| MAGE FORM NG METHOD AND APPARATUS FOR USI NG

BLACK- WHI TE CAMARA TO CAPTURE COLOR | MAGE BACKGROUND
OF THE INVENTION Field of the Invention [0001] The
present invention relates to an inage form ng system
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to perform color interpolation algorithmin obtaining
R, U B values of the respective pixels. However, the
di sadvant age of adopting this nmethod is that, the

phot o- el ectrons_of %&i’acent %i xels of a color camera
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distortion, |low color saturation. In addition, in
Fieldiof theglinmerdionsi nce filters nust be utilized, thus the

sensitivity and flexibility of color canera to |ight
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CCD canera may be used to overcone this problem and
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rather high,”and 1t7 I's not i'able to be pronoted an
idely utilized. [0004] In addition, there exists
Caﬁ%‘fe %(I}I%rnmlla “t aki ng color image by utilizing

[ack-white canera: irradiating an observed object by
ﬁ%ﬁ&@ﬁ?ﬁﬁﬁw i , green, and blue three nono-color lights
in rotation, and each tinme obtaining color information
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this color information into color

imaging function by making use of Bayer Filter Patterns together with a filter.
Wherein, pixel value of a pixel and those of adjacent pixels are utilized to perform
color interpolation algorithm in obtaining R, G B values of the respective pixels.
However, the disadvantage of adopting this method is that, the photo-electrons of
adjacent pixels of a color camera are liable to overflow, thus incurring color distortion,
low color saturation. In addition, in this method, since filters must be utilized, thus the
sensitivity and flexibility of color camera to light are rather insufficient.

[0003] Presently, a kind of 3 CCD camera may be used to overcome this problem
and shortcoming, yet the production cost of 3CCD camera is rather high, and it is not
liable to be promoted and widely utilized.

[0004] In addition, there exists solution in taking color image by utilizing
black-white camera: irradiating an observed object by emitting red, green, and blue
three mono-color lights in rotation, and each time obtaining color information of an
observed object separately, and then processing this color information into color
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t image through software processing. Yet in quite a
| ot of top-notch applications, there are increasing
enphases on short duration |ight exposure and | arge
and deep field. However, the shortcom ng of utilizing
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infqb Shep BB OB B SRTPIE O O i tiof g pfiiiBiigus, there
that required by an_ordinary color camera_previously;

arg dpggpping emphases pa|show clusaiont ight exposysy apd jarge apd deep field.
however, in order to achieve excellent color image

Hewéesrtthe shorfcommmg ofpatg iwiing thistimagh ferimatibe metihod ivdlgps: filstiy the
that as acquired by an ordinary col or camera w t hout

timeplkeenbbtaid a\bulécinkige ddteee times &dht reqifired By @nordinary color
ordi nary camera, saturation adjustnent and gain

caﬁfgr&'ﬁfe%ﬂglg{ é@&ﬁﬁd]?,%hit@!fizﬁa%@%&luﬁ@ﬂ is At 3edIlBRE, ®fever, in order

I ndi spensabl e 1n Some of the applications, such as’in
. | i i on of utild zi (. nfor 1qn..in.
o niefE Rics Bl Al imatb fisls D | Plisle (Y b Rerelimass than
of 1 mage produced nust. be enhanced.  Therefore, th
thatgs e Fedoty ans grdinasy c9lop gareawﬁ}%gagewewgrw%@ Belpese. In
light utilized presently is not mature enough, and
addiies, in an} erdinery gameray sedirgtion adjustifeat and, gain adpigimend functions
the applications, as such it still has nuch roomfor
ar¢ ppovadeelrand shat SicdV/Adiipetkabldn  sdxdivi=dT kieNaidBdnsPeecht 43 in an
the problens and drawbacks of the prior art, a major
apphiéiohi ofeutRfzing B810P [1FS@Mtion &Rkl oBjebOalfitué WRiaBbns, the
I mge form ng nmethod and apparatus fTor using
) - Whi a tyre [ [ :
i e R e M e
[ e. close to that. of a real j.nage,.,.hi.gh sensitivit
sypUieylpig OLTimese itk polg-sier FER pigdnpeSeafly i ot thature
top-notch applications without having to use filters.
enppglp gnd |thuspit & mot geryopsghil tand efiselive iesame Ak theprrpbicatians, as
and shortcom ngs of the prior art, the imge form ng
sugteit sl haswhuglppanafarsmpmvemsitsg bl ack-white canera to
capture color image according to the present invention
i ncl udes the foSUNMMARYSOFIBHE INVENTION

oo}

[0005] Due to the problems and drawbacks of the prior art, a major objective of
the present invention is to provide an image forming method and apparatus for using
black-white camera to capture color image, which has the advantages of low cost,
producing color of an image close to that of a real image, high sensitivity to light, and
fulfilling the requirements of top-notch applications without having to use filters.
[0006] In order to solve the above-mentioned problems and shortcomings of the
prior art, the image forming method and apparatus for using black-white camera to
capture color image according to the present invention includes the following steps:
[0007] (1) utilizing a red LED light, a green LED light, and a blue LED light as

source of light, for emitting and irradiating directly on imaging object with



[0007] (1) utilizing a red LED light, a green LED

light, and a blue LED |light as source of light, for

emtting and irradiating directly on inaging object

with 2 conposite Iights of any two col ors as chosen

fromred |i r and, bl ue.light.in a .
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[0@08}€2)aforming inhiagést &fl ani abgage on aflightsensiog chipdof a camera through an

transmtting it to a processor (PC), thus obtaining at
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follow ng cal cul ati on processes for the respective
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corresponding to blue plus red gray level image 13, performing the
following calculation processes for the respective points on the image by
means of an image synthesis & calculation processing module, in obtaining
red component value r, green component value g, and blue component value
b of the present position through the following formulas, thus obtaining a
color image having its saturation and illuminance fulfilling the
requirements,

the formulas mentioned above are as follows:

il=r+g

i2=gt+b

i3=b+r

= (11+i2+i3)/2

a2 =s* (il -i2)



i2=g+b i3=b+r al = (il+i2+i3)/2 a2 = s * (il -i2) 3
a3=s * (il -13) r=gain * (al+2*a2-a3)/3 b= gain *
(r-a2) g= gain * (a3+b) wherein, s is a saturation
regul ating factor, with its range 0.5-3; gain is an

illu naqgﬁhg@ , Wthits range 0.5-3; and al, a2, and
a3 ar parameters; [0010] (4) upon setting
saturati on ain and | I 1 um nance gain, proceeding with

whi t &= g8l "84 €22-89Bor i maging: firstly, taking col or
i mage of standard gray level color card, then

cal chFggaimty(1td2@¢ average il lum nance of red conmponent
val ue r, green conponent value g and bl ue conponent
val ug=tpaaf * gi3+entire col or image, and finally
regulating illum nance of |ight source through a
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hereby fi nPbAEARY HhiteSSSURg
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[ 00111 (5) when taking inmages of a real object again,
[06 ] d4huporyseitingsateration ghin andgHuminanen gainoprogerding with gehite
having its color close to that of a real inage,

balance of color imaging; firstly, taking color image of standard gray level
color card, then calculating the average illuminance of red component
value r, green component value g and blue component value b of an entire
color image, and finally regulating illuminance of light source through a
light source emission intensity regulation circuit, so that the red
component value r, green component value g, and blue component value b
are essentially the same, then determining regulation and locking onto the
light source emission intensity regulation circuit, hereby finishing white

balance of color imaging; and

[0011] (5) when taking images of a real object again, thus being able to obtain high

[0012]

definition color image having its color close to that of a real image,
performing iteration in synthesizing color images for realizing a real time
display effect.
In the present invention, an image forming apparatus for using black-white
camera to capture color image includes: a black-white camera, a red LED
light ring-shaped light source assembly, a green LED light ring-shaped light

source assembly, and a blue LED light ring-shaped light source assembly,



performng iteration in synthesizing color inmages for
realizing a real tine display effect. [0012] In the
present invention, an image form ng apparatus for

usi ng bl ack-white canera to capture col or |nage

i ncl udes;  a bl ack:whit.e ca
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| i ght sequsBcss cirFgiht ansipation LR page taking qirghit, a light
source em ssion intensity regulation circuit, a |ight
sour ceotruerpowerssupplyquetde actandeml grey tavel ¢0,10ramrd, and an image
actuation canera inmage taking circuit, a light source
pover serthediy &@ddl fiondprotas daydiley H@Yhd arrture ehedtiosal shove,
and an |nage synthesis & cal cul ation process nodul e.
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the red LED light ring-shaped |ight source assenb

i n t hélagk-adiite damers Ecipgedawnvemnd) asgivch on tap is Feped LED light
i ght source assenbly, and at bottomis the blue LED

| i ght ringishgpedhlagin dsolitoghdssanblycm thesmiddle/ is ther grogn LED light
form ng an i magi ng environnent having uniform
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canera. Furthernore, the ou puts of the |ight source
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used to control the red LED [i ring- shaped lig
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source assenbly,
circuit and the light source luminous sequence control circuit are used to
control the light source power supply module; the output of the light source
power supply module is used to control the red LED light ring-shaped light
source assembly, the green LED light ring-shaped light source assembly,
and the blue LED light ring-shaped light source assembly; and the light
source power supply module is used to record data onto the image synthesis
& calculation process module. Moreover, the outputs of the light source
emission intensity regulation circuit, the light source luminous sequence
control circuit, and the image synthesis & calculation process module are
used to control the actuation camera image taking circuit, and the output of

the actuation camera image taking circuit is connected into a photo sensing

chip of the camera.



and the blue LED light ring-shaped |ight source
assenbly; and the light source power supply nodule is
used to record data onto the image synthesis &

cal cul ati on process nodul e. Mreover, the outputs of

ht sour ce sion jnptensit ulat
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circuit, and the inage synthesis & cal cul ati on process
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taking circuit, and the output of the actuation
presmeinazemtimgantbakitiﬁged:inramdutorhaiiowﬁndde@dtoir systera. phot o
sensing chip of the canera. 5 [0013] For a preferred

[oerdjodi rMetbeaéfits AR BARSRIBEs bNKE Pidsert inddibioh BRESMHAEAWRE the
met hod and apparatus for using bl ack-white canera to

pricRRHYEa l18%si Mage of the present invention can be
utilized in an automatic optical detector system
14] The ene ts a advant ge the sent. .
["F’ﬁ entilon 4548 ‘E}"é‘a" aﬁetﬂﬁ‘é Bﬁ% “th aP es‘%‘.‘ énv%‘h"“ is three
follows: [0015 . The resol uti on of i nmage produced in
tlf{‘?ﬁethbtraéé’é?ﬁucff‘ﬁ %ﬁ@y@rﬁkt@r Raflpacolqriqa@era hat as produced
by Bayer Filter Pattern color canera; [0016] 2. In the
[0@1@sent2 i nlre ttel pnesent m@epn@mltbmpmblghoquélb actysan overflow of
overflow of adjacent pixels occurred in Bayer Filter

adRrtihiteixels ododtred anBhager Bileg PagerneolddtcambeAbéf ndt exlisy; t he
present invention, the problemof color distortion

[obmgur red Dy, theredeRPIREMRIA % SrobRkd mdl& Abtbfiongh&sied by
18] 4. The sensitivity fo light of th e imge

m{e%oﬁgtg,gccgﬁ?ﬁhg}l&gs?lﬂjtu{ltd{gg present invention is raised

the present invention,

osite oIor nation is ut|I|zed nd
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sensitivity of a canmera can be raised to twice that as
ineepitpn Aetpise signifesgBy i thef Hythe present invention, composite color light

illumination is utilized, and due to light overlapping and complementation, so that
sensitivity of a camera can be raised to twice that as compared with image forming
using mono-color light; meanwhile, since in the present invention, usually, a
black-white camera need not use a filter, thus it can achieve the same speed in taking
a color image as can be done by an ordinary color camera, hereby solving the problem
of speed too low of the prior art in taking color images utilizing black-white camera;

[0019] 5. In the present invention, the illuminance of each set of light sources
can be adjusted separately, and white balance is performed for the synthesized image
through utilizing standard gray level color card, hereby solving the problem that color
temperature of image formed is abnormal and can not be adjusted as happen in the

prior art, in taking color images utilizing a black-white camera;



usi ng nono-col or light; meanwhile, since in the
present invention, usually, a black-white canera need
not use a filter, thus it can achieve the sane speed
in taking a color inage as can be done by an ordinary

or c ra, hereb ol ving the oblem of s .
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bl ack white canera; [0019] 5. In the present
regylgiang ifasior end gain yagwatinne fastore aten infraduesyd, |sogpg to fulfill the
sources can be adjusted separately, and white bal ance
requeirgmaent ofrecttdim spedifc syplidatensy ddrebyramprovidy theginsufficiency of
utilizing standard gray |evel color card, hereby
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formed is abnormal and can not be adjusted as happen
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calylears KThinéfbre, dherpresentamyefitop pfovides| an ithagepfosmeng method and
i nvention, the cost of a black-white canera is only
appafatust Faat uﬁiﬁg abla€lchitanedngera Wol Iceptahicelor NighageChhat has the
better performances; while the cost of black-white
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[0022)22] Thheelatddadradingsani copsedtioncwitindlod detailed tiesctipBon of the

detai |l ed description of the

present invention to be made later are described briefly as follows, in which:

[0023] Fig. 1 is a schematic diagram of an image forming apparatus for using
black-white camera to capture color image according to an embodiment of the present
invention;

[0024] Fig. 2 is a schematic diagram of an image forming apparatus for using
black-white camera in performing white balance according to an embodiment of the
present invention; and

[0025] Fig. 3 is a circuit diagram of an image forming apparatus for using
black-white camera to capture color image according to an embodiment of the present

invention.



present invention to be nmade | ater are descri bed
briefly as follows, in which: [0023] Fig. I is a
schemati ¢ di agram of an inage form ng apparatus for
using black-white canera to capture col or inmage
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form ng apparatus for using black-white canera in
[0026]f or Aihegurdvise,ecobsthatior, featomsdfungtidms aad advanteagesrefithe of
the present invention; and [0025] Fig. 3 is a circuit
di agram of an i mage form ng apparatus for usin
prefentinventionecas harapprecigted apd understopd morgrigeoughbydhenugh theo
an enbodi ment of the present invention. 7 DETAILED
SCRI PTI.ON .OF THE PREFERRED EI\/B(I)I {}IT 0026] The
oo pletailed Aescriptionsoitth redereneed® the #ffacked
advant ages of the present invention can be
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R AL B teh Blosc b St b7 e g $Pven “through
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[00%592 5 Figsly.siefsrring d¢ bigi héort 3 sehegnati qiagram Qfe HRgeforming
di agram of an image form ng apparatus for using
appératsi- foni usengc hleek-avhite camerarte eaptwe ¢olergamagsc agadidigg tto an
an enbodi nent of the present invention. As shown in
enfbiodimént ofithel pregat moentong AsphewainBig. ,am intge §dprming apparatus
bl ack-white canmera to capture color imge includes: a

foPhsREkbIabN- ‘Wﬁlt@ @ﬁﬁéﬁ to %aptﬁl%(%olo%@nlagcgﬂklddbg‘ @ bﬁmﬂlté Eidra, a

source asse ly 1, a green LED |ITght ring-shaped

t
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light source emission intensity regulation circuit, a light source luminous sequence

control circuit, an actuation camera image taking circuit, a light source power supply
module, a standard gray level color card 7, and an image synthesis & calculation
process module. In the structure mentioned above, the red LED light ring-shaped light
source assembly 1, the green LED light ring-shaped light source assembly 2, and the
blue LED light ring-shaped light source assembly 3 are distributed on a surface of a
semi-hemisphere of a black-white camera facing downward, as such on top is the red
LED light ring-shaped light source assembly 1, in the middle is the green LED light
ring-shaped light source assembly 2, and at bottom is the blue LED light ring-shaped
light source assembly 3, hereby forming an imaging environment having uniform
illuminance in a field of vision of a black-white camera. Furthermore, the outputs of

the light source luminous intensity regulating circuit and the light source luminous



control circuit, an actuation canera inmage taking
circuit, a light source power supply nodule, a
standard gray |l evel color card 7, and an i mage
synthesis & calculation process nodule. In the

structure nmenti LED
s ShEF T AR osef i catogd DS seees n%‘%frsgsﬂlye%mle the
13 r| n -shaped |ight source_ assenbly 2, and t
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ritkg-shmkedvilighte smuee pesefmbly hgtheogmem EED Hghtsumgrslaped dight source
the red LED light ring-shaped |ight source assenbly
asdemblf 2{ Ael e Bkl ED ligherifig-Skdpel Hight saybde asséniigly Shamdthe light
i ght source assenbly 2, and at bottomis the blue LED
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to control the light source power supply nodule; the
image sinthesis tdecalquigiions pipeess podile yapised taoente! ithe @etagtion
to control the red LED Iight ring-shaped |ight source
caarse ithage thkinighérapite and lthDobipghbf the getsitippechnhérgimage taking
source assenbly 2, and the blue LED light ring-shaped

c1ﬂcuﬁmc&1awts&n@&§9mbxéel%mg&ﬁp bhhelcafiBfa. Source power
supply nodul e is used to record data onto the inmage
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cal cul ation process nodule are used to control the
degeribgdin defailvamfplaws.iagedingfieigllewingfters: and the out put
of the actuation canmera image taking circuit is
[0830 nec i Bduiilizing aed A lighh singghapedpligit sohwecassembly 1, green
[ 0029] Subsequently, an imge form ng nethod for using
bl ack- pEDt Bgletesiig-shdped 1@pistiiree @sdedibly PRgad slee THDGight as

to an enbodi nent of the present invention are

source of light ring-shaped light source assembly 3 as sources of light, for
emitting and irradiating directly on imaging object 4 with composite lights
of any two colors as chosen from red light, green light, and blue light
(composite light of red plus green, or composite light of green plus blue, or
composite light of blue plus red) in a rotation manner;

[0031] (2) forming images of an object 4 on a light sensing chip 6 of a camera
through an optical lens 5, processing by peripheral circuits of the images
received by the light sensing chip 6 of a camera into digital image

information and transmitting it to a processor (PC), thus obtaining at the

same position on processor (PC) the following images in an environment



described in details as follows, including the
follow ng steps: [0030] (1) utilizing red LED Iight
ri ng-shaped |ight source assenbly 1, green LED I|ight
ri ng-shaped |ight source assenbly 2, and bl ue LED

light as sourc t rin d light s e

ws ey canasiEdishist Btes YR TR RSl brag kel dmae 11

irradiating directly on |nag|ng obj ect 4 MAt

conpos Breen plugiblus gray leyslimage 12 oangrjuenlus Fsaray avelimage 13;

light, green light, and blue light (conposite |ight
[0032]r ed (P) fos aggraa}etqvebvalwﬁpmfm' pasitiongérrresporghimgeto get pdus green

bl ue, or conposite light of blue plus red) in a

rot ati gfyTewdlemagt 9034 krayAkvélaalienia dfapesticH céfesponding to
obj ect 4 on a light sensing chip 6 of a canera

t hr oug ngtb'l%g R3] ﬁna rec %ﬁﬁé}l/ E%KEéIY E e e6R) tp]osition

Ci r cui |ve t senS|

chi of a _canera i.nto d nfo nd

t r'aﬁsnf?lmsnamf FEG bk it rgrﬁbg?‘ge?tlﬁ%e PR e
t he sane p03|t|on on proces (PO the follow

g.
i magesTQllovape ealgylatiopiacesses 7 the, FESBESHEVE ROigH P8 th image by
three colors: red plus green gray |evel inmage 11,
green pleass toif uan gimage | syndhesismey ecalqulationd prsicgssing umodude in
gray level image 13; [00321 (3) for a gray |evel value

it of abtpindida fod whipoasporatliendg atgpechadnipouentgabeng, agd ayblue
| evel inmage 11, a gray level value i2 of a position

cor r es panckifagt Vlue BeER Rbdtsit PhsiGorDihpohghaiE folloWBAE fokdilas,
and a gray level value i3 of a p03|t|on correspondi ng

to bl ug, ol 45 ﬁﬁ% qr ok Shloe SSHB@:? Qfﬁfaftlgﬁ 1fh!ﬁﬁ1nance

fol |l owng car ati on proc respec

poi nts i mage b means of an |nage synthe3|s &
calculgﬁfgﬁgﬁFﬂﬁglgﬁﬁ Srodul e, in obtaining a red

conmponent val ue r, green conmponent value g, and a
bl ue dwrfpmdmmvam% lgbeye arpes frllossht positi on
t hrough the foll ow ng fornul as,

il=r+g

i2=gtb
i3=b+r
al = (i1+i2+i3)/2
a2 =g * (il —2)
a3 =s* (il -I3)
r= gain * (al+2*a2-a3)/3
b= gain * (r-a2)
g= gain * (a3+b)
wherein, s is a saturation regulating factor, with its range 0.5-3;
gain is an illuminance gain, with its range 0.5-3, such as gain=1.3;

and
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thus obtaining a color inmge having its saturation and

illumnance fulfilling the requirenents, the fornul as
nmenti oned above are as follows: il=r+g i2=g+b i3
=b+r al = (il+i2+i3)/2 a2 =s * (il -i2)

a3=s*(il-1 al+2*a2-a3)/3 b= gain *

3 r= in *
(r-a2) g:aiﬁ?’ﬁnd‘gf?ﬁ-?ﬁﬁu PERELS; j s a saturation
regul ating factor, with its range 0.5-3; gain is an .
[0933?um' fineRrong satting wtmtlptlsganaﬁgg ijurgingnces g@ip, prpceeding with
gain=1.3; and 10 al,a2,and a3 are assuned paraneters;
[ 0033] whit¢ baipmee cfebtor mpagiag;fimtly, sakigacoloaimthge of standard gray
il lum nance gain, proceeding with white bal ance of

col or jeRBicHr édrd S1,| Yhent aklcilgtie®! @ avérage illhmsdaanslasfdred
gray |level color card 7, then cal cul ating an average

T um %@g;%(gxeg{ vdi&r %&E%Prﬁﬂhff{ta\lagﬁ %chgﬁﬁg %oﬁl?gﬁ)é?ﬁ‘ §lue b

val ue ue coérmponent ‘val ue an entire col or

i mge, and finally.requlating,illum.nance .of |i ght

oo ccof Bgrttsd Rotky iy s P reshiEhis Bfiifinceiof pent source
regulating circuit, so that the red conponent va

r,  gr e@rouEhkghé seures [uaingus WtRRsKY IREVERSIRE SHEWE %L%Jrgh%red

component value r, green component value g, and blue component value b
are essentially the same, then terminating regulation and locking onto the
light source luminous intensity regulating circuit, hereby finishing white
balance of color imaging;
in case that s=1.6, gain=1.3, then the average value of the collected color
image red component value r is 150, the average value of the collected
color image green component value g is 150, and the average value of the
collected color image blue component value b is 150; and

[0034] (5) when taking images of a real object again, thus being able to obtain
high definition color image having its color close to that of a real image,
performing iteration in synthesizing color images for realizing real-time
display effect.
For a preferred embodiment of the present invention, the image forming
method and apparatus for using black-white camera to capture color image
of the present invention can be utilized in an automatic optical detector
system, so as to obtain image quality of 3CCD color camera and having

similar overall performances.

11



are essentially the sanme, then term nating regul ation
and | ocking onto the |ight source lumnous intensity
regulating circuit, hereby finishing white balance of
color imaging; in case that s=1.6, gain=l.3, then the

rage.val ue of the collect col or i .red. .
(0B 0nat 2o Setailed i Gtpiohind o @i inea R giria i fptended to
collected color inage green caonponent value g is 150,
deggriberpereplesrlyghe Vléﬁf@fge icg ped smgP plthe peesens] igyeritigagHowever,
bl ue conponent value b is 150; and [0034] (5) when
the pheferced erplgelmerits disclkatd alirjvectre aghintended ts bb enyngesttuitions to
to obtain high definition color inmage having its

th€ 8dope ofl thé rdsenttiidéntidh. Eofivadely, TRYSurpodeds i@ indlnle the various
iteration in synthesizing color inmages for realizing

chﬁxfg'ys'zfnﬁ ui&'l&@!a?r\én%érﬁ&@st whEéi‘lr ard WithinShe .esgoﬁ'gp é'gﬂﬂended

of - the present invention, the Image formn met ho

cland apparatus for using black-white canera to capture
8 or i mage of the present invention can be utilized
in an automatic optical detector system so as to
obtain imge quality of 3CCD col or camera and havi ng
simlar overall performances. 11 [0035] The above
detail ed description of the preferred enbodi nent is
intended to describe nore clearly the characteristics
and spirit of the present invention. However, the
preferred enbodi nents di scl osed above are not intended
to be any restrictions to the scope of the present
i nvention. Conversely, its purpose is to include the
vari ous changes and equi val ent arrangenents which are
within the scope of the appended «clains. 12
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VWHAT IS CLAIMED IS: 1. An image form ng nethod for
usi ng bl ack-white canmera to capture col or inmge,
conprising the followng steps: (1) utilizing a red
LED light, a green LED light, and a blue LED |ight as
e of E t, for emtting and irradiating

ing object (4) with conposite |lights
of any two colors as chosen fromred |ight, green
.1Ayfmage foraing methiof dpar using évlacbtvmlteowmmﬁ@paptv@) color image,
form ng i mages of an object (4) on a |light sensing
c bormppriGing the fallewingsteps:hr ough an optical lens (5),
processi ng by peripheral circuits of the inages

(BGRIlEE a M BB lighg AleréRMSED Jight) aRd Gthlu®LED 19:M60@$ source of
|nto digital image information and transmtting it to

a pr ocﬁ Ol Efdltting hag%) df%'tlﬁg nn?lre%ﬂ Lo 1ﬁ§%§g P%?%c% L@ with

sal brocessor g | mag

enV|ronnent of S|te ht f three colors: red.

ol s oFEBRPs Aga?‘?s o fineo16 5 Bgseatlioh, $0 b Yt ten,
gray level image and bl ue plus red gray | evel

i mage wxhyueb@wlﬂ@ﬂo “@@HVmP@VeI value (il) of a
position corresponding to said red plus green gray
(Dfermingageggsiof)an abjegt &) dnevkght\semsireg ¢hip Y 6)odf aacamera through
position corresponding to said green plus blue gray

| evel an@geal ka3 (5)apdedssiigdy pedipbéraléitouéts of Bl imbgds received
position corresponding to said blue plus red gray

I evel f’?%%él@@nsm gREI @) BT Narhd}8 idiBldi aM Rage 1nformat10n and

cal cul n processes for the respectlve p0|nts on

| mge g%sﬁ?&&guf & Brocggg‘f S mtlﬁl% 11%n % %l %M a;fbsmon on

processing no onen

(r), n_conpong t_ v and blue
val ue ffwf PEOCeShE( @e@s 2?1&‘%§2 £nagFS A raslfgwwggm & Composite
following fornmulas, thus obtaining a color inmag
navi nglightsof res ealorsrrod pisi sréamarm el Faepi(H 1) sigen pve blne
requirenents,

gray level image (12), and blue plus red gray level image (13);

(3) for a gray level value (i1) of a position corresponding to said red plus green
gray level image (11), a gray level value (i2) of a position corresponding to
said green plus blue gray level image (12), and a gray level value (i3) of a
position corresponding to said blue plus red gray level image (13),
performing the following calculation processes for the respective points on
an image by means of an image synthesis & calculation processing module,
in obtaining red component value (r), green component value (g), and blue
component value (b) of the present position through the following formulas,
thus obtaining a color image having its saturation and illuminance fulfilling
the requirements,

the formulas mentioned above are as follows:

13



the fornul as nentioned above are as follows: 13
il=r+g i2=g+b 13=b+r al = (il+i2+i3)/2 a2 = s * (i
-i2) a3=s*(il-13) r=gain * (al+2*a2-a3)/3 b= gain *
(r-a2) g= gain * (a3+b) wherein, said s is a
saturatjion regulating factor, with its range 0.5-3;
said gi¥ T8 an illuminance gain, with its range
0.5-3; and said al,a2,and a3 are assuned paraneters;,
(4) up@r=gebting saturation gain and illum nance gain,
proceeding with white balance of col or inmaging;
firstlig=baki ng col or i mage of standard gray | evel
color card (7), then calculating an average
i I'1um gpagg+pf+is@ d red conponent value (r), said
green conponent value (g) and said bl ue conponent
val ue ;S*qF apyentire color inage, and finally
regul ating i Hu nance of |ight source through a
i ght s_yrggﬁlqg;nous intensity regulating circuit, so
that s&d®re&d “Tonponent value (r), said green
conmponent val ue &ggj and said blue conponent val ue
(b) ar& g dfel a3¥d same, then termnating
regul ation and |ocking onto the Iight source | um nous
i nt ensb+gainéigwdad) i ng circuit, hereby finishing white
bal ance of col or inmagi ng; and

g= gain * (a3+b)

wherein, said s is a saturation regulating factor, with its range 0.5-3;
said gain is an illuminance gain, with its range 0.5-3; and
said al,a2,and a3 are assumed parameters;

(4) upon setting saturation gain and illuminance gain, proceeding with white
balance of color imaging; firstly, taking color image of standard gray level
color card (7), then calculating an average illuminance of said red component
value (1), said green component value (g) and said blue component value (b)
of an entire color image, and finally regulating illuminance of light source
through a light source luminous intensity regulating circuit, so that said red
component value (r), said green component value (g), and said blue
component value (b) are essentially the same, then terminating regulation and
locking onto the light source luminous intensity regulating circuit, hereby
finishing white balance of color imaging; and

(5) when taking images of a real object again, thus being able to obtain high
definition image having its color close to that of a real image, performing

iteration in synthesizing color images for realizing real-time display effect.
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(5) when taking inmages of a real object again, thus
being able to obtain high definition inmage having its
color close to that of a real image, performng
iteration in synthesizing color inmages for realizing
real -tinme display effect. 14 2. An inmage formng
apparatus for using black-white camera to capture
color inmage, conprising: a black-white canera, a_red

2. AECndggorming gppaafye dor usifta blaghrbite gamevep waptyye cojor image,
green LED light ring-shaped |Iight source assenbly (2),
adshmpridihgie LED |ight ring-shaped |ight source
assenbly (3), further conprising: a |light source
WB]aBl@%ﬂ'erEaﬁﬁ%{ tayredeORb At ghid Ginglshapedt light douftltassanblggl), a

| um nous sequence control circuit, an actuation

SAE DI HALLABSA AN urcd LR T3 6R o UELED i

and es ntheS| C ul ati on. rocess nDduIe,
aHe‘Pﬁ t§o r@ﬁlaff_sﬁﬁ é%ﬁﬁﬁ%"gﬁ’gﬁ “light source
asserrbly (1), said green LED |ight . ring-shaped |I?
sadight nhmyn@g;) 1ntgﬁ;gysx§gglagpgl cicpty Bi ]gght source [uminous
ring- shaped |ight source assenbly (3) are distributed

oseqaesagrdoatrel cifcudt, semctunion sphendmege taking citduic ik light saurce
canera faci ng downward, as such on top is said red LED

| p&hér supplyGnsdiad) Q@tdﬂd@ﬁt graploveecalss@nd(7), 4nll)an iimage synthesis
m ddle 1s said green LED |ight ring-shaped Iight

ﬁ%l 3 s fnlduledNd at bottomis said blue LED
I| 1 a;ﬁll%n -S asped ?leght source assenbly (3), hereby

fo an i magi ng environnent having uniform
Phh
ﬁﬁ} ance |n a field of vision of said bl ack-white

carer 2, gt G e s s EoviSTa (g1 S LED light

| um nous sequence control circuit are used to control .
s aing-shapyitk light sparse assembly (2), and said blue LED light ring-shaped light

source assembly (3) are distributed on a surface of a semi-hemisphere of said
black-white camera facing downward, as such on top is said red LED light
ring-shaped light source assembly (1), in middle is said green LED light
ring-shaped light source assembly (2), and at bottom is said blue LED light
ring-shaped light source assembly (3), hereby forming an imaging environment
having uniform illuminance in a field of vision of said black-white camera,

outputs of said light source luminous intensity regulating circuit and said light
source luminous sequence control circuit are used to control said light source
power supply module; said output of said light source power supply module is
used to control said red LED light ring-shaped light source assembly (1), said

green LED light ring-shaped light source assembly (2), and said blue LED light
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power supply nodul e; said output of said |light source
power supply nodule is wused to control said red LED
light ring-shaped |ight source assenbly (1), said
green LED light ring-shaped Iight source assenbly (2),

and said bjue LED |igh 5 ri ng-shaped |ight source
a§1§§1?€?89’d?@}if sogfe SS5E0I) (é}itané St b eaksee s isypPIY module
module is used to record data onto sai d inage

s jarnshé &0 regrdalatacantasaid impgetyathssigdd ealeulationapracessmedls,

of said light source lum nous intensity regul ating

C b4id Wwiutputssaf shid ilight sowwethasinbumnintensiy seppleringecicoitf sad light
circuit, and said i mage synthesis & cal cul ation

PEREES RinfIREH RqéiRe ¢68E01t @reaRNAdddaid Bhabeadshhedis @calculation
canmera imge taking circuit, and said output of said

L AR RGP L el g, an
i mage form t fo [ bl.ack-.whi t

t S ap 6 a1 diiation sameniimazs kg SiFFoR s eqprsciediip & photo
said image form ng apparatus for using black-white

c 8ansing chip efzgidsaneid.col or i mages can be applied in an
automatic optical detector system 16

3. The image forming apparatus for using black-white camera to capture color image
as claimed in claim 2, wherein
said image forming apparatus for using black-white camera in capturing color

images can be applied in an automatic optical detector system.
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