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ABSTRACT

This progress report describes work performed by Southwest Research Institute
(SwRI) for the Nuclear Regulatory Commission (NRC) in fulfillment of NRC
Contract No. NRC-04-77-145: " Program for Field Validation of the Synthetid
Aperture Focusing Technique for Ultrasonic Testing (SAFT UT)."

The purpose of the project 10 to validate the usefulness of SAFT UT for indus-

trial nondestructive evaluations (NDE). SAFT UT is an ultrasonic imaging
method for accurate measu:caent of the spatial location and extent of acous--
tically reflective surfaces (flaws) contained in objects such as structural
components and weldments in nuclear power reactor systems. The increased
measurement accuracy offered by SAFT, when compared with that provided by mea-
surement methods now in use, will improve the reliability of flaw severity
assessments with resultant safety and economic benefits to the nuclear power
industry.

To accomplish the objective, SwRI is to design and construct an imaging system,
suitable for field use, using the SAFT UT and to conduct sufficient' tests with
the system to fully characterize its performance and usefulness for the
intended purpose. The ultimate goal is to produce a field-rated system for
highly accurate flaw size metaurements and to conduct sufficient testing of
that system to promote its acceptance by industrial and regulatory authorities.

The following document is a mid year report describing the accomplishments
completed since submission of the last quarterly progress report.
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1.0 INTRODUCTION

Sout hwest Research Institute (SwRI) is conducting a project entitled " Program
for Field Validation of the Synthetic Aperture Focusing Technique for Ultra-
sonic Testing (SAFT UT)." The project's purpose is to continue the development
of SAFT UT and to validate its usefulness for inservice inspection applica-
tions. SAFT UT is an ultrasonic imaging method for accurately measuring the
spatial locations and extent of flaws contained in objects such-as structural
components and weldments in nuclear power reactor systems. The increased
measurement securacy offered by SAFT UT, when compared with that provided by
measurement methods now in use, will improve the reliability of. flaw severity
assessments with resultant safety and economic benefits to the nuclear power
industry.

This project is one part of a team effort being conducted by the University of
Michigan (U of M) and SwRI. Although the two groups are working under separate
congfacts, their efforts are integrated and synergetic. The U of M group is
concentrating on theoretical aspects of SAFT UT while SwRI, working with
information and advice supplied by U of M, is contributing the engineering and
performance evaluations necessary to produce and validate a practical field
tool.

The objectives of this program are to:

Produce a SAFT UT system in a form useful for field test.*

Validate the perforrance of that system for characterizing both real and*

simulated flaws in realistic test specimens.

Conduct field trials using the system on actual structures.*

!

Estimate the reliability and confidence level for SAFT UT examinations*

and compara those results with similar estimates made for conventional
ultrasonic methods.

The ultimate goal is to produce a field-rated system for highly accurate flaw
size measuremente and to conduct sufficient testing of that system to promote

| its acceptance by industrial and regulatory authorities.
!

This report is devoted to presenting the results of work accomplished since sub-

( mittal of the November 1980 quarterly report. Specifically, two areas will be
'

covered: (1) description of the implemented color graphics display system,
which greatly enhances ease of operator interpretation of the processed data,
and (2) presentation of the results of an evaluation designed to demonst ate

i

| reflector resolution capabilities of SAFT UT.

l
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l
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2.0 .SAFT UT COLOR GRAPHICS DISPLAY SYSTEM'

j

2.1 Display Philosophy

2.1.1 SAFT UT tysten General Overview

The NDE of laboratory test specimens of nuclear reactor pressure'
vessel (omponents using the SwRI SAFT UT system is composed of three funda-<

mental activities. These are: (1) operation of the scanning apparatus to
,

provide for acquisiticn and stcrage of the ultrasonic test- data, (2) processing .

of the ultrasonic data and storage of the processed data volume containing the
reconstructed image (s), and (3) presentation of selected portions of the stored
processed data to the operator in the form of visual images for data analysis.
The details of operation of the scanning equipment and data processing algo-
rithms were described in the November 1980 Quarterly Report (NUREG/CR-1885) and
will not be discussed here. The considerations for presentation of the

j processed data volume pixels will be addressed in the following sections.

.
2.1.2 Processed Data Volume Reconstructed Image Representation

The SwRI reconatruction algorithm permits the system operator to
specify parameters that define the volumetric region in which imaging is to be
performed (see the November 1980 Quarterly Report). The volumetric region is-

subdivided into pixels (cells) upon which the reconstruction algorithm operates;

using the ultrasonic test data obtained during scanning. Upon completion ofi

processing, every cell in the volumetric region will-contain an amplitude value
4

| representing that cell's contribution to the reconstructed image. The final
image is formed by displaying the computed signal amplitude as a function of-,

,

cell location within the volume. The image is then interpreted by noting the
! locations of high signal amplitude. It should be noted that the reconstruction

sigoritha does not attempt. to directly determine the size and location of
reflectors (flaws). Flaw size and location are deduced by operators from the,

|. patterns formed by cells that show evidence of containing a reflector.

2.1.3 Display Copcepts
,

As explained previously, reflector (flaw) image location and
sizing are accomplished through the interaction of the system operator and the
processed data display capabilities of the system. The data display subsystem
of the SAFT UT systen must be capable of providing the operator with selected
data based on appropriate display parameters. Since the operator must inter-
pret the display to analyze the reflector (flaw), a number 'of display options
should exist to permit an effective evaluation. Three fundamental considera-g

| tions to be discussed relative to the presentation of SAFT UT processed data
(1) the operational procedures used by the system operator to selectare:

,

! processed data displays for presentation; (2) the types of displays required by
j the operator to permit analysis; and, (3) relative to any selected display, the
' presentation format that should be used to enhance interpretation.
t

2.1.3.1 Operational Procedures
,

The processed data volume comprises a collection of
cell elements, each of which contain amplitude information that must1be inter-

( preted to " form" the reflector (flaw) image. The system operator is respon-
! sible for image analysis by evaluating and integrating the information presented

| 2
;
t
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in a series of selected displays. The data display capability of the system
must provide convenient display options to facilitate the operator analysis.

Data display capabilities currently planned or avail-
able with the SAFT UT inspection system consist of C scans, B-scans, and
perspective-type displays. Current displays do not simulate a three-dimensional
image for viewing by the operator, but provide a foundation upon which to study
presentation formats for future implementation. Because a series of displays
must be interpreted by the operator, convenient operating procedures must exist
to permit control of the processed data display selections. The operational
procedures provided in the SwRI SAFT UT inspection system are depicted in
Figure 1. These procedures provide for a data display selection phase and a
data display presentation phase. Separation of these two activities into
distinct operating phases provides for operation viewing efficiency and, there-
fore, simplifies the image evaluated.

Upon completion of processing, the complete processed
data volume is stored on disk. During the selection phase, the operator can
select the type of display and corresponding control parameters and store the
selected display on disk. One or a number of displays can be extracted sequen-
tially from the processed data volume information. After selecting all desired
displays, the operator may then perform the actual viewing. During the presen-
tation phase, the operator selects a stored display for presentation on the
color graphics system. After initial presentation, appropriate control param-
eters can be modified and the selected presentation updated accordingly. Since
each display is selected by the operator in any deaired sequence, a volume
" walk thru" can be performed. The image analysis is then performed by visually
integrating all the displays to form a composite " picture" of the reflector
(flaw). The individual displays provide points of reference that can be used
to document specific reflector (flaw) characteristics.

2.1.3.2 Types of Displays

At the present time, two commonly used types of ultra-
sonic imaging displays, B- and C-scans, are operational in the SwRI SAFT UT
system. With C-scan images, the processed data are presented as if viewed from
normal to the front suface with all z axis information compressed based on
maximum amplitude. B scan images can be obtained for either x-z or y-z planes,
and the location of the plane on the third major axis is specified by the
operator. All amplitude information presented is relative to the selected
plane only (no data compression). Examples of these displays are discussed in
Section 3.0 of this report.

2.1.3.3 Display Characteristics for Enhancing Interpretation

The SwRI SAFI UT display unit originally consisted of a
Gould 5000 electrostatic printer / plotter. This unit was evaluated to determine
the suitability of a black and white presentation for display presentation. A
pseudo gray scale was designed based on using a selected set of 12 symbols.
Each symbol represented a data-dependent amplitude range. The display types
previously described were produced and studied. Evaluation showed that inter-
pretation of the displayed data was very difficult. A set of 12 amplitude
ranges was not sufficient to depict subtle changes in the amplitude patterns of

3
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the volume cells. Additioaally, the pseudo gray scale required excessive
operator interpretation to correlate the symbol and amplitude range inferma-
tion. An example of the printer / plotter output representing a C-scan presenta-
tion of six flat, bottom-drilled holes is shown in Figure 2. The images

produced by this method were very difficult to interpret and were not suitable>

for evaluation of SAFT UT results.

3ased on display studies conducted at the U of M, SwRI
implemented a color graphics display system for use with the SAFT UT inspection
system. The previously described displays were evaluated using presentation
characteristics derived at the U of M. The amplitude range represented by the
collection of cells composing the selected display was segmented into 32 parts.
Each part was represented by a distinct color on the display screen. A rainbow-
type color sequence was used to represent the amplitude, with blue colors
depicting low amplitudes and red colors representing high amplitudes. Five
basic colors were used - red, orange, yellow, green, and blue; and the color
intensity and hue were modulated so that each color gradually transits into the
next. Division of the amplitude' display range into 32 parts provides enhance-
ment of subtle amplitude changes within the display. Use of bright (red)
colors for high amplitudes and dark (blue) colors for low amplitudes provides
immediate enhancement of maximum amplitude cell patterns within the display.
Interpretation of the displayed data by the operator is, therefore, simplified,
and image definition is easier. The ease of operator interpretation for iden-
tical data displayed using the color graphics system versus the black and white
printer / plotter can be illustrated by comparing Figures 2 and 5 of this report.

2.2 Hardware Implementation of the 9351 RAMTEK System

The SAFT UT computer subsystem was enhanced by the addition of a 4351
RAMTEK color video monitor. This system was initially unpacked and set up on a
temporary installation to verify operation of the color monitor. The use of
RAMTEK self-diagnostic READ ONLY MEMORY (ROM) facilitated the checkout of the
color monitor. The only problems encountered were interpretation of diag-
nostics from the RAMIEK documentation because of lack of color diagrams and

|

|
photos of the diagnostic output. This deficiency caused some doubts in the
diagnostic results, which had to be clarified by conference with RAMTEK
representatives.

The RAMIEK system was mounted in its permanent rack, and the interface
for the Data General Nova was installed. An Internal Data General I/O extender

i

|
cable was installed on the CPU chassis, and the internal interrupt priority
chain was reconfigured to accommodate the RAMIEK interface. A device code of
65 (octal) ard an interrupt priority mask of 10 (octal) was established for the
RAMTEK interface to allow proper interface action in the current SAFT UT com-
puter system.

The Data General Acceptance test was executed to verify the opera-
tion of the RAMIEK/ Data General interface with problems only occurring in the
documentation of the operating procedures for the acceptance test. Conference

|

with RAMIEK representatives overcame the dif ficulties, and operation of the
interface was verified.

.

!
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2.3 Software Capabilities Currently Available
,

j 2.3.1 General Depeription of Software

The SAFT UT color graphics display software is written in the
Fortran language and implemented on the Data General Nova or Eclipse line
computer. Assembly language programs are only used to provide the operating4

system with the' capability of communicating with the Ramtek color display unit.
Two software modules have been implemented and provide the mechanism by which
the operational procedures discussed previously are performed. One module is
responsible for selection and storing the appropriate information from the',

processed data volume file required to produce the operator specified' display.<

The second is desiped to access the stored display data and present it on the- -

: Ramtek color graphics display unit.

2.3.2 Display Data Extraction Module
-

i The processed data volume file represents a collection of cells
. that contains the amplitude information used by the operator to define the
*

reflector (flaw) image.' Because of memory size restrictions in the computer,-
the processed data volume actually consists of a number of files collectively

;
'

representing the total volume. Each sub-volume file represents'the largest
volume segment that could'be stored in the computer memory'at one time for i

processing. The data processing sof tware automatically performs the volume
; segmentation, and this' activity in transparent to the operator. Because of

segmentation, a mechanism must exist to permit the correlation of one volume

i
segment with another. Therefore, a set of parameters is created for each
volume segment defining its size and extent and its relationship to the total.4

] volume. By using the volume parameter files and volume cell amplitude files,
operator selected display options encompassing cell data distributed throughout

! the entire volume can be performed.

!

| The operator is provided with the capability of performing'C- or

| B-scan presentations. Whenever a display is requested, the operator'is
; required to enter the control parameters desired for the display. For a

j. C scan, the operator must provide the x- and y-axis lower and upper limits and '
the z-axis limits over which cell amplitude data compression is to occur. For4

a B-scan presentation, the operator must provide the appropriate limits for the
selected plane (x-z or y-z) and the location of the plane on the third axis.i

; In addition to providing the axis limits or values, the operator may specify

| which axis is to be displayed horizontally cr vertically on the Ramtek unit.
This feature is useful since the Ramtek display screen is reca.;;ular in shape,a

and it may be desirable to optimize the selected display for the viewing area.
i

| Once the operator has selected a display, a set of subroutines is
responsible for automatically performing the date extraction from the volume4

files. This involves compar'ng the operator display parameters with the volume
segment parameters and determining if the segment contains any data that corre-

i sponds to the display. If so, the appropriate data are extracted and stored in

!- a memory resident array representing the selected display. The extraction
process is performed for all volume file segments. Upon completion, the memory
array representing the data to be displayed is stored on disk for future use by

; the display software. The operator can then select another display option, and
{ the entire process is repeated. Af ter all operator-desired diaplays have been
i stored, the Ramtek display software module can be executed to provide the
' actual color presentation for viewing and evaluation.

!
'

5
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2.3.3 RANTEK Display Module

2.3.3.1 Primative RAMTEK INPUT /0UTPUT (I/0) Drivers

To permit use of the 9351 RAMIEK color system, the
first software task undertaken was development of the basic input / output (I/0)'

drivers. These I/O drivers allow communication between the Nova Real-Time Disk
Operating System (RDOS) and the RAMTEK color system. The I/O drivers were
implemented at the application program level by use of the operating system
facility .IDEF. The .IDEF function allows the user to introduce to the RDOS

*

devices (not identified at SYSGEN time) whose " interrupts" the system is to
'

recognize. The assembler language subroutine DIDEF was written to implement
the .DIDEF system utility and is callable from Data General FORTRAN V Rev. 6.
In conjunction with the DIDEF subroutine, an assembler language interrupt
service routine (DINTS) was written to handle RAMTEK interrupts passed through
the RDOS.

Once the DIDEF and interrupt service routine were
completed, two assembler language routines were written to transfer data to
(TALK) and to receive data from (LISTEN) the RAMTEK color system. Two addi-
tional assembler routinas were written to facilitate communications between
FORTRAN and the assembler TALK / LISTEN routines. The FORTRAN callable routines
RAMILK and RAMLTN perform this function. The following routines formed the'

core of the Data General RAMTEK I/O drivers:

DIDEF - Assembler callable from' FORTRAN
DINTS - Assembler called by the operating system
TALK - Assembler callable from assembler
LIST (en) - Assembler callable,from assembler
RAMTLK - Assembler callable from FORTRAN

i RA}E1Ci - Assembler callable from FORTRAN

Testing began with simple FORTRAN programs to send commands to the RAMTEK. The
Data General symbolic debugger was employed to debug the assembler routines.
The only major problem was in the interrupt service routine arising from an
idiosyncrasy of the 9351 RAMTEK and its Data General interface. The character-
istics of the interface are such that the transfer of data from the Nova memory
into the RAMIEK 9351 system is a rapid transfer. Upon completion of the Direct
Memory Access (DMA) transfer, the interface in the Nova sets its DONE flag,
which requests interrupt service from the Nova. The setting of the DONE flag
and the interrupt request normally indicates a device has completed its taske
In the case of the RAMTEK system, only the Data General interface has finished
the data transfer; and the RAMIEK display is still busy processing the trans-

,

fered data and performing display operations. Therefore, it is necessary to
test the RAMIEK display status word af ter the interrupt is received to see if
the RAMTEK has completed its display before clearing the interrupt and proceed-
ing with the processing. Once the distinction between the interface DONE and

j the RAMTEK display complete was taken into consideration in the interrupt
service routine, the basic I/O drivers were rapidly debugged.

,

2.3.3.2 Basic Color Graphic Subroutines

The following routines were _ written to give basic

color graphics capability and employed the primative routine.

6
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(1) Color Selectig

FGBG - select the Foreground /B_ackground colors
LUT - Set a color into the color L,ook Up Table

(2) Vector Mode

MOVABS - Moves the color graphic cursor to an
absolute screen coordinate

DRWABS - Djynw a line in the foreground color to
an absolute screen coordinate

(3) Raster Mode

WTIMG - Write a raster image starting at an
absolute screen coordinate

| WTTXT - Write a text string on the screen

,
starting at an abso ate screen

( coordinate
ERASE - Clear the video display

'

2.3.3.3 Color Display of SAFT UT Data

With the completion and debugging of the primative and
basic color graphics routines, the program to display B- or C scans of pro-
cessed SAFT UT data was written. The resulting program SPLOT (SAFT Pict) was
used to produce the color plots for this report.

The program has the following capabilities:

(1) Read SAFT data files. This allows different data
files to be displayed.

(2) Set threshold levela. This allows the operator
,

i to adjust the color presentation to replace the
color below a specified amplitude level with a
neutral color.

The color scale currently in use employs 32 colors in a continuous color
spectrum of blue green yellow-red with blues representing the lover amplitudes

, .

The color scale is determined by a color table thatand the reds, the higher.'

is automatically read into the display program. If a change is desired in the
color scheme of the display, the color table can be changed, and no program
modifications are required. The color bar scale is annotated with the ampli-
tude value associated with a particular color to allow quantative analysis of
the display.

7
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3.0 EVALUATION OF SAFT UT REFLECTOR RESOLUTION POTENTIAL

3.1 Description of Test
,

SwRI designed and fabricated a test block for the purpose of demonstrat-
ing the axial and lateral resolution capability of the SAFT UT inspection
system and to evaluate the effectiveness of the recently implemented REITEK
color graphics display system. The test was performed using machined reflec-
tors of known location, size, and shape. The aluminum test block is depicted
in Figure 3. The block contains six flat, bottom-drilled holes each 0.05 inch
(1.27 mm) in diameter. The hole depths vary by 0.05 inch (1.27 mm) an,d the
lateral spacing between the holes (edge-to edge) varies from 0.05 inch
(1.27 mm) to 0.25 inch (6.35 mm). The hole spacing was varied laterally in
steps corresponding to integral multiples of the wavelength (0.05 inch or
1.27 mm) of the ultrasound. The block was inspected using 0.05-inch (1.27-am)
step increments throughout the scanned surface aperture. The processed volume
corrrsponds to the area depicted by dashed lines in Figure 3._ The processed
volume region was dividied into cells that were 0.02 inch (0.508 mm) in x and y

and 0.01 inch (0.254 mm) in z.

The test was performed using a Panametrics 5 MHz transducer with a
3/4-inch (19.05 mm) diameter and a 3-inch (76.2 mm) focal length. The trans-
ducer was positioned with the axis of the focal beam normal to the surface so
that a longitudinal mode was used. The test conditions resulted in the flat,
bottom portion of the holes acting as quasi point reflectors so that the axial
and lateral resolution of the system could be evaluated.

3.2 Evaluation of Processed Data Using Color-Graphics Display

The processed data was evaluated using the display capabilities pre-
viously discussed. For the purpose of this report, three display presentations
were selected to represent the processed data. These displays consist of a
C-scan presentation, an x-2 planar slice, and an x y planar slice. .The
specific volume regions represented by these displays are depicted in Figure 4.
A sequence of three or four pictures for each presentation are shown with each
picture representing a different cell amplitude, lower-limit display threshold.
The operator has the capability of limiting the cell amplitude data shown to
only those cells containing amplitude data within a specified threshold of the
maximum amplitude contained within the specific display. For example, if the
operator selects a threshold of -6 dB, then only cell amplitudes within 50 per-
cent of the value of the maximum amplitude cell will be displayed. All other
cell data will be shown as white. The sequence of pictures contained for each'

display shou: (1) all cell amplitude data, (2) -6 dB threshold cell amplitude.

da ca , (3) -10 dB threshold amplitude data, and (4) -14 dB threshold amplitude
data.

The coordinates shown in the displays are relative to the scan mechanism
1 coordinate system and the numerical units of the display legends are 0.001 inch.

The test-block origin was offset from the scan mechanism orig'n so that the
location of the holes (as shown on Figure 3) do not match the coordinates shown
on the processed data presentations. The marks denoted on the horizontal and
vertical axis of the display represent 100 mils. The displays, then, repre-
sent a magnification of the actual inspected test-block area.

8
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The C-scan displays shown in Figures 5 through 7 show the tops of the
- flat bottom-drilled holes. The varying amplitude presentations give an-indica -
tion of the lateral resolution at the selected dB levels. When measured at
6 dB down from maximum amplitude, the hole tops are shown to -be 60 to 80 mils
with good resolution even between the holes separated by only one wavelength

(50 wils).
1

The B-scan displays shown in Figures 8 through 11 represent the hole tops-
as viewed in profile. Here the 50 mil difference in hole depths shows up
clearly. The short. ring time of the transducer is indicated by the small z-,

extent of the hole top. Asial resolution is very good; and, when measured at
the 6 dB down points, it can be expressed in terms of-a fraction of one

- wavelength.
;

The C-acan displays shcwn in Figure 12 through 15 were selected so that.
the top of hole No. 3 was captured. The 14 dB down picture shows the amplitude
response associated with hole No. 4 indicating that the amplitude response from+

hole No. 4 decreased by 14 dB over a distance of only one wavelength. This
result is evidence of the excellent range resolution exhibited by SAFT UT.

.

t
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4.0 SUMMARY

Evaluations conducted using the SwRI SAFT UT system have demonstrated the
system's capability to produce good reconstructed images. For this reason, a
comprehensive test program has been initiated to validate SAFT UT using f abri-
cated test specimens containing realistic flaws. The results of the test
program will be presented in subsequent progress. reports.

'

.
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5.0 CONCLUSIONS

Implementation of the RAMIEK color graphics display system have greatly
enhanced the ability to perform image interpretation and have permitted proper
operation of the SAFT UT system to be established.

Work efforts conducted during the first half of this year's contract period
resulted in validation of the original SwRI SAFT UT system design specifica-
tions established two years ago. These accomplishments are extremely gratify-
ing. Further, they provide an excellent foundation upon which to continue more
comprehensive system evaluations intended to establish SAFT UT as a viable NDE
inspection technique for industrial aPflications.

t

i

.

:

1

11

i
. _ ,



. . _ . _ . . _ _

a

PROCESSG DAT
ISPIAT MDDCL

$
IDAD PROCE$rJ

eDATA SET To
SE DISFIATED

' a
w

SELECT TYPE OF
DI5 FIAT (C-SCAN,

3-5CAN)

4
DEFINE PAhAMETEKS

FOR SELECTED
. DISFLAT TTFE

5 -

RETRIETE
FROCESSD CSTA

A FROM DISE

L
SCREEN AND SELECT
AFFROPRIATE Dr JA
USING FAAAMETER$

L
stot! mTA TO SE
DISPIATED ON DISE

FILE

SELECT
*wr? ANOTHER

DISPLAT A

SPECIFT DISE
,

FILE FORl

DISPLAT
l

i

DtsFLAY 92 % &a
DAr FILE

EDEFI!It

kkkthfkb
iAAME

l

I

! CETAIN OPERATOR ISFIAT YtS
PARAMETER 5 ER DISEI

FIgATA
t O m|

TEnxImTE
DISPLAT MODULE

FIGURE 1. OPERATIONAL PR0(.EDURES FLOW CHART
-

P00R ORGNALm



.-___ _ _ _ _ _ - - --

621= 073-: 1125=1 1377-2 1629-3 1891-4 213:>.6 2385=G 2ELTt=7 2989-0 3141-9 3141-s
X mts

4088 5800 5298 54EW EGBB SORO GBEM 6298 6408 GGB8 G788

I I I I I I I I I i
19t!!!!!f! :l!!!!!!!!!!!!!!!I911111919filllllllllllllllllllllllllllliffillitillllllllllllllllllllll!

=
_.

_^

-

= . . . .

. . . . ... .

.:..:: ,2 : .:. .: .... . :::::1 . . ..
.

. ..iit. ::1 :::::::.:: . : 1: . t . . : : 11221:. .. .

Y .:11:.:11:1111111112111:::: : till: : : : 1: : 123521:. , i n 11: *

. 11::2221:1222111112221:::.: 11211:.: 111122332-: .:. : : : 11: .
n . : : . : rnn12332: : IN. : .: 11121:::1::11312331:::. . 21:11. .
M ,i : N11: 37732211 1256211: 11:1157622211:::: . :3GE!!: .::..

1 :: .:1ses34ses3111sessar : 14996: 1:: 11: 127 TEM 2r 11::: . :IBFr .:::
16sJ238ErP3121589511: : : : 4085: : : 111: 12657311: : 1: . . : : 4762: : : 11: :W S .: :

" .:364To mt: 1: 2452: : . 1: 144r : : : 1: : : 34311: : : : : : : : 11243. :211:
. : 1211211::: 12: : . * .21: 11:388 . ::121::::::::: : 111::: :::

..:: . :. . . . 811. .:.3::::: 1111 ::: ..: .:1::::1::::. +
,

*.1 .:. ::. .. .: I II ..t. .

. . . : .:: .ni:.: .iir -. .

.___

r

_

_

T
O s3ee

Q rut.1Tuoc w voet1Tuot-tem (2 m1s casussto
2 m is: does - 4eee 1 or 1 stors 1 or 2 emis tut 1Tuot wou: w- mes

Q FIGURE 2. C-SCAN DISPLAY OF SIX BOTTOM-DRILLED F.0LES
Z USING BLACK AND WHITE PRINTER / PLOTTER OUTPUT

CT3
-

,--



AXES ARE DEPICTED RELATIVE TO THE SCAN MECHANISM COO.90lN ATE SYSTEM

r- X
_

a

r- - - 7 2,
a

_

I
o o

I t t T T-Z 80- .95 .so" ,es" .so"
.7 5" 8 A

his a e aea mm. i m. as
u o o o o o o

= 7"| =

.05" DIA. FL AT BOTTOM HOLES
I

. . .

d d

r

2"

, _ _

| .. . . . . q1 "

L . . . . _. . _J
"

4. 0 "c - ~~
,

1

- 4.l": 1

6"

- 4. 2 5 "c =

4.45" 4"-*-- 1

= -- 4.7" --
l

- 5. 0" - -=

e u

FIGURE 3. DRAWING OF ALUMINUM TEST BLOCK CONTAININGi

| SIX FLAT BOTTOM-DRILLED HOLES
l

14

_ _ _ _ _ _ _ __



.

l. C SCAN PRESENTATION <

C SCAN VIEWING DIRECTION

,,e
i

' .A Ny
X# *

6

y' P
5*

PROCESSED DATA VOLUME

2. C SCAN AND 8 SCAN DISPLAYS ONE PlXEL THICK
a. X- Z PLANE AT Y * 4960

Ii

8i
1 I|*

. ; g ; '4L*5L't;A
x -,

-
-

"

q'Z il'Jg B SCAN
< vie iNo DIRECTION

PROCESSED DATA VOLUME

I

b. X - Y PLANE AT Z s 4190 (TOP OF HOLE No. d)j
| C SCAN VIEWING DIRECTION

J| ' e

-c -

**

Y- -: -
- X p/ %

- 5
3*3 2

PROCESSED DATA VOLUME

.

' FIGURE 4. DEPICTION OF DISPLAYS PRESENTED FOR THE
ALUMINUM TEST BLOCK

15

|
|

_ _ _ _ _ _ .



i

1

"

.. - -- ., ..1 .. . . . ,.

,
" ' '

. ,

* g . , '' % -
. ' ,. *

,

4.",. .,

,: L- . .. r, - a +. i,a
-

.ie. .

. ... . .. . .
i, . . . . . + 4 ' . .b\. . . , . . . + x -- * * ^n . - '

'
',-

'Y - g, 4..f * , , e, s . _ * . ' - --

*,.
.

.. . - - . , . . ' y
- { ., , * ,

:e- . :. , ' .' ,. 4 - '.+

..

g" - y_
e,

# C..,'.- _.,E y ey
- t ;

* < .-. 4, ' ..; g ,4 -
y

..

, - _ . . , . .
a p

. ,e , -
,n.4- - y . ,,4

,

. f, L , t r-'' < '-is v, j , . L pg :

#- %
. . .. p

'* ' '
.- f.v .

. ,

-k ., " j- 4 -

4,* a..'% *' .f. . 'grg . - {%; '
' " N: * ,

k. ~ ?

* , ' , " *a

, p - "-
,

'%,# ,..%
-

, ., 3
, , ,, .

'

f.'.,._Q - * * j ' t+

'

*.v
. y . ; -

- a ., ' .~ - 4. . , % -[ .Q'

*- X, _ - ' $

,- y , gg s &T.

. ; ;- f- w- g ; y- . - . . ..
.; . ,

,
_ ,

fbg[ - , h ' ,
+' . < '' { 's''? *

3 g , h,' : [ > ' m . $t
y

.

'.y [~ ' '" ^ '' ' i '#
.

~ w ~a >.c
..

.., , . . .,

.
_

M_
. . . . h,. -

, , n " '*
~

F. .
,_

g
-

4 g .4, y.
+. t,

y ; ,,,.,'E. 11
-

* / ' ( I:
n

ee
# 4

a s - , , . , y-,-:y -

.- ,
. ,, , ,

| 3.\
~

'. ?
' '*

. . j
. p S .: 9 +

, , .,

.|i, *.4- }
*

r
j

'

,. ,. , .

. p
'g *

. - 4p

.
. : J,

.
,

.

- ,s ..

y ,
:. e ,, . q , .

.

-

e j.- . e -

. . ., r. ;

s . . ee

,$p k ,- *g - - - 't$ .. . -...
t

.,
'

. . V. _. - - -

z. :. . , , . . ..

; ; ,

, .. -

~
- 4 [- " " . "g * - - * *'k * -

..

''

,. .. , .

4 ' ' 's

-- "'- ::T ' . . :.. ., ? 3 .- '*
g". .

h.. 7. , ,"
r

- T - ,@

n' 4 . * -

| Q 7. 7. , . _ ;. ,.Q ,
y.

. - ,- 43_L~ .:

m; ;g . . . -

.- *
.

_

. =
- '' .; q .

y[.
c ? ; 3,., - c._

,

P'
_

, ,' '. ,,
.

-

Q. .| . },. '
,_? ,g ,,

p ' . ~ s

.Q. %g 3.
, . , - , -

,

|
' >: ,s , . *- . .

#.5, . 4' '
x ,-

,,, * __ =g. ) 4 | ''.. ,

;- T. s
,. '

,x -

-

%,| } '' ; .. M'f* "
' _ . _', ,7

-
'

-,. ,

' . ,'

M, .d"'t -7 , '{ .[.
. . . g. iJ " - ' '

+ t
, . < ., , g

y s < r ; 'f ' N
., 3

. |_
,

% ~.* ,' ' f L,.'. '

' '. T A' g .+

s xey e.... p( : -

. u - - . . .
- ,

-

fe,' ?
; . .v, 4- _ 4|

[- -; . , / q~ , ,

j' ' * , , . O{<
.

%> ,
r.

~ - T 4, .. 7
- - , >. . .

- - .w; g . . .
.

["'y L; . , v'
* ..

: -'-
_ .: 3

'
, , - . c;; . . .

.

4 s , , - $q . ' . ., ya.'_.
_

i
.

-
4 .

, -
,,s - 9 - P "

'- .A-

_ g
e ,, . -n* % ,' .

' - i
. . y - 6

. , , , y
- *, - 4 :

- -

s.
.

t
*? ?

i ,~ g ;
' '

. . . 3. '-
*#4 . ." , ,

.a - ,,

.'
. , . .

-y. ,
,

g. .

. - . -
. , ,.. p,. ,-

4- ;. $* - : - - * - :_a.. ; ' .
;' . . .

.'

,#
-

- ., g ;- ,
*

.* . 3 4 - Z4- i .- D . f
% .$

*

'',aT
. . 4- .

7 '

, ,,, g, ,
"' ' , . ^ --~ ':. ' '

Tj, . - - . N ,

3,',' '- ' . .
*

. ' f ,, , ' o
. * ,; ,

#

.,

; . . , . ,- -
| - | j[

1 - *
. - .-

~ } - \_ '. ,
* * f

" ,, i
5 j . - r % - u ~ ..

*
-ev .

'k
'

n

"'''p .

?
.. * gj ' , i ' ,:4 H2.

.- .- .

* - s* - ~*
.l'

'

4
t .

' W ?A '

, t y a .,p

-:

. r_,
-

. . bs s -

. ' . .

, .
. 9 - qe ,.

: ;"'

;

, c. , ' ' . . , ,
-e ( .h, * '

y ,,

Z'
-

4,, . g,.- . - y *, i. m y" .

- -' '
'.

*
.

. , .

-
g-

,- ;.

+ .
i .,

. , , ' ' , ,- .
, A

~

. - . ,
sa

,, 1

~ . .-. r> . .. - 3 .
,.

.t ..

..s . T h-
4

.

;. s. ,
,-

, ' * -k ( ,-
#

:'5
a

, , , , .
,

5 - "', - (g y- g
*. ~ - * .,' t-g, ,

+

.

4. .

g w. - g a

'.#

.
, Q' 9

" "',

' , , ,. . ,y
' e * 4 i

. ". . , , ,,
I'. -

.'
' . . .g.

* ,5
*'

.[.'.#*- i#
-

*

', ' * ,, ' - j- , E, o 'q
'

,,7

'-

v- . -

, A .

,. . '

.. Y . j ,) p. ' [' .

/ ,1 ' 3 - , +n- . .

-

'y ,
,

* " , , . . . ' ' . .M
. N' , *'," . '#.- t * - ' . ,

.
.

,' *

1
- - - ''*

,
., .c ,4. t

. . . - , , ,,
.

~. ,. n .

y .-
' * ''

.
b -

_s. ; p- q__
'

.
'

; ,,,
y, . . .S..

^ ' fr . , ,j '
- -

; ~- ,
_ r ,''- .,

.e . t y ;. 4.
" -

,
-

a : . .- eg* i s., . . ' . .

- ' 5
-' - 8

.

~'
( - 3 ., ..te- a

. 5-

-
.

- g .. '
a

- t, n ..
- a - , - [] '.[

'

..% - g*.
;f . . . .t .

",
-

s , ,

4
. n. ,

- -
. ; . -

; ., 5
.~ 'a

f. \ . -

:. '); O k,' " * ' N * .U. ' ' - 4:

.
'

,

%!?; ~ F h.. : 1. . . . .F . . . . .
. -*

. % . ,

^ '' *
'

?, ' ( i 4:.7 * *.. 4 e -3 g '9"| ''"* ' -g9q . y 4
,

k6 $( h. '' ?, .

.-*M, .
, k

_p- 7 Y w g- j 2[: y o ye , fy @ . y a
''

-

;
.

. , - .

-

2.. .

J , ,a su*,.a i g;

se e p *

h *kt[gJ 4 . v .* 1 (d, . . [A'' $
'

d a.,
_-________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .



-_. _. __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- -

., .,
. .

. ,: - < e - - g , . . . ,

''', g -

,
. - g - =_ r [ ,

j' -s.

*

e - 5 .
* 'J

,

-Q , ,.R,-
-- .. . . . . . 1

g* .'. ~ f- |$ : c
' '

~ ' ':; -

.. ; -

.

vc . .. -, g
.

_,_ ,,< 3 .

+
. . .,

_ - , i ' # . , . y .

, , . . . - . - - .

f .. ~ ,, ' *. \ . .. , .:w .
'' '

u -.

Yk W ' *I %N * -
I ,,

.v . es-
,

'

, . 7+~j
.A.- - ._ . :

- ;, , ", 4 ,' ; C%. *- - - +
,v

: e- .
.

.,
'

. W k , [ . .-' *:+ '

, . ,u; y, . ~ ; - - - -.y ':.
.

- . . . . ; ..
= '

.n .g . .

7 ;, g o.
.

- -

, . ,.
- m , _ ,

1 2 , 4 s ,

e
. . , , ,

" *..
. ,y

^ * ' * ~
gp

- ,,.uy , . , 7. .

.

, .
, . d e.. - .f a-

3 .

.,
" -

.,.c ,J4
+'

'

a - . ..

- ,x
,

.
,

,.,
,

.' [Jo, O
. .

s ,

.@ #

e'
, ,.'' _

.

,.
'' __ * *

j . , - : a. . A
W'

- . j
. '' 4* .

.; ''."3.
? .

g . 1 :'
-

4 , , W,, ,
- ., 'w,

~
' *

*
'

', ' . - ~
- ;r:h . . - f -q 'g * ~* ,,' . .g .';* ?. ' xW,

), __. j - (_ ,* . %' . * * -
g

%q, - : . . 4 ,

.p c ,_ pg. z w, .._ - y
,

p, , ,
4, . >x . ,.r'-- e_ ., ~ " ,5- g

* ''. g; r;,w% . , - W
y.

. . 2 e . ,.t __ ;$ ;. 'y , : =n .a ymg..
., ,* )' a: {6M - N

W ',| |]V ' ,' wY , , , -Q._ .y h -| . - 4 '
.

*
. .: a . ' ..e

~
, '

#
,,_

,
_

L g _ '* bm *
,

., . ,
'- ky , .

. . _ . . .
-

" 6;_ , . ..,.
'

s . a
~ r_ h h4 ..

,

.? ..

7*
'

.,e,
a., :

. . . .n , ,i k. -e

' W_ .d _ .
'

y, [,6.- _ , 't)* - , $ b %
.s;

'a ~ " . . ,1 , ,; j j ., i 4 * - - 4 ,- ,

,

k n. .... . , . , '
' z; g: > / = ..

.

,,

,8

~
. s

s
- -

..; . - . u ,. pm,-

.. o...- .- . ~ .. ,
. 8 . ,, .' ,. ., e .g

.

' '' ' *

y.

. $- Y : .. , .}- ..

, , _" - , ' ~ q. .
, , c

-

. .

- .-
_

< t >r
,* ~, *

.. ,,

. , , * Z
s%3.. :'.,,... ~ .$

>

,e o. b /

i 1, ; ; r
, . 4 ,

.

.Q,3 - 3 , : .;. w. . 33...
g

w
"

..g ') - O + ' .Ja_se' (;g
*q '. ac

. y s;%.. e in 3''> # _ - . . . e, , . .,
-.-h ,: -

, ,+1=# 1 .3 J

.w y .,4
.

. g ., f.
",','l ;g - * .

. .,

, , ,

y ' - d
, -f

>

; .
&.,

Zi i .- _ ..

*d..g- +: - 1 -

,

Ww.y _. ' Jq w. ,? ,.
_i .

+
- ~ ,x . ... ..

r - s ..

M - *

3. * '. ~~

,,

.,- c.%- . ' - e .)
~,1*.

j. ' . . . '_ , s i :: . A . .,,;.,<y-

.

s.
"' . * '- /*

,

g i M s q

y. . A . ' W %%%
'

g

- p; |f| y., " A,.,
''

*@
~'

, ,

'

, . ,' ' * - < ' "
- , . # . %

- ,

4 3 - , w- y.'
s_ y , 9.

' *)
-

g[r..
,;

-

* M
.

.y,'.,.,'
.. . -. ,

. # ' a- ,, ]
*Q .* .J '* . f

Q .,: ] ;2 ,
y y

. ,

1
.. s :

. .'49 ; x< ; ,.

# :
, ,

-

. $4
; y r

,
,| * - *) ' m , % ' ' ss . Z,

.

2, a.3,.-. - -

c- ,,
N - wA .- -

; ;
,

,,
E g._,

-[
. .

'A .| .. b~.

_ k', # ., .- . g '
.

s
* ,. .

p. '

. , * .h'. ~ ' "'
- Z, % 1:

mj + .:n f; ;;5 . ..
_

,
*

pr j r 'ge
,,

. ' k ';. p( . qE- , ' z**

y ''. .
g.- r

, ,
,i f .*.

. ?
^ 'I ., X '** c;. - 4.j s

-

. +s -

,
_ . g|' -

.

" g ='4 ".n. CCs' % ."
- v

,

.g . g
-d-

-

.s. ~g. v .c - o
- .

#. = i ..; ~ , +
-

. 7
..h ,.<

e c.

s ...

y$ a ;d y -

g, =.

..t y . , ,
" d, >, ., ,,

; .. .?
- ;7 _

f.-
,.|. ' {' | , | - ' ,

s - 4
',

s, .
c '-' ~

,4 . ,- . -, , ,. ,**'#
, .y m .

% ,,A .

uy.
. .

y . ~4
,

> - ' : m
'

,.

%-
'

-
' "'

_ ;' :' - - . - - - . S ,' ' . k. p
_

-
#

,Q h g._ . ,

. # . ., . O., . , <.
-

,

t 8 '7.g . '
_ _ . .g ' zi '' y : *

''''i .
,,g

- > ..

4p. ; . A , , ,

,;4>
4 *$ -4 - --

n ,, ,.

" ,,,s ' >
b .

(. g .. . s

( x

- . , .

- - ;fs - _ <- .;: .
J. ..

4. - - -.. ~ - C

, ., p q'w

"''..
. .

.

-

1 j_ - . - . . ,1

. . . .. $ .;
-

.

- e t Z-

r s < . j
,

,, ' [ N ,J
e -

,
" <. s , , -3

,
, ,b\ - ]

^
'' ' N .,i - $

( , .-
.. d

'

. is. .
., s

.,
, - y

(* \ , ' : ;,,' . 4Y .
3,.

- A
^ ' "

? - .;* '
a '

2 . f ''.f , ~ ,, #, g,
*

< . g ,
Z

, . +, ~ - .tw c
'

. , ,
* 4

% y +
' '

' .: .. ,
U~

7
.

.. .
. . y - -s - . ,

. > .
4 - *

' '
+

- y . . ,..
' * ^

u%.; : : . . w.- __ _ 3
- ; .;.s.. .

. s - L -
. , ;

' - c.. x g . - p ;. ,
_+

. , .
.

-

4 .

- 'e 9 y g; .
v ' 4-

-

; . '. -v,
.

v .sc .
. .?

. - ~.-
,

e +
e.

.- .

..r - ,,.W . . ' ,' Wr- . , .; : _ ,
- -

j , * J'i, .
,

. ~ n y.
_

. . .. o# "* \
J'- ''. - %, .3 4 i* . , , ' * -

' * ' '

.

-

- . y . a t::' - 4,
- *

.)g.' .i .

'

a
L -

", . " * , ' r ,+ .

..% '- ,~
y ?

- ,k
*

L'. % , i. '

, . . . . , . . . , ,,
* .at e:*,

, , m

,
-t,

._ , , ,

Q'
. ..c, M " y -. a

'' b, , , , .'
s''' * * ' , ' . . 3

.Q , . ' * } r
' ' v

'

%._W y.,-

'- : - % g ,~
.y

- ,.
,*

,

* ' , ,2
,,

" ' d .. p E. .,,
.

_ ~,

. .' % .' . J- ,
... b. % - y ,. 3 - k .' * ,'._ c -

*
~,w 3 V, ,, . ar ; < +

.c.
_

.. _, y_
*

,..,
y"

. x."

'''s
- L , .> ' ~

,.,,-'# h .,
.-

[ " % '|g .' 9 - k
. *; . '' *

. *' [
., . :. .. 'f~

,_ f., .) .4. % . * - [ ? ' . ^ t ~ $.9 3 '- 4 %.
$#'-> h . g ,.

:
, : _ p f /*' , .. ,j ' -

,. . ,
,,i. ][

I I .
..... .

p,g., _
. .. ... . . . - . . . .

7$) -

1 i f, 1 d a "N1 ,d y ? ') ny y . ..,
*

, . u g, ,, .
2 as qaa,1, . ., pN1 . .

'-
1 9 44 q qa j 1qd_ t c

dam 4a4, . . +9 . _ _ __

: ; a

*
__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .____________________ a



____ _ _ _ _ _ . _ _ _ _ _ _ . _ _ _ . _ _ _ _

'

".; ' *'

f' * ,' - . "*i * ' # ,, . .. [ [. M'' '

9' g 4 ,. .'

f g % *

'
, y _ _ y y_

' '

q .4 -

,, ,

A: y , h .* ,h
_ , y

^

? -* s

- p : :- , a; ;

-

. , ' . 2;&r-a n' :: p{ ''A~
N. * .

, . 's: * - - -

,. . m. s
- ,; J' , +, , . * '

v.. <fe
.

4
_

,,

.

.--

,t ',. .
., ...g%gg ,f. A .-

_ _ _
- -:.. :

p ' . .

. j
- W %' M ~ ^ ' ?hj s

9;
_

#*

[-,
+ y

,

'

f

- f.j
% y

.
: . ,x ~ ,_; =':

*
g

. ,::e' f ; *' .y. , , & . y ,
_ _ ,~

.
[t b, y- kE #

,
.3-

#
'' b,. ^. ,.# "4 * ' * ' ' *Y'

- +. ^,
, . . -{. , , |, ,

. 4.n.
,, * ? k

-1 ",' . , ' " -,
-

-

.
.

:.. . , . . . .

-= y ., .-,.a_ 4
5 -

k
,. . .

' T'' . , .' R
-

---'

. . ,

_

, ,,

t =% .' (. q' ., : .

W '' . *- ' ; *V.-
.+$ .4 , -.J

.

, 3 =
|

-

g

|
-'

. ,7 _
' gg *

'

.g 3 ,,
. 7,

kg.~jY :- A 'Q e .' , y
|

, .

;- _ [.e~ . .; j 1
.. - .,

.. y y
_

,'| 1.
'

.

} _f. [,y + e g 3..0.J. ; ,. , .4 4
_ W
~, - * ~

;
.

*
.

y"- =
. ~

c- > # - ,. - ,
.' '

;,.. .,,' ,w ,# .- ?g ,.,'
;[',. '-

.t

C-
y * ,

1 ; -
w

_i

, ' Mk e
j, ,, *

' , _ <, , _.

,M
,

4 . [S- ' E *
.

.$.t *

, . 7
- ,

. ...g
,

-

. . -.. - .' w . .,

,,3 .

'b r
, ,g

* .+- - - O

L **' %' g j '

,, .

.,(* , gEen f ' #4- ''&~C 2- ,
, #

- *' n.
' . '

..

3 y
. + --} .s

e y ."- . * , ,.y,
...? 1 ' 1

,
4 g,w . ' '
v < .. ? ,-v . < -

, gg - .. * <
, _ x >; . , %.. |j.A

c =
- j.. - - < n- ?- _ ; -s . .. . Q c +gr, ,n

, , x
~

: 4
..

.4 .&.

,x
:

,

, .. m . wr
A%)g# '

e as .
<e., :1. g , ' A t

^' > >~
. : 1, . . n

r< .
.

1
_V ' + ' ,

,; 7 -
- p 4

'.s
.

,,

a' ; ,)
,

.y
..

.. % ; - .,, A , y _
.c

.

,.= : . 4 . r -
,

. , 1 , . y :: p
, -

' , .
- r, .. , , ~, ,_.

o 1 ., ....

, |s i%
_. , _

4.

[' , _ ^ i ( n gy j'[
,

&

i '-

- - _n .

;* , ..

; .
, A p., . -

- , 4 .: _ .-. . . . - .
m ; r

, M. .e s 7... .g . . y. , .
e e a .

. . w+

'b ' .
. te.

~
8 # .,

g
d

% ?, - 7 J. ..
~ ;.: -

.- ff f ,, p?~
.s- - ' %. ' "'. ' . ' _.|. 7 A. ;

W + s > P Vr s 7 ... " ' ._

. '. ' r o
,

; ** =*
,.

' " ' " . , i eN, ' ,&
,

. . * . g: .).i j . i _., . + = , _,1: ;
.-

.-
.

-

: -.

A- ' # * * '

. u _- .-
,

; 34% - , , , - . e f .4. ; .. - ' r ;= f, x
.

i. ..w,.
,

._ 9 - s
-

, .. ,
-

p
'

L
,

:

3. g y x
,

- , _ ?o - ,..
, -

,.

- 1
,, : .

.

0 1*
.

a |& |
t.:^ _' . ' & ; \h, . E #'''? ; 7_ ;

.

'g_ -. ., ,-.y - 4+a, z , v. < c ~.
, ; - - .. e ., ,,.

.*
,

.-g 3 g.

' ,. .
- % .. - y7

-

e s .. m
L, ~ . t - . ,' . . . . ,

*
.. . . g,

. , .
,+

. .

., e .. . .
, s.

. , . -.
.

w ._e. xm
,.
, <

< -.
;. ' i'

, e . . -
.. 4

1 j . it - . . ,t .,

sy : g . .# . .,
*F r

7 ,.
| ~ , ,[y. : - g ., ";~, , p, ad * :.y g. .Ap * =

,y. 2. mn6 - e? ' " I
, n.

. v.
, ) *

\
. . .

..

.y
.

. .. k

, . g
-a ;* .

,

~ ' ,,

. p 1. r . _ .. ., y . p -
~ ,.,. .. .

'

_ .

D" J
.x ' . g .. . h. bs, ; . - .= y

-

JL -s .-
. -('.- - -

. m t: ,

.# - - e
. 1 . .

-,- ,

i j. ..
, , . . . . . .

e- - . .
5 y 9 g ...

-

4,. .. 3 g\ s ,
+

*

'

w
'

*'.4- Ag ,* k' h,., '. V.,, o . ~
3, , y g

~

-@ . C, .g

f ' [. . [ * [ : ; , . - gy "
" '

4,,' ,i , +-
,, .] / - W

, ,4 '
'

' '

-., . , - ,

.. kO4 .
m . . .g _. 4

. . g, g e
. - |.

< .e . ..+
:

., , . . ' , , --.

q y % _ p , .

.- y
, js

-

y , ,_

.m -

;,

r -i.. .p
' - *. ,..s . .,%

, - . # ,..y ,

"R.9. " . , - ,. .:.~,.g
4

. 3 . _ _ . . ,_ :. . %
. , . . - . . . . _ _ . . . . - ; + ,' '.J-

*'I. .. . -

,

' ,' , . '' , "
,. ,y '

f+' ' '- ' ' ' ' ' ' ~'.['-

'

'g , *y W '$. b E-

., .

4 -,f . r. % | . '.I; . . ,
~~- ; I .

4
.

f. ss . .

.f.y.,,.- a.g . ..
- (..

C' '.y

., s
g

- - a
*

- - < . .,

.

.f ' d.. ' . M * ~.I *:.f . ~ ( .f.t , s ' ' . . e;. . 9 ' '" y E
1 %, .[=

*
.

I % '' -h f .' * -
, ,

" ;

'-

'

..

" *? at, y
/n. s . .

. s. w. . .. ,
.- .s

, .;
. .

+ ,

~
,. .c .s

. ,. g -

e.. n-,. . -

,, . *-~ - ., - .... .
:m.s . ,

_ ./ .-{,;$ [Y 9 ;* ' ./ '.' , h. .. . .[ .,, ,
-

,M, . , . . ,
.,

, ~ T'
, ., , , 1* ~ " #

- y,. .
, , . -*

***3 #

' *. . . -, . . g , ,V - , ,. Jj g I,
's e-.. w' . '{-@ 79,- ,

k , , ,4 'A *g - , '''
~ '' '

- -t
. ',. . y.. S {

-

y.
- *

, , ~ *y . Q. r ,, .1
-

. .
4.. c P.

- .. g % - .- , . . _
. ; .

9-,
..

- ., t ",

' %. N P,- ..

. - &%

..

'

.

.m '

.

-,
, '.mT * s. --.. .

{g* , 95;

.,v-

. s' y,, s.

<: ._" ~ ?
.. ;A ;,

- s.., ' .u , .
'

.-
-

.+
. t 1 ++ -

.- ++ , , . ' % .g,f
s.

+ _ . ,_ ( 1. ' * ,__
_

.. +
.

*q
| ,

* u-_
- - - - - -- - - - - -- - _ - - - - -



. , 7 ;, .j - a'. ~ -- - - - -

9+ .. g - a. 4 jg m s
' , ; -- .. y.- ;*- ', ,,

3

'' ' - * *
g 5 3 ; i< ..c.,,, ,,.-

' 'i
, , . & . d ~..

.,

~ , 1, ' s . . . , . , g

3, c.g. *

+ } g 77 7,*s
-

]
*

# ', * ,,s
_-g _ 1. ;

x. . . W; , . m. - :s. . , x , e ,, ac , . -,
-

|. ' a
; c -

, ._ , ng: w'[-~
"

_y , ,g' , "
' ^

p y ' ._ .

, k . A .. $ N A ' ' : ? .' % :k '.%
j i En .-

^

,,

.- .

. . n - ) a -. r, ..

.t
'

o-

..
. s a . .- r

. .}y - * ' - f ; ' ,
.

-44 ; , ^ *
; . ' 's .

, ',u ./ V
'.. }g %*

|_ , .

' j,4
":

' . , +,.,. _.

y 9 , , , .y .
.

,

.: . >w , , ~.
, . \. . j.,:* - ( ' * . . *.. - - -- - 4 , , ' , .

- ,- :
.

., ,,.
.

-
.

.
.. .g .

. .
' d

, . j
' x - - s

-

' s. (/ e -
_ . | . . . _ . . ,.

+ * = ; , y- = ., _
-

.
.

.

g , ,

*
, , b ' /

. * , ''
.' + g -f

'
,

l'
*

- ? I. h. .| *g4 '' < |u ,, _ ,
;(; u . .. .

.%
. , - , d g.

- :
s 4, '

;
~ - r-

, E, ]3 N...,
<

,_.

m .. F r.
<

-

.
' . . ,. .,. , , . . z

. :
.

a .,- e . - ,. s ...- . . , ~,,

7,.g.g. - , - - . . ' . .( m. .. q , s ;-<3. gm. .

<9f, , . 4., , g .. , y , , 7.e-; y, .
:

,, . <es . . .. .
'.

p- - s
1 - $ T 4

^ .- -.. .

..
,

/ , - g 5..y *['i
.

' t.[ . .' si M. . / . e. * $ .,,' ,+;. - , ,'.. H
.

"

/ i.

e. ~
' , g,' . , .

-.[ 4 ,, $
. . 't : .k. .[ % ~' '' , + . . . ) . # . a-

~

H'A ' ' *^
,'

,. s
~

. ,,g . ,.* n
S'. .

w.#, -
4 .y - .

-- s.
-

-
r- e - 4.- 9 x,

\

n .q..q'..y(.n~I,.h I .'
\.

-

.i - ,c .

x: .. - : n ;.

e b', I {P ! )' paj - -
^

;
# ' '

f ',

, - , . 6 < .(,g
, .. w=

. y. .. 4.

-

..
,- - '. - ,.e

g.:. >

, g .- . . , * m* w..p.q %, .

t Yz.
. - ,

- k-
.. .-

.

. .
'

. - , -
1 .

.

a. 1 . . g. .y . . n

. .,g; . g. a. , g_y_ yg- . -, p
-

. + .

, _

c )4 . *i# .?'
- - ,

e > -
zf*

. 4. = m g. -y
'

. .,

- % * '

(- ><Z
,~ m ;w

,7 - |3 # q y '; 3 b"g f ? [41$ , ,4., 7.# mi . - ,- , 3 .j

, g' . ' ,.$
.

s - r . : , . , , ; f, . {>+i . x - o. , ,-. t-

i ., g ,- - y. .. % , M. fr. - A '

g -t
. .

t, - - ;-~

- _ - - -.

'- '

' ;,4 .' A ,
I, }} , ' ;- .[ * '.* , p

#- - ; . -~ " ' ,,8
',.+ . >%.. . g. . k ..

S. .
S . 1 .

2 ::;
. .%. J j y .

+

* " .e h s

r. . . , . -<-

, ] k ,'f fi,',:

. '. hi - ' *

5 + e- r- : xg- -

c
,~x.+ r. , . . _ ,

y- ? ,.. . w- -

+d4 .. a-/
-

3

. ,

n-%. , . ?

9 % % -($ skD. s1
-

/. . p
,.

: g .v.,.

f . ' .' " 4'
, ,,M - R4.f;M t: -e .

..

% ., - , ,| N'

' % ' <- s - s

. .e

*r 3.y h ,, <p
' ' .: 0

,
-}x. '-

p f
.

3, e

- w r-m ,, . , ,,

Q'%.. -,.9
.. 3

-

. ' * A'
. - , , '.,, a..,. %.. y, n..

.

f- y ' H
# * , ' "

q .g . .. ..,.2 .

i ~r

'.,'N
.

9;* 4
,

% -

' **( ' g 7'
[ .[, j } ~ -- , 7 -#,

i ,F(
M

- ' - - ' V
. . '. <' ^

J., g. j o y& *t
. Pg ,' -

' '

:
'

g.g'' / _ ' A ,, j . i.. ,,

.'' . ,j
t a ., . ._. ., W

- 1 -: x;
,f .

'*
l' "

'

=
'

1 ~~ - R ""' /'1 .+ .

'k,..
.

e -'
.

,

. ' ,
~. *

- ,, e j , Y m . j ' I . , . - :' X

.e . r! mz. . . ~
.. , ' , '" gi 1,

, ~ ~ ~ '
-. . , ~

. , ng g '< . n' A % F y L+ - 3
.. > ,

_.y, A - >, s .. s 3 .. . _ . . - ,,;
_

, p p._
l' q .~ = n. v 3-

v e*
; ,

~;) ,. [ A 3
-

e . , . .

->
.

. h ~ - ; a . ,m
4 M [. i <" w

4' |,6 s' .~. ;. .h .. ' .h
. ' ~ .- # a -,

" h. ' * .Y '
..; ; ax >-. +

,,,,8- .|* - f* * ~ *j ~,
- SO' [ .=

t % C

, e -
.

. ; .4 # .

- z=gy
--

:

"n,--
__ _

p?.
. -- -h.w- . | ,

i ,

.. , ,
.

.

** - 'in
-

,
,.

.. .-.
' _ $. ; g . . cs,

.. J' ,
~

[.;| | - p ,5 ... Y |'.c. . 9 ,
r

a . - ,. - . , ,

.. .. , ya

K
'

Y
.. , . ,

- 4 F _. ~ % - '
7 , ., $, . h y y" - _e_ t , , . _ _.

1

. -

,

s . , I - * ' $ - 4
- e. = s =c

,

-

'L ,. ;' % ~ w
Q '.- t .

}}f . -
N $,g d . .

. ~ w > - s ,. . . . ,
.w > .. u -

- | ? . L .,.' f. s. )g Q( . |
5 - .s s ~ "

.. .

- . '| ')
. # % e

- l. -
-

s
.

4

'

.- .

,, . T
..

3 . .. . :,,.,,.w. . x .. . , +

< -.
.g 3 - ;,.

- s

- ' s ,; .

-

" ~ %. . , ' , ,,
, . re- .

pe - -
.

. , . .

. '

5-*
.- w^.

. h - Q _ r_ " .
..

%.,s
y* e .

LiE
v. a ..':s .. , ,n .

, '

'[~ c , - se

y*. *4 , 4 ..
.$ ,.,| x * M ' f,

.

' ': y +
' '

$ q h, jh
* *

_

r +
.

k -
9

.

,;

~y
*.

. >t A y-
-

~

S. . .* : ,,
v .

+ . i-
; - *_.

i r &n v av '4,a -

.- -

, . (*; | f

.

.
r

. . ~. ,

y |g
, yy . . :* g .

' ~

...
* s

s's - ' h-
, _ , ,

.
. y_,

~
.,c..

'%, 9 a
,_ _

,#N
,

u"* 'W
< - - ~

.s g ; ,
_;.8 . , -

n. . - g . ..
e ,c

-
.

_

. ,;; .4
,.

.. y -- -

'

, . y
~ _- %

. _ , -,s 1 .
.

# c,
',.

i #gt .,
s ,' " # ,,o -. *# * . * < f 4 . ,. . ,,,; ,

- . * -

,. . .f . , ,. g ; - g .., , , y , .,;

7.,g , ; g. -

Q . , . , ,.,
y;rs . ; -. j .-g c; ,.

,

lib . .; i, h 1., 4 .,- .? -.*g}.- y '
;"

+s ;-

<
s

,, _ . ..
. ..

G y c.' f - .. : .
/ f ;. ' ' ' . i,

,

_

y
.

- ~ .
.

'll[ Mnh MLn
_ _ _ - - - - _ - - - _ _ - _ _ - _ _ - __-



- -
. . . , , , g- ,. . ' ,

- .- , y 7,

? N * 'i *y -. .*
,, <, h* 9.- ) 9.'s 4

' d * 4 .

- *id
'

,,''..'.s* e * , y 6.. f
'~ .''g . ' d' ,% ' !' V

**
3' ' W

, - - c -a ,,'' . >
'

_
ye ,, _- . - .

- - -,,-. jy

. u' ts c: . n
s . ,V ' L . iL-

'
.z , ,

' '

-
-

-
-

:
-n .v.c . n . * - - - . .'

q
'

',6 , y 's-
'.7..*.

. ; , .r~

1
.,. ...',f '

y ,[s ^_ . '
.

,

: . . A e .*. . ..
. ,

' ' '
. ... y:
. ,' CI *. ' e -'. .

# g .

*N '
_. t_ i . x -. -* % -'

.A Iu -- .. .- %,
*

,

4

,y.i.
_

-. ~ el p.
.3_
%o

4, ,w..-

, . '- +
,

r , v,

52 - *3s . ,, .
-s % i

e # . *e ,, r, , ?<- , ," .-
4 s .,t ..

*, 4 , ,.' '
, ~,

%",f.'$ t "
,. g

;; 2 + - , - . ' hL- *
3.

"

,S , _,e ,

- -
,. fyg

S( .- ' ' -- * =

,4
, , = . ,.,a

' ' '

-

4,.... ',)
~ ..' . . gd. . ' -+

, Y # * ..e p .. :g 3 .3

' _ , '
., , * *: s .,

, pg, __

p ._
''

ys., , ,

q ,

v" '

* / - b ' f.i 7,.
-' ~*

: . ,. .

?.:. ;,- _v . . . . - - s. . w -.,

T , ,N|6 - 4 s

'* i, ?. .'. '
9* > f;

' M'-|-
, 4'' * '

..,~,4 - ' -g,
,

s y* 4 : , , . . 3

Q
-

~

' (?-f, . 4 ._ .
. . . .

..:,.

mD ' , ,, - .
-

i
'

.-
. 2.

.--.

-.e
~

i.g-
-

y :

i , .

i'\ .h -

k.,
# .

''
';-Y , |.--*

.

'*|
- t '

. , ,7
' * %

| .~ . w
*,

, . . c- ,. ' .. +3.. -N
.

1 : ' :. .+ s -. .

, fg . ~ 4Lf E, ;" ~ k''|
n . .

. ~ g[ h ,

$W''
"J_

' f.
,I.~

' i

.

[ E'c a
. . -

*
: .w , , . >, + - e,

/, ,
s

,( , 7 n ;a
. . _ ; y a .|-''f

^ * '
e

* )
~

,
' - ?. -

_ .: . ; ... % - ~ < - . | ;O .
' , ,

,

+ -;
- . ., ., -.

-_

' ;
. >"

*
p, .

- , t
1 w -- : 1'

.

p'
'

' . , . * +
,

y,
~;

.

- + -- r , ,
, - . ' * M e.'

~

7| '.. f - . . - ~ , , $ . 91R s.
u. . .

y '
s,'

a
j < sm> . c.

% .-ad

1
. '9

. g ' q, . .

g- e r; 1 ;

|
"

"N t . *
. C

, y. w . 3'.
+ 3 c,& -

.

,,f
.

..

- Z

f - ..; ' - =
*

|
- 2 ' :

'

% fe - J, tr.;,; , ,
- -

. f
> 3:

' 5 - ' . 4 .

s ' ; 7 :
-

.
,

4, a d',, 4 .,
..

- '
.s is ._ ; .g.

,, .. n
. ,:

y .i .
* + . . ..

.
r - h. . - . ... e. m.

+ ~ H

.

,
, ..,..

,.
-

.

-- /
v v= -. T. ,.:

,

. ,f 2.-.g
<g L - ' * 7 p.,1 c

*, o
3

. r i ~ '' ,,
' -

% -y ' J
-. :,. . + -

L

,,

% ,, w '. -
: 3 ,__

s :. &
| 4 - ,t

-

d.
-

. .' ys s . --' ?.

.

,a ,z. -

. _ ,e
,_

'
g .< ,

1 '', ".-

|
.8 * . . . . ,

4 _ 3 4 . ,.,|
~'

. ~w
.

, * # 4 + '[~ ,
,

W T-I *
| , - :.w - - ,

- )
h'4 i

-

. < x|
.

A, . ~
, . 2. j e. 5;3.,',

1
.,7,- T. , '

* ' + .;

,

| |,|3.- ) _ ^, 4 -4 - */ N
' ' ' '

f. '' 4* *
'

.,%^ y
! % ' - $ .. , g' . = ,

- *4. * < |

2e
). - . ' ' .

'

: 'F * ' - e -

|. ,

t , , 4 ' - < -
.

, au
j y,

< x >--.~ ' ~ - ! ., )
_

.. ,(~ % , , - - , . .. ? .- i f.*. e
.

~g. .; q. :/ L. : 4 . , - . ,, , $ s g. , , ,

& * "
f .,. .; 4 .p , -

w.
,_ ;. <

(_',
. g' .+. ; -

T..j ,4 .

, . , _ , _ .,
.

> +

, ,

(. - '. . e
.

m 3., ., < a
1 .- + '

I ,Vn . .; '. . :
-

, '
.. - - ., ' e -.

. , .- - 2,, * *
.- . j,.,s.,' '[-- ,e

#

. , ; .
.

f .
t - * [c.

, ' . _.. & ,

e'
'' '_ y *7 -|

. $ , " y 'f ,< /c
. N.

~ , ~ . -,''
i%S ,R ,i ' .;

. " " "S . - '
., . ,

" '.. g- ' g
O, .

''

S,,
,,

y ' '' 4 .', , '. .
. . -~ *

g. g- .

. . - - ' y. g, ; '.
,, > ,cg" ( ,g ,

L , * <
+o y,;., . ,

'.
'

i ^|k d' ,
.

'..,.w. ,. , , , %*

%f- t'
' . . .j .W R , , - . " *' ,. "_

- %_ q"
,

" .: en . , . > .' g,, f. y *
-*'a . ' '-

_

4'
.- m.

'

> : .,
n k- r-

J-
.

T
. 3 -

,

r < '% .' ~. b. + . ~ . . - | 1 'f %'+.
g | % - (gC-

* ' ... $ | ' ' 4
, ( .. g h' " M .. ,[ 'i' *.. ,. ' j ''

'p "g
a . y xn , .

,

7' - < t
'

f' ,{- f,y,+| . , , . .

.

d :
,

,,

' (, .. -

'h
y

\
, 4,. ]& : ;N, l '

'

l. I || \, 'I ~ [ . : '
. g w ,. . .. . I-

,y -
-t,. v

g y -. . Mr , y . 3 ,s .,
.; l ' 7 .' l l ' ' a

, 4

; c, ..: . w- x, ;g,.
,] , >

.. , ~ . , ps ., i g:a. , , sc, 4+ s . ,

r - q .. p,j+.
..e + 6 , .. y , , . f. -,.:..gx m,.:g -

,

'

agi7 4

.%-. .' - , ' % ,., , ^ ;- , 'j 2. .
: C^%n ,

< f' ''1 . ' .p. . ., . J , ; . 4 f . ,;; ,hf y..
L .'

" A-;
_

.'~ U' g ,, . e ,
** - .g , + *: -'' g ,'_'..:*

.

e * '. 4' %
,

.. . . .
, yw ., .'' .;P g %.

. *y . , . ,
- s ' - k

.
~. 1, . p . e* .

.. m
;

,e -.
., , p.. . ' ' '

f .'' <
4 i

.

.? ! # o,R
_

j< ,_ J. . . * | E ,
* '4

'

% L (* ~ . , ).,4 C .X M' L-| f[ ?
','

. , p, F., " . *
, , i .bY -

e
, .,.,.

'
, % me ,

. e 4 y;kg p .
. - + - - y e. y.,+

, ,.
> .. ~ - . ).'e.. -2

.

- ~

9'|jg. m .; y, , 73

N'y .,, ;j { ,, 4O: ' {~ , M.'S-- .
,4 %,}"_*,,-e.> * . g,.

.y
,, j ,,, ... 7,.. n,..,

..A . T
.,

7 . .. - - , . .. . . ,-
. ,

A
. . .

w . .- -ct.. ..
,.%,.... ..- >"% -

s. ...

-

,y.. . :, 3 4 ..'
. '. :. n. .g, .i..'..,,y .

. .W , , . ,

'.7..m. i..

[
'

a

_c(rt,
.

-

,y.
4,,f [ k I l [ ! NU a| -. w s.br . z. i

_ _ _ _ _



A /4
$'"' '

'

.s .__
TEST TARGET (MT-3) l

.

?

>

' l.0 '#Ela Ei
y @ HE

i

|.| >,E m IlliM- -

u .

/ W .8
4. --

!25 1.4 1.6 |

.

\

4*r%
+

# +)4? ,/OAfh/'y,, .,;

-



1

'

A44'%> $gNNW #'

NNv' ' IMAGE EVALUATION
TEST TARGET (MT-3)

.

l.0 582 EM
E E3 E=nm =
m

|,| :t, ,g
~

/ ' I.8
I

| 1.24 1.4 1.6
==.

/ = c ,

|

4%
#I+%[4

4
$$g'i' t>,,
*

,,



,

g . ' " . ., t ' ;-~- .-r . .

. ,
,

.

. . .g.
. es .

, . . . .. , ..

.- , - - . '.'
' '

.

,

- .
t p,

,

%
-

fi r
-m . -.

+-
...,

- - ' % .-

.,M [ ', f
" ' - s.

- . ,

s
, .,

4
.

g
.

u
,

,, - .
' :

- p %.. ,- , . -, .
. - - - .

. . , ., .

., , . . . ,.-.s ., , : > ,., 1, A~, ., .. .m
.

< > - e.:._ , x
4' p. . #, ,. , ,,.. .,

, .

.
4- - - . .g .* A

..
s

. 73
.

- , " * . - .# 4
'

. . . >

< u
,

- + * w ..

>.-
, - . , .

- , . *w # .

+; '
' "

<

.. ,

'"
- #

. , .'

. . . , . - .
, .. . . ..

-

.

--

8 ,
-

. u - . z* _

A ' < 'f. . .3 _.:F . . s
, . <

- .. * s
-

-
.*

.

^
.. , _

., #
.

,j
Y,.

_

. . .: - 'y -- .+
.g.

v., - .e. r +
.

,,
.. x,,,,,,

. ~ ,s (, _

1s
.- 7

_ y -
*

-, -
e.

. .. , .
-s. .

-

- T
- .- e q ,w -_ yv, e. s< % . g.g . y .

-.
.t

,

,.-
1

wu , ,

* -

, , , r
., V

, e. Jt . > -m . : . - .
+

.:- . - .m
~-

m e .. s % s
. . .-

, , . . -

, r-
a - s

.

t. . . y
-

: m n u. - w .

i e, ,
- , c ,3.,

t 1

,
, 'L

, . - +
,

% -
3:. e : ., g , p.~

.. ; g-; [ .,

A. .,
: w ,-

, .

. g,, ,

yt-
- c . , ,. . . :,,-c-

-*
'-.

.g . , , - - .. Y n - 3 , s
.

s. . - ; :
.

,7
,

+4 h .
.

.
.

.
,.

# ,
D

., .

4-.,',r.. ,

-

f.,.;_...-A.

.

' ) A. 't 3 * $ ;'''d, i j'E M' w J g
' 4 - #

s
*

C.-

4 ' > - ,, , ,.
7, -

*, .

,
_ a,.,, p x w
! ' ' ~

. .'* , c,'
",Qg4 ;4,%- - ' 1 '

t
-

g Jp
'.. g's 2

y.
' ..

5 + -4 -. r Q[1 - _'.'.,,s ,%,f:i ,. , .,
f ' - W 7-n

' ' - y '. R m n:h: :[
*

+ ~ +
* - - 7'-

. m/p. v' -A,yR{ ' ..

n.
_ _ % .. +.. m - ' < . . ' * -

. -. .

.+ '_ >5
--

.e.
_ ,

,

-

,[
m x ~, c

.

;r ;q , .. * .

'
-

79
CG

'

_ "9. , . . ;, . s

A . , -# . * i*

__ - -.,
- x s , -n, .

, .,w
' m i. . -

-

< : : a.
.

''Rs , ,
'- - f" bL T 5T ; ._ , -t .

.

.6.. Q. '..'w ,

t r e. - .s
, .

p
t ,_ - e.-.y-

d ' '~-
- .. -

t . e g n,

, --
$~;.W Q,

. - - 3 m , ,

t
.

..e, . m ,. r . ,.--
'.

,- .

* . s *-,-,
,

4 t . ,. . .

.,w. . . . .+..

, ,4 - -.e - , , .q . ,. y .. . <
, .

.
,e

_

w = 7- s, 8
,

. . .- < =
. ,

, .

e-

N **
. . , . e u., M + . .? , x -: ~ ^! - f

,W&;: ['
,, ,

| . f ** ^
\ -d+ , _

- '-
s

+ Jyng ; 2 m
, _-- +1 : , 9 x.,

. . : c ' . + ,ggp g w ' . 3 - , -
. .. . ; zc.

Q L.. .. i T
' As , .t- - <: -

- p ~
m.. ? m..

<-
, % .- e

.

i . , . . _,
.

-
:.

~ . ' ' f*$- ,,'.h _} -? [Y *||~ ,14 f
''

w. .
*

,

'~
- w

"

Q~.I W : 's-l
' ' _f.

J}x-;
*

:

* i%. i W" & C / Q -i e ' kw| - - - :
, * f

%g{ces - ' 94 ; , -_ -Q. . . . 46 . ~ : - -=
* * >* 7

|
.- . . , _ q .

un W "y' . *. . - . :
,

- c hiy.h . , 4 . A
" '

'

t
. .f.s.m x

> c . i " f '*~
. ' '' / .

. .~ i.
' M ,jeQ-

. x u-
'

.y .
'':- , , f'V' ', yz- + r, ,f '.E < i" 4

,

. -..y . 3.1 * dQk.v.7 % $^M,d,n[v,. l' p . 3 s
.

:r , ,

z :.

I -' +

,- .qc+-
-

v.m
s e ot m j .,

'---%
,

n yv ; - . y . :
"

'

g& ,V ,. 'p . 7 .,. ,- -

,
'' - * * --

*- #
- .

. , ,

, .+
$

.. . , . . , , k.,. ..
2 ' 3

. sa . ''% T. . s g _4
- '. ,

..
Z
,

_ , . e m , ' -'s. ..
M .. *by .S .

- , . . j , " Zf - * ?* ,o

-

+ *

u *
-a , - - _ ', ( , 4 - t ,

y
.

.. - =.

'

e - -: .h .

' ( --3
- S' :/' - # , .

' . . .

'- . * - . . .' ,. ' _ _
-

_ _ .,

~

.

' j '' , kg ,

.

P'
.. m

,
. , . f, ., ,. .

.

-
_.

, + . & f.:g g; - ;. w , -
u '

-? ,.- ,

t ~/..'"***' ' ' ~ -
5

\ . . . . .NP ...#I4 4
: % -~ . -

.. ._:. <

. . .

_
_

- ' .+ ' s. .

g -
" . , , . .

. . :, e. ." > ;- 9.$ . y4

, ..

3 %. ., .' - - :
, : ;.-

a e; c ..

.k / e , 'g
.

-- g -'.=

* -
. . ;

i

*

,^
.W..'. * -

,

.
-

9 .
J

-

|
. , . . . g,.

v . - e :'

g,
iR s. j. . -. ' *

'

- - 4-
' < .: 8

, , " _

-
. .

%>;:,
,

;. - i
.. .

' ' , " + .. . * . ' ,b .,. :.
. 8- .

. 4 .

.

, 4
' " *

_ . .. y a
.

.~

y, j. , , =iy n ,

-

, . ,L
, _ f . .. ;.g , - - ,4.? -

x ., .-e s + .

- -gy r .- , . . -+,
- .s

'- '

. . 4 . 's
-

~g .y . .,, . '

g..,-.
. .

y. . . .
, .'y}y|

" . $ n+ 'j.
.,

.. .. .. .. .- , . . . .. *, '; 4,
- . " v -

, .

4, , . .
.

A Y,' .. *
, ' t ;,

:. *

: .
:, .'' *.* y .

'. ,. . .L. 5,2.. rs-< ..W* ' #
. . .-9 . ., g-' &, :

.
y1 ~ *

.

r_ %, ,. ,-
.

....-,..g4 ,.;',. s . " ' p,' ;p . = ;( .

x.
.

s.., , . .
,..y ' ' ' ~E. ,e p

^ sg f y,n -. ., 4 :-

' '. - .

- ..
. : . - . . . . s. . . ,'s - .:.. . -

"

M4 g s,

' r. '

Sh b-h
, ,. _

$[L .h . [

.

g,g..gg, pen _
-

-; ;
. .. .

.

m . 2 - , .

~

_ _h AI
n. , .

, y% * I
-

I5%,- i ;

$ $| fs..=
_ _ _ _ _ _ _ _ _ _ _ _ ___ . - _

. .-



-_ _ - . _ ._ -

, , ; - ~ '';,' - g .f . , g 4j,

"

.-. . .- * * b; ,.* f' ?

: ,. s >. , j . $ z
i s A ".y-

3
f '+ . g,

y<
.

, ~ - .
4 .

. s-
..

,

e . . .. _ fj,

$,y
-

y

. . .
.

,..o t
. - a . m,. 4-

.. e :. , 3.. -

,

4 y -

,t'g n- 1 . - p. -
. y. . g 4, .. ,

, . , ,

1 i' # * ' ( i T'
a.,. i .-

m *- - ' . ,' > - , - e \
.

. +
L #. #. . g

. c

/

s. 4

.
' 'x

*
(7 . 4 . .

#.' l
'

S O

~| ' ',
.

!;_

,

R#' , _ ' - *
, ,

. , - - .

, , 4: .,e r._ }_
,

,.,
,

, , ;
-- _ 'N

- '
'

t) E+ ''5

.-.s . + -

*
i ,s

. s.
.

u .,
_

, ,
- 3i

'

e
4 ,,

e . ,'.
''!'y. m:

'

, ' ,,.
..

s ~ .

.:
- -

y > ; - , .,~ , , . .
, | *

y
.

.

' . . . . - % ' g
,.

.

. g h .-
_

. , ,
_

j,

' y^ z'~..
'

,-
.

G,g,.. ,=
.._ . ; 4f .. yn' i - < ; . ;

'"" -'. ' aj.

; , ;' .-s 9 7 > N
, ,

. .
- - 6 - - -

, ? d, J
s ,

-

, - y -

A
'

'w
. . .

. .. ... ..
.

.p - .- ., .= . c
,

y

, , .
-

. r . . * '.t - ,
- i

f
e

. . ,
-

. , .
-

3

'
, ..

h
-

_,_
- ' f ,

.- n

~

~

+ -

.
y

.. . [.. . 3,

' '

'

" *# - * = %| , . , , . . -

,,

| 4 -
.

o ,s f
''

t ,. g .
~

,,,
%

kp ' j L, C
'

' '' 8

'er *
,, ,

rp ., 9. . LQ ,* . ._ C :
: ,? . -

_

.

s -
+

.:., i '- ',
'' '' .~ '"

,p y' ^1

'E *- *e
,, ..";

.

L '9 .. , . , , ,
-..e se _ g

'
,

-

.$9 ^ ' ' ' *- ?.
"f '

'.f.J iy
. . g | 4 , .

D, . ^ V .:
- * Zp, , . .. .

.,- , = .+ . - 1 .. , - ; --
,

' * y g'.r-

x g
.''

.$ +

n% 7e
e

;
& - ,- '1- . . g

.* '

.ip* - *

%

.be. ' i a;
,

.g

;, i | '.. _ e, f
,

?
' I~'

' }. ., '-, .R
, ; -..

'

" ~V
.. y

'

.g *y - , * ' ,- -
- , 7

.
A -,

. r'e .g
' ' 4; -

f-'
"

; , . .L-

E | i
,

'& *

,

W

s ;. - .', -
-

.,, ;
p,- R< ,. .

. .=.

3 - :
_.

, p , ;<

. e - -

. .
, , ~

.
.

sc> >

'

+
. s.

,
r

-
. .

%2 . .:,;
' ' . < ~ [. 4

- -
. . - .

~

1 - .. , y 4 l i
. x + ,

.

y ~

4'
. p

#- .#
,,'N s 4

.

,

t -. < .
- g. . . , . 4

i
*

3
^

'$. Z
-

,
. , ,

e :- g. s ,,. ;p* f<

5
,; , I '

a v L'

'
- . -, . , . . - j s.1 <

, yy s= s.

4
'#

,}
' "

. .. '. I
' [':

, 4
- 2

"&< .
g'. _ e . .

* s.
:

ij_,

'
'3 | ., <>

-

-
: . . ,

* C
~ , . ,

MY"
-

r.
.

, , , .y' .g
=

-., 4 g .; +., . ,=

. y3 ,
, , . - .- < . s. :

,

+
,

-
. . .

, . 7
. <y, .= . . . _ .. . . , . .

! [^s ' j ,' ; '
'

2 ( , ,. , s.
' .g ,

L

.
s. +- ,-

,
~ .-

g
.

.
- --x -g.

. .. ;.

.-
' - * . - . 3*

-

,,
- . " *U ' '. ~ t . . ,: - :.

- .e, u_. ,

L
, ;.- .,

-

. .

. g; . . ; . % -
- - ? . , , ,

.

. .
*- 6.,

.

,
. g .r.. y , ' , -

- ' ^ .. - . .,-

.

.

. . .
. , - ,

. y -
, , . ..y ,.

.n , .

n y :6 ,7 +.

, . . .s . t t .:.. ; . .
..

.
;-- . .y

,Q, E'

% . ,. t
_ ,_

g y,p .

y-
, - y

'%* ' '

;. . ,<, , , , , .

,

,
;

.

> .- . 4 e s
; , , - s& .

-

,.
.

- - -
. .g , - .. t . 3-

.( 4.sh ,

.,
,, L_ .,_

. . . ..
,, ,,

-
_

.4. ., ; .. ,''
. * ' .,.$: - :

..

p . e .., , .,

. . , , ,.
. - < .

.A
-

-
g, ' e.- g

- g
. . . g.

,,,x , ,. . + :-. _ . . . .- .. -

\. =_
".

- . n..,
, __ .,_ , ?_ -

.- . , t-- ;, . . ; y.. :,. ...

r ...
=

. . .. . . ,. . . . , . .; .,
-

s --:- ,
* . , ..

ag; f r * -~s;
'D,~w m4

- . D _ ,
' <

- .n . -'ts -
. 4 a,, , f. e-

mv- - w -
. * ' *<-- L . N '. -[

, , .

'
. . ,

_ . , _ _. _ _
q .' .?,a* :_-

- ''
, ,

|

-'I
.a p : : . L 7_-

- . . .
,

. _
.# b w ye . >..4 C. t 4 ' - - : e: c :. .,

s : :
.- ' ,,-..

f ;; % p,(.
.

$

pp i *'
. .6 ce - . . ' < ;

t,h
'

~,.
. ,

,.

4 , 4. 9 . .
.

< ., . x
.m . , -

- | |AQ)C r .F, M if"-7)
Q. i b. t J .v e. 4i

____ _ _ . _ _ _ _ .



, - - - _ - - - _ _ _ _ _ - - - - -

, ,.
..

',b . -_. b. *

'

'

,

, og ' ' ,
* N., # *N.

.

A *- -
. ,

9 * ' . ,

y
*

4 ., , ,
\p _- ' , k: - ,

,
g;

' ,,,'Id
' '

.-
-.

d., - ,4 s t ,
- . * .~ - ?' ,

,.
g '.

'

. .- ., [. * . '' + g y

. .:
. . ., .

'

'n.'k - Et < w
_ ,

:.si
,.

;. 4 - N
,

s , a
/

,

.

e .o ' A
. ..

. . .. 7 . .-,-

. - 9! , :., . ,. ,
,z

'

,

-.o
- 'e' - ,' , , .

. '
*

' -

,

S- - g,y
9

.

*
. '('

-

r _

-g -

r .s. . .
,, . , .

,

O '# ,
.. /

, .+ .
i

.

.--

d, ,

+ .

7 . 4 '
'

' ' i
' '

-

. :. . , .

- ,
ei,..

-

,'..E.
- Z

a V

: .r " w; ; ~ - . * g *- ,

5+ ,-,
. w et . , e( . , ... 4., , ,,

x - ,# .

g. ... ..
9

- - .y 3 -- ,:

' *
. .

-w . .. O-

- r. +*
.

M.
.

. n. , . a . . . 4 s. x. r r. a w .

. =
[ *, f

' Y e ,
*

ks .] .- e

- ' * C
, d. [ ' , ' - ".

' W,4'

,M , g. N.
.%

,
4

,
,,

.

-
e -x

,, .
_ m - ' g , ,

, . ;? ' - +

- ,
,

-

Z

.n

, ' . , Lh ' - '

g,
s ,_ ; ,-

, ., . r -1 a .- *. * - -s .. y ,

''
,

~ a . |
*

# r -. . - . . -

N. I
* '

..

t . 4 -
.

* * * .. . .

.

: C
.

s' . w-
,

.s , - | * - -

p
~ e . , g.~ ..,- .

pc , -

'

g
.

- hC., ,a y
'

'.- M* 7 .:. . . .

+ t - . '
*

g%4-
W

- e - . - , p
' ,

'

q _ ,t yf. . .-

C' - + ^ - [, ' . , . a' gf' y

,,
..

, . .W- + - -

f. . . .

. $ | - , T
.

.
. . . .

>

, . - , n Z
..

'! .'y .

; s-;. . .
-

<. . e ,.-
. g. w .,,

'

- . ;
,

.

.

'* .

. .

r;~
'j - ,.*

.. j. , , j- ... -
. - - .' IC;

. -

.a -

,
- ye . _. =4

,
,,

5.
' < - O 'A._ ' w : . .- .:. ,e .. - 4 - ,

* *
. . . -

4 - e '

74

? | ?g ,
- - e, . , _ f _._ . -:- ,_ 4f

. .- %4 . . . ,. .
^*

.

, e u.: .. - w v. .. . -:,,
.. . . . f ', aw'-

. O.- + ' = ' , * "'
g3

.

F . a ,

,-
.. ..

,

. ' .-
4 4

_*$
f. - . , - .

.

-

- wp-

. - .

#
,

, , ' , ,
_ _~ -

, '

6

* '
f.,. .J.. . *

t
4 p

'W ~. ;
r . g%r go g , WL

,
~

,.
. w.. . .- 4

>
. n- . :.- *, u - y c ,_

,. .

,-

'
.-

, , ,

- w, _*' , - ya
'

3
_

W H.-.

c' - .**,[ h _-
- -

* gm~
.

,
? g'.

,

w - 3
.,

1, '
'

..
.,

. ' ' -

. -f . J.
. .. :, :-

, .
,

-
.

g

.. .e
. -'

' ' * k ., W
,

Z,. -.
~ '

~
'

- .*,

- ' 1; g
. . .

C-

-

, . .

< '.$ -
'

y. .. , , ,
_ 1

. .

Z
. s . ,

_ '

l ,. .
.

.
,.

'

;

e
,

.. s. .
, '- '. L4 .. g

a'-"
, ..,

'$4 --
,"

*.., f\ - -*

k| ,
~

;'.
., c g. , .

v
' "'

g.3
.

., ,
., 3:n - ,

.- - . . ,

N
. , , ,

.# .

.g. r
.. , . . + ,

. .,. .
. .

. -

x
:(. - e. ,v .: y _

. x.

.& g a
' ' # ,

*
_

.. q. .
.

M.u
_

< . - L - 9.-

. t: -
.

. ,
.

~; .g

-

.
. . .

A
, ..p

* * - . ' ' ..
..

.

e
S<

' --

g,
'

t .

.>.
. . .

k j'-
. &

P <. , - -

_p * f ,. ,'
* . '' -

*

% ,

*
, . ,. 4

- .

.
.,

..
';.

*e-_'
,, a . .

, g . , ,

-x . . . . . . . . , . .. .. .. .. . - ., - . . .. < . . . .
.

..$.. . . , .-
. y . ., ..

.

'' (|, - g
'

v . . . - .
,

- - . . - , ; . . ;

L
'

i -

* ~ ~ ;$Q 1.') Q 3 <ij >; . ,,-
'

.

n . . ... . s ... s u i *

*8 51 * n if l .
-- --- --- - - - - - - - - - - - - _ - _ _- . _



_ _ _ _ _ _ ___ __ _

%-'d .

- * ,, .

y . =e j
,

#

. .J
_ .' t j. ' , ' ' ' - .- ' - .' s ; j...

' C-

*$ . ..~
, _

f, 's'
.

*- '- g R .y p C.

. ,.

)', y i . , * ' ' - .')
- e,., y,

"'

' - * ,' . 1 .
'

,, . . ..
. 7 / .-

# * .m , ,
;.n,.,.,. . ;,-

- f
,

-
. -

,r.
.

.,,. ,

,=$' - . ' .
,,

'
,,

, h ..
*

, .S.
': 4 #'

'

+. - ' g-
_, , . r

.. si, .
..

*
'

h a,, -
-

, 7 .
. , 9

,

,

.y , ., q,.a, , . v.,
|

' ' '
.R _

*m 0 - Y
, .

* ' y ''I- | *~
'

.

! '.
, ii. , - 4 .

,, ~ , . -.

'

#
- - -

.
. .

-

.

S:
. s - 4

'

.. . ' *. . .
.- , K~

;
- -

. ,
<

A
_s ,y -

'

.?,,'
- *h . . . . .~. g'g ,

.

' . - M

S
- -

,
e_- r .- '

11-y,

-
. , ,_

- 'g ' '- '

*
-

** pt
. .' .

.

? - .

'' g .- '>
, , .~ '

.- . -
.

, . ,' ' ' , -

.

. .. , .-

'
~ ' ' ' ' * E

.

, ,- - ) . .

( ,' & <- ,. h
~

;

'

=

'

(\| (- _ . - . i ,?
.

,-

i . ',

i +, ,'- . ., <-
- .1;sy , ,> . s.

- . -

, ,1
_

2.

a. s i . , , . - . * ~ { --

_

< .. 4 e
.1 j ." - + * .

'.;.
.

d. T .--

.
-

. y |y,a '

'' $ n . % . . ?
'

_ \ ~
' Y . , n. .

_

$ .y , ?,. .

- ,
. < _g

~

2 - ,. . - - .-
-

-
. e >

_

:
'

, . , .i v-

#
.

h' ' g '4 .$
' '

- d-c 4 "1
. g -

. ,
,:h ?

..
,*'*i~ '

r ^

...ac, ! / . M.,. +
.

- "s*.
+

,
2

w.
.

- -

,

h -

: 4 "
. s. '+.,- .. _ , ' _ >4% .. -

,. ;
. R. *- . , . v

- '
i .

s
.

; -

: 4
-

. . , #. ., , - _-
-

_ r
-

- .- +, - =, .u .

V
., 4

-

,, f 1
-

,,'4 ( , . '' . ? . i p - V. i-. ..

.

-

_

. # /* '

. .
*!

_

,

- "- ,,' * . - '
e (e.e

'''

.. p I
'k " '' ,. x

.

' -
,a - . -

''

y., .,

' ' *
. ,

- ,-.' yP t- .-

-

y , },
- / - , '4 * , . .

% .< . :.; * A - *E #

C
.: ,.

-
,, y -- -

~~

* h.1
. . g "

'

sE
_

;$,. 4
. ''' r ,' . ' s

- '$ - ,.
r .

c,.. . , , .
.,#- *'g- <. * ' , * } q
'

..
t

_

,g** .
- -

: ..
'' b'

.
- p ; ., , .

,
, .y *

. . . -

. . . .n .
--

,

s ,
,

!
,

- * '. ,' -
- -

'
'

,-
*

* - >. .k .

' - . . ^d .f e
.

s ' -. d.,
'

_

.a
~

-
". ~

e .- " ' .
,

i *. . , 7 % . *- * - d
. ~ ' '

'k.?
-

' '
.- # *

.

w
dir

,
4

''' - - . - '' '
. . . '. .

' =
, , _ r

.
- -

t . y
.

* 1 -
- - -

. s , .- . ,- - <-
4

'

_'
, ' ' Q.

' *
,

M~ * * _ , . .
* 4

^~

' ''

3 ye
,

.
~

J .g . ,t g +
~

_

~

~~.",

'd n& ' s 'g 9 . . _

.
.

s .A c
4

- d.: y| W ' 4 -- . - ]t . j ,-
, ,

. . , .
-.. , s

|

.

'4 ' , . -- > . ,.
8 : - , - - ; > y '.

.

'. :
'

_
. $ , _'| . A e ' .' ~ -'

- ;s.

4 -
. - , .

+ ;
,. ., ', . %* -

y; ,.
,

.,=
.k j' '

'
... .

_

. *g, A
_ ,\

' ' ,
-

.
:-

,

4, 9 :s .-

-

. ^. , , - ' *'
y g-

'' W "
, .

O

(. * * = _. *
. ' .g I

. .-
Q,'

n ' s
' ec

, ,. ,e
' '

g "

I, 4 ' | f,
y 4 . * ,, ,,

'' : , .s; y ', ._ ,

''

4 , . , N ' *

n g .y i
'' ' '' ' '

/
,

5: , <
| I , ,

, '
1

.

, e

b . .,h"y'
'D, - ,

- -
t * ', f,,, ; , '

'

| .p .,

; e
.

'*. ,".
..p, . - . , . . . :. +

- *
i . .

_ , .
'

-

, m .

k' '

| ,4
. +

,
. ', ,' " ,.. .,

,

..=-'- , . s. =' , , . *- .,
L ,..s - . . ! M, , *

, ,
,1 *9 j , ,_, , , . .s.. [. -

.
- 9<

' '*g a . '
'

, ' '' ''- ' j *,' ' -* "

-' ' ~'
'

'

,

_

.

, ... . .* ,*.t:: r s , . - . -

'* " f
. ,. ,.

, N..s g
. .g ,

- g, . . + . . 4
,

. . i
#. <-w.;

. g)[ L
' -

, g g g.
'r.- q e

,,%
_

* * a. a,

c , m. , ' . .4 - y

g.- : , - ".
.

,
g. ,

4 . * * * g- - -

p $ . . s .+ -. - . : . c.: g . , ..

2

* < ' n.

, , ,

, .
. .

, , ,
, ..., , .i.

,y
- 3 .

.
.

, o,' u, ., .

- .: .
.e - + ,- O. - . . y <g

,.
. . . -- . ;4 <

-

,

* . ..
g .

.

, , .

e**,4
a- .., - -

;. p
<

'

e W
.

'@ ..% '' . ..

* * '.t'
'A

.

--),-

, ' , - -
4

_ _

4 . W .,g
' ? ',

* *. . , -

'k-
,

. " -.
' g y - a'' ' -

.

W

4 , -, y , , , '' . . . , . *
;-

..

- ' - "*u.
,

, - +' ,'

_

.s
f. , . t+ . %. , ,+ -

." . I . ,_ , , ' '. ; .. . / 4' '

'
. - . ' . .. .|-. . . |. .' ('

.

. , s, m
t- i

*h tua s,s. , e



--7. - . . ... - - . , . . .- .. .
,

, . t .[ ,,,, , . | f ''

. ,,,,,,, g ,,, ,,, , .3.,.; ,, ,'

. -- , . ;r.na.wMem.e . . ~ , . . . ....~,..s._, . ...,y.,,, ,
,

-
.

..
- w ,

- -5 .
.. _ ,

-

7 , . .
.

..e

4
-

:,
., . - .w . . }- ,

. . . . , >
'.. g, ..

.
.

.

, . "&
'

: *
,.

, ., e , y ,,-
,. >* r-x. -

, ..

. .

!, v-j ' g*
.

:,%
, ,,

- "
.,

i
,

, i.
.

: <- - ,
.

- fg -
. +

*,- ,

: |. _. 3 .
-

-s .J. _V
-

,

w n

.,,

'e' . ,

.t .. -
.

,_ ' ' ~ . - .

- g .- - - . y . ,: : / ,-:..,. -

,

* 5 . *

.
.

k.,_ -' _ ,ad ' . .
- - a

.,

*
#. ,'- 'i-

- ,' x 'f
.: .. 9,. ,,

,

. At 6 - L. m
_,

''
_

* *

:a

w -
.,

^ -

. .

9 g .

> Y. . '. .f. . 3
- '..

* ss.
~

4:.
. - C |

M'
..

- - . y
.

j - ' g # ,,
,

-
. c ..

%

..

'

-

,, p$f,# Z'. ' -c , ., ~ ,
.,

. .)f .. ~z
_., , .

,

% . E ,. y-
,

$
_ g, ;_ ~,;

_,

a
- + - .<y -

_ _ _ .q;;. . y%. . . y; '

+
->

, e
-

. .& 4 e , , o ;g,- - .'4.' .e 3
.. gay,- * .,, ,

'7f '" ,(.; pD., Of L . = . - .

'' * = * L'
..c ,, .-

. ne.: . - .- *

.

iY
'

" ?
.;, , , ., ,, . e

'
.- ], ,,

, . ,an .

i, . -
-

,. ,, '. --

*
,

-

'. e
. _t

,
' _ i

- _ ' . ' . , .
. 9- y

.
., , A. . ; , , .

< - -

' '+ 2 - Q {.
..

...in,
. -

, __ .
.- .

,. . q:yA' . .
" -,

,

r
' x*

|
*

- <
.

_ ,. .R . ,_,

. , i
'' y *

,

3. .. .'
.

. . Nu;. .
,

;.. .. . 7
'

. ..
''

. < , . .

.

*
,.. u

'' ' + , gg
'

.

2

'

*

|,. 1(*, .. g. <-., .,

>, ,
p* 9

s'
. /

,|
- "- .

| . _

1,
, _- f

,

-

,

.

,.

I ~ . , {y g
'- ~

'h .. .
~4Q. - W. CC -

~
" .~ - - ' - -

n
., w

'

' ,',4
' g

. - '.

O=
_.

, - '.r -

< - z
'

..w- ,- .-
' v + id.,a

,L,:- ; ; - ' y +. t v. 4. - - .' *

-
' ' ' " -

e n x_

. ... . . . , ,
.

. + ' .| 'f x;

, . - .
- , . >

_v. e. n. , s,-.
-'

,
t

.
J E--f.

-
- -

-
_. , , ,

.

;y ..
.'

- -
3 .

y
- ,;. N m.

.

c-
n.:, ygn.

''- *
n ,

. , ,
,

. ,,-

, , ,
+ -*

,,. 9' -1 . 5 % rg, ,

*- * ,'a' r -
8

4 s
*

,

.- - .
. , . - + , .-

I
,

,_yg;
- ..a .

-
'

,

-.
,S

- , , , , , ,
, ..

, ,. p * 1 ;. , , . 4 .. q ;
,

. . p ~e, i. f g-
. .J - , .. - A t. - a--

,.r,

.

, f- . . ,

g
.

~ jr -< . . . - . . - ; _e . -- .. - . , . .
,4..,

-

. ' - -
'' . ' j- ' -

.

'

3

< + @S-
3

- < - -< mm, ;e .

r, ,. - 'a
'

v ;-- G , - -
. , , .

.

;9 '% t. w w;
*

-
.

' * 7 O" ., ; ,g ' * ' .-M jd . g s- '
,

/
,

,; g ic ' n r
.

-
,

-
H "|< .- . ; y .

_1
>. .

.
A

|
' 5 j- \. e

-
s c y-

' ; . . -
.. . - - -:

.3
- - -4

.

* ' .
' , , ,, 3 e . , - O

3

- ,- _47
. , ,, '

.%: -e , 3x

3, -
3 3

- N, ,c., cg
r w - .@ V; . '- '

.~ 4 . *e : Ze - :
- . ,

:
'

y
y - -

' f..+ f W -
,.

, .~.g} 1*. .

, 61. , .
> - - .,*' '
. . y 7

_,

g, ' t - f* 2 . -

.. .

,.

.e .' :, - . . ._ - - .. - , .,

,,
. .' -

_

' -

. $. $ g
'i-

h '

q , *% . - Z'

* . .

? : Oj, ., y
* ' ' 4'' $

,

. s

\
, e ' 94.- .

-' e
,

; . p

-' *y
.

Z
'_

,,

,

- g. . }b ,
y,

- *.,
e: <.

$ ,, , d- , ,' ' ' + %
' * 1

- 4
, y. g.

. , , - ' -: g

1 %, . ,,
- >

. , . . - ; ,
,

, .;
-

- -, . ,,
? . _ - . ,, ., n

. , .

..--.

s .4, . .s,

a .

. .-
. - . .., . 4 - ,.

g -
:

. . . . . . .: a 2: . . , ..: . . <
'$

-
- ri. - ,_ .

.,.

n-r. v ... - ' *.,
N.

. .y.-
. e .

-,
, - - ,-, - .. ..g -. . - " ~

*.

w. .

..
_q-

. .,, {
e

, 2.:. .
- - * :.r.;

.

;* .

-

, x-
. .

.
. , - , ,

' -
.

. v . .. . - , , . % ..

'

# ,4 - ' "-
p , , .- .. ,,,,,,

.
,

. . . -
g --

,
! -

_[_ ,_

4 , . . ,-
,y..>.

+ - . . -, t .

,
,.

.

.. . . Y.
.

>
,

.

-
,4 , i

+ -

+

3
' '*- **

,.

* , y " . . --

g. ;. ., - - .
.

9 . -
. y. - ., ,, . .g .,

. , -+
-

v
- - m., y . . . + , = ,

p , - _ _
- g

b. *t g- -
'

r. f
. . . .

-

_y
v

,
. ..

,
__

~y - r -
- . -

-

- . ,,, , . ., . ,
'

''

, .f . w

..

E * . . . ' ' - .[t ., I "* '* 4, + , N .
. .

#
. _, . , _

- -

, , u~..-
- - - - - - - _ - _ - -



. , . g - . , . . . .. . . . . . . .. . . .. , . . . , . , . - .. . ... . .. . .. . . . . . . . . . . . , . . . . . . . . , . _.

t .' , '. *
:r

+
p

r
. . . .. . . * . j. - - -

9 " ' . - . b,
e .-

,'

4 , % :W* * y
_,

V
,

-." g . * - *
',

-

- y, 7w .
-$

,

y . ,

>4 . , _ . . , .
;,

s. < g-.- .

g; .W. .- me.- % ,,-

2
. *s,.(. : ,W r. . 0 4. $ ya g a -ee. - < .:< l 5- g#n .

'

. , . . --. ..a <aq t 3,, ., , , , . , .,,,',,,,;,.,,,,,.,,,
'

u..,,
,,e...,.?*-r'r, .. ...s..; ..,...o4,..3.s,,,..A.....,.

f
'

-.. -
., ,, .

, -- . . ; ,. - , -
, _, b .~ , _

. <
- -

:.- --

- . , . . , -.
.

_

Y ', - ? - *:
' g., as "' q * 'e

,

*
y''

.- , T .g .* * e , :, ;. , * * * l' , , w

o .

'

i:
" [ .. . .

~ - , :. .'. (_- - ;. . , ; . 3,V! +.
; , . '.

,
'

_

* .
$ - E, .' , , . .,j . ., * ' ' ' * *# v' #

.

' $. '" P'
'

4' .
_,

;. - -

* * L ~' .;- y
" *

a M e y #

- e og
_

9
_

* - '

.. ; *
, . ' %g j

,w - ' '-* -- , - , . , ; -

<f'' g6
-

,

#; .'

: -
.

?

._, ,, ., ,
' ' .- A -

,.- ,
;

.

_

. - . , , . ..

,4 s e
c

- y
- -- - - -

,.

-'
;, ,, . .

c y!

. " _ .. %' ',
,. , 1 ;N

_

- ., . . - '. T
^ .

E
-,

y; . . , ,

. .w
,

T* ' J
n. <

- '-
9 .< ,/

, ' - g#
-

e

"
'

* -t ,, . , , > s
,.

A.
,

..
Y

- . .

~ s
g

.

C"

-

| ;. ., |. ( *
-

| * --- *
, y

~

-

..m -

- , .
,.

. _

.-6 - -

. . ' -*
i .T.' e

_ , ,
-

.,

4-
' %

* .. -, .: _% t ' .
-

v.

', .
..

,,
.

_ ,

-

,
. - - 2

. .; - y .. , .

'&. . .. ..

.a 4 s s.
_

.. . .

4.

,, ,,
. a

__
'

., -

,;*_
,

.:

s . , . - - - . . , ,- e 'W ' - :
_

.

I- , - '. 'Y

,,- | - g ' ~ + '__ .

. g }-

.r & -
*

,
.

= 2g. , . . y,
'2. '' * . - ' 4 * ~'".:;

-s.. ; . % : ,g + - . . < . = =
i ' ; . - -

.
*

3 ..
.

'

, ; . . _
,i' + _

\ , . . ., .
.

.
. . ,

w . . . . . . .
, =

*' ' 2 : | ~ ~ t. 1 1 - --i 1
~

4 .:" ' _ , -*: . .
, 4 . .

* ; - ' '. . 4 7 ---

*

S ' ;- ..m.....
--

- 4

g' - ' ' ' _ _ .
'

.

f '
-

-
, ,

.% 5:
' ' '

---c
.

_r. -

_

_

;-
-_

y
_

.
,

'
.,

. ; g e,-
? .9

y, _ a
. !*

*'
<* g-

.

_- ,_

f }, *- - h ' ~ k '* - * |
. -

- ~
3-

. *. i < ..:. "
,' i '' * , V

,"
, = :. .s . e..; .

,
,

4
-

_. , -- . ... - _ %^,

-. [* i f, .g . ' _ . . #
* ," '3 - -S4 ,

, ygg .- 7 * y 3

b ^% $
'

-

y
-

e . . .

1.. a.. . .
.. 3'. . % ' m 5, . .. . . -

-

+
p,- s ,

t 4e?
-

. . .-* =

e-
,

e'

f'
_ ,

. W , , __
.

,

) - y
'

'
,,'_e " - . g . , .-- 3i % , ; .s W -.

, c
'

+ . .g. :

I '

4 . ,, . . . _ -

,
,

9'< . L -
p'. ? , :. .

__
A .- *

'

* /'

- -
,; g . L *f

. .. .
*

.,
"'

.
,.

-4 <.
' ,

-

i . . , . . . . , ,

M "e , .x7
'

;..., *' ..
4

.. ,' :
,, ,,

'e -?*, * -4 |i

'

,. . .
,

. , * , '. ,, ;.
-

4
,. f

. - , ., . . . -
.

, ,

, ,a g- . -g .. .

", .

* * $ .|
- ..:

,

:
,_

. ,
-

y
-

,. a ~

,. , M '

,
*

,
' '

,,
'

a . ,-

., .
Ms

- ; , ' - / ' - -

,
-

,

_

.Q, _ _ . ,
-'

:< , y y. . *
,,

>- ..

; _ y y * .. j
. y . ..; . ,

_
.

4 e' -

W+
'- '' ' ~ . c:

a

, , .- . ,, .,.
- i - : > A 4. ,

. . ; . p, -
..,

'
- > o' u

, , , 4 . .V
, . ' - . ,. _

,

, .,
%.-

..
'- -

~ . -

, , ; . - ,- .

:. ,
. .

'.

*
-

.. h *, ,
~

..
-

4
. f . f* -

.

-

-
,

-
-

, f~;' .: ' ; y +.

,

*
..

-

g . % '. . ' . z- n. : -'. +
,

% --
.

... .'- -

f). N
. 4.' j . - - , t,

$..)
-

%
~ ,

;_ , . '
..

- -

j-s .

> . e .: -

e
,

- ,
'

v. .=
' .';

#
[

*

A
.

g . , . .- .-g. . ,,

. '-
.

s
.

" "

;g+ .-
,

w .

,
. .

_ .o
- y .

,.,4 +-
.

" o
,_

+ .s .,-

.? .;
..

' -
,

- a
y -

| ' " p; ,.~ .., : &[ %.
. . . . . .

, ,.

%j . )
,.

'. [' ' . . . . .. .'.s ' : , *
u . - v -[

*

> .. lltfillHIHillHH,HW7.R
. . .

i'

,a-
.



# ""
U.S. NUCLEAR REGULATORY COMMISSION, R 88 o

BIBLIOGRAPHIC DATA SHEET SwRI Project 17-5023
4. TITLE A8.D SUBTITLE (Ascr voduce Na,if eareneart 2. (18m wel

Program for Field Validation of the Synthetic Aperture
Focusin Technique for Ultrasonic Testing (SAFT UT) 3. RECIPtENT'S ACCES$3ON NO.

fr$er Ib8 D$n $r7I981
7. AUTHORtSi 5. D ATE REPORT COMPLETED

D.R. Hamlin, J.L. Jackson, T.A. Mueller "'Yebruary I *1E"

9. PERFORMING ORGANIZATION NAME AND MAILING ADORESS //ne/ var lip coarl DATE REPORT ISSUED
MONTH | YEARSouthwest Research Institute March 1981

6220 Culebra Road
6. (tea e **JP.O. Drawer 28510

San Antonio, Texas 78284
s. Its = w el

12. SPOrdSORING ORGANIZATION NAME AND MAILING ADDRESS (/ne/uar Zia coarl

U.S. Nuclear Regulatory Commission
Division of Reactor Safety Research H. CONTRAM NO.
Office of Nuclear Regulatory Research FIN B5305Washington, DC 20555

13. TYPE OF REPORT PE RioO COVE RED (lactusive al

Mid-Year

15. SUPPLEMENTARY NOTES 14.(te m * *1

16. A8STRACT 000 wortts or /*ul

The purpose of the project is to validate the usefulness of SAFT UT for industrial
nondestructive evaluations (NDE). SAFT UT is an ultrasonic imaging method for
accurate measurement of the spatial location and extent of acoustically reflective
surfaces (flaws) contained in objects such as structural components and weldments
in nuclear power reactor systens. The increased measurement accuracy offered by
SAFT, when compared with that provided by measurement methods now in use, will
improve the reliability of flaw severity assessments with resultant safety and
economic benefits to the nuclear power industry.
To acccmplish the objective, SwRI is to design and construct an imaging system,
suitable for field use using the SAFT UT and to c<rduct sufficient tests with
tha system to fully characterize its performance aad usefulness for the intended
purpose. The ultimate goal is to produce a fie.d-rated system for highly accurate
flew size measurements and to conduct sufficient testing of that syste to promote
its acceptance by industrial and regulatory authorities.

17. KEY WOROS AND DOCUMENT ANALYSIS 17a DESCRIPTORS

17th IDENTIFIERSIDPEN-ENDED TERMS

1s. AVAILA8tLITY STATEMENT 19. SE CURITY CLASS (This report / 21. NO. OF PAGES
W einnn4f4aA

Unlimited 2a SECURITY CLASS (This sept / 22. PRICE'

Unc1assified s

Nac eonu 2as o.nz
. . _ . . - - - - - , - - .- ,_ - , - - - _ -- . . - - - - . - -


