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SUMMARY

o110:mission, Apollo 17 was Taunched from: the Kenhedy

4;éyedffnf\2~hburs-and 40 minutes becouse of a failure in the launch

vﬁﬁiﬁ%e;gnouﬁﬁ*support equipment. Translunar coast was shortened by
. this same-amount of time and the spacecraft arrived at translunar
injection at the preflight mission plan time. The mission timer was
reset aﬁﬂ=the.m%ssionjevents coincided with the flight ptan times.
Théupuﬁpose of this Sypplement is to present a summary of the SIM
Bayrﬁhatﬁgréphic-experiments and premission «zlibrations for the
ApolTo 17 mission. All three experiments, the mapping camera, the
Tlaser altimeter and the panoramic cameras operated satisfactorily.
eﬁith{minorueXtéptidns all planned photography was accomplished along
;ténjadﬂjtienal hours of laser altimeter accomplished during a

iﬁléep;pgﬁfbd late in the mission.




4.0 OPTICAL BAR PANORAMIC CAMERA (PC)

Pan ¢amera operation was satisfactory and all photography was
accomplished as planned with one minor exception. Approximately
8 minutes before termination of the final pass on revolution 74, the
stereo drive motor failed resulting in the loss of stereophotography
and a slight degradation of the resultant menographic coverage.

Early in the mission the velocity/altitude sensor telemetry indi-
cated signs of erratic operation. To forestall possible degradation of
the photography the sensor was switched to the manual mode except for
resclution 15 and 28. This mode of operation should have no effect on
the photography. The manual mode selected was for a 60-nautical mile
orbit with a V/H of 13.67 milliradians per second.

The CTE time for the center of each exposure was read and is tabu-
lated in Table 4.1. As with the MCS the CTE time can be related to UTC
{USNO) using Table 6.1 or to Flight Plan time (GET) by adding 2 hours
40 minutes.

The panoramic photography will be transformed (rectified) by the
Defense Mapping Agency Topographic Center {DMATC) using the Apollo
transforming printer set up with the orbital support data. One set of
rectified first generation master negatives will be generated from
second generation positives provided by the Johnson Space Center {JsC).
The required sets of products for the users will then be made at J3L
and will be referred to as rectified second generation megatives/positives.

Definitions of the products are as follows:
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1. Second Generation Master Positive - The film produced by JSC

directly from the flight film.

2 ,RétiifiEd_Ftﬁ&t.Generation Master Negative - The rectified

negative made by DMATC in the transforming printer from the second
generation positive.

3. Rectified Second Generation Negative/Positive - Film produced

by JSC from the rectified first generation master negative.




5.0 APOLLG ORBITAL SUPPORT DATA (PHOTOGRAPHIC EPHEMERIS)

The Apollo Photographic Evaluation (APE) orbital support data out-
put is a iisting of single page tabulations of computed spacecraft state
vector, camera orientation, photegraph position and lighting data. Each
page, corresponding in number to the mapping camera frame number, presents

the computation results for the exposure times as read from tne data

block. The times listed in the panoramic camera support data represent

the center of scan time.

The mapping camera support data also includes a star pattern near
the beginning and ending of each segquence. The page number listed
corresponds to the mappi.g camera frame, not the stellar frame number (see
2.0 Mapping Camera Subsystem for correlation of mapping camera and stellar
frame numbers).

The right ascension (RA) and declination (&) are defined in radians
on the star pattern pages. In addition the RA and & of the stellar
camera principal point are tabulated for each page of suppori data in
hours and degrees respectfully. HNote that the RA is a negative value
and must be subtracted from 360° (when the given radian value is converted
to degrees) or from 24 hours (when given in hours).

Where downlink gimbal data for spacecraft attitude were missing only
the time and state vectors were computed. For these entries the state
vector is expressed in Earth Radii (er) for X, Y, and Z for both the
1850.0 and the selencgraphic. To convert to the APE units, i.e.,
kilometers, multiply by 6378.16. The selenographic x, y and z are ex-

pressed in Km/sec, the same as the other support data; however, the
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1950.0 values are in er/min. To convert to Km/sec multiply by
106.3026667.

A page of the pan camera data is shown in Figure 5.1. Figure 5.2
is a page where downlink gimbal data were missing. Likewise, Figures

5.3 and 5.4 are similar pages of the mapping camera support data.

Figure is an example of the stellar camera star field. A defini-
tion of the Tine entries for the orbita] suppert data can be found in i
Table 5.7.

The erbital support data output is recorded on 16mm microfilm. It
can be made available through either the Goddard Space Flight Center
(GSFC), NSSDC Code 601, Greenbelt, Maryland 20771, or TF51/Chief,
Mapping Sciences Branch, NASA Lyndon B. Johnson Space Center, Houston,

Texas 77058.

NOTE: Several discrepancies were discovered in the orbital support
data after the data were microfiimed. Incorrect support data are as
listed below.

1. Panoramic Camera

a. Rev 15, frames 2355-2364. The fore-aft attitudes of these
frames at the end of Rev 15 were inadvertently reversed, thus all data
referenced to the principal point and camera attitude are invalid.

2. Rev 74, frames 3080-3151. This is the area where the stereo
drive motor failed as mentioned in section 4.0. The data block continued
to indicate the camera was oscillating fore and aft; however, it was

actually in one position. The position in which the camera froze
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ined. As with the Rev 15 problem all data referenced to

) the'pr%heipal point and camera attitude are invalid during this series

of photographs.
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EXPLANATION OF DATA

GMT - Sidereal time of film exposure (year, month, day, hour, minute,
second) -~ (UTL - USNO).

CTE - Central clock time of film exposure which is recorded on the film
{hour, minute, second).

1950 state vector - Mean of 1950 moon centered, inertiasl, cartesian
coordinates of the spacecraft position (km) and velocity (km/sec).

Selenographic state vector - Selenographic, instantanecus inertial
cartesian coordinates of vehicle position (km) and velocity
(km/sec).

Nadir Point (Longitude, Latitude) - Intersection with the mean lunar
surface, of the vector from the moon's center of mass to be
spacecraft.

Camera Axis Intersect (Longitude, Latitude) - Position of principal
intersection point - Intersection of camera coptical axis direction
with mean lunar surface.

Spacecraft radius - Vector from moon center of mass to spacecraflt.
Spacecraft altitude - Height of spacecraft above mean lupar surface.

Seale Factor - Proportionality constant relating dimensions on the film
to dimensions on the mean lunar surface.

Azimath of Velocity Vector - Angle, measured positive clockwise in the
local horizontal plane at nadir, between North and the projection
of the wvehicle velocity vector onto the local horizontal plane.

Mean altitude rate - Rate of change in spacecraft altitude above the mean
lunar surface,

Horizontal velocity - Component of spacecraft velocity parallel to the
lunar local horizontal plane at the nadir point.

Titt azimuth - Angle, measured positive cloclkwise in the local horizontal
plane at the principal intersection point, between North and the
projection of a vector along the camera opticel axis onto that
local horizontal plane.

Table 5.1, Definition of Orbital Support Data Terms.
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en the camera optical axis direction and the lunar
al dat the principal intersection point,

Suh Blevation at Prin Grnd Pnt - Angle between the vector from the sun
to the pricipal intersection point and the lunar local horizontal
pléne at that peint.

Sun Azimuth at Principal Grnd Pnt - Angle, measured positive clockwise
in the lunar loeal horizontal plane, from North to the projection
of the vector from the sun to the prineipal intersection point
onte that piane.

Subsolar Point (Longitude, Latitude) - Intersection with the mean lunar
gUirface, of a vector from the moon's center of mass to the sun's
center,

Alpha - Angle between the camera optical axis and the prejectien of the
lunar leeal vertical at the principal intersection point ento the
plane of the phase angle (measure of surface tilt toward or away
from the sun).

Swing - Angle between the camera Y axis and the projection of the line
between the vehicle nadir and principal intersection point onto
the camera X-Y plane.

Emission Angle ~ Angle between the camera optical axis and the lunar
local vertical at the principal intersectlon point.

Phse Angle - Angle beiween the camersa optical axis and the vector from.
the sun to the principal intersection point.

North Deviation Angle - Angle, measured positive clockwise in the camers
X~Y plane, from the camera X axis to lunar North.

Phi, Kappa, Omega - Angles which rotate the camera axes coordinate system
into the nadir point centered lunar local horizontal system,
where:
- primary right-handed rotatlion about the camera Y-axis.

|ﬁ . - secondary right-handed rotation sbout the intermediate X-axis.

- final right-handed rotation about the local vertical (local
horizontal Z-axis).

X~tilt - (Lateral tilt) Angle from the local horizontal plane at the
nadir point to the camers Y-axis.
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Y<1iit - (Longitudinal tilt) Angle from the local horizontal plane at
the nadir point to the camera X-axis.

Heading - Angle, measured positive clockwise in the lunar local horizental

plane at the nadir point, from North to the projection of the
camera X~-axis onto that plane.

Laser slant range -~ Telemetered laser altimeter readout.

Spacecraft altitude (Laser) - Vertical component of laser altimeter
slant range based on the assumption that the laser altimeter was
aligned along the 3-inch mapping camera optical axis.

Setenographic direction Cosines - Direction definition of vector from
the spacecraft to the principal intersection point in the instanta-
neous inertial selenographic coordinate system.

Coordinate Transformation Matrices - Selenoccentric coordinate system to

camera axes coordinate system and local horizontal coordinate system
to the camera axes coordinate system.

Photograph Footprint - Latitudes and Longitudes of field of view corner
point projectlions onto the lunsr surface (full field of view only
for mapping camera, full field of view and inner field of view
for panoramic camera).

Sigmas - First order uncertainties in selected camera aiming parameters
arising from uncertainties in camera mounting angles, vehicle attitude
measurements and film exposure times.

NOTE: In the event telemetered vehicle attitude data are not available
for the APE computations the printout for those frames affected
will contain only the folleowing entries.

Page Number - number which correpponds to the mapping camer frame
number .

GMT - Siderial time of film exposure (year, month, day, hour,
minute, second) - UTC (USNO).

CTE - Central clock time of film exposure which is recorded on the
film {hour, minute, second).

1950 state vector - Mean of 1950 moon centered, inertial, cortesian
coordinates of spacecraft position {earth radii-er) and
veloeity (er/min).
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nographic state vector - Selenographic, instantaneous inertial
‘cortesian coordinates of spacecraft position (er) and velocity
{er/min}.

NOTE: 6378,16 Km/er should be used for conversion of these state vectors
to the standard APE units of Km and Km/sec.
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ons of the Apollo 17 SIM Bay cameras and the laser

‘provided by the equipment manufacturers. Copies of the

- g;néiﬁéﬁﬁﬁﬁﬁatTﬂn reports are presented in this section. Although

- portions of the:data may be difficult to read, it seemed more appropriate
to ‘intlude the original reports than to have them retyped. No additional

calibration was accomplished by NASA/MSC .




8.1 Mapping Camera Subsystem

APQLLO 17

MAPPING CAMERA SUBSYSTEM CALIBRATION DATA




 CAMERA. SUBSYSTEM(MCS ) ,APOLLO 17

-

TR-71-3404-3

CAMERA CALIBRATION REPORT
CAMERA UNIT SN-004

AUGUST 1971

Prepared by

Autometric Operation
Equipment DPivisien
Raytheon Company

400 Army Navy Drave
IDA Building, Room 3-D 18
Arlington, Virginia 22202

Prepared for

Fairchild Space and Defense SyStems
300 Robbins Lane
Syosset, L.I., New York 11791




.+ CAMERA CALIBRATION RESULTS

‘Lunar Mapping Camera SN 004 Stellar Calibration

Terrain Lens (203) Constants of Internal Geometry

EFL = 75.816 mm. - S.D. = 0.003 mn.

Principal Point With Respect to Indicated Principai Point
(Indicated principal point Xop ™ 0.0 mm., yipp = 0.0nm. ),

"DIOOS me. S-D- = 0-001 mMm.

-0.007 mm, S.D. 0.001 mm.

Radial Distortion Parameters
K, © -0.13002628 x 1072 0.41435692

0.53903721 x 10-9 0.14760380

-0.54031164 x 10 13 .D. = 0.15759510

Letis Decentration Distortion Parameiers

0.85729357 x 10~6 ] -0.54354565

-0.17887586 x 10”9 0.11295716

3.1067218 radians . 0.26246993




-

Lens.

o

stants of Internal Geometry

EFL = 75.746 mm.
CFL = 75.854 ma.

Principal Point With Respect to Indicated
ipp

x = 0,022 om.
P ,

k44

= =0,110 mm.
Yp mm

Radial Distortion Parameters

K, = -0.99537549 x 107>

Kz'- 0.63007711 x 10

Ky = ~0.99410657 x 10~

7

10

Lens Decentration Distortion Farameters

I = 0.63320333 x 10‘“

3, = 0.26811998 x 1070

¢0 = 1.5424244 radians

5.D.
SCD'

= 0,017 wmm.
= 0,017 mm.

Principal Point

5.D.

S.B.

5.B.

5.D.

SCD.

5.0,

S.D.

5.0.

(Indicated principal point x = 0.0 mm., yipp = 0.0 mm.),

0.026 mm.

n

0:025 mm,

10"

0.60376701

Hd

0.48277546 x 10

0.11570656 x 10

Hi

"

i

- 0.15004343 x 107

= 0,61419662 x 10

fi

0. 23214470

122



e,
3

‘e «Calibration

tive Orieatation Matrix Defining a Transformation from the Terzain
era to the Stellar Canera

0.999999863 - 0.000408516 -0, 000326047

-0, 000282131 ~0.103236695 -0.994656778
=0.000439993 - 0.994656734 ~0.103236565

Relative Orientation Angles (Degrees, Minutes, Seconds)

OMEGA = -95 55 32.079
PHI = ~0 1 30.755
RAPPA = O O 58.194

Covariance Matric

0.17515 x 10710 -0.29235 x 10712 -0.16162 x 107M%
-0.29235 x 107+ 0.33745 x 10710 -0.12441 x 1071*
-0.16162 x 1073 —0.12441 x 107M 0.68412 x 1077

Standard Deviation of Orientation Angles (Arc—-seconds)

0.86
1.206
5.40

S.D. OMEGA
S5.p. PHI
S5.D. KavPA

# B0

Statistical Data From Simultaneous Solution

¥Weighted Sum of Squares = 0.047260
. Degrees of Freedom = 1850

Standard Deviation of Unit Weight = 0.005 mm.




Indicated Principal Poin

= 0,000 mm
= 0.000 mm

4w
+

/{

Calibrated Principal Point

xp = -0.005 mm
Yp = ~0.007

(Emulsion Up)

Direction of ¥Flipht

Figure 1

—4=




Note: All coordinates in millimeters. Refer to Figure 1.

60.614

0..060

~-60.627

0.000




R STELLAR CAMERA, LENS %0, 102

Indicated PP

y = 0.060 mm

+

+
Calibrated PP
xp = =0.022 mm

=~ -0.110 mn
’p

(Emulsion Up)

Direction of Flight

126

x = 0,000 mma?

Figure 2




cation of Unit SN=004

ensuration by Autometric utilized the original

negative film stellar exposures.

“Distortion Punction

Radlal-distortion, 4r, is represented by an odd-power .
polynomial in r, the vadial distance from the prineipal
point.

- o W 3 5 7
&r Klr + Kzr + K3r

The x and y components of r are

ax_ : (=x") (Klr + K

. o k) )

2

R R ONCR)

by, =8 ) = @l vk,

r

where x' and y' are measured image coordinates, relative

to principal point origin.

Tangential distortiom, At, is represented by an even—
power polynomial in r.
4

2
At Jlr + er

The x and y components of At

_ 2 4 .
Axt = -3t sin ¢0 -(Jlr + er Y sin @0

2 4
+ er ) cos %

Ayt = At cos % (Jlr

where ¢0 is the angle the axis of maximum tasgential

distortion makes with the x axis. e

-7




id y' imape Eoordina&es can be corrected for radi;l

" and: al lens distortion by the funetions

*

4

- { 2 - 6, 2
x= {1+ Klr + Kzr + K3r Ix' - (Jlr

FA
+ er')sin %

w 1 2 4 6, 2 4
y o= (14 Klr + Kzr + Kar '+ (Jir + er )cos ¢0
where x and y are corrected image coordinates, and Kl’ Kz, K3,_

Jl’ 32,'¢o are the distortion parameters given by the calibration.

‘Radial distortion curves for tetrain camera lens 205 are
presented in Figure 3. The figure gives the EFL radial distortion
curve from the stellar calibration and compares the corresponding
CFL curve with the Fairchild CFL curve, as determined by l-al';or.-atory
meéthods. Both CFL curves represent radial distortion characteris-
éics under vacuum conditions, balanced for equal positive and

negative distortion values.

‘Studies made by Fairchild indicate that a negligible change
in distortion occurs when the camera is operated under vacuum
conditions, rather than the atmospheric conditions under which the
&stellar calibration was performed. As a result of the supporting
Fairchild data given below, no adjustment is made for the change
in operating medium from 5000 feet altitude (610 mm, Hg.) to
vacuum (CG.0001 mm, Hg.).

Fleld Angle Distertion Change
{Degrees) (Micrometers)
11.25 ~0.05
22.50 -0.14
33.75 -0.25

45,00 . -1.10
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Pl2 "3
22 M3
"32 T33
"gives the angular orientation of the stellar camera coordin-
ate system with respect to the terrain camera coordinate '
system. The orientation matrix can be factored into three
‘orthogonal matrices each represanting a simple rotation of
the stellar camera coordinate system about a particular
stellar axis. The sequence of the three rotations must be
specified, because different angular orientations result
from different sequences. The orientation of Xe> Yoo 2

with respect to XT’ YT’ Z

s
can be developed as follows.

T
Consider a stellar camera coordinate system x, y, z
Initially coincident with the terrain camera coordinate iysten

XT’ YT’ ZT (refer to Figure 4). The three rotations w, 5, x
are appliéd to the stellar camera coordinate axes in the given

gsequence to place the system into its final position, Xgr Yoo

w {roll) - Rotat.cn a>ecut the x axis. Positive w takes
the +y axis toward the +z axis, resulting in
x', ¥', z' in Figure 4,
¢ {pitch) Rotation about the y' axis. Positive ¢ takes
the +z' axis toward the +x' azis, resulting in
x'', y'", 2'" in Figure 4.
{yaw) Rotation about the z'' axis. Positive « takes
- the +x'' axis toward the +y'' axis, resulting in

the final pesition of the stellar camera coordin-

" v in Figure 4.
ate systen xs, g zs g

w10~




w = =95 55 32,079

Figure 4. Orientation of Stellar Camera Coordinate System

With Respect to Terrain Camerd Coordinate System.
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8.2  Laser Altimeter

APOLLO 17

LASER ALTIMETER CALIBRATION DATA
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12310003 130

LENS NU, 203

ALTIMETER GROUND MEASUREMENT POiir

ef atl Foints are referenced to the Indicated Principal
with the ¢traight line drawn between the A and B
_ ent with the X~ 2xis, The €D line goes through the
ot generally coinicident with the Y- axis.
D001 MM
Powna

bl 2 Gt daf el B 10 T S U NS NN Y

CF R Sy SO SN DY S SO 2P (R

ms = ppr COrRELT  pppp

Sl R o S8 TSR (R0 [ENY (PO SRR W GO R OO R O Y T

Aé?&t

Erpe 26 Dryess g “IE 4 SVIRE ook iy 7

L

Dl L LT T G S

'XLA-G.P - Location on X - coo‘rdinate of Las‘er Altimeter Ground Measurement Pointg
Xy Aqp - location on ‘Y - coordinzte of Laser Altimeter GroundlM.ea.su-r.e-m:mr!. Point
- "+g' mode
. - Y-g' mode




)ptical Bar Panoramic Camera

APOLLO 17

PANORAMIC CAMERA CALIBRATION DATA
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VEILING GLARE MEASUREMENT
Panoratiic Camera Lena, P/N 105150, Serlal No. A/-5.3

A
. Black Vetliag | |
_Step Wedge 3 ¥ Dot | Glare

w4 |

R .5 | 6

* Galibrated Value

921 .78 .65 10

_ fM'e_uur:e-d_Tg'a.t V-'a.}.-_u.ea

g

26 | .38 | .58 | |rrylos8| e

o |28 .42 | .86 |92 |, av .58 5"

.20 [:27 .92 | .66 | 4L (2w |l | g0 |l

ﬂz" 26 |37 1.58 |.82 |pro |1es NE
"20 l.2s :__..u_ 57 |.8¢ |no€ | 1oy | .6v
.20 | .22 [ar 70 1.8 | 102 o7 ] e

I."z."" do | 46|70 | .99 |12y {v58] .7F

L'egénd.: * Density values are logarithmic as read on the
Maécbeth Densitometer.

%-0.

H
.5

% Velling Glare i{s computed from the black spot
density plot (attached) for each field poesition,

Q¢
Data Recorded By: Jz '{“//4&[{ Date: ‘Z[.A 3/72e

/97 F-2.5-20
Project Approval: @‘:S%_F'évs:;\ ﬂ A Taial

i
QA Monitor: 2

' Test Procedure No. TP121

_ Pege _8
Q199-5 11/65 '
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SPECTRAL TRANSMITTANCE MEASUREMENT
‘Panoramic Caméra Ledis, P/N 105150, Serisl No._ /¥

Radiometer Readings i’
: Ay B - By . Transmittance ||

lae r2_ | .2
/3.5 ‘.3 23 |
1 3.0 | /5 P 3.9
Isae | 233 | &3
_”   §833 & -0 ..JL‘
1530 23.7 LS
[ v8.0 l207 | ¢8
v 1173 s
| 235 12.7 2.0

Brightness of the calibrated standars Lambertian source
using the radiometer telescope.

-

Brightness of the collimator target as seen from the lens
test position using the radiometer telescope.

Brightness of the calibrated standard Lambertian source
using the radiometer microscope.

By - Brightness of the collimator target gerial image at the
{mage plane (lens in plece) using the radiometer microscoped

% Transmittance = EBll B)= (Al/Aa X 100,

\

: Data Recorded. By: jz‘/ J/‘,J’i:":],é— - Date: 9/11 3 /Zo
QA Monitor: id ﬁézf {.3 ceals G-R5 -2

Project Approval: @@%&-’T\%\b’a 7/ 25 / 20

Test Procedure No, __ TP123 Page 8

Q199-5 11/65 ITIK CORNPORNATION )
. lexingten 73, Missachuaztts




Data Shest
: T STOP CALCULATION
Pénoramic Camera Lens, P/N 105150, Serial No.

{ Wavelength %
' nm Transmittance T STOP

400 _. 4’7 s ‘ 5-08 .
_420 | 482 _S.oy
40 | sv3 481
480 | foy §33
_520 21. 8 by
560 72./ .12
6ol £2.8 422
640 £3.4 4. 3%
680 S5 Y. 69
720 | 3¢ 5 82

Legend:
T STOP = -f-/-%%m where f/oumber is 3.5 and

t is transmittance,

Q0 :
Data Recorded By: \»{-i‘;"' i/, Lﬁ,éé—,— Date: ‘;/ 497 / 7<
-~ oy <

QA Monitor: Lo fe Sz -7
Project Approval: D Y 7Cu’"-‘tcv’\ ‘?'/-2-5'/'7 5

Test Procedure No. TP123 Page 2

Q199-5 11/65 ITEK CORPORATICN
- lexington 73, Massachuaetts
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gt Ddta Sheet
RELATIVE ILLUMINATION MEASUREMENT
Panoramic Camera Lens, P/N 105150, Serial No. d/_ - 53

Fieid . Ra.dio.met-er Reiutive.
JPosition Readings Illuminratfon
| . i vde o
R Y 0. o
=52 Ve 25,9
-4° | 72.3
-3° 78 &
-2° | 2.6
-1° 7. 5 72,7
_0° i l /oeo.0
+1° 1l 993
+2 | : 22 7
+3 7/, 1l 223
.S N 2.3
s .7 5.2
16° (L. 8 P/

Meter Scale for Radiometer Readings: /ﬁ
% Relative Illumination.= *-KB-- X 100 .

160

90

80

70 =
- 7 Field Position
Dats Recorded By: v P %7’::"0“ Date: ) /23 ,%a..

QA Monitor: ?‘/:f?%)}l ,'/ T DG~ 28

A .
Project Approval: m“;\\}}m\ q-2.5-~>

Test Procedure No, TP125 Pagc B

Q199-5 11/565 ITEK CORNPORATION
Laxingten 73, Mamaachunetts
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C.F.L. Calibration Summary

Filter Field Position Mean C.F. L. STD Deviation of

' (degrees) . (inches) mean CFL_(inches)
+hH 23,9991 0,0002
+ 24,0002 0.0007
+2 24,0026 0.0009
0 24 .0008 0.0005
=2 24,0008 0.0010
A 24,0018 0.0003
-6 24,0003 0.0003

+6 24.0030 0.0012
+4 24,0053 0.6010
+2 24,0045 0.0019
0 24,0029 0. 0007
-2 24,0009 0.0014
-4 24.0028 0.0009
-6 24,0009 0.00086

+6 24,0040 0.0002
+ 24,0070 0.0008
+2 24,0069 : 0.0003
0 24.0052 0.0006
-2 24,0048 0.0016
A 24,0045 0.0004
-6 24,0041 0.0012

+6 24,0033 0.0003
+4 24,0059 0.0004
+2 24,0056 ¢.0008

0 24,0040 0.0006
-2 24,0030 0.0007
-4 24,0036 0.0002
-6 24,0023 0.0008

+6 24.0036 0.0004
no + 24.0052 0.0008

. +2 24,0067 0.0015

filter 0 24.0031 0.0010
-2 23.9998 0.0010
-4 24.0023 0.0007
-6 24.0011 £ 0.0001

*
Average of all fileld positions

. 2 . 9
Quality Assurance Review i%// lf/ éég/é }‘5,4,fc>{f§
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