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Reflection densitometer

BACKGROUND

{06611 Consistent color reproduction using a digital printer requires measurament
arxt control of the densities for cach ink used on a printed page. Typically the densities of
the inks are measured using reflection densttometers. Commercial densitometers may
range it price from $500 up to $2.000. One reason these commercial densttometers are
so costly is that they typically meet the Imternational Standards Organization {ES.O)
standards for measuring optical density. Unfortumately, including a commercial

densitometer with each printer may not be economically viable.

BRIEF DESURIPTION OF THE DRAWINGS

16002} FIG. 1ais a color densitometer 100 inan example embodiment of the
invention.
188031 P16 1b is the color densitotneter 100 with a different paper height, in an

example embodiment of the invention.

{0684} FIG, 245 g top view of color densitometer 200 in an example embodiment

of the invention.

HEE TR FIG. 3 is g praph showing the relative intensisy {using eguation 2) of the
same test avea on a printed page using the same densiometer with two different heighis

3

between the page and the detector in an example embodiment of the invention.

£

hart for a methed of controlling the OD of ink ina

o

HHEEY FIG. disaflowe

printing process, in an example erabodiment of the invention.



WO 2011/084158 PCT/US2010/020325

2
ETAILED DESCRIPTION
{8067} FE3. T -4, and the following description depict specific examples to teach

those skilled in the art how to make and use the best mode of the invention. For the
purpose of teaching Irtventive principles, some conventional aspects have been simplified
or omitted. Those skilled in the art will appreciate variations from these examples that
falt within the scope of the invention. Those skilled in the art will appreciate that the
foatures deseribed below can be combined i varions ways to form multiple variations of
the invention. As a result, the invention is not Haiited to the specific examples described

below, but only by the claims and their squivalents.

16668} Figure 1a is a color densitometer 100 in an example embodheent of the
invention. Color densitometer 100 comprisss Hlumination source 102, ilhumination
optics 104, detector 106, and detecior opties 108, Hlumination source 102 may be any
type of light source, for exaraple a light emitting diode {LED). HHumnination source 142
may emit Hght over a broad or narrew wavelength band. THumination optics 104 may be
ong or mere lenses eonfigured to create g focused beam of Hght from illumination source
102, Hiwnination opties 104 is configured to divect the focused beam of light onto g
sarget, for example paper 118, Detoctor 106 may be any type of device that responds o
the presence of hight, for example a charged coupled device (CCD) ¢r a photomultiplier,
fretector optics 108 may be one or more lensss configured fo direct tght from the target
oxto detector 106, Detector optics is configured to collect light from the area of the

target iHuminated by the focused beam of light from Humination sowrce 102

B669 It one example smbodiment of the invention, the focused beam of light
¥
from Humination source 102 forms optical axis Y. Optical axis Y makes an angle ¢ with
paper 110, Angle ais typically set at 45 degrees. Detector and detector optics fovm an
3

optical axis X. Optical axis X is typically sot ar 90 dogrees to the surface of paper 110,

Figure 11 15 color densitorneter 100 with the height of the target paper 110 changed by
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B
b

distance d. Because optical axis Y makes a 45 degree angle with paper 110, shifis in
paper height d, cause shifis in the position of the illwmination at the location where
detector 106 measures the optical density of the paper 110, The shift in the position of

i

the ilumination beam relative to the target avea may change the tumination intensity

o=

and cause inaccuracies in the measured optical density.

8018} In some example embodiments of the invention, there may be multiple
ilfumination sources positioned arownd detector and detector optics. Figwe 2isatop
view of color densitometer 200 in an example embodiment of the invention. Color
densitometer 200 comprises Ulumination sources 201, 202, 203, Hlumination optics 204,
detector 209, and detector optics 208, The three iHlumination sovrees 201, 202, 203 are
spaced egually around detector 206, Bach llumination source (201, 202, and 203} has
ilurnination optics 204 that forms a focused beam of Hght directed to a target location

underneaih detector 206 and delector oplics 208.

{8611 The three sets of Hlumination sources and illumination optics form three

¥

focused beams of light. The focused beams of Haht from Humination sources 201, 202,
ard 203 forms three optical axes that make an angle o with the target. Angle o is
typically set at 45 degrees. Detector and detector optics form an optical axis that is

2

typically set at 90 degrees o the surface of the target {coming out of the paper tn figure

23 1o one example embodiment of the invention, the three Humination sources produce
three different eclovs of light, for example red, green and blue. The three beams of light
from the three Hlumination sources creats thres overlapping aveas of illumination 214,
212, and 214 atthe target arca. Where the three iHumination areas overlap, the targst

arga is effectively illuminated by white ight. In other example embodiments of the

:M

invention, the optical paths of the tumination optics and/or the detector optics may be

~%
¥

folded or bent to reduce the physical size of the color densitometer 200, The number and

%

cotor of the ilumination sources may also be varied, for example four iHumination

sources that produce red, green, blue and orange light,
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B892} in operation, color densttometer {100, 200) measures the diffuse Hght from
atarget avca on the page. The target area on the page may have one or more colors of ink

printed on the page. The infensity measured by the densitometer Is made up of two
components, the systom geometry, and the intensity modulation caused by the ink as

shown by Equation 1.

Measured intensity = intensity{geometry ) IntensityModulation{ink). Hguation 1
{08131 Fquation 1 shows that if two measurements are made osing the same color

densitometer, the system geometry component in the measured signal may be eliminated.
The two measurements are: a pateh with ink printed on a sample page snd a patch with

T

no ik printed on the sample page. The s

b

T

ignal from the fivst roeasurernent s divided by
the signal from the second measurement as shown below in equation 2. By dividing the

two measwremends, the intensity{geometry) term is canveled out of the equatio

Relative Inter ensityModalation(ink )} /

{mtensitgeemety T intensityModulation{no ixk}) Hquation 2

Relative Intensity = IntensityModulation{ink)y/ IntensityModulation{ne ink)  Eguation 2

Eguation 2 is the Relative Iitensity of the ink printed on the pa g, Changes in the
reflocted intensity ave usually expressed in terms of absolute optical dersity (OD) which
is expressed as log(Intensity/lumination intensity}. To provi *i iterchangeability and
interoper dblii‘: \ between densttometers, ISO standards for reflection density
messtrements®™ have been defined: 1. ISO standard 5-1 1984: Photography ~ Density
Measurements — Part 1 Ternes, svibols and notations, 2. ISC standard 5-3 1995:
Photography — Density Measurements — Part 3: Spectral conditions, 3. ISO standard 5-4
1995; Photography — Density Measurgmments — Part 4: Geometrie conditions for reflection
density. Herein we refer to Relative 0D as being log(Relative Intensitvy,

.)
e
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The variation in measurements due to changes in the height of the paper with respect io

the detector has been eliminated from the relative OD. By using the relative OB, the

N

tolerance in the height between the detector and the surface of the printed paper may be
relaxed. The relative OD will be determined during operation by taking two
neasuremments. First a white area on the sample page (with no ink printed on the page)
will be measured. Then a sscond area on the page where ink has been printed will be
measured. The relative intensity or relative OD is the second intensity divided by the
first 1ntensity. In one example embodiment of the invention, the printed and non-printed
patches will be adiacent to each other. When the two patches are adjacent, any difference

it height between the two measurements will be minimized,

5814} Figure 3 iz a graph showing the relative OD (using equation 2) of the same
ieat area on & printed page using the same densitometer with two different heighis
between the page and the detector in an example embodiment of the invention, The

intensity measurements in figure 3 where taken as the measurement area 332 from a
R’ o

-5

densiterneter was moved across two patches (328 and 330} on 2 sample page. The first

by

E3

patch 328 is a white area on the page with no ink printed on the page. The second patch

338 1s an arcs on the page colored black by ink printed on the page. The X-axis of the

graph is a measurement of the distance the densitometer was moved across the two

patches, The Y-axis is the relative OD measured by the densitometer.

1S The measurements in § qere taken in two steps, frst s measure
H818 The measurements in Sgure 3 were taken in two steps, first 3 messurement

of {miy paich 328 was done 1o determine IntensityModulation{no ink} for use in equation
Then measurements where taken as the measurement area 332 was moved from patch

328 onto patch 330 using equation 2 loaded with the value for Intensity Modulation{no

ink). When the measurement area 332 of the densitometer is completely over the white

area, the measured relative O is egual 1o zero. As the measurement area 332 of the

densitometer moves onto patch 330, the measured relative 0D decreases. Onee the

megsurement area 332 of the densitometer is completely over patch 330, the measurs

relative O flattens out at a constant value,
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{6616} Line 320 15 the relative OD measured from glossy paper with a height of
10,5 nun between the paper and the detector. Line 324 is the relative OD measured from
glossy paper with a height of 11.5 maum between the paper and the detector. Even though
the distance between the paper and the detector is different between line 320 and 324, the

sured refative OD is the same. This shows that the height sensitivity has been

eliminated,

18017} Line 322 is the relative OD measured from matte paper with a height of
10.5 mm between the paper and the detector. Line 326 is the relative OD measured from
matte paper with a height of 11.5 mm between the paper and the detector. Hven though

3 Y

the distance between the paper and the detsetor is different between line 322 and 326, the

megsared refative O {s the same. This shows that the height sensitivity has been

elinunated.
{6318] The measured relative intensity, or relative optical density, can be
costverted 30 an absolute optical density of the pristed pateh by adding the absohute

optical density {OD) of the paper to the measured relative O (Absolute OD Patch =
reiative O pateh + absolute OD substrate). The absclute OD of the paper is a paper
property and does not change during printing. The abselute OD of the paper can be
looked up in a table, measured externally (.. not during printing), or measured during

the privting process

{0619} in one example embodiment of the invention, the densitometer may be
used to determine the absolute OD of a non-printed area on the sample page during the
printing process. The absolute OD of the non-printed ares or paich may be determined
using one of two methods. In the first method, the Hlumination source in the color
densitometer having the least sensitivity to height variations is used to measure the non-
printed pateh, This measurcment is used as the absolute O of the non-printed paper.
The illumination source in the color denstiometer having the least sensitivity to heigiht
variations can be determined during the manufacturing process for the color

densitometer,
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18628 In the second method, the height sensttivity of each of the (lumination

sources in the color densitometer are determined and saved during the manufacturing
process. During operations, the OD of the white area on the page is measured using each
Hlumination source in the color densitometer. Because a color densitometer typically has
at least three illumingtion sources, there are two unknowns (the height between the
detector and the paper and the absolute 0D of the paper) and three equations (the
measured sensitivity of each of the {Hlumination sourzes o variations in the height
between the paper and the detector), therefore the absolute 0D of the paper can be

determined.

fea2 1} The two methods above assume that the paper is white, Le the absolute OD
for cach color channel is the same. This may not be true for all substrates. For colored

substrates the table lookup from off press measurement still applies.

{89221 Figure 4 13 a flow chart for 8 mothod of controlling the UD of ik in s

printing process, in an example embodinment of the invertion. The method starts at step

402 where a white area of the substrate s measured. A white avea is an areg on the
substrate without any ink. Depending on the type of substrate, the white area may not

a

actually be the color white. At step 404 an arca on the substrate that has been printed
with fnk is measured. In some example embodiments of the invention, the two areas may
be adjacent. At step 406 the relative optical density {OD) of the ink is calenlated. The
velative O of the ink 18 calenlated using equation 2. The relative OD of the ink may be
used 1o control the printing process. Optionally, the ghsolute OD of the ink may be
determined at step 408. The absolute OD of the ink may be used to control the pristing
process. The absolute OD of the ink may be determined nsing 2 known absohate OD of
the substrate or g measured abselute 0D of the substrate. The substrate may be any type
of material that can receive ink, for example sheets or rolls of paper, cardboard, cloth,

wood, metal, or the hke,

$823 A color densitometer {ag described above) mav bensed to implement the
_ }ma; ¥

1

method for controliing the OD of ink in a printing process as deseribed in fgure 4. One
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or more coloy densiiometers may be mounted on the printer, and wsed to megsure and
control the 0D of the ink during the priming process. Recause the height sensiivity in
the measuwrements from the color densitometer has beent minimized, the color

densitometer may not need to meet the ISO standards for measuring optical density.
o = .{ -

S

3 t{\

i'"

18024} In the description above, a color or multi-channe! densitometer is use
deseribe the invention, The invention is not Iimited to ¢olor densitometers, the invention

may be used {or single channel, or black and white densitometer as well,
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CLAIMS

What i3 claimed i3;

L A method, comprising

miawing a first optical densily (OD) measurement on a white area of a
substrate {402);

making a second OD measurement on an area of the substrate printed with
ink (404,

determuining 2 relative OD of the ink using the first and second
nieasurements {4063,

determining an absolute OD of the ink by adding the relative OD of the

ink to an absolute O of the substrate (408).

2. The method of cladm 1, further comprising:

comiroliing a printing process, 8t least in part, using at least one of the

)

3 selectad from the group comprising: the relative OD of the ink and the

ahsalute QU of the ink.

3 The method of ¢laim 1, wherein the absolute OD of the substrate is determined
using the first measarement.
4. The method of clatms 1, 2, and 3 wherein the first measurement is made using at

teast two different ifumination sources (201, 202}

3. The method claim 1, 2, 3, and 4, wherein at least an orange illumination sources, a
green iumination source and g blue Hhimination source are used to make the first and

secona measurements
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peid)

The method claim 1, 2, 3, 4, and 5, wherein the relative optical denstly of the ink

15 the OD from the first measurement subtracted from OD Fom the sccond measurement.

7. The method of claim 1, 2, 3, 4, 5, and 6, wherein the substrate is one of the
substrates selected from the group comprising: a sheet of paper, a roll of paper, & sheet of

Q,,
o
[£2]
.
o
@
&
o
K,
£3
&
8
ol

cardboard, a piece of woo

. The method of claim 1, 2, 3, 4, 5, 6 and 7, wherein the absolute OD of the ink
measured al a fivst distanee to the substrate printed with ink, and the sbsolute OD of the
ink measured at a second, different distance 1o the substrate prisged with ink, will be

essentially eqgual.

9. A apparatus, comprising:

at least one illumination source (202},

sifumination optics (204} positioned to direct light from the at least one
itlumination source onto a target areg;

a detector {206} positioned 1o collect Eighi‘ from the target area;

detector optics {208} positioned to focus hight from the target area onto the
detector:
a controtier coupled to the at least one illomination souwrce and the detector and

>

configured to control the at lsast one Hlumination source and the detector, the controlier
configured to take a first O measwrement when & white ares of an object is in the targst
area and a second OD measurement when an area of the object printed with ink is in the
larget area, the controlier configured to ealeulate a relative OD of the ink using the first
and second measurements and the controller configured to caleulate an absolute optical
density of the ink by adding the relative optical deunsity of the ink to an absolute O} of

the target.

10, The apparatus of claim 9, wherein the illomination optics direet the lght from the

at least one lumination source #nto the target avea at 8 45 degre

4]

angle.
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11, The apparatus of claim 9, whereln the controller determines the absolute 00 of

o

the target using the frst measurement,

12, The apparatus of claims 9, 10, and 11, further comprising:

a printer, wherein the target area is positioned in the output path of the printer and
whereln the controlier adjusts the printer based at least in part by using at least one of the
O1's selected from the group compeising: the relative OD of the ink and the absolute OD
of the ink.

The apparatus of claims 9, 10, 11, and 12, further comprising:

fhmmis
Lol

an orange sumination source;
a green tmnination source; and

a.blue tHamination source.
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