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Item 20. (continued):

- — 
~indicated ; 2 - Identifiable, ma p ele ment ca n be detecte d an d reco gn i ze d
as a particular type of feat ure f rom the LANOSAT data indicated , e.g.
road , canal , etc., collateral information may be required to reach this
analysis level ; 3 — Classifiable , LPNDSAT data , with the use of all
available collateral information , can pr ovide the information required
for the map element including all required measurements , e.g. width , length ,
ap d areas. It was concluded that LANDSAT 1 , 2, 3 MSS data i s c o m pat i b l e
with National Map Accuracy Standards and can be used to update the nap
ele ments on map s c a l e s  1: 1 ,000 ,000 through 1:250 ,000, although many of
the cultural , hydrographic , and botanical elements may be unclassifiable.
The improved systems capabilities of LANDSAT 4 may provide a method for ,

updating map scales 1:1 ,000,000 through 1:50,000. However , lita ny of the
required cultura l and hydrographic map elements may remain unclassifiable
even with the Thematic Mapper system.
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PREFACE

The authority ~or conducting this investigation is contained in
project 41 ,762707A85 5 , ras k  T3 , entitled M ilita ry Geographic Analysis
Technolo gy. ”

This ono l ysis was c onducted in the Geographic Information Systeus
Division of the Geooraphic Sciences Laboratory . The author wi shes to
t:~ nowledge with sincere appreciation Ms. 2. C. Kothe , Chief , Scient i f i c
mt Technical Int orcia tion Cent er . for her aid in locati ng and obtaining
the techn ical literature.
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AN 2N ,~L YS IS OF LA NPo1. T FOR CARTOGRA I’ IC APP TE PPA I N I N ‘ - f l 1,1
~ T I 92

(Report  No . 9 in F h ETL f- er ’ ies on P01110 t H’ S ensi mì :)

INTRO DUCTI o N

• One of the ‘ io re  valid met hods o f ,i na l v :irq a ‘et er - - - ‘ ‘ o r sv~~t r -:- ~~r
cartogr aphic and terro in ana ly s is  I’OSII ld he tn  desi~ ’~ a te st p lo t  t hat  ‘-m el d
cons ider all of the variables associ ated w t h  the ~ic q :ii si t 4 n ,~n 1 r 1 e -pr e—
tation of imagery produced by t o o  system. By necessi ,- , th ’- test  p L o  wo u l’~
include such system and ac qu i sition paraiie~ers as reso lution , spec tral
response , qao rj etr ic  accuracy,  su n  ang le , al ti t e, lu , g’ ’no’ ’a ph ic  c m i m ,  l oot
use pract ices , type of terra in , and s eason. ft be f f 1  t i e , the jul i e
analysis va riables I’Ic-I ld ha y ? to include h ’ to ’ o n , a i ton ia ted , and an j r t e j c t j v ’
human — a :t - ’ ,ttc ’ t r :ethod of analy sis. Inh c oeti t in eact . ~ the H ooe v r ri :t les
is ano ti ; ’ s e- ies of (-ariables that must be i -mi tr oli ed . Probably t~ i~ ’ most

o r t o nt  of tf ese variables is the ex te r i e r . ce  level ~ t the image in t -’rp re-
ta m ’s and toe t ain t a na t y pe  ~~f c ol la tera l  r a t e ’ i a l  e’ ia loyed in t Oe int em’to e—
t a t  ion ‘OHOSO . iese t ,’mc .‘ar i aol as ,ire imo’ ’ t ~ nt beca se tKe y det ermine ~he
I 00: clod acc urac —

~ 
of in 1,- :r’ n~ ion 

• F i a t  ca n be obt U ~ f l 0 i  f rom he aer ia l  i tiapo-

Un f-n ’t una ’vl y .  ti ;i5 tot ’ Han is e~, ’ siv . d i i t i c u i t  to ci nijuct , h I
a co r ms ~ c n m - m b le a ’ ’ : i o t  of t i lt ’ . A r t o t  her O-~ hod of annl y :inn a

relun t f’ • emi S O r cyut . ’~ is t o  revj - .’/ and e i o l ua te  ‘ F e  s c i a ’ i t i f ~ c and te~ un~ ca1
l i te ra t e; Ul s  ‘ e th n r f  ‘i ts j o ’d in pre f a r ng this r~-~~ r t .  1~ th~~a - -  h it  is
moot’ s :ibj ectiva in n a tu re. th is - e t h e i  P H , i F e ~ .1 mim ea r s :~~~~ c iete rul iri i~iq tO -

i - oid oopi bi iYi es ot a sens.~ c istern . j t  IS c o s t - e ~ ‘ -.c- a r id c m  Or

cuc1pt ot ed it a sho t i o e

p- - c e .  The p u - l a s - I n  °is~~’e~ - t ’t  ~s t o  Pe t -  l ee ~
- e :a t hi m it i rs

of ~- 2 1  -‘- ‘- ,-otei ’ s 1 i t 2’ f o r  ‘
~~~~ a i i  ir - ~ iy S i S  ‘ ‘  com pil - t ion -~~~ t f l i nna tj c ,

to i < 1) ic ph ic .  p lan i  ‘e t r i c , ar id h i  -r m ra p~~ic n i p s .  In OH’ inn. , % A f  Syste ’s
3 and -i - ‘j i l l  he a ’ i a l v z e d  ‘ 0 dot ur ine the effort it i c  nosed c i p a l ’ i l i t i e s .

Scq,pe. T i - i s  report  e v j o 1 - ,~, 
A h , ,  ~,c i :, c a l  ari d sc i ’ i ic l it ift ’

and a s e l ec t e d  I is o r  Pepart not of n~~ n- (200 ) ici p mo d ‘ r~ re~~ii o r , - ’ < t  
~

to  p , - - -  
~ y O ‘ ‘ ‘  

~ ‘ ‘ t~~~t iven ess of exis ’ I i i  Lii~,flt,f ,
T <5 y r i e- -

- 1 a i d  ? t o ’
~~r n v i d j r ’ q t t m e in~ nri ’~cl ’ i n n  requi red to 1 : ’ ( t - t  t I lO spec i i c needs n~ DOP 4 or
tO” ra if l  a n t  c a r t O l i m - l i t i C  inHir; ,i t ion . In ad d i t  ion, the ~ ‘j i - -- s j s  a l s a  i t t ; -

( based  on ( t i e  l i t e r a t u r e  f ’ f v l f ’ w  and , m H oi ’11ulqe 0 ’ f e W - O’ s ’ ’  ing)  a
di ’ t e m ’rninc’ t~~e ,.mle ° F (01’ inc ’eooed coo h i l i ti o s o~ (i t - r e  2,12 ‘ .T  ~~ H O i

3 a n t  4 . L~i n i  to ~ a ilu m ” 0 f f~~~( . : t  n - f i i i ’  ,‘ i d l  n - t n , ’)  in I f t -AT
Sy s t o - - 1 a l  2 . ‘ ‘~l’i hf ‘- ‘ , l t i - ~~r o f m ’ a l ‘ ‘n;~ r Sv s ’ i : - ( ‘ “ -

~~~) ( i f  t n  i

tate 11 i t es  are c r is id eru t in t O i S  ‘ep i rt.

RTS i to: - ’ A , B, C. a r t  I) ~m a ’  re d es i - ~r i t i ’ t  I -‘\NI tS i~I Sy st 1. 2. 3 . a u
by ‘ c - ’ A i~~i 1970 .
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METHOD

Anal ysis Procedure . The qualitative procedure used in this report
to analyze the capabilities of LANDSAT Systems 1 and 2 for cartographic
and terrain data were based , primarily, on a review of the technical
literature and the Department of Defense map and chart requirements.
However , an additional number of map elements or terrain features were
added to provide a more complete list for the ETL thematic mapping effort.
An actual comparative analysis of either the LANDSAT imagery or digital
data was excluded froiii this report because of the difficulty and time
involved in collecting representative samples of these data . The information
acquired through review of the literature was tempered with the experience
and background of ETL personnel before each analysis was made. Admittedly,
this analysis procedure is subjective in nature , but an objective or
quantitative technique for determining the capabilities of the remote sensing
systems employed in a program as large and complex as the NASA Earth Resources
Satellite (ERTS) program does not exist.

~~p, q ~jrenie~~s. The DOD through the Defense Mapping Agency (DMA )
periodically publish the specifications and requirements for the maps and
charts used by the various commands and agencies within this Department. 1 ’2’3 ’4
These specifications, along with the National Standard Map Accuracy
Requirements , dictate not only what type of map wi l l  be produced but also
what terrain and cultural features will be depicted and at what level of
accuracy the maps will be produced .

The National Standard Map Accuracy Requirements provide for three
levels of accuracy . The Class A Standards , summarized in table 1 by map
scale , state that 90 percent of all well defined features will be located
withi n 0.02 inch (.50 millimeters) horizontal distance (ma p sca le)  and a
ver t ica l  d is tance of one—hal f  of the contour i n te rva l .  The accu racy l imits
of Class B and C are somewhat larger and are not considered in this analysis.
Clas s B a nd C maps, however , would probabl y provide su i tab le  accur acy limi ts
for 90 percent of civilian and military users .

1 Depa rtment of Defense, TPC TM S- l Map Spec ifications, October 1971.

2Department of Defense , Defense Mapping Agency , Production Specifications
for Joint O~~~~~~ons G,m~ ,pj~,i cs (3rd Ed i t lo n) Se r i e s 1 501 and Series 1 501
Ai r  Scale 1:250 ,000 , July 1972.

3Department of Defense , Defense Mapping Agency , Productioj~_~ pe ci fic ations
(Guidelines ) for 0ff-Line Di git al Da ta Base , 1974.

4Departnient of Defense, DOD_ Product ion~~p~ç i f i ca t ions for 0~~~~~jo~~lNavj~ ation Chart (4th Ed it ion) Sca le  1:1 ,000 ,000 , Au g ust 1968.
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Table 1. Summa ry of Class A
National Standard Map Accuracy Requiremen ts

Accuracy
Scale Horizontal (meters) Vert ica1 (rneters )~

1: 1 ,000,000 500 30-60

1:250 ,000 125 30-50

1:100 ,000 50 20- 10

1:50,000 25 5-10

1:25 ,000 12.5 5

1 :12 ,500 6.25 1-5

*The contour interval is dependent on map scale and type of terrain to
be mapped .

In general , however , the map and chart requirements as speci f ied by
the DOD provide the cartographer with a considerable amount of freedo mmi in
determining the specific terrain and cultural features for a chart or map.
For example , when there are many lakes in an area , the cartographer is not
required to locate all of the lakes on the map. He has the option of
placing only a few of the lakes on the map with a notation that informs
the user that there are numerous lakes in that specific location.

In addition to the leniency provided the cartographer in the amount
of information and the minimum size of the feature that he places on a
map, he also has a certain amount of leeway in the accuracy with which he
locates each feature. In instances where a double railroad track and a
4— lane highway parallel a lake shore , the cartographer will often have to
falsif y the true map distance in order to place the propem ’ symbolization
on the map. To provide the user with a product that contains as much
information as possible without causing confusion , the cartographer has to
have the degree of freedom provided in the specifications. This freedom ,
however , does result in a certain amount of inaccuracy in the final product.

The seven types of maps or charts employed in this analysis were
selected to represent the range of graphics and cartographic requirements
needed by DOD. These maps vary in scale from the very large scale
Military City Map (1:12 ,500) to the small scale Operational Na ’iigation
Chart (1:1 ,000,000)

6



Mil i tary City Map. This map is usually prepa red at a scale
of 1 :12 ,500, but if more detailed information is required , it can be
prepared at scales as large as 1:5 ,000. The city map is probabl y the
most detailed map produced by the DOD.

Topographic Map. The major difference between the topographic
and p lani rn etric maps is that tne topographic map provide s both vertical
and horizontal positions of the terrain and terrain features. The maps
can be prepared at a number of scales with the amount of natural and
manmade features com mensurate with scale.

Joint Operations Graphic. This map is always produced at a
scale of 1:250 ,000 and is considered to be a med i um scale topographic
map. It is similar in forma t to the standard 1:50 ,000 topographic map.

Digita l Radar Landmass Simulator. These requirements are for
the formation of a cartographic data base that has three levels of both
topographic and planimetric data with accuracy levels commensurate with
map scales of 1:250 ,000; 1:50 ,000; and 1:25,000. These requirements call
for a considerable amount of detailed information , such as soil type , type
of bu ilding material , and surface geology .

Special Map Products. This series of graphics cover a multitude
of unique mapping requirements that include environmental inventories ,
escape and evasion graphics, and cross-country mobility ma’ps. These
graphics are produced at scales that are commensurate with the amount and
type of details to be portrayed .

Hydrographic Charts. The hydro graphic charts are also produced
at a variety of scales and are primarily limited to near and offshore
bathynietry , including aids to navigation. They are also required to show
terrain features that can be used as an aid to navigation.

Operational Navigation Charts. These small -scale (1:1 ,000,000)
charts are desi gned as a navigational aid to both the civilian and military
aviator. The terrain and cultura l features portrayed are usually limited
to those major elements that provide recognizable points for air navigation.

LANDSAT Systems. The Earth Resources Technology Satellite (ERTS)
Pro gram , designated by the National Aeronautics and Space Administration
(NASA) as a research and development program , was desi gned to demonstrate
that remote sensing from space is a feasible and practical approach to
efficient management of earth resources. The first satellite in this
program , LAND SAT 1 , was launched on 23 July 1972. The second satellite,
similar in design and construction , was also placed in near polar orbit
on 22 Janua ry 1975 and was named LANDSAT 2.

7
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Two additional satellites are planned by NASA for the future . The
first, LAND SAT 3, is scheduled for launch in September 1977 and will have
an orbit similar to that of the two previous systems . The second , LAND SAT
4, is now in the desi gn stage and is scheduled for launch after 1 980.
LANDSAT 4 will have a considerabl e number of pay load differences from its
predecessors. In addition , NASA is planning to have LANDSAT 4 be the
first operational satellite and imaging systenm placed in orbit.

LANDSAT 1 and 2. In general , these two systems are identical in
design and contain similar sensor subsyste rns .* For ease of description ,
these systems can be divided into five major categories:

• Control
2. Orbital platform .
3. Sensors and data transmission.
4. Sensor performance.
5. Sensor products.

Control. The Operations Control Center (0CC) located at
the Goddard Space Flight Center (GSFC), Greenbelt, Md . provides direction
and control of the orbital platform and sensor operations. The 0CC is in
operation 24 hours , and its activities are centered on the time tabl e set
by the veloc i ty of the orbital platform and the ground receiver coverage
capability . The receiving stations in Alaska , California , and GSFC provide
contact with the platform ‘durinq 12 to 13 of the 14 daily orbits. The
platform circles the earth every 103 minutes at an altitude of approxi m atel y
925 km (494 nautical miles) in an approximate sun-synchronous orbit. It
completes 14 orbits per day and requires 18 days to provide com implete
coverage of the earth. The ground track of each orbit is modified by the
0CC in order that identical coverage of the ground area can be obtained
every 18 days at a similar sun angle. Successive ground tracks are spaced
2,760 kilometers apart at the equator and are arranged to provide 14 percent
sidelap. Because the ground tracks converge at the poles , the amount of
side lap increases to 85 percent at 800 north latitude , thus providing
imagery that is suitable for stereo viewing. Successive iniage centers can
be maintained to within 37 kilommi eters (20 nautical miles).

Sensor Systems . There are three remote sensor subsystems aboard
LANDSAT 1 and 2 that weigh 240 kilograms and comprise approximately 30 percent
of the total weight of the satellite . These subsystems include a Return Beam
Vidicon (RBV) camera , a data collection system (DCS), and a mu ltispectral
scanner (MSS) (figure 1).

*The reader is encouraged to consult the ERTS Data Users Handbook , published
by NASA for a more complete description ot these systems .
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Figure 1. Schematic of LANDS AT I and II

22T2: Figure obtained fun,: the ERT S Data Users Handbook published by NAS A.
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The RBV camera consis ts  of three camera s and lens systems
operating in the fol lowing portions of the electromagnetic spectrum:
Channel 1 , .475 to .575 (green); Channel 2 , .580 to .680 ( red); Channel 3 ,
.690 to .830 (infrared). The three cameras are aligned wit hin the platform
to view the sa me nom i nal 185 k i lometers (100 naut ical  mi les)  square ground
scene. In operation , these camera s have caused an excess ive  drain on the
system ’ s power supplies. As a result , very l imited amounts of imagery are
ava i lab le  from this system for ana lys is .

The Data Col lec t ion Subsystem is a nonimaging component cons is t ing
of a receiver , data storage capability , and transmitter that was designed
to relay environmental information received fromii the ground-based Data
Col lec t ion Platforms (DCP) to various user agencies. Up to ei ght individual
sensors may be connected to a single DCP. The DCP transmits the co l lec ted
data to the sa te l l i t e , which in turn relays the data to the ground receiv ing
site through the on-board receiver/transmitter. The data are received at the
Goddard Space Flight Center , Greenbelt , Md . and distributed to the various
agencies.

Multispectral Scanner. The MSS employs a single optical system
and six detectors for each of the four channels to collect reflected
energy from the surface of the earth (figure 2). The four channels
simultaneously record energy of the following wavelengths: Channel 4,
0.5 to 0,6 micrometers (green); Channel 5, 0.6 to 0.7 micrometers (red):
Channel 6, 0.7 to 0.8 micrometers (near infrared); and Channel 7, 0.8 to
1 .1 micrometers (near infrared). * The instantaneous field of view of
each detector subtends a ground area , essentially square in forma t , about
79 meters on a side. This design feature is important because it establishes
the resolution of the entire MSS system. As an example , the energy received
from a small lake located in the center of one of these 79- by 79-meter
areas would be integrated with the energy received from the terrain surrounding
the lake, making detection impossible.

In operation , the energy received from the surface of the earth
is collected by a rotating mirror that reflects it through a set of fiber
optics and glass filters, unique to each channel , to the detectors. The
six detectors per channel change the light energy to electrical signals that
are equal to one rotation of the mirror and one scan line. The signals
received from the 24 detectors are then sampled , digitized , and formatted
into a pulsed amplitude , modulated , serial , dig ital data stream mi by an
electronic system . Cross- and along -track motion are produced by the
rotating mirr or and the forward imiove nment of the satellite , respectively.
The sampled data are then either trans mmi itted directly to the analog-to—di g ital
converter for encoding or , for channels 4 through 6, are directed to a
logarithmic siqna l compression amplifier and then to the encoder. At this
point , the data is either stored in the on-board recording facility or trans-
m i t t e t  to the Oround Data Handling Facility at a rate of 15 m negabits per
second.

~fh is ntmc ’ be r ’ in ’ m ‘~~c t e  was or iginated by NASA and is used in this report
to be consistent with technical literature.
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Figure 2. Sche:’o tic of Multispectra l Scanner Subsystem

1, 1)  2 :  F i g r e  nOt. a i n i t  f ‘n t he [PTS a t i Users Handbook pub i i shed h~ N A SA
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Sensor Performance. There are a number of design cha rac te r i s t i cs
o f the MOO subsystem that a f fec t  the qual i ty  of the imagery produced by
this sensor . Those characteristics that are known and can be measured
include amplitude resolution , spatial resolution , channel -t o—channel
registration , geometric fidelity , and relative radio mn etric accuracy.
The f i rs t  two of these, a mpli tude and spat ia l  resolut ion , are inherent
to the system and can not be modi f ied from the ground.

Fortunately, the three most i ::poi ’ tant charac te r i s t i cs  (channel -

to-channel reg is t ra t ion , geomnetric f ide l i ty , and radiometric accuracy)
can be modi f ied from the ground station during the imaqe processing procedure .

Accura te  r eg i s t r a t i on  of the var ious  MSS channels to each other
is aided by the single lens design of this system , but a source of error
e\ists in the ali gnment of the fiber optics and the scan rate across the
ground swat h .  As was stated above , these sources of error can be dete ri ’ined
and corrected with varying degrees of success.

The geom etric fidelity is dependent on a number of subsystem
charact en ’i st i cs that include , for example, scan nonlinearity , sample
‘i-- c . m od minute changes in platfo rm altitude and attitude. In addition.
i’ nas tee n found that the actual geometric accuracy also depends on the

- n~~~~p ’ m 5 t ‘ m ~ io o~ the scene and the number of ground control points available
in e~~ ’i scene.

A method fo r calibrating the relative radiom etric accuracy of the
“tO is : ‘nvided by using the scanning mirrors ’ retrace interval. During
‘ h is  in~e rva 1 , the detectors are fed energy from an on-board standard liqht
source that provides a check on the radiometric levels of the four channels
and equal izes any d i f ference in the signal strength that may have occurred
in the six - fiber —optic paths associated with each channel. The actual
radio :et’i c value ~ a terrain feature , however , can not be determ ined

~rou MSS infor i :at ion.

MSS Products.  Imagery obtained from the !-IS S is a v a i l a b l e  f ’ o-
N A SA a n d  t h e U.S. Geological Survey (USGS ) on both magnetic tape and
photography derived from magnetic tape. Both the ma gnetic tapes and photos
can be obtained either in bulk form or in a forrim that has been modi f ied by
a numb er of addit ional  correct ions. The bulk products receive the radiomet n ic
and geometric corrections introduced during the video tape to f i l m im con iersi on
process but not the additional corrections available from the precision
processing subsystem .

The precision processed tapes and photographs receive the sai’ e
corrections as the bulk products, plus additional corrections to improve
the radio mn etric and geometric accuracy of this product. The radio mim etric
corrections , although increasing the reliability of the scene contrast range ,
do not permit absolute spectral analysis of the imagery . The geometric
corrections, however , improve the positional accuracy of the product from
1 ,075 to 235 meters (film product) and a channel-to-channel reg is t rat ion
from 155 to 150 meters.

12

w p •

_ _ _ _ _  _ _ _  _ _ _ _  ~~~~~~ —~~~~--



The types of MSS products available are summarized as follows :

Product Typ~ Black and White Color Di gital

Bulk 70—mmmm negative 9.5- by 9.5-inch Computer
positive Compatible

Tapes

7O-mni positive 9.5-inch paper
print

9.5—inch positive

9.5-inch paper print

Precision 9.5-inch negative 9.5- by 9.5—inch Computer
positive Compatible

Tapes

9.5—inch pos i t i ve  9.5 - i nch paper
print

9.5—inch paper print

LANDSAT 3. The third satellite in the NASA program is scheduled for
launch in September 1977. This experi nm ental system will weigh approximately
960 kilogram im s , have an overall height of 3.04 meters , a diameter of 1.5
meters , and the solar paddles will extend a distance of 3.96 meters.

The system will ccntain modified versions of the “lu ltispectral Scanner
(MSS), the Return Beam Vidicon (RBV) camera , and the Data Collection System
(DCS) carried on LANDSAT 1 and 2.

MOO . ‘1ith the exception of the addition of a fifth channel ,
operating in the emitted or thermal infrared r a n g e  (10.4 to 12.6 niicronmeters )
this sensor system is identical to the MSS used on LA N D S A T S 1 and 2. It will
scan crosstrack swaths 185 kilometers wide , si jltaneouslv imaging six scan
lines in each of the first four channels and two lines in the fifth channel.
Channels 4, 5, 6, and 7 will operate in the reflected solar spectral region
from 0.5 to 1.1 micrometers wavelength. The thern ma l infrared channel (channel
8) will use mercury-cadmium-te iluride , longwave infrared detector that are
cooled to approximately 1 000 K (Kelvin). The ground resolution of the first
four channels is identical to LANDSATS 1 and 2 (table 2), but the ground
resolution of channel 8 is limited to a square 240 by 240 mimeters . The data
collection , transmission , and reduction procedures of LAND SAT 3 will also be
similar in design to the previous systems except that this system will have
two additional video channels.
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The RBV camera subsystem has am improved ground resolution
capability over the previous syste mmm by a factor of two . This increase
in resolution was accomplished by doubling the focal length of the
objective lenses; removing the spectra l , optical filters; and decreasing
the time of exposure . The two cameras composing this subsystem will provide
two adjacent panchro m atic scenes of the earth , 98 by 98 kilometers in area .
The camera s are or iented such that two success ive scene pairs w i l l  provide

• the same terrain coverage as one MSS frame. The four scenes needed to fill
each MSS scene w i l l  be designated A , B , C, and D.

The Data Collection System (DCS) on LANDSAT 3 will be essentially
the sante as on LANDSATS 1 and 2. Possibly, the total system may be expanded
for the DCS to be used in areas outside North America.

Probabl y the most significant change in the NASA LANDSAT program
is scheduled to take place in conjunction with the launching of LANDSAT 3.
This change concerns the procedure in which the information received from
the sensor system” is processcd . The information received from the first
and second satellites was in analog form and was processed into first an
i:’:aqe and then to digita l tapes and photographs. At the present tinie , NA SA
is developing an all - di g i tal processinq system that should be in operation
in ti me to process LANPS AT 3 infor m a t int .

One advant a le of this dig ital processi ng system is that it can
produce approximately 200 scenes per day as opposed to the present syster i ’ s
p r o d u c t i o n  of 20 scenes per day . In addition , the new systerm i should decrease
the user ’ s waiting t i m e  for  LAND SAT products. The system should also
produce niore precise data that m ill enable better scene-to-scene reg istration
than has been possible in the past.

A l though  the data production systei’~ has not been finalized , a recent
NASA publication states two alternatives that will be offered .*

Alternative 1:

1. Imagery data produced by the cubic convolution resam iip ling
alg or ith m’~ in the Space Oblique Mercator (SOM) projection (LANDSAT imagery
is presently bein o produced in the 5PM projection.).

2. Digita l data resanipled using the cubic convolution
te chnique and produced in the Space 0bl ique Me rc ator  format.

3. D ig i ta l  data resampled using other a lgor i thms and in othe r
projections or unresampled data may be ava i l ab le  at som mie a 1d i t io~al cost
pend ing f inal  P e f i n i t i c n o f  the EDC syste m ’ .

* N i S 2 ,  App i i cat  ions Not ice , AN — PA — 71-— S , I n pmm t .s Reque stecl rn: L i  ‘t 0 P m ’s o u r c o s
Remno~ Sens 1 no Da ‘a Us’ m ~ ‘ e~~ rd no L ~° ~—C Mi ssi  on m m m  nt in m
N ” m ’ d o , I P ’ 2 .
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Alternative 2:

1. Immmagery data produced by the cubic conv olution resampling
algorithm in the SOM projection (same as Alternative 1).

2. Digital data available only in the cubi c convolution
• resampled , Space Oblique Mercator format.

The sante NASA publ icat ion provides a list of the product s ,
photographs, Computer Compatible Tapes (CCTS) that will be available to the
public. Although it is not finalized , this list does not mention the
availability of the 70-millimeter film chip s previously available from each
of the four channels of each LANDSAT scene. In place of the black —an d -wh ite
70-mil linm eter chips , NASA will offer both film and paper products in a 241-
by 241-millimeter (9.5— by 9.5—inch) forniat.

The total impact of the changes in both the data proc essing
procedures and the available products has not been fully realized by the
consum imers. Some concern , however , has been expressed . The increased
forma t size and the emphasis placed on the use of digital data by NASA
will have a considerable effect on not only the amount of information
available from the i mmm a g e m y but also the precision in which the data is
formmiatted.

The increased image forma t size will create a hardship on those
consumers that have invested funds in 70—millimeter additive color viewers
that can only be utilized by cutting the 9.5- by 9.5-inch imagery into
7O -mi ll immi ete r chips. Also, considerable concern is expressed by those
consumers that do not have either in—house computer capability or the
funds necessary to acquire the computer time associated with the analysis
of CCTS.

LANDSAT 4. The LANDSAT “follow-on ” system: : scheduled to be placed in
operation after 1 980 is the first satellite in the NASA program to be
considered operational rather than experi mmm enta l in desi gn. At this date,
neither the operational aspects of the spacecraft nor the design of the
sensor subsystems are considered final

To m eet stated user requirements for an operational systenm and to
decrease the image acquisition time cycle, a number of major changes have
been proposed for the LANDSAT 4 system . The changes include using three
spacecraf t , using a l ower orbital -a ltitude -improved renmote sensor system ,
adding a blue band (.45 to .52 niicrorneters), reducing the data processing !
rep roduction cycle time , and deleting the Data Collection System (DCS).

Two of the spacecraft employed in this system will carry the rem imote
sensor sub sys tem :. the data relay equipm mm ent , and the hardware necessary for
control and stabilization of the platfor m . These plat fo rm :s will be orbited
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at an al t i tude of 705 ki lometers * and w i l l  be oriented to provide imagery
of the terrain on a 9-day cycle.  The third spacecraft  w i l l  serve as a
relay stat ion to transmit data from each sate l l i te  to the ground station.
There have been two equatorial crossing times discussed for the descending
mode of the orbits: 0930 and 1100 hours. At this writing, the final
equatorial crossing time has not been decided .

Two remote sensor subsystems are proposed for each of the renmote
sensor platforn ls .** One will have the sante design and ground resolution
characteristics as the MSS used on LANDSAT 3. The second , with increased
ground resolution capabilities , is called a Them im atic Mapper.

Three contractors are presently competing to produce the production
model of this subsystem . Two models are line scanners , somewhat similar
in design to the present MSS (LANDSAT 3), and although the third model
also employs a single lens system , it has a conical scan similar to the
S192 scanner used on SKYLAB . An additional feature of this desi gn is a
dispersive radiometer system that in theory , at least , should permit
better radiometric control of the imagery . Regardless of the final
scanner design selected , the NASA specifications require this subsystem
to have six channels, three in the visible , two in the near or reflected
infrared , and one in the thermal infrared portion of the spectrum (table
2). The visible and near infrared channels will have a ground pixel ,
squa re in format, equal to 30 meters on a side , and the thermal infrared
channel w i l l  be 1 imted to 120 by 120 meters.

The quantizing level s of LANDSAT 4 have also been increased from 64
levels (MSS, 6 b i ts)  to 256 levels (8 b i ts ) .  In a photograph this increase
in the number of gr ay leve ls , in theory , would increase the information
content of the photograph fourfold.

The data transmission and reduction system for LANDSAT 4 is still
under consideration , but based on available infor m ation , it will be s imi lar
in design to the LANDSAT 3 system . The increase in the amount of spatial ,
spectral, and radiometric information will necessitate a major increase
in the processing capability and , therefore , the cost of this program.

The proposed product list for this system:: will follow that proposed
for Lf’NDSAT 3 with major emphasis placed on using d i gita l data (CCTS)
rather than photography . By using di gita l data , NASA cam : reduce their
photographic laboratory requirements and thereby reduce their system costs,
can provide m ore information , and can transmit data to the user within a
shorter time period.

*This altitude was proposed to increase ground resolution ard to enable
serv ic ing to be performed from: : the space s h u t t l e  c ra f t .

* * Based r i rm person al comm m mm i n i cat ion w i th  Mr . G . m Fiu 1 ‘ m an , Program Manager
L7 Na’ - IT 0, N IP-A , th is  systen m w i l l  be 1 imi ted to one s i t  ( 11  i te .
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RE SULT S

The analysis of LANDSAT 1 and 2 syste mm m s is presented in table 3,*
which has been organized into three mmm ajor divi sions.

1. Cartographic and Terrain Requirement s. These requ~ rem m m ent s
represent the range of specific terrain and environmental detail needed
by DOD for operational and cartographic purpos es.

2. Map and Chart Specifications. The requi rem im ents for each of
the nine maps selected for this analysis are identified by map type and
scale. Because of f lexibi l i t , -within the specifications , the Map Elements
are identified by S if t h e y are specified and P if they are not. However ,
those elements marked P may a p p e a r  o n a map or chart because of their
importance as a landmark.

3. LAN DSAT System ims . Th is secti on of the table has seven sub-
sections, as follows :

tT eo: riphic Regions - Since the detectability of certain
terrain features or pa t te rns  is often dependent on the type of topography
and terrain in which they are loca ted , those regions . when LANDSAT data
is discerned to be effective , have been noted .

Channels [rnp ’
~oyed - The individual or commm bination of

LA NDS A T channels tm r~nd to be the most usefu l in providing info rtmi ation on
a par t icu lar  Map Ele ment are noted .

Seasonal or R e p e t i t i v e  Coverage — The use or requirement
for temporal LANDS AT data or imagery to detect a certain Map Element is
recorded by season: Spring, Sum mm nier , Fa l l ,  and Winter .

Data Type - The type of LA NDSAT in fo r im at ion  required (imagery ,
d i gital) to detect each Map Element.

References - Those technical and scientific reports applicable
to each Map Element are numbered in sequence and may be found in the
Bibliography .

Systems Analysis Code - Four levels of the anal ysis code
were developed for this study: 0 - No t detectable , the Map Element can not
be discerned or located from either type of LANDSAT data ; 1 - Detectable ,
Map Element can be detected but not identified from the type of LANDSAT
data indicated ; 2 - Identifiable , Map Element can be detected and recognized
as a particular type of feature from mi the LANDSAT data indicated , e.g. road ,
canal , etc., however collateral information may be required to reach this
analysis level; 3 — Classifiable , LANDSAT data , with the use of all availabl e
inforr im ation , can provide the information required for the “Ni p Element including

*The nonoperational LANDSAT systems , 3 and 4, could not be analyzed in depth
because of a lack of infor n :a t ion .
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all required measurem ents , e.g. wid th , length , and areas. As an example,a highway could be detected on LANDSAT limmagery but inf ormation such asdesignati on , width , and weig ht l i i m mi t would have to be obtained frommi othersources.
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DISCUSSION AND SUNMARY

LAND SAT 1 and 2.

Multispectral Scanner . The analysis of the MSS systec:, as
presented in table 3 and summarized in table 4, indicates that this
sensor cannot be considered as a primary collection systenm for cart~~:raphicand terrain information. Although the geonmetric accuracy of the u m  a r t i e r  is
adequate for map scales from 1:1 ,000,000 through 1 :25-1 ,0O0 ,~ the oround
resolution limitations are below that required for clas s ifi La ti o r : : ‘ -‘ mmi v

of the map elements. Of the five major Map Element Categories considered
in this analysis , those ele mi ments contained in the Cultural Cat ’ :orv (B,
table 3) have the poorest classification rate by either humrm an or ,,ut~ m itt-P

“eons. The small size of’ many of these elements (in relation to th~’ ‘•“ e
reso lut ion capabilities) make them difficult to detect even on st , mr: - tm rd
aerial photography . In contrast , the MSS data has considerable ca pab i l i t y
fo r  acquiring infor ation in the Hydrologic Category (C. table 3). The
reasons for this high classification rate include (1) The unusually high
contrast ratio that these features have with their background ~ (2) ~‘Ninyof these features form linear patterns; (3) The hydrologic features , such
as Prainage channels, are enhanced by either shadows or vegetation; and
(4) Channels 4 and 5 have considerable water penetration capabi lity .6
The ~.I55 capability for water penetr ation can be enhanced even further because
the dynamic range of Channels 4 and 5 can be increased by comnm and front the
NAS A Control Center.

In addition to the standard map and chart products required by
DOD, there is a °eries of Special Map Products that include such graphics
as cross-country mobility and engineering soils. The list of terrain
features required for these thematic maps is extensive and difficult to
obtain by any method other than ground survey . When analyzing LANDSAT
capabilities to meet the requirements for these maps on a feature -by-
feature ba sis , it becomes apparent that the LANDSAT systems do not have
suitable resolution to obtain the majority of these features. If , however ,
the LANDSAT data were to be employed in a multistage sampling techni que 7
where these data are used with conventional remote sensor imagery and a
ground survey, the utility of the LANDSAT data would be greatly increased .

5J. C. Trender and S. U. Nasca , “Test on the Mapping Application of LANDSAT
Imagery ,” Paper presented at the 13th Congress of the International Society
of Photogrm:’~m :metry , Helsinki , Finland , 1976.

6j~ C. Hamomack , “LANDSAT Goes to Sea ,” Paper presented at the Pecora Symposium ,
Siou x Falls, SD, 1976.

7P. G. Langley , “New Multistage Sampling Techniques Using Space and Aircraft
Imagery for Forest Inventory ,” Proceedings of the Sixth International Symposium
on Remote Sensing of Environment , Ann Ar bor , MI , 1 969.
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I’~ib 1e 4. Summary of 1 ,ANI ) *\ f Analys is  by De t&’ct jon ( n0 ,’

~1AP SYSTEM s A n A L \ S I S  CODE * —
TY P E .Ql tm I REMEN’ I ’S 0 1 2 3 

_________

I C 0 ) C) C
~I Jp ii ~~c 169 4 22 34 1

I: , )  ,000

r i :  L~~ :m-~ b A  4 4  2 4  3 1  1
I r a
1: 250 , mm I

03 35 19 45 1
1 :11)0 ,

, m 1~~V r ,~~ t ’ : , ,m l lii 4 3  22 34 1
~.,L \ ’  1 ~,it 1 1  C h - m r i
1: 1 , mm m m

Spticial Maps 284 61) 15 24  1

*Percont of t o t , m I  number  nt  map requirements .
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The greatest benefits can be derived frotmm the MSS data when
it is employed in one or more of the following applications:

1. Delineating large homogeneous areas , e.g., land use maps.

2. Detecting and delineating reefs and underwater features.

3. Detecting large geolog ic structures and features, suc h
as faults, lineat ions , surficial deposits, 8 and domes.

4. Employing multistage sampling techniques.

5. Conducting crop inventories.

With the exception of crop inventories , the accuracy of area
determinations obtained from LANDSAT data are difficult to acquire from
the literature. The accuracies reported for crop inventories range from
approximately 48 to 98 percent. 9 The accuracy of these inventories are
hi ghly dependent on the type and amount of ground data available for
inventory design.

One of the problems in analyzing a remote sensor system from
technical literature occurs , for example , when an attempt is made to
determine the exact resolution limitation of the MSS system . Lakes, small
ponds (one pixel in area), and rivers (less than one pixel wide) can easily
be identified on Channels 6 and 7 because of the hi gh contrast ratio these
features usually have with their background. Concrete roads and runways
(less than one pixel wide) can also be readily detected because of their
high contrast ratio and because they are linear features. Consistently,
linear features , such as roads , rai lroads , etc. , were reported in the
literature as being classifiable from MSS imagery . Actuall y, the authors
were able to detect the linear feature where it traversed a forested area
because a right -of-way had been cleared to a width of 60 to 100 meters.
Once detected in this ntanner , the authors then used a map or a priori
knowledge to c lassi fy  the feature as a road , rai l road , etc .

8Follestad and D. W. Levando w ski , ‘ Anal ys is  of LANDSAT-1 Data for ~‘i~Ipp ing
of Surficial Materials , ’ Paper presented at the 13th Congress of the
International Society of Photogram metry~ ’ Hels inki , Finland , 1976.

9M . E. Bauer and 3. E. Cipra , “Identification of Agricultural Crops by
Computer Processing of ERTS MSS Data ,” Symposium on Significant Results
Obtained from the Earth Resources Technology Sa te l l i te ,  Vo l .  I, 1973 ,
pp. 205-212.
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In attempting to analyze the relative merits of machine versus
human interpretation method s, it was learned that the majority of the
work accomplished to date with LANDSAT data has been with imagery and
conventional interpretation techniques. The reasons for the prevalance
of the conventional interpretation techni que appears to be based on a
number of factors . These factors include the accessibility and low cost
of the imagery , the reasonably low cost of the necessary viewing equipment ,
and the availability of funds from NASA (prior to 1974) that permitted a
large number of individuals to utilize MSS imaqery in their research
efforts. Automated data extraction is needed because of the increased
information available by using the digi ta l data , the increase in the
efficiency of data extraction that these procedures provide , and the
decrease in cost of reproducing digital tapes over photographic reproduction
of MSS imagery .

In general , there are two major types of data analysis procedures
or cluster ing methods employed for automated ex t rac t ion  of d igi tal  MSS
da ta , supervised and unsupervised c lass i f i ca t ion .  The supervised classifi-
cation procedure provides more efficient use of computer time , but its
success depends on a requirement ~~ a priori information or ground truth ,
cal led training samples. In this procedure , homogeneous land-use training
areas (samples)  w i th in  the scene are ident i f ied and speci f ied , through
operator interact ion , by using in f or mat ion co l lec ted fromi m either ground
surveys, aerial photog raphy , or - i i s t ing  maps. Once these training areas
have been located and ident i t ied , the computer is then programmed to
strat i f y and c lass i f y the entire scene acco rd ino to the mul t i spec t ra l
s tat is t ica l  data derived f t -~~~~:- the learnin g sets. In th is mi method of
analysis , the e f fec t i ve  use of com puter t i m e can be enhanced by s t ra t i f ying
only those land-use classifications of particular interest , for example
cultivated areas, and by placing all other scene areas into a single
category .

The unsupe r- .ised classification procedure does not require the
input of honmogeneous traininq samples or prior correlation of ground
truth in the interpretation of the data. This procedure relies on
automated muo ltispectra l sta tistical analysis methods to dete rm ine the
existence and locati on of homogeneous areas (clusters) within the scene.
The classification of any clusters located by the computer system must
then rely on the use of collateral information , such as maps , airphotos ,
etc., but excludes the need for ground truth information prior to the
data extraction procedures.

With the exception of a limited number of research reports ,’
~°

the type of automated procedures used at the present time rely totally
on the spectral data available in thL scene and ignore both the spatial

‘°R. M. Hara lick and . S. Shannmugan , “Combined Spectral and Spatial
Processing of ERTS Imagery Data ,” Remote Sensi~~~~f the Environment ,
Vol . 3, No .1, 1974 , pp.3 — 13 .
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and contextual information that exists within the MSS data . If this
information could be employed as it is by image interpreters using
conventional remote sensor imagery , the accuracy of MSS derived data
would be improved and the amount and type of information achievable
would be increased .

An analysis of the LANDSAT MSS system would not be complete
without mention of the work accomplished by cou~~ries other than the United

• States. Countries such as Canada and Australia ’’ have large land areas
that are undeveloped and that have been mapped at very small scales. These
countries have placed considerable emphasis of the use of MSS data ‘in
conjunction wi th the small scale maps to produce maps at larger scales and
to refine or update exist ing maps. Apparently, a correlation ex is ts  between
the amm mount of LANDSAT data used and the amount of land area within a
country that is in need of mapping . If such countries had available
elevation data 12 sin m i l a r to that avai lab le in the U.S. and if the total
effect of the sun angle, t he  a tmos ph ere ,’3 and the terrain slope on the MSS
imagery were known and understood , this imagery would probably be used more
than it is at the present time .

LANDSAT 3. The third sate l l i te  in the NASA experimental program
wi l l  be launched in September 1977 and wi l l  contain a f ive-channel MSS ,
a two-camera RBV , and a Data Col lect ion System , receiver and transmitter. 14

The MSS wi l l  contain a fifth band , Channel 8, that operates in the emitted
or thermal infrared range of the spectrum (10.4 to 12.6 micrometers) with
a ground pixel size of 238 by 238 meters (780 by 780 feet) .  The RBV system ti
w i l l  contain two identical camera s that provide a panchromatic response
(0.50 to 0. 75 micrometers) and are aligned to view adjacent 98- by 98-
kilometer ground area with a 14-kilometer sidelap. Two successive framime
pairs will nominally cover the same ground areas as in ~‘1SS franme . The
ground resolution cell of these camiteras have been increased by a factor
of two , covering a ground area of 40 by 40 nmeters.

llj. C. Trender and S. U. Nasca , “Test on the Mapping Appl icat ion of LANDSAT
Imagery .” Paper presented at the 13th Congress of the International Society
of Photogrammetry , Hels inki , Finland , 1976.

12 1\vai l a b le at the National Cartographic Information Center , U.S . Geological
Survey , Reston , VA 22092.

l3 j Potter and “ . Shelton , “Effect of Atmospheric Haze and Sun Angle on
Aut or:a ti c Classification of ERTS-l Data ,” Proceedings of the 9th Inter-
nat i m mnil Symposium on Remote Sensing of Environment, April 1970.

1 ’ ~~A A  Agp lic a~ ions Notice, AN-OA , 76-B , Inputs Reftuested from Earth
Resources Nemof e Sensin~ Data User Re~ard jn~ [ANDSAT - C Mis s ion Requ ire-
ments and Data Needs , 1976.
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In analyzing the increased capabilities of this system in comparison
with LANDSAT 1 and 2, in the original NASA program the RBV camera s were
designed to be the primary source of imagery and not the MSS . Because
the RBV system in LANDSAT 3 wi l l  have twice the resolution capabil i ty of
the MSS , it mnay prove to be the sensor most ut i l ized , although it does
not have a multispectral response capabil ity . The panchromatic response
of the RBV system precludes the use of exist ing software methods now
used for image data extraction . However , the increased resolution
capabi l i ty  of the RBV should increase the utility of this subsystem for
acquisition of cartographic and terrain data . The 40- by 40-meter ground
resolut ion cel l ,  however , is believed to be too large to create a
signif icant change in this system ’ s capabil i ty for acquisit ion of those
map elements in the Cultura l and Vegetation Categories (table 3). The
RBV imnaqery would be adequate for determini ng the amount of land area
covered by f lood , but unless the distr ibut ion of this imagery can be
reduced to near real -time , it wi l l  not be total ly ef fect ive for this
purpose.

The therm tia l infrared band , Channel 8, can provide for day/night
i ma ger y, better delineation of urban and built -up areas , and an improved
method of separating various types of agr icultural crops. The varying
p Lmr m t ing and growing characteristic s of corn, for example , are expected
to create a different pattern on the thermal infrared imagery than wheat.
A 1i e ld of corn would create a higher tenmperature pattern than a field
of whea t because the planting density of corn before reaching mnaturity
w uld expose mare bare soil, thus creating a more efficient surface for
ab rbing and reradiating solar energy . As with the RBV systetu , Channel
8 sho m i ld provide increased reliability for flood area estimation , not
manly front the standpoint of detecting the therma l image of the flood
waters , but fron t the day/ night image acquisition capability inherent
with this therma l infrared system im .

Presently, concern has been expressed within the user comm imunity over
the method of data reduction and the type of image products that NASA
intends to reproduce and distr ibute from LANDSAT 3 . Although these
changes in data reduction methods may appear to be based primarily on
cost reduction , the fact rem nains that digital data will provide considerably
‘more information than is available on film , and it can be duplicated with
higher standards of imaqe data reproduction . The true evaluation of the
data reduction rrtethods and the increased capabilities of LANDSAT 3 cannot
be ascertained , of course , until this system becomnes operations.

LAND SAT 4. This system im , now being planned for operation in the lQ~O s ,
will be the first nonexpe m’ intenta I satellite in the NASA Earth Resources
Proqranm. it will contain an MSS, identical in design to those employed
on LANDSAT 1 and 2, and a Thematic Mapper . The major improvements designed
into this sensor system include a reduction in the size of the ground
resolution cell of Channels 1 th m’o m mqh 6 and a change in the spc:tra l
sensitivity chore teristics of Channels 1 through 5 (table 2). The Return
Beam Vidicon Camucros and the Data Collection System employed on the
earlier sat ellit e s will not he available on LANDSAT ~~.
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the improved resolution and spectral  response of the Thet ti atic
~‘ap p em ’ should , in general , greatl y enhance the total capabilities of
LAN7SA T 4, particularly for agricultural inventories and for detect ion

~ underwater features. This systemo , however , still does not provide for
using spatial , contextual , or three-dimensional imagery . Although Channel
~ (the the rtm m al infrared channel) mimay provide surrogate spatial data , the
t i - t a l reliance of this system on spectral data has to be considered a
highly limiting factor in analyzing the capabilities of this system . For
the specific terrain and cartographic categories of Culture and Hydro graphy ,
the 30-meter (98.4 feet) ground resolution cell is believed to be too large
~or accurate i~ cntificatio n , mimeasurement, and cl~~sification of these
categories for map scales larger than 1:100,000. ’ ‘~ For exa mi mple , determining
t e e  m ’,-i d th of small streams and rivers are i m portant requirements for most
t’i:—es of military maps. In addition , the cu l tm : r a l  m ’m ’q u i r c i ’ - e r m t s  ~or Mi li t a r y
City “o;s are particularly strenuous, requiring tie classi ficatio n of
building Ise and the measu rem’ment of street wi lth s . All of these requirements
a r e  d i f f i c u l t ,  if not impossible , to obtain i4~o :m , h itmht r re solution , car to—
- :r aim h ic aerial photography . Often , these milap ele” me ts t mmu st  be acquired
th rou~ h either technical literature or ground survey methods. However ,
imaqem’ -i obtained with the Thematic Mapper (T~A~ used in conjunction with
5, rm - .’e r i t iona l  aerial photography should provide a miore advantageous and
eff icient method of producing military th em atic graphics, such as vegetation
maps , than the use of either single source of aerial imm iager y .

~‘~ciny of the problems associated with correcting, reproducing , and
using LANDSAT 4 imagery will have been resolved by t h :’ time this system
becomes operational . since the data reduction procedures will be similar
to’ those employed for LANDSAT 3. The RBV imagery f rom LAN DSAT 3 w i l l
also provide a method for evaluating the increased resolution of the TM.
Al though . this RBV imagery is l imited to a panchron iatic type of spectral
response and a ground resolution cell of 40 by 40 meters , it w i l l  permit
a semi-quantitative evaluation of the imagery obtained with the Thematic
Mapper. By combining both an MSS and TM on the same satellite , NASA has
provided not only a means of adapting MSS data reduction algorithms to
T~’1 algorithnms but a lso the data needed for comparing the capabilities of
these two sensors .

CONCLUSIONS

LANDSAT 1 and 2.

1. Mu ltispectral scanner imagery can provide cartographic and
ter rain data , compatible with National Map Accuracy
Stan Pat ’Ps fo r map and chart scales of 1:1 ,000 ,000 through
1:100,000 .

15Based on the ass umption that registration and position accuracies will
15 meter ’s .
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2. The resolution of the MSS imagery is believed tc be
inadequate for c lass i f i ca t i o n  of the majority o’ ’ map
elements contained in the Culture , Vegetation , ond Hydra—
graphic categories.

3. MSS imagery obtained from Channels 4, 5, and 7 pc”vide an
effective method for updating existing mediunt and small
scale Hydrographic Charts.

4. The most effective use of LANDS ,AT data is in the digital
form , employed with conventional imagery in a mult istage
sampl ing procedure .

LANDSAT 3.

1. The improved resolution of the RBV cameras w i l l  increase the
utility for this type of inmagery by the user cormmni unity .

2. The therma l infrared band , Channel 6, will provide an increased
capabi l i ty for flood damage assessment and agr icul tural
inventories.

LANDSAT 4.

1. The Thematic Mapper of LC4NDS,4’T 4 wi l l i mprove the genera l
capabilities of this system , but the resolution is believed
to be inadequate for many of the cultural and hydrographic
features required on military maps.

2. The improved geographic positioning accuracy designed into
the Thematic Mapper may provide an effective method for
producing planimetric map s at a scale of 1:50 ,000.

The improved throughput time and spectral response of
LANDSAT 4 imagery wi l l  increase the capabi l i t ies of this
°ystem for flood damage estimates , water depth penetration ,
an d agricultural inventories.
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Appendix A. LANDSAT Systems Notes

LS-1. Many long linear features, such as roads , canals , and causeways,
are detectable on LAND SAT imagery even though their width is smaller than
a ground resolution cell. If the long axis of the feature runs parallel
to the scan lines, the detection rate may be increased. The feature/
background contrast ratio also affects the detectabil i ty of linear features.

LS-2. In the northern United States , snow cover enhances many features
that would normally be undetectable. Roads and streets that have had the
snow cover removed often become detectable because of the resulting increase
in contrast.

LS-3. Large bridges can often be detected if they are oriented on the
image parallel to the scan lines. The-contrast provided between Channel s
5 and 7 can also be used to detect bridges constructed over large bodies
of water .

LS-4 . Long causeways can be detected but have to be identif ied from
collateral information.

LS—5. Railroads and other linear features are detectable but are usually
identified from collateral information. Railroad gauge is often standardized
throug hout a nation.

LS-6 .  Buildings can be detected based on their area and the contrast of
the roof material with the background .

LS-7 . Large trailer parks often provide a detectable pattern. Identification
would have to rely on ground truth.

LS-8. Populated areas often have the same spectra l response as lakes and
ponds. Detection and identification can usually be made on the shape of
the image pattern.

LS-9. Rural settlements greater than 40 hectares in area have been detected
and properly identified.

LS-lO. Powerlines that traverse wooded areas can be detected from the
cleared right-of-way. Identification of these features depends, most often , —

on collateral information . These features are not detectable when they
traverse bare soil or unforested fields.

LS- ll . Large tank fa r-s (greater than 30 to 40 hectares) should be detectable
by pattern. Identi ficeti on would be dependent on collateral information.

LS-12. Mines and mining operations that create a large disturbed area on
the terrain are detectable with considerable collateral information.
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LS-l3. Streams and small rivers 20 to 50 meters in width have been
detected . Drainage channel patterns can also be detected when enhanced
by either snow or vegetation .

LS-l4. Bank material or soil type can often be identified from adjacent
soil patterns.

LS-l5. Flood plains dependent on size can be identified by change in
lan d—use pattern , change in vegetation type, or change in percent of
soil moisture.

LS-16. Bodies of water , because of their high contrast , are easily detected
on both imagery and data tapes . Lakes as small as one pixel size have been
detected from CCTS , and procedures have been developed to determine lakes
that occupy only partial areas of picture elements.

LS-l7. Dams can be located by the detection of the linear terminations
of water bodies.

LS-l8. Aquaducts are linear features that can often be detected by their
high contrast and the detection of their rights-of-way .

LS-19. Tidal flats can often be detected from the contrast ratios between
Channels 5 and 7. Land use and changes in vegetation patterns are also
help ful in detecting these features.

LS-20. Depending on size , area occup ied , and the turbidity of the water ,
these features can be detected by the same procedures used for reefs .

LS-21 . Disruption of the surface may create a disturbed pattern on the
water surface that would be large enough to detect.

LS-22. The detection of peat bogs would rely on change in land-use pattern
and spectra l differences between the bog pattern and surrounding type of
vegetation.

LS—23. Gravel beds of appreciable size (4 to S acres) should be detectable
on the basis of their usually high reflectivity .

LS-24. Above 400 north or south latitude , there is enough convergence of
the LANDSAT flight lines to provide stereo viewing of the imagery . In

-
‘ 

addition , in areas of high relief drainage channels can be used to provide
topographic information.

LS-25. The detection of shrub species and other l ower forms of vegetation
is highly dependent on the use of collatera l information .

LS-26. The patterns formed by large orchards should be detectable on LANDSAT
imagery , but identification and classification would be dependent on ground
truth or other forms of col1a t~ral information.
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Appendix B. Cartographic Notes

Cl. Road Classification. Roads are classified as follows for medium
and large scale m aps.:

CLASSIFICATION CATE GO RY* WIDTH

All weather , hard surface , two or Two lanes - at least ~8 ft.more lanes. (5.5rn ) and less than 27 ft. (8.2m).
More than 2 lanes - more than
27 ft. (82m).

All weather , loose or light surface , Two lanes - at least 18 ft.
two or more lanes. (5.5m) and less than 27 ft.

(8.2mmt) . More than 2 lanes —

more than 27 ft . (8.2nm).

All weather , hard surface , one At least 8 f t .  (2 .5 m )  and less
lane. than 18 ft. (5.5m).

Fair or dry weather , loose surface. At least 8 ft. (2.5m).

Tracks At least 5 ft. (l.5m ) and less
than 8 ft. (2.5m).

Trails Less than 5 ft. (l .5m)

C2. City Streets. Through routes and numbered routes within built-up
areas have to be identified and classified. A random selection of streets
are measured and the widths annotated.

C3. The Digital Radar Landmass Simulator (DRLS) requirements include those
terrain features that will provide a strong radar response or return , in
this regard , directionality of each hi ghly significant radar feature is noted
in im m anuscript form . These features are noted on large scale tmtaps

1:75 ,000) when they are longer than 0.10 inch (2.5 millimeters ) at scale.
and 10 feet (3 meters ) in actual height.

CA . The railroa 1 yard size requirements for the JOG and ONC chart series
are the same in wm dth (5 tracks) b i t ve ry in length. To be indicated on the
JOG series , a railroad ya rd must be equal to or greater than 2,000 feet (6(19
timeters) . While the ()N(1 map requires only 1 ,000 feet (305 meters).

C5. The requiremm ients for all maps separate stream ims into the following
classifications: perennial , interntittent , disappearing, and braided.

* Dep a r tmm (m rm t of Defense , TPC TM S.l , “Map Specifications , ” October 1971.
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The classifications often require sequential photography and are
extremely difficult to obtain front machine processing in comparison
to open water features.

C6. Perennial streams are shown on large and medium scale maps as two
lines if they are greate r than 0.02 inch (0.50 millimeters) at map scale
and a single line if they are less than this distance.

C7. Peat bogs are areas where peat is being harvested for fuel .

C8. Distorted areas are indicated by area boundary and are used , for
ex am p le, to locate large boulder fields and lava flows.

C9. Wooded areas are shown on medium and large scale maps if they
are at least 10 feet in height (3 meters), have an appropriate crown
density of 50 percent and occupy an area greater than 0.1 by 0.1 inch
at map scale (2.50 by 2.50 millimeters). Narrow strips of vegetation
are not shown unless they are greater than 0.05 inco in width at map
scale (1.25 milli m eters), serve as a landmark feature , or offer concealment
alon g a road.

d O. Isolated trees are not shown except when they serve as a landmark
feature .

Cli . Clearings less than the equivalent area of 0.10 by 0.10 inch
(2.50 by 2.50 millimeters ) are not shown on nted iutt m and large scale maps .

C12. On large scale immaps (greater than 1:75 ,000), fire breaks less than
30 - 

~t (9 m eters) in wid th  are shown as a minimum clearing 0.02 inch
(0.50 millimeters) in width or are platted to scale.
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