10-bits 720 | 736 | 452 | 468 | 784 | 800 | 816 | 832 | 848 | 864 | 880 | 896 | 912 | 928 | 944
Level L, 60_(61 |62 163 |64 | '

8-bits 240 | 244 | 248 | 252 | 256

10-bits 960 | 976 | 992 | 1008 | 1024

w
The pixel color 'values are recorded on the film 4 in levels. The more levels that are

recorded on the film 4, the greater the resolution of the images reproduced. In Table 1, 65

levels (0-64) are recorded on the film 4." It will be appreciated by those skilled in the ért,

however, that the number of levels recorded on the film 4 may vary depending on the desired

‘image and the amount of available storage space.

The configuration of the color look-up table 1 will now be described in greater detail.
As shown in Figure 1, the color look-up table 1 comprises the images 2. As shown in Figuré
2, each of the images 2 contains a first level 5 (or a first intensity level 5) and a second level 6

(or a second intensity level 6). In the illustrated embodiment, the first level S is represented
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by the formula (L,), and the second level 6 1s represented by the formula (Ly32). The value
of n increases with each of the images 2 and is determined by the number of levels that are to
be recorded on the film 4. For example, in the illustrated embodiment, the value of n
increases with each of thé images 2 frdm 0-32, because 65 levels-are recorded on the film 4.
The first and second levels 5, 6 are substantially recorded in columns 12 and rows 13. The -
first and second levels 5, 6 substantially alternate along the columns 12 and the rows 13 such
that the first level 5 is positioned next to the second level 6.

Although the.images 2 are shown and described h.erein as each having been recorded -
with only two of the levels, it will be appreciated by those skilled in the art that either a single
level or more than two of the levels may be recorded on each of the images 2 dépending on
the desired image and the amount of avaijlable storage space. Additionally, although the |
levels ate shown and described herein as being formed in four columns and four rows, it will
be appreciated by those skilled in the art that the levels may be formed in any number of
columns and/or the r&ws depending on the desired image and the amount of available s;torage |
space.

A feature of the invention is that the images 2 containing the first and second levels 5,
6 on the pictures 3, form detectable geometric patterns on each of the pictures 3. (Detectable
geometric pattern means that each level 5, 6 is a field having a defined boundary that can be
mathematically characterized.) For example, an outer edge of the first and second levels 5, 6
defines a perimeter 7 of the image 2 on the picture 3. Additionally, the color differences
between thé. first and sécond levels 5, 6 as the first and second levels 5, 6 alternate along the -
columns 12 and the rows 13 define a plurality of intersecting -ﬁrst cross-bars 10 and second
cross-bars 11. In theillustrated embodiment, the first cross-bars 10 extend substantially

parailel to each other, and the second cross-bars 11 extend substantially parallel to each other.
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'.I’l;e first and seépnd cross-bars 10, 1.1 iﬁtersect at an angle c')i; abbut 90 degreeé. The first and
secqnd cross-bars 10, 11 intersect thq periineter 7 at an angle of about 90 degrees..

A metﬁod for providing the colbr look-up table 1 on the film 4 will now be described
in greater deiail. As éhown in f‘igure 1, a first image 2a i; recorded on a first picture 3a of the.
film 4; As shown in Fiéure 3, the first image 2a (which c;n be a first frame on the film)
contains the first level Sand _thé second level 6 The first level S contains ﬁixel color v;'atlues .
corresponding to i.evel 0 (Lo), which is the lowest level illustrated in Table 1. The second

| level 6 contains pixel co!of values corresponding to Level 32 (Lg.32 or i,32), w.hich is the.
substantially middle level illustrated in Table 1. The first and secoﬁd lev-els 5, 6 are recorded
in the columns 12 and the rows 13 such that the first and second levels 5, 6 alternate along the
columns 12 and the rows 13..

A}; shown in Figure 1, a second irhage ib is recorded on a second picture 3b of the
film4. The se'qénd image 2b contains the first levels 5 and the second Ievels 6 too. The first
level 5 con.tains pixel c.olor values correéponding to Level 1 (Ly), which is one .Ievel abo;'e
the lowest level illustrated in Table 1. The second level 6 contains pixel color values |
corresponding to Level 33 (L1432 or L33), which is one levél above the substantially middle

~ value illustrated in Table 1.. The first and second leveis 3, 6 are recorded in the columns 12
and the r;)ws lé'such that the first and se';:ond levels 5, 6 alternate alopg the columns 12 and
the rows 13.

The images 2 are cqﬁtinued to be recorded on the film 4 until all 65 levels are
recorded on the film 4. In the illustrated emb_ddiment, the color l‘ook-up table 1 can contain
. 33 of the images 2 wherein each of the hnageé 2 is a step and contains two of the levels |
shown in Table 1. For, e_xample, if the color values are based on '10. bit system, Level 0 (Lo)

will have a true intensity value of 0 and Level 32 (Lg+3; or L3;) will have a true intensity value
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of 512. The combinétion of Level 0 (Lp) an@ Level 32 (Lg+32 or L3z) can comprise ;1 step l ora
1** frame on.the color look-up table 1 of the film. Level 1 (L)) \;vill have a true intensify value
of 16°and Level 33 (L1432 0or L33) will have a true intensity valpe of 528. The combination of
Level 1 (L;) and Levg:l 3-3 (Li+320r L33) can comprise a step 2 or a 2™ frame on the color
look-up table 1 of the film. Lével 31 (Ls1) will have a true intensity value of 496 and Level
63 (L3'1+32' orLes) will have a true intensit.y va.lue‘ of 1008. The combination of Level 31 (L3;)
and Level 63 (L3143 or Les) can comprise a step 32 ora 32“" frame on the color look-up table
1 of the film. (Following a fi'nal st;ap 33, the following ﬁémes or pictures of the film can
. contain the actual motion pictures images.) An example color look-up table 1 for a system
.with 65 levels according to the invention is shown in Table 2. In this particular éxample

Level L32 appears twice (i.e., once in step 1 and again in step 33).

Table 2: Example Color Look-up Table

Step No. in Color Table L(n)=Ln - . L(n+32) = Ln+32
1 . L(0) L(32)
2 L(1) : L(33)
3 L(2) L(34)
4 L(3)" L(35)

5 L4) L(36)
6 L(5) L(37)
7 L(6) - L(38)
8 L(7) L(39)
9 L(8) L(40)

10 L(9) - L4
11 L(10) ~ L42)
12 - . L(11) 1.(43)
13 : L(12) ' L(44)
14 L(13) , 1.(45)
15 . L(14) - L(46)
16 L(15) L(47)
17 L(16) "L(48)
18 LA7) ' L(49)
19 . ~L(18) L(50)
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20 - L(19) ' L(51)
21 . L(20) - ' L(52)
22 < L(21) . B L(53).
23 - - L(22) . . L(54)
24 . L(23) . . L(55) -
25 . : ‘ L(24) L(56)
26 ' , L(25) 145D
27 - . - 1(26) . L(58)
28 L@, : _L(59)
29 - ‘ L(28) 1.(60)
30 - . L(29) L(61)
31 'L(30) [ L(62)
32 ‘ L(31) L(63)
33 . L(32) ~ L(64)

It will be appreciated by those skilled in the art that the imeges 2 may be‘reeord'ed on
'the film 4 more than one time to ensure accuracy. Additionally, it will be appreelated by
those skxlled in the art that the i images 2 may be recorded on the film 4 more than one time to
record more than one color component on the film 4. |
| A feature of tﬁe invention is that the color look-up table is capable of detecting dnd
correcting geometric distortion of the film. A method of using the color look-up table 1 w111
now be descnbed with reference to the flowchart 20 shown in Flgure 4. As shown in Figure -
4 at process step 21 the entire film 4 including the color look-up table 1 i is scanned bya
conventional scanning method. At process step 22, as the color look-up table 1 is scanned, a
seanner a computer, or other device detects the first and second levels 3, 6 on the pictures 3.
At process step 23, a scanner, a computer, or other device builds a color: look-up table on the
‘scanner computer or other device. At process step 24, the scanner, computer, or other -
device makes color corrections in the pictures 3 of tbe film 4 based on the information .

retrieved from the color look-up table 1 to restore the film 4, for example, to its original
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condition. Because the method of scanning the film 4 and making color correctioﬁs therein
are well known in the art, further description thereof has been 6niitted. '

At proéess step 25, as the color look-up table 1 is écan_ned, a scamnner, a computer, or
other device detects the éeometric pattérn formed on the pictures 3. For example, in the ﬁrgt
picture 3a shoyyn in Figure 3, the perimeter 7 and.the first and sgcond cross-bars 10, 11 of the -
ﬁr;t irhaée 2a are detected. At points wﬁere t_he'ﬁrst and second cross-bars 10, 11 intersect, a
substgntially 90 degree angle should be detected indicatiﬁg'that the first and second cross-
bars 10, 11 are substantially $Uaight linés. Additionally, é,t points where the first and second -
crdss—bérs 10, 11 intersect the perimeter 7, a substantially 90 degree angle should be detected
.indicating that the perimeter 7 is formed of substantially straight lines. The detected position
of the perimeter 7 and the first and second cross-bars 10, 11 of the images 2 may be
represented by at least oﬁe equation.'

At process step 26, if the perimeter 7 of the images 2 and/or the first and second
cross-bars 10, 11 of the iméges 2 are found not to be substantially straight lines, then an
affine transformation is generated to correct deviatioﬂs in the geometric pattern: At process
step 27, the affine tranéformation is applied to warp content in all of the pictures 3 in the film
4 theréby correcting the geometry of all of the pictures-3 in the film 4. Additionally,
interpolation for color pixgls not on the integer grip may be made. As a result of this
correction, any physical distortion appéaring on t.he film 4 can be removed.

As shown in the flowchart 20, the detection of the first and secoﬁd levels 5, 6 on the
pictur.es 3at process étép 22 and the detection of the geometric pattern on the pictures 3 at
process step 25 may occur simultaneously. The building of the color lﬁok-up table at process
| step 23 and the generation of the affine transformation at process step 26 may also occur

simultaneously. Additionally, the color correction at process step 24 and the geometric
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oorrection of the content of the pictures 3 in the film 4 at proeess step 27 may be performed |
31mu1taneously It will be apprecxated by those skllled in the art, however, that process steps
22,23, and 24 may alternatlvely oceur elther before or after process steps 25, 26, and27.

Although the color look-up table 1 shown and descnbed herein is used for color ‘
correctlon and geometry restoration in the restoratlon of the film 4, it will be apprecmted by
those skilled in the art that the color look-up table 1 may be used for other purposes and in
" other appllcatlons For example, the color look-up table 1 may be used in v151ble plcture
recording, prmtmg for atchlvmg, etc.

'~ In the color 1ook;up table-l acc_ordiné to the invention, 65 l:eyels are recorded on the

* film 4, which enables the color look-up table 1 to support higher resolution images.
Additionaliy, because two levels are recordeo in each of the images 2, the color look-up table
1 can be condensed into fewer of the plctures 3 on the film 4. .Since the levels altemate with
respect to the columns 10 and the rows 11, the images 2 are addltlonally provided. with a
geometric construction that enables geometric distortion to be detected and corrected

An important point is that distortions of the ﬁ'ames or plctures of the ﬁlm contammg
the color—look-up table 1 and the film having the actual motion plctures images are likely to
_ distort similarly. Wlth this concept in mind, an approach for use of the invention will be
desoribeo. An itnage 2 shown in Figure 5, illustrates the film having distortions which can be
visually observed because the bordex;s between the first levels 5 .a.nd a second levels 6 are
‘ wafped. Figure 6 illustrates .how the borders and the first levels 5 and second levels 6 could
ideally be shaped or how they may appear after correction.' Front Figure 6, one can compute
coordinates of each vertex atoy by checkmg all edges. (The cross point of two edges isa
vertex. ) The coordlnates of each point is (ay, ay), (by, by) - (¥x» ¥y). One can then.ﬁnd a

transform for each block. For example, block abgf could be characterized as follows:
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(a;(: ay) -~ (a’m a,y),

(bXS by) ~ (b’x’ b’}')s

(gx’ gy) ~ (g’x’ g’)')’ and

(f, £y) ~ (P, £y).
The values of x> and y’ can be described as follows:
y

X'=Ax+By+C

y’=Dx+Ey+F
A transform T for these ‘equations can be written as

" T=[A,B,C;D,E,F].

_ This leads to

Aa,+Ba,+C =a,’
Da,+Eay+F =ay

Ab,+Bb,+C =b
Db,+Eby+F =b,’

Agx+Bgy+C =g’
Dgx+Egy+F =g’

Af+Bf,+C =£
Df+Ef,+F =£,

With these 8 equations, one can find the 6-parameter affine transform T and implement the
transform to appropriately warp each p:oint in the block abgfto a’b’g’f* and get the correct
image géometry. The war;.) determined for these images 2 of the color look-up table can then
be used to approprfately warp/shape piptures 3 (or frames) on a film 4 having the motion
picture images. With this fnethodolbgy' for correcting distortion in mind, a feature of the
invention is that the film has the capability of correcting physical distortit;n' characterized in
that at least one of image is recorded on a ﬁlrn, each of thés:e images are récorded -on a
separate picture of the film; and each of these imagés contains at least one first field (or level)
5” and at least one second field (or level) 6 hgving detectable boundaries, wherein the first

and second fields do not necessarily have different pixel color vélues, but may have some
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other distinguishable attribute (e.g. in texture, polarization, etc.). Esseﬁtially, the - |
methodolog.y for this feature of the invention is to use the procésé steps 21, 25, 26 anci 27
described in Figure 4. It is to be understood that there can .b,e, a plurality of first fields and
second fields in an imagé. (These images can be referred to as a look;up table.)

The f01_'egoing illustrates ;ome of the possibilities for practicing the invention. Many
otﬁer embodiments are possible within the sc;_opé and spirit of the invention. For example,
althopgh the color look-up table 1 is illustrated as h'aving .tv'vo levels recorded in each of the
images 2, it will be appreciat;ed by those‘ skilled in the art 'that more than two levels may be
. recorded in each of the images 2. Additionally, although the color look-up table 1 is
Allustrated as having a total of 65 levels, it will be appreciated by those skilled in the art that
the number of levels may vary depegding on the désired application.of the color look-up table
1. |

Itis, ther.efore, intended that the foregoing description be regarded as illustrative
rather than limiting, and that the scope of the invention is given by the appended claims

together with their full range of equivalents.
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CLAIMS

1. A film comprising:

at least: one of image on film;

each of the at least one'ima.ges being a separate image and containing at least a ﬁ;st-
field and a second field ‘h.aving détectai)le boundaries assi gned to characterize distortions on
the film; and,

the at leaét one image is a color look-up table.

2. The film of claim 1, wherein the first field is a first color level and the second field

is a second color level, the first and second color levels having different values.

3. The film of claim 1, wherein an outer edge of the first and second levels define a

perimeter of the image.

4.The film of claim 3, wherein color value differences between the first and second

levels define first and second cross-bars that intersect the perimeter.

5. The film of claim 1, wherein the first and second fields are arranged in columns and

rows, the first and second fields alternating along the columns and rows.

6. The film of claim 1, wherein an outer edge of the first and second fields together

define a perimeter of the image.
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7. The film of claim 6, wherein the first and second levels fields define first and

second cross-bars that intersect the perimeter. -

8. The film of claim 7, wherein the first and second fields are arranged in columns

and rows, the first and second fields alternating along the columns and rows.

9. A method comprising the steps of:
providing on film at least one image of a éeometﬁc pattern;
scanning the at least one image;
detecting distortions of the geometric pattern of the at least one iinage;
generating ir_xstructibns for correcting distortions in the geometric pattern; and, '

applying corrections to other images on the film.

10. The method of élaim 9, wherein the providing step further comprises building a

color look-up table in the at least one image and performing color corrections on the film.

11. The method of claim 10, wherein the providing step furthér comprises building the
color look-up table on the at least one image to contain at least a first color level and a
second color level and selecting the first and second color levels to have different

values.

12. The method of claim 10, wherein the providing step further comprises shaping the
first and second color levels to form a detectable geometric pattern on each of the

images.
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13. The method of claim 12, wherein the providing step further comprises arranging the
first and second color levels in columns and rows and having the first and second

color levels alternate along the columns and rows.

14. The method of claim 9, wherein the generating instructions step further comprises

generating an affine transformation to correct deviations in the geometric pattern.

15. The method of claim 14, wherein the applying corrections step further comprises

applying the affine transformation to other images.

16. The method of claim 9, wherein the providing step further comprises building at least
a ﬁfst field and a second field having detectable boundaries in to the at least one

image.

17. The method of claim 16, wherein the providing step further comprises arranging the
first and second fields in columns and rows and having the first and second fields

alternating along the columns and rows.

18. The method of claim 17, wherein the generating instructions step further comprises

generating an affine transformation to correct deviations in the geometric pattern.
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19. The method of claim 18, wherein the applying.corrections step further comprises

applying the affine transformation to other images.
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