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1 General items

1.1 Scope

The SMART-1 SC contains a number of scientific instruments, a few of them
being remote sensing instruments. One of them is AMIE, a camera with 5.4°
field of view and a total of 8 fixed filters in front of its CCD detector. This
report addresses considerable offsets which have been reported to occur between
AMIE images projected onto the Moon’s surface and the Clementine basemap.

1.2 Introduction

Based on the SPICE kernels for the SMART-1 spacecraft and for the AMIE
instrument, SPICE can be used to project the AMIE images onto the Moon’s
surface. As reference for the AMIE images, the AMIE team uses the Clemen-
tine basemap, which has been compiled by the USGS from images taken by
the Clementine SC. Particularly by AMIE team members from 1’Observatoire
de Paris, considerable offsets between the AMIE images and the Clementine
basemap had been reported. These offsets had at least partly been caused by
erroneous preliminary versions of the instrument frame kernel. A new kernel
‘SMART1_V1.TF’ was prepared by SCI-OS and thoroughly tested, see [S1-AMIE-
RSSD-TN-008]. The kernel passed successfully various tests, also the projection
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of an image onto the Moon’s surface and a comparison with the Clementine
basemap.

However, the particular test of projecting an image onto the Moon was
only conducted for one single, more or less randomly selected image. For other
images, the AMIE team members from I’Observatoire de Paris saw still offsets
from the Clementine basemap, even with the new kernel. Also at SCI-OS, where
many images have been compared with the Clementine basemap in the course
of sorting out problems with the non-monotonic sequence of images in the DDS,
considerable offsets have been found. Herein, we quantitatively investigate these
offsets and demonstrate that they are in line with properties of the Clementine
basemap described in a presentation by A. C. Cook and others given at the
AGU 2002 Fall meeting [Cook-2002].

1.3 Brief summary of results

Our findings are the following:

e The boresight of the AMIE images as mapped to the Moon’s surface based
on the current SPICE kernels is correct. The offsets between AMIE images
and the Clementine basemap are caused by inaccuracies of the Clementine
basemap.

e While the boresight is mapped correctly onto the Moon, a slight rotation
around the viewing axis with respect to the Clementine basemap can be
observed. This is due to an inaccuracy of the instrument frame kernel.
However, the positioning error of an image pixel due to this rotation is
much smaller than the typical offset of the Clementine basemap.

1.4 Reference documents

[Cook-2002] Preliminary Analysis of the Absolute Cartographic
Accuracy of the Clementine UVVIS Mosaics
(http://astrogeology.usgs.gov/Teams/Geoma-
tics/geodesy /davies.html)

[S1-AMIE-RSSD-TN-004] AMIE boresight analysis (Iss./Rev. la, 2007-Feb-
28)

[S1-AMIE-RSSD-TN-008] Test of the AMIE frame kernel V1 (Iss./Rev. 1/-,
2007-Jul-03)
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1.5 Abbreviations

AGU American Geophysical Union

AMIE  Advanced Moon Imaging Experiment

CCD Charge Coupled Device

DDS Data Distribution System

FOV Field Of View

SC Spacecraft

SPICE Spacecraft, Planet, Instrument, Camera-matrix, Events
USGS  United States Geological Survey

2 Matching AMIE images to the Clementine basemap

2.1 Projecting the images onto the Moon’s surface

In a first step, we created low resolution (128 x 128 pixel) versions of the images.
For each pixel (of such a low resolution image), we compute its location on the
Moon using SPICE. The lower resolution is still sufficient for a comparison with
the Clementine basemap, and it considerably reduces the data volume and the
loading time.

2.2 The set of investigated images

The selection of the images we looked at was to some extend randomly. We
started out with the images of which we already had created low resolution
versions in the course of sorting out problems with the non-monotonic sequence
of images in the DDS. Then we looked for orbits to fill the largest gaps. In total,
we matched 395 images from the orbits 577, 700-761, 872, 1506-1518, 1542—
1578, and 2735.

2.3 Matching images to the Clementine basemap

We have computed latitude and longitude of each pixel of an image (section 2.1).
To match the image to the Clementine basemap, we visualize the basemap in
simple (equidistant) cylindrical projection and overlay the AMIE image on top
of it. By blinking the AMIE image on and off, we recognize any offset from
the basemap. Then we shift the AMIE image in latitude and longitude until it
matches the basemap. We record the applied shift. A table of all values found
is given in appendix A.

Our adjustment takes place in steps of 0.05° in latitude and longitude. As
the typical offset is a few tenths of a degree, this is a reasonable compromise
between accuracy and time effort.

The shift is applied uniformly in latitude and longitude to all pixels. This
is strictly correct only at the equator. At higher latitudes, such a simple shift
without re-projection of the individual pixels causes rotation and distortion.
However, as the shifts are quite small, the errors are negligible until we get
really close to the poles. In fact, we noticed a slight rotation which we first at-
tributed to this effect, but later we noticed that it persists down to the equator.
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Therefore the observed rotation is not due to our simplified shifting procedure,
but to a small inaccuracy of the instrument frame kernel, cf. section 4.

2.4 Visualization of the offsets

From the shifts in latitude and longitude in degree, we compute the magnitude
of the offset in km. The result is shown in Fig. 1. We notice a strong consistency
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Figure 1: Magnitude of the offsets between AMIE images and the Clementine
basemap. Each dot represents one image.

between different orbits, thus the offset from the Clementine basemap depends
clearly on the location on the Moon.

Of the 395 images investigated, the one with the smallest offset (in fact the
offset is zero with our accuracy of 0.05°) can be seen at 28.2° N, 25.0° E. And
this is just the one image that had more or less randomly been picked for the
instrument frame kernel test (cf. section 1.2), (miss-)leading to the conclusion
that the match of the AMIE images with the Clementine basemap is fine.
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3 Cartographic accuracy of the Clementine UV VIS
mosaic

3.1 Spurious deviations of the Clementine mosaic

A preliminary analysis of the accuracy of the Clementine basemap was presented
in [Cook-2002]. The authors note considerable differences between the original
location of the Clementine images on the Moon as determined from the archived
SPICE kernels and the control network resulting from the USGS’ effort to create
the mosaic. While they find good agreement in the ‘Apollo zone’ (comparable to
the pointing accuracy of the SC of the order of one kilometer), they find about
10 times larger deviations in other areas. The authors offer the explanation
that only in the ‘Apollo zone’ absolute positioning control is available and that
the mosaicing process builds up large errors away from this zone. They strongly
question whether it is reasonable to allow positioning differences much larger
than the pointing accuracy. A map illustrating the differences is shown in Fig. 2.
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Figure 2: The differences between Clementine image centers projected onto the
Moon according to the archived SPICE kernels and the USGS control network
resulting from the mosaicing process in which the basemap was created.

3.2 Comparison of Clementine basemap deviations and AMIE
offsets

If we compare the map of erroneous deviations of the Clementine basemap
mosaic from the original image positions (Fig. 2) with the map of AMIE offsets
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from the Clementine basemap (Fig. 1), we notice a very good agreement. From
this we can conclude that the considerable offset of the AMIE images from
the Clementine basemap is caused by inaccuracies of the Clementine basemap
itself. The AMIE pointing information given by the SPICE kernels is correct,
at least any error is much smaller than the observed offset from the Clementine
basemap.

4 Small erroneous rotation around the line of sight

4.1 Preliminary estimation of the rotation

While manually matching the AMIE images to the Clementine basemap (sec-
tion 2.3), we noticed a small rotation of the former with respect to the latter.
This rotation looked very similar for all images which we investigated. We ex-
amplify this rotation with image ‘AMI_LE?_R01506_00027_00012.IMG’ (with ‘?’
representing the filter numbers 1-8) in Fig. 3. This example image has been
matched to the basemap with a higher accuracy of 0.01° rather than the 0.05°
used for the bulk of images (cf. section 2.3). The small rotation of about 1°
clockwise is hardly visible in the static images. We have marked some features
on the Clementine basemap with green control points. These control points do
not exactly fit the same feature in the AMIE image. After a clockwise rotation
of 1°, the control points (the rotated set now marked in red), do reasonably
fit the features in the AMIE image, at least better than without rotation. The
rotation can much easier be recognized when blinking on and off the overlaid
AMIE image.

4.2 Relation to the AMIE instrument frame kernel

We attribute the observed rotation to an inaccuracy of the AMIE instrument
frame kernel. Such a small residual rotation around the boresight does not
come as a surprise. The current frame kernel ‘SMART1_V1.TF’ is derived from
the AMIE boresight analysis [S1-AMIE-RSSD-TN-004] which was based on the
observation of a single star. This observation does not completely constrain all
three angles of rotation which describe the camera orientation. It was known
that the rotation around the line of sight implied by the kernel is not well con-
strained. The found rotation with respect to the Clementine basemap confirms
the need for a refined boresight analysis based on multiple star observations.

A Table of the offsets found

The following table lists the offsets found for all investigated AMIE images as
described in section 2.3. Each record belongs to one image. After the ‘ECHO’
starting the record, there are four columns:

1. Longitude in degree of the (full frame) boresight

2. Latitude in degree of the (full frame) boresight
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Figure 3: Demonstration of the rotation of the AMIE FOV. Top left: Only
Clementine basemap. Top right: Clementine basemap with control points
marked in green. Center left: AMIE image on top of Clementine basemap,
already matched to basemap by shifting 0.14° eastward and 0.06° northward.
Center right: AMIE image with the original control points. Bottom right:
AMIE image with control points rotated 1° clockwise around the boresight,
marked in red. Bottom left: AMIE image with both, unrotated and rotated
control points.
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3. Shift in longitude in degree
4. Shift in latitude in degree

The shifts give the values which have to be added to the AMIE co-ordinates to
make the image match the Clementine basemap.

ECHO: -17.3959 -85.8939 1 0.1

ECHO: -20.1196 -83.8137 1 0.15
ECHO: -21.4493 -81.7569 1 0.1

ECHO: -22.2477 -79.6988 0.5 0.1
ECHO: -22.7824 -77.6368 0.5 0.1
ECHO: -23.1655 -75.5781 0.5 0.1
ECHO: -23.4591 -73.4822 0.5 0.1

ECHO: -23.684 -71.4304 0.4 0.1
ECHO: -23.8648 -69.3878
ECHO: -24.0141 -67.3501
ECHO: -24.1415 -65.2842
ECHO: -24.2501 -63.2279
ECHO: -24.3421 -61.2208

O O O O O
N NN W W
O O O O O
[ = =

ECHO: -24.424 -59.1898 0.2 0.1

ECHO: -24.4963 -57.1713 0.2 0.1

ECHO: -24.5606 -55.1675 0.2 0.1

ECHO: -24.6184 -53.1795 0.2 0.05
ECHO: -24.6705 -51.2079 0.2 0.05
ECHO: -24.7171 -49.2901 0.1 0.05
ECHO: -24.7597 -47.3906 0.2 0.05
ECHO: -24.8003 -45.4361 0.2 0.05
ECHO: -24.8364 -43.5753 0.1 0.05
ECHO: -24.8699 -41.7312 0.15 0.05

ECHO: -24.9016 -39.872 0.15 0.05
ECHO: -24.9323 -37.9638 0.15 0.05
ECHO: -24.9625 -35.9751 0.15 0.05
ECHO: -24.9901 -34.045 0.15 0.05
ECHO: -25.0173 -32.0389 0.15 0.05
ECHO: -25.0439 -29.96 0.15 0.05
ECHO: -25.0691 -27.8814 0.15 0.05
ECHO: -25.094 -25.7042 0.15 0.05
ECHO: -25.118 -23.4709 0.15 0.05
ECHO: -25.141 21.1829 0.15 0.05
ECHO: -25.1628 -18.8463 0.1 0.05
ECHO: -25.1844 -16.4334 0.15 O
ECHO: -25.2354 -13.8537 0.15 O
ECHO: -25.314 11.0102 0.15 O
ECHO: -25.4006 -7.87249 0.15 O
ECHO: -25.4817 -4.40523 0.15 -0.05
ECHO: -25.5578 -0.4899 0.1 -0.05
ECHO: -25.613 2.33953 0.1 -0.05
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ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:

.7394 7.11599 0.15 O

L2777 -85.945 1.5 0.1
.8431 -83.9055 1.5 0.1
.1184 -81.8499 1 0.1
.8798 -79.7928 1 0.1
.39568 -77.6933 0.5 0.1
.757 -75.6344 0.5 0.1
.0286 -73.5819 0.5 0.1
.2412 -71.5315 0.4 0.1
.4119 -69.4904 0.4 0.1
.5628 -67.4542 0.3 0.1
.6731 -65.3887 0.3 0.1
.7754 -63.3337 0.25 0.1
.8637 -61.2904 0.25 0.1
.9407 -59.2598 0.25 0.1
.0692 -55.2411 0.2 0.05
.1234 -53.2549 0.2 0.05
.1725 -51.2852 0.2 0.05
.0718 -24.2055 0.2 0.05
.0783 -23.5426 0.2 0.05
.0847 -22.8798 0.2 O
.0969 -21.5943 0.2 O
.7529 -29.8046 0.2 0.05
.816 -23.4648 0.2 0.05
.8221 -22.804 0.2 0.05
.1927 -51.0967 0.25 O
.4489 -33.9195 0.25 0.0
.8122 -85.6701 2 O
.65613 -83.6256 1.5 0.05
.5949 -81.5714 1.5 O
.1695 -79.5147 1 0.05
.5633 -77.4175 0.5 O
.8412 -75.363 0.7 .05
.2201 -71.2269 0.5 O
.3632 -69.1884 0.4 O
.46563 -67.1181 0.4 O
.55694 -65.0571 0.35 O
.6383 -63.0449 0.35 O
.7067 -61.0471 0.35 0.0
.7667 -59.0615 0.35 0.0
.82 -57.0879 0.3 0.05
.8684 -55.0904 0.3 0.05
.912 -563.1084 0.3 O
.9514 -51.1434 0.3 O
.9867 -49.2327 0.25 O
.0196 -47.3029 0.25 O
.06 -45.3916 0.25 O

5
5
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ECHO: -44.0781 -43.5009 0.25 O
ECHO: -44.1037 -41.6632 0.25 O
ECHO: -44.1281 -39.8112 0.25 O
ECHO: -44.1518 -37.9122 0.25 O
ECHO: -44.1748 -35.9618 0.25 0.05
ECHO: -44.1975 -33.9352 0.25 0.05
ECHO: -44.2187 -31.9399 0.25 0.05
ECHO: -44.2398 -29.8698 0.25 0.05
ECHO: -44.2606 -27.7345 0.25 0.05
ECHO: -44.2811 -25.5374 0.25 0.05
ECHO: -44.3007 -23.3489 0.25 0.05
ECHO: -44.3208 -21.0401 0.25 O
ECHO: -44.3407 -18.6875 0.25 0.05
ECHO: -44.3358 -16.2454 0.2 O
ECHO: -44.2774 -13.5323 0.25 O
ECHO: -44.1865 -10.5534 0.25 O
ECHO: -56.3738 -79.5968 0.9 -0.05
ECHO: -56.6687 -77.5398 0.7 -0.05

ECHO: -56.8845 -75.448 0.6 -0.05
ECHO: -57.0443 -73.3993 0.5 -0.05
ECHO: -57.1721 -71.3144 0.5 -0.05
ECHO: -57.35682 -67.21 0.45 -0.05
ECHO: -57.4298 -65.1502 0.45 -0.05
ECHO: -57.4898 -63.1405 0.4 -0.05
ECHO: -57.5419 -61.1449 0.4 -0.05
ECHO: -57.5876 -59.1618 0.4 -0.05
ECHO: -57.629 -57.151 0.35 O

ECHO: -57.6653 -55.1959 0.35 -0.05
ECHO: -57.6986 -53.2168 0.3 -0.05
ECHO: -57.7289 -51.2531 0.3 -0.05
ECHO: -57.756 -49.3453 0.3 -0.05
ECHO: -57.7814 -47.4194 0.3 -0.05
ECHO: -57.8049 -45.5109 0.3 -0.05
ECHO: -57.8267 -43.6203 0.3 -0.05
ECHO: -57.8466 -41.7869 0.3 -0.05
ECHO: -57.866 -39.9024 0.3 -0.05
ECHO: -57.8845 -38.0043 0.25 0
ECHO: -57.9026 -36.0611 0.25 -0.05
ECHO: -57.9204 -34.0722 0.25 -0.05
ECHO: -57.938 -32.0086 0.3 -0.05

ECHO: -57.95563 -29.9147 0.3 -0.05
ECHO: -57.9723 -27.7847 0.3 O
ECHO: -57.9892 -25.6252 0.3 O
ECHO: -58.0065 -23.3758 0.3 O
ECHO: -58.0243 -21.0767 0.3 O
ECHO: -58.0429 -18.7327 0.3 O
ECHO: -58.046 -16.2394 0.25 O
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ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:

-58
-57
28.
28.
28.
26.
26.
26.
26.
26.

-93.
-93.
-93.
-93.
-93.
-96.
-96.
-96.
-96.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-98.
-99.
-99.
-99.

.0167
.9723
0165
0434
2164
4855
4757
466
4546
443
3751
4021
4856
515
5173
2057
2084
2109
216
2055
3328
427
5025
5623
6129
6548
6909
7231
7509
7762
7986
8194
8385
8561
8722
8876
9021
9159
9293
9427
956
9696
9834
9977
0125
0288
0464

-13

.5391

0

.3 0

-10.5758 0.3 O
49.51 0.
48.3684 0.05 -0.15
24.9539 0 O
-37.5936
-37.9404

-38.2872
-38.6918
-39.1045

-47
-43
=27

-19
-29
-28
-28

=77
=75

-38

-36.274 0.
-34.
-32.
-30.
-28.
-25.
-23.

.5811
.8296
.9349

19.9653

.2682
.5935
.973
. 3864

27.1517

.7075
.6154

73.5705
-71.
-69.
-67.
-65.
-63.
-61.
-59.
-57.
-55.
-53.
-51.
-49.
-47.
-45.
-43.
-42.
-40.

4908
4566
3938
379

3736
3423
3646
3605
4097
4352
4788
5416
658

7547
8738
0091
1345
.2095

2616
2107
1231
0057
7935
5607

1

-0
-0
-0.
-0
-0.
0
0
0
0.
0
0
0.
0
0.
0
0
0.
0
0
0
0.

O O O O O O oo

0.

O O OO OO WO O o oo

-0.15

.06 0

.05 0.05
05 0.05
.05 0.05
05 0.05
.3 -0.25
.3 -0.2
.3 -0.15
3 -0.15
.35 -0.1
.3 -0.15
3 -0.15
.35 -0.15
35 -0.1
.45 -0.2
.35 -0.2
256 -0.2
.2 -0.25
.2 -0.25
.25 -0.25
26 -0.25
.25 -0.25
.26 -0.25
.2 -0.25
.2 -0.25
.2 -0.25
.2 -0.25
.25 -0.25
.26 -0.25
3 -0.25
.3 -0.25
.3 -0.25
.3 -0.25
.3 -0.25
.3 -0.2

-0.2

3 -0.2

3 -0.2
.3 -0.15
.3 -0.15
.36 -0.15
.35 -0.1
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ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:

-99.067

-99.0908
-99.1244
-99.1799
-99.2643

-105.
-105.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-106.
-107.
-107.
-107.
-107.
-107.
-107.
-106.
-108.
-108.
-108.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.
-109.

646
974
189
342
458
55

622
683
734
TTT
814
916
922
927
933
938
121
131
141
15

135
065
97

291
633
863
025
147
244
32

383
437
482
522
622
628
634
64

647
811
822
833

-21.213 0.35 -0.15

-18.85566 0.35 -0.1
-16.3823 0.35 -0.15
-13.7067 0.35 -0.15
-10.7026 0.35 -0.1
-81.8757 0.5 -0.2
-79.7838 0.45 -0.2
-77.7296 0.3 -0.2
-75.6793 0.25 -0.2
-73.6328 0.2 -0.25
-71.55635 0.15 -0.25
-69.5208 0.15 -0.25
-67.4568 0.15 -0.25
-65.4425 0.15 -0.25
-63.4384 0.15 -0.3
-61.4071 0.1 -0.3
-54.3329 0.1 -0.3
-563.8404 0.1 -0.3
-563.349 0.1 -0.3
-562.818 0.1 -0.3
-562.3263 0.1 -0.3
-25.812 0.3 -0.2
-23.5744 0.3 -0.2
-21.2243 0.35 -0.2
-18.8605 0.35 -0.15
-16.39 0.3 -0.15
-13.6757 0.3 -0.15
-10.7592 0.3 -0.1
-81.9041 0.45 -0.2
-79.8502 0.35 -0.2
-77.7582 0.25 -0.2
-75.707 0.2 -0.2
-73.6615 0.15 -0.25
-71.5818 0.1 -0.25
-69.5493 0.15 -0.25
-67.5252 0.15 -0.3
-65.4711 0.1 -0.3
-63.4674 0.1 -0.3
-61.4367 0.05 -0.3
-54.8565 0.05 -0.3
-54.3631 0.05 -0.3
-563.8706 0.05 -0.3
-563.3793 0.05 -0.3
-52.8446 0.1 -0.3
-32.2657 0.3 -0.25
-30.178 0.3 -0.25
-28.05676 0.3 -0.25
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ECHO: -109.844 -25.8446 0.3 -0.2
ECHO: -109.855 -23.576 0.3 -0.2

ECHO: -109.865 -21.2577 0.3 -0.2

ECHO: -109.874 -18.8943 0.35 -0.2
ECHO: -109.861 -16.4259 0.3 -0.15
ECHO: -109.793 -13.7153 0.3 -0.15
ECHO: -109.699 -10.7719 0.3 -0.15
ECHO: -116.344 -82.0121 0.2 -0.2

ECHO: -116.724 -79.9187 0.2 -0.2

ECHO: -116.971 -77.8649 0.15 -0.2
ECHO: -117.1561 -75.7756 0.1 -0.25
ECHO: -117.283 -73.7325 0.1 -0.25
ECHO: -117.387 -71.6923 0.05 -0.25
ECHO: -117.471 -69.6624 0.05 -0.3

ECHO: -117.54 -67.6379 O -0.3
ECHO: -117.6 -65.5851 0 -0.3

ECHO: -117.65 -63.5843 0 -0.3
ECHO: -117.695 -61.5534 -0.05 -0.3
ECHO: -117.734 -59.5385 -0.05 -0.3
ECHO: -117.768 -57.5735 -0.1 -0.3
ECHO: -117.8 -55.5865 -0.05 -0.35
ECHO: -117.828 -53.6536 0 -0.35
ECHO: -117.854 -51.7007 O -0.35
ECHO: -117.878 -49.7641 0.05 -0.35
ECHO: -117.9 -47.8812 0.05 -0.4
ECHO: -117.921 -45.9816 0.1 -0.35
ECHO: -117.941 -44.099 0.1 -0.35
ECHO: -117.96 -42.2415 0.15 -0.35
ECHO: -117.979 -40.3682 0.15 -0.35
ECHO: -117.997 -38.4444 0.15 -0.35
ECHO: -118.015 -36.5114 0.2 -0.3
ECHO: -118.034 -34.502 0.2 -0.3
ECHO: -118.053 -32.4537 0.2 -0.3
ECHO: -118.072 -30.3715 0.25 -0.3
ECHO: -118.093 -28.2237 0.25 -0.25
ECHO: -118.115 -26.0153 0.2 -0.25
ECHO: -118.139 -23.7863 0.2 -0.25
ECHO: -118.166 -21.445 0.2 -0.25
ECHO: -118.198 -19.0913 0.25 -0.15
ECHO: -118.246 -16.6292 0.25 -0.2
ECHO: -118.337 -13.903 0.2 -0.15
ECHO: -118.468 -10.9416 0.2 -0.15
ECHO: -125.915 -565.6309 -0.15 -0.35
ECHO: -125.922 -55.2506 -0.1 -0.4
ECHO: -125.928 -54.871 -0.1 -0.4
ECHO: -125.935 -54.492 -0.1 -0.4
ECHO: -125.941 -54.1543 -0.1 -0.35
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ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:

163.
163.
164.
164.
164.
164.
164.
164.
162.
160.
159.
1569.
160.
161.
162.
163.
164.
164.
164.
164.
164
164.
164.
164.
164.
164.
164.
164.
164.
82.7
82.8
82.8
83.2
83.2
83.2
83.4
83.4
83.4

-169.
-169.
-169.
-169.
-172.
-172.
-172.
-175.
-175.

688
92

055
137
191
226
251
272
741
705
627
599
269
42

946
512
321
581
73

697

.67

644
621
579
527
511
496
482
469
935
189
431
713
77
82
308
329
35
737
74
743
746
485
488
491
157
159

65.
59.7
54.
48.
43.
38.
34.
25.
21.
19.
16.
14.
10.
6.55
-0.
-4.
-10
-13
-18.
-20
-22.

-25.
-27.
-31.
-37.
-39.
-40.
-42.
-44.

35.
34.
33.
1.8
1.07
0.43
-25
-26
-26.
-3
-34
-3
-3
-3
-3
-3
-3
-3

691 -0.3 0.25
815 -0.25 0.25

0599
6804
4755
6428
0008
4386
9818
1341
6659
0268
9463
437 -
72448
29609
.6984
.4831
4918
.8133
9634
0886
22 -
2943
1094
0211
9584
8857
7614
9974
9241
85569
0068
73 -0
8918
.8526
.346
8435
3.8851
.3949
4.9446
5.4934
9.0665
9.5117
9.9649
0.0963
0.6646

-0.25
-0.25
-0.15
-0.15
-0.15
-0.15
-0.15
-0.15
-0.15
-0.25
-0.2
0.15
-0.1
-0.1
-0.2
-0.1
-0.2
-0.2
-0.2
-0.2
0.2

-0.2
-0.3
-0.3
-0.3
-0.3
-0.3
-0.2
-0.25
-0.2
-0.2
.2 0
-0.2

5
5

5

5
-0
5

5
5

0

0

O, ~ NN

O O O O O O o oo
(¢

-0.05
0.05
0.05
-0.1
-0.15
-0.2
-0.25
0.3
-0.3
0.3
-0.3
.35
-0.35
-0.35
-0.35
-0.3
-0.3
-0.3
0.1
-0.05
0.05

-0.25 0

-0.2

-0.2
-0.
-0.0
-0.

0

0
05
5
05

-0.
.05
.05
.05
.25
.25

-0.45
-0.45
-0.45
45
-0.35
-0.4
-0.45
-0.35
-0.35
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ECHO: -175.161 -31.197 -0.3 -0.4
ECHO: -175.163 -31.7364 -0.3 -0.35
ECHO: 176.698 -30.873 -0.3 -0.25
ECHO: 176.696 -31.3674 -0.3 -0.3
ECHO: 176.693 -31.9485 -0.3 -0.25
ECHO: 171.268 -33.0347 -0.3 -0.3
ECHO: 171.265 -33.5489 -0.3 -0.3
ECHO: 171.263 -34.0913 -0.3 -0.3
ECHO: 171.261 -34.6408 -0.3 -0.3
ECHO: 163.138 -34.1447 -0.25 -0.3
ECHO: 163.137 -34.6586 -0.3 -0.3
ECHO: 163.135 -35.2124 -0.3 -0.3
ECHO: 160.406 -40.8071 -0.35 -0.25
ECHO: 160.403 -41.3031 -0.35 -0.25
ECHO: 160.401 -41.7635 -0.35 -0.25
ECHO: 157.682 -45.2618 -0.35 -0.25
ECHO: 157.68 -45.7714 -0.35 -0.25
ECHO: 157.677 -46.2419 -0.35 -0.25
ECHO: 157.675 -46.7145 -0.35 -0.25
ECHO: 146.897 -41.6311 -0.4 -0.2
ECHO: 146.896 -42.0933 -0.35 -0.2
ECHO: 146.894 -42.5958 -0.4 -0.2
ECHO: 146.893 -43.099 -0.4 -0.2
ECHO: 136.105 -52.1383 -0.45 -0.15
ECHO: 136.105 -52.5438 -0.45 -0.15
ECHO: 136.105 -53.0399 -0.45 -0.1
ECHO: 107.536 54.8869 -0.4 O

ECHO: 107.618 b53.3193 -0.4 O

ECHO: 107.693 51.7533 -0.4 O

ECHO: 104.96 b51.7614 -0.35 O

ECHO: 105.027 50.2274 -0.3 0.05
ECHO: 105.088 48.7304 -0.25 O
ECHO: 102.1556 53.2941 -0.35 O
ECHO: 102.231 51.7566 -0.35 O
ECHO: 102.3 50.207 -0.3 -0.05
ECHO: 102.362 48.6906 -0.3 O

ECHO: 99.50563 51.736 -0.3 O

ECHO: 99.5749 50.2005 -0.3 O

ECHO: 99.6377 48.6839 -0.3 O

ECHO: 92.0999 21.384 -0.25 O

ECHO: 92.1153 20.2917 -0.25 -0.05
ECHO: 92.1307 19.1904 -0.25 O
ECHO: 90.1594 -39.8332 -0.4 0.05
ECHO: 90.1633 -40.3649 -0.35 O
ECHO: 90.1671 -40.8664 -0.3 0.05
ECHO: 87.1766 -10.8045 -0.25 O
ECHO: 87.1862 -11.4858 -0.25 O
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ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:
ECHO:

87.
87.
81.
81.
81.
81.
78.
78.
78.
59.
59.
59.
59.
56.
56.
56.
56.
43.
43.
43.
43.
40.
40.
40.
40.

196

2061
0653
0892
1118
1333
382

4048
4263
3439
3727

4 35.

4254
6498
6784
7054
7296
0254
064

099

1313
3389
3764
4105
4419

-12.
-12.9532
33.
31.
30.
29.

201

2192
9667
7318
5019

31.9728

30.
29.
38.
37.
6857
34.
38.
36.
35.
34.
45.

7198
4871
3428
0169

3719
3206
9755
6261
3486
2171

43.7758
42.3604

40.
45.
43.
42.
40.

955
189
7465
3292
9231

-0.

-0.26 0
-0.25 0
-0.2 -0.05
-0.2 -0.05
-0.2 -0.05
-0.2 -0.05
-0.2 -0.05

-0.25 -0.05
-0.2 -0.05
-0.1 -0.1
-0.1 -0.1
1 -0.1
-0.1 -0.1
-0.1 -0.1
-0.1 -0.05
-0.1 -0.05
-0.1 -0.1
0 -0.15
0 -0.15
-0.05 -0.15
-0.05 -0.15
-0.05 -0.15
0 -0.15

0 -0.15

0 -0.1



