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METHOD AND APPARATUS FOR REAL TIME VIDED
IAAGING OF THE SNOUY INTERIOR ON A HOT DIP COATING LINE

Gross-References 1o Related Aonplications

This Application claims the benefit under 35 US.C. 118{g) of LLE. Provisional
Application No. §1/483,893 fled Fabruary 28, 2011,

Field of the Invention
The present invention relates methods and apparatuses for imaging the
interior of a hot dip melt pot snout of a molien meatal coating line. More specifically the
invention relates 1o viswing the interior of the hot dip melt pot snout without the use of
extermnal Hlumination. Most specifically, the present methods and apparatuses use camera
systems that can image in the infra red and preferably in the near infra red 1o short wave
infrared region {L.e. 0.7 (0 8 ym region of the IR spectrum).

Background of the Invention

i the manufacturing industries, thers I8 & large and continuously growing demand
for flat steal {sheet, strip, coll, eic) coated with protective alloys such as zine and aluminum
based alloye. To manufacture these products, a coating process known as hot dip melt
coating is used, A simpiified description of the process will now be described.

Elongated stee] sheet material is hot and/or cold rolled to form a “strip” which may
be wound into a "eoil”. The coilled stes! sirip is uncolled and passed through a bath of
motten metal that coats the surface of the strip. Figurs 1 shows a highly simplified diagram
of the apparatus hereinafier designated as a hot dip mell coating apparatus 1. The
apgaratus includes a mell pot 2 filled with molten metal 3 {o be coated onto the bare stesd
strip 4. The bare stesl strip 4 enters the hot dip melt coating apparatus 1 through a snout
&. The interior of the snout 5 has a reducing or inernt atmosphere (¢ prevent the bare steel
strip 4 from oxidizing. The bare steel strip 4 travels downward into the molien metal 3 at
the melt surtace 8. This region within the snout 8 where the bare stes! strip 4 first enters
the molten metal § is of critical importance 1o the quality of the final costed product, Once
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the steel strip is fully submerged in the molten metal 3, itis passed arcund a rofler and up
out of the molten metal 3. The emerging strip is cogted with metal. Onee the coated strip
gxits the molien metal 3, various means are used 1o conirol costing thickness and
uniiformity 8. Once the molien coating has cooled andfor reacted with the surface of the
stesl strip, the coatled steel strip 4" is oncs again colled {not shown) and the coils are sold
to manufacturing customsrs.

Surface gquality standards for coated products are becoming increasingly stringent
as customers reguirements become more demanding.  As is probably apparent, the
conditions under which the molten metal is deposited onto the stesl strip play a large roll
inn the quality of the coating and the final coated strip product. However, because of the
conditions under which hot dip melt coating operations occur, the “melt pot” is basicsally a
black box info which bare stee! strip, coating melsl and energy are input and coated stesl
sirip is ouiput. s extremely difficull 1o control and moniior the condifions within the "black
box” and, as such, when there are qualily problems, it is often not known where the
problems arose, Thus, even when changes {0 the system are mads, the changes to the
sutput product are not known quickly and require quality analysis of the product. i the
desired improvemants are not achisved or the quality worsens, hot dip coating ine (HDCL)
operaiors must make additional educated gussses at what is causing the quality srrors,
Allevigting the guality issues is very important because strip material which is not of
superior quality will, 3t best, be sold at a very unfavorabls price, and at worst, be scrapped
at a significant loss,

As described above, the hot dip mell pot is basically a black box. In an attempt ic
better undersiand and more readily control the interior workings of the black box, viewing
poris have been provided in what is called the “snout” of the coaling apparatus. These
view ports aliow visual access 1o the interor of the hot dip melt pot snout, Unfortunatsly,
the interior of the black box is relatively dark and & is very difficull to observe any useful
information. Thus, iHumination poris were added to the snoul into which sources of
Hlumination were shong. Now, the intgrior is luminatad by light. Further, visible light
cameras were mountad into the view poris 10 view the intsrior of the hot dip mel pot snout,

Unfortunately, this setup was also inadequale for detecting adequate information of the
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intgrior of the hot dip melt pot snoul. The molten metal and metal coated surfaces are
highly reflective and the light from the Humination source essentially washes out any
details of the interior of the black box. The images that wers raceived from the camers
werg assentially uninteligible areas of pure white and black, No useful data could be
observed. Furthermore, the llumination ports would coat with molten metal dust reducing
the Bumination over time. Thus the ports waould need o be replaced increasing the risk
that oxygen and/or water vapor would enter the melt pot interior, which is typically a
reducing or inert atmosphere. Similarly, the viewing porls would coat with the dust and
nesd to be cleansad or replaced.

Thus there is a need in the ant for a system to ussiully image the interior of the hot
dip melt pot snoul. The system must provids for high visual contrast and preferably high
resolution imaging.

Sumimary of the Invention

The present invention is an apparatus and msthod for imaging the interior of a hot
dip melt pot snoul. The systemn provides for high visual contrast and may provide high
ragolution imaging, without the need for external Hlumination,

Ones aspect of the present invention is an apparatus for imaging the interior of the
hot dip melt pot snout of & hot dip steel coating ling. The apparatus includes a camerg
which detects images within al least a desired range of infrared wavelengths within the
glectromagnetic spectrum. The apparatus also includes a view port fransparent at least
to the desired rangs of infrared wavelengths. The view port may be positionad o allow
view of the desired regions within the melt pot. The camera may be positioned relative io
the view port and {o the melt pot such that the camera can imags the desired regions within
the mel pot at the desired range of infrared wavelengths. The apparatus may also include
a monitoring device upon which the dstected infrared images from the camera may be
projected,

The preferred rangs of infrared wavelengths within the electromagnestic spectrum
may be 0.7 10 3 microns. The camera may further include a protective housing, which
profacts the camera from the local thermal and physical environment.  The protective
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housing may protect the camera from the local thermal environment by passage of coolant
between the camera the protective housing and the apparatus may further include both
coolant and means {0 pass coolant between the camera the profective housing. The
coolant may be nitrogen or air.

The view port preferably comprises glass, most preferably, Pyrex type view port
sight glass. The view port may include a surface adiacent {o the camera and a surface that
is remote from the camers, and the apparatus may include means to purge debris from the
surfaces of the view port, The means to purge debris from the adiacent surface may
include means to blow alr or nitrogen across the adiacent surface. The means 1o purgs
debris from the remote surface may include means to blow nitrogen, process gas, or an
inert gas across the remote surface.

The monitor may further include a protective housing, which may protect the
slectronics of the monitor from the local thermal and physical erwironment. The protactive
housing may protect the electronics of the monitor from the local thermal environment by
passage of coolant through the protective housing of the monitor, and the apparatus may
further include both coclant and means to pass coolant through the protective housing of
the monitor. The protective housing for the monitor may further includs means to produce
an air curtain in front of the viswing surface of the monitar to protect the viewing surface
from debris in the local environment.

The apparatus may further includs a dalta recording devics for recording data andfor
images captured by the camera. The dala recording device may record still images and/or
motion video imagses. The data recording device may include ons or more devicas
setecied from the group consisting of DY Ds, ChDs, magnetic disks, magnetic taps, or harg
drives.

The apparatus may further include one or more spectral fillers. The fillers may
include oneg or more physical optical filters. The filters may include one or more electronic
spectral filters, The fillers may be designed to filter one or more of: §) one or more specific
rangss of the slectromagnetic spectrum, and b) one or mors individua! frequencies of the
electromagnetic spactrum.
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The camera may be mounied on a moveable mounting means which aliows the
position of the camesra and/or the view angle of the camera 1o be adiusted. The moveabls
mounting apparatus may include means to automatically move the camera and also may
include remotes control means to direct the means to automatically move the camers. The
camers may be selgcted o have a spaciral response appropriale 1o the specific molten
matal alloy in the mell pot,

The apparatus may further indlude one orf more selected from the group consisting
of gas lings, liquid lines, electrical lines or data lines. The data lines may be coaxial cable,
fiber optic cable, ethemet, twisted palr, or wirgless RF..

Another aspect of the present invention is method for imaging the interor of the hot
dip melt pot snout of a hot dip stesl coating line, The method include the step of providing
a camera which delects images within at least a desired range of infrared wavelsngths
within the electromagnetic spectrum. The method also includes the step of providing a
view port which is transparent at least to the desired rangs of infrared wavelengths. The
view port is positioned {o allow view of the dasired regions within the melt pot and the
camears is positionad relative 1o the view port and 1o the malt pot such that the camera can
image the desired regions within the melt pot atthe desired rangs of infrared wavelengths.
The method also includes the step of providing & monitoring device upon which the
captured infrared images from the camera may be projected. The method includes the
steps of caplwing images of the desired regions within the melt pot at the desired rangs
of infrared wavelengths; and displaying the captured images in & visible form on the
monitoring device. The desired range of infrared wavelengths within the electromagnstio
spectrum may preterably be 0.7 1o 3 microns.

The method may further include the step of protecting the camera from the local
thermal and physical environment of by placing the camera in a protective housing. The
step of protecting the camera from the local thermal environment may include passing
conlant between the camera the protective housing. The coolant may be nitrogen or air.

The view portmay comprise glass {preferably, Pyrextype view port sight glass) and
may have a surface adiacent 1o the camera and a surface that is remote from the camera.
The method may further include the steps of providing means 1o purge and purging debris
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from the surfaces of the view port. The step of purging debris from the adjacent surface
may include blowing alr or nitrogen across the adjacent surface. The step of purging
debris from the remote surface may include blowing nitrogen, process gas, or an inart gas
acroas the remole surfacs,

The method may turther include the step of protecting the elsclronics of the monitor
from the local thermal and physical environment by placing the electronics of the monitor
in a protective housing. The siep of protecting the electronics of the monitor from the local
thermal environment may further include the step of passing of coolant through the
protective housing of the monitor. The method may further include the step of producsing
an air curtain In fromt of the viewing swiace of the monitor to protect the viewing surfacs
from debris in the local environment.

The method may further includs the step of recording data and/or images captured
by the camsra on 3 data recording device. The siep of recording data andfor images
capiured by the camera may further includes recording still imagss andior motion video
images. The dala recording device may include one or more devices selected from the
group consisting of DV Ds, CDs, magnetic disks, magnetic tape, or hard drives.

The method may further include the step of electronically and/or optically filtering
he image of the interior o the meli pol. The step of slectronically and/or optically filtering
the image may include filtering one or more of! a} one or more specific rangss of the
glectromagnetic  spectrum, and b} one or more individual frequencies of the
glectromagnetic spectrum,

The step of providing the camera may includs the step of mounting the camera on
a moveable mounting means which allows the position of the cameara and/or the view angle
of the camers 10 be adjusted. The moveable mounting device may include means
automatically move the camerg and remole control means o direct the means o
automatically move the camera. The gtep of providing the camera may include selecting
& camerg which has a speclral response appropriate to the speacific molten metal alloy in
the melf pot.
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The meathod may further includs the step of providing one or more selscled from the
group consisting of gas lines, liquid ines, slectrical inss or data lines. The data lines may
be coaxial cable, fiber optic cable, etheme!, twisted palr, or wirslass RF.

Brief Descrintion of the Figures

Figure 1 is a highly simplified diagram of a hot dip melt coatling apparatus;

Figure 2 is a prior art visible wavelength image of the inlerior of a hot dip melt pot
snout where the image bas inadequats lighting, including dark areas and bright arsas with
spacular reflection;

Figure 3 is a prior arl visible wavelength image of the interior of hot dip melt pot
snout demonstrating poor image information content due to over-saturation;

Figure 4 is an infrared image of the present invention of the interior of a hot dip meklt
pot snou;

Figure 5 is another infrared image of the present invention of the interor of a hot dip
melt pot shout; and

Figure § depicts a simplified diagram of an embodiment of the present SWIR
camera system as intended 1o be instalied on a hot dip coating line.

Detailed Description of the Invention

The present inventors sel out to provide a system and method uselul for providing
information which would allow for improved het dip production of coated conventional and
advanced high strength steel (AHSS) grades. This system and method allows for real
time video {still and motion) imaging of the interior environmaent of a hot dip mel pot snout
s0 that coating operations personnel may make direct observation of snout process
conditions and igke ngcessary actions {o improve stes! strip surface quality. The snoutis
the location in the hot dip coating line where the stes! sirip makes first contact with the
liguid metal under g reducing stmosphers.

The present inventors havs anaiyzed the problems with prior art systems:

1} Poor imaging and resulting inadequate information provided by conventional snout
camera sysiems that image in the visible region of the spectrum,
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2} Poor quality visible images due o inadequate snout interior visible Hlumination
tacking sufficient inlensity and uniformity.

33 The inability 1o image the highly reftective, mirror ike liquid metal surface with visible
light due to specular reflection resulting in pixel saturation and poar dynamic rangs.

4} Snout camers view ports are common sources of air leakage (L. oxygen and dew
point} into the snout whera the reduced sisel strip is particularly susceptible to oxidation
which can be the cause of defects.

53 Accumuiiation of dust and other ambient mill debris on the exterior of the anout
camera view port sight glass resulis in severe degradation of the image quality,

8} The accumulation of melt dust or other debris on the interior of the snout view port
sight glass emploved for visible flumination of the snout interior resulting in severs
degradation of the image available with a conventional visible snout camera system, and
7 The accumudation of mell dust or other debris on the interior of the anout camera
view port sight glass degrades and sventually blocks the view,

The inverdors have dasigned a mathod and system 1o view the interor of the hot dip
el pot snout that eliminates most of the downfalls of the prior art system as well as
providing valuable information about the interior envirorment of the hot dip melt pot snoud
to coating operations personnel.

Beforg the inventive system, operators making adjusiments to the snowt interior
conditions or snout interior equipment had o work blind as they were unable 1o ses
manipulations inside the snowl. This increased the ime and decreased the efficiency of
such operations.

One step forward was the inventors observation that the molten metal, the strip and
the hot dip coating line equipment are it at a temperature at which they emit infrared light.
Thus, the interior of the hot dip melt pot is self lluminaisd in the infrared region of the
glectromagnetic spectrum. Hence, in the broadest sense, the present invention is 1o the
method of using infrared cameras to produce high contrast images of the interior of the hot
dip coating line melt pot snout and the apparatus for performing this method. Risinthe
glactromagnetic above the visible wavelength region. The IR spectrum which is generally
useful herein extends from about 0.75 to about 15 microns wavslengths and s not
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detected by the human sye. As such, the infrared Hlumination data received by the IR
camera is converted and oulput in 8 manner which is cbservable by humans, preferably
on & video monitor.

The infrared (IR} camera will of course be mounted such that it can view the interior
of the hot dip melt pot snout. Tha IR camera will be mounted adiacent to a port in the
snout. The port is made of g material that s transparent to R light. Unfortunately,
conventional glass optics are opague to the mid and long wavelength ragions of the 1R
spactrum {.e. 3-8 ym and 818 um, respectively). Imaging in these wavelengths requires
axpansive detectors, optics, and snout sight glass windows made of specialty materials.
For example, expensive and temperature sensitive silicon or germanium lenses are
required in these wavelength rangss,

Therefore, in a preferred embodiment of the instant invention, IR imaging of the
snout interior is in the near and shorl wave infrared spectrum (hereinafter designated as
SWIH}L The wavslength rangs for the SWIF spectrum useful in the present invention is
in the 0.7 to 3 ym region of the 1M specirum. In this rangs the SWIR radiation is
transparent o standard, ingxpensive glass optics and snout sight glass windows {such as
Pyrex sight glass ports), thus avoiding the use of expensive materials o construct the view
ports.  The resulting high quality imaging {at the SWIR wavelengths) provides coating
operations personne! with the capabiiity of monitoring snout process conditions and taking
necessary actions o improve stes! strip surface guality.

it should be noted that since the interior of the snout is self Huminated in the IR
wavelengths, no separate flumination sources are required and, as such, fewer openings
into the snowt interior are reguired. Thatis, the present invention takes advaniags of the
sufficient intensity of emitted radiation {in the 1R} in the snoul operating environment which
@xists because the objects of interest are allemperatures near that of the lquid metal bath.
The selectad radiation provides high contrast imaging of the snout interior and so, no
additional ports will be required for Hlumination sourcas, This, in tum, reduces the risks for
ieakage of air {particularly oxygen and waler vapor which can oxidize the stes! strip) into
the snout environmaent and eliminates issuss dealing with dust collecting on the ilumination
view ports. Furthermaore, the present invention sliminates the prior artissue of poor quality
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visible images due o inadeguale snout inferior visible Humination due o insufficient
imtensity and uniformity by completely sliminating the nesd for visible llumination {i.e. no
tamps are required). For an example of a prior ar visible light image having inadequals
tighting, see Figure 2.

As mentionsd above, the prior art visible light systems also suffered from the
inability 10 image the highly reflective, mirror ke Hauld metal surface with vigible light due
to specular reflection rasulting in pixel saturation and poor dynamic range. Bacause the
subject invention images in the I region of the spactrum rather than with visible reflecied
Hght this is not an issue. For an example of g prior art visible light imags washed out by
reflected light from the surface of the molten metal, see Figure &

While the issue of dust bulldup on the lumination ports has been eliminated by
glirmination of need for Hlumination {and thersfore Hllumination ports), the present system
shill reguires at least ong observation port. Accumulation of dust and other ambient mill
debris on the exterior of the snout camera view port sight glass could stilf ocour and would
result in severe degradation of the image quslity. To minimize this problem, the subject
invention solves this problem through the use of a camera housing designed to purgs the
extermnal surface of the anout camera view port with excess camera coolant such as
pitrogen of air, 1 should be noted that the exterior snvironment of the hot dip melt pot
snout is very warm/hot, particularly where the camera I8 1o be mounted. To protect the
camera, it is placed in 8 housing which allows tha camera 1o be bathed in coolant. Lower
temperature coolant anlers the camera housing, i heated by exchange with the camera
and the housing, and highsr temperature coolant exits the housing. Asthis warmercoolant
gxils the camera housing it can be used o {acilitate the purge of dust from the exterior
surface of the camera view port by being blown across or in front of the port, Allematively
the gas for the port purge siream may be taken from the coulant supply stream before it
enters the camera housing 3s long as thers is sufficlent coolant remaining 1o adegquatsly
protect the camera. Further, the gas for the port purge stream may be supplied by a
separate inpul not affiliated with the camera housing.

Of course, thers is still the problem of the accumulation of melt dust or other debris
on the interior of the snout camera view port sight glass. The subjectinvention significantly
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reduces this problem through the use of a purge ring specifically engineered {0 inhibit
interior accumulation and reduce the frequency of snout camera port sight glass
maimtenance. The purge ring waorks similar {o the exterior purgs, but uses nitrogen,
process gas (the reducing gaseous atmosphers of the snoul, typically 2 mbdure of
hydrogen and nitrogen) or an ingrt gas as the purge gas, bacause air would cortain oxygen
and/or water vapor which would oxidize the reduced steel stip, resulling in inferior product,

The video output from the camera system can be recorded on any slectronic
madium, such as, for example, optical disc {CD, VDY, magnstic tape or disk, hard drives,
or the ke, The video suipul may aiso be output to high temperature video displays, which
may be placed remolsly or near the pol so that operalors may view in real time as
corrections or adiustmeants are madse to process conditions inside the snoul. The monitors
may b, a3 naeded, housed in coolad, sealed ouler casings (similar to the camera housing
and for the same reason) and may be additionally egquippad with an alr curtain o oool the
monitor viewing surface and kesp it free from ambient mill debris,

The presant invention employs one or more sultable IR camera that is selected and
configured as necessary {software, optics, filters) for real ime video imaging within the 0.7
0 3 um {(SWIH)} region of the slectromagnetic spectrum. Depending upon the molten
matal chamistry, iemperature, and contrast properties, imaging may be conductad across
the full 0.7 to 3 um SWIH region, a smaller band of wavelengths within the SWIR region,
or at ong or more specific wavelengths within the BWIR region. Optics and filters may be
designed and sslected for optimal field of view (FOV) and image characteristics.

The camera/housing may be mounted on a delivery/mounting system as demanded
by the snout geomelry. Supporting apparatus {cooling lines, cabling, elechical, and
display) may also installed as nesded. The system’s dala lines may be configured with
ong or more of coaxial cable, fiber optic cable, ethemet, twisted pair, or wirsless BF. Al
glectronics and other equipment are housed in sturdy protective enclosures such as
Faraday cages of Hoffman boxes.

The geometry of the snout camera view ports (angle, length, sight glass diamatar,
aic) may be optimized for fisld of view. Common snout carnera configurations include fleld
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of views from the snout center 1o opposits edge or from the snout center 10 same edgs as
neaded by coating operation personnsl

Figures 4 and & are imagss of the interlor of a typical hot dip mslt pot snowt
capturad in SWIR wavelengths. The camera systam is mounted on one side of the snout
viewing across the flquid msetal melt surface {o the opposiie side of the snout. Some
obiects of interest within the typical fiald of view of the inventive camera system include {3}
the front and rear snout walls, (&) the snout side wall opposiie o the camera, (¢} the stesl
sirip, {d) the snout interor liouid metal melt surface, and {g) any additional squipment
prasent inside the snout,

in genersl, the right and left of each imags is framed in black by the front and rear
faces of the snout and the opposils snowt side wall iz seen in the upper centar of the
image. The steel strip can be seen descending in the center of the imags from the upper
snout region into the liguid metal melt surface. The camers lenses are seleciad such that
the iquid metal melt surface cccuples a significant portion of the field of view. Any other
squipment present in the snout s readily obssrvable, For example, the white obigct behind
the strip near the snout side wall in Figure 4 i g snout pump nozzle,

As demonstrated in Figures 2 and 3, hot dip coating operations personnel were not
able to sffectively observe, monitor, and control snout process conditions when using prior
art vigible light camers sysiem. The present invention provides high quality imaging of
process oritical faatures that have a practical impact upon product guality, Examples of
thess critical snout process features include: {a) sclidified liquid metsal build up or other
dabris deposited on the snout wall interion, (b} debris drifling through the snowt
atmosphere; (¢} fealures of the stes! strip including position, shape, and maotion; {d)
standing waves and flow pattem motion of the liquid metal; (e} accurnulation and motion
of dross and other Houid melal melt swrface debris; and () position and pearformance of
snout equipment,

Figure § depicis a simplified diagram of an embodiment of the prasent SWIR
camera system as intended 10 be installed on & hot dip coating line, The coating line has
a hot dip melt pot 2, and & hot dip melt pot snout 5. The hot dip melt pot snout 5 has one
or more view poris 8. The view ports include a view port sight glass 11 and g purge ring
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10. In addition 1o the view ports, the system includes one or mors cameras 12 that image
in the IR region of the slectromagnetic spectrum {preferably in the SWIR region). The
cameras arg connacted by data lines 13 to a monitoring system 14 and/or a data recording
system 15

It is 1o be understood that the disclosure set forth herein is prasented in the form of
detailed embodiments described for the purpose of making a full and complets disclosure
of the present invention, and that such details are not to be interpreted as lmiting the true
scope of this invention as set forth and defined in the appendad claims.
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We Claim:

1. Ar apparatus for imaging the interior of the meli pot snout of a hot dip steel coating
line comprising:

a camera which detects images within al lsast a desired rangs of infrared
wavelengths within the slectromagnetic spectrum;

a view port ransparent at least (o said desirad range of infrared wavelengths; said
view port positioned 1o aliow view of the desired regions within sald mel pot snout;

sald camera positioned relative (o said view port and 1o sald melt pot snout such that
the camera can image said desired ragions within said melt pot snowt gt said desired range
of infrared wavelengihs; and

a monitoring device upon which the detected infrared images from said camera may
be projeciad,

2. The apparatus of claim 1, whersin said desired range of infrared wavelengths within
the electromagnetic spectrum s 0.7 to 3 microns.

3. The apparatus of claim 1, wherein said camera further includes a protective
housing.
4, The apparatus of claim 3, whersin sald protective housing protects said camera

from the local thermal and physical environment.

5. The apparatus of claim 4, wherein protective housing protects said camera from the
focal thermal environment by passage of coolant between said camera said protective
housing, and said apparatus further includes both coolant and means (o pass coolant
betwesn said camera said protective housing.

8. The apparatus of claim §, wherein said coolant is nitrogen or air,
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7. The apparatus of claim 1, wherein said view port comprises Pyrex type view port
sight glass.
8. The apparatus of claim 1, wherain said view portincludes a surface adjacent 1o said

camera and a surdace thatis remote from sald camera, and sald apparatus includss means
to purgs debris from the surfaces of said view porl.

8. The apparatus of claim 8, whereln said means o purge debris from said adiacent
surface includes means to blow air or nifrogen across sald adjacent surface.

10, The apparatus of claim 8, wherein said means {0 purge debris from said remote
surface includes means to blow nitrogen, process gas, or an inert gas across said remote
surface.

11, The apparatus of claim 1, whersin sald monitor further includes a protective
housing.

12.  The apparatus of claim 11, wherein said protective housing protects the slectronics
of said monitor from the local thermal and physical environment,

13, The apparatus of claim 12, wherein protective housing protects the electronics of
said monitor from the local thermal environment by passage of coolant through said
protective housing of said monitor; and sald apparatus further includes both coolant and
means 1o pass coolant through sald protective housing of said monitor.

14.  The apparatus of claim 11, wherein said protective housing for said monitor furthar
includes means o produce an air curtain in front of the viewing surface of said monitor to
protect said viewing surface from debris in the local environment,
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15, The apparatus of claim 1, whersin sald apparatus further includes a data recording
device for recording data andfor images caplurad by sald camera.

18.  Tha apparatus of claim 15, wherein said data recording device records still images
and/or motion video images.

17.  The apparatus of claim 15, wherein sald data recording devics includes one ormore
devices selecied from the group consisting of DVDs, CDs, magnetic disks, magnetic taps,
or hard drivas,

18.  The apparatus of claim 1, wherein said apparatus further includes ong or more
spaciral filters.

19, The apparatus of claim 18, wherein said one or more speciral filters includes ons
or more physical optical fikers,

20.  The apparatus of claim 18, wherein said one or more speciral filters includes one
or more electronic speciral {ilters.

21, The apparatus of claim 18, wherein said one or morg spectral filters are designed
to filter one or more of;
a} one or more specific ranges of the electromagnetic spectrum, and

b} one or more individual frequenciss of the sleciromagnstic spectrum.

22.  Theapparatus of claim 1, whersin said camera is mounted on a moveable mounting
means which allows the position of the camera and/or the view angle of the camera to be
adiusted.
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23. The apparatus of claim 22, wherein said moveable mournting apparatus includes
means to automatically move said camera and remote control means to direct said means
o automatically move sald camears .

24.  The apparatus of claim 1, wherein said camers is selected 1o have 3 speciral
response sppropriste 1o the specific molten metal alloy in said melt pol.

25. The apparatus of claim 1, wherein said apparatus further includss one or more
selected from the group consisting of gas lines, liquid lines, slectrical lines or data lines.

28, The apparatus of claim 25, wharein said data lines are one or more of coaxial cable,
fiber optic cable, ethermet, twisted palr, or wirsless RF.

27, Amethod for imaging the interior of the melt pot snout of a hot dip steel coating line
comprising the steps of:

providing a camera which detects images within at least a desired range of infrared
wavelengths within the slectromagnetic spschrum;

providing 8 view potl transparent at least o sald desired range of infrared
wavealsngths;

gositioning said view port 1o allow view of the desired regions within said melt pot
snout;

positioning said camers relative to said view port and to said melt pot snout such
ihat the cameara can image said desired regions within said melt pot snout at said desired
range of infrared wavelengths;

providing a monitoring device upon which the caplured infrared images from said
cameara may be projected

capturing images of said desired regions within said melt pot snout at said desired
rangs of infraved wavelengths; and

displaying said captured imagss in a visible form on said monitoring devica.
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28.  The method of claim 27, wherein said desired range of infrared wavelengths within
the slectromagnetic spectrum ig 0.7 to 3 microns.

28.  The method of claim 27, whersin method further includes the step of protecting said
camera from the local thermal and physical erwironment of by placing said camera in a
profective housing.

30, The method of claim 28, wherain said step of protecting said camera from said looal
thermal environment includes passing coolant betwesn sald camera sald protective
housing.

31, The method of ciaim 30, wherein said coolant is nitrogen or air.

32. Themsthod of claim 27, whersin said view port comprises Pyrex iype view port sight
glass.

33. The method of claim 27, wherein said view port includes a surface adjacent to said
camera and a surface that is remole from sald camera, and said method includes the sleps
of providing means 1o purgs and purging debris from the surfaces of said view port.

34.  The method of claim 33, wherein sald step of purging debris from said adjacent
surface includes blowing alr or nitrogen across sald adjacent surfacs.

35, The method of claim 33, wharein said step of purging debris from said remote
surface includes blowing nitrogen, process gas, of an inert gas across said remote surface.

38, The method of claim 27, wherein said method furthar includes the step of protecting
the slectronics of sald monitor from the local thermal and physical environment by placing
said electronics of said monitor in a protective housing.
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37, The method of claim 38, wherein said step of protecting said slectronics of said
monitor from said local thermal snvironment includes the step of passing of coolant
through said protective hausing of said monitor,

38,  The method of claim 38, wherein said method includes the step of producing an alr
curtain in front of the viewing surface of sald monitor to protect said viewing surface from
debris in the local environment.

3¢,  The method of claim 27, whersin said method further includes the step of recording
data and/or images captured by said camera on a data recording devica.

4G. The method of claim 38, wherein said step of recording data andfor images

capiured by said camers includes recording still images and/or motion video images.

41,  The method of claim 38, wherein said data recording device includes one or mors
devices selected from the group consisting of DVDs, CDs, magnetic disks, magnatic taps,
or hard drives.

42,  The method of claim 27, wherein said method further includes the step of
glectronically andfor optically filtering said image of said interior of said melt pot snout.

43.  The method of claim 42, wherein said step of electronically andfor optically filtering
said image includes filtering one or move of:

a} one or more spacific ranges of the slechromagnetic specirum, and

b} one or more individual frequencies of the slectromagnetic spectrum,.

44,  The method of claim 27, wherein said step of providing said camera includes the
step of mounting said camera on a moveabls mounting means which allows the position
of the camera and/or the view angle of the camera o be adjusted.
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45, The method of claim 44, wherein said moveable mounting methad includes means
o automatically move said camera and remote control means to direct said means 1o
automatically move sald camera .

48.  The method of claim 27, wherein said step of providing sald camerg includes
salecting a camera which has a spectral responss approprials o the specific molten metal
alloy in said melt pot.

47.  The method of claim 27, wherein said method further includes the step of providing
one or more selected from the group consisting of gas lines, liquid lines, electrical lines or
data lings.

48. The msthod of claim 47, wherein sald data lines are one or more of coaxial cable,
fiber optic cable, ethernet, twisted pair, or wirgless RF.
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