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FOREWORD

The effort discussed in this report concerns measurements of

auroral intensities and spatial variations usinq satellite, aircraft,

and ground-based sensors. Primary emphasis has been on calibration of

night time sensors on two DMSP satellites, and on development of

computer techniques for handling the DMSP digital tape data.

The author wishes to thank R. Nadile (AFGL/OPR), technical

monitor, for his encouragement and support. We also wish to thank

J. Bass (Logicon) and H. Fish (RDP) for their efforts in develop-

ment of the computer programs, and R. Sears, (Lockheed Missiles and

Space Corp.) for providing ground station data.
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1. INTRODUCTION

The Defense Meteorological Satellite Program (DMSP) has been

providing unclassified meteorological imagery to the scientific

community since early 1973. The forerunner to DMSP was the classified

Defense System Applications Program (DSAP) which provided so-called

DAPP (Data Acquisition and Processing Program) data.

Our effort has concentrated upon development of a data analysis

system which will allow optimal use of DMSP auroral and airglow imagery

for a variety of applications. The current version of DMSP, known as

Block 5D, became operational in late 1975 with the launch of the Fl

satellite. Since that time, three additional satellites were launched

successfully and one unsuccessfully, with approximately three more

planned before a possible integration into the shuttle program.

Our program has included calibration of the night time visible

sensors on the Fl and F2 satellites in the Block 5D series. By

correlating aurora] intensities measured by ground and airborne photo-

meters with the DMSP observation simultaneous in space and time, the

night sensors on these two satellites have been calibrated in terms of

effective auroral intensity. The approach to this calibration is unique,

to our knowledge, since earlier approaches have used DMSP auroral data

taken from photographic transparencies. The current approach uses the

digital telemetry information from which the transparencies are produced.

This digital data has been supplied by AFGWC.

Access to digital data on magnetic tape has allowed straight-

forward development of computer approaches to data handling. The

effort has been to develop a flexible system which allows manipulation

of the data dependent upon the specific application and presentation in

a variety of formats.

The program has also included correlation of auroral observa-

tions from the calibrated DMSP F2 satellite with data taken by an un-

calibrated satellite.
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2. CHARACTERISTICS OF THE DMSP BLOCK 5D SERIES

The primary sensor on the DMSP satellite provides visual and

infrared imagery of the earth on a continual basis, with the primary

mission to provide meteorological data. In addition to the primary

sensor there are a variety of smaller sensor packages. These generally

have included the SSJ electron spectrometer and the SSIE plasma monitor.

To date, our program has used only data from the primary visible

sensor on the DMSP. Table 2-I lists some of the characteristics of the

night time visible sensor. The orbital characteristics of the satellite

are also given.

In order to perform its primary mission of providing timely and

accurate meteorological data for the U.S. military on a global basis,

the DMSP has been placed in a polar orbit at an inclination of 98.70

with respect to the equator. The design orbital altitude is 450 nautical

miles (833 km), yielding an orbit period of 101 minutes.

The total data system for the primary sensor on the Block 50

DMSP is called the OLS (Operational Linear System). The OLS contains

a number of changes from the 5 B/C series which yield improved system

performance in terms of spatial resolution and accuracy.

The requirement for global meteorological data requires that the

OLS optical system performs a scan which will yield continuous data

when outputs from successive orbits are placed side-by-side. To do this,

the optics scan a full angle of 112.50 in a direction perpendicular to

the subsatellite track. This scan corresponds to a geocentric scan

angle of 27.5', yielding a scan on the earth's surface of 1655 nautical

miles (3065 km). The 101 minute orbital period corresponds to an earth

rotation of 25.40 under the satellite during each orbit. Thus, success-

ive orbits yield scans which overlap slightly the scans of the previous

orbit.

The orbital parameters of the satellite were configured to

place it in a sun synchronous orbit, so that local time at the satellite

is essentially constant for a given subsatellite latitude on each pass.

7
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Table 2-1. Characteristics of DMSP Block 5D

Night Sensor

DMSP BLOCK 5D (NIGHT)

ORBIT CHARACTERISTICS:

-- 450 NMI(833 km)

-- 101 Minutes/Revolution

-- 98.70 Inclination

-- 81.3°North & South Max Lat. Subpoint

SCAN CHARACTERISTICS:

-- 112.50 Full Angle
(27.50 Geocentric)

(1655 NMI)

1.5 NMI (2.8 km)Ground Resolution (nom.)
(Derived from 11.88 scan /Sec rate
and 5 Scan Average with 8 KHz on-

board filter)

(Compensated FOV to yield nearly

constant footprint)

-- 1464 Resolution elements/scan

ELECTRICAL CHARACTERISTICS:

-- Lin and Log Sensitivities

-- Dynamic Range = 100 on Log
= 64 on Lin

-- Ground Programmable Gain (Saturation Value)
In finer than 1db steps from I - 63. 8 75 db
(DB = 20 Log V (Out)/V (In)

-- S/N Better than 6 at 8E-09 watts per cm sq per ster.

8



In the 5D series, Fl had equatorial crossings at approximately noon-

midnight, providing excellent night-side auroral views. F2, F3, and

F4 were morning-evening satellites with equatorial crossings in the

8 - 10 AM-PM time region.

A major change in the night time sensor for 5D compared to 5

B/C wis the shift to a photomultiplier as the detector from the silicon

detector previously used. Silicon remains as the daytime sensor.

Figure 2-1 shows the relative sensitivity curves for the photomultipliers

used in F2 and F4. The response of the PMT's in Fl and F3 were quite

similar to F2. The shift to red enhancement occurred in F4.

In addition to the day/night visual channel, the DMSP records

simultaneous data in the infrared. In thcj Fl to F4 flights this

channel was sensitive to thermal radiat'on in the 8 - 13 micron infrared

band. The detector is HgCdTe cooled to approximately 108 K. To date,

we have made only slight use of the infrared data. There is, as yet,

no evidence of auroral effects being observable in this channel.

The design of the OLS improved considerably the uniformity of

the system geometric resolution over the 5 B/C series. The system is

now required to have a resolution of 0.3 nautical miles for daytime

viewing and 1.5 nmi for night imagery. The actual night resolution

varies from approximately 1.2 nmi (2.2 km) at nadir to somewhat more

than 1.5 nmi (2.8 km) at the ends of the scan.

The OLS uses an optical scanning technique combined with shaped

detector surfaces to achieve its uniform spatial resolution, compared

to the 5B/C series. The OLS rotates and switches the detector field of

view to maintain image uniformity. This is combined with electrical

gain switching along the scan to yield the desired scene sensitivity.

Overall sensitivity of the night time channel is controllable

from the ground over a range of 63-7/8 db in 1/8 db steps. In addition,

one may select either a logarithmic or linear response in the amplifier.

(For our purposes, 20 db = factor of 10 in input signal level.)

9
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Data is processed and digitized on board the satellite. The

basic scan rate of the sensor system was configured to give continuous

earth coverage when combining the subsatellite track velocity with the

field-of-view of the sensor system. Since the subsatellite track

velocity for the orbital parameters given earlier is 3.55 nmi per

second,the required scan rate corresponding to the daytime 0.3 nmi

resolution is 11.88 scans per second for continuous coverage. The

onboard processing averages over five successive scans to yield the

so-called "smoothed" daytime resolution of 1.5 nmi and the fixed night

time 1.5 nmi resolution.

The smoothed data is filtered and digitized to yield 1464

pixels of data for each effective scan (average of five). The data is

digitized with 5 bit resolution yielding a scene instantaneous dynamic

range of 64 using the linear amplifier and a dynamic range of 100 using

the log amplifier. The gain of the overall system can be changed over

the 64 db range mentioned earlier to yield a total dynamic range of
5

over 10

.
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3. EXPERIMENTAL PROGRAM

The calibration effort has involved a number of simultaneous or

near simultaneous spatial-temporal correlations between various DMSP

Block 5D satellites and aircraft and ground stations viewing auroral

situations. This included the use of satellite ephemeris predictions

generated by AFGL/SUA and projected flight plans of the AFGL/OP NKC-135

(SN 53120) Flying Laboratory. An example of printed ephemeris data is

shown in Fig 3-1. In those missions that involved ground measurements,

plans were coordinated with the Lockheed group (R. Sears).

DMSP data has been supplied by AFGWC in two different forms

during the period of this program. Early in the program, digital data

for the specified satellite, revolution and time period was supplied as

an octal dump on paper of pixel information by scan line. Figure 3-2 is

an example of few scan lines of information. Each line contains 1464

pairs of octal numbers which represent 82 levels of signal information

for each pixel. In addition, there i3 time code, gain, and other house-

keeping information in each scan line. The data format will be discussed

in more detail in Section 4.

Later in the program (after February 1979), the data requested

from AFGWC was supplied on digital magnetic tape in a format compatible

with the AFGL CDC computer.

Table 3-1 is a tabulation of digital data supplied by AFGWC

through February 1980. The table identifies the data, satellite,

revolution number, and universal time for which data exists. It also

lists whether the data exists on binary magnetic tape or as paper print-

out. The revolution number is considered redundant information.

The date, time and satellite identification are the primary data

identifiers.

3.1.Calibration of Fl

During the period January 1979 through early February 1979

the Lockheed optical research site at Chatanika, Alaska was in operation.

12
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Table 3-1. Digital Data Supplied by AFGWC

Date Satellite Rev. # Time (U.T.) Type of Data

9/2/78 F1 10221 11:05-11:10 Paper

10/25/78 Fl 10972 10:30-10:56 Paper

10/31/78 Fl 11057 10:24-10:53 Paper

11/1/78 Fl 11071 10:06-10:22 Paper

11/2/78 Fl 11085 9:45-10:09 Paper

1/29/79 F2 8547 7:20- 7:28 Paper

2/2/79 F2 8604 7:52- 7:57 Paper
2/3/79 F2 8618 7:35- 7:41 Paper

2/4/79 F2 8648 7:07- 7:12 Paper
2/5/79 Fl 12432 10:11-10:20 Paper/Mag

2/6/79 Fi 12446 9:54-10:00 Paper

4/18/79 F4 1466 1:54- 2:06 Mag

4/25/79 Fl 13549 4:58- 5:02 Nag

4/27/79 F4 1594 2:30- 2:34 Mag

9/27/79 F2 11960 1:54- 1:58 Nag

9/27.79 F2 11961 3:35- 3:39 Mag

12/15/79 F2 13091 20:10-20:17 Mag

12/24/79 F2 13219 20:49-20:55 Nag

1/11/80 F2 13474 20:25-20:31 Nag

1/13/80 F2 13502 20:49-20:53 Mag

1/14/80 F2 13516 20:31-20:37 Nag

1/15/80 F2 13530 20:13-20:19 Mag

1/15/80 F2 13531 20:54-20:61 Nag

1/20/80 F2 13602 20:02-20:09 Nag

2/6/80 F2 13842 20:14-20:20 Mag

2/7/80 F2 13857 20:37-20:43 Nag

2/15/80 F2 13871 20:32-20:39 Nag
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This site includes a three channel meridian scanning photometer as one

of its primary instruments. The photometer channels are designed to

measure 427.8, 557.7, and 630 nm radiation with a field-of-view of 30.

The instrument scans 800 each side of zenith at a rate of two degrees/

second. Data is taken in 4 increments.

Figure 3-3 shows the approximate subsatellite track for

Revolution 12432 (5 February, 1979) projected onto the Alaska map.

Shown is the approximate ground track of the Lockheed photometer inter-

section at auroral altitudes. Figure 3-4 is a reproduction of the

DMSP transparency generated from night time sensor data for the portion

of Rev 12432 over Alaska. The location of Fairbanks is circled and the

intersection of the three-color meridian scanning photometer with a

surface at approximately 100 km is shown. The square envelopes Anchorage.

The DMSP Fl sensor during the portion of the orbit over Alaska

was operating in linear mode with gain equal to 25 db. Table 3-2 tabu-

lates a portion of the meridian scanning photometer data and the DMSP

output when viewing the same region. It can be seen that time coincidence

of the spatial scans occurred at approximately 72 km south of Chatanika

during this scan (10 hr 58 min. UT). Averaging the two values nearest

this coincidence yields an output of 58.13 for a 427.8 intensity of 1663 R.

Since zero volts is an output of 63 and 5 volts is zero, this yields the

following calibration (at 427.8. G = 25 Linear).

1 volt = 4,300 R

5 volts = 21,500 R

Standardizing to a gain of 63 db yields, for Fl, (427.8;G = 63, linear)

I volt = 54.1 R

5 volts = 270 R

3.2. Calibration of F2

A number or coordinated satellite and aircraft observations

were made during the course of the program. For purposes of F2 calibra-

tion, the coordinated event of 27 September, 1979 is used. During this

series of coordinated aircraft flights, the AFGL/OP NKC-135 (SN 53120)

16
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was operating from Pease AFB, New Hampshire, flying over Newfoundland

and Quebec and returning to Pease. Two revolutions of.F2 (Rev 11960

and Rev 11961) scanned regions of aurora which were viewed simultaneously

by the AFGL twelve channel visible photometer (System E5 operated by

PhotoMetrics). This photometer was near zenith (150 forward) pointing.

Table 3-3 shows the aircraft coordinates (from the flight log) and the

subsatellite location near the time of coincidence (1:56 U.T.). Fig 3-5

shows the approximate aircraft position on the Rev 11960 pictorial data.

Figure 3-6 shows the pixel values given from the computer

reduction of the F2 Rev 11960 output supplied by AFGWC for the-scan

which included the photometer field-of-view (20 full angle). Averaging

the six pixel values closest to the photometer field yields a pixel

value of 26 (where zero to 63 is 5 volts to zero volts). During this

portion of the orbit, F2 was operated at gain = 57 in Log mode.

The photometer output at the time of coincidence (1:55:17)

yielded a value of 350 R at 427.8 nm.

The calculation of the F2 calibration is as follows. F2

during this time was in its logarithmic mode. The voltage telemetered

is still 0 - 5 volts, yielding levels of 0 - 63 for pixel values. The

equivalent linear voltage into the log amplifier is given by

in = 0.05 lo-1 5(0 - V pi)J

For our case, Vpix = 26, yielding

-1
V. = 0.05 log 1.75 = 0.74i voltsIn

0.75 volts in = 350 R (427.8)

1 volt in = 467 R

5 volts in = 2,333R (G = 57)

For G = 63 we have:
V2

Using dB -20 log V-
I volt = 234 R (427.8) 5 volts = 1170 R (427.8).

20
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3.3 Calibration Summary

As shown in Section 3.1 and 3.2, the calibration of FI, from

a coincident measurement with the Chatanika Meridian Scanning Photometer

and the calibration of F2 from a coincident measurement with the AFGL/OP

NKC-135 are:

Fl (Linear Mode)

1 volt = 54.1 x log (-G) R (427.8)

where G = gain
V

volts = 5(0 - j22)

Vpi x = telemetered pixel value (0 to 63)
V .- 1 63 - G

-1 (427.8)270 (1 - + x ) log ( 0 G) R

F2 (Linear Mode)

1 (427-8) 1,170 ( - ) log ( ) R

For the log mode we have

Fl (log)
_V ix -1I 3

T (427.8)- 2.7 log 1 [2 (1 - jx)] log [---] R

F2 (log)

T (4278). 11.7 log- 2 (1 - .P I 1o ~ 63 2 G R G

24
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4. TREATMENT OF DATA

As mentioned earlier, the DMSP data of interest has been most

recently supplied on magnetic tape by AFGWC. Figure 3-2 showed a dump

of the tape data. Figure 4-1 gives the format of the data as supplied.

The data for each scan line is composed of 250 36 bit words. Each

36 bit word, as seen in Figure 3-2, is composed of 12 octal digits

(0 - 7). From the format of Fig 4-i, it can be seen that the first two

words contain Line Count and Sync information. The pixel data is con-

tained in the following 244 words as pairs of octal digits yielding

levels of 0 - 63 for each pixel. Word 247 contains the time code as a

27 bit (9 octal digits) number representing U.T. in seconds times 1024.

Word 248 contains a 9 bit (3 octal) number for the gain setting, with

Gi= MSB and G9 = LSB. Gi - G6 represent the whole number G = zero to

G = 63 values. Word 248 also contains a 4 bit number (MI - M4). MI gives

information as to whether the amplifier is operating in linear or log

mode. A zero in this position is used for lineir and a I for log.

M2 - M4, if all 1', tell us that the amplifier was in preset gain mode.

Other options are various AGC modes. The remaining bits in words

248 - 250 give calibration information for the various detectors and also

vehicle identification.

Figure 4-2 illustrates the operations which are performed on the

data. The digital data, as received from AFGWC on magnetic tape, is

operated on by program PIXEL. This program unpacks data from the time

interval of interest ard merges this data with satellite ephemeris data

for the time of interest for the particular satellite. This merged data,

which now contains coordinate and time information for every pixel, is

reformatted and output is made to permanent file for later use. PIXEL 2

is used only to provide a viewable output of this merged, reformatted data.

ARCLDB is a program used to produce a data base along an arc at

an arbitrary angle to the satellite trajectory. This is necessary in

order to compare the DMSP measurement with those of another instrument

on the ground, on an aircraft, or on another satellite viewing a region
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Word 11 Frame/Line Count

1L

Word 42 Computer Line Sync

35 34 0

100000 000000 1111111 1011111 000001 1 --4 00-
1L
o T

Words #3 Thru #246 (93 Thru #124 For Sample " 2 Or Avg 2 x 2)
(93 Thru 0 63 For Sample 4 Or Avg 4 x 4)

3
S"6Bit 6Sit 6 Bit 6Bit 6 Bit 6Bit 10

Data Data Data Data Data Data

(6125 For Sample + 2 Or 0125 For Avg 2 x 2, Line 2)
#123 ror Av; 2 x 2, Line 1

Word #247 (1 64 For Sample 1 4 Or 0 64 For Avg 4 x 4, Line 4)
# 66 For Avg 4 x 4, Line 3

# 72 For Avg 4 x 4, Line 2
* 76 For Avg 4 x 4, Line I

000000 000 E I 4-9 E1o-1S I 16-21 I I
° 

-

(1126 For Sample - 2 Or #126 For Avg 2 x 2, Line 2)
#130 For Avg 2 x 2, Line 1

Word #248 (1 65 For Sample f 4 Or ' 65 For Avg 4 x 4, Line 4)
# 69 For Avg 4 x 4, Line 3
# 73 For Avg 4 x 4, Line 2
# 77 For Avg 4 x 4, Line I

35[G1-6 G7-9 M1-3 I M4 S P1-4 I P5-8 I1-2 _ 3-4 S HO-? H3-8 0

(0127 For Sample + 2 Or 9127 For Avg 2 x 2, Line 2)
#131 For Avg 2 x 2, Line 1

Word #249 (# 66 For Sample 4 4 Or 0 66 For Avg 4 x 4, Line 4)
# 70 For Avg 4 x 4, Line 3
0 74 For Avg 4 x 4, Line 2
0 78 For Avg 4 x 4, Line 1

35y1-4 S Co ICI-6 IC7-8 ZI-4 25S-10 IZ11-16 217-22]
(#128 For Sample - 2 Or 0128 For Avg 2 x 2, Line 2)

9132 For Avg 2 x 2. Line 1
Word 9250 (1 67 For Sample 4 4 Or 0 67 For Avg 4 x 4, Line 4)

* 71 Yor Avg 4 x 4, Line 3
4 75 For Avg 4 x 4, Line 2
* 79 For Avg 4 x 4, Line 1

2-- Z29-32 XX 1000000 1 000030 000000 0300o0

X May Be Either 1 Or 0

FORMATTED 6-BIT SMOOTH DATA OUTPUT

Figure 4-1. Format of Block 5D Tape Data.
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DATA FLOW BLOCK DIAGRAM

Digital Data

AFGWC
(1Magrnetic Tape)l

do4 I erW1
Data

PIXEL 2] ARCLID ---- Irtersectirng
Arc Data

, Cal Data

Printed Output

Interpolation
Size

AREINT]NO Step Size

Printed Output

Figure 4-2.
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viewed by DMSP. The absolute calibration of the sensor is inserted in

ARCLOB so that results are in kR.

The program ARCINT uses the data base produced by ARCLDB to

compute, by interpolation, the intensity as measured by DMSP along an

arc centered at an arbitrary point and at an arbitrary angle.

4.1 Event of 11 January, 1980

As an example of the output of the various data processing

programs we use data taken by satellite F2 on 11 January, 1980. Fig 4-3

is a reproduction of the transparency as supplied by AFGWC for the

time period near 20 hrs 27 min UT. The saLellite was moving downward

during this period. The pairs of squares in the left margin occur

every 120 seconds. The upper pair are at a time of 20:25.7 UT. The

large city in the lower right corner is Moscow, with Leningrad visible

as the next largest city to the northwest.

Fig. 4-4 shows the output of program PIXEL 2 for a 10 second

time portion roughly midway between the upper two pairs of time squares.

This is an example of short-form printout for the merged pixel-geographic

information. A minimal amount of data is shown for each scan line. This

includes the time of the scan, subsatellite coordinates, altitude of the

satellite, the altitude assumed for the aurora (100 km), the octal digits

which give the gain (in this case 310 octal or 011001000 binary, yielding

G = 25) and state of the amplifier (74 octal or 111100 binary, yielding

log preset gain). The final set of columns give the minimum and maximum

decimal values for pixels on that scan line and the location pixel number

of these values. Pixel number runs from -732 to 732. It should be

remembered that minimum decimal value represents maximum signal.

Negative pixel location numbers are on the right half of the pictuie.

Fiqure 4-5 is the long-form output of PIXEL 2, showing coordinates and

values for every pixel in a particular scan.

Figure 4-6 shows the output of program ARCLDB for points near

a portion of the line drawn on the photo in Figure 4-3 representing the

intersection of an arbitrary scan by another instrument with the
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115UATaS I . R48Iran
mom MD. 1 178

Of, 8. Will
"sa N TI, MP N IT9 : G. ONA

DIM I f W Kl WATIAL SMREII
DAT TAEh 8434 lWnl PAS 130174 J1. INS 1

TES1 CE 93t AM DATA UK N

MW I7MM SlUWnE MY 13474 .80MM1118

ff 11N LA! LBS ALT W AZ SR

ux 26:2:49.391 69.f 319.41 819. Iw. 334.z7 0818010317*62406 am~ 34 62 vs -16423
1279 21:26:4.178 69.74 311M MC9. 180.8 134.2 008 0316740266 GM8~ 32 20I'S -21 762
11% 29:26:41.7%8 0.76 319.34 81.1 10.1 154.17 88860031440278 C 4 35 2 I'S-18 731
1Ma 20:26:41.21P 6.76 319.31 GM9.1 1.1 154.14 00031074027886 MW84 34 62 I'S -22 oe
am2 26:26:47.96 09.81 319.2 W19.1 101 154.12 0046080174026386 38238 36 62 I'S -31 39
123 21*26:47.W 69.M1 319.24 819.1 INA. 154."9 HIM14631174026486 411 836 620I'S-29 2W
Ma 20:2:07.W 60.0 31t.20 KM9. 100.1 134.86 N0mM3117027$W CM 3718 1620'S-31 V7
123 29:26:46.6% O9.X 319.17 81.6 111.0 154.03 880081318402086 6130636426I'S -41 3W
123 26?:%.6. 69.3 319.13 819.0 181.0 154.11 8NNM327828 MD.M 346Q2I'S -40633
UP 26:26:0.88 691 311 810168.8 1.97 80088N83117482b48 MW 6 3 6 2 I'S -46 US
aM 20:2:q5.31 60."4 319.86 19.1 181.8 1M.9" 80408031874026246 M86 34 620I'S -46 363
12W 21:26:44.94 69.96 319.83 19.0 IN1.$ .9 8000017402544 61386 34 620I'S -78 Se
1281 29:26M9.543 69."8 318."9989.0 180.1 133.0 N08818317482666 S8681 2 620I'S -91 US
1241 2116:M.22 76.01 318.96 8190 181.819. 1001174012667 MW286831 620I'S -0 321
I2M 26264376 76.03 318.92 8V1 IWO 19.81 91,14104131174627107 MW84 U0 42I'S -927M
IM4 MU:M4.=8 7.5 316.39 W9 100. 19.?V 80 174627H67 KDO 36 428'S -9 S

1244 2126142.84 78.87 318:6. 9:4. 181:8 19.76 MUMZ8117426W KDR 6 386 12 05-102 IN
125 21:26:42,439 78.89 31681 2 . 18. I 89.73 6008881387t86466 CM8 25 62 0V5-1. 49
1246 26:26:42.019 71.12 318.76 M3.9 1001 19.78 IN88101744271W6 61306 25 62 0'S-13U W
124V 21:36:41.398 78.14 314 M3.9 181 153.67 0000603174427867 381186824 62 0HZL 421
1281 2126:42.178 76.16 310.71 M3.9 In0.1 19.6 861081318744264067 Kom84 22 12 I'S-EU AN3
1249 28:26:40.757 76.18 318.67 M3.9 1801 153.61 810001074102446C7 3 422 12 4-142 423
1256 21:2:!0.336 78.28 318.44 43.9 18J13.38 08,08131074 0 67 613868 234 65 0-144 72

Figure 4-4. Short-Form Output of Program PIXEL 2.
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flhlTM C. D 136

RA11) . 17

Mwl3 67N 1 114 IMP RN I G. O31123

DPrmml U M lrIMT 69 714192Kn
6916 TAF D4 13914 11172 FW 1344 3P1 U, JIM

low9 MW. rmwaR Xv *vi Au u,2466

so TIM1 Lot LU ALT W1 62 M*

11117 227244.761 6.77 311303.6 110.2 137.54 oo vlk am646363144 2331 62 vs 'M -19
I6y1 IN Lo AZT WT 66 IF AT fix Ml T off # I. In AZT op

-73 56 0.2361.9113.21 -125.1 -462 61.09 312.15 13.46117l9.1 -4z v1 61.7 36.77 12.73 -163.9
-M2 U6 U.326145 132.19 -1271.4 -M N 26£1.161212.77 131.6 -117.0 -02 W "1.72 314.36119.76 -1171.6
-73101 V 0.54 X1.4 132.17 -1271.6 -06 56 41.113262.14 131.01 -121.4-2 26 61.72 364.331229.47 -2669.
-429 N2 - 361.526 132.15 -114.9 -479 M 61.12 362 .121.9-1173.1 -4Q9 3 61.74 3M.2 129.64 -1107.2
-730 V1 .56 31.3313.-13 -1263.1 -671 3 61.13 312.66 131.96 -1171.6 -M3 V 62.76 314.39 129.62 -1610.1
-7V 2 61.931.26111 -226.3 -477 V1 61.15 312.69 13.94 -1169,6 -627 a 61.772611.42129.59 -1662.9
-72 I9 60.2 311.57 12.69 -I.~ -6V 17 616362.92 13.91 -1167.5 -62A 56 61.7314.46 129.56 4141.?
-425 9 66.V131144 12.66 -26.0 -475 59 61.17362.95 131.19 -114_4 -#a1 9V 61.79 364,49 129.53 -2131.5
7A24 AI 11.60 67 IN." -61.0 -674 V 61.16363126. A -1143A -424 61 62.61 36,2 129.26-165U.3

-7W St 66 31.65 12.12-129.? -473 60 61.29 363.21136.62 -1261.3 -6D 61 62.12 364.35 121.47 -MA4.1
-772 3 60.62 61.67 12.69 -IAW.4 -472 61 61.21 263.64 136.61 -1159.2 -4An 61 61.13 4.94 229.45 -12.1
-73 3 043321.76 13.11-125.6 -671 60 6123 363.67 126A -211.1 -C22 N 62.64 364.62 129.42 -269.61
-M2 60 60.452611.72 13.96 -223.7 -676 59 61.23 313.116131.76 -1%.6 -611 37 61.16384.05 127.39 -1647.6
-719 64 64.66 362.75 131."4 -1211.9 -W69 61.2 362.22 136.73 121.6 -419 y 62.x 164.60 229.26 -266.4
-716 St 60.67 301.77 131.91 -129.1 -6W 56 61.26 363.15 126.76 -1151.0 -418 26 6.. 264.7t129.33 -164.2
-717 9 68.61.1 131.4 -1M2 -64 1 61.27363.16 136.6 -1132.6 -617 26 61.92634.75 129.36 -11421.0
-716 61 06.9 311.02 131.07 -1246.4 -466 8 U.133.21 13.65 -124A.7 -416 2 61.9,1 MA.612.3 -101
-715 59 64.76231.-15231.115 -1244.5 -665 1 61.29 313.24226.42-114 -615 54 61.9116m.61 129.25 -1026.7
-7141 5 64.71 SIN1 131.02 -124.7 -464 56 61.311 363.V7 12.6 -119.5 -424 54 61.93304.61 ?2 -1034.5
-713 61 61.fl MI." 132.66 -1248.11 -462 39 612363.31 13.9 -1240.3 -613 5 61."4304.111229.29 -12.3
-712 60 n 6.361.92,31,6-26. -44 a4 t:233. 1x 65-113.2 -612 V9 61.963114.9129.6-2.16
-fl2 MI 64. 59231.7 -1 1. -461N 61.313 3 0.126.2-11M.1 -6122 3 1.973W." 129.13 -62.V
-no1 y sea i."62.312.7-223 -464 w 1 a IN3.12 .*9-139. -a26 56 61.3124.97 229.16-223.7
-M71 64.77 362.111 12.71 -2233.2 -AS9 61 11.13M1 3122.47 -113.9 -W4 6U If." 31.61 9.12-20.5
-7661 A A 4136.3121.0 -231.3 -413 60 44,31 A.461I."-12M9 -46661 62.61 UL" 6129.6 -1121.3
-M72 6I.M9382.166231.4-279. -49 S 61.39 36.13.42MA -222.6 -41 1 62.635.X 01.02 -1611.1
-76 A0 0.06 312.011 132.4 -273.5 -456 9 61.41 26. 1.3 -121.5 -"4 S 62.6 365.2 I3.9" -1616.9
-765 26 MAI6 2MA.1 INA. -223.4 -M5 2 61.41 31621.5 13 -1222.4 -4M3 612.101314 12.6%-1114.1
-704 21H 3012.13 131 .60 -21.4 -W5 60 4413 31.9131.2-1121.2 -41 62.04,31.27 13."6-112.6
-M6 21 8.103132.16U3. 1221.7 -M5 56 61.41263.411 I3.31 -211.1 -W120 6.1231.2613.903-1.1
-112 67 60532.19 131.21-219.31 -w3 6 6u,4623.642Ina3-127 -w4 m,221 62631.rf1tax2-21.2
-M6 59 JIM262.22 1.2 -1217.11 -45 56 61.1173.4712.1-1134.8 -411) 2 WNL 62 511.4M -1096.6
-79 59 641 262.94 131.2 -1215.9 151 Z6 61.6 31.3A 13.22 -1122.7 -46 9P 62.1 1.3 M 3.32 -264.6
-W69 AIM 60.63. 131.6 -1213.9 -490 s 49R30.3 Ul.3-1111.5 499 v 62.12 36.223111A_1101.4
-43 1 a." 32.31 21.95 -1211.9 -46N 6U.513M.7 13.17-218.4 -M 2 6.3 S.V1.76 -M9.4
-s97 V a0."1 3C.3121.6-1216.16 -47 V9 U.32 .93.4 -164 -21 60 12.14 XM.313.73 -M9.2
-1011 26 6.92 32.6 132.42 -1215.11 -646 So 6131. M 13.22 -2204.2 -ft 1 4262.15 25.43 1251 -MI.
-495 611.9323U31 1:36-066 -69% 2642.54 31.1113.49 -1261. -316 a 2.2731.913.47 -992.31
-44 at. 69312 K41136 -2 -444 V 41.16 =1 13.6-109.6 -44 N1 62.1 36.3613IBM4-M.7
.- 9F . MA 60.2. 312.2-Ml2. -403 2 61.9 31161213M.63-26976-M 9 6.9 WE313.41 -911.5

-492 H4 U.,47N2.%6131.31 -226.1 -49 2 41.,31.9513INA -10M. -21 21 6.3165.123ULM -31.
-491 5 a,"3X2.49131.29 -61-4,41 5 61.9339." -6953 -01 1 62.12 U5.6113 -wM.l
-_s6 g Is."937.5131.26 -221%.1 -A4 61 61.61364.11 229.95 -2691 -M1 64 6.2 314 10.2 -911.9
-449 2 61.1143022 .12-11"A. -43 64 61.6 3M."4229.92 -1016 -29 2.24165.6423.411 -979.7
-4662 61.61 312,' 231,21 -219z.6 -4 26 61.63 31.01122."-21.31 -MI56 6.5 31.76 266.4 -W9.3
-W1 99 62.63 WS.43 131.19 -11"A. -47 2 60.44 364.21 .12 -2654.6 -w1 59 ea.2431.762343 -915.

Figure 4-5. Long-Form Output of PIXEL 2.
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spherical shell containing the aurora at 100 km. In the photo (Fig 4-3),

the right hand portion has been cropped, so that the center of the DMSP

scans (the subsatellite track) is actually moved to the right and very

nearly passes through the circle representing the center of the arbitrary

scan. The arbitrary scan is centered at a latitude of 70* North and

longitude of 320.50 West. It is taken at an azimuth of 325' east of

north.

Fig 4-6 displays a small portion of the data base of pixels

selected for each scan line near the intersection with the arbitrary

scan. The calibration data was included as an input to this program,

so that pixel values are given in equivalent kR of 4278 A intensity.

Fig 4-7 shows the output of program ARCINT for the 800 km

arbitrary scan intersection, using the data base created by ARCLDB for

interpolation of pixel values near the intersection with each scan line.

By comparing Fig 4-7 with the photo in Fig 4-3, one can readily see the

intercept with the auroral arc. The intensity maximizes at approximately

6.4 kR at -58.5 km.

33



DV00' AK15ft ,1411 I111 Sl1Il', M( IIUA1I10 DAIA WAO

SATDUITE 00820 WAS 13474 01/11/80

LAI118101 71.08 DIG M; LWIUIT 320.500 EC 0: AZIMUTH 3-25.0110 01G I r. O
jALf-0l1GIN '11.000 VM; HALF-0IUIH 9.000 Kh; l(1S 2, KI 00

HEIGHT 111.81M

G582 19.600

TSMA q 1PLOT = I 01L0T s 2.900

00ARDA STRUCTLRE

-03.20 .78 -263.20 .95 -83.20 1.09 16.00 .71 156.00 .71

-406.40 .67 -26A.41 X97 -121.40 1.08 19.60 .81 159.60 .80
-397.68 .78 -257.60 1.16 -17.60 1.11 12.40 .73 162.91 .96
-394,110 77 -254.90 1.14 -111.90 1.15 25.26 .79 165.20 .69

-392.10 .80 -252.00 .15 -112.60 1.29 29.60 .78 166.10 .76
-369.20 .73 -249.20 .84 -109.20 1.33 30.0 .76 175.8 .73

-36.40 .81 -246.40 1.07 -18640 1.08 33.60 .69 173.60 .63

-383.60 .14 -243.60 1.16 -103.60 1.19 36.40 .79 176.1 .66
-38.80 .79 -240,00 .96 -100.80 1.99 39,20 .81 179.2 .74

-378.80 .78 -239.60 .82 -98.00 1,59 42.00 .87 182.10 .6

-375.20 .80 -235.20 .79 -95.20 1.62 49.80 .71 184.80 .79

-V.4 .91 -232.40 .08 -. 240 1,81 47.60 .71 187.68 .75
-369.61 .91 -229.60 .78 -. 6 1.93 58.99 .70 199.9 .73
-366.11 .71 -226.80 .96 -06.80 1.96 53.26 .80 193.21 .76

-364.61 .93 -M.00 1.1 44.6 1.89 56.10 .72 19.911 72

-361.20 .86 -21.20 .88 -01.20 2.31 59.80 .77 199.80 .76

-35140 1.02 -218.90 8.05 -79.48 2.26 61.68 .89 201.60 .71

-IM.61 .84 -215.6 1.62 -75.60 2.44 64.40 .76 204.40 .74

-3.0 .83 -212.90 8.01 -72,0 3.45 67.20 .80 217.29 .72

-35.00 .77 -216.06 .93 -710.1 3.91 71.80 .7 2111.1 .rZ

-347.21 1.19 -217.20 .83 -67.20 4.1 72.90 .76 212.10 .76

-34.40 .84 -2104.0 .89 -64.4 4.08 75.64 .67 215.68 .75
-NI.1. .1r -101.60 1.04 -6t.61 4.50 18,4 .63 216.41 .68

-33B.9 .84 -199.90 1.65 -58.9 6.44 81.2 .87 221.20 .65

-336.,0 .09 -196.00 1.21 -56.00 4.29 (4.00o .73 224,0 .62

-333.21 1.84 -893.20 1.62 -53.20 3.84 66.80 .69 226.80 .67

-m.0 .92 -190.40 .96 -58.40 2.,74 89.6) ." 229.64 .77

-W2.60 .93 -187.60 .79 -47.60 2.64 92.40 .64 232-10 .76

-321.90 .9 -164.80 .97 -4.80 2.32 95.21 .95 23J5,21 .71

-322.0 .98 -162.0 t.t10 -42.11 2.17 9.00 .71 238.00 .68

-319.20 .79 -179.21 .78 -39.20 2.33 106,80 .69 240.80 .64

-316.40 1.84 -176.10 1.66 -36.40 2.66 103.68 .69 293.61 .62

-383.66 .91 -10.60 ,96 -33,61 1.36 I6.9 .71 246.40 .62

-311.96 1.16 -170.86 .% -31.81 1.62 109.20 .66 249.26 .71

-3091.4 .93 -168.00 .92 -20.00 1.16 112.6 .70 252.00 .73

-305.21 .96 -165,28 1,09 -25,20 1.15 1190 .5 259.90 .74

-362.4 1.09 -162.90 ." -22.46 1.09 117.68 .72 257.68 .64

-299.60 1.85 -159.60 .97 -19.61 .94 120.4I .99 260.48 .68

-296,10 .9 -156,90 t91 -16.90 .8 123.20 .71 263.28 .67

-2.94.0 1.15 -154.10 1.16 -14.60 .93 126.00 .75 266.48 .66

-291.20 103 -151.20 1.19 -11.20 102 12.81 .75 28.81 .67

-280.46 1.89 -148 1.02 -0.40 .62 131.68 .66 271.61 .67

-290.6 .95 -145.10 .0 -5.61 .83 13.40 .76 274,8" .72

-292,80 1.12 -142.110 .0 -2.80 .4 837.20 .69 277,21 .72
-20. 0 1.21 -145.00 1.1 M,11 .0 111 140.0 .61 280.69i .71

-277 .2i ." -837.20 .9 2.80 .78 142.80 .73 29.80 .63
-279.46 .14 -134.4 1.96 5.68 . 145.61 .6q 25.60 .66

-271.68 1.17 -13168 .85 8.4 .77 148,4 .67 290. .67
t -260.80 .82 -83.80 8.89 11.20 .05 151,20 .66 298.20 .61

-266.14 ,X -1 0 .92 14.11 .79 154.08 .61 '99.11 .68

Figure 4-7. Output of Program ARCINT.
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5. CONCLUSIONS

Auroral data taken by night time sensors on DMSP has been used in
the past to provide information on structure and global motion. Most

of this data was extracted from photographic transparencies which had

been synthesized by AFGWC from digital information. In this effort

we have developed techniques for using digital data directly, thus main-

taining the full system capability of the DMSP. In addition, by

correlation with calibrated aircraft and ground photometers, we have

calibrated the night time sensors on DMSP Fl and F2. This, then, yields

calibrated downward looking auroral and airglow sensors with global

zoverage.

The computer techniques which have been developed should allow

prediction of intensity levels seen by other satellites viewing

portions of the regions covered by DMSP. As future DMSP satellites

are launched, the technique will allow study of spatial frequencies

in aurora and airglow and should add considerably to the data base on

global aurora and airglow intensity variations.
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