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An engineering evaluation of the 24 channel scanner system performance
based on analysis of flights on 2 June and 4 June 1972 and on ground test
data taken during May 1972. The report also includes recommendations
on improvement and modifications to enhance system operation and performance.
In general the system performed better than ever before and NASA is to be
commended on their rework effort.

Key points in the report are as follows:
1. AlIl channels were operating during the 2 and 4 June 1972 flights.

2. The maximum misregistration between channels was about 1 '
resolution element (reselem) which was caused by differing detector
amplifier responses. Even though good radiance measurement is not
obtained until after 3 reselem, the maximum misregistration should
probably be less than .5 reselems. In addition a number of chanmels
exhibited a long time to get within a few percent of final wvalue.
It is recommended that electronic compensation be added to tailox
the response to reduce the misregistration to less than .5 reselems
and to reduce the settling time to within 2 reselems after the

50 percent regponse for less than 5 percent error from the final
value.

3. The analog portion of the video channels exhihits considerable
drift in gain and offset. It is recommended that these circuits be
improved to maintain the signal from the calibration sources
(excluding detector noise) to within + 2 percent of the dynamic range
from the set value. In addition it is common for channel 16 video
signal to have considerable offset from the other thermal channels.
Tt is recommended that this channel have an offset adjustment range
which allows the signal from calibration source 5 to be set anywhere
in the dynamic range of the system.
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4. The design of the MSDS system inside the aircraft to some extent
invites errors on the part of the operators. In particular the two
separate sets of contwxols for AT, one set to actually change AT and
the other set just to arrange for AT to be recorded properly in the
housekeeping data on the flight tape, invites the aperator to perform
adjustments in AT as requested but to neglect to adjust the house-
keeping controls to allow thé value to be recorded properly, as was
found to happen during run 14 on 4 June. The scale and ofifset
selector switches for each of the channels arxe small and are difficult
to read and to opérate, consequently throughout the 2 June edits we
received channel 3 appears set at a scale of 2X (rather than 1X},
while chamnel 6 appears set at 2X scale (rather than 1X] for runs
through run 7, and channel 2 appears set at .25X scale (rather tham
1X) for the A/D and I/H tests which preceded the other runs on that
day. It is recommended that these operator controls be redesigned
and laid out so as to minimize these errors.

5. The scan motor operation is marginal when operated in a sustained
basis at low altitude on a hot day. If this has not been fixed it is
recommended that it be fixed.

6. The housekeeping and control panel indication of blackbody
temperatures didn't agree by over 1°C. It is recommended that this
be corrected.

7. The process of obtaining camera film, scamner color film and some
other supporting data was too long. The delay in obtaining the color
scanner film was due to the very low throughput of the data amalysis
station while the delay in obtaining the camera film is a paperwork
problem. It is recommended that this be improved.

8. I fault myself in not specifying in the mission plan the exact
start and stop point for the mission manager to conduct a run. Tt
is important for the runs to start and stop at a preset location
to aid in data recovery from the flight tapes. )

This report does not address calihration accuracy. This is expected
to be covered in a later report; however, lamp current variations obtained
during this analysis indicate the specified accuracy is not being obtained.

If there are questions regarding this report, please contact Leo M.
Larsen at 313-483-0500, extension 444.

h 9&0\% U’L’lﬂﬁ.‘
LEQ M. LARSEN
Principal Tnvestigator




1
Flight Plan and Test Site

In early June of 1972 two flights of the MSDS were conducted over the
Willow Run Airport to gather data for evaluation of the performance of the
total system. Only one flight had been requested, but an additional
flight was suggested by NASA. Data gathering concentrated primarily on an
area at the north end of a ramp at the airport where a painted resolution
chart existed and where gray and colored panels with known reflectance
characteristics had been placed. Figures 1.1 and 1.2 are prints from RC-8
photographs taken from the plane during run 12 of each flight. The black
stripes on the ramp are tar paper strips which were laid out to test for
moire patterns in the digitized data. Figure 1.3 is another print from an
RC-8 photograph, taken during run 2 on 4 June, showing the total basic
flight line, which ran north to south along the ramp and continuved in a
straight line to cross Belleville Lake, to the south of the airport.

The flight plan was identical for both flights, calling for runs at a
variety of altitudes (and V/H's), with various gain and offset settings for
the channels, and with one run flying south to north rather than north to
south. This flight plan is shown in Figure 1.4. Scan motor heating problems
prevented the 2 June flight from béing continued past run 17.

The weather for the two flights, uniquely different from one day to the
other, provided data of particular interest from both flights. On 2 June
there was a uniform overcast such that the shadows of objects on the ground
were barely discernible, and then only occasionally, while on 4 June the
weather was virtually crystal clear with only a few very small clouds
appearing in the afternoon. On this latter day the test area On the ramp
was never in cloud shadow. This latter day was also the only day of the
two which fulfilled the desired weather objectives for the flight initially
requested, and is the source for the bulk of the data presented in this
report.

Figures 1.5 and 1.6 show a scale diagram of the layout of the test
area on the ramp for each day. The resolution chart, as drawn, is
inaccurate in the number and exact placement of the smallest bars of the
chart; actually, each sequence in the chart takes up the length shown, but
each hag three more bars than indicated, the last of which is a 6" to 12"
- gliver, generally not discernible from the air. Note the differences in
placement of the charcoal fire, tar paper strips, and olive drab (0.D.),
black, and aluminum papels on the two days. Note also that Figures 1.5
and 1.6 are the only diagrams in this report which follow the normal
convention of having north at the top of the page. All other photographs
and diagrams have south at the top of the page since the flight line
usually ran north to south.
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This report describes the system performance evaluation of the.24
channel multispectral scanner based on the data generated on 2 and 4 June
1972.

The.evaluation described herein was performed under NASA Contract
NAS 9-9784, modification number 11§, exhibit C.

The work was performed under the direction of R. R. Legault, Head of
the Infrared and Optics Division and Associate Director of Willow Run
Laboratories., The Principal Investigator of this task is L. M. Larsen.

This report was written by P. F. Lambeck.



Figure 1.1
1.7K £t. of targets

6/2/72 (overcast)
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Figure 1.2

1.7K ft. of targets
6/4/72 (clear)




Figure 1.3
14. 7K £t. of flight
area 6/4/72




Flight 2 Mission (MSDS Settings for a Bright Sunmy Day)

< Ch. 1-13, 23 & 24 Ch. 14-22 —~
o & : % a § @ ji
= @ o o o o 3]
Red B Q [T H 0] = . .
=2 T4 78 TE 8 e 81°&8L 2 o 8| % 8
] - + Q o . o ~ w . ~ — w 53 B
Hg Sy B8 OBES O£ 3 3 3 f(383 = 9 ould B
o P R B~ oo = [ &) 29 73] [= o Am <1 w0 a] = o
2-1 1.7 160 180° .16 2 1 ¥ 1|1 * 40 ¥ 11 18
2-2 14.7 200 180° 023 12 1 X 1311 * 40 ix 1| 20
2-3 10.0 160 180° .027 | 2 1 X 1|1 * 40 ¥ 1 2
2-4 10.0 1s0 180° 027 |2 1 .25 111 * 40 258 1} 15
2-5 6.7 160  180° 04 2 1 ¥ 1 (1 * 40 ¥ 1 4
2-6 4.5 160  180° .06 2 1 IR 1|1 #*- 40 X 1) 17
2=7 3.4 160 180° .08 2 1 I 1| F * 40 IX 1| 14
2-8 3.4 160 1s0° .08 2 1 .23 1|1 * 40 J25X 1 22
2-9 3.4 270 180° .135 |2 1 W 1|1 * 40 w1 1 (fast)
2-10 2.7 160 180° .10 2 1 X 1|1 * 40 X 11 19
2-11 2.3 160 180° .12 2 1 ¥ 11 * 40 X 1421
2-12 1.7 160 180° .16 2 1 Ix 1 (1 * 40 X 1 3
2-13 1.7 160 180° .16 2 1 .25X 1|1 * 40 25X 1§ 23
2-14 1.7 160 180° .16 2 8 X 111 * 20 X 1 5
2-15 1.7 160 180° .16 2 1 2 3|1 * 40 2¢ 31| 19
2-16 1.7 160 180° .16 1 1 X 1|1 * 40 i 1] 12 (sun)
2-17 1.7 160 180° .16 1 1 255 111 % 40 258 1 9 (sun)
2-18 1.5 160 180° .18 2 1 X 1|1 * 40 X 1 8
2-19 .5 160 180° .18 2 1 w 1|1 * 40 1¥ 1 6
2-20 1.7 160 180° .16 2 1 X 1)1 * 40 X 1] 13 (roll)
2~-21 1.7 160 180° .16 2 1 X 1 (1 * 40 X 1 7 (pitech)
2-22 1.7 160 180° .16 2 1 X 1|11 * 40 X 1 2 (RFI)
2-23 1.7 160 0° .16 2 1 X 1|1 * 40 X 14 11 (north)
2=-24 1.7 10 180° 16 2 1 I¥ 1|12 % 40 X 1| 24
1-1 1.7 160 270° .16 2 1 ¥ 1 1 % 40 W 1 19 (Rolite)
*#5°C below Belleville Lake temp. at start of test (nmot changed)
Screwdriver Adjustment Prior to Flight:
Voltages Voltages Voltages
Level Cal. S. Level Cal. S. Level Cal. 8.
Ch. 1 2 1 2 Ch. 1 2 1 2 Ch. 1 2 1 2
1 .5 +5 .81 1.0 9 .5 .5 .78 2.0 15 1.0 1.0 4.0 4.0
2 +5 .5 .79 1.0 10 .5 5 .77 2.5 16 2.5 2.5 4.5 4.5
3 .5 .5 .83 1.1 11 .5 .5 .82 3.5 17 .5 .5 4.5 4.5
4 .5 +5 .85 1.3 12 «3 .5 .80 3.5 18 .5 .5 4.5 4.5
5 .5 .5 L7400 1.2 13 .5 .5 8% 4.0 1% .5 5 4.5 4.5
6 -5 o5 .68 1.1 14 .5 .5 4.5 4.5 20 .5 .5 4.5 4.5
7 +5 .5 7 1.7 23 .5 5 .66 4.5 21 .5 .5 4.5 4.5
8 .5 .5 T4 1.7 24 5 5 .74 2.5 22 -5 .5 4.5 4.5
Figure 1.4

Flight Plan for 6/2/72 & 6/4/72
{as specified just prior to
flight)
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2
Time Response and Channel Registration

The response in each channel, scanning across the boundary between
the concrete of the ramp and the gray canvas of either the 4 percent or
the 32 percent gray panels has been compared to the corresponding response
in channel 10 at different V/H's. At a V/H of .18, registration erroxs
between channels of more than one resolution element were mot unusual,
with thermal channels generally leading channel 10 by 1/2 resolution
element while the visible channels generally lagged channel 10 by the same
amount. Specifications call for registration between channels to he good
to within 1/10 resolution element; however, this is probably too tight to
be practical, and registration within plus or minus 1/2 resolution element
is probably tolerable. A few chanmels had an initidl fast rise time
followed by a second slow rise time. A more detailed discussion follows;
at a V/H of .18 - all delays measured relative to chamnel 10 at 50 percent
of total response:

Channels 1 and 2 had good response, anticipating channel 10 hy .2
resolution elements (see Figure 2.1).

Channel 3 had overshoots, a strange tendency to be clipped at an
intermediate level within the dynamic range of the system, was unusually
noisy during rum 19 (4 June), and was delayed in response relative to
channel 10 by .9 resolution elements (see Figure 2.2 and discussion later
in report).

Channel 4 was delayed in response by 1 resolution element and showed
a slight slow 2nd exponential response (see Figure 2.3).

Channels 5 through 9 were all delayed in response by about 1/2 .
resolution element and all showed a slight slow 2nd exponential response,
especially in chanmel 6 (see Figures 2.4 and 2.5).

Channels 10 and 11 had good response with channel 11 showing a very
strong bias in favor of odd digital levels rather than even ones.

Channel 12, though noisy, had good response, delayed by only .1
resolution elements, but marred slightly by the presence of a low frequency
noise component {see Figure 2.6).

Channel 13 had a noticeable 2nd slow exponential response, but was
delayed by only .2 resolution elements (see Figure 2.7).

Channel 14 was erratic, anticipating channel 10 in response hy 1
resolution element (see Figure 2.8).

Channel 15 had a very noticeable slow 2nd exponential response and was
delayed by .3 resolution elements (see Figure 2.9).



Channels 17 through 20 all anticipated channel 10 in response by about
1/2 resolution element (see Figure 2.10).

Channel 21 had a noticeable slow 2nd exponential response and was
delayed hy .4 resolution elements (see Figure 2.11).

Channel 22 was delayed in response by more than 2 resolution elements,
possibly due to inadequate cooling (see Figure 2.12}.

Channels 23 and 24 had good response with channel 23 anticipating in
response by .3 resolution elements and channel 24 lagging in response by
the same amount.

At a V/H of .08, the misregistration of the channels was generally -
reduced (in terms of resolution elements) by about half (see Figures 2.13-
2.24). Note the presence of the overshoot in channel 3 (Figure 2.14}.

As requested, a ground test was run at Hobby Airport, 25 May,
scanning across a knife edge. Unfortumately, for much of the data at the
‘high V/H (.18), the knife edge was reversed from the orientation which had
been requested, making this data only marginally useful. In general the
misregistration of the channels during this test was about the same as
during the flight. Some anomalies were noteworthy, however:

Figure 2.25 shows the knife edge properly oriented and indicates a
small but noticeable slow 2nd exponential in the response of chamnels 2
and 9.

Figures 2.26 and 2.27 show the knife edge improperly oriented, but
illustrate a peculiarity in the response of channels 4 and 5.

Figure 2.28 shows a small overshoot in channel 11 while Figure 2.29
shows the same overshoot masked by a slow 2nd exponential response in
channel 13. Channels 9 through 15 all showed some tendency toward having
this small overshoot.



MS3158-72°C, FO L2 M9 CLEAM O.5K, PRAELS, ETC, ON AAP MB/15/72) = ENVINONHENTRAL mm nmmm: OF HICHIGRN 1E010:07 9EP 19, 1972 »
ONGHPLOT, VERSION 1.0, P.F. LANBECKS
W’H-O.I.Tﬂo ? Iﬂf-ﬂl.l‘c ATed00°C  FILTEM SELECT=l  3.55745EC/ELENENT PLOT LINE S804, u.ama

CHAWMEL 21 CAL 2, SCALE=~ 1X , OFFSET=1 CHAMNEL 10; CRL 2, SCALEw 1X , OFFSET=|

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND W GRAY PANEL
FOR CHANNEL 10 (MRRKED WITH +'S) AND CHANNEL 2

f=J

.

n
i

f=J
*
-

— e mmm g e et e ee — — — S mmm Amm L EL e Terd e S e wEe wEm L ) b wmm ww emw mmm mee e —

(=]

»

f=1
.

1 !
=] (=
. .
n —

1
(=]
.
W

i
[=]
L]
=

1 ) ]
(=] (=] (=)
L] L] »
-~J m (47 ]

RESCALED SIGNAL LEVEL
o
2]

1 1
Ll o
(=] w

=1.11

~1.2+
...................................................

305 310 315 320 325 330 335 340 " 345 350 355
Figure 2.1 : RESOLUTION ELEMENT




W85159-72-C, F3 L2 RIS (CLEAM) 0.5K, PAYNELS, ETC, ON RANP (G6/15/72 « ENVIRONMENTRL RESEARCH INSTITUTE OF MICHIGAN 11:20:17 SEP 18, 1972 »
{DRGHPLOT, VERSION 1.0, P.F. LAKBECK
¥/t 179 l&_ﬂ-l TENPwril A0 ATw38.6%C FILTER SELECTwl  D.SSTuSEC/ELEMENT PLOT LINE S604, ELEMENTS 305-355

CoAmiEl, 10 CAL 2, SCALEs LX . OFFSET=L N

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 4% GRAY PANEL

FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 3

1
CHANNEL 391 CAL 2, SCALE= 1X , OFFSETwl

7'z 2In8Td
(-]

~0.14
__l-O.E
[T}
fy=0.34
—l
—1-0.4
C
e
2"'0-5'
P
D_OOB
-
@-0.7
O
0
E_ODB




M3S1S6-72-C, FI3 L2 A19 (CLEAN 0.5K, PAMELS, ETC, OW RAMF (%6/15/72) n ENVIRONHENTAL RESERNCH INSTITUTE OF NICHIGAN 11:22:08 9EP 18, 1972 =
ORRPLOT, VENSION 1.0, P.F. LAMBECK)
\&nmfm‘rs Lo TD!'-’H. 1 AT=36.09C FILTEMN SELECTel  9.5574SEC/ELEWENT PLOT LINE SE0%, ELEWENTS 305-955

CHANMEL 3. Ul? SCALE= 1X , OFFSCT«1 CHANNEL 101 CAL 2, SOALEw 1X ,
RESCALED HHDIHNCE PLUT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND WX GRAY PANEL
FOR CHANNEL 10 (MARKED WITH +°S) AND CHANNEL Y

—002-

RESCALED SIGNAL LEVEL
Dok e

1
(=]
.
[+ -]

llllllllllllllllllllllllllllllllllllllllllllllllll

30s. . 310 315 320 325 330 335 340 34s ' 350 355
Figure 2.3 RESOLUTION ELEMENT




w

(ORAKPLOT, VERSION 1.0, P.F,
vsemvsu %‘Gl TEWPw+11.19C AT=35.6°C FILTER SELECT=l  3.5S7uSEC/ELEMENT PLOT LINE 5604, ELEHENTS 305-355
1
CHANNEL S: CAL 2, SCALE= 1X , OFFSET=) CHAMNEL 10: CAl 2, SCALE= IX , OFFSET<L

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 4% GRRY PANEL

| p.2- FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL S

y+g =2an3Tg

0.14

e
o

[} { ] { I
o © © © ©
[43] o= w n —

i
=
.
(=)

1
e
~J

RESCALED SIGNAL LEVEL
o
o)

t | 1
- — o
M . b
-— o [{]
- ] i

i
—
-
n

:

WS5156-72~C. F3 L2 A9 (CLEARI 0.SK. PANELS, ETC, ON RAWP (RS/15/72) » ENVIRONHENTAL RESERRCH IHSTITU’IEQ%F HICHIGAN 11:23:43 SEP 18, 1872 »

i T L ] LI LI T 1 L] T 1 ¥ 13 T T T ] T T T T

305 310 315 320 '35 330
RESCLUTION ELEMENT

l’_,__,__.
|

335 340  3U5

v lséoi

355




HI3158-72-C, F3 L2 ALO (CLEAM O.5%, PAMELS, ETC, ONW MW M6/15/72

07, VERSION 1.0, P

{ORAHPL
YWD, 179 l# TOP=+11.19%C aT-08.0°C FILTEN SELECT=)  3.557uSEC/ELERENT PLOT LINE 5804, ELEMENTS

OeEL 6 CAL 2, SCRLE- 1X . OFFSETel CHWMeL 10, AL 2, SCALES 1X . OFFSET=l

RESCALED RADIANCE PLUT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 4Z GRAY PANEL

FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL &

-102‘

u EHVIRONMENTAL RESEANCH INS'I!TUTE OF MICHIGAN 11126:38 SEP 1§, 1072 w

305 310

Figure 2.5

) L) L] L) L] LS T

315

L] ¥ T LI LI ¥ T 7T LI L] L} L. | ¥

320 325 = 33 335 340
RESOLUTION ELEMENT

¥ LI L B 1 L] T

34s 350 355




"t 4g5156-72-C, F3 L2 R19 (CLEAR) 0.SK, PANELS, EYC, ON BRWP (RG6/15/72)
Vi, 178 Ltﬂ 'IEH'IWH 1" ATw35.6°%C FILTER SELECT=l  3.SS7uSEC/ELEMENT
o u&z

CHANNEL 10« SCRLEw 1X , OFFSETwl CHAMNEL 12:  CAL 2, SCALEw 1X .

w EMVIRGMMENTAL BESERACH INSTITUTE OF WICHIGAN 11:34:52 SEP 18, 1972
(DRRHPLOT, VERSION 1,0, P.F, LAMBECK)
PLOT LINE S604. ELEMENTS

305-355

CALED SIGNAL LEVEL

grg =IndTg

0.2+

(=]
= .
—

(=}

.

o
L

1 i 1 1
o [=] (=] o
- (] (] ]
= W n -

1 1 1

""0-5—

RESCALED RADIANCE PLUT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND W% GRAYT PANEL
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 12

e imn e o e e b ma rem e e mam e el el Eme e Mem mew T e e e e s e e s R e e e =

305

1 ¥ T 1T 7

310

T =T L] L T L] L]

350 355

- . 4
IITIIIITI‘IITII—l"!-l‘IIll‘l“l"‘l

320 325 330 335 340 U5
RESOLUTION ELEMENT

¥ ¥ T T

315




#3%158-72-C, F3 L2 A9 ELEAM 0.SX, PRNELS, ETC, OW RAMP (V8/15/72) s ENVIRONHENTAL ACSERRCH INSTITUTE OF HICHIGAN 1143613 SEP 19, [972

ORANFLOT, VERIION 1.0, P.F.
/e, 179 Llll Tﬂl‘-’ll 1 ATwS.08C FILVER SELECTwl  9.5STiSEC/ELEHENT PLOT LINE 5604, ELEMENTS 305-955

umms CH.Z SCALEw 1X ., OFFSETwq CAL 2, SCALE= 1X ,
HESCFILEU HRDIHNCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 4% GRAY PANEL
FOR CHANNEL 10 (MARKED WITH +°S) AND CHANNEL 13

305 310 315 320 325 330 335 340 345 38O 355
Figure 2.7 RESOLUTION ELEMENT




H35156-72-C, F3 L2 AAB (CLERR) 0.5, PANELS, ETC, ON RAWP (R6/15/72 » ENVIAONMENTAL RESERRCH INSTITUTE OF MICMIGAN 10:52:WM SEP 19, 1972 «
: (ORAMPLOY, VERSTON 1.0, P.F, LAMBECK)

VitieD. 1190 léll ‘{Eﬁ'ﬂll.l'c aT=36.6°C FILTER SELECT=1  3.5S7.SEC/ELEMENT PLOT LINE 5572, ELEMENTS 305-355

CHANNEL, 10: CR. 2, SCALE= 1X , OFFSET=1 CHAMMEL 14: CAl 1, SCALE~ 1X , OFFSET~l

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETH ANB. 3274 GRAY PANEL A

s FOR CHANNEL 10 (MARKEOD\WITH\ +'B) AND CHANNEBL 1u

2]

1.1 |

1.0 "

I 7 k

+h

gz 210813

0.71

RESCHLED SIGNAL LEVEL

l

0.51

— o e mr s man e Eve mEr e g e et e At WAA MEm e e v e mm M wed Ewe  ed d fed den S e e

T30 325 "330 335 3Up 345 350
RESOLUTION ELEMENT

T T - 1

L 1 1 i 1 L] T U ¥ T L ol T ¥




WS3158-12-C, F3 L2 M9 WCLEAW 05K, PANELS, ETC, ON RANMP B6/15/72 = ENVIROWHENTAL BESERRCH INSTITUTE OF WICHIGAN 11:37:US SEP 19, 1972 a
ORANPLOT, VERSION 1.0, P.F, LAHBECK}

m-o.mo ? "lﬂf-’ll.l'c AT=36,09C FILYEM SELECT=l  S.5S7uJEC/ELEMENT PLOT LINE SE0N, ELEHENTS $05-955

CHEL 10s CAL 2, SCALEw 1X , OFFSETe] CHAWNEL i5: CAL 1, SCALE= 1X ,

RESCALED HﬂDIﬂNCE PLUT OF SCAN [INE SEGMENT
CROSSING CONCRETE AND W% GRAY PANEL

0.2- FOR CHANNEL 10 (MARKED WITH +'S} AND CHANNEL 15

0.14

NV 7AN,

o —— ———— ——— — - ——— —— —— v —— — . —————e w— — - am— —— — g — — goa

1 1 H
o o (=}
L .

w ny [t

1
[=]
.
< ~4

RESCALED SIGNAL LEVEL
° © o o
[+ -] ~J [+2] [3:]

1 I {

=

-_— 0 w
- |

~-1.21

llllllllllllllllllllllllllllllllllllllllllllllllll

305 310 315 320 325 330 335 340 34S 350 355
RESOLUTION ELEMENT

Figure 2.9




Q17 °and1g

RESCALED SIGNAL LEVEL

. 1M55156~T2~C, F3 L2 M9 (CLEAA} D.5K, PANELS, ETC, OM RAMP (G/1S/7R) w ENVIRONMENTAL RESERRCH INSTETUTE OF MICHIGAN 10:55:19 SEP 18, 1872 =
' {DAAHPLDT, VERSION 1.0, P.F. LAMBECK)
%ﬂo b;-'" TENP=+11.19C AT=36.6°C FILTER SELECT=l  3.S5STuSEC/ELEMENT PLOT LINE 5572, ELEMENTS 305-35S
1
CHANMEL 10: CAL 2, SCRLEw 1X , OFFSET=1 CHAMMEL 17: CAL i, SCALE= 1X , OFFSET=]

RESCALED RADIANCE PLOT 0OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 327 GRAY PANELL

L2 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 17
<

1.14
1.0
0.9+
0.8
0.71
0.6
0.5+
0.4+
0.3

0.2+

0.1

0.0+ ---

"0-1-

-0.2+

r 1 1 1T ¥ 71T 7T ¥ 1T 79 Il—l‘l"||l“‘lll'llllIj1flll||li||ll'|||‘l

305 310 318 320 325 330 335 340 3U5 350 355
RESOLUTION ELEMENT




HS3156-72-C, FI L2 ALY (CLEARE 0.5K, PANELS, ETC, ON RANP (RG/15/72 « ENVIROMMENTAL RESERACH INSTITUTE OF WICHIGAN 11:39:20 SEP 19, 1972
{DRAHPLOT, VERSION 1,0, P.F. LAMDECI
\S'EA&-EO'.‘%TS l&‘w TEWPw+11. 19 ATe36.6°C FILTER SELECY=l  3,557uSEC/ELEMENT PLOT LINE SE0U. ELEWENTS 305-955

OHAREL 10: AL 2, SRLEe IX . OFFSET1_CHWEL 2t WL 1, SORLEe 1X , DFFSETey
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND W% GRAY PANEL

0.2- FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 21

Npsee

-0.8
M
-1.0 v * \ \ : ' vA
aaviv
~1.2- |

30s 310 3815 320 325 330 835 | 30 | sus 350 355

RESOLUTION ELEMENT

Figure 2.11




" RESCALED SIGNAL LEVEL

Z1°g =3tz

HS5156-72-C, F3 L2 A1 (CLEAR} 0.5K, PAMELS, ETC. ON RAne (E/15/78) » ENVIRONMENTAL RESERRCH INSTITUTE OF WICHIGAN 11:40:27 SEP 19, 1972 »
MAAKPLOT, VERSION 1.0, P.F. LAMBECK)

gmm/mno l‘.’rlll '{El‘l"ﬂl " ale38,6°C FILTER SELECTal  3,557WGEC/ELEMENT PLOT LINE S60N, ELEWENTS 305-39%

CHANNEL, 105 CRL 2, SCHLEw 1X , OFFSETw~l CHAMNEL 23: CAL 1, SCALEw 1X , OFFSETel

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING CONCRETE AND 4% GRAY PANEL

0.2- FOR CRHANNEL 10 (MARKED WITH +'S} AND CHANNEL 22

0.1

0.0.___._ — -— e e o e e min w — — —  tm m T  A m m m— — r ma wd T e k= e e a — — —

1 i
L= (=]
- [
w n

I
(=}
»
1=

i 1 1 1 1 §

= o = (=] [=] )]

[=] o (=] -J [22] ut

A 1 | 1
>

lllllllllllllllllllllllllllllllllllllllllllllllll

305 310 315 320 325 330 335 340 3uS 350 355
RESOLUTION ELEMENT




RESCALED SIGNAL LEVEL

!

—

HS3156-72-C, F3 L2 M7 (CLEAM 3.UK, PAKELS, ETC, ON AAMP (RE/15/72) » ERVIRONMENTAL RESERACH INSTITUTE OF NICHIGAH 15:112:24 5EP 20, 1972 »

D8/04/72 16117154.6, MROAR ALT 03390 FT, TRUE HERDING 179,49, DRIFT +0u.% (ORARPLOT, VERSION 1.0, I'F

V/HeD, 0887 LOW TENP=+30.99C aTe36,7°C FILTEN SELECTel 1.958:45EC/ELENENT PLOT LINE 1364, ELEMENTS 305~356

CHANNEL, 2:“-1:“.2 SCRLEw 1X , CFFSET=1 CHANNEL L0 CRL 2, SCALE= 1X , OFFSETsl

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, U GRAY PANEL, AND ALUMINUM PANEL
4.0 FOR CHANNEL 10 (MARKED WITH +°S) AND CHANNEL 2
3.5§
3.05
2.5]
a.og
?.

1.51
1.o§
o.sé
o.o?
~0.51
-1.05
-1.s§
—2.0: Ll ¥ L] L3 L) L] ¥ T ¥ T T L L] !' L) T T 1 T L . | T L2 T T T 1 ¥ T L] L] L L] v ¥ L] L] 1 L) L] L] L) L] L} L] T L) 1

305 310 315 320 325 330 335 340 35 350 355
Figure 2.13 RESOLUTION ELEMENT



http:16212.24

5, W5156-72-C, F3 L2 A7 (CLERD 3.4, PANELS, ETC, DN RANP (RE/1S/72) » ENVIRONHENTAL RESERACH INSTITUTE OF HICHIGAN 15:13:32 SEP 20, 1872 «
¢ 0B/04/T2 1611715%.6, RA0AN ALT 03330 FT, TAUE HERDING 179.4%, DRIFT +O4.3° (ORAKPLOT, VERSION 1.0, P.F. LAMBECK)
.WN-D.OB&':; Il:-gl '{ar-om.a'c ATw35.78C FILTER SELECT=l  7.8S8uSEC/ELEMENT PLOT LINE 1364, ELEMENTS 305-355

CHANMEL 3 CAL 2, SCRLEw IX , OFFSET=1 CHANMEL 10: CAL 2, SCALE= 1X , OFFSET«L

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, W% GRAY PANEL, AND ALUMINUM PANEL
4.0; FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 3

yT*7 @an31d

3.51

-

3.0

. 2.5

2.0
p ) 1

1.5

-

-

1.0

"RESCALED SIGNAL -LEVEL

""2-0-_1 | Bt SEne S B S Se S e s S mn M B RN SRS U S B SN BN AN e S R L L
305 310 318 320 325 330 335
RESOLUTION ELEMENT

L} Ll ¥ T T L] T 1 1 ¥ Ll

M0 35 350 355

L L)



http:V/l6O.O8

RESCALED SIGNAL LEVEL

H33166-Te-C, F3 L2 A7 (CLEAM 9.UX, PANELS, ETC, ON RAMP [NG/15/72) » ENVIRONMENTAL RESERRCH IRSTITUTE OF MICHIGAN 1S5iWsi2 SEP 20, 1972 =
08/00/72 16:17150.6, RAOAN ALT 03390 FY, TAUE HEADING 179.49, ORIFY +04.7 (DRAWPLOT, VERSION 1.0, P.F. LRAMBECK)

vm-o.oaog IC-Fm TENP=+10.9°C AT«38.7°C FILTEA SELECTal  7,058uSEC/ELEKENY PLOT LINE 1364, ELEMENTS 305-355

SEGHENT 1

CHANNEL U: CAL 2, SCALEw 1X , OFFSET=l CHAMNEL 10:s CRL 2

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE. U7 GRAY PANEL. AND ALUMINUM PANEL
1.0; FOR CHANNEL 10 (MARKED WITH +'S] AND CHANNEL LU

-

3.5
3.07
2.5

2.0

RESCLUTION ELEMENT

Figure 2.15




RESCALED SIGNAL LEVEL

gT*z =In813

4.0
3.5%
3.0:
2.55
2.0’

1.5]"
1.o§

0.5

H3S156-72-C, F3 L2 A7 (CLEAM 3.4K, PAELS, ETC, ON RAMP (RE/15/72)
LOB/00/T2 16:17:54.6, ARDAR ALT 03390
V/te0, 0857 LOH TENPa+10.99C aT#36.7%C FILTER SELECT=1  7.850uSEC/ELEMENT
SEGMENT O OF 1

# ENVIRONHENTAL RESERRCH INSTITUTE OF HICHIGAM 1S:16:20 SEF 20, 1972 »
{DRANPLOT, VERSION 1.0, P.F. LAMBECKD

PLOT LINE 136N, ELEHENTS

0335¢ FT, TRUE HERDING 179.4%, ORIFT +0N. P

CAL 2, SCALEe IX , OFFSET=l CHANNEL 10:  CAl 2, SCALE= 1X ,

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, W% GRAY PANEL, AND ALUMINUM PANEL
FOR CHANNEL 10 (MARKED WITH +*S) AND CHANNEL 5

IIIIIIIIIIIIIIIIIII 2 L T T T 'Séol
RESOLUTION ELEMENT




RESCALED SIGNAL LEVEL

#s5156-12~C,

F3 L2 A7 (CLEAR) 3.4K, PANELS, ETC, ON AAMP (RG/15/72) n ENVIRONKENTRL BESEMCHINS"TUTEGFHIG'!W 165:17:33 SEP 20, 1872 m

06/04/T2 16:17:5U.6, RADAN ALY 03390 FT, TAUE HERDING 179.%9, DRIFT +04.% mm.o‘r VERSION 1.0, l'
¥/H=0, 0087 LOH TENP=+10.9°C ATnas'Pl: FILTER SELECT=  7.9SBuSEC/ELEMENT PLOT LIKE 1364, ELENENTS
m g‘wma SCALE= 1% , OFFSET=l CHANNEL, 1D
RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, UZ GRAY PANEL, AND ALUMINUM PANEL
4.0 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 6
3.55
3.01
2.55
2.0§
-1.5]
"'2-0: 1 T ¥ T T 1 L) ¥ LI T L 1 L ¥ T 1 LI ) T 1 L) r L] T L L L A U D SN B Aa ) L] T v LI T T L] LARE AL L ¥ T 1
305 310 315 320 325 330 335 340 34S 350 355

Figure 2.17

RESCLUTION ELEMENT




n3TL

BT"¢ 24

RESCALED SIGNAL LEVEL

4.0
3.5]
3.o§
2.5]
2.0’
1.55

1.0]

... MSS158-72-C, F3 L2 A7 {CLEAM 3.UK, PARELS, ETC, OM ARHP (RE/15/72)
0B/GU/T2 18517354.6, RAOAR ALY 03390 FT, TAUE HEROING 179,54, DMIFT +0y, (MAWPLOT, YEASION 1.0, P.F. LAKBECKE

Vel 0687 LOH Tﬂfl"‘lo 9 ATw38,T8C FILTEM SELECTel 7. 958.SEC/ELEMENT

SEGHENT O OF

CHANNEL, 10w

PLOT LINE 1384, ELEMEWTS 305-355

cm.a SCALEw 1X , OFFSETwl CHAMNEL 12: CAL 2, SCALE= LX , OFFSCTel

HESCHLED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, 47 GRAY PANEL, AND ALUMINUM PRANEL
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 12

u ENVIRONMENTAL RESERRCH INSTITUTE OF WICHIGAN 1S5:24:68 SEP 20, 1872 »

lllll

IIIIII LR 1) L L L3 T L] T 1T ©T °F L T 1 L) L) ok ¥ ¥ ¥ LI | il

315 320 325 330 335 340 345

RESOLUTION ELEMENT

‘350

"355 |




4.0+
a.sé
3.o§
2.5:
2.o§
153

1.0]

RESCALED SIGNAL LEVEL

HSS156-T2-C, F3 L2 M7 (CLEAM) 3.UX, PRMELS., ETC. 0N SAMP (RG/15/72) » ENVIRORAENTRL RESERRCH INSTITUTE OF MICHIGAN 15:26:33 SEP 20, 1872 w
08/04/T2 16:17:54.6, ARDAN ALT 03390 FT, TRUE HEADING 179.40, OAIFT +04,.¥ {ORAWFLOT, YERSION 1.0, F.F. LAMBECKD

WH-D.DGU; I&‘GI TEMP=+10.99C aTw35.7°C FILTER SELECTsl  7.8SBuSEC/ELENENT FLOT LINE 1384, ELEMENTS

SEGHENT H

CHANNEL 10: CAL 2, SCALE= IX , OFFSETel CHANMEL 1 , SCALE= 1X , OFFSETw]

HESCRLED RHDIHNCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, 4Z GRAY PANEL, AND ALUMINUM PANEL
FOR CHANNEL 10 (MARKED WITH +S] AND CHANNEL 13

-2. 0
305

Figure 2.19

‘310

'3s1s 320 = 326 330 335 340 345 350 355
RESOLUTION ELEMENT



http:Te-.10I.oC

0Z*7 2andrg

" 3.0

RESCALED SIGNAL LEVEL

HSS156-T2-C, F3 L2 A7 (CLEAR) 3.4K, PANELS, ETC. ON RAMP (RE6/1S/72) = ENVIRONMENTAL AESEARCH INSTITUTE OF WICHIGAN 15:29:07 SEP 20, 1972 »

08/01/72 16117:54.6, RADAR ALT 03390 FT. TRAUE HERDING 179,4%, ORIFT'+.F {DRANPLOT, VERSION 1.0, P.F. LANBECIO
WIHI.OM‘; i#l '{m'nm.a'c aT=36.7%C FILTER SELECT=)  7.858x5EC/ELEHENT PLOT LINE 1384, ELEMENTS 305-35%
CHARMEL 10: CAL 2, SCALE= 1% , OFFSET=1 CHANNEL 14: CAL 1, SCALER 1X , OFFSETw1

u. 0:

3.5]

-
-

2.5

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, YZ GRAY PANEL, AND ALUMINUM PANEL
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 14

RESOLUTION ELEMENT




RS3158-72-L,
06/04/T2 1841

CHANNEL. 10:
4.0+
3.5?
3;05
2.55
2.0§
1.55
1 0;

0.5

RESCALED SIGNAL LEVEL

F3 L2 AT (CLEAR) 3.U%, PAMELS. ETC, 0N KA (IG/15/72 » ENVIRQUMENTAL RESERACH INSTITUTE OF HICHIGAN 15:31s2% SEP 20, 1972 w
Te54.6, FROAR ALT 03380 FT. TAUE HERDING 17549, DRIFT +DU.2P (DRANPLOT, VERSION 1.0, P.F. LMBE

¥/1im0, 0007 LGN TERP=+10.98C AT=38.7°C FILTER SELECTs1  7.95BuSEC/ELENENT PLOT LINE 1364, ELEMENTS
SEGMENT O OF %

CAL 2, SCALE« 1X , OFFSET=l CHANNEL 1Ss CAL 1, SCALE~ 1X , OFFSET=1

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, WX GRAY PANEL, AND ALUMINUM PANEL
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 15

3 .
0.0:-- e o e et e o s s b o el e e e e ww m fe mr m w— — — — \!“/-—r’ —

Figure 2.21
I

310 315 320 325 330 335 340 3us 350
RESOLUTION ELEMENT



http:AT-M6.WC

H55156-72-C, F3 L2 R7 (CLERAY 3.UK, PANELS, ETC, ON AAMP fﬂSliS/TEll » ENVIRONMENTAL RESEARCH INSTITUTE OF HICHIGAN 15:32:55 S£P 20, 1972
06/084/72 16+17:5U.6, RADAR ALT 03380 F¥, TRUE HERGING 179.4°, ORIFT +04,30 (ORAHFLOT, VERSION 1.0, P.F. LAMBECK)
V/He0.0887 LON TEWP=+10.99C aT«35.79C FILVER SELECT=1  7.958uSEC/ELEHENT _ PLOT LINE 1364, ELEMENTS 305-35SS

SEGHMENT O OF 1
CHANNEL 10: CAL 2, SCALE« 1X . OFFSET#l CHANNEL 17: CAL 1, SCALE~ LX , OFFSET«]

RESCALED RADBIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, WX GRAY PANEL, AND ALUMINUM PANEL
mo; FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 17

727 ®AnsTg

RESCALED SIGNAL LEVEL

b
]
[l
.

-1.51
2.0 f .
"305 310 315 ‘320 325 330 335 340 345 350 355 i

RESOLUTION ELEMENT i


http:7EMP-10.8C
http:16tl7.St

RESCALED SIGNAL LEVEL

H35156~72-C, F3 L2 A7 (CLERA) 3.4K, PANELS, £TC. ON RRHP (RG/15/72)

» ENVIRONHENTRL RESEARCH INSTITUTE OF WICHIGAN 1S5:40:12 SEP 20, 1972 =

06/04/72 16:17:54.6. RADRR ALY 03380 FV. TRUE HERDING 179.W9. DRIFT +04.3¢ {DRRWPLOT, VERSION 1.0, P.F. LAHBECK)
;E'E;gﬁ-?eag l&gu TEHP=+10.9°C &T«36.79C FILTER SELECTw=L  7.858uSEC/ELEHENT PLOT LINE 1364, ELEMENTS 305-355

1
CHANNEL 10t €AL 2, SCALEw 1¥ , OFFSET~1 CHANNEL 21t CAL 1, SCALE« 1X , OFFSETw1

4.0

RESCALED RAOIANCE PLOT OF SCAN LINE SEGMENT
CRGSSING GRASS, CONCRETE, U% GRAY PANEL, AND ALUMINUM PANEL
FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 21

Figure 2,23

315 320 325 330 335 340 345 0 350
RESOLUTION ELEMENT

kLR L T ¥ 1 1 "1 ¥ 1T " ~+¥ 7T 1T+ 1T §$T/1T71T°73



http:U)Id1.05
http:TEfP-*10.9C

RESCALED SIGNAL LEVEL

WS5156-72-C, F3 L2 A7 (CLEAR) 3.UK, PANELS, ETC, ON RAHP (AG/15/72)

= ENVIRONMENTAL RESERRCH INSTITUTE OF MICHIGAN 15:U1:56 SEP 20, 1972 «
06/04/72 16:17:54.6, RAGAR ALT 03330 FT, TRUE HEADING 178.4°, OAIFT(+0Y.30 (ORAHPLOT, VERSION 1.0, P.F. LAMBECK}
‘S’éag!‘#ss? LE_H TEWPw+10.5°C aT=36.7°C FILTER SELECT=1 7.95B8uSEC/ELEMENT PLOT LINE 1364, ELEHENTS 305-355
0gF 1

g g @indtg

CHANNEL 10: CAL 2, SCALEw 1X , OFFSETwl CHANNEL 22¢ CAL 1, SCRLEI'S 1% , OFFSET=1

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT
CROSSING GRASS, CONCRETE, W% GRAY PANEL, AND ALUMINUM PANEL
&02 FOR CHANNEL 10 (MARKED WITH +'S) AND CHANNEL 22

3.5’ :

3.0

n

H

[44]
141

na
.
[

= —
.
1413 W

="
©
!
{
i
f
i
!
i
!

1
o
w
4,_,__,_,_
\
Jh
=1
1
l
l
[
l
[

-2-0 ¥ L L] T 1 1 1 1 F 1 T T F 1 T T 1 L] T 1 1 T

305 310 315 20 935 330 T335 | 3u0 | 345 350 35
RESOLUTION ELEMENT
|

3



http:IENP-i0.rC

RESCALED SIGNAL LEVEL

KSSING-T2-83, HOBBY PVI, HNIFE EOGE (RB/2L/72}
W’lllﬂ.lﬁﬁ‘n? lc.g-l '{E!I’-'ZH.PC al= 8.1°C FILTER SELECT=l  3,517uSEC/ELEWENT
CHANMEL 2: CAL 2, SCALEw 1X , OFFSET=i CHAMNEL 8¢ CAL 2, SCALEw 1X , OFFSET=1

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE

» ENVI
01, VEASION 1.0, P.F,
PLOT LINE 18400, ELEMENTS 335-385

AL _RESEARCH INSTITUYE OF MICHIGAN 14:08:27 OCT S, 1872 »

.27
1.1-
1.0
0.9-
0.8
0.7
0.6+
0.5-
0.4+
0.3
0.2-
0.1-
0.04

-0.1

-0‘2"

FOR CHANNEL 9 (MARKED WITH +'S) AND CHANNEL 2

335

Fipure 2.25

RET)

L] ¥ T L] Li T I 1

s

L] T L] T L

"380

T T L) L] T

Y "360 365
RESOLUTION ELEMENT

us 350 370 385



http:IEB-.24.0C

HSSLUE-T2-89, HOBBY VT, KNIFE £DGE  (R9/21/72) x EXVIROWENTAL RESERACH INSTIIUTE OF WICHIGRN 14e23:5% OCT 5, 1972 »
vm-o.mg hqu '{Eﬂ’-—veu.sic al= 8,0°C FILTER SELECTwl  3.517uSEC/ELEMENY PLOT LINE 3U000, ELERENTS 935-38S

CHAMMEL U: CAL 2, SCALEw 1%, OFFSET~l CHANNEL 8¢ CAL 2, SCALE= 1X , GFFSET=L

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
FOR CHANNEL S (MARKED WITH +'S) AND CHANNEL U

gz g 2an31g

1.2+

1.14

RESCALED SIéNHL LEVEL

335 30 | 845 | 350 355 380 365 30 375 380 385
RESOLUTION ELEMENT




RESCALED SIGNAL LEVEL

HS5ING-72-89, HOBBY PYT, HNIFE EDGE G(B8/21/72
V=0, 1097 LON Ianu.aﬂc al= 9.0PC FILTER SELECT=l  3.S17uSEC/ELEMENT
Ol St CAL 2, SCALE= 1X , OFFSEYm1 CHAMNEL ©: CAL 2, SCALE= 1X , OFFSETwl

= ENVIROMENTAL RESEARCH INSIITUTE OF MICHIGAM lUc2M:19 OCT S, 1972 w
VERSION 1.0, P.F. LAMBECK
PLOT LINE 39000, ELEMENIS 33S-305

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EOGE
FOR CHANNEL 9 (MARKED WITH +'S] AND CHANNEL S

l.21

l.14

-0.21

¥ T L] Li L Li T L T T T 1 L] L) T i ¥ L] L T L] T T ¥ L] L] L] L3 L] 1

3us 350 355 360 365
RESOLUTION ELEMENT

L) T L] T Ll

370

T T r T T1 T

335 375

Figure 2.27

380

"385



http:3.SOlFI/EW.EN
http:iw-.a.rc

g7 g °IN3TA

RESCALED SIGNAL LEVEL

1.2
1.1
1.0
0.9
0.8+
0.71
0.6
0.5
0.4+
0.3
0.2+

0.1

0.0+

_0.2'

HSS148-72-03, HOBEY PVT, KNIFE EDGE @(RO/21/72
V/iim0.1007 LOH '{Ell’nfall.s‘c alw 8.1°C FILYER SELECT=l  3.517uSEC/ELEXENT PLOT LINE 16400, ELEKENTS 936-385
CHANWEL ©h (AL 2, SCALEw 1X , OFFSET=1 CHAMNEL 11: CAL 2, SCALE=,2S5X, OFFSET=L

w ENVIRONMENTAL RESEARCH INSTITUTE OF MICHIGAN 14:i1«06 OCT S, 1972 w
VERSION 1.0, P.F. LAMBECK)

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE

FOR CHANNEL 9 (MARKED WITH +°S} AND CHANNEL 11

335

"3up

L L LI

34s 350 355 360 365 370 375 380
RESOLUTION ELEMENT

hJ 1




RESCALED SIGNAL LEVEL

HSSIUE-72-83, HOBAY PYT, KNIFE EDGE (RO/2L/72)
V/He0. 1857 LON TENP=+2U 0% alv 8.10C FILTER SELECTwl  3.5174SEC/ELEHENT

SEGHENT 0
CraEL 9

1.2+

i.11

» ENVIRONMENTAL RESEARCH INSTITUIE OF MICHIGAN 1M:13:10 OCT S, 1972 «
« LANBECK]

07, VERSTON 1.0, P.F

(GRAMPL
PLOT LINE 12400, ELERENTS

1
CAL 2, SCRLEw 1X . OFFSETmi CHANMEL 131 CAL 2, SCALEw.25X, OFFSET=l

I35-305

RESCALED RADIANCE PLOT OF SCAN LINE SEGMENT CROSSING KNIFE EDGE
FOR CHANNEL S

s e et — o — — " — — o — ) —

(MARKED WITH +'S} AND CHANNEL 13

Flgure 2.29

345

T 1

L] L} L L L] T Ll

350 3’ 380 365
RESOLUTION ELEMENT

L ¥ T

Ll T

310

'375

LA | L] T

L L]

380

385



http:SCit-.26
http:DIvMIENT.AL

3
Thermal Response to a Small Charcoal Fire

Figures 3.1-3.4 show examples of thermal response to a 2 foot x 1 foot
charcoal fire from an altitude of 3.4 thousand feet. Channels 14 and 15
exhibit a slow exponential recovery from saturation at the high signal
level (Figures 3.1 and 3.2). Channel 16 (a water ahsorption band] shows
no response at this altitude, as one would expect (Figure 3.3). Channel
17 (Figure 3.4) typifies the response of the channels 17 through 22,
which was good. Data from the Hobby knife edge tests as well as other
data indicates that a slow expounential recovery from saturation as shown
in channels 14 and 15 is characteristic of most if not all channels of
the system.
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4
Scan Line Registration

Inspection of the DAS film edits we received revealed a few
instances where successive scan lines appeared to waver in and out of
registration by plus or minus 1 resolution element. In Figure 4.2, edit 9,
one can see jagged edges on the large blue building rooftop near the ramp
while in edit 10 such jagged edges are not evident. Steplike variations
in edges might be expected due to the effect of digitization, but
oscillating variations such as those in edit 9 would be unlikely. Figufe 4.1
shows two contour plots of tape edits we obtained which coxrrespond to the:
two DAS film edits of Figure 4.2. The stairstep edges visiblé on some of
the roads are due to the effects of digitization, which is not smoothed in
these plots. WNote that while the plot for run 9 (airspeed 270 knots and
virtually no drift) looks véry clean, the plot for run 8 (airspeed 160
knots with noticeable drift) shows jagged edges very much like those in
DAS edit 9. - Close inspection of the contour plot for run 8 (plotted to
a larger scale in Figure 4.3) indicates that the variations in registration
of the scan lines can be identified across almost the entire width of the
scan (note variations in edges of road at resolution element 15 and TG
similar variations in edges of building rooftop near elements 292 and 315}
especially near scan line 1722 - Figure 4.3). Listings obtained for our
tape edits indicate that channel swapping did not occur during this edit,
hence these registration oscillations could be due to variations in the
timing of the start of each scan line. This phenomenon may be related to
roll gyro problems.
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Figure 4.2
DAS Film, Runs 8 & 9

3.4K ft. 6/4/72
19-R 2-G 13=h
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5
Response vs. Scan Angle

Dirt, smudges, etc. on the optical surfaces of .the scanner can cause
variations in response from one portion of the scan to another. Data
from run 23, flying south to north, was compared to data from run 24,
which immediately followed run 23 and flew north to south, to determine
whether any scan angle related respomse variations could be detected,
Some small amounts of signal drift were apparent (see Section 8), but no
scan angle related variations in response were evident in any channel,
indicating that any scan angle anomalies were no worse thamn 5 percent.
Figures 5.1 through 5.6 reproduce scan lines from runs 23 and 24, crossing
the 4 percent gray panel and the aluminum panel, which were studied for
scan angle variations in channels 2, 8 and 19. ’
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6
Noise, Digital Hang-ups, etc.

Figure 6.2 is a print made from an RC-8§ photograph. taken over
Bellevilie Lake during run 12 on 2 June (overcast day). This lake will be
used as an approximate uniform signal source to evaluate noise character—
istics. Note the clock at the top of the print indicating 6:00 GMT
(1:00 p.m. EST), the few waves present, and the. slight trace of sun glint
toward the upper right center of the photograph. (Note also a bright
Streak near the center of the print which was not present in the RC-8
film from which this print was made). Figure 6.1 is a contour plot of the
tape edit corresponding to Figure 6.2. The speckled appearance of the
plot is due to noise peaks crossing the chosen coftour level in regions of
shallow water. The extra dots mear elements 460-480 are probably due to
waves combined with what little "sun glint" there was during this run.
Figures 6.3 through 6.12 were all generated from data in the edit contoured
in Figure 6.1.

Figures 6.3, 6.4, 6.6-6.12 are examples of the level of noise which
was prevalent in channels 1, 2, 4, 5, 8 and 12-15. Note that while
Figure 6.4 shows no particular evidence of the motor spikes present during
this run, an average of 100 scan lines for this same chammel (channel 2 -
Figure 6.5) indicates that motor spikes are an influence. This amount of
influence is quite small, however, for all chammnels with the exception of
channels 13-15, where motor spikes are quite pronounced (see Figures 6.10-
6.12). Wote that in applications where blocks of data might be averaged
and processed as averages, normal Gaussian noise would tend to average out
while motor spikes would tend to persist, possibly causing problems even
in those channels vwhere their amplitude is small. Whether motor spikes
are present during a given run depends on how the scan motor was brought
up to speed.

Channels 3 and 6 had noise similar to that in channel 2 (Figure 6.4),
while channels 7, 9, 10, 11 had noise similar to channel 8 (Figure 6.8).

Channels 12 through 15 showed traces of low frequency noise components
which were at their worst in channel 15 (see Figures 6.9-6.12). In
channels 13 through 15 this noise is probably due to cooler microphonics
from the cooler for array 3 although it could also be caused by amplifier
drift (see Section 8). Note in Figure 6.13 (V/H = .022 compared to
V/H = .16 in Figure 6.12) that the period of the noise in channel 15
comprises 1/7 as many resolution elements as at the V/H of Figure 6.12
(i.e. the period of the noise in microseconds is nearly the same).

Figure 6.13 may be correlated with Figure 9.1 (a contour plot of the tape
edit from which Figure 6.13 was taken) and compared to Figure 6.15 (the
same scan line plotted for channel 20) to determine which features of the
signal in Figure 6.13 might not be due to noise.

Channel 16 experierced occasional low frequency ripples of noise as
indicated in Figure 6.14. In this figure the dynamic range for each scan
lire is scaled down to £ill only one inch from level 0 #o level 256,
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Note that the noise ripples have an amplitude on the ordexr of 1/2 the
dynamic range set for this channel. This problem may be caused by amplifier
drift or noise. The general Gaussian noise in channel 16 was noticeably
greater than for channels 17-20.

Noise in channels 20, 21 and 22 is typified in Figures 6.15-6.17
(V/H = .022), taken from the edit contoured in Figure 9.1. Note the
increase of noise in channels 21 and 22. compared to channel 20. At a V/H
of .16 (as would be expected) the noise in these channels was 2 to 3 times
greater than shown for a V/H of .022. Channels 17 through 19 were similar
in noise level to channel 20. The increasing noise level in chanmels 21
and 22 and the increased Gaussian noise level in channel 16 relative to
channels 17-20 was probably due to deficient cooling near the ends of
array 4. This same noise trend has heen apparent in previous MSDS data.

Noise in chammels 23 and 24 can be judged from Figures 6.26 and 6.27,
to be discussed later in this section.

Some additional phenomena are notewoxthy:

Channel 3 was plagued by a few unusual problems. Figures 6.18 and
6.19 show superimposed traces for 5 adjacent resclution elements traced
across all scan lines in an edit from xun 12 (4 June) for channels 2 and
3. These particular resolution elements coincide with the five gray
reflectance panels (scan lines 3466-3511) and with one sequence of the
resolution chart painted on the ramp (scan lines 3512-3564) plus one bar
from the other sequence of the resolution chart (scan lines 3564~3573),
all of which is clearly visible in chapmel 2 (Figure 6.18). Channel 3,
however, shows clipping occurring at digital level 111 for much of the
data (Figure 6.19). The spike appearing for scan line 3570 in Figure 6.19
is data from channel & which swapped with channel 3 during this scan line
due to a problem reading the original flight tape during the generation of
our edits (see comment at end of Section 10). The differing response of
channels 2 and 3 prior to scan line 3456 is due to spectral differences in
these channels while viewing grass near the edge of a road and the 0.D.
panels at the north end of the ramp (see Figures 1.2 and 1.6). Figures
6.20 add 6.21 show a segment from a single scan line for chamnels 2 and 3.
Note the high signal level corresponding to the sand blasted aluminum
panel in channel 2 (near resolution element 390 — Figure 6.20) which is
missing entirely f£rom the wesponse of chamnel 3 (Figure 6.21). Note also
the characteristic clipping in channel 3 between elements 405 and 419
(Figure 6.21). Finally note the ringing which occurs at each sudden step
in the signal in channel 3 (compare with channel 2). The wayy portion of
the scan line in Figures 6.20 and 6.21 between elements 335 and 367 is
caused by scanning in and out of phase with the tar paper strips laid out
on the ramp (see Figures 1.2 arnd 1.6} and is discussed in Section 10.
Figures 6.22 and 6.23 show single resolution elements traced across all scan
1ines in edits from two successive runs for channel 3. Note the clipping
apparent in Figure 6.22 (at level 123 this time), but note especially the
much noisier signal in Figure 6.23 (run 19 - "noise! effect not due to -
signal drift between successive scan lines). Noise in channel 3 was back
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to normal again durxing run 20. We currently have no explanation for these
three anomalies in the behavior of channel 3 other than to conclude that
they are intermittent and are probably due to more than one problem source.

Figures 6.24 and 6.25 are segments of one scan line from a run on 2
June for channels 13 and 14. During this particular run, both of these
channels experienced brief, intermittent bursts of noise. Note that for
this scan line segment, these bursts of noifse appear to alternate between
the two channels. These noise bursts are probably due to cooler micro-
phonics.

Figures 6.26 and 6.27 (taken from the edit contoured in Figure 9.1)
show samples of an intermittent problem in channels 23 and 24. In this
case the 32 bit is stuck on zero for both channels, causing data from
digital levels 32-63, 96-127, etc. to be displayed at levyels 0-31, 64-95,
etc., respectively. Digital hang-ups of this general nature were observed
from time to time in other channels as well, though not as frequently as
in channels 23 and 24 (e.g., a 64 bit sticking on 1 in channel 20].

Figure 6.28 shows evidence of power supply noise spikes at periodic
intervals in channel 23 during run 13 (4 June). These spikes probably
arise from the power source for channels 1-3 which had been put in just
prior to the June flights as a temporary fix so that channels 1-3 could be
operating.
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Figure 6.2
1.7K ft. over lake
6/2/72 (overcast)
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Mopitoring of Scanner Temperatures and Calibration References

Figure 7.1 charts temperatures of arrays 3 and 4, as recorded in the
tape edit housekeeping data, as a function of time for the flight of 4
June (2 June data, though limited, was consistent with. this plot).
Points marked in the plot correspond to values translated from the start
ID housekeeping record for each tape edit we had obtained. Values from
the stop ID records, some of which are evident in the plot for array 4,
were plotted but were not marked. The tape edits were in general shorter
than 2 seconds in real time. Array 2 data was clipped indicating less
than -80.3°C. Available data for the interpretation of the housekeeping
values did not go below -69°C for array 2 or helow 23°K. for arrxay 4,
hence values for these arrays were derived through extrapolation. Much
of the array 4 data was clipped at 17°K, a lower temperature than might
have been expected. The data indicates that the cooling of the arrays
(as measured at the monitoring points) was adequate.

Figure 7.2 charts the current through the lamp filament used for
calibration soirce 2, as recorded in the tape edit housekeeping data fox
the flight of 4 June. Only start ID values are marked; 2 June data was
consistent with this plot. Over one third of this data was clipped at
8.107 amps. The current exhibits a maximum uncertainty of plus or minus
.8 percent which, according to tests performed in the past on quartz-—
iodine lamps at The University of Michigan, would correspond to maximum
uncertainties in radiance ranging from plus or minus 8 percent in the
ultraviolet (channel 1) to plus or minus 2 percent in the near—infrared
(channel 11). Better lamp current stabilization would be desirable
from a standpoint of absolute calibration.

Figure 7.3 charts the temperature of the low temperature hlackbody
reference and the temperature difference between the two blackbody
references (AT) both as indicated in the tape edit housekeeping data
(start ID values marked) and as recorded from the operator's console into
the flight log for 4 June (2 June data was similar}. Data for AT from
run 14 is not included in this plot since an operator error (failure to
change the AT control range when AT was reduced by a factor of 2} caused
the housekeeping data for AT during that run to be meaningless. Note the
consistent discrepancies of 1 degree or more between the housekeeping
values and the flight log values for these calibration parameters. It is
not known which of these values indicate the true temperatures of the
thermal references: however, both indicate that stabilization of these
references is probably adequate.

Figures 7.4 and 7.5 chart the tape edit housekeeping data for the
six temperature monitors located in and around the scanner, together with
the temperature of the air outside the aircraft as indicated by channel 16
(6.2-7.6ym — a water absorption band), for 4 June (2 June data was similar).
Start ID housekeeping values are marked; tremds in the variation of the
altitude of the aircraft can be identified in the flight plan of
Figure 1.4, Wote that it took on the order of 15 to 30 minutes for the



interior of the scanner to reestahlish equilibrium with. the aircraft
surroundings after the jump from 1.7 thousand feet to 14.7 thousand feet
which occurred around 15:30 GMT (compare channel 16 data to various
temperature monitors). During run 14 (4 June) both the start ID and stop
ID data for the first three temperature monitors was disrupted (17:12:30
GMT - Figure 7.4). The source of this disruption is not known. During
run 20 another disruption odccurred affecting all six temperature monitors
(18:17:30 GMT - Figures 7.4 and 7.5). The abnormally high noise in
channel 16 indicated for zun 23 (18:44:56 GMI — Figure 7.5) was due to a
low frequency noise ripple (or drift) in that channel during that run.
Note that the data for the P.M. tube support (physically mounted on the
baseplate but exposed to the air inside the optics compartment) indicates
that the air temperature of the optics compartment was adequately controlled
(Figure 7.4).
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3
Gain and Qffset Drift

MSDS signal gain and offset is controlled by clamping a high and a low
level calibration source signal in each channel to separate voltage levels,
usually between zero and 5 volts. These clamping voltages are set up
prior to flight (genmerally) using screwdriver adjustments. Those adjustments
requested for the 2 June and 4 June flights are listed at the bottom of
Figure 1.4.

In some instances it was found that these screwdriver adjustments
could not be made as we had requested, in which case an adjustment as close
as possible teo our requested level was made, In particular, in channel 3
the clamping level for the low calibration source could barely be brought
up high enough to fall within the dynamic range for that channel,
consequently this calibration reference was occasionally observed to be
clipped at the low end of the dynamic range for channel 3. In channel 16,
while this low clamping level could be placed within the lower part of the
dynamie¢ range, it could not be raised as high as was requested and conse-—
quently, at the highest flight altitude, data for chamnel 1& was partially
clipped at the low end of the dynamic range. Some problems were also
encountered in setting the clamping levels for chamnnel 6.

The reaction time for the clamping circuitry is supposed to be slow
enough so that noise should not cause appreciable fluctuations in the
clamping, thus a channel with low frequency noise should show the effect
of this noise in its calibration source signal levels, each wavering up
and down with the noise while clamping remaing at an essentially fixed
signal level. :

In Figures 8.1-8.24, signal levels cohserved for the more important
calibration sources in each channel are plotted for the flight of 4 June.
All data points are marked for those calibration sources on which clamping
is supposed to he performing. The sky radiance signal (on which no
clamping was performed for any of the data im the plots) is plotted
unmarked for correlation with the other calibration references in channels
1-13, 23 and 24 (the reflective channels). Dotted lines represent the
requested clamping levels for the high and low level calibration references
in each channel.

Note the apparent increase in sun and sky illumination indicated in
channel 1 (ultraviolet) during the higher altitude runs (15:37:13 and
16:01:57 GMT, runs 2 and 5, 14.7 and 6.7 thousand feet - Figure 8.1).
Channel 2 indicates a slight offset drift during these two runs (Figure
8.2), while channel 3 shows a substantial offset drift during the same two
runs (Figure 8.3).

Channel 13 shows a sudden change in the level of the low calibration
source between run 7 (16:17:56 GMT) and run 12 (16:55:51 GMT) which
persisted throughout the remainder of the runs (Figure 8.13}.


http:8.1-8.24

A1l other channels appeared.to be more or less stable in beoth gain
and offset throughout the flight, although it is somewhat debatable
whether the low frequency variations seen in channels 15 and 16 are due to

noise or drift.
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PRT-5 Performance

Figures 9.2 and 9.3 compare a portion of the PRI-5 data from run 2
(2 June, 14.7 thousand feet) to data from three thermal channels which
cover portions of the spectrum sampled by the PRT~5. The data for these
thermal channels is taken from the tape edit contoured in Figure 9.1,
showing an outline of the shoreline of Belleville Lake (gee also Figure 1.3).
To correspond somewhat with the 2° field of yiew of the PRT-5, an average
of 17 adjacent elements in each channel (representing 1.95°, but only one
dimension of the PRT-5 field of view) is traced along a path running from
land to water through the semicircular bay visible in Figure 9.1 near
element 350. In Figure 9.2 these 17 elements center about element 350
(nadir) while in Figure 9.3 they follow a path 8 resalution elements (.927)
to the right of nadir (centered on resolution element 358). Note that the
PRT-5 data correlates best with the data plotted in Figure 2.3, indicating
that the PRT-5 may be angled approximately 1° to the right of nadir. In
Figures 9.2 and 9.3 the symbols correspond to every 4th data point plotted
(every .458°) for each thermal channel. Four of these symbol Increments
plus one additional data point (i.e., 17 data points or scan lines) is
approximately equal to the field of view of the PRT-5 along the flight
direction (1.95° vs. 2° for the PRT-5).

Figures 9.4 and 9.5 compare a portion of the PRT-5 data from run 12
(4 June, 1.7 thousand feet) to a 17 element average of data from three
thermal channels which again cover portions of the PRT-5 sensitivity
spectrum. The data from these thermal channels is taken from the tape edit
contoured in Figure 10.2. Again the data corresponding to points centered
approximately 1° to the right of nadir (Figure 9.5) shows the closest
correlation with the PRT-5. Note the square "pulse" so prominent in the
data from the thermal chanmels, corresponding to the tar paper strips on
the ramp which were warmed by the sun, which is somewhat less prominent in
the PRT-5 data due to its 2° field of view along the flight direction.
(The 17 element averaging of the thermal channel data takes mo account of
rhis dimension in the PRT-5 field of view). The time discrepancy between
the appearance of this '"pulse" in the thermal channels and its appearance
in the PRT-5 data indicates that the PRI-5 is probably not only looking 1°
to the right of nadir, but 2° behind the scanner as well. This supposition
is not contradicted by the data in Figures 9.2 and 9.3. Note that in
Figures 9.4 and 9.5 every 8th data point plotted in the thermal channels
(every .916°) is marked, thus 2 symbol increments plus one data point
(17 data points or scan lines again) approximately corresponds to the
field of view of the PRT-5 along the flight direction (1.95° vs. 2° for
the PRT-5).

One might expect a generally lower apparent temperature to be indicated
for the PRT-5 at the higher altitude (Figures 9.2 and 9.3, 14.7 thousand
feet) due to the cooler atmosphere absorbing and emitting more,
proportionally, toward the ends of the 8 teo 14 micron sensitivity band of
the PRT-5 than in the scanner channels chosen for the plots; however, a
similar discrepancy in indicated temperatures occurs for the low altitude



as well (Figures 9.4 and 9.5, 1.7 thousand feet). The low temperature and
AT values used to caleulate the indicated temperatures for the thermal
channels in these plots were taken from the start ID housekeeping data for
these edits (see documentation on plots). If these calibration parameters
had been taken from the flight log (See Sectfon 7 and Figure 7.3), the
‘calculated temperatures for these thermal channels might have been
approximately 1 degree lower, still leaving a discrepancy on the order of

1 or 2 degrees; hence it appears that there may be a calibration discrepancy
between the scanner thermal references and the RPRT-5.
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. 10
Moire Patterns

Moire patterns are often observed on television newscasts when the
news commentator wears a suit or tie which has a pattexn made up of
contrasting elements similar in dimensions to the width of one scan line.
Similar patterxns arise from time to time in multispectral scanner data,
particularly in data representing a contrasty row crop viewed from above.
The moire pattern consists of the loci of areas in the data where sampling
is out of phase rather than in phase with the two contrasting elements of
the true pattern which is being viewed. These loci usually appear as
gray bands with a level of grayness midway between the levels corresponding
to the separate elements of the original true pattexn. Obviously the
signals corresponding to the gray bands of the moire pattern do not
accurately correspond to the signal level of either component of the
original true pattern, hence these bands represent areas where a potentially
useful signal has been obscured due to the resolution limitations of the
scanner. While the loss of a few resolution elements of data corresponding
to a few individual corn plants might be tolerated, the loss of data due
to sampling out gf phase with an entire cornfield can be substantial. To
this extent moire patterns are a matter of some concern in multispectral
scanning.

Figure 10.1 is a digital graymap of data from run 12 (4 June) for
channel 2. In this plot the signal level from each resolution element in
channel 2 is tramslated into a scribble which £ills all, part, or none of
a resolution cell defined to be .04 inches square. The more scribbling,
the darker the resolution cell appears from a distance. TIn this plot 16
separate scribbles have been defined, corresponding to 16 distinct shades
of gray, ranging from black (a filled resolution cell) to a single dot .02
inches in diameter. A blank cell constitutes a 17th gray level. The
differences between consecutive levels of gray are in general just harely
perceptible to the eye, with the exception of three levels near the center
of the range of the grayscale which are slightly more abrupt in cdntrast.
The overall result of the plot (when viewed from a great distance) is an
approximate qualitative equivalent of a black and white film print of data
from the chosen channel with enhanced contrast near the middie of the
dynamic range of the film. Figure 10.1 may be compared with Figures 1.2
and 1.6. Note the appearance of the tar paper strips in this graymap; in
particular note the separated areas over which the seven tar paper strips
can be seen individually. The diagonal boundaries separating these areas
congtitute the bars of a moire pattern. In Figure 10.2, a contour plot |
of the tape edit from which Figure 10.1 was taken, these bars of the moire
pattern can be seen as white patches where definition of the tar paper
strips has been lost, since the contouring is done for one signal level
just below that corresponding to the baxrs of the moiyxe pattern and at a
second level completely above any signal occurring in the tar paper strip
area. (These signal levels - 112 and 170 - can be observed relative to omne
scan-line segment from this edit for chammel 2 in Figure 6.20. "Thils scan
line ecrogses the tar paper strips between elements 335 and 367.) Figure
10.3 is a plot of a series of scan lines from the tape edit of Figures



10.1 and 10.2 (plotted with 100 resolution elements per inch). The wavy
portion of the signals covering about .3 inches near the middle of most
of the scan lines shows the effect of scanning in and out of phase with
the tar paper strips which creates a moire pattern.

Figure 10.4 is a digital graymap of data from run 12 (for channel 2)
for the flight of 2 June. This figure may be compared with Figures 1.1
and 1.5. The most serious moiré patterns are generally caused by scanning
nearly, but not quite, in -line with the stripes of some other true pattern
as in Figures 10.1 and 10.2. On 2 June the fntent was to show that moire
patterns could also arise from digitizing data not quite in phase with
the stripes of an existing pattern (a color television hexagonal matrix
picture tube provides even more opportunities for moirxe patterns). For
this purpose the tar paper strips were lined up parallel to the flight
line. Note once again that regions can be identified where the tar paper
strips appear separated. Between these regions are bands of a moiré
pattern representing areas where definition of the tar paper strips is
lost. In Figure 10.5, a contour plot of the tape edit from which Figure
10.4 was taken, these bands can be identified as white patches running
through the tar paper strip regiocn. Figure 10.6 plots a series of
resolution elements traced across scan lines through this edit (100 scan
lines per inch). WNote the low frequency waves running through. the portions
of these traces representing response to the tar paper area (starting
.4 inches from the left edge of each trace and ending .8 inches from the
left edge ) indicating the moire effect. In non—-digitized data this
particular instance of the moire pattern would not have occurred. Note in
this case that although truly representative data for the tar paper
strips (as well as separation from their surroundings) has been lost in the
bars of the moire pattern, from a standpoint of absolute reflectance
calibration none of this particular data for these strips could be truly
representative of their full signal level anyway due to the inherent
response limitations of the scannex caused by the aperture size and the
integrate and hold circuitry. For strips parallel to the flight lime,
fully representative data can only barely be obtained for strips which are
2 vesolution elements wide and canmot be guaranteed unless these strips
are at least 3 resolution elements wide (barxing other response
limitations). Stxips 3 resolution elements wide would give rise to
virtually no moire effect regardless of their orientation. In the
instance of Figurés 10.1-10.3 for 4 June, fully representative data for
the tar paper strips could be obtained between the bars of the moire
pattern in spite of the 1 resolution element width of these strips, since
the iptegrate and hold civcuitry primarily affects consecutive resolution
clements within a scan line and has minimal effect between successive
scan lines (the aperture affects both).

Note the effect of a "channel swap' between channels 1 and 2 which
is visible in Figures 10.1 and 10.2 during scan line 3570. During the
editing of data from the original flight tape onto the 9-track tape we
obtained, a tape reading error (skipping over data from one resolution
element in channel 2) caused data from channel 1L (which alternates with
channel 2 on the flight tape) for the succeeding resolution element to be



read instead. Once this happened, the flight tape apparently continued
to be read out of phase for the remainder of that scan line (in channels
1 and 2). Succeeding scan lines were transcribed properly (at least for
channel 2).
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11
Cloud Shadowus

Figure 11.1 is a print made from an RC-8 photograph. taken from 1.5
thousand feet showing a cloud shadow which was present over a freshly
planted field along the flight line north of the ramp during run 18 on
4 June. Figure 11.2 is an enlargement made from the inflight film recorder
output for channel 8 during this run. Most of the horizontal streaks

visible in this film are probably due to non-uniformities in the incremental
" movement of the film past the CRT which exposes it, while the lengthwise
streaks are probably due to non-uniformities in the CRT phosphor or to non-
uniformities in the staircase CRT sweep waveform.

Note the differences betieen Figures 11.1 and 11.2 in the location of
various portions of the cloud shadow, indicating that the cloud was both
moving and changing shape. Since the cloud was more or less following the
path of the aircraft but at a slower speed, the outline of the cloud
depicted in Figure 11.2 is elongated slightly in the flight direction
relative to what appears in Figure 11.1. This indicates that the RC-8
f4lw should not always be trusted to indicate the precise shape and
location of a cloud shadow in the scanner data.

Figure 11.3 is a contour plot shoWing an approximate outline. for this
cloud shadow as indicated in chahnnel 8 (compare with Figure 11.2]. In
thié figure note the outline of a small tree and its shadow, close to one
edge of the cloud shadow, near resolution element 340 in scan line 2040.
Figure 11.1 indicates that the center of the aircraft shadow probably
passed over this tree crown. Figure 1l.4 plots the average of the 16
sample elements from the sky reference calibration signal for each sean
line from line 2100 through 2050 in channel 8, while Figure 11.5 plots a
single element (34Q) traced across scan lines (and over the crouwn of the
small tree) for lines 1476-2157 in channel 8, approximating the path of
the aircraft shadow over the ground. A low signal level representing the
tree shadow followed by a high signal representing the sunlit crown of the
small tree appears between scan lines 2028 and 2043 in Figure 11.5,
followed by a dip in the signal representing the small blob of cloud
shadow next to this tree. In Figure 11.4 the sky reference shows a
similar signal dip between scan lines 2230 and 2290, indicating that the
aircraft actually flew through this portion of the cloud shadow about 200
scan lines after it had scanned over it on the ground. This would
correspond (from geometrical calculations) to the Sun heing approximately
22° away from zenith, ahead of the aircraft at 17:43 GMT (12:43 EST),
which is about right. This indicates the lack of correlation one would
expect between the sky reference signal and the location of small,
sharply defined cloud shadows.
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Figure 11.2
Inflight Film, Ch.8
1.5K ft. 6/4/72
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Sun Glint

Figure 12.1 is a print made -from an RC-8 photograph taken over
Belleville Lake during run 12 (1.7 thousand feet) on 4 June. Figure 12.2
is an enlargement of output from the inflight film recorder for this same
portion of run 12 for channel 3. Note that sun glint forms a different
pattern in the scanner data from that shown in the RC-8 photograph.

Again horizontal and vertical streaks are visibhle in the film
recorder printout as mentioned in Section 1l. Close inspection of this
film indicates that individual resolution elements can perhaps be
identified occasionally, although there appears to be emphasis in
brightness upon alternate resolution elements as if the CRT sweep waveform
preferred "even" voltage levels over "odd" omes, or vice versa. There
is an even more prominent emphasis on every 4th resolution element,
giving rise to the vertical white streaks which appear in the enlargement,
spaced a little less than lmm apaxrt.

Note the lack of evidence for clipping or ringing in this film
recorder output for channel 3. Earlier in this same run clipping and
ringing were noted in the digitized data for this channel (see Section 6
and Figure 6.21). This indicates that the abnormalities in channel 3
occur downstream from the comnection for imput to the film recorder in
this channel.



Figure 12.1
1.7K ft. over lake
6/4/72 (clear)




Figure 12.2
Inflight Film,Ch.3
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DAS Film Edits

Figures 13.1-13.6 are examples of some of the better DAS film edits
we obtained for the 2 June and 4 June flights, representing various
altitudes and V/H's. In general this film was distorted (compressed in
scale by a factor of 5, more or less, throughout the first 100 elements
or so of each scan line) and faded out with a sometimes ragged edge toward
the end of each scan line. In a few instances film edits contained wavy
distortions which thoroughly obscured the smaller features of the scene.
In the figures presented note that there are some horizontal and vertical
streaks similar to those in the inflight film printout, but a bit more
subtle. The DAS film gives the impression of being a bit out of focus
relative to the inflight film enlargements (see Figure 12.2), however
features the size of one resolution element can be identified.

For Figures 13.1-13.5 channel 19 was used for the red gun, channel 2
for the green, and channel 11 for blue. In Figure 13.4 note that the
seven tar paper strips can be seen separately (whenever the moire pattern
present does not obscure them) even though the resolution element size in
that figure is nearly identical to the width of these strips (3 feet).

In Figure 13.5, edit 44, note thai these strips caunct ue seen separately
even though they do appear separated in the graymap from the corresponding
tape edit shown in Figure 10.4. This apparent lack of resclution appears
partly due to the presence of vertical streaks in the DAS film, partly

due to the reduced signal contrast over these strips resulting from the
reduced scanner response along the scan relative to across the scan lines
together with the effect of the overcast conditions for that day, and
partly due to the lack of signal registration among the three channels
chosen for this edit at its V/H of .16 which leads to a different moire
pattern effect in each channel.

Figure 13.6 is a crude attempt at producing a natural color DAS film
print using channel 6 for red, channel 4 for green, and channel 2 for
blue. The colors of the original DAS film edit were slightly more natural
than what is indicated by this print. The distortion appearing in the
upper half of the print comes from a deliberate 5° roll of the aircraft
during this run to test the roll compensation of the scanner (which was
not compensating properly during these flights).




Figure 13.1

DAS Film, Run 2

14.7K ft. 6/4/72
_19-B 2-G 11-B




Figure 13.2

DAS Film, Runs 4 & 5

10 & 6.7K ft. 6/4/72
19-R 2-G 11-B



Figure 13.3
DAS Film, Runs 6 & 7

4.5 & 3.4K ft. 6/4/72
19-R  2-C 11-B




Figure 13.4
DAS Film, Run 18

15K £t
19-R 2-G

6/4/72
11-B




Figure 13.5

DAS Film, Runs 7 & 12
3.4 & 1.7K ft. 6/2/72
19°% 2-G 11-B
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Figure 13.6

DAS Film, Run 20
1.7K ft. 6/4/72
6-R 4-G 2-B
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Tape Edit Housekeeping Data and Rall Compensation

The tape edit housekeeping data was subject to a few problems, some
of which were persistent while others were intermittent. Throughout the
2 June and 4 June flights as well as during the PVT's performed prior to
the flight in May at Ellington Air Force Base and at Hobby Airport, the
8 bit of the last digit of the V/H value recorded in the housekeeping was
stuck on 1, causing this digit to be in error most of the time and to be
completely invalid occasionally. In the documentation with the plots
presented in this report, questionable V/H values translated from the
housekeeping data are followed by a question mark. The number of micro-
seconds per resolution element listed in the plot documentation is based
on a correction for these questioned V/H's, performed during an interruption
of the plotting program by resetting the 8 bit of the last V/H digit to a
Zero.

The scan line count kept resetting to zero every time the gyro was
caged during the 2 June and 4 June flights, causing non-unique scan line
numbering for each run. This resulted in one of our tape edits (rum 2,
2 June) being mistakenly taken from the wrong run (run 3) using the same
scau line numbers. '

The scan line number quoted in the start ID housekeeping record appears
to be consistently 1 less than the line number of the first scan line of a
tape edit (as indicated in the first calibration source location), while
the scan line number quoted in the stop ID housekeeping record appears
to be consistently 1 greater than the line number of the last scan line of
a tape edit (as indicated in the first calibration source location).

Two tape edits were received having stop ID scan line numbers which
failed to correspond to the start ID scan line numbers and the number of
scan lines in the edit. In both of these cases the V/H indicated in the
start ID record was .169(?) while it was .188(?) in the stop ID records.
These two edits were EAFB PVT A/D test, 12 May, scan lines 28271-28470
(according to start ID), stop ID scan number 28872; and Hobby PVT transfer
calibration for bulb #6, 25 May, scan lines 10221-10420 (according to
start ID), stop ID scan number 10392.

Some additional anomalies were observed in the housekeeping data.
In the tape edit we received for the Hobby PVT transfer calibration for
bulb #2, 25 May, both the start ID and stop ID records were mostly written
over (obliterated) with alternating 0's and 1's. In two of the Hobby PVT
knife edge tape edits we received (25 May, V/H = .02 and V/H = .1) the
scan status word had a 4 bit stuck on zero. Some additional comments on
disruptions in the housekeeping data involving the temperature monitors
have been included in Section 7. There is a remote but unlikely possibility
that the excessive clipping observed in the temperature monitor data for
arrays 2 and 4 and for the lamp current as well could be due to multiple
bit hang-ups.




The ASQ-90 data was present only 1/3 of the time in tape edit ID
records for the 2 June and 4 June flights with V/H greater than .08,
while it was present all the time for V/H's less than .08.

Inspection of the RC-8 film we received indicates that roll compensation

for the RC-8 cameras was working, while pitch correction may have had
excessive drift. Improper roll and pitch compensation for these cameras
will cause distortions of geometry in the photographs obtained. Some
additional distortions of geometry have been introduced in the prints from
RC-8 film included in this report together with some noticeable color
differences. The original RC-8 film transparencies we received are truly
beautiful (especially the color film).

Roll compensation was not working properly for the scanner data, as
indicated in Figure 14.1, an enlargement from the inflight film recorder
output for channel 13 (a noisy channel with motor spikes) during run 20 on
4 June. During this portion of the run the aircraft was deliberately
rolled 5° right, then 5° left to test the system for roll compensation.



L

QPAENL S H ¥ .
Ciwhyasarae g8 B0 pated i iiles

il

b Vi
TIIUI

TL(%/9 "1%
P uTrs 34
1°4%T °@and11

€1




15
Data Acquisition After Flight

It appears that one should not expect to receive inflight film
recorder output, RC-8 film, DAS film edits or PRI-> plots and tabulations
any sooner than ome or two months after a flight has taken place, and
even then this same delay should he expected relative to the date on
which such data is requested. This is regrettable since some form of
aerial imagery with a field of view approximating that of the scanmer is
of great use during the selection of tape edits - a slow and tedious
process which is in need of any help it can get to speed it up. Tape edits
can be selected as soon as one week after a f£light, If only one can
succeed in locating the data he wants to have edited from the flight tape.
This data has to be located through an approximate knowledge of the GMT
time or scan line numbers at which the data was collected, together with
a succession of slow playbacks of porticns of the flight data on the
television monitor. These playbacks can be corxzelated with the location
along the flight line only if details of the scene along the flight line
and adjacent to the area of interest are known. For this purpose quick
availability of the inflight film xecorder output (or, alternatively,

RC-8 film) would be desirable.

The DAS film editing procedure is an even slower process which
discourages one from requesting more than a bhare minimum of such. imagery.

Snapshots which we took of the television monitor during the selection
of our tape edits, although they slowed down the editing process slightly,
were found to be useful in locating data of interest within a large edit
to a first order approximation (plus or minus 5 resolution elements). ILf
enough users wish to obtain large tape edits (one half screen of data or
more), it would be worthwhile to have a polaroid camera permanently ready
for their use in taking such photographs. These photographs also
reproduce scan line numbers from the television monitor which do not appear
on the DAS film edits.



16
General Flight Pexformance

The design of the MSDS asystem inside the alrcraft to some extent
invites errors on the part of the operators. In particular the two
separate sets of controls for AT, one set to actually change AT and the
other set just to arrange for AT to be recorded properly in the house=
keeping data on the flight tape, inmvites the operator to perform
adjustments in AT as requested but to neglect to adjust the housekeeping
controls to allow the value to be recorded properly, as was found to
happen during run 14 on 4 June. The scale and offset selector switches
for each of the channels are small and are difficult to read and to
operate, comsequently throughout the 2 June eédits we received chamnel 3
appears set at a scale of 2X (rather than IX}, while channel 6 appears
set at 2X scale (rather than 1X) for runs through run 7, and channel 2
appears set at .25X (rather than 1X) for the A/D and I/H tests which
preceded the other runs on that day.

Many of the knife edge tests run at Hobby Alrport, 25 May, were run
with the knife edge reversed from the orientation that was requested, as
noted in Section 2.

The inflight film recorder output was washed out for the first 100 .
or 200 scan lines of each run. Perhaps this can be avoided, as has been
suggested in the past, by putting a 2 inch blank space on the film between
runs. .

Some problems were encountered with the scan motor overheating and
cutting out after repeated runs at the higher V/H's. This problem could
cause substantial difficulties in completing a f£light requiring many such
runs according to schedule (e.g., partially overlapping parallel flight
lines clustered about an optimum time of day to suxvey a large contiguous
area on the ground).

No radio frequency interference was noted on any channel of the scanner
during run 22 (4 June) for the UHF and VHK communication equipment, the
DME, the RADAR, or the transpomnder.



