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An affine transformation, employing water bodies as control, gave the 
most satisfactory results. 

INTRODUCTION 

T HE TECHNIQUE of thermal-inertia mapping 
(Watson, 1971; Watson et al . ,  1972; Pohn 

et al.,  1974; Watson, 1975; Kahle et al.,  1976; 
Price, 1977; Pratt and Ellyett, 1979; Watson, 
1981b) requires co-registering of images acquired 
at  different times to construct temperature- 
difference and thermal-inertia images. In addition, 
refinements to use topographic corrections (Gil- 
lespie and Kahle, 1977; Miller and Watson, 1977; 
Watson, 1981a) and to compare thermal data with 
other data bases, such as Landsat images and 
geophysical and geologic maps, require further 
registration to a topographic base. Thermal images 

and one subject to substantial error. For example, 
mislocation of a feature on an image with respect 
to a corresponding topographic ridge can result in 
a topographic correction being applied with the 
wrong sign! The Heat Capacity Mapping Mission 
(HCMM) data also presents an additional problem 
because the 500-m digital resolution masks many 
distinctive features-primarily cultural-that can 
be seen on the 80-m resolution Landsat data. 

Errors resulting from the misregistration be- 
tween images and among images and various data 
bases have been discussed previously (Miller and 
Watson, 1977). The purpose ofthis brief paper is to 
describe our current experience with the registra- 

ABSTRACT: Registration of thermal images is compljcated by distinctive differ- 
ences in the appearance of day and night features needed as control in the 
registration process. These changes are unlike those that occur between Landsat 
scenes and pose unique constraints. Experimentation with several potentially 
promising techniques has led to selection of a fairly simple scheme for regis- 
tration of data from the experimental thermal satellite H C M M  using an affine 
transformation. Two registration examples are provided. 

have some unique characteristics that make this 
registration process more complex than registra- 
tion of standard photographs and Landsat images. 
The inherent temporal behavior of the surface 
temperature, which depends on albedo, thermal 
and emissive properties, and slope, elevation, and 
moisture effects, makes the scene appear substan- 
tially different on day and night scenes. Texture 
and topography often are portrayed in an entirely 
different manner on thermal images acquired at 
different times during the day and night (Sabins, 
1969; Rowan et a l . ,  1970; Offield, 1975). The 
selection of reproducible control points associated 
with various features thus can be a difficult task 
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tion of HCMM data and to suggest the use of a sim- 
ple method for registering the data that we have 
found to be more accurate than the registered 
products currently being made available. 

We experimented with iterative registration, 
with using drainage-intersection maps for control, 
and with cross correlation techniques, but none 
were found to be satisfactory. The procedure fi- 
nally used to register the image pairs was to select 
control points and to map the night thermal image 
to the daytime thermal and reflectance images 
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using an affine transformation on a 1300 by 1100 
pixel image. The resulting image registration was 
accurate to better than two pixels (RMS) and does not 
exhibit the significant misregistration that we have 
noted in the temperature-difference and 
thermal-inertia products supplied by NASA. 

The affine transformation was determined using 
simple matrix arithmetic-a step that can be per- 
formed rapidly with matrix hardware on a mini- 
computer such as a Hewlett-Packard HP9845.* 

Consider a set of control points xi,yi in the day 
image and the corresponding points xi1,yi' in the 
night image. A best-fit affine transformation can 
then be computed: that is, 

let Sf = (q,yi) 
S = (xi,~i, 1) 

Then the desired affine transformation 

satisfies the matrix equation S' = ST and thus 

T = (STS)-I (STS') where ST is the 
transpose of S. 

* Use of trade names is for descriptive purposes only 
and does not constitute endorsement by the U.S. 
Geological Survey. 

FIG. 1. The day and night orbital tracks of the HCMM 
satellite are inclined with respect to each other, and 
the area of overlap is a diamond. For this example, 
the scan lines are inclined at an angle of about 30". 

The affine transformation provides a rotation 
correction for the inclined day and night orbital 
tracks (see Figure I), an origin shift, and a scale 
change. Our previous experience with aircraft data 
has suggested the need to correct for platform in- 
stabilities due to pitch, yaw, and roll of the aircraft, 
and this has required non-linear or piece-wise 
linear corrections. We did not find this necessary 
with the two HCMM image data sets that we have 
analyzed. Presumably the satellite, being more sta- 
ble, is less subject to these effects. 

The two most important considerations in se- 
lecting control features are that they are readily 
identifiable on both day and night data and that 
their locations cover the scene. We experimented 
with selecting different types of features as con- 
trol points. The best features-those more repro- 
ducible on both day and night data-were the 
water-dam interfaces of reservoirs. Distinctive 
outlines of other water bodies were also reason- 
ably identifiable. Drainages and topographic 
features were found to be the least reliable due 
to changes in their day-night appearance. In the 
first registration example (Figure 2), nine water 
body features were used as control. In the second 
example (Figure 3), few water bodies exist, and 
only three of the six selected control features 
were water-associated. The other three points are 
topographic features. The accuracy of identifying 
these features was in part estimated by the mag- 
nitude of the residual errors. A high residual was 
indicative of the feature being misidentified. Fig- 
ure 4 shows an example of the control vectors (a) 
and of the residuals (b) from the Powder River 
Basin scene registration. 

We discovered that a simple transformation was 
satisfactory over large parts of an entire image in 
two relatively arid regions of the western United 
States, using a few accurately determined control 
points at bodies ofwater. The procedure should be 
more easily applied in other areas where bodies of 
water are likely to be more abundant. A listing of 
the computer program to perform this registration 
is provided in Figure 5. 

Automatic registration using cross-correlation 
failed when we attempted to apply it to one site 
because of a pronounced topographic grain that 
produced a significant error along the direction of 
the grain. 

Some sample results of our registration efforts 
are provided to illustrate the method and its sim- 
plicity. Figure 2 shows the transformed night 
image compared with the day image and the origi- 
nal untransformed night image. The second exam- 
ple is the Cabeza Prieta, Arizona, area in Figure 3. 
Day, night, and thermal-inertia images are pre- 



FIG. 2. Images of the Powder River Basin area, Wyoming. Figure 2a is the transformed 
night thermal image, Figure 2b is the day thermal image, and Figure 2c is the original night 
thermal image. The scale of the original images is approximately 1:5,000,000. The Bighom 
Mountains, Wyoming, are to the lower left, the Black Hills, South Dakota, are near the 
bottom center, and the large body of water at the top of the scene is Lake Sakakawea, North 
Dakota. Significant changes in the appearance of the landscape are evident between the day 
and night images. The most apparent aspect of the af ine transformation is a rotation; how- 
ever, there are also scale changes in both directions. The usual convention of light associated 
with high values and dark with low values was employed. Extensive cloud cover is present 
in the upper left hand comer of the night image and the lower left hand comer of the day 
image. 
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4 a )  Unregistered 
4 

4 b )  R e g i s t e r e d  
6 

FIG. 4. Registration vectors between two sets of 
control points for the Powder River Basin area, 
Wyoming. Figure 4a shows the vectors between the 
day and night images. Figure 4b shows the residual 
vectors after applying the affine transformation. 
Maximum residual is 2 pixels. 

sented, the latter being computed from the regis- 
tered day thermal, night thermal, and reflectance 
images using a new algorithm (Watson, 1981b). 
Figure 4 presents a comparison between the  
original control vectors and their residuals after 
applying the method to HCMM data of the Powder 
River Basin, Wyoming, area. 

This research was supported in part  under  
NASA contract S-40256-B. 

Frc. 3. Images of the Cabeza Prieta area, southwestern 
United States and Mexico. Figure 3a is the day thermal 
image and Figure 3b is the night thermal image and Fig- 
ure 3c is a thermal inertia image constructed by applying 
a model to registered day-thermal, reflectance, and night 
thermal images. The scale of the original image is a p  
proximately 1:5,000,000. The Gulf of California is at the 
bottom of the scene and Salton Sea, California is in the 
upper left comer. Clouds are present in the upper right 
hand comer of the night image. 



REGISTRATION OF HCMM DAY AND NIGHT IMAGES 

PROGRAM GEOMX4 
c..... *rr*+ii+crr++r*ar*r**t**ccccccicc**c***********+**+*********+*+** 
C.. . . . 
C..... REMOTE SENSING ARRAY PROCESSING PROCEDURES 
C.. . . . U. S. GEOLOGICAL SURVEY. DENVER. COLORADO 
C..... BRANCH OF PETROPHYSICS AND REMOTE SENSINQ 
C..... DON L. SAWATZKY 
C..... 
C..... + + ~ + + + + ~ ~ + ~ ~ ~ ~ + ~ ~ C C C C + ~ + ~ * ~ + C ~ ~ ~ C * ~ ~ ~ ~ C C ~ ~ * * ~ ~ C ~ O C * * I ) ~ ~ * * * * * * * *  
C 
C GEOMX4 GENERATES A RECTIFIED IMAGE FILE FROM A DISTORTED IMAGE 
C FILE AND FROM COEFFICIENTS FOR RECTIFICATION. R AND S. DETERMINED FOR AN 
C AFFINE TRANSFORMATION OF THE DISTORTED FILE. 
C INPUT FILE STRUCTURE CONSISTS OF A HEADER RECORD CONTAININO TM) 
C INTEGERS FOR LINE LENGTH. LENREC. IN PIXELS AND NUMBER OF LINES. 
C NORECS. NORECS NUMBER OF DATA RECORDS FOLLOW. EACH RECORD CONTAINING LENREC 
C BYTES OF 8-BIT DATA. OUTPUT FILE HEADER RECORD CONTAINS TWO INTEGERS OF LINE 
C LENGTH, NPXOUT. AND NUMBER OF RECORDS. LMAX. INPUT PARAMETERS. IPIXIN AND NPI 
C XIN. ALLOW TAKING A SUBSET OF THE INPUT FILE. OUTPUT PARAMETERS LMAX* MNPIX 
C . AND MXPIX ARE SELECTED ON THE LINE LENGTH OF THE INPUT FILE AND DEGREE 
C OF ROTATION REQUIRED FOR RECTIFICATION. SECTIONS OF THE OUTPUT FILE OF LENGTH 
C LMAX AND CONTAININO PIXELS MNPIX TO MXPIX ARE GENERATED BY ONE OR MORE ITER 
C ATIONS OF THIS PROGRAM. SECTIONS ARE CONCATENATED IN SUBSEQUENT PROCESSIM. 
C SECTIONING THE OUTPUT FILE IS DONE IN RESPONSE TO THE MESSAGE: INBUF ARRAY 
C TOO SMWL." 
C 
C.....DEURATIONS 

REAL R(3).S(3) 
LOGICAL*l INBW(200000~rOUTBLlF(3000) 
INTEGER FCBIN(35).FCBOUT(35) 

C..... 
C.....SET PCIRMETERS 

WRITE(6.99) 
99 FORMAT( 1X. 'ENTER PI XEL/LINE COEFFICIENTS ' 8  ) 

READ(S.96) R.S 
WRITE(6.98) 

98 FORMAT(lX.'ENTER INPUT FIRST PIXEL. NO. PIXELS') 
READ(5.96) 1PIXIN.NPIXIN 
WRITE(6.97) 

97 FORMAT(lX.'ENTER MAX. OUTPUT LINES.MIN/MAX PIXEL ' I )  
READ(5.96) LMAX.MNPIX.MXPIX 

96 FORMAT(Ol6.0) 
C..... 
C.....OPEN DATA FILE TO TRANSFORII 

READ(8) LENRECSNORECS 
C.....SETUP WORK ARRAY 

NRECS=MIN(200000/LENREC.NORECS) 
MXLINE=NRECS 

DO 90 I=l.NRECS 
90 READ(%) (INBUF(J).J=Jl.JZ) 
C..... 
C.....OPEN OUTPUT DATA FILE 

NPXWT=MXPIX-MNPIX+l 
IF(NPXOUT.LE.3000.AND.NPIXIN.LE.3000)00 TO 110 

100 STOP ' ?DATA FILES EXCEED BUFFER WIDTH.' 
110 WRITE(9) NPXOUTvLMAX 
C.....READ/WRITE LOOP 

DO 210 LINE=l.UIAX 
DO 200 IPX=MNPIX.MXPJX 
INPX=R(I)*(IPX) + R(2)*(LINE) + R(3) 
IF(INPX.LT.1.OR.INPX.GT.NPIXIN) THEN 
OUTBUF(1PX-MNPIX+l)=.FALSE. 
ELSE 
INLINE=S(l)*(IPX) + S(P)*(LINE) + S(3) 
IF(INLINE.LT.1.OR.INLINE.GT.NORECS~ THEN 
OUTBUF(1PX-MNPIX+l)-.FALSE. 
ELSE 

C.....CHECK LIST FOR SCANLINE IN WORK ARRAY 
IF(INL1NE.GE.MNLINE.AND.INLINE.LE.VXLINE GOT0120 

C.....ELSE READ SCANLINE INTO LIST AND WORK ARRAY 
IF(INL1NE.LT.MNLINE) STOP'INBUF ARRAY TOO SWILL!!' 
DO 115 I=MXLINE+l. INLINE 
IREC=MOD(I.NRECS)*LENREC 

115 READ(8,RECsINLINE) (INBUF(J).J=IREC+I.IREC+NPXIN) 
MXLINE-INLINE 
MNLINE=MXLINE-NRECS+l 

120 OUTBUF(IPX-MNPIX+~)=INBUF(LENREC~MOD(INLINE.NRECS)+INPX) 
ENDIF 
ENDIF 

200 CONTINUE 
210 WRITE(9) (OUTBUF(J).J=l.NPXWT) 
C..... 
C.....FINIS 
300 STOP 

END 

FIG. 5. A listing of the computer program to perform registration. 
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N ORTHWAY-GESTALT CORPORATION is a consolidation of two companies, Northway Survey Corpora- 
tion, formed in 1946, and Gestalt International Limited, founded in the late 1960's, which were 

merged effective December 31st, 1979. Northway-Gestalt provides a full range of integrated mapping 
and land related information services on a Worldwide basis, and also manufactures and markets the 
Gestalt Photo Mapper System. 

With head offices in Toronto, Canada, and branches in Vancouver, British Columbia; Dartmouth, 
Nova Scotia; and Denver, Colorado, the Northway-Gestalt group employs 175 professionals and skilled 
mapping technicians. The Company operates air survey aircraft and high precision aerial cameras; 17 
stereoplotters including the Wild A10, A8's, B8's, AMH, Zeiss Planimat, and Stereometrograph; two 
Gestalt Photo Mapper systems; and four fully equipped photographic laboratories. 

Northway-Gestalt's new Automapping System provides an automated, digital approach to the map- 
ping and information-gathering process. With our digitized stereoplotters, table digitizers, PDP 11/70 
computer, two lntergraph interactive work stations, and high-speed light-beam plotter, aerial photos as 
well as all forms of maps and plans can b e  digitized for automated map production, or for computer 
storage as a land information data base. 

Two Gestalt service centers have extensive orthophoto experience, primarily in Canada and the 
United States over the past nine years. Gestalt services range from supply of orthophoto negatives only, 
to final map sheets with or without contours. Gestalt digital elevation models, produced simultaneously, 
are also available for terrain contouring, volume determinations, or for cross-sections and profiles. 

Since 1946 Northway-Gestalt has carried out projects in more than 60 countries around the world. Ten  
Gestalt Photo Mappers are presently operating in Algeria, Canada, Colombia, Japan, and the United 
States of America. The new Series IV Gestalt Photo Mapper is currently being manufactured in Toronto 
for sale on a worldwide basis. 

Northway-Gestalt Corporation is a subsidiary of Spar Aerospace Limited, Canada's leading company 
in air and space technology. Among other systems and products, Spar developed and manufactures the 
Remote Manipulator System for the Space shuttle. 

As the word 'Gestalt' implies-at Northway-Gestalt, our total service is truly greater than the sum of 
its parts. For further information or descriptive literature, contact any of our offices in Canada or the 
U.S.A. 


