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ABSTRACT

Natural mineral veins often vary broadly in
composition, and tend to meander through the host
rock structure somewhat randomly, such that timely
periodic evaluation of the location, type, and grade
of mineralization 1is necessary to any automated
extraction activity.

Mineralized rock samples were collected from
local sources and identified by conventional means,
and multi-spectral images were prepared for forty
five (45) narrow band wave lengths within the visible
and near-infrared spectral region from .39 microns
through .92 microns.

CCD camera images were acquired with a micro
computer based frame grabber board and software.
Signatures were developed for fifty (50) known rocks
and minerals by selection of a specific pixel address
representing each known rock and mineral, along with
tabulation of the light level value for that same
address from each of the forty five (45) images, plus

a forty sixth unfiltered (white) image.
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Each signature was zero referenced to eliminate
effectse of 1light level variance resulting from
various work activities, by individual subtraction of
each respective white (unfiltered) image light level
value from each signature 1light level value, such
that a new signature of identical shape is formed
about the zero light level axis.

Envelopes were developed for each known rock and
mineral by respective selection of the highest and
lowest light level values for each wave length from
a group of nine (9) =zero referenced multi-spectral
signatures for the known rock or mineral. The sets of
nine data points are from nine pixel neighbors in one
frame. Rock and mineral identification is
accomplished through wave length by wave length
comparison of light level values for a current (zero
referenced) signature, to stored envelope values for
known rocks and minerals. "Goodness of fit" is
established by counting the number of current wave
length 1light 1level values which fall within the
stored envelope values.

Mineralized areas are assembled by recording the

address of identified pixels to a respective mineral
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file. Offset distances +to mineralized areas are
calculated by taking the area centroid of identified
pixels with respect to the center of image pixel.
Percent mineralization is established from prior
designation of the constituents of "vein", through
arithmetic comparison of the count for identified
pixels of each rock or mineral, to the total pixel

count for identified vein material.
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Chapter 1. INTRODUCTION

1.1 Statement of the Problem:

Most Colorado mines can be characterized as "small
mine operations in pursuit of narrow veins" (Nugent,
1992). Historically, drill and blast mining
practices have generally permitted profitable
operation of narrow vein mines only during boom
periods for +two prominent reasons. First, large
quantities of rock, which eventually become tailings,
must be handled along with the ore to allow
underground work space for men and machinery. Second,
narrow veins often meander such that adeguate
exploration is prohibitively expensive, and organized
pursuit is often difficult and inefficient. Recently
broadened environmental séandards now pose a third
inhibition, such that most domestic mines continue to

stand 1idle, while international mining operations,
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endowed with cheap labor and lax environmental
standards, continue to expand.

Effective solution to this three-pronged dilemma
dictates development of the capability for autonomous
machine guidance to enable mechanized ore extraction
without aid of a human operator. Unmanned mining
could then be conducted within the vein, or by
removing only close proximity rock with the vein,
such that minimal gquantities of waste rock are
removed with the ore bearing rock. This translates
into richer ore grade, reduced haulage and milling
costs, and smaller tailings piles when compared to
conventional mining methods.

Autonomous machines require sensor input for
guidance, and useful guidance systems must
discriminate and quantify selected ores. Work in
remote discrimination of minerals has focused on
identification of components in rine particle
mixtures ana weathered soils. Rock surface
discrimination and quantification are important
sensing tasks that have not received adeqguate
attention for machine guidance. The particular
problem is obtaining precise repeatable

discrimination of type and location of mineralization
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in real environments where surface roughness, mineral
composition, moisture content, and crystal structure

orientation are variable and uncontrollable.

1.2 Proposed Solution:

Specifically, this thesis demonstrates that
natural crystalline solids may be identified by
analysis of surface reflectance properties in certain
narrow spectral bands approximating the true
continuous spectral signature and describes a
prototype system used to identify rocks and minerals
in their natural state. The prototype system (See
Figure 1) uses a personal computer, charged couple
device (CCD) camera, frame grabber, selected narrow
band filters, and software to record and process
digital images of rocks and minerals of interest.
Unknown signatures are compared to a knowledge base
to determine mineralized regions in the rock-face

scene to enable vein following.
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1.3 Summarvy:

Demonstration analysis was conducted on 20 rock
and mineral samples (See Figure 2), for signature
repeatability, process illustration, general sample
discrimination, and a blind test. Samples are
assumed to be numbered from top to bottom with the
marble samples arrayed vertically at the left of the
image or photo (See Figure 3). Identification data
sets are included for the 20 rock and mineral

samples.

1.3.1 Repeatability.

Reflection signatures were compiled for pixel
test spots on each of twenty rock and mineral samples
for both wet and dry conditions. Surface reflectance
signature group values for eighteen of the twenty
test spots exhibit an average spread of about ten
grey levels, or about four percent of the available
camera resolution. Two samples, "Stibnite #4(wet)"

and "Coal #2(dry)", exceed 50 grey levels scatter
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near the central region of their respective signature

groups. Signature repeatability and unigueness
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proved adequate for discrimination of each sample.
Graphs (See Appendix C and Appendix D) and data
tables (See Appendix A and Appendix B) are included

for each signature group (40 groups).

1.3.2 Process Illustration.

Nine reflectance signatures were compiled for the
mineral spodumene (See Figure 4). The signature
group was zero referenced (See Figure 5) and
enveloped (See Figure 6). Reflectance values for the
zero referenced signatures exhibit an average spread
of about 15 grey levels, or about six percent of the
available camera resolution. If raw signatures are
enveloped, and the envelope is then zero referenced,
erroneous values result (See Figure 7)), because the
two extreme white image 1light 1level values are
applied to every other pair of envelope values,

regardless of their signature of origin.
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1.3.3 Sample Discrimination.

Similarly, zero referenced envelopes (See
Appendix E) were assembled for the top row of five
samples. The envelopes were compared to reveal
wavelengths that exhibit unique envelope values (See
Figure 8, and Figure 9) for each sample type.
Multiple wavelengths were selected for samples with
envelopes exhibiting close similarity (See Figure
10). "Paint" images were compiled and examined for
each sample to determine which wavelengths enable
best discrimination. Second and third generation
paint images were compiled by combining various paint
images to produce composite results and to illustrate
a portion of the potential for vein discrimination.
All five sample types were successfully discriminated

from each other.
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1.3.4 Blind Test.

Reflectance signatures were compiled (See Figure
10) for seven pixels residing within a circled spot
on the (stibnite #1) blind-test sample. The
sigratures were zero referenced (See Figure 11), and
enveloped (See Figure 12). Then, each color image
pixel was =zero referenced and compared with stored
stibnite envelope values, for wet stibnite samples,
for the same wave length (color). Each matching
pixel was assigned "paintback grey level 250", while
unmatched pixels retained their original wvalue.
Then, both were copied to a "Paint Image". The
blind-test image "Paint.909" (See Figure 11) exhibits
about 47 .7 percent paintback (grey level 250)
coverage of the blind test mineral, along with about

equal population random surface coverage (scatter).
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Chapter 2. APPLICATIONS

2.1 Vein Following:

Two capabilities, nature and location, appear
essential to image based electronic vein following.
Mineralized areas of interest must be discriminated
from country rock, and the position cof discriminated
areas must be determined with respect to some useful
image reference. Both must be determined under
natural conditions. In short, the guestions are
"What is there?", and "Where is it?". This research
demonstrates usable answers to both gquestions.

Reflectance signatures for each mineral examined
exhibit some characteristic unique to their
respective mineral (cr rTock), for both flooded
(submerged in water) samples and dry samples. The
unique characteristics may be selectively applied to
allow specific discrimination. Brightness variance

is offset through =zero referencing. Paint image
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results for wavelength 821 angstroms, for the sample
discrimination analysis, exhibit about 74.1 percent
coverage for the mineral stibnite (by analysis), with
less than one percent scatter coverage (See Figure F
68) . The calculated population centroid for all
pixels of grey level 250, for paintback image 821,

falls at pixel address, row 212, column 355.

2.2 Surface Agsav:

Surface assay demands answers to the guestions of
nature and proportion. If a qguantity of ore is
analyzed to determine the nature and proportion of
mineralization with respect to sample weight, and the
analysis is conducted within certain industry rules,
that process may constitute ordinary volumetric
assay. Similarly, if the surface of an ore sample
is analyzed to determine the nature and proportion of
surface mineralization with respect to total surface
area, that process may constitute surface assay.

Paint Image 821 exhibits about 74.1 percent
coverage for stibnite mineral (by analysis).

Portions of the backing board exhibit minor random
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coverage. A total of 5478 pixels, for the 245,760
pixel image, fall within the stibnite envelope for
wavelength 821 angstroms. Thus, the identified
stibnite mineralization, including scatter, comprises
about 2.2 percent of the image scene. Repeatable
paintback densities of about 45 percent were noted
visually for stibnite (wavelength 821 angstroms)

during six separate third party check tests.
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Chapter 3. LITERATURE REVIEW

3.1 Technical:

Generally, natural rocks and minerals are known
to exhibit spectral properties unique to their
individual crystalline structure under multispectral
lighting, and each may be identified through
examination of those spectral properties.

Hunt (1970-76) documented unigue continuous
multispectral signatures for about 1100 carefully
selected rock and mineral samples under laboratory
conditions during the 1970'’'s. Hunt compiled
continuous spectral signatures by recording the
changing light emission from samples during variation
of the wave length of the spectral bombardment. Hunt
did not apply that technology to discrimination of

unknown minerals, or to vein following. Most
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subsequent multi-spectral work references Hunt’s
publications.

Chiou (1984), through work with NASA,
demonstrated classification of simulated signatures
for clay minerals from hyperspectral image analysis.

Gleichman (1984), proposed details depicting a
scanner with data processing flow charts for
acquisition and assembly of multispectral images.

Smith and others (1985), through their work at
the University of Washington, accomplished limited
multispectral identification of single particle size,
pure laboratory prepared clay samples. Smith’s
concilusions indicate that "more focus is needed on
guantitative spectral models oo to produce an
accurate analysis".

Goetting and Lyon (1986), through their work at
Stanford University, attempted identification of clay
minerals from spectroradiometer data in the near
infrared area of the spectrum, by use of signature
feature coding.

Barnard and Casasent (1988), through their work
with SDI at Carnegie Mellon University, attempted
determination of the composition of an unknown input

mixture, given the spectra of a number of elements.
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Their work used spectral data from JPL, and results
were termed "inconclusive".

Jet Propulsion Laboratory (JPL) (1989), proposed
a neural net software simulation system to classify.
cluster, and identify montmorillonite mineral
mixtures from spectrometer signature data for the
spectral region 2.0 to 2.5 microns, in conjunction
with research efforts for SDI and the proposed Mars
Rover project.

Martin Marietta Corporation (MMC) (1989), has
investigated processes for multispectral
discrimination of particulate material in conjunction
with the Mars Rover project and ongoing planetary

exploration efforts.

3.2 Existing Systems:

Several systems and techniques have been proposed
and developed for remote identification of surface
minerals, and a few systems have progressed beyond
identification to include guantification of

mineralization and other surface features.
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Monroe (Pat. No. 4,449,047),(1984), developed a
pulsed ultraviolet scanner for airborne use, capable
of sensing return fluorescence and storing the data
for later retrieval, processing, and interpretation.
His work was performed in the 1950’s, submitted for
patent 1in the 1960’s, and held-up for national
defense reasons. Monroe'’s work constitutes the
forerunner of modern satellite scanner systems.

Goetz (Pat. No. 4,560,275),(1985) developed a
selectable field spectrometer with microprocessor,
memory, stored signatures, and display, for operator
comparison and interpretation of signatures for
surface mineralization. Range for the device appears
to be about two inches with a field of view of less
than two inches.

Sobolev (Pat. No. 4,774,469),(1988) used
multifrequency signaturing of shock waves to identify
known (drilled and assayed) minerals in a rock mass
(massive ore body). His éonclusions appear very well
supported by his d4data.

During the past few months, a plethora of
specific imaging applications have appeared in
science and technical journals. Most notable is a

military thermal infrared spectral imaging system
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depicted in the February, 1992, issue of "Sensors
Magazine”" (Orlove, 1992). The noted system does not
appear suitable for mineral discrimination, or

underground vein following applications.
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Chapter 4. BASIS

4.1 Spectral Window:

The electromagnetic spectrum (BDM International
Inc., 1984) is known to extend at least from short
wavelength, high energy, Gamma rays (10 E-16 meters
wavelength) to 1long wavelength, 1low energy., ELF
transmissions (10 E+8 meters wavelength).

No available equipment allows unilateral
examination of the entire spectrum. Therefore,
selection of specific equipment 1limits spectral
analysis to some window within the total spectrum.

The Javelin #2362 CCD camera used 1in these
experiments is equipped with an optical glass lens.
Optical glass is not very transparent to wavelengths
immediately below 390 angstroms, or immediately above
1,100 angstroms (See Figure 15), (Javelin, 1989).

Therefore, the available spectral window is limited
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to a range extending from the blue-ultraviolet
interface near 390 angstroms wavelength, through the
visible light region, into the near infrared region

near 1,100 angstroms wavelength.

4.2 Recordable Spectral Emissions:

Generally, the black and white CCD camera allows
recording of a total 1light emission level for each
pixel area of an illuminated crystal structure. Those
emissions may be comprised of three components, (1)
light reflected from the crystal structure, (2) light
that passes through the crystal structure, and (3)
light that is absorbed by the crystal structure and
reemitted. The components are commonly referred to
as reflectance, refractance, and luminescence
(Herculese, 1966).

Reflectance appears to be by far the largest
component, probably comprising more than 95 percent
of the total emission, and its intensity appears to

depend most on illumination levels.
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Refractance is usually a small component probably
comprising no more than a few percent of the total
emission, and appears dependent on the refraction
index for the crystal structure. Refraction levels
appear to comprise about 4 percent (10 light levels)
of the total recorded emission for several mineral
signatures.

Luminescence (Herculese, 1966) includes two light
emission phenomena of interest for this thesis. The
first is fluorescence, a process by which certain
crystal structure may ccntinuously absorb 1l1light
energy at a bombardment wave 1length, and reemit
photons at the same wave length or some other wave
length. Since photon emission usually denotes release
of a specific amount of energy, a specific color is
implied. Color may be likened to wave length and
energy level within +the visible portion of the
spectrum. Fluorescence occurs at the time of
excitation.

Phosphorescence denotes a similar absorption -
reemission process whereby photons are emitted after
excitation is ceased (Herculese, 1966). Experiments
for this thesis were conducted under active lighting.

Thus the effects from phosphorescence do not apply.
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Luminescence properties for minerals are well
established. Barnes examined the entire study
collection of the U.S. National Museum (about 200,000
specimens) and catalogued luminescence for about 1500
specimens representing about 75 mineral species

(Barnes, 1958).
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Chapter 5. CONSTRAINTS

5.1 Hardware:

Generally, machine mounted guidancea hardware
should remain distant enough from cutting surfaces to
avoid large rock chips and allow machine maneuvers.
Operating times to establish machine aim should be
short. Equipment should be chip resistant, and
guidance should be consistent and accurate. In short,

these constraints are range, speed, and reliability.

5.2 Range:

Effective range for video-based vein
discrimination appears bracketed within two prominent
constraints: (1) the closest position for which the

camera may be focused, and 2) the most remote
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position for which resolution is sufficient for
identification of minerals. If the former is
exceeded, then individual pixel 1light 1levels may
include unfocused adjacent 1light. If the camera is
too remote, then each pixel covers a larger rock
surface area, such that pixel light level values may
be progressively diluted to an average for the
multiple materials within the broad pixel as range
increases. Therefore range must be viewed a primary
criteria for selection of resolution capability for
the camera. If pixel dimensions are so large as to
convey averaged 1light levels for a mixture, then

greater resolution is indicated.

5.3 Speed:

Speed may be viewed as the amount of time
required for processing of images and identification
of the vein. Thus processing time may be reduced and
speed increased if the quantity of data is reduced.
Data reduction may be accomplished directly by use of
fewer filters (fewer images). Many veins can

probably be identified by use of fewer than six (6)
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filters, if each is selected to highlight prominently
contrasting envelope features for the minerals of
interest. Blind test discrimination of stibnite was
successfully completed with use of a single filter
and all samples were discriminated with use of four

or fewer filters.

5.4 Reliability:

Underground mining equipment applications
generally demand tolerance for vibration, dust,
smoke, moisture, and minor rock chip impact.

Strong camera vibration may have the effect of
skewing successive images such that a selected pixel
address may not represent the same face-target pixel
in each spectral image. This effect results in
reduction of the size of identified mineralized areas
by way of erosion of the edges of each area.

If substantial dust deposits adhere to the rock
face, then the underlying rock and mineral
characteristics may be obscured and identification

stymied, and water spray is indicated. Dust deposits
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on lens or lamp may tend to reduce image gquality, and
a dust cover is indicated.

For autonomous mining, smoke may usually consist
of o0il particles from release of compressed air
through oily machinery, along with combustion
products from engine operation. Ordinary machine oil
smoke is absorptive near 1,400 angstroms, and (CO2)
combustion products are absorptive near 1,400
angstroms and 1,900 angstroms in the NIR spectrum
(Rudd, 1974). Both reside outside the spectral range
for these tests. Water vapor is absorptive near 780
angstroms (Rudd, 1974) and the effect is prominently
visible when wet and dry signature groups are
compared (See Appendix C and Appendix D). Filters
should be selected to avoid the noted bands.

Airborne moisture is highly reflective, as all of
us have noted on past foggy nights, and may serve to
level the grey level values for all pixels, such that
the image is progressively washed-out with increasing
reflectance. Wet rock effects are defined in "Test
Results"™ below, and appear to enhance overall

discrimination.
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Chapter 6. SAMPLES

6.1 Mineral and Rock Samples:

The mineral and rock sample set consist of a
collection of about 70 natural crystalline solids
common to narrow-vein and hard rock mining. The
sample set is viewed as representative of main stream
narrow vein mining, but 1less than comprehensive.
Individual samples range in size from about 1/4 inch
to about two inches minimum dimension. Each sample
was identified by visual examination, with reference
to a mineralogy handbook (Sinkankas, 1964), and
identification was reviewed and confirmed by Roland
Schmidt, and others knowledgeable in the field of
mineralogy. Poor samples and questionable samples
were rejected during the identification and review
process. All of the individual rock and mineral

samples were washed to remove dust and loose
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particles, and allowed to dry prior to imaging.
Samples attached to the sample board were freshly
broken, and unwashed. Washing predictably resulted
in moderate degradation of the halite sample. Formal
assays were not performed on any sample. Sample
Board samples are presumed numbered from top down for
each column with marble samples arrayed along the

left edge of the board (See Figure 2 and Figure 3).

6.2 Vein Samples:

Host rock samples, visually displaying narrow
vein sections and mineralized streaks, were hand
gathered from freshly dumped muck piles outside Lord
Byron Gold Mine #2, near Idaho Springs, Colorado.
Each rock sample was hand washed and the mineralized
regions were closely examined with aid of a hand lens
to determine the vein constituents.

The prominent vein section constituents for the
most representative samples are quartz, galena, iron
pyrite, and sphalerite, in order of decreasing
presence. Assay sheets, provided by the mine

manager, indicate the presence of galena, iron
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pyrite, and sphalerite in order of decreasing

percentage of mineralization.

6.3 Sample Board:

Twenty freshly broken rock and mineral samples
were cemented onto an 8 1/2" x 11" flat black
(painted) plastic backing sheet. The samples are
arranged in five columns comprised of four samples
each of marble, marcasite, chalcopyrite, stibnite,
and coal (See Figure 2). Samples are assumed to be
numbered from top to bottom for each column with
marble samples at left (See Figure 3). Coal oil was
visible on some coal surfaces until the sample board
was flooded for wet sample analysis. Minor embedded
impurities were visible on marcasite samples., and
impurities and color streaks were noted for the

chalcopyrite samples.
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Chapter 7. PROTOTYPE SYSTEM

7.1 Lighting:

Early multispectral images were compiled under
various lighting arrays including incandescent,
fluorescent, and slide projector lamp, in combination
and separately. Later images comprising the bulk of
the multispectral image data base, and all wet sample
images, and blind test images, were conducted under
industrial gquartz lamp illumination. Specifically,
the preponderant lighting source used was the dual
120 volt, 500 watt, guartz utility lighting
manufactured by Dayton: with Sylvania tungsten
halogen quartz bulb rated at 120 volts, both
available from W.W. Grainger (1988 catalogue, item
no. 2V776 lamp assembly, and 2V384 bulb). Best
spectral uniformity was noted under slide projector

lamp illumination. However, projector lamp
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illumination is deemed less desireable because a lens
is required, the field of illumination is narrow, and

the bulb is delicate.

7.2 Camera:

All images were collected using the Javelin
2362A, 12 wvolt, black & white digital camera, with
HE98241 image sensor chip (586H x 485V pixels), 8 bit
resolution capable of 256 grey levels, and RS-170
interface cable. The camera was equipped with a 12
volt, "C" mount, auto iris TV lens (HAG1212APC), with
manual focus and separate 12 volt power transformer.
Both the lens optic and the sensor protection window
for the camera are constructed of glass, such that
effective camera response is restricted to
approximately the optical glass spectral window
depicted in Figure 14 (Javelin, 1989), extending from

near 400 angstroms to about 1,100 angstroms.
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7.3 Frame Grabber:

All pixel images were acquired using a MetraByte
brand 512 x 512 pixels, 8 bit resolution, model MV1-
170 video frame grabber board suitable for use with
the IBM PC/XT/AT or compatibles. The board occupies
one full (13.3" long x 4.25" high) slot, and requires
5 VDC @ 2.5 amps. Image information storage on the
board is by 25€¢ pixel wide guadrant beginning at the
upper left, then upper right, lower left, and lower
right guadrant. Each guadrant is 240 pixels high.
Transfer of an image from the digital camera onto the
frame grabber board requires about 5 to 6 seconds
elapsed time. Acquired images are 245,760 bytes in

size.

7.4 Filters:

The filter set consists of 45 narrow band
filters, manufactured by Balzers Corporation, and
covering portions of the visible and near-infrared

spectrum extending from 390 angstroms, through 920
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angstroms. Band width and wave length
characteristics were checked and tabulated for each
filter within the visible light range (390 angstroms
to 780 angstroms). Observed band widths averaged
about 10 nanometers, and no significant band width
deviation was noted. Three filters were found
stenciled (factory stencil) with an incorrect wave
length. The filter set was arranged in order of
increasing actual wave length and incorrect stencils

ware ignored during the experiments.

7.5 Computer:

The system uses an IMS 80286, 12 MHz, personal
computer with 640K RAM, ROM Bios version 3.07 by
Phoenix Technologies Ltd., MS-DOS version 4.0, Mouse
system version 5.03 by MetraByte Corporation, and
enhanced graphics drivér Rev. 4.2 by MetraByte
Corporation. The computer is equipped with a 40
megabyte hard disk drive, and slots are provided for
5 174" floppy disk and tape backup. Operation of the
computer with the frame grabber board and protective

case installed consistently resulted in overheating
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of electrical boards and occasional erratic
operation, such that most experiments were conducted

with the computer protective case removed.

7.6 Vendor Software:

MetraByte’s Vision Operating System (VOS)
software was used for manipulation of the camera and
frame grabber in conrnjunction with image acquisition,
storage, and inspection. The VOS software consists
of an icon based multi-window structure accessed by
a mouse (or other pointer). Displayed images are
painted from the frame grabber to the analogue

monitor at about 30 frames per second.

7.7 Programs:

Data acquisition programs were written in PASCAL
language to read grey levels (See Figure G 75) from
individual images, combine the grey level

information into multispectral (multi-image)
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signature form (See Figure G 76), and zero reference
and envelope selective signature information.
Analysis programs were written to read image grey
level data, zero reference the data, and compare it
to stored envelopes for known minerals, and to create
a redisplay image of results (See Figure G 77).
Manipulation programs were written to read,
modify, and combine redisplay images (See Figure G
78), and to calculate the centroid for painted areas

(Sea Figure G 79).



T4045 49

Chapter 8. METHOD

8.1 Image Acqguisition, Storage, Retrieval:

Digital image books were generated for selected
ore samples, vein samples, granular mixtures, the
sample board, and blind test, comprising a total of
about 200 megabytes of multispectral light level data
for approximately 40 rocks and minerals. Generally,
one pixel image was acgquired for each narrow band
filter (45 filters), plus one unfiltered (white)
image to comprise a multispectral book of 46 images
for each sample set. Image =size is nominally 512 x
480 pixels, and the actual disk storage requirement
using VOS is 245,760 Bytes per digital image.
Generally, each image was named as an individual file

using the month and day as the filename prefix, and
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the nominal wave length in angstroms for the filter
as the filename suffix. For ekample E:802.920
designates an image for wave length 920 angstroms,
compiled on the second day of august, and stored on
"E" directory. Specific processes for use of VOS to
accomplish acguisition, storage, and retrieval are
shown in Table 1, and Table 2, respectively. The
described processes are assembled from MetraByte
software instruction materials, adapted for +this

hardware, and annotated for clarity.
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Table 1. IMAGE ACQUISITION AND STORAGE

Connect power for camera, lighting, computer, and
monitors.

Position ore samples.

Hand focus camera.

Move to the DVOS directory.

Call the Vos system (type VOS).

(The icon window screen will appear)

(Start) Click mouse (use left button) on "camera"
window.

(Camera menu will appear)

Click mouse on "snap"™ in camera menu.

(Camera will activate. Test by passing hand in
front of camera. Movement will be visible on the
frame monitor)

Click mouse on "snap" a second time to acquire the

image.
(Wait until image is acquired and mouse crosshair
returns to screen. Required time is usually about

S to 6 seconds.)
Click mouse on "disk" window.
(Disk menu will appear.)
Click mouse on "save" in disk menu.
(Prompt line will appear for an outfile name.
Type in the route and filename.
(Example: Type (E:\d11\802.920) to save the

current image to the sub directory DLL on E
directory, and to name the file with the date
August 2nd, and wave length 920 angstroms (or an

appropriate date and wave length)).
Visually check the name. Then press enter.

(Wait while the image is copied from the frame
grabber to the hard disk (Required time is usually
about 15 to 17 sec.))

Go to (Start) and repeat each step for the next
image.
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Table 2. IMAGE RETRIEVAL AND DISPLAY

Click mouse on "disk" window.

(Disk menu will appear)

Click mouse on "display" in the disk menu.

(Prompt line will appear for an infile name)
Type in route a2nd image name.

(Example: (E:\d11\802.920) to retrieve the image
stored above)

Visually check the name. Then press enter.

(Wait and observe the image monitor as the image
is copied from disk storage to the frame grabber
by quadrants. Required time is usually about 9 to
10 sec.)
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8.2 Noise Suppression:

Occasional irrational 1light level values arose
during early portions of the research, when ASCII
image characters were converted to numerical arrays
for examination or processing. The irrational values
appear to arise from addressing information included
in the image data, such that a few negative values
and a few very large values are occasionally apparent
if the numerical array is displayed or printed. Noise
suppression for this application is limited <to
bracketing of the errant values within the 256 grey
levels range by resetting any negative value to light
level zero, and any very large value to light level
255.

Occasional bright (glare) spots appeared on
otherwise dark mineral surfaces throughout the
research. The glare (light level = 250) appears to
arise from crystal surface ((mirror) reflectance.
Glare was occasionally eliminated by resetting any

very large grey level value to grey level 150.
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8.3 Camera Vibration & Image Alignment:

Camera vibration appears to have the effect of
skewing one multispectral image with respect to its
adjacent images such that a selected pixel address on
the image does not result in the same scene address
being read in each image. This effect may degrade
the edges of mineralized regions such that a smaller
mineralized region is identified under vibration than
for wvibration negligible images. If the subject
mineral streak is narrow, the vibration can result in
failure of identification. The degradation appears
to occur from lateral insertion of nonmineralized
pixel 1light 1level values into the multispectral
signature for the mineralized pixel under scrutiny by
movement of camera aim to some unplanned aim point
such that all image pixels may in effect be
readdressed with respect to adjacent spectral images.
For example, if pixel dimensions are 0.0l inches x
0.01 inches as measured on the scene surface, and
camera vibration results in an aim point that is
displaced 0.03 inches on the scene surface when

compared to the adjacent multispectral image, in the
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image book, then the light level for a pixel address
that is three pixels distant from the desired address
may be inadvertently read for the desired pixel
address. Thus identification failure may result when
aim displacement along the least dimension of the
mineralized streak on the scene surface exceeds that
least dimension. Larger mineralized areas may be
reduced in dimension along the direction of vibration
by about twice the aim point displacement.
Simplistic image alignment may be attained by
comparing a row and column of the subject image, with
the same row and column of a reference image, to
determine if tramnslation of the subject image will
result in an improved row or column correlation.
Since the images are stored on, and recalled to, the
frame grabber by gquadrant, alignment efforts may be
undertaken individually for each gquadrant, or in
composite for the entire image. The alignment method
described assumes image translation is two
dimensional in the plane of the image, and does not
exceed 5% of the image dimension (0.05 x 512 = 25
pixels). A right angle shape of twice the expected
translation (2 x 25 = 50 pixels) is selected for each

leg of the alignment cursor. The cursor is aligned
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with legs vertical and horizontal. The light levels
for the pixels of each leg are recorded from the
subject image and the reference (white) image. Each
of the first 25 recorded light levels for the current
image 1is subtracted from the corresponding 1light
level for the reference image, and the difference
values tabulated. The first value (lowest row or
column) of the recorded light levels for the current
image cursor string is deleted, and the string is
offset one pixel, and the subtraction and tabulation
process repeated until the string has been
incremented a distance of 25 pixels from the starting
point. The described process is again repeated while
similarly incrementing the cursor string for the
reference image, which results in incremental
comparison for a distance of 25 pixels 1in the
opposite direction from the starting point. The
tabulated totals are compared to find the minimum
value, and the algebraic translation distance
recorded for each leg of the cursor (See Figure 16).
No actual image alignment is made. Instead, the
translation distances are applied during extraction
of the data from the offset image, and the original

images are retained intact.
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8.4 Spectral Signature Development:

Raw signature development is accomplished by
assembly of the light level values from a book of
images for a pixel address with respect to wave
length as follows (See Figure 17). A specific pixel
address is selected corresponding to a known rock or
mineral. The light level value is extracted from each
filtered image, and a white (unfiltered) image in
the book of images for that same address. Wave
lengths are judgmentally arranged in descending order
with respective light levels opposite wave length.
The 1l1ight level for the white image is arbitrarily
placed alongside the infrared end of the signature
and assigned a wave length (930 angstroms) slightly
greater than the longest wave length for filters (920
angstroms) used.

Since finished gsignature values must be
repeatable in order to be useful, and raw signature
values tend to vary with lighting irregularities and
natural surface conditions, some effective 1light

level adjustment must be employed.
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Raw signature adjustment for a pixel is
accomplished by algebraic subtraction of the white
image grey level value, for that pixel, from the grey
level value for that pixel for each image in the book
of images, including the white image. Obviously,
subtraction of the white image grey level value, from
the white image grey level value, results in a value
of zero, and subtraction of the white image grey
level value from each of the filtered image grey
level values results in translation of the entire
signature down scale until white level is zero, while
retaining the general signature shape. The result is
hereafter referred to as a zero-referenced signature

(See Figure 5).

8.5 Envelope Development:

If a 3 x 3 mask is assumed, and signatures are
developed and compared for each pixel in the mask (9
pixels), some variance between signatures is

apparent, and the average variance for any specific
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wave length usually approximates 10 light levels for
the prototype system (8 bit = 256 grey levels).

Envelopes are developed by taking the highest
value for each wave length from the nine signatures
to create a new signature which bounds the tops of
the signature group, and similarly taking the lowest
values to create a signature which bounds the
minimums of the signature group, thus entirely
enveloping all nine signatures for the mask (See
Figure 6).

Envelopes should be developed only for zero
referenced signature groups. If raw signature groups
are developed and enveloped, and the envelope
subsequently zero referenced, the largest envelope
white level value is applied to each maximum 1light
level value, and similarly the smallest envelope
white level value is applied to the least Jlight level
value at every wave length regardless of the
signature of origin, giving incorrect results (See
Figure 7). Zero referenced envelopes should be
developed and stored for each rock and mineral of
interest.

Envelope comparison allows visual selection of

wavelengths 1likely to produce unique results for a
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specific mineral or group of minerals (and rocks)
(See Figure 9). Similar envelopes may be trimmed to
remove overlap and improve unigueness (See Figure

18).

8.6 Mineral Identification:

Generally, mineral (and rock) identification is
accomplished by comparing the zero referenced
signature for an unknown pixel, to stored envelopes
for known rocks and minerals to determine if a match
exists.

Theoretically, the 1light level value for each
wave length for the unknown signature is compared to
each pair of high and 1low envelope values to
establish if it falls within the envelope range. Each
signature value that falls within its respective
envelope range is counted to determine if the unknown
signature matches that envelope.

In actual practice, computer stack capacity and
software compiler capacity prohibit processing of the
large array (11 Megabytes) that would be generated,

and dictate more manageable methods. In fact, stack
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and compiler capacity both prohibit numerical
arraying of even a single image (245,760 bytes), such
that data must be, (1) read from an image, 2)
processed, and (3) written to a file or paint image
on a pixel by pixel basis (for this computer system).

Typically, the grey level for a pixel address is
read from a selected color (filtered) image, and for
the same pixel address from a white (unfiltered)
image. Then the white 1image grey level value is
subtracted from the color image grey level value and
the (zero referenced) result compared to the envelope
values for the selected color (wavelength). Grey
level value 250 is assigned to each pixel that
matches the envelcepe. Unmatched pixels retain their
original grey level value. Then the grey level value
is written to a paint image and coordinates for each
matching pixel are written to a file for subseguent
use 1in centroid calculation. Paint images are
generated for each filter 1likely to produce unique
discrimination of the selected mineral. If no single
filter allows unique discrimination , then two or
more paint images are combined to eliminate or

degrade extraneous paint coverage and prominently



T4045 65

illuminate the mineral of interest. Some minerals may
be discriminated with use of a single envelope range

(wavelength).

8.7 Percent Mineralization:

The concept of percent mineralization requires
designation of some reference. Obvious references
are, the field of view for the camera, some window
within the field of view, or "vein material". Upon
designation of a reference, the arithmetic percentage
of identified surface mineralization for individual
minerals may be determined by dividing the total
number of identified pixels (x 100) for each mineral,
by the total number of reference pixels.

Percent mineralization was approximated fcr
stibnite through a four step process, with use of
program "CENTROID.PAS". First, a block of known size
(40 x 40 = 1,600 pixels) was selected atop the
painted area for Stibnite #1 sample, for paint image
821 angstroms. Second, all painted pixels (grey
level = 250) within the block were counted (1185

pixels), and the result divided by 1,600 to yield a
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paint density ratio (1185/1600 = .741). Third, a
rectangle was established around the column of (four)
stibnite samples, and similarly, all painted pixels
within the rectangle were counted (5478 pixels).
Fourth, total stibnite mineralization was estimated
by dividing the total pixel count (from step three)
by the paint density ratio (5478 / 0.741 = 7393).
This result comprises 3.0 percent of the 245,760
pixel image. No independent assays were performed.

Specific correlation between actual mineralization
and percentage paintback for these tests remains
unanswered. However, wvisual examination of six
separate paint images for stibnite appears to support
a conclusion of repeatable proportion. About 45
percent of the stibnite mineral was painted in each

(third party) test.
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Chapter 9. TESTS & TEST PROCEDURES

9.1 Dry & Wet Samples:

Dry sample images were acgquired first. Then the
sample pan was flooded and wet sample images were
acquired. Signatures were developed for a single
spot on each sample for both wet and dry conditions.
Zero referenced envelopes (five envelopes) were
assembled for the top row of five wet samples.
Wavelengths were selected by envelope comparison,
and paint images were generated to enable visual
evaluation of discriminatory characteristics. Then
multiple image combinations were assembled to enable

varicus feature selections.
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9.2 Image AcqQuisition:

The sample board (See Figure 2), was placed in
the bottom of an empty water pan and positioned
beneath the camera. Camera focus was manually
adjusted with the camera activated, by observing the
CRT image for sharpest display. The guartz lamps (2
@ 500 watts), and overhead fluorescent lighting were
illuminated. Filters were successively positioned
against the camera lens ring, and one color-image was
acquired through each filter (45 filters). One
additional (white) image was acquired without
filtration. All 46 images were copied to disk
storage under individual filenames (example:
523D.390) designating date of image acquisition, dry
conditions, and wave length.

The water pan was flooded to submerge all
samples, and the above described process was repeated
for wet samples. Each wet sample image was similarly
copied to disk storage under an individual filename
(example: 523W.390). Careful effort was made to
avoid any change other than sample flooding.

However, both sulfur odor and sulfur staining of the
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water were noted, and each increased during wet
sample image acquisition. The water pan was drained
after image acquisition, and the samples were allowed
to air dry. Wet sample image "523W.494" was lost
from disk storage, and dry sample image 523D.494 was

copied and used in its place.

9.3 Signature, Graph, and Envelope Assemblvy:

Test spot (See Figure 19) coordinates were
selected atop each sample (20 samples) by use of the
image scroll feature (MetraByte, 1989), which
displays coordinates and light level for the pixel
located at the cursor position. The twenty
coordinate pairs were entered into a user coordinate
file, and 3 x 3 mask areas were generated and light
levels 1read for the reference pixel and eight
neighboring pixels for each test spot, with aid of
the "READ.PAS" program. The light level values were
assembled 1in signature form (See Appendix A and
Appendix B), and plotted with aid of Grapher (Golden

Software, 1988), for both wet and dry samples.
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Forty graphs are included (See Appendix C and
Appendix D), and each graph displays nine signatures.

Signatures for the top row of wet samples (5
samples) were zero referenced and enveloped (See
Appendix E). The envelope values, along with their
corresponding wavelengths, were copied to disk
storage for subsequent use in the discrimination and

paint image procedures.

9.4 Paint Image Generation:

Wavelength and corresponding envelope values for
minerals of interest were read from disk storage and
placed in a program array for each filter. Then
pixel grey level values were read from the white
image and a selected (wavelength) color image. The
white image grey level vélue was subtracted from the
color image grey level value and the result compared
to same color envelope values. A paint image was
generated by changing the color image pixel grey
level to brightness value 250 for each zero

referenced pixel light level value that fell within
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the envelope value range, and painting that wvalue to
a new (paint) image. Non matching pixels were
painted to the new image unchanged. Envelopes are
read and the paint image generated through use of

program "READ.PAS" (See Figure G 75).

9.5 Multiple Image Combinations:

Secend and third generation paint images were
created by various combinations of available images
to produce paint images for a single mineral (See
Figure F 68), two minerals (See Figure F 70), three
minerals (See Figure F 71), a rock and three
minerals (See Figure F 72), and no paint for any of
the rock or mineral samples (See Figure F 73). The
specific wavelength combinations used for each

selection are listed in Table 3.
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Table 3.

Intent

Single selection
Dual Selection
Triple Selection
Quadruple Selection

Exclusion Selection

Paint Image

Figure
Figure
Figure
Figure

Figure

68

70

71

72

73

FEATURE SELECTIVE IMAGES

821
431,
431
431,

431,

Wavelength

792

390

494

73
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Chapter 10. TEST RESULTS

10.1 Repeatabilitvy:

Surface reflectance signature group values for
eighteen of the twenty test spots exhibit an average
spread of about ten grey levels, or about four
percent of the available camera resolution. Two
samples "Stibnite #4(wet)" and "Coal #2(dry)" exceed
50 grey 1levels scatter near the central region of
their respective signature groups. No other
significant anomaly was noted.

Signature groups foriget samples exhibit slightly
more anomalous variation from wavelength to
wavelength than signature groups for dry samples,
with somewhat less variation between individual
signatures of a group. The wet to dry signature

variation was most pronounced for very bright
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(marble) samples (Compare Figure C 20 and Figure D
40). Dry sample discrimination of marble failed when
the wet sample envelope was used. Stibnite dry
samples were successfully discriminated (See Figure
F 74) with use of the wet sample envelope with

moderate random scatter.

10.2 Process Illustration:

Signatures, envelopes, and data for spodumene
were assembled from Image Book #1229. Alignment
process data was assembled from Image Book #802.
These items are included to independently illustrate
processes described in Chapter 8. Spodumene
signatures present a compact group while differing
markedly in shape from any other signature group

presented (See Figure 3).

10.3 Sample Discrimination Results:

Each sample material type was successfully

discriminated from all other sample material types,
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and all were substantially discriminated from the
flat black backboard, except coal. Multiple filters
and second or third generation images were required
for all samples, except stibnite.

Marble paintback coverage (See Figure F 65)
(discrimination) was about 80 percent for combined
wavelengths 390 and 766 angstroms.

Marcasite paintback coverage (See Figure F 66)
was about 9 percent for combined wavelengths 431,
494, and 892 angstroms.

Chalcopyrite paintback coverage (See Figure F 67)
was about 10 percent for combined wavelengths 431,
494, and 909 angstroms.

Stibnite paintback coverage (See Figure F 68) was
about 74 percent for the single wavelength 821
angstroms.

Coal paintback coverage was about 40 percent for
the combined wavelength 415 and 858 angstroms, with
massive backboard scatter (halo) precluding effective
isolation of coal from the (flat black) backboard.
Second and third generation paint image combinations
enabled moderate degradation of backboard scatter.

However, similar degradation occurred for the coal
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sample without improvement in discrimination from
the backboard halo. The paintback coverage and
backboard halo shown (See Figure F 69) result from

use of combined wavelengths 415, 858, and 870

angstroms.

10.4 Blind Test:

Blind test images and reflectance signatures were
acquired and assembled for seven (7) pixels residing
within a painted circle located on the "Stibnite #1"
sample (See Figure 3). Acquisition was done under
dry conditions in the manner outlined above for dry
and wet samples. Signatures, and an envelope were
assembled in the manner depicted for spodumene.
Then, each color image pixel was zero referenced,
and compared with the envelope values for the same
wavelength. Each matching pixel was assigned
paintback grey level "250", while unmatched pixels
retained their original value. Then, both were copied
to a "Paint Image". Paint Image S09 (See Figure 11),

exhibits about 47.7 percent paintback (grey level =
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250) coverage of the blind test mineral "Stibnite",
along with about equal area random surface coverage
(scatter).

General discrimination results of Section 10.3
allow prediction that stibnite may be discriminated
by use of wavelength 821 angstroms. Accordingly, a
white 1image and color image were acquired of the
sample board under dry conditions. Then, each color
image pixel was zero referenced and compared to the
wet stibnite (9 pixel envelope) envelope range for
the noted wavelength (821 angstroms), and a paint
image was generated (See Figure F 74). Paint density
and selectivity, for the resulting image, appear to
exceed results (See Figure 14) obtained for the

circled spot envelope (7 pixel envelope).
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Chapter 11. CONCLUSIONS & RECOMMENDATIONS

11.1 Primary Conclusions:

Each mineral and rock sample signature dgroup
exhibits at least some unique surface reflectance
properties common only to that specific mineral. The
unigueness, for one or more spectral bands, is
sufficient for local differentiation of a specific
mineral from other minerals under natural conditions.
Similar minerals (marcasite vs chalcopyrite) regquire
a more sophisticated knowledge base (envelope) and
more processing effort (multiple wavelengths) for
differentiation, than do contrasting minerals
(stibnite vs marble), and results are generally more

prominent for contrasting minerals.
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Video based rock face discrimination of minerals
may be separated into three distinct tasks.

First, envelopes must be created and stored
(library) for each rock and mineral of interest. The
library should also include an envelope for the host
rock, if a wvein 41is to be discriminated, or an
envelope for the backing surface, if mineral samples
are to be discriminated. Envelopes for similar
minerals may be trimmed to remove minor overlap (See
Figure 17}, and create unique range values=s.

Second, pertinent envelopes should be compared
and wavelength(s) selected at positions along the
spectrum that exhibit a unique (no overlap) grey
level range for the mineral of interest. Paint images
should be generated for each of the selected
wavelengths to verify effective discrimination, or
to reveal the need for second generation combinations
to reduce collateral scatter and increase
discrimination prominence. Expedient combinations
often become apparent upon first viewing of the paint
images. Discrimination efforts should strive toward
effective combinations with fewest images.

Third, applied discrimination of an unknown scene

entails acgquisition of only the selected wavelength
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image(s), plus a white image, followed with pixel by
pixel zero referencing and comparison to pertinent
library envelopes. Coordinates for each identified
pixel are summed and averaged to establish a centroid
for the mineral of interest. A paint image may be
generated to visually display results by changing
each matching pixel to some contrasting grey level
(or false color). Horizontal and vertical aim point
angles are calculated by comparing a known ten-pixel
anglea (1C pixels = 0.9 degrees) to the vertical and
horizontal offset from the center of image to the new
aim point. Program "CENTROID.PAS" may be used to
determine paint density., and to count painted pixels.
That process may be extended to allow an estimate of
percent mineralization as described in Section 8.7.
However, the described process has been applied to a
few samples of one mineral, and should be viewed as

inconclusive.

11.2 Noise, Kerfing, and Alignment:

Noise suppression proved useful for elimination

of glare (grey level > 250) spots, and the initial
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noise suppression program was expanded to enhance
paint image format by black painting (grey level =
30) each pixel for all rows before row number 75, and
all rows after row number 431 for some images.
thanced paint images are designated by the suffix
"_.E1", and each exhibits a characteristic rectangular
black border.

A perimeter kerf is inadvertentliy painted around
light colored minerals (marble) against a dark (flat
black? background, when discriminating other
minerals, because the broad grey level range for the
perimeter region grades across values for most of the
envelopes for other minerals. The kerf serves to
visually locate and contrast unpainted (marble)
samples under poor lighting conditions (See Figure F
713 .

Mobile machine and operating machine guidance
applications must obviously overcome some vibration
or translation, if the guidance hardware will be
machine mounted. Laboratory conditions occasionally
produced minor camera translation. The resulting
occasional minor image misalignment probably stems
from robust placement of a filter against the 1lens

ring. The numerical (pixel) offset alignment method
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(See Section 8.3) appears adequate for small offset
values. Image alignment appears essential to any

mobile application.

11.3 Process Burdensgs & Constraints:

Data handling proved burdensome for several
reasons. Each image consumes at least 245,760 bytes
of storage area, and the multitude of files, along
with their similarity, leads to over saturation of
available sensible filenames. If large mineralized
(or scatter) regions are painted, the coordinate file
may exceed 1.2 megabytes and files must be split for
floppy disk storage (backup). If a paint image were
generated for each filter (45 filters), for each
envelope (mineral type), for the sample board (5
sample types), 225 images (45 x 5 = 225) would be
generated (245,760 x 225 = 550 megabytes).

Manual placement of filters, followed by
individual storage of each image would not be
appropriate for automated vein following
applications. Follow on systems should employ

multiple frame grabbers, and a camera mounted
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electronic filter, or colored strobe 1lights, and
range finder, to allow automated image acquisition
and analysis without the need for disk storage of
images.

The prototype system did not use all of the glass
(camera) window, because filters were unavailable for
the (infra red) spectral region from 930 angstroms to
1100 angstroms. Work by Hunt and others suggests
that mineral spectral characteristics may be more

anomalocus within that region than in the test region.

Increased anomaly generally means better
discrimination. Discrimination is not possible
without anomaly. Results for several filter bands

near the central portion of the visible spectrum (550
angstroms to 700 angstroms) exhibit a bland sameness,
and the noted filters could probably be discarded
without significantly degrading any results for these
tests.

Mineral identification for stibnite proved
possible with use of a single color (wavelength 821
angstroms) image, along with the white image.
However, several color images may need to be
generated to enable judgmental selection of an

effective single image.
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11.4 Image Quality Factors:

Glare from lighting allowed more complete
identification of mineralization in brighter areas of
the image, with reduced identification in poorly
lighted areas, and frosted lamp covers are indicated
for scene lighting.

Wet sample signatures appear slightly more
compact than their dry counterparts, and wet sample
discrimination results appear to exhibit slightly
less scatter coverage on visual examination.
However, the visible difference is modest and should
noct be construed to imply water spray for all
applications. Note also that all wet sample images

were acquired with samples entirely submerged in

water.

Different source lighting means different
signatures. Consistent lighting must be employed to
achieve consistent discrimination results.
Discrimination is based entirely upon unique

brightness at a particular wavelength. Any
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substantial modification of the source lighting must

be followed by development of new signatures and

envelopes, if reliable results are to be produced.
Dust, or other reflective obstruction, tends to

degrade image gquality, and discrimination must fail,

beyond some threshold. However, that threshold
appears to reside well beyond human visual
capability. Marble was clearly discriminated (wet

samples) with use of wavelength 390 angstroms
(Paint.390), even though visual scrutiny of the image

(W523.390) reveals no discernable feature.

11.5 Redesign Recommendations:

The follow-on system should be an automated
system capable of analysis over at least the spectral
region from 390 angstroms through near infrared to
about 2100 angstroms. The expanded spectral range
would require use of guartz optics for the camera.

Automation would require retention of the camera
auto-iris feature, and addition of automatic lens
focus, and electronic filter, or single color strobe

lights, and range finder features. Frame grabber
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capacity should be increased to allow rapid
acquisgition of multiple images (5 or 6 images), and
diffuse lighting should be used to mitigate image
glare. New aim point turn and elevation angles
should be determined from frame grabber image data,
without disk storage and retrieval, for automated

vein following.

11.6 Research recommendations:

This work was referenced to a white image
floating base, and that base reference proved both
convenient and straight forward. However, any other
image in the book could have been employed as the
floating base reference. Discrimination relies
entirely upon unique spectral emission values for the
material of interest at some selected wavelength(s).
Thus, other references or combinations may enable, or
reveal, a more effective process, and additional
investigation is suggested.

This work was conducted under diverse general
lighting with spectral control applied at the camera.

Underground applications need not include general
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lighting, and ambient light may not be a significant
factor. These conditions suggest an alternate
lighting system likely to offer at least two
advantages. First, if an array (less than 6 lamps)
of filtered (single color) lamps were employed,
filters would not be needed at the camera. This may
translate into nearly one hundred fold cost reduction
for the camera (to about $£400.00), while doubling or
tripling the cost of 1lighting. Second, if the
proposed iamps are strobed in succession, and images
snapped in unison with the strobe, the process may
lend itself to a multiple frame grabber
configuration. This could speed up the overall
process and eliminate the need for disk storage of
data. Additional investigation is suggested.

This work was focused toward vein following, and
that focus provided answers to the questions "What is
there?" and "Where is 1it?2" for a set of mineral
samples. Brief and incémplete investigations were
conducted on other materials including oak, cedar,
pine, redwood, asphalt, concrete, brick, and blended
granular materials. The results suggest that any
solid scene object can be identified if a repeatable

signature can be assembled for the object material.
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No repeatable signature pattern was noted for the
mixed granular material, and additional research is
suggested. The concept of scene recognition appears
to lend itself +to general autonomous equipment
guidance, and additional research is suggested.
Other research technologies at this institution
allow computer based determination of distance to
obstructions, machine health, current task underway,
machine configuration, and route with respect to a
reference. This work appears to enable the final
piece for autonomous vein following, and I strongly
recommend that all of these technologies be combined

into a single demonstration model.
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Appendix A:

LIGHT LEVEL TABLES

(20 DRY SAMPLES)
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Table 4.

SPOT #1

WL sSPOT  S1

390
403
415
423
431
44¢
467
477
488
434
S09
518
530

= =
935

949
See
S7
S86
S3z
599
€625
630
€49
656
€665
678
€88
696
703
719
724
741
748
766
780
788
792
809
8c1
840
858
870
89z
309
320
B30

[ N S WPy S SV U
ba e ba s s be s R A b bt s b e A e hA e e et bk e b b ek A b b ek e pd e
(ST SN

68

71

87
103

86

86

31
100
103
115
111
112
118
115
110
113
110
120
113
113
iig
119
115
118
115
113
113
111
114
123
113
124

123

117
110
107
114
105
112
1132
107
110
111
11z
i1e

1ze

s2

64
71
a5
107
83
a3
31
37
103
11&
114
105
114
112
107
1138
112

T

111
113
114
113
117
118
119
115
111
110
110
119
113
121
117
116
107
106
111
101
116

110

105

109

112
110
115

DRY SIGNATURE DATA

S3

67

71

88

97

86

85

34
101
106
108
109
113
113
116
106
1ze
111
121
113
109
117
111
120
117
122
120
118
109
111
119
118
115
117
118
109
110
110
105
121
i1z
103
106
110
114
114
121

84 65

€1

71

30
107

az

88
102

295
106
107
108
112
118
107
103
103
111
120
i12
118
112
112
116
121
116
117
118
112
115
116
114
126
120
117
111
112
104
10z
110
119
105
11
113
114
111

123

71

69

a8
105

83

91
101

986
107
102
118
110
117
107
109
114
111
117
115
119
116
115
120
i1
108
115
116
109
111
123
115
115
113
117
110
111
103
106
115
117
105
105
117
117
103

jescfoon]
oo

se

&7

70

30

97

85

a8

37

35
108
103
14
11e
116
110
113
115
107
117
122
118
118
117
122
118
107
117
115
116
109
123
118
110
117
121
107
110
110
106
118
113
110
101
115
115
106
113

87 &8

&2
69
89
105
79
a3
98
94
1ig
103
111
106
118
108
12
112
105
126
120
109
107
11
117
121
ic1
116
114
107
107
1ze
112
113
119
120
112
104
107
100
120
114
106
104
110
114
110
123

€5

€8

84
100

83

83
100

95
108
103
110
105
113
106
119
114
106
116
117
109
110
107
113
122
112
111
112
109
108
120
111
114
111
112
112
100
103
100
119
117
108
107
111
112
108
121

89

59
693
85
102
az
390
101
28
103
103
110
103
117
111
117
117
115
108
111
113
112
112
114
1z2
111
113
115
113
111
119
115
120
112
115
113
110
106
110
118
118
107
110
113
113
107

1ze

96
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Table 5.

SPOT #2 DRY SIGNATURE DATA

WL sPaT

390
403
415
423
431
442
467
477
488
434
503
518
530
53
549
Sez
57
S86
59z
599
2o
€630
€492
€56
€65
&£78
€88
696
703
719
24
741
748
766
780
788
73z
809
a8zt
840
858
870
83z
35093
320
B30

| E O A N E O RV N (O SIS (O (O I 2 kT VI I B T I (T O N N e O R o I O ¢ T N O (O N VO (O VI (AT (R A VO 0 I A VI AN 13

S1

a2

91
126
129
122
130
136
142
157
160
157
151
174
1&2
1632
160
163
170
157
162
162
164
166
165
163
16£5
156
158
161
170
156
165
171
165
163
158
159
159
171
173
1€6
158
164
167
163
180

se

7€

91
123
135
119
128
137
139
158
158
156
149
180
160
162
161
167
165
i61
139
158
161
167
168
ie2
163
152
157
159
167
154
163
168
164
i61
158
162
160
171
175
159
157
164
164
16&
178

S3

75

89
11
148
127
137
144
140
160
166
158
158
181
164
i6&
165
170
166
163
161
160
164
170
171
1€1
164
155
156
165
171
161
165
163
165
159
155
160
156
172
174
158
158
164
162
161
174

S4

74

87
127
135
130
130
132
144
157
163
156
138
174
163
165
164
157
163
161
163
160
16&
166
168
161
162
159
156
164
169
164
163
164
162
161
155
161
157
169
172
163
159
166
164
163
171

S5 S6 §7

77

83
120
143
120
132
137
144
158
162
155
155
170
157
160

159

160
165
iee
160
158
163
166
164
157
164
154
152
162
170
163
167
166
165
153
1356
155
158
170
171
160
158
164
166
163
170

73

20
120
144
128
138
145
155
165
162
159
156
170
157
162
162
161
166
1€8
159
161
166
168
168
157
164
153
154
162
170
162
167
170
166
160
154
163
1359
171
174
161
158
i64
168
162
172

8z

89
123
132
126
132
133
133
160
163
156
160
173
161
162
164
163
167
166
162
i61
16S
167
168
164
164
1632
155
163
168
161
169
167
162
160
158
158
161
168
170
162
135
163
164
161
170

s8

84

89
126
136
126
134
137
14
159
160
161
157
170
161
164
160
i61
164
161
161
139
162
1€8
170
160
161
158
151
160
168
155
165
169
159
159
154
153
158
172
1€9
189
153
163
163
162
169

g9

ac

31
125
144
126
128
140
144
165
163
160
156
168
161
167
162
159
163
160
162
162
164
166
174
139
161
154
154
160
170
160
1€5
1€6
163
161
151
152
160
174
172
1589
155
165
165
162
171

97
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Table 6.

WL SPOT

390
403
415
423
431
44
467
477
488
494
503
S518
530

| ] —4
por I ]

549
SeES
S72
586
59
599
6295
6320
€43
€656
€665
678
€88
€96
703
719
724
741
748
766
780
788
73
809
81
840
858
870
83¢
303
920
930

[ORJ] N NESES .
WO MWMWEWWNWNWN WL WWWWWNWLWWWWWWELWMNWW MWW W

SPOT #3 DRY SIGNATURE DATA

S1

86

88
124
142
132
138
135
142
151
171
161
164
172
166
i68
166
166
169
167
163
162
166
172
173
163
167
1632
163
165
168
162
168
174
163
i6z
199
163
162
163
172
150
160
168
161
165
170

se

79

94
124
139
130
136
141
145
153
166
162
163
169
1e2
166
166
165
170
168
164
163
165
169
172
165
164
162
158
1632
168
159
171
173
161
i6l
156
157
167
170
173
13S0
159
165
162
160
167

83

80

97
ic4
139
130
141
146
143
152
160
161
164
170
161
163
167
163
170
168
162
164
165
169
169
164
158
163
156
163
171
159
172
170
161
163
151
155
166
171
172
154
166
166
164
159
1£8

S4 S5 6856

76

£l
131
143
124
126
144
144
150
168
157
156
172
163
169
169
162
168
168
164
162
165
170
171
164
166
163
159
168
170
155
170
172
162
162
149
160
163
170
174
163
158
168
163
163
170

77

24
129
140
132
128
136
146
148
166
159
155
170
161
168
169
159
170
166
164
163
168
169
169
iee
163
164
157
166
156
159
1€9
173
160
156
154
159
165
168
172
160
185
167
163
162
170

8¢

97
126
140
128
144
140
150
155
166
157
156
173
162
171
166
163
173
168
165
166
167
170
169
163
161
164
154
165
168
160
170
173
163
160
159
166
164
163
17¢
161
154
166
161
162
172

S7

83

94
111
134
127
135
139
143
157
168
152
156
173
163
168
1€8
163
170
165
163
i61
166
169
17e
162
165
189
157
165
170
159
169
170
163
161
157
156
163
163
173
150
155
166
159
162
173

S8

83

90
122
140
132
136
139
139
155
166
183
15¢
171
160
168
164
163
170
167
159
162
166
168
168
i6ez
161
158
155
163
173
159
169
169
161
158
160

oS3
162
170
173
154
158
1€8
160
161
171

S9

81

87
iz2e
144
123
140
142
140
155
165
159
155
172
162
173
163
164
169
170
160
166
168
169
171
164
161
15
156
164
173
156
168
172
159
157
160
155
164
171
172
1ec
138
1€6

157

162
172

98
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Table 7. SPOT #4 DRY SIGNATURE DATA

WL SFOT S1 S& S3 S84 S5 S6 87 S8 SS9

390 4 B4 70 72 66 60 71 66 &3 74
403 4L 69 6B 68 65 64 68 €7 64 74
415 4 B85 85 84 84 85 88 8z 87 87
423 4 103 107 107 107 107 109 100 111 111
431 4 83 B85 78 85 84 80 79 86 83
44¢ 4 74 79 85 739 85 81 78 82 81
467 4 97 93 98 98 95 95 30 89 90
477 4 90 B84 B89 B0 83 92 93 98 94
488 4 107 103 101 101 96 99 97 97 101
494 4 100 99 102 102 101 98 100 98 101
S03. 4 106 109 107 101 108 109 105 103 105
518 4 95 96 95 110 105 100 111 103 99
520 4 105 102 103 104 104 108 101 105 111
535 4 105 105 105 100 101 110 105 102 106
549 4 i21 120 115 122 113 110 129 117 119
S&e2 4 100 103 118 107 105 113 109 126 132
572 4 104 101 106 102 107 109 102 107 11z
586 4 113 107 109 121 116 112 132 11z 111
59 4 110 107 103 117 111 101 111 109 108
593 4 103 107 101 112 109 107 115 111 108
625 4 106 105 102 114 103 103 111 107 104
630 4 115 109 105 111 109 105 114 106 110
€49 4 115 109 108 111 110 111 119 115 11&
€56 4 116 115 117 122 123 124 130 127 1235
€65 4 115 117 111 117 112 110 120 109 110
€78 4 107 103 101 107 106 104 107 107 110
688 4 110 103 105 113 109 107 118 113 10
€96 4 108 107 105 109 106 106 121 111 110
703 4 107 102 99 110 104 101 108 103 106
719 4 122 121 114 122 116 111 115 113 116
724 4 106 106 110 107 105 104 112 110 1l
741 4 117 114 115 130 1280 120 132 126 131
748 4 119 115 1117124 121 118 132 1&85 126
766 4 111 110 104 111 110 105 102 102 104
780 4 105 107 1039 111 1039 100 107 107 104
788 4 105 100 102 99 103 106 103 105 100
792 4 106 102 97 99 100 100 100 101 103
803 4 103 106 100 102 107 110 117 116 117
8z1 4 112 109 102 114 111 112 119 117 11i&
840 4 112 111 117 122 181 119 117 187 185
8% 4 106 110 109 106 104 103 102 103 105
870 4 99 100 101 101 98 104 103 106 107
89z 4 112 113 112 112 115 115 115 116 117
303 4 107 106 101 104 106 110 102 109 111
320 4 102 110 111 110 106 108 115 113 110
330 4 128 115 122 122 120 115 128 115 125
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Table 8.

SPOT #5 DRY SIGNATURE DATA

WL SFOT

390
403
415
423
431
442
467
477
488
494
S03
518
S30

[ =
o T |

549
S&e2
57¢&
586
59¢&
5939
62S
&30
€49
656
665
678
€88
636
703
719
T4
741
748
766
780
788
79
809
a1
840
858
870
83z
9093
9z0
930

U aaaaoaaUuaaaauaaaUooaaoaamaaaaaaa

S1

76
78
103
100
as
3e
38
99
28
94
97
103
111
103
103

— s OO O M
vy N

s2

79
79
109
106
a7
a2
99
96
106
104
398
99
114
1032
104
112
101
112
93
95
102
104
107
128
110
107
98
102
93
111
100
9z
99
105
106
113
110
111
iz2
132
124
127
128
120
ic2
119

s3

72

73
105
107

a8

93
103

99
104
111
101
103
119
101
101
115
110
107

89
101
100
101
101
105
106

91
110

94
111
105

95

96
105
104
110
107
118
123
142
118
ic4
183
124
123

116

S4

72
71
104
100
95
9z
110
112
34
110
105
102
113
110
98
1CO
104
103
101
104
104
103
111
128
103
106
97
91
98
107
100
88
S4
110
110
111
119
109
123
135
123
121
iz
134
126
109

S5

72
75
106
101
S4
93
110
114
110
107
104
100
114
103
99
105
1c1
104
106
100
100
101
i11
127
97
107
100
94
100
106
103
89
90
112
112
111
115
111
126
136
121
122
128
128
iz

110

S6 S7 s8 S9

74

73
103
103

a7
100
104
112
107
109
107
104
ize
107
102
107
108
100

92
104

99
101
100
137

92
110

98

96
102
102
108

93

92
110
107
102
106
111
127
140
120
123
120
132
121
112

71
76
97
115
90
95
112
a8
110
110
115
106
107
100
93
95
S4
95
101
104
91
92
Se
124
96
95
91
89
91
102
as
89
93
112
113
112
104
105

123

134
120
128
125
125
121
107

7€
74
96
110
84
92
113
105
108
103
112
106
113
101
98
93
97
9%
107
102
90
90
90
128
90
103
94
92
87
101
g2
a9
93
112
106
108
99
108
122
131
119
119
129
129
123

107

7
73
101
105
8z
85
114
111
106
105
11e
105
127
108
97
105
101
91
100
105
93
96
95
126
93
105
87
95
92
101
105
91
91
112
103
101
106
112
126
138
119
129
123
126
124
110

100
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Table 9. SPOT #6 DRY SIGNATURE DATA
WL SPOT S1 S2 683 S4 S5 S6 S7 S8 S3

77 83 76 75 76 76 77 7S5 78

230 &

403 € 73 71 70 78 75 67 €9 70 73
415 &€ 97 91 95 9€ 96 100 S84 54 94
43 € 100 102 100 100 103 105 98 100 98
431 &€ 77 83 81 B1 B84 85 90 738 76
44 € 84 87 94 B8B6 85 85 80O 80O 88
467 € 96 92 101 97 95 96 88 86 103
477 & 91 93 94 130 88 94 85 9z 9
488 £ 86 88 91 98 B8& 96 86 86 100
494 6 83 85 84 101 83 90 79 81 79
S09 € 94 93 90 91 85 85 83 88 Sc
518 €& 84 84 84 94 91 835 90 3 79
530 & 86 86 102 B3 81 99 76 83 534
S35 & 93 86 8S 85 83 91 2 91 91
549 6 96 932 91 83 94 90 91 93 95
Sez € 9& 94 102 96 104 111 96 101 110
s7¢ 6 82 81 94 86 87 92 74 82 87
S86 € B3 97 83 8S B8 BO 78 7& 76
S92 €& 80 85 3 83 S 83 86 88 77
599 € 9& 91 90 97 S 95 89 87 90
€zS € 91 87 B89 93 91 8& 85 86 88
€30 & 9 80 83 B8O 73 80 72 75 82
649 € 99 9 74 76 73 73 70 70 77
656 € 95 95 91 107 107 95 114 105 936
665 € 84 96 9z B85 87 83 81 81 83
€78 6 103 83 73 88 80 86 77 79 86
€88 € 85 93 87 83 88 90 7& 77 76
&£96 €& 87 B85 82 B84 S0 90 84 86 96
703 € 87 81 76 74 7 77 73 71 2
719 e 94 94 79 85 80 79 82 78 73
724 € 3= 89 91 86 91 94 BS S0 9S4
741 € 78 79 78 91 85 76 102 101 90
748 €6 86 82 79 81 8 83 88 89 91
766 & 88 89 84 94 90 79 79 83 81
780 €& 92 97 B6 87 B89 80 90 85 83
788 € 87 93 86 81 90 90 87 89 83
73z € 83 927 88 B8& 83 & 8= 88 82
80°% § 78 80 78 79 79 76 86 79 79
a8c1 £ 86 88 8 87 85 83 83 86 85
840 £ 91 89 9¢ 90 94 101 94 89 96
858 € 92 91 90 9%z 95 9 88 92 93
870 € 83 98 97 95 91 90 90 89 594
g9z €& 93 853 2 98 102 101 105 105 101
209 £ 9 96 101 94 96 9€& 101 102 100
220 € 96 99 101 101 97 98 104 105 101
320 £ 89 85 83 B84 B85S 87 87 89 8¢
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Table 10.

WL SFEOT

330
403
415
423
431
443
467
477
488
434
S09
518
530
S35
549
See
572
S8¢6
592
599
E2S
&30
€49
€56
€65
€78
€88
€96
703
719
724
741

748
766
780
788
73&
809
ac1

840
858
870
83z
9093
3=0
gzaQ

u .
NN N NNNNNNNNNNNNNNNNNNNNNNN NN NN NN NN NN NN NN SN NN

SPOT #7 DRY SIGNATURE

S1

&0
€5
78
100
70
84
90
a7
100
31

- 98

97
106
103
111
101
109
144
104
110
105
116
112
113
123
106
115
113
106
11
104
115
114
109
107

95
103
107
106
110

38
1095
104
111
106
116

S2 83

64
56
74
38
74
79
92
as
35
24
23
295
107
110
161
106
105
ize
37
104
100
111
103
112
11C
104
103
111
105
111
105
114
iie
104
103
36
96
104
106
113
97
28
105
103
106

123

&0
&8
78
101
a8s
79
91
83
36
34
102
102
107
107
101
103
97
117
101
102
106
103
117
113
106
104
104
105
106
114
109
115
115
104
100
95
B4
35
111
109
35
38
109
101
104
121

S4

61

60

75

37

73

76

96

20

35
107
106
112
108
105
107
108
103
127
127
120
106
109
106
111
121
107
119
106
110
110
110
109
116
111
108
101
100
100
113
109

37
101
107
109
100

1z

S5

&2
67
77
93
76
7z
36
89
97
92
102
96
100
100
105
106
993
112
115
106
102
100
105
109
110
110
110
109
107
114
112
106
115
112
102
107
98
102
115
109
98
100
107
111
106
119

56

61

&2

78

993

77

77

97

91

35

86
101

98
101
104
100
105
10¢

97
105
104
110
106
113
105
102
111
104
113
104
117
106
10&
114
110
105
107
100
105
115
110

98
104
109
111
110
115

57

€4

70

79
103

74

7

94

92

93

37
102
112
101
113
107
104

95
111
1e4
107
106
110
116
100
103
112
110
109
103
116
106
114
113
109
106
108
108
107
11
103
100
107

98
112
102
120

DATA

S8

53
59
77
101
79
73
95
8s
90
86

-
c

103

99
110
107

94

85
197
112
10¢c
100
109
11e
102
107
114
101
10c
103
113
109
110
111
109
111
103
102
110
1123
108

36
106
101
111
105
113

59

€S
&7
77
99
73
80
91
as
895
395
36
99
103
108
102
103
100
105
107
103
105
111
116
111
106
120
100
102
105
i18
108
109
110
113
110
102
105
10¢
114
107
93
100
109
112
106
113

102
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Table 11.

WL SPOT

3390
403
415

423

431
442
467
477
488
494
503
518
530

| i d =
935

949
See
S7
586
S92
S99
€25
630
€49
656
665
€78
688
€96
703
719
724
741
748
7€6
780
788
73
809
a8z1
B840
ese
870
83z
309
920
330

PRI TP OP OO DO D

SPOT #8 DRY

S1

74
€&
77
95
79
73
89
asa
90
79
30
79
96
a2
28
96

=
P

101
104
104
101
106
104
117
108
104
106

97
100
108
110
114
110
104
106
102

399
105
105
110
104
105
116
108
103
109

s2

72
59
77
104
73
77
94
292
104
85
34
a3
104
34
97
91
95
100
102
104
104
104
108
113
105
106
103
34
103
110
109
114
104
106
105
104
106
105
104
115
101
104
115
110
103
108

53

=13
67
77
109
70
78
96
98
109
33
105
93
113

395
100
101
106
112

399
104
108
116
10¢&
113
102
101
109
115
108
110
103
111
104
103
107
106
111
115
103
104
113
109
106

105

S4

67
67
79
35
67
732
88
85
a7
76
8
85
91
9
23
88
94
38
35
99
94
S6
104
119
97
99
111
23
893
109
105
116
ii8
iie
111
105
100
101
112
1ia
105
105
111
111
109
110

SIGNATURE DATA

85

58
71
76
7
74
79
86
85
95
80
94
a7
83
a3
93
87
95
98
95
106
91
97
102
120
10
102
102
9z
95
104
105
111
114
110
104
101
10¢
97
110
113
100
104
110
103
103
108

S&

€S
73
74
97
78
77
92
96
10z
88
37
95
34
31
54
91
35
102
96
101
20
10z
103
115
106
106
95
36
100
107
105
109
111
111
100
37
105
103
110
120
100
107
108
105
110
102

S7

&1
66
77
106
73
70
30
a9
8¢
az
36
as
a3
asa
109
97
91
109
94
38
100
101
104
126
106
104
106
103
100
108
37
117
123
111
115
109
106
106
117
118
105
106
izl
iie
113
115

S8

€0
65
72
104
7
71
86
a:
86
81
83
a8
87
83
101
91
93
103
a5
26
30
34
29
124
1032
36
102
104
91
101
6
11z
119
103
103
101
94
103
114
115
109
105
116
11z
110
28

A,

S9

o]
[=4

&7
74
105
74
75
87
84
95
83
93
2
a3
87
0
94
91
23
91
97
94
91
95
118
99
99
=1
99
34
105
108
110
111
102
a8
95
96
104
114
120
104
110
111
115
107
99

103
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Table 12. SPOT #9 DRY SIGNATURE DATA

WL SFOT S1 82 83 S84 85 S€ S7 S8 89

3390 9 7 71 77 80 78 79 74 79 81
403 93 74 71 72 71 €9 75 732 7& /2
415 9 93 96 97 98 103 10 96 101 98
23 9 102 100 98 101 98 102 37 102 110
431 9 @3 86 9 82 90 93 83 80 8
442 9 95 95 B3 83 84 85 83 87 82
467 9 95 94 90 95 100 105 96 106 11g
477 9 391 94 955 100 101 110 94 101 91
488 3 88 86 85 86 95 101 95 102 107
434 g9 89 102 109 93 103 105 90 90 86
509 3 83 2 94 96 103 123 939 103 1e0
518 9 83 85 87 102 106 110 S 92 93
S530 9 106 127 128 113 13€ 136 85 78 74
535 5 100 102 110 85 86 B84 83 86 82
543 9 @88 392 94 S0 94 89 395 32 8C
SeE 3 94 94 90 96 94 93 89 88 89
s57¢ 9 103 113 112 92 106 102 83 79 74
586 9 77 97 112 84 83 83 85 81 76
532 9 7 3 92 75 86 103 79 85 84
599 9 @85 89 98 94 110 114 B89 102 104
€25 g g8 101 115 82 80 -73 96 78 74
€30 9 95 107 122 79 85 8& 8& 78 73
643 3 @89 103 112 80 90 101 72 79 76
656 5 94 95 91 95 90 85 98 9z 87
€65 5 79 90 101 81 86 91 83 83 79
€78 3 86 99 il 88 97 111 83 93 95
€88 9 72 86 93 78 90 89 71 79 81
€96 9 83 90 91 90 88 79 91 86 77
703 9 g2 97 103 B6 93 100 76 77 75
719 9. 86 99 112 85 94 101 82 85 87
724 g 95 106 103 86 93 92 87 87 8z
741 9 77 85 85 83 89 2 94 85 73
748 9 78 87 B84 76 76 74 8BS 84 83
766 9 g5 88 95 83 94 104 85 87 92
780 9 81 91 102 81 BE 94 89 83 86
788 9 79 86 94 74 79 91 82 83 79
793 9 77 87 93 85 90 9= 80 86 92
809 9 g1 81 87 74 83 87 8BL 78 73
ezt g @5 97 102 87 92 385 87 89 86
840 9 93 92 B89 B87 B8 B85 84 87 80
858 3 85 91 93 79 90 90 82 94 95
870 3 @86 83 87 87 91 893 89 93 94
g9z 3 93 96 96 2 3 99 101 98 93
909 9 86 91 95 87 9 Z 9 93 N
320 9 9 96 101 91 93 93 87 S& 97
330 3 93 100 10Z 91 88 80 10z 298 87



T4045
Table 13.
WL SFOT
330 10
403 10
415 10
423 10
431 10
44 10
467 10
477 10
488 10
434 10
509 10
518 10
530 10
535 10
549 10
Se62 10
s72 10
58¢& 10
59 10
S99 10
625 10
€30 10
€43 10
656 10
€65 10
678 10
€88 10
€96 10
703 10
719 1e
724 10
741 10
748 10
766 10
780 10
788 10
79 10
809 10
8c1 10
840 10
858 i0
g70n 10
83z 10
909 10
920 10

F30

10

SPOT #10 DRY SIGNATURE DATA

S1

=1
65
85
94

o

(™8

77
31
90
106
93
98
83
97
9z
ac
6
34
104
234
2¢&
a1
34
96
130
106

100
91

10
34
94
36

102

i02

106

101

120

124
&5

119

11

123

127

123

118

S2 83
67 &7
64 66
86 85
101 107
79 7¢
78 74
30 90
30 90
101 S
95 98
398 99
21 96
96 101
91 96
93 95
96 101
31 86
93 &
95 94
96 101
8 88
94 94
90 94
131 135
S0 89
89 9&
97 98
102 96
87 88
38 100
94 93
34 100
95 93
103 104
102 105
103 105
106 106
120 119
130 128
123 123
119 119
119 120
126 1z
129 12
123 119
119 115

S4

70
€6
83
99
77
75
93
89
100
99
96
94
96
91
91
94
as
10¢&
95
100
a8
100
97
126
96
94
103
93
94
101
102
332
38
104
109
1032
106
112
124
132
120
124
121
123
1ze

110

SS

70
70
90
106
73
80
95
93
37
102
37
91
96
94
38
97
34
9¢
91
98
95
a8
94
136
9z
93
10
9¢&
90
98
g7
96
100
102
105
101
106
117
128
136
117
1&e
123
128
121
11e

s6

67
72
9z
107
79
8z
32
91
100
35
93
38
94
95
91
92
30
87
97
95
96
100
127
94
24
91
96
83
99
38
36
102
105
105
100
110
115
125
135
ietl
118
18
121
120
113

(9

s7

=
~J

€8
84
109
80
a7
96
91
83
97
a3
33
93

34
92
85
a7
26
38
a8
a9
91
127
88
32
gz
93
86
97
S0
90
94
96
104
99
99
116
126
121
ii8
117
130
12z
120
106

se

e2
&3
87
107
77
9z
91
87
36
98
as
0
105
97
95
89
33
32
28
93
S2
95
94
133
S0
a3
95
91
91
101
21
98
91
102
102
98
108
111
126
126
117
123
130
126
121
111

S9

69
73
91
102
80
a8z
91
85
36
102
92
87
100
96
94
9z
96
20
97
90
22
100
94
129
96
9z
91
91
94
102
88
97
83
107
100
92
106
113
1S
132
122
121
128
187
119
113

105
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Table 14.

WL SPOT
390 11
L0353 11
415 11
423 11
431 11
442 11
4€7 11
477 11
488 11
494 11
509 11
518 11
530 11
535 11
549 11
sez 11
57 11
586 11
g9 11
5393 11

cs 1t
£330 11
€49 11
656 11
eSS 11
678 11
688 11
€96 11
703 11
713 it
724 11
741 11
748 11
766 11
780 11
788 11
79 11
809 11
81 11
840 11
858 11
870 11
asz 11
209 11
920 11

30

i1

SPOT #11

S1

o

91
134
160
141
154
155
156
172
188
170
182
185
18z
189
174
181
182
186
18z
175
185
186
187
177
181
182
172
180
188
172
182
186
177
177
172
173
185
182
189
173
169
183
172
17&
188

sa

78

91
134
152
140
149
156
156
171
187
170
182
187
176
18z
178
175
180
184
178
i7¢2
183
183
184
176
177
179
172
178
185
171
182
183
177
172
170
172
181
183
187
172
171
18e
171
166
186

83

78
90

A
foe P}

157
149
154
154
161
170
182
175
173
185
174
183
181
173
181
184
174
170
181
185
183
177
17S
178
173
179
186
174
184
184
179
172
17¢
172
179
183
185
170
171
176
171
1£8
183

DRY SIGNATURE DATA

S4 S5 S6

79
102
136
155
140
155
158
158
178
188
177
181
188
178
183
183
176
187
18c
176
180
181
182
185
178
180
i8e
163
177
188
178
188
194
176
179
17¢
174
180
182
180
172
172
i8z
173
171
189

73

98
137
144
135
151
158
163
171
183
174
17¢
182
166
185
183
17e
18¢
183
179
176
182
183
186
174
178
180
165
180
186
173
185
184
176
174
172
1€9
180
184
18z
167
17z
181
174
170
182

76

95
1325
151
139
151
157
159
169
182
17€
171
182
173
1832
181
177
179
183
180
176
180
183
188
174
178
177
171
181
187
170
183
189
177
171
172
167
183
183
187
18
171
181
174
170
181

S7

az

98
132
156
142
156
160
155
176
182
173
172
181
172
189
185
178
186
188
178
177
177
183
188
178
175
180
176
178
183
173
188
194
169
173
173
164
183
184
187
170
173
i8z
177
176
187

s8

8G

97
13e
149
135
135
148
150
173
173
169
170
182
168
188
181
172
184
182
173
173
180
183
185
174
171
179
170
179
186
168
185
192
170
i7e
170
168
183
183
189
173
169
180
178
170
183

89

79
100
132
156
137
154
155
151
17e
179
169
170
189
175
185
181
175
182
i8¢
170
176
184
185
186
173
171
176
173
180
185
170
185
183
172
171
172
175
183
185
187
174
1€8
179
178
172
185

106
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Table 15. SPOT #12 DRY SIGNATURE DATA

S4 S5 S6 S§7 &8 89

[A]
n
w

WL SFOT S1 52

390 12 €8 €67 €7 €5 65 70 70 357 65
403 1 €5 €0 67 72 69 €9 7= 71 68
415 12 83 81 2 86 832 84 81 82 86
423 1e 111 102 97 107 108 102 110 110 103
431 12 73 75 79 82 78 83 85 80 80
442 12 BE 86 83 86 85 85 81 87 36
467 12 97 90 89 98 91 100 101 97 93
477 12 B85 79 83 95 91 89 99 91 91
488 12 101 S 83 103 87 84 101 384 95
494 12 104 97 96 116 108 102 109 114 112
503 12 119 105 92 114 101 97 109 106 105
518 12 117 106 97 111 102 101 107 115 116
S30 12 106 98 103 115 115 118 131 128 129
S35 12 116 116 114 126 185 115 124 119 117
549 12 126 130 126 123 133 126 126 124 123
562 12 134 117 185 124 121 122 125 1286 127
572 12 115 105 103 127 120 112 126 1232 116
S8E 12 124 120 121 1285 127 130 127 130 123
S9z 12 123 114 107 1ge 116 112 12 120 121
599 12 124 111 106 119 116 114 117 118 124
625 12 124 124 119 122 124 122 118 117 117
£30 12 121 121 128 122 127 124 126 1239 119
€495 1& 125 123 115 126 134 123 139 135 123
ESE 12 119 115 119 132 124 128 1@9 129 135
665 12 132 118 117 126 129 119 129 126 131
678 1& 114 110 110 121 119 118 125 125 123
€88 12 120 119 116 118 120 123 187 128 117
€96 12 118 117 116 128 113 130 126 123 123
703 12 113 109 109 120 117 121 128 117 129
719 12 124 130 120 127 134 122 136 130 127
724 12 118 116 117 119 117 115 127 113 111
741 12 124 128 122 127 189 121 1&85 127 129
748 12 183 132 130 130 189 130 129 1&1 138
766 12 110 107 108 116 118 118 123 120 114
780 12 120 118 117 119 114 111 112 111 115
788 12 110 108 108 116 11 112 110 112 112
792 12 107 104 104 110 105 105 114 112 115
809 12 119 117 115 121 114 116 120 118 126
821 12 123 181 119 185 120 119 119 119 123

840 o 128 124 136 122 129 127 130 127 138
gse  1& 103 100 99 109 108 106 111 111 109
870 2110 110 110 106 107 113 118 113 115

83 12 116 118 119 118 117 119 119 119 121
909 12 108 103 107 113 113 114 111 110 111
920 12 116 114 116 117 118 120 121 122 121
330 o 137 137 130 139 138 136 121 130 127
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Table 16.

WL SPOT
390 13
403 13
415 13
423 13
431 13
442 13
467 132
477 13
488 13
494 13
503 13
518 12
530 13
535 13
549 13
See 13
572 13
586 13
59¢ 13
S99 13
625 13
630 13
€649 13
656 13
665 135
678 12
688 13
696 13
703 13
713 13
74 13
741 13
748 13
766 13
780 13
788 13
79 13
809 13
821 13
840 13
858 13
870 13
a3z 13
909 132
9z0 13

230

13

SPOT

S1

76
101
133
160
14€
145
156
1S
174
177
173
171
183
179
18¢&
177
176
187
182
175
177
183
183
181
176
180
18
180
180
185
177
179
183
181
174
171
171
176
182
18¢
174
170
176
170
170
187

s2

79

96
134
155
146
147
152
151
166
175
173
170
183
176
186
178
177
186
180
173
175
181
182
178
182
176
178
177
178
183
176
178
183
175
171
172
172
178
i81
18z
174
168
175
17¢
171
185

#13 DRY SIGNATURE DATA

83

83

93
134
156
142
158
151
153
163
174
1€9
17
183
173
188
182
179
185
182
1€8
176
180
181
181
182
177
178
172
177
183
174
182
184
173
168
172
171
181
181
181
171
171
178
173
174
185

S4

79

91
129
155
136
152
147
151
168
180
175
173
183
177
188
177
178
188
182
173
182
182
183
i81
177
177
178
171
180
184
171
178
186
172
174
170
170
175
183
183
170
1€9
178
171
170
184

S5

78

94
128
157
136
146
153
155
1&4
180
172
178
183
183
193
180
177

184 .

18z
176
182
179
i81
180
178
177
178
169
176
184
173
180
182
171
169
163
166
175
181
183
171
171
176
170
173
185

SE S7 S8 69

77

38
1324
152
144
146
154
154
167
175
165
174
178
178
186
183
178
186
182
17¢
177
179
181
18z
178
177
180
168
176
185
172
185
181
172
167
164
170
17&
18z
183
170
172
178
170
175
188

78

94
130
153
137
143
153
161
163
179
170
1€9
183
179
191
172
180
185
183
175
175
180
i82
180
174
178
179
170
177
183
178
179
182
179
170
171
173
173
185
182
181
168
173
171
173
18z

84

96
134
160
137
150
154
158
1€8
178
171
172
179
177
187
170
179
184
184
173
172
181
182
178
174
174
178
169
178
183
173
181
181
1735
172
169
169
171
i81
182
176
172
170
169
170
183

84

93
135
155
139
145
152
153
167
173
174
170
i78
173
182
174
178
184
181
169
171
183
183
181
174
173
179
17e
178
182
17z
181
182
171
172
167
164
174
181
183
172
174
172
168
169
185

108
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Table 17.

WL SPOT
390 14
403 14
415 14
423 14
431 14
442 14
467 14
477 14
488 14
494 14
S09 14
518 14
530 14
535 14
S49 14
SeE2 14
sS72 14
586 14
592 14
599 14
625 14
e300 14
€49 14
6S6 14
€665 14
678 14
€688 14
€96 14
703 14
719 14
724 14
741 14
748 14
766 14
780 14
788 14
792 14
809 14
821 14
840 14
58 14
870 14
89z 14
903 14
350 14

230

14

SPOT #14 DRY SIGNATURE DATA

S1

70
70
a8z
95
77
77
82
78
86
a9
24
98
103
103
106
105
9€
105
26
107
104
101
102
11e
100
101
102
103
34
108
98
103
110
101
99
98
93
102
111
112
100
103
106
106
103
118

111
110
103
102

94
105
106

99
107
120
101
101
101
106

39
104
102
110
113

97

39

97

94
108
i1z
112
101
103
107
108
100
117

S

O]

(1
&7
83
99
80
83
92
87
101
101
98
102
98
112
120
111
102
102
101
109
110
111
124
102
106
102
104
101
109
i1
118
113
103
103
97
97
107
108

123

103

99
111
104
101
115

54

61
65
83
38
80
78
a7

=
~J

839
104

94

96
100

98
112
115
106
105
103
101
107
104
107
111
100
104

398
113
103
100
104
115
112

95

Q7

96

94
109
106
119

38

38
109
105
105

117

55

€5

€5

85
106

az

a7

86

86

91

97

91

96
101
104
117
128
104
115
102
103
105
110
11ig
119
i01
107

97
111
110
105
106
126
115
101
107
106

95
112
111
184
100
103
108
102
104
119

56

&c
€9
8s
110
8¢
a9
91

o
—

32
100

91
100
109
114
118
129
106
116
101
106
111
112
112
1z1
103
110
101
117
107
113
1ig
iz8
126
101
113
106

99
112
114
1c4
102
110
110
102
109
120

G7 68 S9

S7
€5
84
101
79
84
89
a7
86
38
92
102
101
111
120

iee

101

108

104
103
113
115
107
118
101
101

94
114
105
103
108
122
120
103
107

94

99
102
111
127
100
103
110
101
107

123

&1

&6

as
105

77

83

93

9

36
101

97

99
107
108
119
128
104
119
106
107
115
119
114
126
109
102
103
115
112
113
116
128
123
103
103
109

99
112
114
129
103
112
111
107
115
126

63

68

9z
102

73

86

95

83

94

39

993

96
112
10€
123
132
115
119
106
109
123
121
117
129
109
111
104
126
112
117
119
127
1321
1032
104
106

96
120
120
120
105
110
116
110
115
125

109
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Table 18.
WL SPOT
330 1S
403 15
415 195
423 15
431 15
442 1S
467 15
477 1S
488 1S
434 15
503 1S
518 15
530 1S
535 15
549 15
Sez 15
57¢ 15
586 1S
592 19
599 15
625 15
630 1S
€49 15
656 15
E6S S
678 15
688 15
E96 1S
703 15
719 15
724 15
741 15
748 1S5
766 1S
780 1S
788 15
79 1S
809 15
8z1 15
840 1S
g=8 1%
870 15
83z 195
903 19
920 1S

920

SPOT

S1

67
61
75
106
76
73
83
84
30
10z
83
96
10
111
109
96
107
105
102
104
107
111
109
113
106
106
105
109
103
109
107
105
110
105
100
9i
100
103
103
111
38
38
110
103
101
112

s2

&7

€0

7c
104

78

72

86

8s

a3
100

93

a3
102
102
107
102
103
113
102
107
107
110
itz
111
110
112
107
110
109
113
109
110
110
106
102

96
102
105
110
110

7

33
110
100
102
111

#15 DRY SIGNATURE DATA

s3

65
63
68
99
76
71
a8
83
gQ
30

=
J

94

a8

88
102
109

96
113
109
110

97
106
111
111
108
109
110
104
105
113
104
112
109
104
103

98

99
100
110
107

97

33
105

95
104
117

S4

6Q
55
76
105
75
74
89
91
as
98
34
9c
103
102
105
111
105
106
94
103
111
110
110
107
110
107
103
106
103
112
103
107
111
104
104
100
36
111
107
111
38
101
106
109
10z
116

85

S7
S6
74
108
71
&9
9z
a3
32
97
93
100
99
107
106
110
107
103
104
106
111
103
115
111
109
107
109
108
104
111
110
111
iiz
106
105
103
96
107
109
113
95
102
107
38
105
119

St

62
59
75
102
&7
71
86
87
83
34
94
94
90
98
104
97
103
102
105
103
100
101
111
iic
101
104
107
105
102
112
107
109
107
110
104
106
101
98
109
105
96
99
103
98
102
115

s7

]
68
71
102
75
70
95
87
33
4
38
100
100
101
106

=
)

106
105
103
107
101
107
112
113
105
109
104
105
107
111
107
105
1038
105
102

30
102
104
106
109

a3

98
107
102
106
111

S8

S8
60
73
103
77
73
9z
a7
90
9¢&
91
93
25
100
105
9S8
99
38
101
102
99
104
111
117
102
105
102
100
106
111
108
107
107
1059
99
91
95
105
109
111
7
39
106
102
104
115

S9

56
S8
67
97
70
75
86
79
83
89
96
35
92
99
106
102
g7
101
101
993
99
39
110
114
103
93
103
102
299
109
102
108
107
104
100
94
95
106
109
107
35
933
104

103

104
111

110
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Table 19.

WL SPOT
3390 16
403 16
415 16
4¢3 16
431 16
442 16
467 16
477 16
488 16
494 &
S03 16
518 16
530 16
535 16
543 16
Se2 16
57z 1€
586 16
59 16
S99 16
e2s 16
630 16
649 16
656 16
€6ES 16
678 16
€688 16
€96 16
7032 16
719 1§
24 16
741 16
748 16
766 16
780 16
788 16
79 1€
8039 16
8zt 16
840 16
as8 16
870 16
egz 16
303 16
320 1€

920

16

SPOT #16 DRY

S1

-
[=4

71

91
104

81

84
107

94
105
107
106
103
119
105
103
104
107
113
106
102
101
107
107
131
10
111

39
104
104
108
111
103
101
1093
112
106
109
119
130
130
130
119
120
134
izt
11€

Se .

€3

70

83
107

a8

85
104

Se
104
110
1093
110
110
112
103
114
104
115
113
11e
110
111
112
129
108
106
105
101
100
110
106
107
106
110
116
104
11g
120
132
1z8
119
130
132
133

124

P o
(o =

S3

70
70
88
110
31
31
37
8¢&
100
106
105
104
101
103
111
106
100
115
110
112
100
105
108
128
111
100
108
102
99
110
100
105
111
110
112
106
113
1es

132

—

ek b A e s
NSOV D-

DA (I O AR AR Y

S4

€9
70
31
109
87
as
96
96
106
104
104
28
115
99
105
102
93
109
101
102
36
101
106
129
104
105
96
95
104
106
101

=
~J

99
109
106
103
111
112
123
1z
130
121
123
130
119
116

SIGNATURE

5]

70
€6
a7
106
8¢
89
94
26
97
108
105
109
107
101
114
104
101
107
105
103
104
106
107

37
106

36

33
105
111
104
101
104
107
109
105
111

(23
1)
wn

|
n
WwMmYn — oMy

PO M G T T G
]

[ S N A WP

S6

&8
€9
a7
102
84
30
9¢&
37
31
105
102
103
101
105
111
103
104
110
110
103
106
108
106
i1z
103
106
108
33
100
112
105
98
107
107
110
104
105
120
123
121
122
120
128
120
126

S7

&7
75
as
107
85
30
99
37
106
102
106
103
115

DATA

70
o
[ .

D
—

102
81
86

105
99

101

105

111

102

11€

106

100

101

104

103
95

111
g2

101

107

1e9
93

103

103

105

101

112
97
97

101

103

102

101

107

110

118

130

127

121

130

130

119

121

S9

£9
€9
9z
99
86
a7
100
100
95
99
101
100
110
104
104
101
106
110
106
105
94
104
113
120
101
105
104
100
101
113
95
104
106
107
109
102
107
113
121
134
123
124
126
122

122

119

111
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Table 20. SPOT #17 DRY SIGNATURE DATA

WL SPOT S1 S2 S22 S4 S5 S S7 S8 S3

330 17 82 77 73 76 7S5 83 74 71 b
403 17 73 €4 €8 71 67 €8 71 70 71
415 17 96 90 92 91 35 94 35 35 2
423 17 97 91 101 101 98 99 97 89 38
431 17 88 78 82 79 81 89 85 76 73
442 17 79 774 78 7S 72 77 83 79 77
467 17 90 94 95 91 381 92 94 90 9l
477 17 87 75 82 86 80 84 85 85 S
488 17 84 77 76 80 75 79 76 78 83
494 17 75 73 77 74 74 83 78 73 76
09 17 80 77 78 79 7& 74 81 80 85
518 17 78 72 77 79 76 e 77 75 76
530 17 70 &9 S €4 74 76 70 &7 7O
535 17 74 72 78 80 74 77 75 69 7e
549 17 73 79 83 83 79 83 81 80 g4
sz 17 85 83 83 87 83 952 89 93 96
s72 17 79 83 80 71 74 79 70 &5 72
=86 17 79 74 74 77 74 77 75 73 70
s92 17 74 €2 68 70 74 78 74 70 €8
599 17 80 B84 86 78 78 82 85 85 86
x5 17 79 74 78 77 76 78 73 72 78
€30 17 71 70 71 7@ &5 €9 70 &7 73
643 17 €66 66 75 €7 70 71 71 62 67
656 7 76 77 77 2 77 79 79 78 75
€es 17 73 €9 72 79 7S5 7S 76 71 €9
e78 17 2 71 76 72 71 7@ 71 66 7&
gge 17 71 70 €9 70 7& 71 74 7 69
696 17 74 78 82 75 71 77 73 73 78
703 17 S =8 64 61 S8 57 61 59 57
719 1% 72 72 71 75 68 ez 73 72 71
724 17 73 75 79 78 73 71 77 77 7S
741 17 7S 71 70 70 €69 72 76 74 74
748 17 76 71 63 69 2 67 76 66 68
766 17 67 71 7S 70 69 70 70 65 68
780 17 74 71 7S 77 80 79 70 &9 74
788 17 70 70 74 7S z 65 70 73 793
792 17 81 75 73 71 75 73 67 71 74
803 17 2 62 65 73 €0 64 68 65 69
gzt 17 72 65 €8 73 71 66 €8 65 74
840 17 71 66 68 7S 71 70 68 63 77
858 17 75 3 74 67 €5 78 €9 71 74
870 17 74 73 73 7L 74 70 75 71 70
gyz 17 80 79 80O 83 77 79 86 73 80
909 17 76 €6 68 70 71 77 77 73 74
9z0 17 83 2 832 72 71 78 79 77 76

330 17 s 77 78 71 74 78 79 79 79



T4045
Table 21.

WL SFOT
390 18
403 18
415 18
423 18
431 18
44 18
467 18
477 18
488 18
494 18
509 18
518 18
530 18
535 18
549 18
Sec 18
s7¢ 18
586 18
592 18
599 18
625 18-
€30 ¢8
649 18
£56 18
66S 18
£78 18
£88 18
€96 18
7035 18
719 18
724 18
741 18
748 18
766 18
780 18
788 18
792 18
809 18
821 i8

. 840 18
ese 18
870 18
a3z 18
903 18
320 18

330

18

SPOT #18 DRY

S1

59
€5
72
101
64
73
8z
73
86
8%
9z
89
38
83
97
97
93
104
95
98
90
101
28
103
93
10z
104
91
102
106
101
97
g8
105
35
93
9z
93
102
103
99
99
102
104
101
106

S2

€8
63
71
100
69
74
as
76
87
a7
91
91
98
85
34
34
87
4
97
94
a8
98
102
102
96
38
108
9z
38
107
398
S4
100
102
97
91
94
96
107
107
103
96
105
105
98
103

S3

&1

[=S

76
295

70
83
€9
87

=
~4

=
~J

87
90

=

-

97
aa
a3z
30
93
383

=

[

=
~J

101
102
94
33
103
94
9%
107
101
96
100
98
93
91
102
94
108
109
106
96
101
104
101
104

S4

€4
&4
78
94
75

2
for]

85
78
30
85
94
89
30
89
a8
35
395
102
102
102
91
100
100
101
106
100
98
97
98
110
106
105
102
102
993
4
100
95
104
103
103
26
104
103
102
110

SIGNATURE DATA

S5

63
65
72
89
70

D
=

80
77
83
83
83
91
83
83
93
35

-—-
-~

gc
95
100
as
9&
38
12
100
100

-
por

94

94
105
103
104
104
102

=
~J

89
83
33
106
114
101
95
101
103
93
104

S6

&7
67
69
89
(1)
70
81
73
83
84
80
83
78

=
~

Se
83
85
90

L =

96
85
93
101
103

96
94
96
94
38
93
10¢e
102
97
94
30
9z
108
113
37
97
103
101
35
38

S7

58
&7
73
38
76
69
88
77
8¢
a8
85
87
89
86
97
30
93
101
96
103
100
a8
102
100
938
36
101
94
94
108
101
98
106
101
94
97
98
101
102
103
97
95
102
99
90
111

S8

58
€6
74
35
72
70
83
68
73
84
87
84
as
84
==Y
94
85
101
93
95
96
100
101
100
94
89
97
100
94
106
101
100
100
96
95
94
94
99
107
107
96

-
L=

10e
100

30
109

89

62
69
73
94
€9
72
B4
68
75
a1
a9
83
79
89
99
Q7
86
97
90
83
95
102
98
106
93
94
94
98
91
102
102
106
103
97
93
93
93
94
103
109
100
20
100
102
398
105

113
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Table 22.

WL SPOT
3290 19
403 19
415 19
423 19
431 i9
442 19
467 193
477 19
488 13
494 19
sS09 13
518 19
530 19
535 19
S43 19
Sez 19
572 19
586 19
s9z 19
S399 19
625 13
6320 193
649 1S
€56 19
665 193
£78 13
€88 19
£36 19
703 19
719 19
7z 19
741 i9
748 19
766 19
780 19
788 19
79 19
803 193
8c1 i3
840 19
gse 19
870 13
83z 19
303 13
3=0 19
330 13

SPOT #19 DRY

St

70

71
101
110

98

30

96

95
126
10¢
115
104
110
105
109
105
104
108
106
107
106
105
111
131
102
11z
109

39
105
118
102
111
108
123
i2e
115
126
140
134
14
127
137
125
125

c0

se

71
73
102
107

74

74
100
105

94

30
111

96

98
106

94
103
107
101
108
106
101
113
108
106

98
106
101
131
10S
102
110
103

99
111
104
106
110
115
114
113
114
119
132
132
127
1a2
135
123
121

12

S4

73
76

106
87
as8

100
94

110

109
36

102

112

100

112
94

100

109

105

107
99

110

108

136

102

100
36
38
98

103

102

114

107

111

i14

102

117

118

iz28

130

i1l

iz22
iz8

128

119

127

SIGNATURE DATA

72

78

96
112

Sz

94
103

95
102
104
10
101
it

39
11z
103
100
105
110
100

96

28
109
132
111
100
104

95
101
101
102
110
10&
118
115
108
115
118
129
124
129
125
121
121
121
121

S6

7

76
100
108

31

93
107

35
10e
100
102
101
111
105
110
109
103
102
104

24

98

34
101
136
105
103
111
100

95

98
101
107
104
112
114
117
113
117
130
132
125
123
134
124
121
111

s7

71
€9
96
105
87

s8

74

71

=1
107

92

31
110
100
106
104
102

95
102
100
108
103

396
113
111
10e

95
102
102
131
109

96
104

99

93
109
103
110
114
105
115
113
119
112
1e7
132
127
119
1326
ie3
119
128

59

73
73
104
107
90
a9
112
102
101
37
35
96
102
107
111
100
100
104
101
103
100
100
96
130
|7
102
105
38
100
102
106
108
114
107
114
107
116
118
127
13¢e
127
125
132

123.

119
1c1

114
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Table 23.

WL SPOT

390
403
415
423
431
442
467
477
488
434
503
518
530
S35
S49
S62
SYAS
586
S92
599
€25
630
€493
&£56
€65
€78
688
€96
703
719
724
741

748
766
780
788
73
809
ez21

840
858
870
asg
909
320
P30

c0
20
20
20
20
20
c0
=0
Z0
20
20
z0
20
0
20
20
20
=0
cO
20
20
c0

cG

SPOT #20 DRY

S1

77
74
104
106
75

=
~J

97
91
86
a5
73
86
&6
80
30
95
73
80
71
85
a3
73
74
83
91
77
83
91
67
81
84
84
78
76

80
84
70
74
77
93
87
X
az
83
83

sa

77
73
99
96
76
75
8e
a9
81
79
86
85
66
739
88
87
76
71
67
79
79
70
&8
79
85
8z
77
86
70
78
ao
78
69
76
84
80
8z
71

[l

75
89
84
89
89
85
83

S3

77
€9
97
395
80
76
96
86
a8sS
83
83

[
J

&7
80
85
85
77
75
&3
83
80
73
(5]
79
79
79
76
78
69
74
a0
77
63
79
89
87
88
74

74

[ =
J

79
84
21
83
80

S4

(=13
77
38
107
85
84
104
92
81
84
84
a7
77
73
77
101
75
76
78
as
aQ
74
78
85
8&
81
ee
8z
73
77
77
78
56
81
a8z
79
86
732
74
74
87
82
87
88
90
78

SIGNATURE DATA

SS

81
75
38
106
80
78
98
91
8%
a5
8%

70

70

72
78
81
&7
72
76

&3
74
85
80
79
71

-

74

-
-

81
83
83
85

76

Y

Se& 87 S8 &9

79
70
106
95
8z
79
99
83
83
8s
87
83
&7
81
71
3
7€
78
67
83
813
7ec
€6
80
8¢t
74
77
81
&3
70
77
70
70
78
85
73
78
73
7z
77
739
83
84
8¢
86
76

79
69
105
106
85
88
97
a7
91
a1
8%
95
70
a2
75
98
73
75
71
a3
77
78
7z
a5
80
78
82
78
€0
78
a3
79
70
77
8s
87
as
70
79
77
80
as
83
86
93
79

a1
73
102
100
86
80
100
az
86
78
a2
86
71
79
74
36
73
71
72
81
76
73
74
79
79
74
a2
75
63
74
79
74
£8
74
83
86
85
71
70
78
79
79
86
79
83
79

79
74
96
94
79
8o
102
83

2
-

80
87
74
€9
79
8z
95
70
75
€7
83
79
67
74
84
az
77
83
80
63

72

77
70
€9
74
82
79
80
75
€c
77
8z
76
86
79
8¢
74

115
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Appendix B: LIGHT LEVEL TABLES (20 WET SAMPLES)
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Table 24.

WL SPOT

330 1
4035 1
415 1
43 1
431 1
L4 1
467 1
477 1
488 1
434 1
509 1
518 1
S30 1
538 1
943 1
Ses 1
S7Z2 i
86 1
S9& 1
533 {
6zS 1
630 1
649 1
656 1
669 1
£78 1
&8s 1
£36 1
702 1
713 1
T4 i
741 1
748 1
766 1
780 1
788 I
73 1
303 1
8z1 1
240 1
8SE i
870 1
g9z 1
303 1
O 1
30 1

SPOT #1 WET SIGNATURE DATA

&7
S

73
75
73
ae
82
87
115
34
89
83
101
53
36
103
113
28

-
'

106
ag
94
3&
37
34

107

105
21
a4

107

==y
<

0
a9
106
104

(o=
[

38
a3
100
89
110

s&

61
&7

(=
J

31
71
70
84
78
87
11z
38
91

=
p

)
~

[

[
e

1 OO0
102
111
10z
31
106
37
90
95
100
97
34
108
103
93

[ =
~F

10z
a8
96
3=
12158
107
103
91
36
30
28

[
et

110

S3

€€
S9
74
94
€7
7z
8c

1093

S4

75
&0
77
31
&3
71
31
79
88
107
20
85
31
89
3
106
38
33
11z
36
83
104
101
30
93
38
30
86
106
38
‘84
105
4
87

1
101
108
101

28

8z

g7

88
106

70

72
31
()
71
a8
73
31
10&
21
83
4
95
37
35
25
115
36
30
107
104
873
35
101
83
393
a3
107
101
30
91
10z
89
30
e7
86
102
104
100
101
8s
37
88

105

Se

7
&1
73
4

73
83
81
33
103
38
S rsy
87
36
33
100
298
38
1z
33
33
110
33
87
100
103
83
23
=
109
108
34
94
102

—
p)

90
a7
ac
107
1035
103
100
91
105

[l

107

S7

&7
6O
74
91
&7
76
ez
78
78
103
30

o

ae
88
34
104
33
93
20
89
8&
101
94
93
38
100
85
36
87
103
27
N
85
103
86
84
30
80
49
114
37
10&
30
101
83
111

58

70
70
74
3

(=4
e

7€
83
79

(=
J

102
33
30
83
37
30
37
95

[ =
<

117
93
=1
38
33
30
38

100

L=
.}

34
83
104
101
33
90
10z
84
94
8¢t
73
101
110
38
95
23
28
83
114

S3

&6
&3
73
35
70
71
83
79
88
109
&
8¢
96
101
88
101
101
33
111
98
85
103
95
91
101
39

[l

39
83
1o0&
102
a7
105
85
97
83
S
105
109
103
36
24
38
83
1Q7

117
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Table 25.

WL SFOT

330
4073
415
423
431
44z
HET
477
4RE
434

S03

o e

TN D T 0D N b

TlmmmmmmmmmmmL
o=l Ri BN ey IRY s B € TV I AN B X IR KV O

o
e
[

€35
pARK
713
74
741
748
766
780
768
73%
803
8t
840
8%

870
8=z
209
920
FZ0

R X K]

~
)

(O OO O A I U O I S I I N O s O N Y] rr_'\ P20 Dy P P D D Do B FO D0 B 0 Do PO D0 P Mo Do D Fo o0 fo Do fo
, SR I ') '’ - ! ‘s’ ) '’ - o ! LA . o' " '.'

SPOT #2 WET SIGNATURE

Si

76
az
1 GO
121
36
101
117
110
113
160
135
1322
150
25
140
143
123
144
157
137

P

—

148
144
145
142
140
128
134
124
154
144
142
132

143

130

132
134
126
167
{1£0

SO
146
128
151
14&
162

)
o

74

93
120

101
ii2
112
1z8
158
135
128
150
136
126
1323
140
137
161
131
135
147
142
142
140
141
128
134
136
151
144
133
131
143
134
134
131
123
164
153
146
146
137
15
140
160

S3
D
~t

74
70
98
115
95
98
iic
110
124
166
158
130
1493
137
137
131

14%
163
1

137
146
144
141
135
142
134
136
136
150
146
136
1325
133
137
137
134
126
159
162
146
148
137
147
139
166

S4

76

-
-

S5

70

98
119

89
103
108
105
128
162
120

145
140
139
140
143

S6

€7

74
102
119

91
101
102
103
16z
130
123
148
14
14
133
139
141
168
140
129
145
139
141
136
143
134
136
136
152
145
138
132
143
134
136
1332
160

S3
146
140
137
151
146
162

s7

73
83
5%
113

[
-

398
114
110
121
163
135
187
145
13¢
140
142
127
139
1E6
138
13
146
146
143
136
141
134
135
136
143
142
139
13&
145
134
129
1326
132
155
162
150
1S5S0
140

<
e

144
155

DATA
58 &9
€3 €9
77 75
3¢ 31

112 117
95 c

101 103
117 11S

112 107

128 1c&

10 163

131 132
126 119

145 148
135 14&

136 134

i38 136

142 146
136 131

161 160

135 134

132 132
146 1495
144 142
164 143

128 141
141 141

132 132

124 134
138 139
149 130
142 140
136 137

134 134
146 146
134 134
120 134
136 136
131 1¢
156 157
161 159
145 143
144 141
140 141
151 149
145 145
159 159

118
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Table 26. SPOT #3 WET SIGNATURE DATA

WL SPOT SIS SE S84 S5 SE 57 S8 S8

330 z 74 71 72 €9 71 77 7078 75
403 2 75 74 71 78 8 67 7¢ 74 74
415 95 9% S92 101 36 91 3z 937 S
4= 3 2116 (1S 11& 116 114 (111 113 110 11
=1 z 950 89 S 84 5 86 B8 88 88
44 I 96 96 10! 100 926 34 9299 99 5
46,7 3 106 101 102 105 96 101 112 111 112
477 311D 107 106 106 104 105 105 107 107
488 R 116 1583 158 184 134 187 124 116
434 3 171 166 160 168 16F 166 168 166 165
5093 Z 18 T4 188 134 137 187 128 1¢6 136
518 3119 115 123 181 117 180 187 127 118
S30 I O136 136 141 136 141 141 142 141 136
539 3 130 127 135 132 1387 132 128 130 139
549 3 134 132 136 1328 134 134 132 136 1328
S6ea 3 141 136 136 141 138 135 145 139 140
S72 3 144 145 145 1368 139 139 139 136 135
86 I 137 134 135 140 139 132 134 135 137
3z I 167 168 168 168 166 168 165 167 170
5332 3 OIS6 127 125 130 138 130 127 &3 119
625 3 129 185 128 141 134 187 131 128 130
620 3139 140 141 142 146 144 141 141 142
&49 3 147 144 1461 138 138 142 142 148 1353
€S8 3 136 131 135 135 134 135 136 133 135S
EeS 3 137 136 138 136 137 136 136 132 138
&£78 3 137 136 138 141 141 141 141 138 138
€838 z 183 134 130 130 130 120 123 131
€36 3 132 131 135 135 130 139 132 132
70z 3137 130 133 131 130 132 134 135 132
713 2 147 146 146 145 148 150 150 148 148
74 I 142 137 1327 139 137 138 141 136 13
741 2 138 136 13% 136 137 138 138 135 136
748 3119 183 182 130 189 1839 183 128 128
766 3139 140 137 136 136 141 141 140 139
a0 121 120 124 120 130 130 132 187 130
788 3130 184 1230 184 1323 126 131 128 13t
73z 3 131 130 130 134 138 136 1&8 128 1z0
8073 3 131 131 189 130 120 130 128 124 129
ez 2152 152 1S4 152 1S5 157 1S4 152 157
840 3196 157 156 159 1S3 146 1S7 156 155
asg 2140 139 1268 1328 141 1432 141 140 139
870 3 1372 138 134 1328 136 136 1324 135 139
a83¢& 2132 132 124 121 134 122 134 131 1323
09 2141 137 140 140 138 141 143 142 138
=0 Z 1&8 135 131 120 13 32 129 132 139
930 S 157 1S5 152 1S4 154 1S4 1Sz 156 159
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Table 27.

WL SPkOT

290
403
415
423
431
44z
4E7
477
488
434
203
518
520

[l ¥ =g
)

S49
S6ES
sS7c
S8&
S9&
533
ecS
30
€43
£596
€65
€78
€88
£36
703
713
704
741

748
766
780
788
73
803
a1

8540
858
870
83
03
20

F30

B e I R S o I S i T o S A O S R N N N I NN N O N S NS N N N N

SPOT #4 WET SIGNATURE

Si1

€3
€3
74
91
71
€9
89

74
100G
&3

(=
-t

87
91
91
28
104

=

110

(=
4

&9
106
104

a7
102
100

30

28

[
-t

104
104
97
T4
39
8¢
93
31
a¢
10z
109
37
as
e
94
as

105

Se

€7
&1

[l

=
-

70
70

=
e}

79
79
39
95
31
33
91
102
3¢
101
93
107
31
9z
11
103
5
103
106
3z

a
o

37
103
1G3

91

34
105

(=
.

87
3
a6
106
107
92
94
83
36
=1
111

S3

61

76
33
&6

[y

84

[ =
S

87
10z
30
87
=N
34
101
10z
37
102
91
[0
106
102
4
358
104
33
93
91
113
106
33

50 -

104
N
5
=Y
a9
106
108
99
€
87

91
11&

St

7=
€0
73
87
€S
VAS
84
77

o
[w]

10z

(=
s

84
4
89
100
100
38
96
117

35

91
103
102

36
100
10z

8%

59

&7
&8
73
83
€3
70
&8
78
84
101
9=

(=
J

31
30
102
101
96
4
111
34

[
)

L0E
101
34
103
100
e3
23
33
107
106
93
86
102
3z
30

[

87
109
115

96

91

30

37

3G
106

Se

€2
(ST
75
34
72
70
50
80
84
98
108
89
87
96
103
104
38
26
101
91
&3
101
102
34
105
100
X

(=
-

P
103
110

S7

€0
63
80
37

=
~

€8

=
]

75
83
100
213

2
)

31
33

101
33
83

111
33
a3

103

105
87

103

108

=
-

96
35
106
104
97
88
101
30
91
a3
a1
108
11&
36
83
30
37

[~
3

1a7

DATA
S8 S9
&4 &2
&1 &1
7€ 77
96 98
639 70
70 75
B4 B6
79 77
83 3
98 101
33
88 88
94 3
38 S
97 93¢
96 100
108 103
31 936
109 108
97 94
30 3
104 103
104 106
90 91
103 104
104 103
34 31
97 98
26 S
107 111
106 109
91 94
83 88
104 104
89 93
35 88
90 83
g 9291
110 110
117 120
96 104
S 26
87 91
37 34
3 S
106 107

120



T4045 121

Table 28. SPOT #5 WET SIGNATURE DATA

0
n
oy
™
N
\,

WL SPOT S1 S& SZ S84 se 59

230 s g3 73 74 €8 €3 74 70 73 T4
4073 s g3 €7 70 €63 71 &7 &3 74 &8
415 s 8z 82 o et 5 et &% 85 84
4=3 s a7 31 88 8 &3 31 88 31 91
431 S 74 77 7% 7€ = 70 70 72 73
44z S &3 75 74 c 74 77 71 &7 (A5 ]
LE67 S s gz 93z 85 88 31 g 31 3
477 s 83 8z 8% B4 . 83 5 31 86
488 s 81 91 27 86 5 8 ez 8o 82
4594 5098 104 111 110 107 109 110 103 1035
09 S s 91 9¢ 29z &7 9391 &7 586 391
9518 5 83 90 81 8& B3 = 5 77 793
530 s 73 78 7€ 70 74 78 = 70 76
535 = af 91 9= S8 B8 81 B3 839 90
S49 s a9 93 91 B84 86 31 73 87 S
56 S s 93 98 95 9t 85 5 98 83
s7z s 86 85 9234 89 83 s 78 74 77
566 s 8 86 88 BE 87 86 s 87 &S5
59z 5 91 93 89 101 106 3& 101 107 100
S33 s 88 9z 39z &5 B89 83 83 83 87
(ST} s ps &7 82 76 74 77 81 82 81
&30 s 94 9 97 93 93 34 1 34 T4
49 s pc 31 &7 80 79 85 78 83 83
£56 5 101 105 109 104 109 106 937 101 106
665 5 90 B85 85 88 &3 s 78 80 S
£78 5 78 79 84 EO 5 87 680 84 88
€88 5 g1 8z 72 73 B2 7% 80 80 73
&30 5 78 76 81 383 8& 84 87 s 79
702 5 €z 70 70 74 75 76 69 73 74
713 5 87 8¢ 9& 5 @85 31 B 90 &9
734 = B4 91 94 83 B0 /7 8% 81 81
741 5 84 87 88 2 83 8 87 87 8Z
748 s 74 76 72 s 74 77 74 73 €8
766 5 933 100 100 100 35 9& 94 9S4 97
780 5 a9 90 8% 87 88 86 91 87 83
788 5 93X 96 3z 1 5 839 930 9 91
73z s 948 92 96 95 101 37 37 937 103
/03 5 99 101 9& 91 95 3£ 35 33 33
ezt g 121 127 182 182 184 1318 115 119 121
B840 S 118 125 184 117 121 131 113 119 118
858 5 171 1868 119 118 183 1&Z 123 120 116
870 S 120 119 118 112 114 131 115 1&1 1&3
832z S 106 108 110 110 105 104 103 109 107
3093 5 119 120 118 118 119 12z el 12t 119
320 S 104 105 105 106 11S 113 100 103 108

P30 102 103 103 103 102 108 10& 10g 108

.
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Table 29.

WL SFOT

390
403
415
423
431
Lo
467
477
4086
434
S09
518
530

(Sl
O s 2]

543

oM mm OO oM

PO NN AN NN EOOR OO OO OO M

SPOT #6 WET SIGNATURE DATA

S1

74
72
32
83
74
&9
86
73
as
as:

(=4
‘_J

a
<

€3
a1
8€

)

[l

[ =
pa)

77
eon

se

80
[ =4
-

=1

[
)

87
73
as
82
79
74
&9
8¢
83
70

2
(o)

80
81
86
73
74
31
as8
98
ee
98
91
a1

S3

78
&9
839
91
74

<
4

91

[
~

83
a4
3z
79
€4
88
87
es
€7
78
83
74
7€
93
7€
83
8O
76
77
&0
8¢
83
76
€3
8z
78
76
87
73
77

S
30

(=4
4

91

=
o

L=
EN

79

S4

74
71
30
83
74
£8
83
a1
a0
101
83
84
&7
87
832
83
80
73
85
91
73
as

a8z
76
74
70
a8z
£8
79
8=
77
64
83
80
81
es
76
77
37
a7
29
30
33
8¢
85

SS

78

[ =4
~J

20
90
75
7
86
79
a1
a9
33
73
65
84
8¢
8¢
8¢
acz
25
85
79
87
77
84
77
77
70
76
70
73
a1
77
58
84
80
az
ez
73
e4
93
as
104
3z
26
a7
85

S6E

73
71
1
30
7%
78
89
a0
8z
0
a&
73
71
77
88
83
61
74

_
~

80
86
77
8¢
77
76
71
a0
70
80

78

76
&8
8z
84
85
75
&8
ez
1014
aa
104
83
298

[

S7

7€
71
a3

78
77

ol

73
a1
73
83
81
64
31
86
87
70

[~
~

86
83
&8
ac
72

[uil

7€
73

4
i

a0
&€t
79
as
77

[ =4
~J

a5
74
78
87
70
77
39
87
9z
91
104

73

88 89
79 73
€7 €73
88 93
90 85
B8O 74

z 70
83 893
73 78
ez 88
81 79
30 87
8 B84
€0 &7
8z 80
87 85

c 86
74 79
80 &3
a8 77
78 77
70 73
8¢ 85
78 7S
84 895
75 73
71 73
€8 70
81 80
63 &9
76 73

2 72
7€ 76

Z 68
81 84
78 78
79 79
88 80
73 73
77 76
96 90
85 86
100 99
31 85
10e 37

3 9z
76 79

122
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Table 30.

WL SROT

290
4073
415
423
431
L4
467
477
488
434
03

NN NN NN NNNNNNN NN UN N NN NN N NN NNSNINN N NN NN N N NN NN NN

SPOT #7 WET SIGNATURE DATA

St

€4
58
75
85
€S
(]
85
78
el
g1
ez
az
83
101
33
103
31
30
104
4

110

a0
75
az
4
I1
8%
76
83
94
104
83
31
37
83
6
107
101
85
37
35
IE
35
106
97
31
87
103
a9
87
30
83
103
102
1
A7
80
34
86
110

S3

76

(=
)

71
8&
70
&8
73
a¢e
4
34
8¢
88
38
35
34
33
101
83
31
103
=8
91
31
37
83
10z
4
103
103
91

=
-

101

83
83
86
104
105
83
87
a7
0

o
-

106

S4

€7
S0
73
31
&7

=
)

89
79

107
I4
84
as
93
34
93
90
33
127
5
87
100

101

=
J

L=
P

36
91
93
7
105
101
34
8¢
109
84
86
a9
a6
110
109
8%
93

(=
)

87
83
106

<
59

&0
77
a8
&4
G} B

[ =
J

78
73

36
80
85
83
91
28
30
4
115
0

=
-t

105
38
91
38
37
30
37
91
103
39
30
87
106
0
a7
30
87
105
107
83
36
a7
83
11z

S€&

&2
&7
ea
8¢
&S
&7
85
76
76
8¢&
3G
8z
83
87
91
104
34
33
105
az
87
11
37
330
27
106
8c
38
90
103
10z
3z
31
39
94
0
31
8z
101
101
83
24
89
91
85
113

S7

67
S3
78
34
&3
73
ez
77
a7
7
83
89
90
93
38
295
102
38
124
a8
88
103
39

[l

=
-

106
91
10z

c
~

107
100
91

=
<

103
87
83
92

S

10

100
91
88
83
91
8%

102

S8

6S
€0
74
89
€2

c
~J

az
7€
8z
8¢
89

112
91
94
102
91

[~
~J

(=
J

97

(=4
-~

37
a8
107
101
83
30
109
88
8t
3z
84
98
10&
8%
30
82
a8
88
1093

S99

&4

[
-’

7z
o
-

€3
73
az
74
73
5

full

78
86
a9
93
102
21
4
107
28
97
103
96
87
93

[
~J

91
83
102
104
82
asg
33
8¢
30
87
101
106
8%
34
a7
83

<
P

111

123
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Table 31.

WL SPOT

390
403
415
423
4351

442
4E7
477
4886
L34
S03
518
S320
535
S49
Ses
S7&
S86
S3z
593
&S5
€30
649
696
665
=78
cee
=36
703
719
o4
741

748
766
780
788
73
809
gs1

840
a5g
870
89z
303
ZO0
50

=

DODOPODDOTOODODOTEODEOO

s
o

CPPRPOoDOPPIOTRDDOO RO TO®OODO DO

SPOT #8 WET SIGNATURE DATA

S1

593
S4
€3

[~
4

75
&7
84
8
73
35
83
e7
99
91
104
88
4
104
34
31
106
38
100
3&
4
31
38
105
100
103
31
103
oY

31
a8z
107
10
34
28
3G
1 Q0
94
101

101
9z
37

103
26
ee

106
95
38

100
36

101

el

111
10z
38

105
a7
4
8¢

106

113
26

100

101
33

106

a3
39
100
1 OO0
106

D L=
~

87
110
&
4
10z
I1

[uil

101

107
106

[
)

87
L0
e7
94

[=4
-

86
106
109
101
101

31
1032

30
103

S4

&0
7€
83
€7
73
80
ga
76
3z
77
87
85
94
34
35
‘nl

by

=
o

33
&3
107
{100
109
23
97
se
101
a3
101
105
10
93

101,

a3
31
31
A9
10
111
101
101
34
32
3
104

s

—

L

€1
&6
74
87
&7
&7
76
77
73
80
31

[l

e84
S
30
36
1
33
295
S
21
10
10z
100
295
T4
ae
100
8&
1035

[=
-

36
a9
93
asa
I
98
84
101
107
1035
100
35
101

106

SE

@ oW
D woe

L.
g moQy

h

AR

NN
~N 9

58
e3
30
76
28
90
100
ag
1 OO
96
31
293
103
10z

=4
~

36

Z

=
)

(=

101
31
107
99
34
88
104
XA
31
37
B0
106
106
105
101
9z
104
34
112

s7

€2
&0
71
31
74
71

30

9z

113
117
108

39

33
105
101
104

S8

€1
63
71
e3
70

[

[=
!

77

61
30
80
79
a3
26
97

o
J

86

[~
P

91
91
10
91
36

o<
«J

101
a3
104
86
103
97
101

103
3
93
8¢
30

110

1123
99

100
38

1 QO

=
'l

103

S3

&1
1=}
71
86
&7
63
86
793
ez
83
31
87
&3

[~
J

37
2
86
87
91

[
~J

8€
104
5
27
95
33
33
32
83
111
102
100

[ =
4

105
93
34
ge
91

108

11&

10z

1oz
38

1o
53

111

124
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Table 32.

wWiL SHUl

3390
403
415
423
431
LG4
GET
477
4886
434
S09
518
S30
S35
$549
SES
S7&
S86
S3z
5993
625
530
€49

638

665
&£78
£a8
£96
702
713
7c4h
741
748
766
780
788
73
309
éc1
840

e
8370
3z
209
320
30

VY UWIWWUWUODUOOWWUWIUDLUWDADUUOYDUOOUL I DU WOWWOWWA WD W

SPOT #9 WET SIGNATURE DATA

st

78
&7
83
83
75
&7
0
77
85
89
87
83

[w

78
85
8s
79
75
83
74
as
71
76
80
74

[wil

€3
83

[~
pu |

€3
&7

-—
-

71
78
73
77
a8
84
4
84

<

=
J

78

sa

80

as
88

(=4
p.

3z
73
79
10&

87

<

83

(&
pu}

87
76
77
82
89
70
B8t
73
78
77
79
72
70
(o3

(=
J

78
70
€9
73
63

[
b

8¢&
70
a8
87
23
82
23
8%

L~y
~J

90
83
4

=
<

a3

S4

74
73
88
30
71
63
a7
79
79
2z
82

=
<

&7

[=4
~J

79

[
J

70
71

c
J

76
66

L=
~J

7€
71
79

£3
71
€4

=
J

73
7c

80
73
76
73
€3

<
)

30
83
4
82
30

L=
J

83

SS

76
78
92
87
74
73
30
a1
az
103
8t
78
S4
86
73

[ =
)

76

il

86
ac
70
a3
74
75
80
73
71
71

[
ot

[~
-

73
77
60

=
fw)

79
76
78
(1S
76
85
73

[l

a8

<

86
80

S6

=
[t

76
91
73
75
a7
78
a1
1035
8¢&
78
&0

L=
~J

a0
8¢&
75
75

103

74

S7

77
74
83
33

c
o

71
86
a1
86
S0
30
78
87
8¢
88
76
71
73
76

76

70
76
T4
70
70
&7
&4
78
76
60
78
73
77
70
€7
88
84
33
81
90
85
73

S8 S3
78 77
70 70
31 9
83 88
79 77
74 73
83 87
8¢ AZ
80 77
30 86
8639 79
78 71

&2
83 895
78 7&
89 86
76 70
71 73

S 84
71 73
71 &7
83 85
74 76
76 74
a1 8o
76 76
74 €9
73 79
E1 70
8¢ 893
79 75
78 73
67 60
76 76
71 77
74 73
77 =
67 71
70 74
91 21

o S

Z 93
87 S
88 89

S 87
77 76

125
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Table 33.

WL SPAT
3230 10
403 10
415 10
423 10
431 10
442 10
467 10
477 10
488 10
434 10
503 10
518 10
530 10
535 10
549 10
Sez 10
572 10
S86 10
s59z 10
$39 10
ezs 10
€30 10
E49 10
€S6 10
€6eS 10
678 10
€88 10
€96 10
705 10
719 10
724 10
741 10
748 10
766 10
780 10
788 10
79z 10
809 10
8z1 10
B840 10
ase 10
870 10
83z 10
909 10
2z0 10

B30

10

SPOT #10 WET SIGNATURE DATA

S1

(S
&3
20
€0
&3
77
77
74
33
87
73
786

as
31

[~
.

76
34
83
83
88

&1

106

[=4
-

230
76
76

=
L

84
a7
ag
T4
34
ee
[0
30
83
1159
121
108
104
104
110
34
100

[97]
[gX]

~N M

OO I &1 B ]

a0

=
-

as
av
732
83
87
88
a8
116
122
106
107
107
t1e
el
101

S3

&3
S_
70
84

=
o

71
ez
73
78
38

[l

76
74

(=
J

31
89
75
73
34

78
s
S
103
7%
A0
7€
8z
76
88
87
a3
71
a6
82
a3
0
119
120
106
110
103
109
83

105

ey
o

(3
71
8¢&
&6
71
80
70
78
933
8¢
79
74
85
93
83
78

—
4

L=+
)

a7
84
8z
84
103

73

[~
2

77

(=
J

81
a7
83
74
87

(=
4

90
=
~J

c
-

118
119
110
108
107
110
109

38

&7
€4
&7

(=4
J

63
74
73
71
74
10z
84
73

=
~4

[l

87
7€
61
91
8t
83
ac
103
73
79
73
7€
76
B1
88

1=
[

7
30
a7
87
91

89
122
123
109
108
108
107
103
100

S6

56

&7

=
p.

6E
€9
87
78
74

[~
J

84

(=4
)

73
76
30
73
80
87
a0
80
a8
83
106
74
73
77
71
73
85
8s
80
70
91

[=
J

1

L=
ot

a8
116
1&&
107
110
104
107
33
39

s7

7¢
&0
&S
85
&7
S8
77
77
84
7
79
73
71
793
e84
8z
a0
893
36
8e
77
61
81
103
a8z
85
73
73
73
82
3z
79
€7
a8
ae&
ac
83
95
113
118
102
107
103
110
36
100

s8

€7
&2
&3
9
€3
E8
80
79
8&
38
as
79
76
84
91
83
83
79
38
86
73
84
a8z
100
73
86
76
81
71
85
3z
78
73
9z
31
85
3z
101
1z2
125
107
107
104
11z
38

103

S3

€8

(=
J

74
4
71
&7
a1
77
79
10
a7
81
75

[

a7
85
77
7
81
73
89
86
104
73
85

=
-

73
€8
84

[ =
.

74

[~
J

<

a3
90
83

[

119
125
110
104
104
111
102
104

126
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Table 34.
WL SPOT
3390 11
405 11
415 11
43 11
451 i1
L4z 11
467 11
477 11
4086 11
434 11
=03 11
518 11
S30 11
539 11t
542 11
sez 11
572 11
86 11
g9z 1t
$593 11
ecs 11
£330 1t
€439 11
€56 11
&S 11
€78 11
£88 11
636 11
702 11
719 1f
74 11
741 11
748 11
766 11
780 11
788 11
73z 1t
803 11
8&1 11
840 11
as 11
870 1t
89z 11
203 11
39=0 11

330

11

SPOT #11

St

74
74
36
1z
83
100
106
{1t
120
188
140
1z
153
145
145
147
155
148
186
140
142
155
185
145
148
S&
144
140
145
187
152
149
144
148
141
140
143
141
165
169
151
148
145
150
137
167

114

88
101
106
107
122
187
i 4.0
123
151
144
143
148

oo
poL

146
184
136
142
15

53
141
147
151
142
143
147
160
143
145
142
146
123
136
143
137
165
167
147
143
129
143
138
166

S3

71

&3

37
11

91
10
108
LQE
121
182
136
128
151
149
148

50
148
146
184
135
138
15
151
141
148
151
144
144
145
156

a1
145
133
148
136
126
14&
141
166
163
14€
14&
141
148
140
162

WET SIGNATURE DATA

S4

73
76
37
115

100
113
1O&
1z8
138
144
136
154
14¢
151
150
152
150
18z
142
137
156
156
14€
151
151
147
143
144
162
150
151
142
151
140
138
146
142
1€9
166
149
148
143
152
140
168

SS

76

76

3o
117

83
100
103
109
1832
133
130
154
137
144
146
156
146
183
128
134
157
155
145
151

S
143
128
144
160
151
147
141
148
136
140
140
141
166
168
149
143
142
150
134
166

s8¢ 57

(A

74

95
117

8&
101
101
111
124
182
142
132
191
140
142
14¢&

s7
146
183
132
141
156
159
144
148
151
143
136
146
161
152
144
137
1435
128
139
138
139
166
165
143
142
138
148
134
1€5

76

7€

30
119

89
106
114
115
123
182
141
136
152
143
149
148
154

o
o el

188
142
14c
156
156
147
146
154
148
147
146
158
1&5&
148
142
151
125
142
145
136
171
166
151
146
146
149
138
168

sa

72

75

2
113

e3
101
110
113
134
173
137
13

Se
141
147
149
154
147
18¢c
140
141
155

153

144
143
15z
148
143
145
160
153
144
127
147
134
140
143
137
166
166
150
143
142
147
143
168

S92

74
=]
117

c
3

108
113
17
179
122
133

53

35
145
151

=2
I

147
182
137
142
156

[l =
et

141
151
Sc
142
140
1435
156
155
148
135
145
35
136
142
141
162
166
145
142
140
145
141
163

127
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Table 35. SPOT #12 WET SIGNATURE DATA

WL SFOT S1 S8 53 S4 S5 S6& 57 S8 53

330 12 &9 €4 €6 &0 S5 5 €1 €a &0
403 T & 65 S8 67 s &9 €4 S5 &7
41s 12 76 70 71 74 77 7S V& 76 78
423 12 95 93 31 31 3I1 34 30 30 20
431 > S& 64 €2 66 EE €7 70 64 64
44z 1= €7 €5 67 70 62 70 63 &9 &7
467 12 74 82 88 83 30 88 =z 81 =
477 1& 76 80 78 5 71 €3 73 79 80
4es 1z 77 77 &3 76 73 5 75 77 B4
434 12 104 97 26 116 108 10z 109 114 11
S03 = 90 83 8g 391 90 31 354 83 86
S18 = @4 76 77 81 79 80 8% 83 86
sz0 12 85 87 94 87 394 100 S6 36 103
535 > 91 89 B8& B85 86 31 94 100 93
549 12 93 920 233 94 94 5 102 36 935S
SES  1E 100 5 95 102 100 38 97 100 107
572 12 88 88 33 100 38 104 101 101 106
S8 1& 20 86 5 91 89 87 8& 350 33
532 12 1832 114 107 188 116 11& 12T 120 i1
33 ~ @7 80 B84 931 83 88 83 84 89
625 2 83 8z A&z 90 35 91 34 z &9

€30 12 94 91 93 96 100 108 105 104 106
€49 > 94 100 103 101 104 109 102 106 11&
656 z 83 88 3¢ 9 =z 96 94 89 89
665 2 9% 96 100 101 107 110 101 100 108
£78 1= 96 97 103 105 102 106 102 105 1086
gag 1 as aa 35 88 s 89 S84 9295 B4
€36 12 83 90 98 9& I35 10z 31 - 96
703 c s ge 96 98 37 105 38 100 108
719 12 107 107 107 113 112 116 1281 115 11z

74 2 107 106 106 108 105 103 107 108 111
741 1% 93 91 91 91 35 34 108 93 =
748 1z B4 > a7 @87 83 88 91 86 89
7E6 = {01 tol 99 103 97 98 101 104 102
780 12 &7 395 @3 88 86 34 8& 30 34
788 1= 83 87 9i 5 92 91 88 87 930
79z 12 &1 380 395 91 87 83 90 30 2
8073 Z 30 30 87 5 B8 88 83 83 89
8z1 12 107 110 109 104 104 110 100 10z 1ic
B840 114 110 110 116 116 110 115 113 115
58 1 35 102 98 104 107 106 38 101 105
870 Z 93 91 91 9t 93 91 34 98 5

g3 1z e& 84 85 B84 B 9z 21 91 90
909 12 91 B89 91 95 98 96 & 95 10l
0 1z 83 83 S 33 26 & 85 91t S
330 105 110 116 115 117 115 114 118 123
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Table 36.
WL SHUL
330 13
403 13
415 13
423 13
4321 12
44z 12
467 13
477 13
488 12
434 13
509 13
518 13
S30 13
S35 13
S49 13
S6z 13
57z 13
586 13
53z 13
5939 13
ez 13
620 13
€49 12
S6 13
£EES 12
£78 13
£es 132
36 13
703 12
713 13
724 12
741 13
748 12
766 13
780 1z
788 13
79 13
a3 12
821 13
840 13
2E8 13
870 13
g9z 13
309 13
320 12

330

1z

SPOT #13 WET

S1

70
77
839
106
az

Sa

€S
75
30
111
80
823
107
103
115
175
1320
118
1432
134
146
138
146
142
180
1c
134
149
147
128
141
142
25
140
120
1514
146
145
134
140
126

T
P/l

134
130
154

SS9
144
140
134
145
129
157

e

SIS ST Y R O I Y Y
LA Mo Ny N

S4

76
&3

faf)

107
8%
36

106

107

118

180

133

14%

138

142

143

148

140

18&

138

137

148

148

138

123

143

140

128

122

1954

146

142

137

137

1ze

134

124

136

15

155

142

1328

134

139

-

P

-

161

SIGNATURE DATA

6]
cn

£9
30
110
81
83
107
108
121
180
129
123
14
141
141
143
144
140
18
130
134
146
147
136
126
144
137
138
154
143
141
13
137
134
134
134
157
154
140
138
134
136
1239
162

S€

74
74
93
11&
&4
EN)
111
106

[yl

175
1&
128
144
128
128
135
146
1329
183
1324
136
149
S0
136
136
141
136
137
1393
154
147
143
135S
142
136
131
127
134
1532
154
137
140
134

136

X

e
m Ly
T

87

&8
70

el el e
oM e

H
Pl
FPregmd

H
[&Y]

1325

145

=0

fy el

1680

S8

&7
£9
91
104

=
]

37
106
10z
121
178
139
1z
14€
136
148
143
149
136
184
130
136
152
146
138
136
142
133
135
136
1S1
144
146
136
138
134
133
132
160
154
139
136
136
145
19
153

S3

71

(=4
-

37
113
85

102
106
121

173
129
145
137
146
142
146
136
181

136
149
149
1339
136
146
129
14&
138
154
144
143
128
137
134
137
137
134
157
158
139
139
134
146

131

160

129
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Table 37.

WL SFOT
530 14
403 14
415 14
43 14
431 14
44 14
467 14
477 14
488 14
434 14
509 14
518 14
530 14
S35 14
543 14
Ses 14
S7 14
S86 14
598 14
5939 14
&S 14
E30 14
643 14

S5& 14
665 14
78 14
68¢& 14
£3¢6 14
703 14
719 14
7c4 14
741 14
748 14
766 14
780 14
788 14
73 14
803 14
aci 14
840 14
ase 14
870 14
83z 14
309 14
320 14

320

14

SPOT #14 WET

St

GO

76
a9
70
&4
84
74
€3
Iz
87

[l

-

8%
a8
90
ea
81
96
89

(st

97
ag
89
ez
es
80
85
91
101
34

[ 4
~J

it

86
76
8¢
73

77
25
103
9z
86
a8
a3
a3
101

€0

79
a7
70
&7
ao
75

7
84
79
83

(=%
t

93
88
86
4
83
8¢
100
34

L=
~J

ac
31
a8z
8¢&
83
38
33
89
80
a5
8z
a1

[~
-

L=
~

96
104
31
88
87
87
88
104

€
E0
74
30
(A
74
8%
74
80
1ol
81
85
87
a9
30
30
33
102
33
87
101
37
a¢
31
36
30
88
85
100
33
ee
24
83
79
21
-
9z
101

[ =

o)

91
88
91
87
108

20
80
87
86
98
39
ag
78
83
73
83
84
85
100
105
91
87
8&
83
84
101

SIGNATURE DATA

30

70
7€
97
84
83
30
69
a3
88
30
91
102
84
94
37
88
8%
G4
83
89
90
100
39
8¢
7€
36
a6
79
a3
80
100
106
95
31
31
31
84
102

€1
56
72
38

)
09

82
74
a8z
100
30
79
86
31
86
33
395
101
85
88
37
28
34
33
10z
86
0
101
3%
83
73
100
84
79
as
79
100
103
39
93
83
83
107

104
81
78
4
a8
as
45
87
80
87
8¢&

103

100
85
79
88

e

[

78
87
80
37
102
101
a3
8%
88
87
1ol

S8

E4
€4
74
84
&3
&7
78
70
80
101
8¢
89
31
83
88
84
30
230
106
88
84
39
8¢t
34
38
38
87
91
9z
10 (:)
102

8&

)
ot

=4
~J

87
az:
90
85
1a2
108
103
EX
8&
el
33
103

L=
-4

&0
76
a7z
AL
&8
73
77
83
39
HO
89
F4
33
33
90
35
a7
106
91
a8z
7
37
95
4
10z

L
e

2=
35
101
106
33
81
101
930
8%
88
104
111
100
37
101
83
114

130
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Table 38. SPOT #15 WET SIGNATURE DATA

WL SPOT 51 82 S3 54 85 56 S7 s 593

230 S g4 €2 71 €7 S& 62 62 64 S5
4032 1S &3 60 S 5 53 61 61 05 57
415 1S5 70 €3 €83 70 70 €5 76 70 &6
433 s 94 91 87 1397 £9 90 131 5 94
431 5 £5 S5 eSS 70 71 z 55 55
L4z s & &0 €5 3 €8 &1 €3 &3 &0
46,7 s 77 73 7€ 77 6 77 77 73 77
477 s 7 75 73 78 73 7S5 7S 71 €7
408 s a3 8% 78 77 76 71 83 a 77
434 S 10X 100 90 98 237 94 9S4 36 89
S03 s 9z 921 78 90 B8z 73 87 88 83
514 1S 76 85 81 8O0 83 8Z 88 83 73
s3I0 15 a2 e7 £S5 81 8z 85 83 87 82
525 5 90 9T 94 80 85 94 90 8z 81
549 5 g7 €6 93 97 98 101 9% 35 z
563 5 94 38 91 932 94 91 34 30 87
572 5 3z 95 91 91 %6 95 1060 34 94
“B6 s 93 9z &8 39 37 34 &z 93 94
S92 5 102 102 103 94 104 105 1032 101 101
39 1S a8 20 9% 30 B3 83 91 9z 68
625 s g3 8¢ 30 &3 86 B 9 £8 83
£330 5 a3 35 37 37 5 94 98 104 105
€49 5 {00 33 101 %6 94 10& 93 100 93
cSE 1S 87 83 A7 37 89 88 &9 87 86
6ES 5 95 4595 90 96 91 95 97 33 101
678 5 391 B 95 103 106 94 96 9B 96
€68 5 p7 9z @& @3 87 80 83 5 87
636 5 9z a9 9l 5 93 95 z 96 93
70% 1S 88 S0 290 87 &8 87 91 83 ]

719 T 107 104 97 100 101 101 101 102 97
T4 S 102 101 38 104 105 101 100 10z 10&

741 1S 8% 31 30 31 30 83 93 88 86

748 o s fe 7 -85 88 85 @81 S 90

766 S 82 8% 90 35 9 B89 102 38 4
780 5 86 7 7 aa 7 85 8z 86 S
788 5 7¢6 87 8L B B8& 83 84 73 83
792 15 83 B8 Z BF B4 B85S 88 91 87
809 5 73 77 7& 76 76 80 83 83 81
ez1 15 106 102 97 105 104 102 101 93 101
840 5 106 109 105 102 107 106 101 103 105
8% is 90 91 87 133 91 87 85 S 85
70 15 38 86 86 2 90 83 1233 83 87
83z 5 p7 81 BO B84 B9 87 83 87 84
203 5 391 83 85 93 20 90 381 9 0
320 s 90 79 78 86 B8& 8& 86 86 S
230 S 110 103 103 106 103 103 108 104 103
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Table 39.

WL SFOT
330 16
403 16
419 i6
423 16
4351 16
447 16
467 16
477 16
438 1€
434 16
503 16
518 16
H530 16
535 16
S43 16
Sec 16
a7z 16
S84 16
59z 16
939 16
[T §
530 L6
€432 16
£56 16
655 16
£78 16
€ea 16
£36 16
VS IR § <
713 1€
7 16
741 16
748 1€
766 16
780 16
788 16
739& 16
809 16
ezt 16
840 16
e5g 16
70 16
83z 16
303 16
Az0 16
3930 16

SPOT #16
S1 S& &3
&2 61 S8
s 69 S
71 71 7S
30 83 30
70 &7 70
&7 70 71
80 z 83
7z 74 76
8: B3 76
107 110 106
Z 86 &8
79 79 80
84 87 g&
S 832 931
85 84 3
= 85 34
89 89 88
ai B/L 823
106 113 110
73 5 83
76 74 78
3G 31 92
390 88 86
107 108 104
8% 86 86
(Y 5 89
71 S 78
5 73 77
74 79 Z
30 86 c
30 z 91
a6 B& 84
7 74 Z
839 131 94
30 S 86
S 83 1933
54 34 &
34 8& b
125 121 182
124 184 124
103 111 107
110 108 104
106 105 106
107 107 110
94 84 34
104 103 110

WET SIGNATURE DATA

S4

66

o

oo

[

-t

83
€3
£8
78

(wil

71
104
8=
83
73
8¢
a8
89
s
85
101
8s
91
0
107
a5
30
78
80
76
31

=

83
78

(=4
. 4

84
83
39
a7
120
120
104
10&
107
106
100
108

S5

&6
€7
71
83
&3
71
77
7%
7€
108
8=
8
a8z
31
84
293
87
83
105
85
T4
91
ge
104
83
87
78

c
-J

78
93

91

<

[l

86
a&
83
36
4
123
123
110
107
103
110
33
110

S6

&4
71

30
71
76
73
77
80
105
31
a3
83
31
83
97
86
89
110
a4
78
30
88
10z
87
87
78

[~
J

81
a3
83
81
76
93
a3
90
95
96
127
126
109
111
107
113
101
107

77
[=18]
10T
8z
a8z
az
94
89
8¢
8%
8¢
37

119
123
107
107
104
113
101
108

S8

73
€6
74
e
73

[

79
75
7€
109
83
77
79
85
90
88
86
85
35
87
78
30
30
108
88
8¢
73
80
&3
83
932
8z
73
31

91
36
34
tat

T e
i

106
109
1093
113

33

100

53

&8
(A
72
33
71
70
83

=
J

84
39
a3
78
as
78
91

[y

[

81
106
89
74
88
88
106
30

132
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Table 40.

LWL

230
403
419
43
421
44
467
477
488
434%
509

SEOT

17
17
17
17
17
17
17
17
17
17
17
17
17

=
¢

-
4

-
{

17
17
17
17
17
17
17
17
17
17
17
17
17

<
i

17
17

-
{

17
17
17
17

7

-
{

17
17
17
17
17
17
17

SPOT #17 WET

74
75
as
95
76
73
87
83
7€
75
as

o
i)

&7
73
79
0
70
73
74
79

“y e
g

Az
o
—

7z

&8
71
&7
76
71
74
74
72
€9
73
7€
76
78
70
83
T4

-y
<

~r
fee 2yd

85

70

70

83
72

=
J

77
&4
70
73
€7
77
76
74
&7
73

=g
J

73
79
73
68
84
89
82
85
89
8&
77

70
70

E3

SIGNATURE DATA

sy 86
74 73
71 72
87 85
91 31
63 €8
74 7
0 30
81 ac
80 z
74 83
7€ 80
8 70
S 70
74 78
73 77
8z 8¢
£8 76
= 74
74 78
5 81
a8 67
3 81
72 76
71 74
73 75
5 &3
59 65
71 70
5 €8
78 73
5 73
6 73
= 73
77 74
70 73
€39 74
a1 a8z
ez 74
&8 72
87 8&
79 S
83 87
78 a1
91 91
S 88
84 S

S7

£9
S0
31
76
77
8¢
86
81
78
793
77

L=
)

77
7€
84
71
70
74
78
€3

(=4
)

76
74
71
71
£0
72
8

78
74
&1

<
J

€8

80
&7
a&
eo
8¢
87
91
77
80

76
&3
F0
88
&9
78
8¢&

[~
J

793
73
79
73
o6
78

[
-

79
&3
&8
70
77
€8
83
73
70
&9
&6
&6
70
&8
8z
73

(==
-

78
71
74
81
70

(=
~J

79
87
83
87
78
78

S3

76
1
a8
73
70
91
8z
79
76
84
77
€3
8¢6
a3

[=4
J

7€

[=
~

€8
74
72

74
70
7€
€3

=
J

o

64
8z
77

&0
77
79
77

[
-

71
7z
83
81
31
80
83
a6
8z

133
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Table 41. SPOT #18 WET SIGNATURE DATA

83 S4 S5 S& S7 S8 S3

i

WL SFOT S1 S

290 18 &0 S £0 S 60 53 £0 60 SE
403 18 S5 5 & 93 &0 85 5 €1 S

415 18 &7 & > e 73 71 &7 70 &/
423 18 88 83 83 87 87 86 8& 86 83

431 186 &4 S 5 54 60 €61 €0 59 57
44z 18 S €7 E0 €63 €8 55 €5 €2 &8
467 18 76 78 79 73 7& 74 81 81 83

477 18 71 74 = z 67 70 74 73 74

488 18 71 78 7 71 70 €7 &8 €6 <

424 18 S 7 S 5 82 B84 88 84 &1
S09 18 76 &7 z 79 8z 76 76 81 81
s18 18 78 73 €9 78 73 €8 75 70 c

530 18 77 70 70 70 76 74 76 78 71
535 18 81 76 32 30 8& 79 86 73 77

o 2o

S43 16 €6 82 86 84 8% 81 82 s 80
s6z 18 77 77 &z 30 83 73 s 90 87
572 18 & z 73 79 77 5 73 83 78
586 18 30 > 80 B8O 79 83 80 73 79
59 18 5 27 93 102 95 Tz 96 23 9T

$93 18 5 87 84 83 83 87 85 79 78
€S 18 74 79 85 78 78 77 78 78 73
£30 18 89 B8 88 8& 83 ] 5 83 85
€495 18 €8 8 B7 84 85 86 8Z 84 B4
€S 18 87 73 71 78 74 74 87 S 74
665 18 87 B8& 85 B8& BE 8Bz B3 83 Z
£78 18 8 83 5 84 82 S 84 S S
88 18 79 83 &3 85 83 & 84 84 B4
€3¢ 18 79 81 77 83 73 77 78 81 79
703 18 79 83 B8O 76 7S5 77 81 78 77
719 18 &9 86 89 91 90 88 30 83 3T0
7c 18 91 83 87 933 83 86 933 31 89
741 18 B0 s 84 81 795 80 83 73 79
748 18 78 73 77 .79 %6 71 76 75 77
766 18 84 B85 87 B84 B85 88 83 83 87
780 18 79 793 z 76 72 74 75 &7 71
788 18 78 71 70 78 72 73 75 74 76
79z 18 78 78 78 80 77 81 74 70 793
03 18 7 77 73 7% 74 78 77 74 73
21 18 99 95 34 397 91 32 B30 83 33

o

840 18 30 B4 BE& 96 94 S5 91 Z 94
asg 18 88 B8 8% 87 85 81 86 83 S
a70 18 83 83 80 87 84 83 z 7& 83
B9 18 B0 B84 BE 80 73 76 80 78 84
203 18 s B3 B3 &0 80 83 85 835 86
9z0 18 & 71 83 78 73 78 73 76 80
330 18 100 93 98 103 100 35 31 94 3
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Table 42.
WL SPOT
330 13
403 13
415 13
4e3 193
431 13
L4 19
467 19
477 19
488 19
434 13
509 19
18 13
S530 13
535 19
S43 19
Sez 19
s7& 19
S8 19
S3& 19
S99 19
ecs 19
£20 1S
649 13
&5 13
6eS 193
&78 19
88 13
£96 19
703 19
719 1T
724 19
741 19
748 13
766 19
780 13
788 19
79z 19
803 198
az1 19
840 13
8% 13
870 13
g3z 13
903 19
gz0 19

330

19

SPOT #19 WET

S1

€3

&7

82
103

76

85

8ec

37
10z
100
117
118
108
101
101
129
1329
106
187
113
129
132
iz
1&e
108
117

St
108
126
11
102
101
111
112
106
110
114
136
127
114
119
111
123
107

57

9]
M

63
&7
80
10&
77
a1

L=
~J

a¢e
112

©=
p)

101
115
114
12
104
110
124
110
114
iee
120
115
117
107
112
1032
107
101
116
113
115

33
116
115
107
113
113
142
138
114
119
116
126
111
136

53

70
84
37
73
84
31
873
30
1 Q6
4
30
104
112
127
111
101
102
108
4
114
106
107
F4
108
e
113
102
103
116
10z
108
110
103
112
121
143
13&
117
116
117

123

111
116

S4

GE
7e
o4
101
71
77
ae
83

1073
30
96
26

101
97

101

100

120

10S
6

110

103

11e

110
31

115
93
3

11

102

100

i [61§]

115

111

114

115

111

123

129

117

13

113

120

111

o

SIGNATURE

el

[
~J

96
75
78
=N
as
8¢.
104
58
96}
6
106
108
101
103
115
110
110
103
109
38
11
37
100
106
4

111

36
109
107
113
1093
116
117
1t
145
123

114

11&
115
111
1Z6

S6 S§7

€3
70
84
36
80
74

(=
~J

30
3z
100
108
6
104
102
111
105
101
106
104
93
104
10z
3€
114
33
98
31
34
2]
103

=
S

111
109
11z
104
115
iie
108
146
122
117
113
115
106
121

70
£8
87
103
74
76
3z
a1
83
111
31
31
a8
4
1oz
103
97
114
103
101
30
101
93
1Q7
34
83
100
0
88
101
395
296

[~
o

103
112
115
109
107
141
118
116
103
114
106
117

DATA

s8

70
73
80
101
&3
78
91

Qe
J

104
36
91
34

102
99

102
a8

107

111

105

102
<8

101
3
86

101
31
a¢

106
96
91

101

106

110

115

111

105

138

1ze

116

118

110

113

103

11&

35
90
26
1 OO0
102
102
107
101
101
7
83
103
101
100
97
9z
96
30
86
103
91
100
35
101
103
110
103
10z
1320
1z8
114
116
1132
ic1
104
117

135
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Table 43.
WL SEOT
330 Zo
405 20
415 0
423 20
431 Z0
44z 20
467 Z0
477 s
488 0
434 ZQ
5093 20
S18 20
G300 20
535 £0
5439 cZ0O
SE2 20
s7z 0
S8 &0
g3z <0
599 0
oS 20
€20 20
643 20O
£56 &0
5SS 2O
€78 0
€8s o
636 =20
702 0
713 6
7 0
741 0
748 ZO
766 O
780 20
788 Z0O
738 20
803 O
ezt 20
840G 20
gse  co
870 ZO
faz o
903 0
=0 20

330

Z0

SPOT #20
G1 S& S=
8z 76 78
79 732 E19
34 83 £8
98 96 101
a7 77 70
74 79 795
34 83 8%
85 89 92z
go 8 9z
5 79 83
85 83 94
795 74 76
3 73 G4
87 85 8z
20 94 85
as B3 93
a0 77 72
85 78 70
71 €7 &3
84 79 77
g5 79 74
a3 5 83
77 77 7%
81 79 =
80 74 832
75 78 76
79 7€ &7
73 s 73
78 71 &7
8¢ 86 86
85 739 76
75 o7&
59 76 71
79 83 83
a1 79 83
8z 80 z
8z 86 87
73 76 T&
80 74 76
83 87 87
5 84 83
37 37 10&
30 86 2
36 101 1014
91 83 34
78 77 79

WET SIGNATURE DATA

S4

8z
7
31
78
79

O
<

30
a7
84
&6
79
€0
83
90

=
~J

76
78
83
77

o
~

a7
77
83
71
71
ail
&4
86
81
73
70
83

©
g

77
a7
71
74
30
83
Loz

pu}

(=4
p.)

30
73

83
€9
38
76
77
97
83
a6
85
a3

[
J

&4
84
91

[l

-
)

83
77
81
88
77
70
€3
73
EE
78
73
77
€7
83
79
81
83
74
70
a2
8¢
36

[

-
t

320
78

S6

80
73
37
37
76
76
34
87
55

-
J

31
84
€4
85
81
31
77
73

—
{

83
73
83
8¢

=
<

895
73
70
76
74
79
81
73
€3
86
73
81

[~

o

c-
-

74
8¢
86
36
8c
9z
9z

(=
P

57

B1
76
31
38
80
78
I3
88
77
81
31
73
30
3z
96

<
g

73
71
87
81
88
76
77
79
76
74
30

(ol

89
80
78
&7

(=
~J

1=32)
a3
76
74
872
68
33

(=
pu}

94

(=4
J

78

S8

73
7
91
100
82
80
32

(=
4

74
78
a3
78
€3

<
4

c
J

a7
79
70

L=

87
8¢
83
73
74
80

72
(S

71
a7
67
83
8z
75
€8
83
81
90
84
€9
77
91
87
30
a3
33
33
73

S3

73
73
F4
97
86
78
89
85
73
80
88
73
€1

83
82
37
78
&7
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Appendix C: SIGNATURE GRAPHS (20 DRY SAMPLES)
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Figure 29. CHALCOPYRITE #2 SIGNATURE GRAPHS
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Figure 38. COAL #3 SIGNATURE GRAPH
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Appendix D: SIGNATURE GRAPHS (20 WET SAMPLES)
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Figure 41. MARBLE #2 SIGNATURE GRAPH
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Figure 45. MARCASITE #2 SIGNATURE GRAPH
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Figure 46. MARCASITE #3 SIGNATURE GRAPH
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Figure 47. MARCASITE #4 SIGNATURE GRAPH
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Figure 48. CHALCOPYRITE #1 SIGNATURE GRAPH
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Figure 49. CHALCOPYRITE #2 SIGNATURE GRAPH
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Figure S5O0. CHALCOPYRITE #3 SIGNATURE GRAPH
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Figure 51. CHALCOPYRITE #4 SIGNATURE GRAPH
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Figure 52. STIBNITE #1 SIGNATURE GRAPH
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Figure 53. STIBNITE #2 SIGNATURE GRAPH
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Figure 54. STIBNITE #3 SIGNATURE GRAPH
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Figure 55. STIBNITE #4 SIGNATURE GRAPH
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Figure 56. COAL #1 SIGNATURE GRAPH
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Figure 57. COAL #2 SIGNATURE GRAPH
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Figure 58. COAL #3 SIGNATURE GRAPH
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Figure 59. COAL #4 SIGNATURE GRAPH
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Appendix E: SAMPLE ZERO ENVELOPE GRAPHS
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Figure 60. MARBLE #1 (S2W) ENVELOPE
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Figure 61. MARCASITE #1 (S1W) ENVELOPE



