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LLAIDSAT-4 TO GROUND STATION
INTERFACE DESCRIPTION

1. LANDSAT-4 MISSION OVERVIEW

1,1 FLIGHT SEGMENT

Figure 1 is an illustration of the components ot the Landsat-4
flight segment.

1.2 ORBIT

The Landrat-4 orbit is defined as follows:

Altitude " 705.3 km
Inclination 98.2 degrees
Repeat cycle ' 16 days

Orbits per cycle 233

Ground trace spacing at Equator 172.0 km

Sidelap at Equator 7.6 percent
Descending node time ' 0930 to 1000 hours.
Nodal period 5933.0472 seconds

The value of 705.3 for the Landsat-4 orbit agrees with the alti-
tude over the Earth's Equator (he) that satisfies a Keplerian
period (P) corresponding to the design nodal period. The 705.3-
km altitude is not intended for use in detailed orbital analyses
because it does nét precisely represent the actual Landsat-4

altitude at the Equator.

a is altitude measured from the center of the Earth.

3
m
» = 2n a3 P =5933.0472 sec; p = 398601.2 —.
o SeC
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a = 7083.465 km r, = 6378.165 km.

hg = a - ry, = 705.3 km.

Figure 2 shows the Léndsat-4-orbit for the l16-day period. Maps
and information regarding nominal ground track and scene-center
locations for Landsat-4 will be available from thé Earth Re-
sources Observation Systém_(EROS).Data Center, Sioux Falls,
South Dakota.

1.3 FUNCTION OF LANDSAT-4 ATTITUDE CONTROL SYSTEM

The Landsat-4 spacecraft attitude control system (ACS) orients
the spacecraft relative to a desired target. The central control
system element is an onboard compdter (OBC). that processes all
sensor-derived information énd, in conjunction with various types
of stored intformation, generates the appropriate control'signals
to operate the spacecraft reaction control devices. The Landsat-4
reference sensor system consists of coarse Sun sensors, an Jfarth
censor (for safe-hold only), an inertial reference unit (IRU), a
pair of fixed-head star trackers, and a three-axis magnetometer;
All sensor outputs are transferred to the ORC in addition to
being downlinked in telemetry. The OBC processes the sensory
inputs and derives the control equipment commands. The primary

attitude reference is derived from the IRU., The IRU bias drift

‘and_scale factor errors are computed within the OBC through use

of known target stars. A l-sigma pointing accuracy of 0.0l
degree is expected from this sysﬁem.

1.4 COMMUNICATIONS

Figufe 3 shows the overall data flow from Landsat-4. Foreign
ground stations will receive data by X- and S-band links, For
more information concetning these data transmissions, refer to

Section 9.
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1.5 NASA/GODDARD SPACE FLIGHT CENTER (GSFC) LANDSAT~4 USER
' PRODUCT SPECIFICATIONS

ANASA/GSFC intends to maintain the Landsat-4 Data Manage-

ment System MSS partially processed output high-density
tape (HDT-A) format compatible with the Landsat-3 format
family currently in use within the GSFC/Image Processing

Facility.

MSS user photographic and computer-compatible tape (CCT)
products will not be produced by GSFC. The EROS Data

Center wilil be responsible for producing these user products.

The TM high-density tape (HDT), CCT, and photographic
output product formats have not been defined.” However,
plans are being made to conform the formats as closely as
possible to the generic structurevof the HDT and photo-
graphic products currently being used for Landsats-2 and
-3. GSFC intends to use the Martin Marietta Model MHZ879-L
high~data-rate recorders and the Coodyear Landsat-4 hicg¢h-

resolution film recording system.

Additional product information should be obtained from the EROS

Data Center, Sioux Falls, South Dakota.

2. ATTITUDE AND EPHEMERIS DATA

NASA/GSFC piars to provide attitude and ephemeris data for use in

processing image Jata to Landsat Ground Station Operations Work-

ing Group (LGSOWS) members on a routine basis within the telem-

etry 8 kbps S-band downlink and TK video data.
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~ The ephemeris data, which are provided in the form of orbital-
‘state vectors, will be derived by the spacecraft OBC from up-

linked predicted ephemeris data. The accuracy of these data is

presented in Table'l and the content and data format are de-

scribed in Section 5. The ephemeris data provided within the-

between 1 and 2 days after tracking data cutoff.

‘telemetry S-band downlinic and TM video data will normally be

Onboard ephem-

eris processing by the OBC does not introduce any significant

degradation to the accuracies defined in Table 1.

Table 1
Ephemeris Location Accuracy
{1 sigma)
Position/Location Accuracy (meters)
Source (days from tracking cutoff)
1 2 3
Predicted-fit ephemeris 250 500 1000

Landsat-4 pointing accuracy will be 0.01 degree (1 sigma).

Pointing, ephemeris, alignment of the T!t to the pointed axis, and

timing errors will result in positional accuracy of the imagery

with systematic correction only (no use of ground control points)

as summarized below:

Cross Track

Error Source (Meters lo)
Ephemeris : 100
Time N/A
Attitude 123
Alignment 427
Total (root-sum-square) 455

Along Track
(Meters lo)

500
80
123
855
1001

The altitude of the Landsat-4 orbit, considering both orbit

eccentricity and the Earth's figure, will vary between about 696

and 741 kilometers. Maximum altitudes will occur over the North

and South Poles and minimum altitudes will occur over equatorial

regions.



The Landsat-4 ACS—pointéd axis is defined as the line of sight
from the spacecraftt of the geocenter (i.e., the origin of the
Earth-centered inertial true-of-date coordinate-system){ ‘This is
also the nominal alignment axis for the optical axes of both the
TM and the MSS. Detailed alignment data are provided in Appendix
F. ’ C ‘

3. NAVIGATIONAL DATA

NASA plans to provide improved interrange vectors (IZRV) by
Telex, which allow proper pointing of ground station antenna for
acquisition of satellite data signals. These vectors will be
provided daily, at least 24 hours before'becoming_effective. The
I2Rv message is described in Appendix D. Orbital element and
state vector data are available from NASA as an alternative to
12Rv messages until the capability to accept I2RV data is. imple-
mented by LGSOWG members. '

4. MOLTISPECTRAL SCANNER SPECIFICATIONS

4,1 MULTISPECTRAL SCANNER RADIOMETRIC SPECIFICATIONS

4.1.1 Spectral Bands

The MSS operates in four spectral bands in the solar-reflected

spectral region as follows:

a. Band 1--0.5 to 0.6 micrometers
b. Band 2--0.6 to 0.7 micrometers
c. Band 3--0.7 to 0.8 micrometers
d. Band 4--0.2 to 1.1 micrometers



4.1.2 - MSS Detectors -

The MSS uses the following detectorsvin each spectral band:

a. Band 1--Photomultiplier tube (six each)
b. Band 2--Photomultiplier tube (six each) .
c. Band 3--Photomultiplier tube (six each)
d. Band 4--Silicon photodiode (six each)

4.1.3 MSS Radiance/Signal Range

The scanner provides video signals that are accurately related to
radiance values in each spectral band. The maximum radiance
levels for Bands 1 through 4 are:

Maximum Radiance

Band 104 watts cm™2 ster~!
1 . 24.8
2 . 20.0
3 ' 17.6
4

46.0
NASA has no plans to acquire Sun calibration data for the MSS.

4.1.4 MSS Quantization

Each sample is encoded into a 6-bit word. .

4,1.5 MSS Signal-to-Noise Ratio (SNR)

The ratio of output signal level to root mean square (rms) noise
iﬁput radiance for the scanner and multiplexer is as defined in
Table 2 when the multiplexer sampleé are in the linear mode.
When the multiplexa2r compresses signals from Bands 1, 2, and 3,
the SNR's are as defined in Table 3.



—

Table 2
Linear Mode

Band

High~radiance level:

Minimum system signal- 8% |- 73 . 56 104
to-noise (S/N) output
(after analog to digi-
tal (A/D) conversion)

1/2 high-radiance level:

Minimum system S/N output : 54 46 - 33 54
(after A/D conversion)

Table 3
Compression Mode

Band

High-radiance level:

Minimum system S/N output . 75 65 47
(after A/D conversion)

1/2 high-radiance level:

Minimum system S/N output 43 38 30
(after A/D ccnversion)

4.2 MSS SCANNING MIRROR CHARACTERISTICS

4.2.1 MS3SS Geometric Accuracy

The Landsat-4 MSS scan wmirror is supported by two flex pivots
that exert a restoring torque on the mirror. The torque is zero
at approximately the center of scan. Bumpers are provided at the.
two ends of scan to reverse the mirror angular velocity. During

the "active" scan (west to east in the spacecraft descending

10
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node) when video data are collected, the mirror is essentially
torque-free except for the flex-pivot torque. During the r>:verse
or back-scan, a torque motor applies torgue to restore the systen
energy lost during the previous scan cycle. The mirror ine-tia
is approximately 0.0077 slug-;ft2 and the combined spring constant
of the flex pivots it approximately 4707 ft-1b per radian.

4.2.,2 Scan Mirror Assembly

Sensor ground coverage perpendicular to the satellite track is
accomplished by means of a flat scanning mirror‘ofiented at 45
degrees with respect tn the scene that scans about the X-axis.
The following parameters define this scan mirrcr assembly system:

a. Scan frequency: 13.62 Hz +0.0l percent

b. Scan angle across scene: 14.9C +0.06 degrees or 0.26

+0.001 radian
c. Timing format (Figure A-2)
d. Active scan pericd: 32.75 +1.05 milliseconds

4.2.3 Geometric Fidelity

Geometric fidelity shall be defined by:

a. Lines pe. scan (scarned simultaneously)--Band 1 througn

Band 4: 6
b. Scan-to-scan line-length variation--42.0 pr, rms over 100

scans (the variation will be larger when operated sirwul-

taneously with the TM instrument)

11



- ~¢. Optical centerline variations--Less than 1 percent of full

scan

d. Scan repeatability--Scan angle versus time is rapeatable
within 24 pr, rms over 100 scans after line~length correc-

tion
e. Scan nonlinearity--For the linear portion of the forward
’ - ' scan, the repeatable scan rate deviates by less than +2.4,
-5.0 percent from the mean scan rate.
4.3 MSS INTERNAL CALIBRATION

Tr.ere are provisions in the MSS for internal calibraticn,

4.3.1 Bands 1 through 4 Internal Calibration

The iaternal calibration is provided on every other mirror scan
cycle (major frame). Data on the alternate cycles are black
level (dc restore in Band 4). 2 redundant source and varying
neutral density filter will yenerate appropriate radiant levels
and spectral distribution to provide internal calibration for

Bands 1 through 4. The internal calibration for Bands 1 turough

4 consists of a decreasing gray optical wedge (ramp calibr-te)
input of 10.<4 *#2 milliseconds duration that occurs 42.8 2 m 11li-
seconds after line-start code (nominally 11 milliseconds after
end-of~line code). Preflight'gray—wedge test data will be supn-
plied to the Landsat-4 ground stations for all modes of opera-

tion, A typical gray-wedge calibration curve is shown in Figure

4. The middle :two bits of the bilnary words are inverted as is

the case fcr all video data.

12
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Figure 4. Typical Gray-Wedge Calibration Curve

4.3.2 MSS Internal Calibration ° curacy

For the maximum duty cycle per:iod beginning 3 minutes after
turnon (normal warmup time), the calibration wedge ocutput pro-
vides the means to calibrateigain and offset values for Bands 1
through 4 (paragraph 4.1.1) within the following relative

acruracies.
a. Channel to channel (within a band)

(1) Ratio of gains between channels: 2.0 percent peak to
peak

(2) Offset ditferences Letween channels: +15millivolts

{less than 0.24 quantum average)
b. Band to Band
(1) Ratio of band average gain (average of six channels)
between bands: +30 millivolts (less than 0.47 quan-
tum level average)

c. Stability &t any channel

(1) - Gain <ii¢nges  +2.0 percent over the maximum duty

cycla



(2) Offset change: *12 millivolts over the maximum duty
cycle period (less than 0.19 guantum level average)

The amplitude range of the calibration signal in the low-gain
mode varies from a maximum of greater than 3.5 volts (level 55)
to a minimum of less than 0.5 volt (level 8), and in the high-
gain mode (Bands 1 and 2 only) from a maximum of greater than 4.0
volts (saturated level 63) to a minimum of less than 2.0 volts
(level 32).

4.4 MSS SENSOR QUTPUT FORMAT

With the exception of the addition of a 4-bit spacecraft identi-
fication word, the MSS time-code format for Landsat-4 is identi-
cal to the 4-band format of Landsats-1, -2, and -3. The MSS data
format for Landsat-4 is described in Appendix A.

4.5 MSS DATA PROCESSING CONSTANTS

The values of certain spacecraft and sensor constants required in

ground processing are provided in Appendix B.

5. THEMATIC MAPPER SPECIFICATIONS

5.1 THEMATIC MAPPER RADIOMETRIC REQUIREMENTS

5.1.1 Radiometric Sensitivity

The TM output in each of Bands 1 through 5 and 7 have a SNR for
specified input in accordance with Table 4. For a constant input
radiance, the SNR is defined as the ratio of the output value (in
units of radiance) averaged over at least 100 samples to the rms
value of the noise equivalent radiance that is defined as the rms
of the deviations of the output samples from the average value,

14



Table 4
Thematic Mapper Signal-to-Noise Ratios

Constant in Band
‘Input Radiance
Band (mw/cm2-gr) Minimum SNR
1 0.28 32
2 0.24 35
3 0.13 26
4 0.19 32
S 0.08 13
7 0.04¢ ‘5

The sensitivity of Band 6 is measured in terms of noise equiva-
lent temperature difference (NETD). The NETD for Band 6 as
measured after at least a 6-pixel settling time at 300 K is 0.5

K. The minimum scene temperature for this band is 260 K.

The signal drift of a detector channel with a constant radiance
input shall not exceed one~fourth of the rms noise of the band
from one scan to the next. The maximum allowable signal-level
drift afver 4 minuces or less of warmup (from orbital standby
temperature) shail not exceed 2 percent of full scale per 24
hours (including 5 on-and-of £ cycles) and shall not excéed the

rms noise level in any 30-sccond time period.

5.1.2 Radiometric Accuracy

Relative radiometric accuracy between bands operating in the
reflective region shall be better than 2 percent. To maintain
radiometric measurement accuracy for the total mission duration,
an internal reference source is used to provide calibration data
for ground correction. In addition, a dc restore technique is
used on board to minimize the effects of low frequency noise and
drift. A zero-radiance level is applied to the sensors when the
shutters are closed to develop a zero-clamp level for the A/D
circuitry. This zero-clamp level is fracticnally updated before
each sweep. The zero-clamp level appears as a sensor black-level

“output to the ground during the shutter-closed period,

15



NASA has no plans to acjuire Sun calibration data for the TH.

5.1.3 Spectral Bands

The scanner operates in seven spectral bands in the solar-

reflected spectral region as follows: '

a.- Band 1--0.45 to 0.52 micrometers
b. Band 2--0.52 to 0.60 micrometexrs
c. Band 3--0.63 to 0.69 micrometers
d. Band 4--0.76 to 0.90 micrometers
e. Band 5--1,55 to 1.75 micrometers
f. Band 6--10.40 to 12.50 micrometers
g. Band 7-~2,08 to 2.35 micrometers

5.2 THEMATIC MAPPER GEOMETRIC CHARACTERISTICS

5.2.1 TM Geometry

The relationship between the Earth's surface and the data sampled
by each TM detector is described in this sectioﬁ. The TM scan
mirror is a 16- by 2l-inch ellipse that provides a nearlyilinear
scan motion .covering a swath on the ground 185~km wide. A preci-
" sion digital controller drives the mirror. A scan-line cor-
rector, located behind the primary optics, coﬁpensates for the
forward motion of the spacecraft and allows the scan mirror to
produce usable data in both scan directions. Figure 5 shows the
critical TM scanning components and the geometric relationship of
the TM detectors to their ground-track projection.

Figures 6 and.7 give details of the detector geometry. The
detector rows within a band are separated by 2.5 instantaneous
fields of view (IFOV's). This is done because the multiplexer
samples the even detectors 0.5 IFOV later than the odd detectors
within a minor frame of data. In this way, the odd and even

detectors are an integral multiple of IFOV's apart in space. The

16
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spacing between Bands 5 and 6 is 34.75 IFOV's so that the edge of
Band 5 detectors will line up with the edge of a Band 6 detector.
Note that the Band 5 detector edge is 0.75 IFOV from the center

"line of the band, while the edge of the Band 6 detector is 3.0

IFOV's from the center line. Table 5 gives the minor frame
adjustments between detectors. It includes nominal physical

" spacing and sample timing. Clarification of the Band 6 sampling

‘'scheme is provided in the following paragraphs.

Immediately after the line start code, the values of Band 6
Detectors 1 and 3 are held. The Band 6 Detector 1 sample is
placed into the first minor frame after line start, and the
sample of Band 6 Detector 3 is placed into the second minor
frame. At the beginrning of the third minor frame, the values of

Table 5
Detector Adjustment for Layout Geometry
and Multiplexer Sampling

Minor-Frame Adjustment

Reverse Scan Forward Scan

Scan Direction (east to west) (west to east)
Band 1 even +3 ‘ -2
Band 1 oad 0 0
Band 2 even -22 _ 23
Band 2 odd -25 25
Band 3 even -47 48
Band 3 odd -50 50
Band 4 even -72 73
Band 4 odd -75 75
Band 7 even -117 o 118
Band 7 odd -120 120
Band 5 even ~143 : 144
Band 5 odd ~146 146
Band 6 1 ~-186 183
Band 6 2 -174 - 1758
Band 6 3 ~-185 184
Band 6 4 -173 176

Note: One Band 6 detector is sampled per minor frame. The
sequence from line start is detector
1,3,2,4,1,3,2,4,1...

20
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"Band 6 Detactors 2 and 4 are held. The Band 6 Detector 2 sample

is placed into the third minor frame, and the sqmple'of Band 6 .
Detector 4 is placed into the fourth minor frame. - The above
process is then repeated starting with the fifth minor frame.

The odd detector values of Band 5 are held at the beginning of
each minor frame as are Band 6 Detectors 1 and 3. The Band 5 odd
detectors and Band 6 Detector 1 samples are placed into the minor
frame at which they are held. Thus, as shown in Figure 7, there
are nominally 37 minor frame samples between the trailing edges
of Band 6 Detector 1 and odd Band 5 detectors on forward scans.
Band 6 Detector 3 samples are placed in the minor frame after the
Band 6 Detector 1 sample. Thus, there are 36 minor frame samples
between odd detectors of Band 5 and Band 6 Detector 3 on forward

scalls.

For reverse scans, the values of Table 5 again represent the
minor frame adjustment between the trailing edges of Band .6-
bDetectors and the other bands. As shown in Figure 7, there are
40 IFOV's between the trailing edge of Band 6 Detector 1 and Band
5 odd detectors. '

The scan mirror assembly {SMA) cperates in two modes: scan angle

monitor (SAM) mocde and bumper mode. The bumper mode is a third

backup and will not be addressed in this document. The SAM mode

can operate with scan mirror electronics number 1 (SME-1) or scan
mirror electronics number 2 (SME-2). For each SME, there exists

a fifth-order polynomial describing the nominal departure from

linearity (or profile) of the scan mirror forward and reverse

~scans. (See Appendix C.) These nominal polynomial profiles must

be adjusted on the basis of first half and second half scan- time
data due to observed profile wander (expected to be a slowly
varying adjustment of +10 microradiané at midscan over 2000
scans) and due to launch vibration prcfile shifts (exéected to be

less than +200 microradians at midscan).

21
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Appendix E, TM Midscan Correction Summary, explains how a parab-
ola is added to a smoothed protile polynomial to create a ground
calibrated profile polynomial,

The scan mirror electronics (SME) mode is indicated in Bits 6 and
7 of TM serial Word E. Serial WordE isgiven wit_hih the PCD TM
housekeeping telemetry. See Section 5.4.7.2 (k).

The scan mirror produces nonlinear motions normal to its scan
direction. This produces cross-scan or along-track errors that
are defined using the polynomials given in Appendix C.

The scan line corrector (SLC) scans in the along-track direction
and is intended to remove the along-track spacecraft and along-
track Earth-rotation motion during the active scan time. The SLC
position is reset by the end-scan pulse and initiactes along-track
scanning before the start-scan time. The SLC position at staft-
scan is a function of scan mirror turnaround time. The follo&ing

are nominal SLC parameters:

Scan frequency {(nominal) 13.99 Hz
Scan period (nominal) 71.462 mws.
Scan rate in object space (nominal) 9.6 mr/sec

5.2.2 TM Geometric Accuracy

A line synchronization signal is generated once each scan line.
The signals relate the position of the scanning system with

respect to the TM frame.

Excluding the effects of possible spacecraft attitude changes,
the path of any detec¢tor on the ground will not deviate from a
straight line by more than 1.0 IFOV (maximum) during the active
portion of each scan. The scan profile (angular position versus

22
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time) can be described to within 0.1 IFCV (rms) by a smooth func-
tion of time with a maximum of three inflection points. A cali-
bration profile has been derived from data taken during scan

mirror subsystem tests and is provided in Appendix C.

The ‘scan profiles ih both albng-track and cross-track directions
are repeatable to the calibration profiles to within 0.1 IFOV
(rms) over 400 scans and to within 0.2 IFOV (rms) over the opera-
tional lifetime of the instrument. To meet the scan profile
repeatability requirements, scan profiles should be adjusted
using first half scan time error and second half scan time error

information that is provided in the high-data-rate stream.

The Flight Segment (FS) includes mechanical devices that are
activevduring the time that images are being acquired. These
mechanical devices cause low-amplitude motion that is passed
through the spacecraft structure and results in attituge devia-
tions of the TM optical axis. This motion is called jitter,
Anticipated rms TM jitter error, refefenced to the spacecratft

coordinate system, is as follows:

Frequency Range (Hz) Error Magnitude (arc-sec, 1 sigma)
0--0.01 36,0 All axes
0.01--0.4 10.0 All axes
0.4--7 0.30 All axes
{0.93 Roll
Greater than 7 0.20 Pitch
0.30 Yaw

Significant error is not expected to occur above 77 Hz.

Because of the developmental nature of the TM system, the NASA
ground processing system is being designed to accommodate larger

worst—-case {(peak) jitter errors of 20 arc-seconds above 7 Hz,.
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The amplitude and phase of jitter is expected to be asynchronous
with respect to the TM scanning and thus requires measurement and
correction during ground processing. The Td attitude meéasuremer.t -
capabilityAis up tbbnominally 2.0 Hz, using the attitude control
inertial reference units (IRU's), and from ncminally 2.0 to 125
Hz, using the angular displacement sensor (ADS). IRU and ADS -
outputs are combined on the ground to compute FS attitude devia-
tions from nominal pointing. Below 125 Hz the TM is struc-
turally rigid, and below 20 Hz the spacecraft center body is
structurally rigid. ADS and IRU measurements fully characterize
the attitude jitter of the TM optical axis: . =

5.2.3 TH Scan Rate
The scan rate (scene angular scan rate) during the usable pcrtion

of the scan will not deviate more than 1l percent (peak) from the

average scan rate over any 30-second time period.

5.2.4 TM Qvrxrlap/Underlap

The peak overlap or underlap of IFOV's in adjacent scan lines of
a band, not Iincluding the effect due to variations in range-

" across the scan (i.e., bow-tie effect), altitude variation, or

spacecraft jitter will be less than 0.2 IFOV error (in 395 of 400
measurements) over the full length of the scan lines when viewing
the Earth.

5.2.5 TM Scar-Line Length

The length of a scan line is defined as the time required for

scanning between the images of two sources that are at opposite
ends of the scinned field of view. The TM line length (active)
will vary by nomore than +1 minor frame time from the line
length averaged over 400 scans, exclusive of jitter effects
external to the TM. Note that the specified performance (+1

minor frame) is for the active scan line length. In operation,
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the TM line length variation may De as large as +#20 minor frames
when the TM and MSS operate simnltaneously.

Major frame length (scan line start to the n2xt scan lire start)
can vary up to an additional +10 minor frames due to variation in

mirror turnaround times.
5.3 TM-INTERNAL CALIBRATION

The TM internal calibration system can operate in either auto-
matic or backup mode., In the backup mode, command seguences are
used to operate thc three calibratior lamps. An internal ~ali-
bration lamp seQuencer automatically sequences through the eighn
possible radiance levels availabie with the three lamps, using
only one command. Calibration data will be present in approxi-
macely 50—image-pixel locations of each scan. The TH forward
scan is defined as the mirror scan from west to east cduring
daytime operation (i.e., with the spacecraft traveling north to
south). Using this as a reference, the calibration data precede
the dc restore on the reverse scan and follow the dc restore on
the forward scan. Dc restcre s a technique for miaimizing the
effects of low-frequency (L/F) noise and drift. A zero-racdian<s
level is applied to the sensors when the shutiters are cliosed tn
develop a zero-clamp level for the analog-to-digital circuitry.
This zero-clamp levei is fractionally update.: oefore each sweep.
The zero-clamp level appears as a sensor bl. - -level output to
the ground during the shutter-closed period¢, Calibration data
begin approximately. 7.8 milliseconds after the end-of-line (EOL)
pulse for the forward scan and approximately 1.0 millisecond
after the EOL pulse for the reverse scan. Each of the eight
calibration stepc will appear in 40 consecutive scans. nNcte that
NASA does not use calibraztion lamp current to determina lamp

state, and that there are no pians to put these items in the PCD,
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Approximately 0.5 second is required for changing calibration
levels because of the time required for the lamps towarmup to
full radiance (or cool down in the case of the infrared bands).
For this reason, the user should not pian to use the calibration
data present in the first 7 scans of each 4C-scan calibration
tevel sequence. The user siiould examine a neighborhood of image-
pixel values about the proper time a2nd determine the location of
the shouldev on the risring edge of the internal calibration
curve, Look ahead 0.4 millisecond and search for the trailing
edge of the sho::lder of che calibration curve. Thirty contiguous
pixels centereu between the two shoulders can e averaged and
used as valia calibration data. Almost anytime between 2.3 and 3
milliseconds can be used for the zero-radianc--calibratio~ level
when it occurs. The dc-restore flag is black, the same as no
light for Bands i through 5 and 7. {(Refer to Table 7 for the
location of uc restore and blackbody data.)

Percent of

Command* Lamps On Full Scale
i A}l lamps OFF/Lamp C OFF None 0
2 Lamp A ON A : 4C
3  Lamp B ON A+B 70
4 Lamp A OFF ’ B 30
S5 Lamp C ON B+C 50
6 Lamp A ON A+B+C 90
7 Lamp B GFF A+C 60
8§ Lamp A OFF C 20

The TM czlibration lamp sequence is synchronous with the scans.
Theoretically, it is possible to determine which of the eight
calibration levels is in effect for a particular scan line. The
calibration level (which lamps are on and stable) at any particu-

lar time must be derived from the data. These calibration levels

*There are 40 scans between each command.



are not anticipated to be exact, but no tolerances are specified.
There are also no specification limits on calibration pulse rise
and fall time. Actuval digital values depend primarily on thé
internal calibration (IC) lamp ~onfiguration and the band ﬁumber.
Representative values can be deduced from Figﬁres 7a and 7b. The
brightest level (111l), with all thrée IC lamps on, causes satura-
tion at digital count 255 in Band 4.

Given the preceding calibration data sequence, the user can
develiop the technique to locate and extract calibration data. A
temperature-controlled blackbody and a temperature-measured shut-
ter surface provide the calibration reference noints for the four
Band € Detectors. Band 6 détectors view the temperature-measured
shutter surface during the ac-restore calibration period and the
temperature-controlled blackbody during the calibration pericd of:
+ach mirror scan. Refer to Table 7 for the locaﬁioh of these two
periods in the TM forward and reverse scans. The calibration
shutter and blackbody temperatures are measured and inserted in
mission telemetry (minor-frame words 49 and 47, respectively -
see Tabie 13), and in the payload correction data (PCD) T™ house-
keeping telemetry (reference 5.4.7.2.k). Absolute calibration
will be necessary for the thermal IR channel to account for the
blackbody shading factor. Compensation for temperature drift and
possible emissivity varia@}onswig expected to be required through-

out the mission.
5.4 T™M OUTPUT FORMAT

The TM output is an 84.903 +0.080 Mbps nonreturn-to-zero mark
(NRZ-M) serial bit stream. This signal employs differential
transmission and has redundant outputs. Eight TM bits are
grouped to form a word; words are grouped into minor frames; and
minor frames are used to form major frames. £Each major frame
contains all data applicable to the one sweep (71.46 milli-

seconds) of the scan mirror. The output format is shown 1in

27



CRIGINAL PAGE 1§

OF PCOR QUALITY,
& 1 - .l 1
BAND 1 -
11 DETECTOR 8
e2812
239 - -
— 110
€
[
b
3
161
3 pisi CY = -
<
k=
g
a
w
= .
g LN - 011 Qvﬁzvp
2 100 109 -
=3
2 ;
x 1
<
i
&
010
5 oot . -
SCANS/LEVEL |40 37 43 40 37 %_ 40 43
ixiA (]
e i 1 J
0 £0 G0 i

Figure 7a.

FORWARD SCAN LIME NURIBER

2¢5-2418(41)

TM/PF Internal Calibrator Lamp Sequence Showing Lamp
Turnon Overshoot

28



CRIGINAL PACE IS
OF PCOR QUAUITY

_ uoTIexXe[ay Tewiayl pue 3FO0YSIIAQ
duweg buimoys @douanbsgs dweq 103vIqite) [eUIDIUI Jd/WL gL =2anbrg

7 _
Uok2uees HIBWNM MYIS 3N QUYARHCS
esL LS a 7
T J _
000
806
ol
, 03
o3
210
§
oLl
zi8e9
R YRETED:
i onNYeE .
ey |
[l 1 {

.ud'

29

(SAMNOY TYLIDIQ) TYA XN X



"Figure 8 and is described in the following subparagraphs. The

key parameters are as follows:

Swath angle: 15.390 degrees (nominal)-

Scan rate: 4.42191 rad/sec (nominal object space)

Dwell time: 9.611 usec

Line length: 6320 IFOV's (nominal)

Filter frequency: 52.02 kHz

Data rate: 84.903 +0.080 Mbps .

IFUV Bands 1 through 5 and 7 (nominal values) = 42.5 prad;
Band 6 = 170.0 prad

Scan period: 142,922 wsec (nominal)

Scan frequency: 6.9968 Hz (nominal) _
Active scan time: 60,743 microseconds (nominal)

Turnaround time: 10,719 msec (nominal)

Figure 9 details the pseudorandom noise code for the TM scan~line.

start.

All words in the format, except for minor-frame sync, scan~1line
start, and "not-pseudon:ise® (PN), will have the last four bits

inverted and will then be PN-encoded.

5.4.1 Major-Frame Sync

The major-frame sync is referred to herein as the scan-line start
(SLS). The SLS begins with the third word after the word in
which the SLS pulse from the scanner has been sensed. The SLS
consists of 816 biﬁs of PN code generated from a 10-bit register
so that the last 10U bits of the SLS are 10 logical ones. ({See
paragraph 5.4.,5, PN Encoding.) The actual bit pattern is shown

in Figure 9., The SLS preempts all data; however, word sync is
maintained from scan to scan. The SLS words are not PN-encoded.
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Figure 9. Pseudonoise Code for Thematic Mapper Scan-Line

Start, Data Encoding and Complement of the Epilog
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5.4.2 Major-Frame Format

Since each TM word major frame contains the data relative to a
single mirror sweep, the frame is of veriable length, - The'major-
frame length during rnormal operations will be 7435,3 +30 minor
frames. Major frames are partitioned into minof frames. The
major-fréme formats are detined in Tables 6 and 7. (See Table 8
for the time-code format and Figure 8 for the TM data format.)

5.4.3 Minor-Frame Format

Each scan is divided into minor frames of 102 words of 8 bits
each. The format for a single minor frame is shown in Figure 10,
All minoxr frames except the last one are composed of 816 bits.
The last minor frame of any major frame may contain any integral:
number of 8-bit words up to the full 102,

5.4.4 Minor-Frame Sync

The minor-frame sync is a 32-consecutive-~bit sync word., The
first bit of the first minor-irame sync occurs immediateiy fol-
lowing the 8l6~bit SLS and is repeated every 816 bits until the
next SL3 reinitializes the sequence. The sync word is not PN-
encoded and has been selected to maximize the opportunity to
correct for bit slippages. The sync word can be interrupted by
the SLS at the 8-bit word boundaries. The selected bit pattetn
for the sync word can be represented as the hexadecimal number 02
37 16 D1,

5.4.5 PN Encoding-

All TH data except for: (1) major-frame sync, (2) minor-frame

sync, and (3) postamble data are PN-encoded. Encoding is accom-
plished by inverting the 4 least significant bits (LSB's) of each
8-bit word and exclusive ORing the resultant word with a pseudo-

random noise (PN) code. The PN code (Figure 9) is generated from
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Table 6

Thematic Mapper Major-Frame Format

Nominal
Number of
Minor Frames Starting

Required Minor Frame Data Type

1 0 Major-frame sync code

6 1 Time code -

3159 +10 7 Scene

2 - LA Midscan code*

3159 +10 3161 +10 ~ Scene

3 +0, -1 6320 *20 End-scan code=~START
End scan +2 End-scan code--END

3 End scan +3 Line length

155 +30 End scan +960 Postamble~~-START
7435.3 +30 Postamble~-~END

*I1f command ON, otherwise replaced with scene data.
**Approximately at center of scan.

Table 7
Thematic Mapper Data Format
(From scan line start to end of turn-around period)

Fcerward Scan
West to East
at Descending Node

Reverse Scan
East to West
at Descendi:ng. Node

P e i

Start End Start End
Event Minor Frame Minor Frame Minor Frame Minor Frame
Count Count Count Count
End Scan 6320 +20 End scan +2 6320 +20 End scan +2

Line Lengﬁh and
Scan Direction

Shutter Obscur-
ation

End scan +3

6445 +50

End scan +4

7310 +50

‘End scan +3

6445 +50

End scan +4

7310 +50

34

DC Restcre End scan +230 End scan +555 End scan +560 End scan +88&"
Calibration 7028 +50 7148 +50 6520 +50 6640 +50

PN End scan +960 7435.3 +30 End scan +960 7435.3 +30
Note: The start aﬁd end times are nominal times.
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Table 8
Thematic Mapper Time-Code Format

A B - C D E F
1 0 0 0 0 0 0
2 0 10 D(8) 10 D(4) 10 D(2) 10 D(1) 0
3 0 10 H(S8) 10 H(4) 10 H(2) 10 H(1) 0
-4 0 10 M(8) 10 M(4) 10 M(2) 10 M(1) 0
) 0 10 s(8) 10 s(4) 10 s(2) 10 s(1) 0
6 0 100 ms(8) 100 ms(4) {100 ms(2) 100 ms (1) 0
7 0 l ms(8) 1l ms(4) 1l ms(4) Il ms(l) |. O
8 0 X1 X2 X3 X4 0
9 1 100 D(8) 100 D(4) 100 D(2) 100 D(1) 0
10 1 1 D(8) 1 D(4) 1 D(2) 1l D(1) 0
11 1 1 H(8) 1 H(4) 1 H(2) ' 1l H(1) 0
12 1 1 M(8) 1 M(4) 1 M(2) 1 M(1) 0
13 1 1 s(8) 1l s(4) 1 s(2) 1 s(1) 0
l4 1 10 ms(8) 10 ms(4) 10 ms(2) 10 ms () 0
15 1 1/2 ms 1/4 ms “11/8 ms 1/16 ms .0
16 l * ® * * 0
Output Seqguence: Al-Al6, B1-Bl6, Ci-Clé6, D1-Dl6, El-El6,
F1-F16 :
D - Day * = Spares (set to "1")
H ~- Hours : . () = BCD weight
M - Minutes X(1-4) = spacecraft ID as follows:
s ~ Seconds 1000 = Landsat-4
ms - Milliseconds 1101 = Landsat-—-4'

a 10-bit seed word (0011 1101 10) by exclusive ORing the lst and
4th bits to create the 1llth bit, as shown below. The resultant
1024-bit repeating code is truncated (reset to the seed word)
each minor frame so that the last 10 bits of the code used in
each minor trame are "l's.” Note that, since the first 4 words
(32 bits) of each minor frame are minor-frame sync and not en-
coded, the first bit used in encoding is the 33rd bit of the
sequence produced by the generator shown. The generator also
produces the PN code used for major-frame sync and the inverted
PN code used as postamble.

The PN code generator is reset to a fixed value (0C 1111 0110)
tor the start of scan line and for the start of each minor frame
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thereafter. This starting code, along with all other codes pro-
duced by the PN code generator, are shcown in Figure 9. Note that
the first 32 bits of each minor frame are not PN-encoded. (See
Figure 10.) PR encoding is performed cnly cn bits 33 through"alé'
of each minor frame. The PN code bits (Figure 9) are exclusive
ORed with corresponding video data word bits (the last 4 bits of
each video word are inverted before the exclusive OR process is
performed). Thz PN-encoded data are transmitted to ground, most
significant bit (MSB) first. The PN inverse code consists of 4
words of minor-frame sync, Band 6 sensor word, and PCD word fol-
lowed by 768 bits of inverted PN code (PN bits 49 tc 816 in-
verted) repeated continuously fou apbroximately 1l millisecond
Refer to Table 8 for the timing of PN encoding.

-«

5.4,6 Band 6 Sensor Word

The outputs of the 4 thermal-band detectors of Band 6 appear in
sequéntial minor frames as the first 8 bits immediately following
the minor-frame sync. The signal from Detector 1 of Band 6
occurs in the first minor frame atter SLS and every fourth minor
frame thereafter. The output seguence is Detector 1, Detector 3,

C2tector 2, then Detector 4. Band 6 sensor words are PN-encoaed.

5.4.7 Payload Correction Data

The PCD contain all data required by ground stations for cor-
recting THM sensor data. The data sources, data, and timing
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associated with their collection, formatting, and t: :smission to

-.ground stations are provided in this section for the "M payload

data stream. The PCD are transmitted to ground stations by a 32-

kbps digital signal modulated on the S-band carrier and within

the TM payload data stream, carrying tne following types of data:

© Angular Displacehent Sensor (tromAEhe'ﬁnéular Displacement
Sensor Assembly-ADSAi .

ADS Temperature (from ADSA}

Gyro Data (from OBC)

Gyro Drift Data (from OBC)

Attitude EBEstimate (from OBC)

Ephemeris (from OBC)

TM Housekeeping Data (from OBC)

Spare Housekeeping Data (from OBC)

Spacecratt Time Code (from the Power Distribution Unit-F’
MUX Status (generated in the PCD formatter)

A/D Ground Reference (from ADSA)

Sync (generated in the PCD formatter)

4 9 0 6 60 @ © © o & & 0

Major Frame Identification - MFID (generated in the PCD
formatter) ’
® Telemetry Frame Correlation (generated in the PCD

formatter)

The PCD contain information from many sources, including a 2- to
lZS-Hi bandwidth jitter measuring. senscr. The jitter information
is derived from a three-axis angular displacement sensor (ADS)
that is mounted on the TM instrument. Calibration of this sensor
is based on prelaunch test results. The ADS output will be
quantized to 12 bits per axis. The PCD are formatted, subse-
quently multiplexed onto a 32~kbps digital S-pand data 1link, and
inserted in the TM payload data stream. ’

The sixth word in each TM minor frame contains either 8 bits of
PCD or, in every lé6th minor frame, a minor-frame counter number,
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The minor-frame count commences with a count of "zero® at minor-
frame 16 (the l6th minor frame of video after SLS) and is incre-
mented by ohe and inserted every 16 minor frames thereafﬁér.

This counter also resets to "0" beginning in the 16th minbr frame
after end-of-line (and after midscan, if in use). The PCD "word"”
is either SYNC, FILLER, or DATA, (See Paragraph 5.4.7.1.) The
words ere output in the order YILLER, SYNC, DATA, DATA, DATA,
FILLER, FILLER, FILLER.... SYNC words are hexidecimél lé's
{00010110) and FILLER words are hexidecimal 32's ((OllOOlUL

DATA words are repeated twice (thrae words tctal) anc represent
eight unique bits of PCD. Approximately 22 filler werds are
reguired between each data set. PCD and minor-frame courter
words are PN-~encoded, and the left-most bit of MSB is ourput
first. PCD word sync will be repeated in the unpacked PCD format

every 26 +1 words.

5.4.7.1 Packed and Unpacked PCD Formats~--The PCD, which are
asynchronous with TM data, are genereted at 4 kbytes/sec. The TM

requests a PCD word every minor frame or at a rate of 97,545 hz.
As aresult, the PCD transmitted in word 6 of the w'ideband TH
payload data stream.are in an unpacked format. Filler words are
used to rate butfer the PCD 4 kbytes/sec . generation rate up to
the 97,545 Hz TM PCD word request rute, The number of filler
words required to accomplish this rate buffering will Qary. The
user will be required to synchronize on the unpacked fdrmat data
stream, extract the data words, perform a majority vot: on the
validity of the three identical data words to select on: cf tae
three words, and pack the selected data words into a buffer. The
unpacked PCD format (TM minor-frame wofd 6) must be reformatted
to match the packed PCD format by the user before the data can be
extracted.  The processing necessary to transform the PCD data in
word 6 of the TM minor frames to the packed PCD format is shown

in Figure 11,
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a. Unpécked PCD format (TM minor-frame word 6)

TM Payload Word 6

(PCD word content) Value

FILLER ' HEX 32 (00110010)
SYNC HEX 16 (02010110)
DATA

DATA one 8-bit data value
~ CATA repeated twice

FILLER ' HEX 32

FILLER HEX 32

FILLER - HEX 32

It should be néted that PCD are replaced in uainor frames 16, 32,
48 ... by minor-frame ID words.

b. Packed PCD tormat.(by user)
Cycle length: 4 major frames
Subcom sequence length: 4 major frames
Major-frame length: 128 minor frames
Minor-frame length: 128 words, 8 bits/word (Figure 12)

(1) PCD cycle format (Figure 12)

(2) PCD major-frame format (Figures 13 and 14)

Sync word hexidecimal FAF320
(3) PCD subcom (Figures 15, 16, and 17)

5.4.7.2 Data and Timing--The timiny of all PCD data items is

given, referenced to the PCD time code for the PCD ..ycle in which
the data item appears. The PCD time code is described under

Section g. of this paragraph.
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ORIGINAL PAGE I8
OF POOR QUALITY,

A SYNG 012 : 14F1O 3
- : : A0S : 19 4 - . ADS 1 €SBy
ADS 2 LY:] A0S 2 cass
AOS 3 13 ACS ) 3 7
* e ) sus coam (FIG 13) n
10 . n
ADS 1 11,12 ACH 1 478
ABs - 2 1318 ACS 2 nn
ALS 3 18,18 AC3 3 mm®
GYRO (FIG 18) 17 ]
13 GYRO (FiG 18) &
ADS 1 19.20 ADS 1 [:¥v3. <]
ADS- 2 21,22 AC3 2 84,58
ADS 3 72 ADS 3 8387
.20 - - £3s9 w
_Aos 1 729 2 ADS 1 90.81 E
| acs T2 | ma E ADS HIECEE:
§ § § | ~os : 3 | na z Acs 3 | mes |5
¢ € g oz o z
b 8 5 | owo (e n 3 2
¢ = 3 3 GYRO (FIG 18) o1 g
2 z
ACS 1 38338 ADS \ 9399
ADS 2 1738 ADS 2 100,101
ACS 3 19,40 ADS 3 122,108
41,42 100,105
ADS - 1 3,44 ADS . 1 103.107
ADS 2 4843 ADS 2 100,108
AOS 3 47.48 ADS 3 110,111
GYRO F1G 1) a0 . - 12
%0 GYRo (FIG 18) 113
ADS T 51.52 ADS 1 114,116
AOS 2 53.54 AQS .2 116117
ADS 3 55,59 ADS 3 118119
87,58 120,121
ADS 1 5960 AQR3 ! 1200
- ACS 2 6162 AQS 2 124,128
ADS 3 63,64 V ADS 3 128127
' )
. S , * 1 = roll (x), 2 = pitch (y) and 3 = yaw (z)

Fio ve 14. PCD Minor-Frame Format
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TELEMETRY
MAJOR.FRAME
" PULSE

TELEMETRY
MINOR
" FRAMES

Figure 15. Subcommutation Data (Word 72)

15
18

27
28

49

S8
6

102
163

107
103
116
118
1?7

127

v

PCD MAJOR FRAME

ORIGINAL PAGE 18
OF PCOR QUALITY

1 2 3 4
PRI Ay
A A A A
T T T T
T T T T
] - i ]
T T T T
v u v u
) o] ] [»]
€ 18] € 15{ € 161 €
o 8] ¢ 8 18] ¢
S R P : P
; i 2] ]
] E 3
o7 ™ hTﬁ "
3 E
R T R
s 1 L ]
P Tl 3] S M | S
R M 40 40
3
a7
| )
53 95 98
96 96 98
TIME g e ,
CODE ! z ¥
103 103 163
104 104 104
107 107 107
ADS 108 ADS 108 ADS 108 ADS
TEMP 115 TEMP 115 TEMP 115 TEMP
- 116 - 1186 a 118 -
. 117 117 117
N 127 127 127 A

=ZERO FiLL

*Frame Error and A/D Ground Ref. {Ses Figuro 18).
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' MuX FRAME . » PAG
1GINAL
. ERRomBIT gs? POOR QuALITY.
16 £ == |vs — Aosa |
Faaon ! | | I ] | R T
17 : ’ A/D GROUXD REP  acmsmrctment> { S8
E . - F.E. » FRAME ERROR

Figure 16. Frame Error and A/D Ground Reference

mal
Word 63

12 Minor x o o o o 9 a )

2nd Minor

3:d Minor

K3d Aoy

127t KSinse
Fresen X 1 1 1 1 1 1 1

(ENDOF-MALOR
FRAPAE n)

Figure 17. Frame-Counter Identification Bit Pattern

a. ADSA--The Attitude Displacement Sensor Assembly (ADSA)
consists of three nominally orthogonal ADS sensors. The
ADSA is mounted on the TM telescope. Each axis of the
ADSA will be sampled every 2 milliseconds. The sample
wiil be converted to a 12-bit integer word and inserted in
two consecutive words of the format, with the four MSB's

of the first word set to zero.

i
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Digital count 0 is maximum positive angular displacement,
and digital count 4095 is maximum negative angular dis-
placement. The LSB of each count is 250/2ll microradians.

Each ADSA axis is sampled every 0.002 second. There are
8192 samples of each ADSA axis in a PCD cycle. The sample

timing is given below.

Let the samples of any one axis appearing in a PCD
cycle be numbered N = 0,1,2,...,8191. Then the time
for each sample is defined relative to the PCD time

code of the PCD cycle by:

ADSA AXIS SAMPLE TIMES

PCD Time Code + (2N + 3/8) milliseconds
PCD Time Code + (2N + 7/8) milliseconds
3 _ PCD Time Code + (2N + 1 + 3/8) milliseconds

Each axis of the ADSA has a nominal 2.0 to 125.0 Hz band-
width., The exact transfer function to rotational motion

is given in Appendix C.

The nominal relative alignment between the ADS and the
spacecraft is Xapg = Xg,/c where Yaps and Zpapg are rotated
CCW nominally 20° about Xg,c. Appendix F defines the

exact alignment.

No attempt to calibrate the ADSA postlaunch is planned.
Predicted jitter levels indicate the need for all ADS
data. If this analysis proves to be too conservative,
less use of ADSA data may be possible in routine pro-
cessing. NASA has designed its processing to use all
ADSA data.
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ADSA Temperature--Up to four ADSA-related temperatures

will be sampled once a PCD major trame (4.096 sec). Each
sample will be converted into 2 8-bit words with the first
4 bits of the first word set to zero. As before, the data
will be sampled in the word time preceding the first data
word., That is: h

Minor Data Sample

Frame '~ Word Time (word) -
Temperature 1 108-109 72 71 (108)
Temperature 2 110-111 72 71 (110)
Temperature 3 112-113 72 71 (112)
Temperature 4

114-115 72 71 (114)

ADSA temperature is in degrees centigrade with an LSB
weight of 0.1758°C.

Temperature compensation of ADSA and DRIRU data does not
appear to be necessary and is not planned at this time.
Gyro Data--Each axis of both dry rotor inertial reference
units (DRIRU's) is sampled by the OBC every 64 milli
seconds. The daﬁa will consist of a 24~bit word for each
axis (a total of 72 bits). Figure 18 shows the format of
the gyro data in the PCD, Each sample consists of three
8-bit bytes. The three bytes must be assembled into the
24-bit word. The data are in 2's complement format with

the most significant bit first.

About each axis, the DRIRU generates a signed pulse for
each 0.05 arc-sec of angular motion. A positive pulse
increments a 24-bit register and a negative pulse decre-
ments the register. A positive pulse is_generated by a
negative rotation about the gyro axis. The OBC samples

this register every 64 milliseconds.
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‘l" * X axis {roll) byto n

2, = Y axis (pitch) byto n s Threeo eight-bit-bytas (n = 1 - J) ara required per axis. Tha MSB is output first

3n = 2 axis (yew) byte n

Figure 18. Gyro Data

Pitch orbital motion and gyro drift cause the register to

periodically overflow. The register is reset to zevro when

its value is positive 223-1 and a positive pulse is re-

ceived or when its value is negative 223-1 and a negative
pulse is received.

Each DRIRU axis has a nominal 0-2 Hz bandwidth.
transfer function is given in Appendix C.

There are 256 samples of each DRIRU axis during a PCD

cycle. Each axis is sampled at the same time. The sample
timing is as follows:

Let the gyro samples foxr any one éxis appearing in a
PCD cycle be numbered N = 0,1,...,255. Then the time

for each sample is the PCD time code plus (64N - 28)
millisaconds.

During ground processing, DRIRU data is compensated by
correcting the sign, scaling and rotating the data into
the ACS references axes. Appendix F defines the
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relationship between the DRIRU sensing axes and the ACS

reference axes,

Gyro Drift Data--The drift calculation is pertormed by the

OBC. Gyro drift parameters are updated asyhéﬁréﬁously
based on star sightiags at hp to once perAminute; The
data consist of a 32-bit twb's-complement value for each
axis (THETA BX, THETA BY, THETA BZ - See Table 21),

Gyro drift is calculated in the ACS reference axis coor-
dinate system defined in Appendix F. Gyro drift must be
subtracted from the compensated DRIRU data as a correction
to calculate spacecraft attitude. The units of gyro

drift rate are radians/512 ns. Gyro drift output data (in
units of radians/512 ms)-afe calibrated at an LSB weight
of 2747,

The format and frame position of the gyro drift binary

scaled integer data is as follows:

MSB LSB
- -47
5 17 5 4

SXXXXXXX  XXXXXXXX ~XXXXXXXX xxxx;;?x

THETA BX 16 17 18 19
MINOR{ THETA BY 20 21 .22 23
FRAME ’

THETA BZ 24 25 26 27

The datawill appear in word 72 of minor frames 16 tnrough

27 of PCD major frame zero. (See Figure 13.) Since the

data will be sampled every 16.384 seconds, it will repeat at

least three times between each calculation,
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Attitude--The OBC calculates a flight segment attitude
estimate every 512 milliseconds. The OBC will output one
of eignt sets of data in telemetry every 4.096 seconds ‘
(ohce a PCD major frame). Attitude is Euler parameters
(i.e., EPAl, EPA2, EPA3, SPAd--see Table 21) that specify
vehicle attithe relative to Earth~centered inertial frame
(nondimensional). EPA} 5 3,4 are components of the refer-
ence quaternion (as propagated from gyro data) which de-
fines spacecraft attitude. Components 1 through 3 define
theiEigen axis of rotaticn ih ECI coordinates, and compo-
nent 4 defines rotation about that axis, as shown in
Figure 19. ' '

Euler double precision words (36 bits) are compressed and
scalzd to 32 bits, 2's complement binary form as follows:

—— 32 BITS — =

BIT ORDER 59,0000 000D 0.0.0.0 0000l 6.5,0050.0.00 ¢.0.0.0.0.004
BYTE ORDER. 0 1 2 3
The four compressed Euler Parameters (EP's) are output in

word 72 of minor frames 0 through 15 of each PCD major
frame. (See Figure 13.) The output sequence of EPAIl
through EPA4 is as follows:

PCD Minor
Content Frame Numbers
EPAl 0 3
EPA2 4 7
EPA3 , 8 9 10 11
| EPA4 12 {13 | 14 | 15
BYTE ORDER 1 {2 3 4
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There are four attitude estimates in each PCD cycle. ThLe
time associated with atticuc? data contained within the_~
PCD can be derived from the time code contained in words

96 through 102 of the first PCD major frame in the cycle.
The derivation is as follows: B

PCD

Major-

Frame

Number Time Computation
1 PCD time code ~ 4.096 seconds + 36 milliseconds
2 PCD time code + 36 milliseconds
3 PCD time code + 4.096 seconds + 30 milliseconds
¢ PCD time code + 8.192 seconds + 36 milliseconds

In the normal operating mode, the OB conputed attitude,
filtered tol/2 Hz bandwidch, is output to provide a low-
frequency reference attitude. The 4.09(-second sample
rate does not support reconstruction of this signal
unliess the frequency content turns out to be much lower
than the filter allows. Gyro data ave provided evevxy 64
ms to contain 0-2 Hz frequency data and the ADS daﬁa,
providéd every 2 me, contain frequenciesuhp‘to 125 Hz.
Since these sensors have differa2nt frequency responses,

the data must be appropriately compensated to be combined.

Ephemeris--This calculatior is made by the OBC. In this
case, only 1 of 16 data sets will be outpuﬁ in the PCD

(i.e., every other PCD major frame . - 8.192 useconds).

Ephemeris consists (f spacecraft pcsition components
EOGBRF, Table 22} X, Y, and 2 in meters and spacecraft
velocity components (EGOZVeF, Table 42) X, ¥, and 2 in
meters per millisecond. Ephemeri- is output as 32-bit
binary words defining X,Y,Z,X,Q,i in larth-centered 1ner-
tial true-of-cate (ECITCD} coordinates. Ir» the ECITOD

AR O ST T SR



coordinate system, the Z-~axis is along a line from the
center of the Earth coincidént with the true Earth spin
axis, positive north. The X-axis is along a line from the
center of thé Earth toward the intersection of the true
Equator and true ecliptic of date. The Y-axis completes
the right-handed set. (The ECITOD system varies slowly-
with respect to a truly inertial system due to precession
and nutation of the Earth's axis and precession of the '
plane of che ecliptic. These variations occur slowly
enough that the ECITOD system can be considered to be
inertial over a span of a few days for attitude control

purposes.)

The ephemeris data are 36-bit double preéision words that
have been compressed to 32-bit, 2's comnplement form by
dropping the second sign bit and the three LSB's. The
format of these data is as follows:

Position Components

MSB : : LSB

WORD 72 |2%2 5~8

£:2:0.0.0.0.0.0. GNP 0.0.0.6.0.5,0 Sl 6.8.6.0.6.0.5 TS ¢.90.9.0.0.0.0.

X 16 17 18 19 1

Y 20 21 22 23 MINOR
FRAME

z 24 25 26 27 5
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Velocity Coponents

MSB S - o LSB
2 -28

WORD 72 | 2 - 2

52090000 0D 4000000805 00000000l 00006004

X 28 29 30 31

Y 32 33 34 35 MINOR
' : FRAME

z 36 37 k}:] 39

The data will appear in word 72 of minor frames 16 through
39 of every other PCD major frame, (Sge Figure 15,)
These major frames will carry the "1® and "3" jdentifier

.1n place of time code.

There are two ephemeris estimates in each PCD cycle. The.
time associated with ephemeris data contained within the
PCD can be derived from the time code contained in words
9€ throﬁgh 102 of the first PCD major frame in the cycle.

The derivation is as follows:

PCD Major-
Frame Number . ) Time Comnutation
time code + 36 milliseconds
3 : time code + 8.192 seconds + 36 millisecords

Fifty-six bits of spacecraft time code (seven 8-bit words)
are inserted in the PCD stream. This code represents the
start cime for PCD major frame 0 and provides the timing
reference for all data in the PCD cycle. The 56 bits of
spacecraft time code are subcommutated into word 72 of
minor frames 96 through 102 of the first PCD major frame
cf the PCD cycle. (See Figure 15.) The output sequence

for the 56 time-code bits is contained in Table 9,
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Table 9
Time Code Format in Payload Correction Data
(wvord 72 of minor frames 96 through 102
of the first PCD major frame in a cycle)

: Words 72
Minor-Frame Number Bits 0-7 Content of Word 72
96 A A . 0-3 ‘ Spacecraft ID
4-7 ‘Hundreds of days
97 0-3 Tens of days
' 4-7 Units of days
98 : 0-3 Tens of hours
: 4-7 Units of hours
9% . 0-3 Tens of minutes
4-7 Units of minutes
100 . 0-3 . | Tens of seconds
4-7 Units of seconds
101 0-3 Hundreds of milliseconds
4-7 .Tens of milliseconds
102 0-3 ‘Units of milliseconds
4~7 ‘Fractions of milliseconds
(LSB=1/16 millisecond)

Nctes: Bits 0-7 = Two BCD words in format (MSB-LSB), (MSB-LSB).
Spacecraft ID are encoded as follows: : -
1110 = Landsat-4
1101 = Landsat-D"

h.  PCD Minor-Frame Sync--The same sync'péttern used for the

telemetrv data will appear in words 0 through 2 of ecach
PCD minor frame.

i. Minor-Frame Identification (MFID)--A 0 to 127 count of

minor frames will appear in word 65 of each PCD minor
frame (see Figure 17},
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j. Major Telemetry Frame Idehtifidation——Word 72 of minor
frames 96 through 103 of the second, third, and fourth PCD

major frames of a four-frame set (Figure 15) will contain

a unique identifier (1, 2, or 3).

k. TM Housekeeping Telemetry—--A total of 248 bits of TM

housekeeping telemetry data may be stripped out of the
telemetry format by the OBC and sent to the formatter.

The data will be transferred to the formatter 36 milliseconds
after the start of each telémetry major frame. The data

will be from the previous telemetry major frame,:

The data will appear in word 72 of minor frames 16 through
46 of the third PCDmajor frame after the te le;ﬁetry major-
frame pulse. (See Figure 15.). This'majorlframe will
cérry tﬁe identifier “2% in place of time code. The TH

telemetry will consist of the following:

word 72
of Minor
Frame Number ‘Description
16 Blackbody temperature, °C
17 Silicon focal-plane assembly (FPA), °C
18 Calibration shutter flag temperature, °c
19 NASA use
20 Baffle temperature, °C
21 Cold focal-plane assembly monitor temperature, °K
22 NASA use
" 23 NASA use
24 Scan-line corrector temperature, °c
25 Calibration shutter hub temperature, 9C
26 NASA use
27 ' NASA use
28 Relay optics temperature, °C
29 NASA use o
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Word 72

of Minor ' . ) _ .
Frame Numper _ : Description standard
Bit Mode
30 - NASA use V : '
31 NASA use
32 Serial Word B:
Band 1 On/Off 0 1
Band 2 On/0O%ff 1 1
Band 3 On/Off 2 1
Band 4 On/Off 3 1
Band 5 On/0f¢ 4 1
Band 6 On/Off 5 1
Band 7 On/0Off 6 1
Cold Stage Telemetry 7 1
on/Off
33 " NASA use '
34 Serial Word D:
Cal Lamp 1 On/0Off 0 1
Cal Lamp 2 On/Off 1 1
Cal Lamp 3 On/Off 2 1
Cal Lamp 1 Override 3 J
On/Of £ ' o
Cal Lamp 2 Override 4 Y
On/Otf _
Cal Lamp 3 Override S . 0]
On/0ff
Cal Sequencer On/Off 6 1
Multiplexer Backup -7 1
On/Qff .
35 Serial Word E:
NASA use 0 -
NASA use 1 -
Blackbody On/Off 2 1
Blackbody T2 On/Off 3 0
Blackbody T3 On/Off 4 1
Blackbody Backup 5 0

Oon/Of £
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Word 72
of Minor-

Frame Number

36

37

38
39

Serial Word

Serial Word

NASA use

Serial Wword

Desérigtion
Bit
SME 1 On/Off -~ 1
sece Note 1
SME 2 On/Off ~ 7
~see Note 1
Fs:
NASA use 0
NASA use 1
NASA use 2
NASA use 3
NASA use 4
NASA use )
Multiplexer On/Off 6
Midscan Pulse On/0ff 7
(Primary) - see
Note 4
G:
Scan Line Corrector 1 Q
Oon/Of £
Scan Line Corrector 2 1
On/Off
Cal Shutter On/0ff 2
Cal Shutter Phase Lock 3
Y/N - see Note 2
Cal Shutter Amplitude 4
Lock Y/N ~ see Note 2
Backup Shutter On/Off 5
Backup Shutter Phase 6
Lock Y/N
Backup Shutter Amplitude 7
Lock Y/N )
L:
DC Restore Normal/Not "0
Normal
Frame DC Restore 1

Selected Y/N
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Word 72

of Minor :
Frame Number , Description ) St andard
Bit . Mode
Telemetry Séalihg> ’ 2 » .l
On/0Off - see Note 3
NASA use . 3 -
NASA use ' 4 -
Midscan Pulse Backup S 0.
On/0ff - see Note 4
SME 1 Select SAM - 6 !
see Note 1
NASA use 7 -
40 Primary mirror temperature, °C
4] NASA use
42 Secondary mirror temperature, °C
43 NASA use
44 NASA use
45 NASA use
46 NASA use

Notes concerning serial words:

l11f scan mirror electronics 2 (SME-2) is selected. ;hen

Serial wWord E -- Bit 6=0
Serial Word E -~ 8it 7=1
Serial Word L -- Bit 6=0
2CAL shutter amplitude lock (Serial Word G -- Bit 4=1)

indicates that the shutter is moving with the correct
amplitude.

CAL shutter phase lock (Serial Word G -- Bit 3=1)
indicates that the phasing between the shutter and
scan mirror is correct.

Both phase and amplitude lock must be present or
shutter may interfere with the image data.

31f telemetry scaling (Serial Word L -- Bit 2=0) is
otf, then blackbody, baffle and silicon focal plane
temperatures are invalid.

41f midscan pulse (Serial Word F ~- Bit 7=1) or midscan
pulse backup (Serial Word L -- Bit 5=1) are on, mid-
scan code will be injected into the image data at.
midscan. ’
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The TM housekeeping telemetry in the PCD cycle was sampled :
at the PCD time code for the cycle minus 16.316 seconds.

Each telemetry function can be converted from counts (C's)
to engineering units (EU's) by using the following
equation: '

. BU = Ag + A1C + ApC2 + A3C3 + a4C% + AgCO

The units and coefficients for each telemetry point
follow.

Blackbody temperature: degrees centigrade

12.44 A} = 0.1326 Ay = -0.1604 x 1074

A3 = 0.1416 x 10™5 A4 = -0.6519 x 10~8 Ag = 0.1812 x 10-10

[H

Silicon FPA temperature: degrees centigrade

“Ag = 8.992 A} = 0.1011 Ay = -0,1595 x 1074

fl
(]
.
o

A3 = 0.3605 x 108 a4 = 0,0 ' " Asg

Calibration shutter flag temperature: degrees centigrade

35.37 A] = -0.1670 Ap = 0.1404 x 1073
-0.3630 x 1076 a4, = 0.0 | Ag = 0.0

Baftle temperature: degrees centigrade

Ag
Az

Ag = -4.040 Ay = -0.3913 : Ay = -0,7061 x 102
A3z = 0.6710 x 10-% A4 = -0.2671 x 10°6 Ag = 0.3701 x 10~9

Cold stage FPA temperature: degrees Kelvin

Ag = 110.0 A} = -0.1000 Ay = 0.0
A3 = 0.0 Ag; = 0.0 Ag = 0.0
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- Scan-line corrector: decgrees. centigrade

12006 A} = -1.899 ' Az = 0.01918
-0.1191 x 10-3 A4 = 0.3789 x 10-6 Ag = -0.4907 x 10-9

Ag

Calibration shutter hub temperature: degrees centigrade

Ag = 120.6 A] = -1.899 Az = 0.01918

A3 = -0.1191 x 10~3 A4 = 0.3789 x 102 Ag = 0,4907 x 10™°

Relay optics temperature: degrees centigrade

-1.3147 A, = 0.014275
0.37343 x 107% A = -0.47899 x 10~°

-121.23 Ay
0.11865 x . 073 A,

Ag
Aj

Primary mirror temperature: degrees centigrade

Ap = -121,23 Ay = =-1.9147 ! Ay = 0.014275
A3 = 0,11865 x 1073 A4 = 0.37343 x 10-6 Ag = -0.47892 x 1073

i

" Secondary mirror temperature: degrees centigrade

-1.9147 Ay = 0.014275
0.37343 x 10°6 Ag = -0.47899 x 102

[
]

Ag
A3

-121.23 Ay
0.11865.x 1073 A,

Note: Telemetry conversions can change and are instrument
’ unique.

Spare Teleometry--Up to 176 bits of telemetry data may be

stripped out and cutput in telemetry in the same manner as

the TM housekeeping data.

The data will appear in word 72 of minor frames 28 through
49 of the first PCDmajor frame after the telemetry major-
frame pulse. (See Figure 15.) This major frame carries

the spacecréft time code.
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The data will be from the telemetry major frame that.
started 32.768 seconds betore the time g;ven in the PCD

major frame.

At present, four 8-bit words have been defined as shown in
Table 9a.

Frame Error--A “Frame Error Bit® is transmitted as the MSB

of word 72 of minor frame 116 of each PCD major frame (see
Figure 16). A digital zero indicates that the expected-'
telemetry major frame pulse either did not occur or did
not line up with the start of the first PCD major frame.

A/D Ground Reference--The output of the Angular Displace-
ment Sensor Assembly (ADSA) A/D Converter for a grounded

input is transmitted in word 72 of minor frames 116 and
117 cf each PCD major frame (Figure 16).

7 Table 9a
Spare Telemetry in PCD Subcom (Word 72)

Minor Frame ‘Function

GPS

28 Ephemeris Source ldentification (00),¢
. ' Uplink

(01)}e

Gyro 1

29 Roll Gyro Identification (00),¢
. Gyro 2

(o1)}g

Cyro See

30 Pitch Gyro Identification (00),. 1
Gyro 2 Below

(01)7¢

U

31 Yaw Gyro Identification (OO)16 Gyro 1

i

(01); = Gyro 2

IRU Channel

Gyro 1 Gyro 2
Roll B A
Pitch B C
Yaw - AL C
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5.4.8 High-Resolutinsn Data

- The high-resolution sensor data usually follows the PCD word and

completés the minor frame. The format is al&éYs 96 8-bit words

_unless preempted by the next SLS. During the first six minor

frames tfollowing the SLS, these data slots are taken up with time
code information. All time, picture, and calibration data words
are PN-encoded. ’

5.4.9 TM Time Code

The TM time code information contained in the first six minor

.frames after scan-line start represents th= time of the SCénfliné&fgﬁ‘

start, Time code minor frames contain 102 8-bit words. The
first four words are dedicated to minor-frame sync. The minor-

frame sync word is:

MSB (output first) ; :
0000 0010 0011 0111 0001 0110 1101 o0COl
' LSB

Time is binary-coded decimal (BCD) days and Greenwich-mean_time
(GMT) hours, minutes, seconds, milliseconds, and 1/16 milli-
second. A 4-bit spacecraft identifier is included within the
time code; Table 8 shows the output format of the first six
minor frames of each major trame (i.e., set of 16 scan lines),

5.4.10 Midscan Code Format

If enabled by command, a midscan code will replace portions of
the data in the last 96 words of a scene data minor ﬁrame. The
midscan code consists of 48 words of white (level 255) data
followed by 48 words of black (level 0) data. The midscan code
«#ill start within two to nine words of the second scan-angle
monitof pulse following scan-line start, which will Qééur appréx—

imately in minor frame 3160. The midscan code can interrupt
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scene data at word boundaries and need not be coherent with a
@ino: frame. In most cases, the midscan code will occupy por-
tions of two minor frames. The midscan code does not replace
minor-£frame sync, Band 6, and ?CD words. Midscan code data are

PN-encoded, have the four LSB's inverted, and are output MSB

“first. NASA intends to use this mode infrequehtly on a noninter-
_ference basis with foreign aéquisition requirements. Upon

special request, foreign ground stations could receive MSS or TM
imagery with midscan code enabled. For TM, this is unnecessary
because first half scan time error and second half scan time

error is included in the line length code described in Section

5.4.13, This line length code is part of the X-band data.

5.4.11 End of Scan

Insertion of this end-of-scan code will allow determination of

end of scan by ground processing systems, When the end-of-scan
pulse occurs, approximately 6329 minor frames into the major
frame( the TM will generate 48 words of;dérk (level 0), followed
by 48 words of bright (level 255)., 48 words of dark, and 48 words
of bright in sequence. These words will replace the high-
resolution data in the current minor frames but not the mincu-
frame sync, Band 6 sensor, or PCD. The first bit of end-scan

code occurs within two to nine word times of the TM mirror scan-

.angle monitor pulse. The end-scan code is not coherent with the

minor frame, but does start on an 8-bit word boundary. It re-
places scene data as required, but does not replace minor-frame
sync, Band 6, and PCD or frame-counter words. The 192 words of
end-scan code will sually occupy portions of three minor frames.
End-scan code data are PN-encoded, four LSkB's inverted, and out-
put MSB tirst.
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5.4.12 Line-Length Data

. The TM high-ratebdata stream contains a line—length code that

indicates the time from iine start to midscan;'the time from

~midscan to line stop, and scan direction. The line-length data

appearing in a scan is for the previous scan.

The scan mirror assembly transmits a 32-bit serial data wofd tp
the multiplexer at the end of each scan (Figure 8). In the scan
angle monitor mode, the data are as shown in Figure 20, AS
indicated, each bit of the 32-bit line-length code is repéateﬁ 47

times and encoded in six consecutive 8-bit bytes (48 bits total).
The units of magnitude are clock pulses where the clock rate is

1/16 the TM 84,903 bit rate. Minus magnitudes are given in 2's
complement notation. :

SHSERR = time error in clock counts from the nominal midscan to
line stop count of 161,165

FHSERR = time error in clock counts from the nominal line start
to midscan count of 161,164

For example, a typical engineering model sample is:

000000106100 1111111011101 00000000

Decimal = 36 Decimal = -35 Reverse

[[]

SHSERR
FHSERR

(36) (1/(84.903/16)) = 6.78 microseconds
(=35) (1/(84,903/16)) = -6.60 microseconds

Active scan time = ((161,165 + 161,164} + (SHSERR + FHSERR)) -
' x (1/(84.903/16)) = 60,743 microseconds

66 -



Iewiod yabua-sury oz 2inbrg

HOUHI NYIS JIVH LSHId « HHIASHY
HOHHI NVYDS 4 7¢H ONOJ3S = HYISHS

GHYMHOS = 1111188

: 3SUIAIY = 00000000 SANIN = | SNOIS
. . & : m::-c,.zc_m/#
o TII||| 0130310 cﬁm“.llll'a . ~ . v _
o HHISHJ : HEISHS - -
vg —[ze[iefos Joz] oz sz [oz |5z vz ez [zz[rz oz Jarfar]a foifstfmferfes JuJofs]s]e]ols]r]e ]z ]
. _ § ] g g
S S S -8
3 W 3 W
{PIOM 101UNED BWA 3} 1D PIOM IBIINDD BLIE 1 JOUIL TBPNIIUN) BIFP LO{IZRNBD POOIARY w (1)d
proam gpueg  « 008 DAY OIS} SOUNL w §ININ
20t p:om
ze ua 1tge g ot ua 6z g
. ~
. (Vo]
Sm gz ne (T ug 9z 8 gz u9 vZ g
(7Y
G < .
MW. £z )9 zz vg 1z 18 oz 18 61 na
o)
=5
Z O ) 3 a $ H 1 "
G4 sLue FERRIT: 5 m m & 91118 , g1 18
x u LN R .
(ol o]
< : . TRIT:| ARIT:] zi1 8 WRIT: oL ng
RIL gg ~tus v 518 gun
; {asw 1 ug 515
: PRI £ ue z s 9 m M m
m WBus euy 3 Wl v
M Ot prom ‘0pIOM B U] INAINO 9} [ cpOod YiBuet aufl yse3 . 1 piom
S . . st et
\ - R .
N
AN



5.4.13 DC Restore and Calibration Data

After transmission of the line length and the scan direction
data, sensor data will be output until the sinusoidally oscil-
lating shutter obscures the opticalJbath to the detectors.

During this period, the internal calibration and dc restoration
data are transmitted as described in Paragraph 5.3. Table 7"
provides approximate start- and end-time periods when calibration
and dc restoration occur for boﬁh the forward and reverse scans.:
Refer ﬁovTable 7 for minor-frame Shutter obscurat;on timing.

5.4.14 Postamble Data

"Postamble data commence at the 960th minor frame following end-

scan code. Postamble will continue for approximately 1 milli-
second, until it is interrupted by major-frame sync. Major-frame
sync will interrupt only at word boundaries. Postamble minor
frames contain the standard minor—fréme sync (4), Band 6‘data,

and PCD words. The remaining words of each minor frame shall.

contain the inverse of the PN-code shown in Figure 9. The in-
verse PN-code data are not encoded. The PN data start with the
49th bit of the pattern and are reset at each minor frame.
(Refer to Table 6 for a 1ist of tiﬁiné'and minor-frame word

counts tor postamble.)
5.5 TM DATA PROCESSING CONSTANTS

The values of certain spacecraft and sensor constants required in

ground processing are provided in Appendix C.

6. TELEMETRY FORMAT

For Landsat-4, there will be two fixed telemetry formats, one

engineering format, and one mission format. Both formats can

operate at 1 kbps or 8 kbps. The mission format will be trans?

mitted to around stations at 8 kbps. A minor telemetry frame
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consists of 1024 bits that represent 128 8-bit words. Sixteen of
the 128 words are in a fixed pos'ition and are 'locai:ed symmetri- -
caily in the fcrmat as four groups of four words each. A major
frame consists of 128 minor frames, B -

6.1 REAL-TIME TELEMETRY AND PAYLOAD CORRECTION DATA FORMATS FOR
- GSTDN BACKUP STATIONS AND FOREIGN GROUND STATIONS

The real—time‘spaceéraft telemétry (i.e., housekéeping and OBC
data repofts) and the PCD are downlinked by the S-band trans-
ponder. The foreign ground'stations can use either the real-time
spacecraft telemetry or the PCD only, ¢r they may use both. The
data control and formats of these two data types are described in
- Section 7 and Section 5.4.7, respectively. (Refer to Paragraph
9.4 for the S-band omni downlink characteristics.) |

6.2 BIT RATE

Tho'OUtput bit rates for direct telemetry data transnfsuion'to
Ground Spaceflight Tracking and Data Network (GbTDN) and rorelgn

ground stations are shown in Table 10,

6.3 MODULATION TECHNIQUE

The real-time spacecraft telemetry is biphase-M phase-shift
keyed, pulse-modulated (BI$-M/PSK/PM) on a 1.024-MHz subcarrier
by the omni antenna. Twenty percent of the power is in the-
residual carrier. The PCLC is BI$é-M/PM directly on the pase band.
The biphase-M and NRZ data formats are described and shown in
Table 11. ' '
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"Tadble 10-

v
.opL PRGE °
ORIGINAL QUAL\‘W-
Telemetry Bit Rates -

‘Teleﬁetry Type Bit Rate (kbps) Receiving Site

Real-time spacecraft 8 . v GSTDN or foreign
telemetry stations

Payload correction data - 32 . GSTDN or foreign
’ 4 stations

.Table 11
Data Bit Stream Formats

; IR
Data Format ool ﬁqd cee "Description
phAe - , _ P10l

NKZ level (or NRZ change):
“ONE" is represented by one
level. "ZERO" is repre-

NRZ-1, '
|
: sented by the other level.

]
!
]
{
i

: . ]
1 NRZ-M _1J*Wﬁ—- . . NRZ~mark (differential en-
: coding): "ONE" is repre-
sented by a change in
level. "ZERO" is represen-
ted by no change in level.

!
I
|
!
. i |
BIo~M : “PerU‘ v Biphase, a transition-
. ' ! occurs at the keginning of

! every *ime (T) period.
| "ONE" is represented by a
! second transition one-half
} time period later. "“ZERO"
! is represented by no second
{ transition. -

6.4 WORD LENGTH

The word - ‘length is 3 bits assembled into analog, passive anaiog,’
bilevel (dlscrntn), or serial digital.

6.5 FORMATS

Three formats are supported by Landsat-4: Format I.(engineef?
ing), Format II (mission), and Format III (OBC dump). The
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mxssxon format is to be used by GSTDN and foreign stations in the
normal on-orbit payload activity. The engineering format is to
be used by NASA when the spacecraft is deployed in an orbit-
adjust or sate-hold activity, and the OBC dump is to be used by
NASA to maintain and verify OBC software.

‘7. MISSION FORMAT TELEMETRY

This section describes the Landsat -4 Mission telemetry data to be

provided to the foreign ground statJons.

7.1. TELEMETRY FRAME FORMAT

Table 12 presents the minor-frame word (column) allocations for
the mission tormat. Each minor-frame word is sampled every 1z8
milliseconds at 8 kbps. Ten .minor-frame words.(i.e., columns. 0,
1,2, 3, 34, 35, 64, 65, 66, ahd 67) are reserved for sPecitic
spacecraft data and are-designated as fixed words. Six words .
(i.e., 32, 33, 96, 97, 98, and 99) have been allocated for sub-
commutated data so that data are sampled at least once every
major frame. Twenty five addltlonal words in each minor frame
ti.e., columns 91 to 95 and 108 to 127) have been reserved for:
OBC reports.

‘7.2 TELEMETRY FORMAT

7.2.1 Major Frame

The major-frame telemetry format is a 1¢8- by 128-column matrix.
A minor frame (row) contains 128 8-bit words (columns) and is
shown in Table lﬁ A major frame consists of 128 minor frames,
Th= format starts in row. 0y column 0 and proceeds sequentially
through the matrix until the final word in row 127, column 127 is
transmitted, thus completing a major frame. The MSB is transmit-
ted first in a minor-frame word. The major-frame duration is
16.384 seconds at 8 kbps. '
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7.2,2 Minor Frame

Each minor frame contains 128 words. The first three words are
used for the minor-frame synchronization. The minor-trame
counter is located in word location 65. These data words are
located in fixed word locations as shown in Table 12. At the 8-
kbps rate, a wdrd periodiis 1l millisecond.

'L2.3 Telemetry Control Words

7.2.3.1 Synchronization——The first three words in each minor

trame are used for minor-tframe synchronization, These 24 sync

‘bits are described as follows:

WORD 0 WORD 1 ‘ WORD 2
MSB ' LSB

11111010 | 11110011 00100000

Since the telemetry bit stream is transmitted MSB first, chis

. sync pattern is received as shown. In hexadecimal, the sync

‘pattern is FAF3201¢.

7.2.3.2 Frame Counter--Word 65 of the minor frame is the frame

counter. At the end of each minor frame, the counter is incre-
mented by one, and the new value (n+l) is placed in word 65 in

‘the subsequent minor-frame counter location. This process is

continueduntil a maximum count of 255 is reached and the process
is repeated. Only the seven LSB'sS are needed to determine the
frame-counter contents for subcom wcrd ID (0 to 127). The bit

pattern sequence is shown in Figure 17,

7.2&&3 Other Control Words--There are two other control words

in each telemetry minor frame that may be-required,in ground
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processing.. The contents of these words are described below and

in the following paragraphs: -
a. Word 3
(1)  Bit rate (bits 0, 1, and 2):

000 =1 kbps (engineering use only)
011 = 8 kbps (normal use)

(2) Format ID (bits 3 and 4):

[}

ol format I (engineering);'fof NASA use only
10 format II (mission)

11 = OBC controlled, for NASA use only

(3) Real-time computer data dump (bit 6)

CBC dump, for NASA use only
real-time spacecraft/normal paylocad operation

~ O
1]

b. Word 35 - Computer Data WQrd.ID (8 bits)--Identifies the

OBC report number contained in this minor frame. TheIZSf
word OBC contribution to telemetry minor-tfrare word loca-
tions 91 to 95 and 108 to 127 can be identified by this

means.,

7.2.3.4 Subcommutation Mission Fbrmat——There are a total of 31

subcommutated words in a minor frame: 6 normal and 25 OBC words.
The length of the subcommutation cycle is one full major frame.
The 7-bit (0 to 127) minor-frame counter contained in word 65 is
used to identify subcom words 32, 33, and 96 through 99. Words
may be sampled in these columns one or more times per major
_frame} AFor example, a telemetry word assigned a sample rate ot
once per major frame will be sampled approximately,bhce every,lﬁ
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-seconds at 8 kbps. Those words. that require sampling faster than
once per major frame have been equally spaced in subcom columns.
As anexample, a word requiring four samples per major €rame is
sampled first in minor frames N, second in minor-i{rame N+32,
third in N+64, and fourth in N+96., Th2 OBC reports éontained in
words 91 to 95 ard 108 to 127 are subcommutated as a group, and
are indexed to the OBC report number contained in word 35.

7.2.3.5 Nonfixed Columns--There are 112 other columns in the

‘mission format for the assignment of subsystem telemetry data.

7.2.4 Telemetry Assignments by User

Tables 13 through 19 list the telemetry data of interest to

' Landsat-4 ground station operatcrs. Table 13 gives a telemeliry
function description and location in the ﬁeiemetry matrix for
data sampled in each minor frame, and Tables 14 through 19 cover
the six subcommdtators. See Seétion.B-for a description of the

contents of OBC reports.

8. ONBOARD COMPUTER REPORTS

The OBC contributes 128 reports to each telemetry major frame and
1l report to each telemetry minor frame. The length of the re-
ports are mission uniQUe, but must be at least two words long.
The first word is output in column 35 and gives the report num-
ber; the remaining word or words give the data oeing reported.
The Landsat-4 flight software contributions to telemetry are pre-
sented in this sectioh. The OBC data items contained in the
télemetry stream and their output rates are listed along with the
tormat of the reports as they appear in the telemetry minor

frames.

The number of OBC reports generated by the various flight ele-~
ments, as well as the rate at which the reports are output per
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major framé, is tabulated in Table 20 and Figures 21 through 28.
The. "Samples/Major-Frame” (Tables 21 and 22) column contains

- the total reports contributed by each processor to each major

trame. The Landsat-4 tlight software will contribute 103 reports
to each major frame of telemetry, 17 of which are useful in
ground processing ¢f image data. This leaves 25 reports as a
reserve for growth in the number of OBC data items contributed to
telemetry; Each report will be 25 words long. The rate at which
the various reports are output ranges fromone toeight times per
major frame. The order in which the OBC reports are output is
defined in Table 20. The ACS telemetry is given in Table 21 and
Figures 21 through 27. The ephemeris computation telemetry
report is given in Figure 28 and Table 22, Most of the data in
Reports l, 2, 8, 9, 10U, and 11 are intended primarily for opera-
tion of the spacecraft and for engineering purposes. Ephemeris
and attitude data in the OBC reports are the same as in the PCD
éubcom except for sampling and scaling. The epoch for the attitude
estimates (ACS Telemetry Leports 1 and 2), gyro compensation data
(ACS Telemetry PReport 10) and ephemeris (Ephemeris Computation
Telemetry Report 1) is defined by the parameter Tg in ACS Report
No. 11.

The relationship between these reports and Tfg is as defined

below:
Minor trame Minor frames containing
containing T¢g reports for epoch Tf
30 8, 9, 16, 27
62 40, 41, 48
94 72, 73, 80
126 104, 105, 112

Gyro data in ACS Telemetry Report 12 are alsorelated to T¢, as

explained below.
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Onboard Computer Telemetry Report Sequence

Minor
Frame

OBC Report
Number
(Column 35)

OBC Telemetry Contents

Telemetry
Report
Number

Notes

29

12
13

3
+

12

Attitude control system
(ACS) telemetry report
ACS telemetry report

ACS telemetry report
Epnhemeris computation
telemetry report

ACS5 telemetry report

ACS telemetry report
ACS telemetry report

ACS telemetry report
ACS telemetry report

o

11
12

See Fiq.

See Fig.

See Figq.
See Fig.

See Fiq.

See Figq.
See Fig.

See Fig.

21

22

27
28

23

24
25

26
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Onboard Computer Telemetry Report Sequence (Continued)

OBC Report
Number
(Column 35)

OBC Telemetry Contents

Telemetry’
Report
Number

Notes

12
13

11
12

N

ACS telemetry report
ACS telemetry report

ACS telemetry report
Ephemeris computation
telemetry report

ACS telemetry report
ACS telemetry report

ACS telemetry report
ACS telemetry report

N -

11
12

N
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Onboard Computer Telemetry Report Sequence (Coﬁgidﬁgéi‘“

Table 20

falie TRt
Cnval

AL RT I8

W

Minor
Frame

OBC Report
Nunmber
{Column 35)

OBC Telemetry Contents

Te lemetry
Report
Number

Notes

76
17
78
79
80

81
82
83
84
85.
86
87
88

90
91
92
93
94
95
96
97
98

100
101
102
103
104
105
106
107
108
109
110
111
1i2

113
114
115
116
117

12
13

11
12

N

12
13 .

ACS telemetry report
Ephemeris computation
telemetry report

ACS telemetry report
ACS telemetry report

ACS telemetry report
ACS telemetry report

ACS telemetry report
Ephemeris computation
telemetry report

ORIGINA
of POG
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Table 20
Onboard Computer Telemetry Report Sequence (Continued)
OBC Report Te lametry -
Minor Number Report
Frame | (Column 35) OBC Telemetry Contents Number | Notes
114
119
120
121
122
123
124
125 .
120 11 ACS telemetry report 1l
127 12 ACS telemetry report R ¥

Gyro data (CNGX, CNGY, CNGZ) used by NASA tor MSS processing are
provided in ACS Telemetry Report 12, The three samples (three
gyro axes) in a set are sampled simultaneously, and each report
contains tour sets sampled at U.512-second intervals. The first
set within the report that occurs in minor trame 15 corresponds
to a time 0.512 second betore the time T¢ which appears within
(ACS Tolemetry Report 11) minor trame 30. The data contjnue
unitormly at 0.512-second intervals. These gyro data are uncom-
pensated (alignment, bias, and scsle factor errors are not cor-
rected) and may be filtered or untiltered. A presampling tilter
is available and it inuse, FLTROFF in ACS Telemetry Report 8 is
set to l. The tilter has unity dc gain and a break trequency of
approximately U.5 Hz. This tilter is not currently being used;
it plans to use it develop, additional intormation will be pro-

vided.

Normal spacecratt configuration tor imaging is Earth pointing
with inartial'reterence and the gyros in the low-rate mode.
Parameters detining this contiguration are detined in Table 21
and snculd be varitied trom telemetry to assure normal image

acguisition,
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1 2 3 4 8
Wx Wy :
i
i
(] 7 8 9 10
Wz Ex » Ey
1" 12 13 14 15
137 EPAY
16 17 18 1€ 20
EFA2 EFA3
21 ) 23 T 24 5
EPA3 EPAS

Qutput four times por mejor frame in minor frerus 9, 41, 73, ond 105,
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Figure 22. ACS Telemetry Ezport 2
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MQDE
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Figure 23.
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Figure 24. ACS Telemetry Report 9
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T' g
pess
6 7 8 8 10
Lsa| xxxxx
11 I 12 12 [ 14 [ 16
18 J Y 18 19 20

21 r 22 - 22 L 24 [ pacl

Qutput four {imcs per major frame in minar frames 30, 62, 94, and 126.
Notcs
1) Eech vslus of the Tf in OBC Repnrt ACS 11 defines an epe.ch st which gyro
data is sampled, cphemeris data is computed, and sttitude is computod.

Scalo = 38, Longth » 42 bits preceded by sign bit, end
LSB = 1/16 millisscond ’

The four ACS 11 reports in each major fremo corraspond tc the four Zphemoris repert
zats and the other ACE reports sasmpled four times per maior framo.

2) T, iz tho GMT millisoconds into tha year as derived from the DPU clock, referanced
10 a voluo of B.64 X 107 msee at 0030 hours GMT on January 1.

Figure 26. ACS Telemetryv Report 11
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1 2 3 4 5
e CNGX, —fa——— CNGY, ~——osps—CNGZ,—]
|
6 7 8 9 10

——-————far-a—— CNG)(1 —e—
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FOUR SETS OF GYRO DATA PROVIDED:
(1) CNGX,,CNAY,. CNGZ,
(2) CNGX, CMGY,,CNGZ,
(3) CNGX,, CNGY,, CNGZ,
(4) CNGX,, CNGY,, CNGZ,

Figure 27. ACS Telemetryv Report 12
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Figure 28. Ephemeris Computation Telemetry Report 1
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1 Gyr e tacdy Low=l, 9 1 1 . WA 1
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CNGY ¥Yaxb unccarprnatsd gyvo dao 12 - 4 2 11.633 €4 | Courn | 12*
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ON=1,CFF =0 1
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TP TORMAT

KD = NONCIMENZIONAL
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9.1 LANDSAT-4 X-BAND. CHARACTERISTICS

The tollowir.g information describes the Landsat-4 X-band 1link
characteristics:

a. Frequency: -8.2125 GHz

b. Transmitter power: 44 watts

¢. Spacecratt antenna characteristics
Shaped-veam antenna

Gain at 63.8 degrees from nadir (plus 7 dB)
Gain at nadir (minus 9 dB)

® 0 6 o

Spacecratt connection loss: 0.6 dB
d. Modulation scheme
'® Unbalanced quadrature phase-shift keyed (UQPSK)
© MSS (15.0626 Mbps) data on the Q-channel
© TM (84,903 Mbps) data on the I-channel
e. Downlink spectrum: The TM data are PN-encoded on the
spacecratt, Data are spread over approximately 170-MHz

bandwidth.

9,1.1 Workirg Mode, Modulation, and Spectral Occupation

The Landsat-4 X-band transmit link uses a UQPSK modulation format
for transmitting TM and MSS data., The TM data are usually modu-
lated on the "I" carrier channel, and the MSS data on the "Q"
carrier channel with a 4 to 1 power split. There will be three

operational modes that are as follows:

98




ORIGINAL PAGE IS
OF POOR QUALITY

Mode I-Channel Q-Channel Modulation
1 PN (84,903 Mbps) MSS (15.0626 Mbps) UQPSK
2 TM (84.903 Mbps) TM (84.903 Mbps) BPSK
3 TM (84.903 Mbps) MSS (15.0626 Mbps) UQPSK

The TM data are replaced with PN code for mode 1, in which only

the MSS is operating. Whenonly the TM is operating, the MSS
data may be replaced with TM data. The TM data are PN-encoded :
within the instrument electronics. The MSS and TM are Gifferen- i
tially encoded by converting from NRZ-L to NRZ-M Zor downlink i

transmission.

9.1.2 GCutput Filter Characteristics

A low-pass filter at the output of the TWT is planned to attea-
uate the TWTA second harmonic as well as the output noise to a
level at which it will not degrade the Ku-band forward link
receiver noise figure. A pre-TWTA four-pole 0.01-dB ripple
Tschebyscheff filter with a matched bandwidthﬁof 225 MHz is
provided to meet power flux density restrictions. The X~-band

low-pass ftilter characteristics are as follows:

Bandwicth: +84 MH=z

Insertion loss: <=0.15 dB

VSWR: 1.15:1

Phase deviation from linearity: <0.25 deg over +84 MHz
Insertion loss variation: <0.05 dB over +84 MHz

Gain slope: =0.01 dB/MHz over +84 MHz

Rejection: =231 dB at 16.4 GHz; 214 dB at 13.775 GHz

9.2 LANDSAT-4 S-BAND IMAGE DATA TRANRSMISSION CHARACTERISTICS

The tollowing information describes the Landsat-4 S-band image
data transmission characteristics:
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b. Transmitter powe.: 10 watts :

‘C. Spacecraft antenna characteristics

Shaped-beam antenna

Gain at 63.8 degrees from nadir (+2.5 dB)
Gain at nadir (-8 dB)

Spacecraft connection loss: 1.5 dB

e © O o

d. Modulation scheme
® NRZ-L PCM/FM
© MSS 15,0626 Mbps (same as Landsats-! through -3)

& Deviation +5.6 MHz +5 percent

e. Downlink spectrum: MSS data are spread over approximately
20-MHz bandwidth. '

9.3 LANDSAT-4 S~BAND TELEMETRY DATA TRANSMISSION CHARACTERISTICS
The S~band telemetry will be commanded on in response to a
foreign station's request for telemetry data to support their MSS
image data reception by either S-band or X-band. The following
information describes the Landsat-4 S-band telemetry data trans-
mission characteristics:

a. Frequency: 2287.5 Mhz

b. Effective isotropic radiation power: +3.2 dBW

c. Modulation scheme: 8 kbps

© PCM/?SK/PM
® 8-kbps data on 1.024-MHz subcarrier

10V
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d. Modulation scheme: 32-kbps PCD

PCM/PM
32-kbps PM on carrier
Carrier modulation index: 1.0 rad

e O © O

Frequency stability and aging temperature stability

~ Combined effects over 1 year: +3.8 parts per 106

- Short-term stability: the rms fractional deviation
for a 3-minute period, measured with a l.0-secocond

integration time shall not exceed 3 x 10-9,

e. Downlink spectrum: Data are spread over approximately 3-
MHz bandwidth.

9.4 LANDSAT-4 X-BAND AND S-BAND COMMUNICATIONS TO FOREIGN GROUND

STATIONS

Foreign ground stations can acquire TM video data by the X-band
link only. PCD can be acquired by the X-band (in TM video). S-
band (32-kbps data link) transmission of PCD to foreign ground
stations is not planned. MSS video data can be acquired by the
X-band link in addition to the S-band 1ink, as iécurrently the
case with Landsat-2 and Landsat-3. MSS telemetry data can be
acguired on the S-band 8~kbps link. If required, S-band and X-
band communications l1inks can be operated simultaneously to sat-

isfy foreign ground station coverage requirements for common

areas. Simultaneous S-band and X-band image data transmission to

one station will not be supported. The Landsat-4 Flight Segment
has been designed to transmit a cumulative total of 100 daytime

and 50U night thematic mapper scenes to participating user ground
stations. A typical station pass transmission schedule is shown

in Figure 29.
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Preliminary downlink carrier frequency stability for the X-band,
S-band telemetry, and S-band image data communications links to

foreign ground stations are as follows:

a. Landsat-4 s-band telemetry data transmission frequency
stability: +0.0034 percent inclusive of initial frequency
setting, agihg, and temperature stability effects over 1

year

b. Landsat-4 X-band transmission initial setting accuracy:
82125 GHz +0.005 percent; frequency stability: +0.0004
percent atter 3 years in space

c. Landsat s-band image data transmission: +0.0005 percent
inclusive of initial frequency setting, aging, and temper-

ature etffects atfter 3 years in space

10. CHANNEL AND PROCEDURES FOR PROVIDING CALIBRATION DATA TO
FOREIGN STATIONS

NASA/GSFC sup@lies-calibration data to members of the Landsat
Ground Station Operations Working Group (LGSOWG) only as author-
ized by NASA Heaaquarters. The following calibration data have
been provided in the past to approved LGSOWG members:

a. Prelaunch mirror velocity profile
b. Postlaunch mirror velocity profiles as available

c. Prelaunch detector response curves

11, TELEMETRY TIME SIGNALS--ONBOARD CLOCK RESETTING PROCEDURE

The time of the onboard clock shall be accurate to +20 milli-
seconds relative to Universal Time Coordinated (UTC). A daily
update is expected to be adegquate tor maintaining this clock
accuracy. Time updates will not be pertormed during MSS or TM

data acquisitions. The daily update procedure is very briet and

G
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will be scheduled so as to not interfere with or preclude the

acquisition of any desired data.

At the change of the calendar year. a clock reset operation will
be performed (ir order to recycle the day of year counter). This
reset operation will require a period of up to eight hours. in
which normal MS8S and TM operations will be suspended. The reset
period will normally be scheduled to begin several hours betore
midnight GMT on December 3l. Foreign ground stations will be
advised of the schedule for this operation via Telex message.

Any special requirements for coverage during the reset operation
period should be submitted well in advance of December 31 to

allow adequate time for planning.
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APPENDIX A
MULTISPECTRAL SCANNER DATA FORMAT

Al. GENERAL DESCRIPTION

Al.l1 MULTISPECTRAL SCANNER FORMAT

The Multispectral Scanner (MSS) format described in the following-
paragraphs detines the serial bit stream following bit synchroni-
zation (i.e., input to high-density tane irecorders). The MSS is

capable of operating in two basic modes: compression and nonccm-

" pression {(linear), and may be operated at different gains as

shown in Table A-1,. The data format dces not vary depending on
the mode.

‘A2, BIT SYNCHRCNIZATION OUTPUT FORMAT

The serial data stream can be observed after bit synchronization
on the ground before any further processing. Thus, it agrees
with the MSS MUX output on the Landsat-4 spacecraft. The data,
after being encoded by the MUX, are in the format shown in Figure
A-1. This tormat, which defines the detalils of one major frame
of data containing 184,320 6-bit words, corresponds t0O one scan
of the MSS scan mirror. Figure A-l also shows a typical minor
frame, 150 words output serially during the sensor data interval,
that contains the 6- by 25-word matrix. The data rate 1s approx-
imately 15,06 Mbps, which agrees with a data-word rate of approx-

imately 2.5 by 108 words per second.- The five segments of the

Table A-1l
MSS Modes
Gains

Modes’ Linear Compressed 1X 3X
Band 1 X X X X
Band 2 X X X X
Band 3 X X X
Band 4 X v

+ B

[e:204
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e : MAJOR FRAME

START-OF | VIDEO [MIDDLE-OF{ VIDEQ | END-OF-

PREAMBLE | scavcopDE | DATA |SCAN cODE| DATA SCAN
CODE
{by ground
: command)
N— . -
MINOR FRAMES AS SHOWN BELOW
l«zﬂ- : ROW = 25 WORDS
ROW 1 MNFS SENSOR 1 SENSOR2 | o e SENSOR 24
(1A) (7Y I (4F)
ROW 2 (BLANK) SENSOR 1 SENSOR 2 R SEMSOR 2% | *'NOR FRAME
ROW 3 (RLANK) SENSOR 1 SENSOR2 | .-« SEMSOR 28 | 150 wGRDS
ROW 4 MNFS SENSOR 1 SENSOR2 | -+ -+ : SERSOR 24
ROW S {BLANK) SENSOR 1 SENSOR2 } -« - SENSOR 24
: ROW 6 {(BLANK) SENSOR 1 SENSOR 2 SENSOR 24
MNFS = MINOR FRAME SYNC CODE
Nota: The sampling sequiunca shall be 1A, 2A, 1B, 28,..3F, 4F.
Following tha staﬂ-ofwcén coda rows 1 and 2 of the first minos frame contzin
43 words of time-coda datz in piaca of sensny data.
Figure A~-1l. Multiplexer Output Data Format



major-frame format plus the calibration data tormat are discussed
in the following subsections. ltigure A-2 and Table A-2 are

‘provided as reference for “iming, coding, and other specifics.
A2.1 PREAMBLE

The starﬁ of che preamble defines the start of the major frame.
The pattern is 00Clll rcpeated at the data word rate. The pre-
amble is te:minéted at the end of the word period ddring which

the start of scan monicor pulse is received from the scanner.

A2.2 START-OF-SCAN CODE

The single word following the termination of the preamble is the
start of the scan (SMC-1) code pattern, 111000, which aprpeers in
the data stream immediately after a preamble woéd. Thus, an

indication of the line start (i.e., beginning of active scan) is

the appearaince of six adjacent ones.
A2,3 "VIDEO DATA

Following the start-oi-scan code, the MSS MUX begins to transmit
data that are giouped in minor frames of 150 words (i.e., six
rows of 25 words each) as shown in Figure A-)l. The minor-frame
synchronization (MNFS) ccde is 001011 and occurs as the first
word in rowll. The colwplement of the MNFS occurs as the firsﬁ
word in row 4 of each minor frame. The time-code data from the
spacecraft clock are inserted in word positions 2 through 49 of
rovs 1 and 2 of the first minor frame of each scan in place nf
sensor data as shbwn in Figures A-3 and A-4. Figure A-4 shows
the placement of warious units of the BCD time code in different
scans. The total code re-juires that two scans be inserted, and
the format alternates back and forth every two scans. Figure A-3
relates the time-code clock output to the MUX-generated ehvelope

and the time-code input to the MUX and shows their relationshin
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Table A-2 " QUALITY

Multispectral Scanner Multiplexer and Bit Sync Format

Coding
(6-bit word)

Nominal
Time Duration

Nominal
Number of Words

Preamble

‘Start-of-scan code

(SMC-1)

Minor-frame sync
(MNFS)

Time code

Sensor data (video)

Middle~of-scan
ccde (SMC-M)

End-of-scan code
(SMC-2)

Calibration wedge

Prezamble

000111

111000
001011

Logic 1's
and O's
(110011 and
001100)
Data®¥

100 hlack®
100 white

100 black?*
100 wnite

Data#*

Data*¥

. 0.398 us

11.3 ms :3 ms

0 398 us

»522 us

32 ms total

79.682 us
79.682 us

10.2 ms

8.871 ms

28762 +7503

1

49

82533

200
200

25310

22186

*Black 001100,
**Binary:

(e.g., level 6 =

within the first minor frame of each scan.
craft clock provides a 49-bit NRZ-L time code to the MUX,
49th bit of the code is not accepted by the MUX.
code envelope in Figure A-3. Also note that spacecraft clock bit

As for sensor data, a time-code data zero bit

25 is a dummy bit.

white 110011
0 to 63 levels with center t
001010).

Althougn

wOo bits inverted

the space-
the

Note the time-

is encoded by the MUX as output data Lits 001100, and a time-code

- data one bit as 1100011.
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Word positicns’z through 25 in all other rows contain encoded
sensor data words from Bands 1 throughié. The signal from each
band is converted to a binary code in which 000000 répresent’s the
least positive Qoltage leQels. After conversion to their binary
equivalent, the data are encoded in che'nux by inverting data
bits 3 and 4 in each sensor data word (i.e., binary level 0000000

will be encoded as 001100). Sensor data are transmitted with the

MSB tirst.
A2,4 MIDDLE-OF~-SCAN CODE

When operated in the midscan indicator ON mode, the MUX preempts

transmission of sensor data on receipt of the middle-of-scan

-monitor pulse from the scanner and transmits the middle-of-scan

code. Beginning with the word period immediately following the

receipt of the pulse, the MUX transmits the encoded equivalent of -

the black-se:so:* levei (i.e., 0.00 volt input, code 001100) for
the next 100-word periods. In the subsequent 100-word periods,
the encoded equivalent of the white-sensor level (i.e., 4.0 volts

input, code 11001l) is transmitted. In the next word period,

sensor data resume. (Note that only sensor data are preempted;

minor frame synchronization codes are inserted in their prop.r
locations but are included in the count of word periods.) When
operated in the midscan indicator OFF mode, the MUX ignores the
middle-of-scan monitor pulse and continues to transmit sensor
data trom the scanner. NASA plans to use tﬁé midscan code to
develop and/or validate mirror velocity protiles and wmirror scan
repeatability. NASA intends to usé this mode infrequently on a

noninterterence basis with toreign acquisition requirements.
A2.5 END-OF-SCAN CODE
On receipt of the end-of-scan monitor pulse from the scanner, the

MUX preempts transmission of sensor data from the scanner and

transmits the end-of-scan code. This code is identical to the

[ LR )



scan code and the beginning of preamble). During the retrace

AT

Tz
Doy

biack-and-white level code patterns of the middle-of-scan code.
After transmission of end-of-scan code (200-word periods), sensor

data resume until the end of the major frame.
A2.6 INTERNAL CALIBRATION DATA

Whereas the preceding five subsections cover MUX data output'

patterns, internal calibration differs in that the MUX does not
control it. Calibration data appear in the serial daté stream !
during every othe; retrace interval (i.e., between the end-of-

interval, the scan mirror makes the transmit from east to west, a
shutter wheel closes off the optical fiber view to the Earth, and

a i1ight source (calibration lamp) is projectéd onto the fibers

~through a variable neutral-~density filter on the shutter wheel.

This process introduces a calibration wedge into the video data’
stream of Bands 1 through 4 during this retrace interval. The
nominal shape of the calibration or gray wedge is shown in Figure
A-5. The actual shape and level varies somewhat for the detec-
tors in the various Spectral bands. The calibration wedge is
about 10.2 ms in total duration wedge density levels {(digital)
decrease from 63 to 0 and the wedge appears once every 147 ms.
Assuming that the calibration lamp intensity is constant, it is
possible to obtain_a check of the relative radiometric levels and
to equalizg gain changes that may occur in the six detectors of a

spectral band.

Since internal calibration is a function of the rotating shutter
and calibration lamp and is not controlled by the MUX, it does
not occur at the exact word position in the data stream of every
other scan retrace. The purpose of the calibration wedge is to
determine that the calibration lamp, neutral-density wedge,
optics”train, and radiometer visual channels are providing a
calibration lamp versus time that can be processed to provide the
required number of gray-scale levels of descending half-power
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LEVEL 83

g:g:“" END-OF-LINE ,
CODE LEVEL 32

LEVEL O

WORD 2
WORD 1 : WORD 304

Figure A-5. Nominal Calibration Wedge Curve

levels. Thus, during every other scan retrace, about 10 ms of
minor frames contain calibration data in the sensor data words:

beginning about 11 ms after end-of-line (noncalibration re-

traces), the sensors output a black level derived from the detec—

tors looking at a dark surface on the shutter. As with all other
sensor date words, the internal calibration data are encoded by
inverting the middle two bits. Figure A-6 shows details within
the scanner related to internal calibration and Band 4 dc restor-
ation.
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APPENDIX B OF POOR QUALITY .

MSS DATA PROCESSIMNG CONSTANTS

Bl. SPACECRAFT AND SENSOR CONSTANTS

Table B;l lists the Qalues tor certain spacecraft and sensor. con-
stants required in ground processing. The MSS band-to-band offsets
are given for Bands 2, 3 and 4 with an implied zero for Band 1.

The oftset is a number such that when added to a “"sampling time
delay"” fof a detector éf that band, the result is an offset in
pixels for that detector from a ﬁictitious detector for which the
resampling matrices were formed. Thus 27 numbers are given: 3

" “band-to-band” offsets and 24 “sémpling time* delays. (A set of
six is repeated for each band.) This particular partition was
selected to satisfy certain historically acceptable forméts.

Decompression data are provided in Table B-2.

Table B-1 :
Spacecraft and Sensor Constants

Data Descripticn Values

Nominal number of pixels per input line 3240

Nominal scale of input interpixel distance in
meters per pixel i : 57

Nominal scale of input interline distance in

meters per pixel ' 82.7
Nominal spacecraft altitude in meters 705300
Nominal input -swath width in meters 185000

The prelaunch mirror scan profile for MSS is of
the following form:

{ = 2-A-e"‘3 (i - Dtg.gin w (to + {i - l}t )

S

with

{ = scan angle, rad.
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Table B-1

Spacecraft and Sensor Constants (Continued)

Data Description

Values

A = harmonic amplitude
B = damping constant
i = pixel number

tg = sampling time

z
H

mirror frequency

tgp = start time for scan relative to center
pir~1l time :

MSS maximum mirror angle in radians

Time between successive MSS mirror sweeps in
seconds i

Time for the active portion of an MSS mirror
svweep in seconds

MSS sampling delay consists of 24 values, (one
for each detector) measured in input image along-
scan pixel units. The MSS sampling delay
constants will appear in the following order:

Band 1 Detector
Detector
Detector
Detector
Detector
Detector

AN W

Band 2 Detectors 1-6
Same values as for
Band 3 Detectors 1-6 Band 1 Detectors 1-6,
‘ respectively
Band 4 Detectors 1:--6

MSS band-to-band offsets with respect to Band 1
(3 values: one each for Bands 2, 3 and 4)
measured in input image along-scan pixel units

Band 2
Band 3
Band 4

0.23387 rad

0.00739/sec

i s linelength

9.958 psec

17.499 rad/sec

-16,15 ms
0.25996

0.07342

0.03230

-2.720805
-2.800665
-2.880525
-2.960385
-3,040245
-3.,120105

1.95007
3.89084
5.84091

woHon
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Table B-2 CF Pg’é}% gggfn?
Landsat-D MSS Decompression Table
Equivalent Linear Equivalent vinear
Compressed . Quantum Level Compressed Quantum Level

Quantum Level |Bands 1&3 | Band 2 Quantum Level Bands 1&3 Band 2
o 0 0 32 42 42
1 1 1 33 44 44
2 2 2 34 46 46
3 3 2 35 48 48
4 3 3 36 50 49
5 4 4 37 ‘ 52 51
6 5 5 38 54 54
7 6 6 39 | 56 56
8 7 7 40 ’ 59 59
9 8 8 41 62 61
10 9 9 42 65 64
11 10 10 43 67 67
12 11 11 44 70 70
13 12 12 45 73 73
14 13 13 46 76 76
15 14 14 47 79 79
16 16 16 48 82 81
17 17 17 49 85 84
18 18 18 50 88 87
19 20 19 51 91 90
20 21 21 52 94 93
21 22 22 53 96 96
22 24 24 54 99 99
23 26 26 55 102 102
24 27 27 56 105 | 105
25 29 29 57 108 108
26 31 31 58 111 111
27 33 33 59 114 114
28 34 34 60 117 117
29 36 36 61 120 120
30 38 38 62 123 123
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B2. CALIBRATION WEDGE WORD COUNT VALUES' OF POOR QUALITY

Table B-3 presents the number of pixels from the midpoint of the
calibration wedge leading edge to the point at which each of six
values are to be extracted for use in gain and offset calcula-
tions. Separate table segments are provided for each mode of
sensor operation (high gain/low gain, use of prime/redundant cali-
bration source lamp). Within each segment, sets of six word count
values are provided for each band; and each set applies to all
detectors within the band.

Table B-3
Calibration Wedge Word Count Values

® Lamp A (Prime)

Calibration Wedge Word Count* For

High Gain: Locating Sample Number:
1 2 3 4 3 L3
Band 1 _ 470 480 490 500 920 930
Band 2 580 590 600 610 950 960
Band 3 380 390 400 410 890 900

Band 4 330 340 350 360 750 760
Low Gain:

230 - 240 250 260 810 820

Band 1

Band 2 340 350 360 370 880 890
Band 3 380 390 400 410 890 900
Band 4 330 340 350 360 750 760

@ Lamp B (Redundant)

High Gain:
Band 1 470 480 490 500 920 930
Band 2 580 590 600 - 610 950 960.
Band 3 380 399 400 410 8990 900
Band 4

330 340 350 360 750 760
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Table B-3 R QUALITY

Calibration Wedge Word Count Values (Continued)

Low Gain:

Band 1 ' 230 240 250 260 810 820
Band 2 ' 340 350 360 370 880 830
Band 3 380 390 400 410 890 anc
Band 4 330 340 350 360 750 760

*Number of pixels (words), counting from the first pixel of
the leading edge of the cal. wedge which has a value 232, to
the location of each of the six word samples to be extracted
from the wedge.

B3. NOMINAL CALIBRATION QUANTUM LEVEL VALUES

Table B-4 presents the nominal digital values that can be ex-
pected at each calibration wedge location derined, in Table B-3.
Separate table sa2gments are provided for each combination of
sensor mode (high/low gain, use of prime/redundant calibration
source lamp) and signal amplifier mode (linear/compressed).
Within each segment, radiance values are provided for each word

count value of each detector.:

B4. OFFSET AND GAIN COECFICIENTS (Ci and Di Values)

Tables B-5, B-6, B-7 and B-8 present the regrebv on coefficients
used with calibration vwedge radiance values (which are extrécted
at locations defined by Table B-3) to calculate the gain and
offset values that describe the radiance calibration function for
each detector. Each table describes a mode of sensor oﬁeration
(high/low gain, use of prime/redundant calibration source lamp).
Within each table, separate seanments are provided for detector of

each band. tach segment contains an offset coefficirent value and

a gain coefficient value for each c¢f the six calibraticn quantui
level values to be extracted from the calibration wedge portion

of the MSS data.




“PAGE MISSING FROM AVAILABLE VERSION”



S o enl b E el mas Lt inn e sl —-ru-;?- -

By
w5
)«
&3
i}

3
mr
o8

Lo g oo

¥ pusg t ¥ vyt & £ Oovit o €t 0 ST Cy] » 9 OC OV Z0 C¥{ v ¥ U® WY (D OS] O ¥ UL EC Iy MY Y v L EL Y W
[ 4] ® 0O (y By 08 2[BI% 9 or (% 60 1G] 9 ¢ OV OV OV 19 ¢ L BY OV LS £S) © L 9% 8y 60 tS] 9 ( ov Cv &Y (S
'z pwg . L S €9 & 950 ¢ 03 IS S 95} § B Cp 05 29 (9| S 9 2y ey OS5 rSi{ S 0 L8 €5 55 (5] ¢ § v 18 % %%
i g $ & 1929 o5 05§S S 03 1S €S S5) T 9 t9 23 v o6 z o0 19 s 99 45| S £ 08 1515 951 § S 08 I5 (5 <5
(0 4y 'QITTIHAID NIV MO T} ILA3IM 1Y)
¥y puog t » L ST ol 0 tt st Rsvv33~¢31¢.35531 Y IL O SE Iy vrl b b 4L 6L ip P
t g O 9 Iy B 05 9|5 O Oy (v Or 1S{ 0 L Ov 0¥ & 9] ¢ C oy 60 L9 YL 0 £ OV @y G0 1% 8L W e iy
2 pwsg 6 OL (v By 0% I9i3 OL 99 o G tSl e 6 St 5y & &l s DLy 9% 02 v 8 o By Ov 19 28] 0 8 Ov Ly 6br 15 ]
(W] $ L tvey 192919 9 (v gy OV L3l 0 L Ly OV O3 ISl @ L Gy 0519 €510 £ty W 05 iG] 9 9 Ly 2 o5 1S
16 SV 'CISSTUMROD ‘NIVD HOIN) 1D9F8 VD
» g € > tt e 02 ot » TR WP v BTOIY Sy vy vPLY OS] Y P LT el Yy Wl Y v L GE Oty
t oy T € CCiy ty Iyl T oeCr Ly SY[CL T OO Cyig € oy Iy Sy vt € 8T Ov Iy Syl ¢t € 2 OV ey Gy
T pog T € Sty (2 EC:¢ ¢ L. % € 1c)? f ovoev 0 gy T Tt ec v Cy ov|Z C Sy e 15 0S| & Z v S Iy 0%
| vy T T sy er zilt € ¥ 052 T Sy Ly € IS)Z I SY vy 0S ¢S|2Z TEy oy 2y 15| 2 z v 9y @S
. (3 4W7 1 MY INIY ‘BIYD MO 3DOIM Ty
§ purg C v v e onit v B SLorfoe v G OPZY SYlw vy wwoiyosly wog € v vv|l vy v L BE iy vy
g prg T . 6C v Ty ovil ¢ BT Oy Zy Stit 't et oy Iy 9y it ctov Zrsysele ¢ e Oy Zv SY|E € B Uy ¥ G
T owg b ¥ 6Tty CY Ov(y ¥ T O Iy ww|¥ ¥ OC B U it ¥ ST LEOGElY v Oy Ty v iyiv v 0T Ov (v v
(¥ ana] T € sy w iyl G 1P v 9|2 ¢ e yvw cv]Z tiv 0 2 ov!e €6 Ly tr 99] 2 € 8L 1> £y 9
! 19 24V 1BV INIY "HIVO HOIN) 35GIM 1V
e b ¥ 0PIV BV & 1y vy (y|9 S Iy Co By 25|¢ 9 G WV IS SH | S vy 0y B LS| S S Sy oY 5 o
[ San:] © L 8 18 70 »5iD @ o 1S IS vSidL L ey 1S S tulo £ oue 25 ¥g s lo L6y 15 €5 999 L 8y 1S (5 S5
TPy S 9 605 9 ¥%," o 0y 08 !5 tS|S 5 W Lsr €y 501§ S oy ov oy 161 C ey 15 €95 SS|¥ S 9 Ly ey 15
1 g y b Sy (r OV uw._v ¢ Y EY Sy oV | ¥ & B OS5 U3 2S|S 9 O OF (9 ¥ | ¢ 9% B Gy LSiY § It BY OS5 26
{V <Y "0 393 34O 'NIVO MO IDGIM T¥)
b mag b r OvTe ov oYy o €L iy " Ly (9 9 Ty ¢ O US{G 9 S» OV 1Y WS |G S Y tv By £S |9 S Sv By 1S ¥
g pury @ L &v 1S T9 vS{v @ 6 19 TG ¥i L L 6y 1929 ws | D L 1S IS ¥9 45 (9 L 6 1€ ES SS 10 L oY & TS %4
g pueg L 9 > ev Oy BYiY g e w O 0¥ |C G (Y Zv oy OV |C GOV Zv VY Splp S Y O Ly 034C S v I v o9
| pwey C 9 trow Oy 2’ 9 OO0 't T Crlv O 9y BU DY OV (Y G O Ov Gr ey iy S vr v Ov @ E v v o 9» Iy
{ (V ¢y '02SSIHSNOD NIVD HOIHE 10038 1Y 3
» g P Y gL oY ety v 9 L CC Ty SY (v 9 Ov €Y OY 0P |G S Y ¥ OS ES )S S iy wr Ly A 1S S Ir O/ © 2%
€ oy T C o y O¥{Z ¢ € w vy S jC € L OY Ty Sylt £ ooy i oSy (v irf & 1» Ly Wit € & w t Sp
Tovey T T % v 1%j2 ¢ TP S Ly 05 (T ' Ov 'y S BY {Z Z CE v Ty oy |2 TSy 8y 093 Vi Tl T IvoYy (v 0§
(S ] T T vy oy 09| 2 Iy v Gy &0 (T 3 9 o sz zZ vy (v 6b z5 |2 Zev Ssr iy 05l oz ocv v v 05
(VY SHYY BV IR NIVYD RO 30CIM VD
v puey Py CLOY v i ¥y Lt e 2 Y|P S ObLE G 3y S G Y (Y O5 LS IS S i ULy %% S v ey Ry 26
(S aaat} T € iy ooy ¢ PO v ¥ (L T KL OO Ty NIt t oy v oSy £ lr € 60 (v EY O |E € BF Gy Ky 9y
T pwry LT St e il 2 wel &ty hL T ogroetsL ov |t o:ouE €f e tf {4t T L ov Zv SY {L Z v ot o ov
! ooy E Z 0y Y T . GL O Tt by (T T Cr v Ty S I Oy Y o 4 T ec ov zv e {t z w©t ov Ty vy
IV o 'V HY NI 'NIVY HDIHE 3DQ3M 17D
VVVYVVVVYVVVVVVYYYYYYNY VY SNIVES 80193430 3A11DY

" mnaseg ©9

pInoayd UOTIRIYITR]) TRUTWON
v-9 aiqeq



e g e i ol e b .
. Y T T gt G e

—aipe = e

G

A R T R A e W S e -

o, g

——

nspr

h

PRRLGAY 0= £SVETA% N
L951956°0 TriThL he [%%LREF 0 ZIATY0E D ]
zoidsEL 0o Mo”MMwM“n- TA=ANEGSIITS  EN-TN00IDTE T0e uassmwmmqu“n L6YEESH 0 1SNIYD
BLrEEHE°0 860188600 ‘n AMNMNWMM”Q Leriaten ,n¢nnmw".aa -aoumwmu_on.oa. 15,38440  9Z HBNIDAL3O0
PaLE19 0o CLEracathe | iPesirEen F6=10008231°0= 10- . SLY°0  eS¥IVY o
ZATIITAL e LPegizrtn Y1E9LAZ N 10-301AR62D "0«  10-3066FISR"0= 18138340 :
¥ puvg TELTLYE°A th=TNFROQ0H® QA LBLESD . €2 ¥n233130
GERI9TG O tRE9Fr0vn Q0P°0  E0N=IBNTEILT Oe  IN=INPEYESL 8AYBLYD 0 1ENTY9
151E595°0 e copriItecn spIGLLL® 69530 00  10=30GSRZRA U= 1813894
0S£9559°0 SO0 PO RS 20-00852110-  10=A6RESRRETD SoircTyie  foaiye oo MhioRe
v - NLIPQ° (e g R NoYNLESREE Do T OGN ¥
et e o 1 LN 3143 -ttt G 12 ansonan
& ha q - zn- 07" 0= - o . 3 VD
N-NNQ@“.? MuMMM“M”” —: d‘S-?ﬂ)NHQ 090~th.3 na A“MMM”MG.QD rDlUcmOﬂnOn-Ql -mhﬂm&ba (:Y4 ZDHUJAMD
A & e hrEevET .uvawmmwm.z T0=200L1SAF 0= .a.ﬁacgqo.m.n. ‘o 6LF1910"0 ISNTYD Axan
§L195150 TRFADIS A tneantesing®o SEERGET™D TFESaSETD =300L0SHRZD=  15)3TA0 |63 W01D3130
605SHL9" 0 26fvca0°na RS- 00 Z0e300206RA0  10eHOL9IPEL 0= 10 6LISTEv 0 TSHIvD =
203345 p g 4 QI 405 QR Apchonasios  siein o1 Wz
, 9°Ne svvﬂDGOnD fes AL ¥FON[°0 tnaio? . [§:4°28 1)
. - FiRIOP® . A0LEECLT N 10=7 -
pmg | SISO Golrllee weaiianie seammrein inaiseio T R
- Q7ZIIHYG  ne 0y . Sl -OF In=30169LP2° 0 - , .
Munummm”o fRannrgen 4a.aa~HMMM“." zn aNNMM””M“: neER2SEE"N ' umwmmwﬂw.wo "Mkmnaaz o1 HALd3da
. = €atf0E0 0= ne . Z1=3006¢ D T0eRNTLIOLRA. PO MIVD
bt T 415 Q1 I 115 N - D
ALTIRN T ‘e . 0= R0 a SNIYD
EEVLLIG O evEencen RReEnFL-0 SAGRAAZ®A T=3NTgiErRs0e  T0~30ERY6LG°0-  1617¢
CAAATEL 0 TALAS AR UL LA 0-4000F7va%0 Lyagter o Lrtecesen  tertys | |1 NI
(S910/b°0 [ #4342 M RYELYEY Yo S&?JPJM« 10edNVGLRTL 0= 10230220006 0o TIET]
FIINIAY*A  TN=Tne/porp* n T7E0?%ie 6 7 v $44n €1 KOI3313Q
AEGEORG " Om. 40£5988°ne 1ESLY D 10=30119117°0  7A=ta01%094°0 VIZEEeTh TERT9%
PFEEAGL0 . PFESEOE N PALLOGL® ~ 1N=3031¢18%'Ne  IRLIS
ALLQTAD N Thaant R [ A1 SRYITLAE®D . 4450 Z1 HN1D3LR30
. 183€/69°0~ NOZEFRANa .aqmwmnv.a tne308nngIr e TN=207GNar 1 0a ~>aaena«mme.a psulvn .
2 pusy NRFIEARD "0 FZO1L86°n  The?n®)s o AYSLONF°0 995EQAE"0 09LITAP "0  IRIIRJIIN T HOLIILUA
PLI9IAY°Ne CrfEngatne s.wnm~m.o 10=3020%082°0 [n~406869611°0= 10 JPEELESYON 18HIVA
LHSISAP"0 7IOFNNBn  tnez 11437200 LIGTAT PAVVELESO P0£06660°0=  IFLIFLL0 0T HOIDILAA
106¢ERG° Ne €E1L110°An l:““%“ﬂhmob TN iNTCHANE*D PO=3000600G9%Ne 1A desccwavno IRMEVD '
Mwwu“nw”u nanngey e _aua=a~aumw.w to Jw”w"mww.z RROFEOE"D .Awmﬂwmnw.“. umm”ww;o koHNLOALAN
9 @ 070n1L9°%0a ma‘ . -’ 4 0 PO0RAINNTAGIG* O - ‘
FECLARL®O TSI .~=.n=o>4oon.o $98£967°0 LvanLEse 10=306998Lp 0= ISLITIIN £ HALDZIHO
FECEIVI h= T YT T AT o ARI0G°0  V0-30RL6TEZ D §N=H07ERLEL €LS1Leen 1CHIVO
1F20116°0 . FROEQT"N orgrizeee 3 D= I0=301¥QLEH 0= 3SXI3 :
LAPIENG*N  Tne=n po treisarcn 7 135840 L _HQXDIA2Q
anfosenL *ne BYEDER® e SHAOKE D TR=F0TTVEZLI*G  Tne307500a1° BOCSLEY 0 L "
AFEFNTS®D . ®E17597°0 nLYIBATE N F07590A1°0= 10-300LRTPY°N= 15018 )
6SELLL 0= MN«anan N TNeTARLECAECO  10=H0NAGHET'D MOS0 9506159 "0 .cxw<%¢c | HnIIAAa
- 0GL0L N- a _ , ' n=10002L1° 0= .61 . .
Vpunn | beirenren SLARENG® D _acaawnmwww“n - gwwmmuﬂM“a actitaco NSO jousesd0 S HOLIIIZ
. - Qn *fe . ALl (4] Ne’ - *
NPLIBES0 o_m”“”w,n . orfpoar N £10507¢°n ' ‘QWMMM“MHn 10=2007E9AY°N=  18I3C34n © HAINALIN
Tr9estL ne LERSERD® Am “AVAVARAF'D  Z0=A00T0LAH  TR=40007E07°0 F6LGTRY0  1SHIYD
—ﬂ'nﬂamuo : . CLYNELT AN MOQOQ~Mo . . - 1N=0%0FCR0 N 18138430
1248901 0 9GEAING A  TN=ANFOCFRE"N _a.asenxo@_.n . QTLSHALO 65065 °0 .nz.qo* € ®wpld3r3a
. .0 LLLIEBY e PR . . p=INERLSLE N  1n= .
| zasssigen e n tneanioroe 9LLARTESD OFVZRLE*N 3019969¥°0-  IR1ATIL0 £ WHOLDILRA
N i I N T LAY C I D AT 1099¥E08+0 152582
s , * WivA 439 604 A Pt %03 ] T - 10-3003V€05 0= $R138440 § ND
SO S al ] PIE %04 ] 3InWh POz B03]  31TA 351 804 | 123830 4
v, & Tea 9bpay 1ED xTs 103 (%a) su e (T
PACH TRy pue ('D) s3®53JF0 uresn ybry - (sura
.\N\AvQ,v\ c~d aiqeyl ¢ b &v 4 QE@Q
2.0



Ay A LT R

=2,

Ao

P e ~ e ]

¥E6L5L9'Q LEYELET O Lyvierl 0 TLeinot’o [ 13 o) EVELSY' D ENIVD
(910Y50 SLLZYS0  1OICLAMITO | £0I000TIET LO3000TIVO 10I0L601rB0 SI3TIH0 bz HOID313Q
zotyasLe svieziLo 94550020 Lstieic0 zvsesato 12L¥52y0 :SNIVD .
BEVOUYSO €60LoyY0  LOICAZIZOED  COSOGOOZVL0  L0-30LGPBIPO- LO-306GELSRG- (5135440 €2 WOLDILIC
YOLZUD D Leessoro atizzo $120202°0 80LLTLEO 85201800 SNV
t puvg zzi60v9'0 €6CLIPSO  LO30COYSONO TO-ICOLISLTO LOIOZOVSSVD 10-30S98Z88'C  IS13S440 22 HOLDIL3Q
SEBLOZOO" £829€20°C- 9952112°0 avieLczo (eLeLseo $01261°0 SNIVD .
19£2659°0 ZOCLEYD  MO30LBL68C0 ZO-300SSTICO  LO-30Z65S6E0  10-30CSEEIE0 iSLISIH0 12 HOLN3L30
03EY3¥D'0- ot TAR " Y 4 DLOOVLTO LEQLSETO $LESESEO L0022ZEr'0 SNIYYD
12698Y90 863EILT0  LOE200LEBE0  TO-I00LGLOZ'O LO-A0YPEIZFO M0-3050CI680-  (S135440 02 HOLD3L3Q
oezentoe Zo9rL150 216500 BYOLLLZO tolozeeo BLEIOLYO SNIVD
21zz9v5°0 SLLL0vS0  LOIOELOBOCT  ZO-I0OLISETO-  AO30SYYUIVe  (0-30070SBBO  SsL3$440 81 MOID3LI0
TEIT TIT56aT 6 TERETD 567520 TECT9IC0 CHTIY) NIV
106150 18L6Y190  LO-IOLCHLOE0 20300951080 LOADLBYEZO- 10-309v990S0-  SLISH40 81 HOLD3130
6088190 zecvang o 86203520 9901£0£°0 Letoso Y5LY0LY 0 SNIVD
26£9819°0 ChZerig0 LO30LBOPBCO  ZO-IOOPRENTD  4O-30ICLCCY LOI0TIEL8S0  :S13S440 L1 ¥O19313Q
SPLECHT LWE09%'0- trinvzo 99358620 64509570 96824200 SNIVO
wzenzeo £OLELL90  tOIYLOZNCO  ToI0oeeZaL'D  LOSOLSHPZD  L0-30YEZZD9D '$138440 91 ¥O123170
€ pucn LEPPOST 0 RLIF0 07289520 00016320 otozsato LPEENIYO SNIYD
£O19V2S0 £0500Z90  VOAOLIESLED  ZO-300SSLLYD  LO-B0MO0LZO  V0-I0OLIGZEST (SAASH40  S! wO1D3NI0
coeeco e £01E000°0 298ZLCZ0 68624020 sz8czve0 £25vL0v'0 SNIVD
8899190 SLLIVIG0 03053006 To300z9/ZB0  LOA0LGLEZZO- 0-I0CE0BLG0 135440 »i HO19313Q
Lt 4 e n0 K oezezo o 6OLLCLZ 0 45598820 (3418 0] £TES50°0 SNIVD )
cEvLLLID L6VZELT'0  LO-300Z098C0  ZO-3000LZYA0  LOFOPILEILD  1OIONZYOLSE  iS43S440 €1 80133130
Y8650 TSL01050 %033120 1552020 SVELLZED 119096 0 Shivo
PLSLELTO \ZVECT0  LO30SLTSIYO  Z0-300LE2630 10-J0G06BLO-  LO-308SZLYe  ISL3S440  Z1 40133130
1500850 29181290 12580170 80v2232°0 8979210 180863¢'0 SNV
99462150 £EOY60S'0  10-30865ECK0  L0-30vI(ZOLD  LOIOPMLLBLD  10-30000BE3C  'S13S340 11 ¥O1DILIQ
0200060 $060VET O 03108120 ¥65202°0 V8901200 \29008E0 SNIVD
95600150 PZSOTOS'0  S0-I0L0280¥0  LOIGPTLEZUC  LO-I00STIELG LD JOMOLYSSO (513440 OF MOLDILG
zwvg teoLzo90 9909980 rzeolzo 1012902°0 strmaieo £I1LLED )
oLz $9205090  10-30Z1BSSC0  LO3CYE9RLLD  LO-J0I0LIBLO- © (OI0OLSEESC- (SLISIH40 8 MOLIIL3A
9LL0L6T 0 T6GYOS 0 oECYHLz0 szcaszo 1228180 05E892.0 ENIVD ,
S0THEL0 9(00509°0  V030UILOOC0  L0-30ZCCLOLD \OIOLODLELO-  LO-FOLECYSSO iSLIS440 0 HO12313Q
gazeveso PSLLOLTD tvezoIzo 8022252°0 eotaito 810260 SNIVD
80881150 1260090 LO30SCLSZV0  LO-I00SZBLLD  LO-30DI0ELC L0-3006Y0SS0  SLIS440 £ WOLD3130
[Llv4148:X02 olasrifo T553092°0 0081800 $2CLUTED Z9LZ0LY0 (SNIVD
SavevieD 6276190  LO30/930Z€0  ZO300LI08L0  L0-I00£EEIi G- LO-I0SECLOYO 18135440 9 HO19313Q
tonzeo 26098990 99£4492°0 8L19£58°0 LLo8YOED L08LLLYD SNIVD
@d PADLVISD DO80ZIT0  L0-D0KOLGYED  ZO-300LZE960  LO-30(6TZZL0- L0-I000SS8Y0-  'SLISH40 9 HO1D3130
A YYE0BLOC SvL5L00 av1S052'0 8LE80LED zz1020t0 19v502r°0 ENIVD
WA 1 puvg LosrIS0 SZVIEIT0  LOI0BIOOCED ZGIOOVESEL'D  LO-I0LONNEI'C  10-30M0RGOYO-  ISLIS440  »  HO1D313Q
(Oe veesssno ovLOLSTO vozeeazo yeovzaso srRlsto B91E00¥0 SNIYD
< O (109190 64595190 LO'IOLCOVIEG  Z0-300/8L0CD  LO-30/Z603C - LO-30LSEEIYO-  SL38440 €  BO1D313Q
© < 8628100 8LT600'C 9138970 1\oL0E0 t99102¢0 20¥9L£190 NIV
\vwr %) 8060£49°0 T6L0219°0  103IGAZINEQ  C0300LPLLD  LOICOLITIC LO-3001885K0-  SLES440  Z  MO19313Q
5.0 oeeEzso’e £800055°0- LEZVRIZO oses6oz0 BEI0LSTD 88£030¥'0 SNIVO
% o 1960490 PICLEISO  10I0OIEONE0  ZOJ00BL90O  LOFOUIBLOZO  10IC0M0S0  SLITHO 1 WDLIINI0
\ -
Ro.em anwvaweucs | snwva wisuos T anwvawvuos | snwane ¥4 | 3miva puz ¥04 |  3nTVA 1t 04 ]

sanyep obpoam 1vD XTS 103 (fa) surey pue (To) s3ssijo

9-49 81qeL

utey mo - (surig) v dueq




s

e

ZEFRIAL 0. iatLerrrcn- IROFGLY. A CASKESE D 9IDLLEY D 1080105°0 tSnlyD
ONERESS O PEFLREG N TN=ANROGREE 0  Z0O=R0N0GHHE°0= i0-3I09CTZRE°0= TN=30Ff650GL°0=  1SI35440 P2 HNIDILIC
ZIOKENL - L56RnQL 0= A TLIR AL NRALLSESD LIGAEY A 2] ) 8CP0L0OS 0 1SNIYS
GZe0085°0 0RALRES°O IN=T09SLEPF° A 70230090/29°0~ 1A=«INOGCFRE*0= T0-F001655L° N 1RL35230 €7 ADIDAIZA
LLEOTL 0 859GF1/°ne GozrLGYn 606€1Z¢°0 G7969R€°0 Z9CEvQT 0 1681YD
: y pueg CEELLTY-Ad Kpircogen tn=TdnnOZ0E N Zne0001EAC Ne  TO=3NASIARE 0« (0-30GE996L°0- 18138340 T ¥NIDRLIZY
YLIBSQ9° 0 NoLG0Q0 te LEROYEP N  9€0838%%0 +097€9¢°0 YLTZIOEV D 1IERIVD
SAICRWG*n 0GORAFC A THe0RO7RVED 70=000L961°n=  (0=3000GSRE 0= T0-R01S2C9L°0~ 1€135330 g RNIdII3a
FTOIRTL"0n GELL LA YA T “ENELGPo0 660L72€°n TLI1206€°0 002LS9**0 1ENIVD
ALER208°0 LLeaneg o 10N ERETEO0  7N=30NYLINT 0= FOTNQALAZLE 0> T0=A0GHSLIL 0= 18135440 O WNEIDIIRAA
REVEQTIL 0= L1114 8 AL §loggozn SLaarre’n POARLRT*O AT LI SONTYY
v0LGIDS D ATLLIL M 10 ZOPRERTESD TO=HONSENLLI°0=  10-30NFPE9€°0= 10=30LBEPSL 0= 16435340 61 ENIN3ALIA
THHEETa g TP LPva’ae toeyeren TAETISAL YT TYAL 095abP1%'0 L)
fFoOrLIS®0 9SANFIG N ¥NeIn/T47AC°0  Z0=300RSLIR 0 10=ANY LATZ°0e  10=R060VVLG 0= 19129300 87 HNIDALZQ
1662999 N CELERSD e 181880700 EI6FCK7°0 191209¢€°n 92808ZY°0 1SNTYD
feeuiigtn LEQOMIG N tnen/pgags°n In=3nFLFOIL 0 10=302911€7°0= 10=308367LS° 0~ 19138440 (1 ®»0id3L30
IQ0ASRGCA N PATI1260°Na Ravacyren N9Z3IYRZ"N GUORFGE® O 6TESHIV 0 1SNIVY
m@ 7R90n726°0 QFATIIS N TA«ANDYPAGF D 7n=3002¢760°%0 Tp=2Nb995FL°C=  N=R09706ASG 0= 18135340 Q¢ HOIDIL3O-
. € PUE} k7vgceotne 84GAAR0°Ne afaLieEro SGCNRAT*N APCSLSE*D S6TETI*0 1581yY" ’
reggargeoe FAEOFYC N LGEXDETR LT A4 Z0=A00LORGT 0 10=INGGLCAZ N T0=R06L606G° 0= ISLINSA0 ST MNIDALAQ
GIN{969°0e CLILNYU N RAZHKQFP 0 | CYR LT AL [ XT3 LTS AT Lotroibo eIy
2904916 fLLegrgn 2NN EGRES O 0=N0GEICR"0 10=30NS10EL 0= J0-300659G5° N~ 181384240 T MOXIDALZ0
QrFENE9°* e {9ogrotna PHRRVAZT"O LAGGEP?Z N TRARAEE®N rLeatod o 181IYD
GORGLIC G LALLYA C) T0=2nFL0EAE N 20-3000960¢&°%n tu="200%8¢ 17 0= - 12139340 NOLD3L2N
RFAATHE AT N {RGaNgP*n fatinnrto fo¥ngag’o 6G2Z30F%°n tENIVYHD
PELLOES D ANPNR7C N LGERLUT ALY ¥ A 70=100SGLLE N INeROLIADIZ 0= T0=30GRRNDET Qe 10139430 TV ®¥N1D313N
RPELGIG N AIFNT{g° e IEI L IAL LNARLENE*N GZ096SE"N 09169290 1IRX1IVD
tirogec’y LGIEErg*n T0=INEINTEL*N €O3000L9L9° 0 IN="1N0G0F(T°0= 1020060659 N= 1S1A0IA0 VT ¥NIZAIAN
*IVTER9 0 YILTAPQ O (osL6ar°n SIFIrzeE o GGOADIE O 24T I4A M) teBIYD
AEVLELS O avarrreen (N=3NYECGRT'N EneinONERILN To=HarB5GI2 N~ T10=R09¥6005° 00 19139330 0% BNIDALIQ
2 PURB! qnri7osatoe PALLTHO  Ne 1980020 ARLQUTF*Y ROBFSLE®O GE909FY°0 SGNTND
ti7RE?S0 aenIrc n tNaTNRPIPEFN TOIN0R199b %N 1N=3NGTIFSE 0= [N=R0TP0H9G 0= 16138340 & HOXDILIC
ASVOTATI* O A7§9R00° Nw O0LRNGY D 11203241 A 1L.SFRGeF° 0 €tinary o 18RIV
I T11:12401) GEFOPPG*N TNaBpEPeLIF N rO=INVOEANG N T0=306ETAH7*N=  [0=0P9LRES 0~ 18136340 8§ HOIDILZEG
ree1ipe’ne ApOLLLO N ftyngorcn fasfaneen SOTAGSE’D CPAGARY D teNIvY
. AYLORES O SIP792¢° 0 $NoINTHS0O2°D  20«3N0EEENE*Q 1030101422 °N=  J0=R0l9EL09°N= 19138340 L H¥0xd313Q
' VE7RSV "0~ QGEBon] The LA EAVFGPFT O FTSLSREC O KIS tEnivs
AOEORIG"O ta1egIc*n TNe3NAFLRAF®N FO=INOZROEQ®N 1P=309€UPF2 0=  T0=30RLELEG N 1SL38430 9 HNID3AL4Q
s 9GNP 0L N G29G169°Na CIZYZ9rtn LTENRIFN HLITOLEO RROLBEY D 1enTYy
sguriiSto nreATIS A Tn=AnF1EagF*n PN=300F 126084 1NeFTRI22°0=  10-3070%¢2S%0- 1€139440 §  ¥0JIDDLIA
PROTIGZL O [ 1134 2 PR GHEATLI? D teveLee-n (YP&RARRE° O RYEVTGE O teNTYn
1 ueqaL R7TILIZS O 601¢918°n LT LIS § 11 A% LN<ANVARIIBES D 10=3001EGPZ 0~ T0=3061LISE 0 . 21SL36430 & HOLDILRO
IREFLOL O LLELORN neRo1QZ" N NTEDPEEE®N ysinggs®n 69L6SEY 0 18NIvY
FIFGEi2s° GELTIOtG n TN=ANALPFGE"N rn=300ZAT00 0 N0 LLLBGL 0= 10-3000078° 0= IRIZCILD € HWDIDRLZO
YGRETTL 0= CORATN! "o LA A LT Tad] _LnzrEn L.560€RE°0 rerLenh o 1EN1IYD
SD2191G°0 S99TTIG y  TN=30G28L9€°0  EN=300TERGA"NH 10=20963F12°0=  10=301C3E1S D 18138340 T NOIDALIG
o YEYPNRI*Ne ELALNRG e ceorRGren antorteco 6C340LE"0 apigoE®°n tEHTYY
: 34mv aveenrs®o NLLPSIG N 1n=3009L69€°0 E0=100NG6RQ% 0 T0=1010D0EE°0=  10=-30LLEBES Ne 16139440 1 ¥OIDILIQ
\ \wr WA G B0 | A NS wUs | NTYA YIH ¥02 ~ ANNA PIE HO4 _ INTYA pug ¥od _ 3NTYA 38T «om_
oanmmzam> SbpaM 1eD XIS 103 (!Q) sutes pue Awov $39s330 utes ybrH - (3uepunpay) g dwueq m
4, . L-8 91qel .
%y &
CAS




- TEERT9L 0o 1ITLZLL*Pe 1ROFSLE°0 EASIFSE O
: . . 910LYEY°0 10601060 1SHIYS ]
oNIRELGe O ZEEDAFS N tn=2Nnapenrssen - 3 - - ;4
Bt pOumy oMt eendiin eeditnl et e e e
SPPOB2G°0 ARKLAES 0  TASTNOGIELESN  ZA=FNOINLEY Os  T0e300SGERE 0= 10-3001 »o».o i
LLSEOTL Ne 869G511.°ne cogrLczn 60GEILET0 “£7969A¢° e a0 aanyal0 Er WOLIIA
p pumg | 99R090S°0 SOTZEEEN  TASPARANENF®D  RN=3000ICAE e ~o.samo~anm.“. do.uManqoe.o Rt
A 9219§00* e 091.8090° ne (EROSEZ0 CEAGARE "0 “bogzeec o ,Vﬁwwwmw,wu ummwmmho te uniosiag
LTRSS AL AGRPRFG D  TONENONPHOF®O - *fea 3 °
S R e g Tt i
) RLERZPED LLOKADE A  TRANfFRZZEC  ENaANOLLZNE 0~ T0=F09LRTLE 0= croerecor ra1a0s 3
. nEITOIL 0= GOSPETL e eLngeg?2*n GLE9IZE 0 ocvsnnm.u te ummznan.:a ror1yal0 OF MDIOREIO
BOLGTIDE®N FUIAREC P TNe3NTE . - €011 Ne o ; nhyar pshlYe .
Rt ik e e e e b
@ f20rL1€°0 QCAREIG*N INeRnIRERE®N xaonaoaﬂhaacz IN=0YLROYL°0= Y doonxv .3 L :
. Q577099 0e €FLERCU N 1A16082°D £IRESARR D 191209¢°0 oc.mmmumww.ae “nwumbaa Ot woiasise
€ALILISO LEQOMTICT G TRaDNLAZALF*H  TNeBNZLFOTE D  TA-ANLCTIEL" 0= _opMcaﬂmxnn.w. .M”mww 0 5
“umunaa.:. gs1trco ne PROGEHLN XTATTIAL GROAESE D 6ZESETD N ~mz~¢uh LT nnLasLaa
. ors’n QEATLIS*N TN=TANQZRE*N P0=3N07¢26R%0 TO=38 £2° - , .
‘ P | qpegecsine 99GFRPO° Aa oLoLLE”"N $550667°0 ? .’wmwmmm.“ O i teen  rensgain % woLd3LI
TSHER7E 0 Catnsrgen ~3na . J00LNRAT® 51 e atti0e 191393
: XN=INaLANAE D  EN=J00L0RAT N  TR=F0G5LGRL°0= T0=30GLENSC 0= 18 1013
<10/999° 0. §1110%0% e RAZHAFE D VALPUBZ"N GRSINSE*D . . riyg ST vOLIRIAG
3 2aP691G0 LLLLFIGSA  TA=S . ANNGETER® rease o 191183
_ : NeSANSAGRF*N  ZA=NOSFIEAA  T0=300CINFZ Na  10<300A5956°0= 382X LT
~ ezranFatne 198 FTacne onRsePP N Lan6sar measﬂn.-a .QFNQ—MO.O ~..w....a.w.¢9 o1 ¥NLOEIE0
_ 59659150 9IFA7IG A 10e3NFANEAE O PN=3003LG0B°0 _ 10=RRO0IDYT - ~c.x¢mpnmaa.wn .nmw«;
TETTTRE 3= AEROF LG e FEVIIFG T €Ll i€°0 T IT AN T1 AR —
[ ] N :
LaRSEIS D LISFITE A T.=THfEE26F°0  EA=300ALA0E°N  [0=FWORILIZ*Na  TO~IOGTOBES 0o 161 o3
15112:5°ce ant199G° 0 [ EITTITAT) THGLRGE Y E6VEROE 0 Ttotansg o ”wuumuha PIgnaosaAg
#148GTGN GUEPPIE N (A=TAYCZEAFS0  Zn=TNORLILA®H  I0-INARZS2Z 0= 1N=30K9F9CG°0D~ @ tre
ZPVULLSG e OLR7I9G = nrrreYRee QngRLIZ N £TEOTLF 0 ) e Eved T HAIOALI0
baur2Isen ATINRAG N 1r-.30%0 . -~ - ; LA EA TR tongyy
2 purg nTaj0pen 10=025a%nE"0 [UECHITHIE AL TS GBS LIS PR A _
[09ARRG® Oe LaE0EEE e NEITIIAL nGnLLOZ O TRVLETTCUO nmqmw\M.z. tenrgg 07 FORIRIRA
~ RUFLTTS 0 TRIFOTG A  TReRR(1L0E°0  TNeHUBSESTI®N  1N=T0GOT6ET°0a ‘o.moaooemn.m- “mz.qu .
\ fPTILAS O~ NPOGHRC e (R TR A CRALLYE A .5::2..: nyLoeLe’ mmumx:o ¢ HoRIniRa
JLILIEN CARETIC®N  INTNNINZAE*D  70=400FFFNA°A  [0=TLEVFAOT 0= _o.aoeev»mmoa 1m.w<u
TGLA0PS P 6GRTTAC ne bPOECTP 0 RLESHATD 1z50a1¢ 0 A 7 tewiseTT B wMoRIAASA
CUGHFLE®D ZAZZOTG N (ned07CLG00°0  J0e30RLAROL°0  T0=ANSAbETL U« ¢ DToecresn tR1t5e
CELTA KT BRS 79{(RCA"N= chazeqZin 0GoriIng*n . vmmammwd :aunmwmwww,na “mmmmbx: L. 1ALIRE30
QrLNCTIS 0 | t1LEWS IR N \GEXDA 2444 A0 PO300EPCRL 0 - - . 3
SLLOCTZ 0 BegeeIca  taungerrrece .pnnn::m.o n nnmmﬂmmw”“ 10-3060L560 0= 1SIATI0D O WNIDILIA
FARZHIG0 PBREZIG N  TNeRANLPOBE*N  ZNedNNARAHL A T10-INPGGRAT 0= [N a¢~mc~_e.c aeaan .
. £919999° 0= 84S0/ G 0% na PEGULET O qBAGENE" D Q79£95€°0 ..mmemﬂﬂw.ﬂ- "mhuw;;a § mnisalsa
T puvg | K19F81500 9AGEFTIG N  TN=TUNKAIBSEF N  TNaANTLGEL 0  TN="NnGRRART* 0= §0=R)R0GEAD® A
£G0R069° 0 I LI PESLNGZ N 10957470 00STAYED ot0zL0s°0 tentyalC b HowORIIa
. ) o . )
. nsﬁn_m.o nacLeIcen TRINCGREZE*N ZN=JOQHEORED TNeANTAGLET O _oouommpmg.wn “mznma
S X 3 LrI1L99° 0~ FSFORRY e PVAFUSZD ZRIEONE 0 HSRGESFN EeresIste  renrge T ¢ oo
2 LORPIIS*0 0GHZPIG N  TA=ANTRIZEE N  LO-30NGEELL D  TN=I0(RAELY°0= [0-A0TSGZAD"Ce .‘znau
mw ZYSA0DQ° ne TLARLFO Na YL IIT AL FEFSTRY O OEINTVE D BALBERESD ,npdw&ac L nnLILae
> " 'MMMmmn mw RZOPFIC A TA=IN(AGLFF*N  7O=AN0QZELL°N _ §0=20a8RNGRL°0e  Y0~401pLE05 0 ~wwmuw~n L _N0353270
| 1Amw B i Y] INTYA U35 404 INTVA Y3 703 INWA PAE 203 INTYA P2 104 INTVA ST Y04 . haand
$ N
. O santeA sbpam [eD X195 10 T
) 1 ! su Ty ¥
o) % 3 {(Yag) suren pue (TDH) s328330 UTEH MOT - (Iuepunpay) g dweq m

o

Fav—.

g-g o1qel



e
b - et e A o s e e [P

Multiplicative or additive modified values (M‘'s and A's) have
been developed to further adjust the radiometric calibration
tunctions detined by the data provided in Tables B-3 through B-8.
. " These values are intended to be applied as an additional step in
developing gain and bias values from calibration wedge data.-
Tables B-9 and B-10 present the M and A values for each sensor

operating mode,

B5. RADIANCE RANGE

The radiometric ranges which correspond to the calibration data

presented in Tables B-3 through B-10 are detined in Table B-1ll.
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Table B-11 0
Radiometric Range of MSS Data F POOR QUALITY,
Rmax *
Band Rmin* At Launch Postlaunch
Low Gain: 1 0.02 2.50 2,30
' 2 0.04 ~1.80 1.80
3 0.04 1.50 1.30
4 0.10 4.00 4.00
High Gain: 1 0.01 - 0.80 0.80
2 0.03 0.60 0.60

*R in milliwatt/cm2/micron/steradian
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TM DATA PROCESSING CONSTANTS

Cl. MIRROR POSITION PROFILES

The prelaunch mirror position profiles are specitied by'fifth—
brder polynomials. The along- and across-scan polynomial profile
coefficients for the various operating modes of the Landsat-4
‘scan mirror are provided in Table C-1. .The across-scan profile
is derived from the scan line corrector profile and scan mirror
across-scan linearity. The forward scan profile polynomials
start at scan-start and end at scan-end. The reverse profile
polynomials start at scan-end and end at scan-start. Scan time
has been normalized to 0.060743 second. A second-order correc-
tion, which is based on the first-half and second-half scan-time
error, must be applied to - these profiles (see Appendix E). This

scan-error information is included in the TM wideband data.

The TM midscan pulse defines the instrument optical axis. 1In
mirror-space, start- and end-scan pulses are at midscan ~67157
microradian and +67175 microradian, respectively for SME-1 and
-67171 microradian and +67195 microradian, respectively, for
SME-2. The torward and reverse scan angle monitor pulses are

nominally at the same angular location.

The scan-line corrector (SLC) velocity profile will be the same.
tor forward and reverse scan mirror assembly scans and is also
defined by a fifth-order polynomial, The pest available intorma-
tion shows that all coefficients of the SLC fifth-~order poly-.
nomial profile (SLC-1 and SLC-2) should be set to zero. The scan

‘line corrector rates in object space are:

0.00966 rad/sec for SLC~1
0.00961 rad/sec for SLC-2
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C.2 DETECTOR DELAYS AND BAND OFFSETS CF POOR QUALITY .

The along-scan detector response data define the overa.. system
delay for each detector and each scan direction. These data
define the effective.delays due to scan angle monitor delays,
channel electronic delays and detector focal plane placement
errors. Tables C-2 and C-3 give these detector delays in units
of IFOV or 9.611 microseconds for the forward and'reverse scan
directions, respectively.

The cross-scan band center location errors relative to Band 4 are
given in Table C-4. These location errors result from band
placement during focal plane assembly, scan mirror misalignment
and focal plane shifts resulting from mechanical vibratidn
stresses.

C3. DRIRU AND ADSA TRANSFER FUNCTIONS

Table C-5 givez the DRIRU Transfer Function Model and the param-
eters applicable to Landsat-4. This transfer function defines
the response of the DRIRU package to mechanical rotational

inputs. The same transfer function is used for all axes.

Tablz C-6 gives the ADSA Transfer Function Model and parameters
applicable to Landsat-4. These transfer functions define the

response of the ADSA package to mechanical rotational inputs.
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C4. 1M RADIOMETRIC PARAMETERS-(BANDS 1-5 AND 7)

Etfective use of the TM internal calibration system is under
investigation. At this time, radiometric corrections are being
performed with fixed estimates of detector gain and bias. Table
C-7 gives the reflective bands (Bands 1-5 and 7) gain and bias ‘
estimates for each detector. These estimates can be used to
normalize the detectors to a ccmmon radiance range‘on output

products.
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IMPROVED INTERRANGE
VECTOR (IIRV) MESSAGE
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APPENDIX D
IMPROVED INTERRANGE VECTOR (IIRV) MESSAGE

The IIRV message in Figure D-1 shall bé coded in USASCII.' All

data fields are right justified, with 1éading zeros added as

needed. A positive sign (+) shall be indicated by a blank, and a :
negative sign (-) shall be indicated by a minus. The IIRV mes- .
sage shall contain spacecraft position and velocity fék.the given

epoch time. Table D-1 contains IIRV message body data field

explanations.

Vector epoch times will be provided four times daily, at 00:00,
06:00, 12:00 and 18:00 GMT.
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Figure D-1.

IIRV Message Body Format



Table D-1

. ORIGINAL PAG
£
OF PooR Qwung

IIRV ASCII TTY Message Body Explanation

. Line

Characters

Explanation

Optional message texk,

GIIRV
A

RRRR

- Spacifles the site for which the

Start of maeasage Lﬂxad).

2lphabetic character tndicating
originstor of meegage:
blank @ GSFC 2@ WLPS
E =ETR L=JPL
W e WTR J = JSC
P o PMR A e AFSCF
K = KMR

Destination routing (rdicator.
message was generated., U for =

more than one station, thls fleld
should contain "MANY", StoI8s 6\b

V (Not Used)

B (Not Used)

T (Rlways 1)

C (Always 1)

SIC (4 charnctars)

BB (Always 1)

Vector typa:.
1 = Free flight (routine),
2 s Foreud (gpecial update).
3 @ Forced (no burm). '
4 = Maneuvar [gnition,
§ = Maneuver cutoii.
6 = Reentry.
7 = Powered Qight.
8 = Spare.
9 = Spars.

Source of data:
Nominal planning.
Real-time.
Off-line.

Off-line. mean.

V-

Trans{er tvpe:
1 Interrange.
2 [ntercenter.

Coordinate system:

1 Geocentric Greenwich
Rotation, (all Interrange
voctors) :

2 Aries mean of 1950, (&ll
Interconter vactors)

Support [daontification Code.
Landsat-na1294, Landsat-D'=1419

Bodv number/VID (00~59).

—

S~y
-




Table D-1 (Continued)

ORIGINAY
PAGE
OF Poog QUALITE

Line Characters Explanation
3 NNN Counter number indicating vector
(cont) trans{crc number on a per station
per transmission basis.
DOY Day of year. -
HIDAMSSSSS Vector epoch in GMT with resolu~
tion to rearest millisecond.
ccce Checksum of preceding eharacters:
0 through 9 = Face value
Mirus (=) =1
Plus (+y= 0
4 S Sign character: (Minus: -
4 Plus : blanig)
). 9.9.9.9.9.9.99.9.0.9 4 X component of position (mcters).
YYYYYYYYYYYY Y component o{_ position (meters).
2222.2222222 Z component of position (meters).
cccC Checksum of previous characters:
0 through 3 = face value.
Minus (=) = 1,
Plus (+) = 0,

5 ] : Slgn character.
)DOO{XJDOQDGDC X-velocity component.
Y'YYYYYYYYYYY Y-velocity component,
ZZZZZZZZZZZZ Z-veiocity component,

Note
All velocity components are
In meters,/second with re=
solution to nearest .. 1000
meter/second.
ccce. Checksum of preceding characters:’

0 through % = Face value.
Minus (=) = 1,
Flus (+} = 0.

e e e ey o]
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Table D~1 (Continued) ORIGINAL PAGE i8S

Ok DANG Olili i3y
A 2 -2 e 2

Line

Characters

ANg=g ol ) =t 1 B 1

Explanation

MMMM MMM

AAAAA

KKKK

Mass of target (kilograms with
resolution to 1/10 of kilogram)
fer 1utercentes vector transfers
g1 cM-line MCEFC) vestors. Con-

talns e!! zoroes when not used.

_ Aversge target cross-sectional -

area (moters squared with resol-
ution to cearest square centimeter)
for Intercenter vector transfers
and off-l{ne (GSFC) vectors. Con-
tains =l zeroas when ast used.

Drag factor (dImensionless) gwo
digits to left of decimal point).
For intercenter vector transiers
and off-line (GSFC) vectors. Con-
talns all zerces when not used,

MMMMMMM

ccc

Sign character for mean motion

.vate. Positive sign denoted by a

space or blank, Negative deanted
by minus sign.

Mesgn motion rate (revolutions/
day) oo digits to left of decimal
point. Primarily intended ior
GSFC off-line support. Contains
all zeroes when not used.

Checksum of preceding characters:
0 through 9 = Face value.
¥ipus (=) =1
Plug (+} = 0

[TERM

0000

End of message.

Originator routing (ndicator,

i .
i
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This appendix explains how a parabola is added to a smocthed
profile polynomial to create a ground calibratad profile poly-
nomial. This is a simplified algorithm that does not include
effects from spacecraft attitude deviations. Referring to Figure
E-1, the upper curve illustrates an original smoothed profile

that is ncrmalized to the ideal scan time of 60743 usecords. Its

midscan value is defined as the profile (reference) offset”angle

$to- This vélue is found during the data colleccion for the scan
used when t! - origiral profile is taken. The second figure
illustrates the actual profile for scan "i" in relation to the
smoothed profile. The offsat angle ¢fi iy found from line length
code. The "itn" scan differs from the smoothed profile by a

parabola where the midscan amplitude is (bg; - bgs) =4Agjs. The

" calculation is performed at tine Tpp where Tpy 'S the time Of the

first half scan. The lowest figure illustrates the original
smoothed profile, the parabola, A(t), and tu2 ground calibrated
prefile that is the parabola added to the original profile.

Figure E-2 gives the profile polynomial modirication equations.

[£® oo

The initial forwara p.ofile is a fifth-order polynomial with

ccetficients ag through as defin«d for tmne ideal scan time. This

initial profile is first adjusted to the actual scan tim2. The .

v

parabola for scan "i" is a second-order polynomial consisting

of two terms, a'; j and a'y j. The ground-calibrated profile is

defined as tue adjusted fifth-order powe: series with:

1]
| nd
[
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u
i

+
v
jo
d
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~ Take the center value between the 95 percent shoulders
and 3 values on each side of the center value. Average
the 7 values to determine the scan average.

- Average the sca

b

averagese.

@ ' Blackbody gain function
FBB = (CB-CS)/(NB-NS)

‘@ Detector bias estimate

Gain = 0.725 * FBB (Counts/(mW/cmzlster/micronf . i

® Detector bias estimate
Bias = CS—(O.Q*NS—O.lQ) * FBB (counts)
Includes effects of internal TM radiators

@ Applied corrections should set
260°K to digital count 0
320°K to digital ccunt 255

Scale linearly in radiance
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Nonlinearity, urod

Nonlinoarity, urad

ORIGINAL Pﬁﬁﬁg
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OF PGOR QUALY
1 _ .
10— - - Rot of
~Smoothed Prolis
A1 Polynomial
Ol -
&fg Profiis Offsat Angts
10—~ -
L
0 Timo tg = 60743 gnec
{idegh
T
At Midscan Correction .
10— - Actuat
Praofile,
N, \—.—M Loter .
B M {Scan i)
ﬁ\s“n i Afi = ofi- ¢fo
Otfset Angle
-104- -
1
o Tt_F“ '3 Ground Catitrated
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/ ;\ a v -,
0 14’ > — o=
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The line length code, illustrated in Figure E-3, contains first--

half and second-half scan errors El and E2, which are defined as
R1-T1 and R2-T2, respectively, where R and T represent references
and half-scan times. Rl equals 30371.4 psec and R2 equals

30371.6 psec (they total the ideal scan time, tI = 60743.0 psec).
First-half scan error (FHSERR) and second-half scan error
(SHSERR) have the‘units of 5 MHz clock periods (0.18845 usec). o

These represent the errofs (in clock counts) from the references
in clock counts (161164 and 161165), and negative values are
transmitted in binary 2's complement format as indicated. Note
the example of decoding, wherein midscan time errors El and EZ2
_are_fougd, after which first~ and second-half scan time-il and‘TZA

can be determined.

When the actual wing mirrqt proportionality constant K5 and
first- and second-half scan times are taken into account, the
midscan offset angle éf; is as ‘indicated. Finally, Afi = &fj -
$go-where ¢¢g, was previously identified from,original profiles
(Figure E-1). Ag; can then be applied (Figure E-2) to the origi?
"'nal smoothed profilée polynomial to obtain the desired ground-
calibrated forward scan polynomial.

Similar computations yield the reverse midscan correction A,; and

the ground calibrated. reverse scan polynomial.

The scan profile varies slowly and requires changing no more
often than évery_400 scans. The maximum expected ¢fi is 100
pradian. Significant active scan time variation (from the ideal
60743 pseconds) can be expected, especiélly when .the MSS and TM
instruments operate simultanecusly. .
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Spacecraft attitude errors have the effect of moving the points

through Pg in inertial space. The effects of these angular
motions can be compensated by using the outputs of Angular Dis-
" placement Sensors and the Attitude Control Gyros.
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APPENDIX F
ALIGNMENT

Figure F-1 shows ﬁhe spacecraft coordinate system. Nominally all
shbsystemé are aligned with the spacecraft coordinate system.

" The misalignmehtfbetween'thé_attitudg control system; attitude ..
sensors and the TM and the M55 instruments are defined in this
appendix. The definition of the TM optical axis is given in’

Figure F-2. The MSS optical axis is similarly defined as:

Z2-axis--The middle of the fiber optics face plateAprojected 
thtough]the'scan mirror. The scan mirror is at its -

one—-half scan position.

X-axis--along the scan mirror pivot axis in the nominal

direction of spacecraft flight
'Y—axis-~completés the,right—hand rule.

The other axes of interest are the ADSA and DRIRU sensing axes
and the attitude control reference axes. Attitude quaternion
estimates and gyro drift estimates are defined in terms of the

attitude control reference axes.

Table F-1 givés rotational matrices needed to convert from. the
DRIRU axes to the attitude control reference axes; from the
attitude control reference axes to the TM optical and MSS optical
axes; and from the ADSA axes to the TM optical axes. The coordi-

nate transformations given in Table F-1 are based upon prélaunch
measurements. ‘ ’
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ORIGINAL PAGE 18
OF PCOR QUALITY, - Table F-1
Coordinate Transtormations
XACs- : 0.99999990 0.151127e-3 0.411108e~-3 [ Xp
‘Yacs = |-0.15111le-3 - 0.99999991 -0.38839%e-3: Yo
LZACSJ | “U.4iiide-3 0.38833e~3 0.99999984 J Zp
Attitude DRIRU Axes
Control
Reference
Axes -
X 1.0 -0.049%e-3 -1.397e-3 ): (AP
M : . : : , ACS
MSS .. . Attitude
Optical Control
Axes Reference
Axes
X 1.0 ~0.596e-3 1.1464e-3 Xpcs
Yo = 0.5%96e-3 1.0 - U.43le-3 Yacs
Zp A ‘ -1.464e-3" ~0.431e-3 1.0 Zacs
TM Optical Attitude
Axes Control
Reference
Axes
Xp 1.0 3.09e-4 -4.79e-4 [Xaps
Yo = 3.48e~4 0.9407 -0.339646 Yaps|
Zp .5.97ef4 ©0.339214 ' _9.940574 ‘ VZADS
TM Optical Note: This transform is nonorthbgonal ADSA Axes
Axes and correctly represents ADSA sensing .

axis orientation.
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A APPENDIX G
TM THERMAL BAND RADIOMETRIC CALIBRATION

EDTERITED
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APPENDIX G
TM THERMAL BAND RADIOMETRIC CALIBRATION

The radiometric calibration procedure currently in use for TM Band

6 calibration is described below:
® Definitions

CB = Average counts of the blackbody calibration data

C5 = Average counts of the shutter flag data
NB = Effective spectral radiance of the blackbody
NS = Effective spectral radiance of the shutter flag,

@ Effective spectral radiance is the equivalent spectral
2

radiance {(mW/cm”/ster/micron), uniform across the band,

that would give the same TM response. It includes the

spectral filter and detector spectral responses.
At 90° K focal plane temperature
N = (5.4656e-5*T-1.916e-2)* T + 1.771

Where, T is temperature in degrees Kelvin.

e Temperature of blackbody and shutter flag are 'in payload

correction data telemetry.

e Determination of CB = Average of blackbody calibration

data (Hughes algorithm)
- Find the location of the peak blackbody count.

- PFind the pulse shoulders on both sides of the peak that

are 95 percent of the peak.





