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5. IMAGE NAVIGATION  
 

Navigation refers to the procedure for determining the earth-location (latitude-longitude) of each satellite 
image pixel and the three angles which define the observation geometry, namely the satellite and solar zenith angles at 
the earth surface and the relative azimuth angle between the sun-Earth and Earth-satellite directions.  Fig. 5.1 defines 
these angles.  Note that relaWLYH D]LPXWK� 3� LQ %� GDWD LV GHILQHG DV XVHG LQ UDGLDWLYH WUDQVIHU FDOFXODWLRQV� FRQYHQWLRQDO

UHODWLYH SRVLWLRQ D]LPXWK ��� LV JLYHQ by 180 -3� 7KH YDOXH RI 3 LV UHSRUWHG LQ WKH UDQJH RI � WR ��� GHJUHHV� ,Q WKLV

section, we describe the information provided by the satellite operators and SPCs used for navigation, the general 
WHFKQLTXHV IRU FDOFXODWLQJ WKH ILYH TXDQWLWLHV �,  ODWLWXGH� �  ORQJLWXGH� �o  FRVLQH RI VRODU ]HQLWK DQJOH� �  FRVLQH RI

VDWHOOLWH ]HQLWK DQJOH� DQG 3  UHODWLYH D]LPXWK�� TXDOLW\ FRQWURO SURFHGXUHV� DQG HVWLPDWHV RI WKH DFFXUDF\ REWDLQHG� 
 

5.1. INFORMATION PROVIDED 
 

The satellites participating in ISCCP provide two types of navigation information.  The METEOSAT and 
NOAA systems provide direct earth-ORFDWLRQ LQIRUPDWLRQ �L�H�� , DQG �� IRU HYHU\ LPDJH SL[HO DQG LQGLFDWH WKH

subsatellite point in the image.  This information, when combined with knowledge of spacecraft orbital altitude and the 
VRODU SRVLWLRQ �JLYHQ E\ WKH GDWH DQG WLPH RI WKH REVHUYDWLRQ�� DOORZV FDOFXODWLRQ RI �o� �� DQG 3� 0(7(26$7 LPDJH

processing routinely reprojects all images into a standard viewpoint as if the satellite were always at precisely the same 
altitude above the same earth location, namely (0,0).+  METEOSAT orbital altitude is taken as 35,793 km.  The time 
GMT (Greenwich Mean Time or Universal Time, Coordinated, UTC) at the beginning of the image is provided.  Each 
subsequent scan line starts 600 msec after the preceding line; thus the time of each observation is known.  (INSAT 
provides navigation infromation similar to METEOSAT.)  NOAA provides the time GMT of each scanline and the earth 
location of every fourth pixel along a scan line (every eighth pixel in the original 4-km data is labeled) starting with the 
subsatellite point.  Thus, even though the viewpoint is constantly changing for the polar orbiter data, the same 
combination of information is available as for METEOSAT.  NOAA orbital altitude is taken to be 848 km (NOAA-7), 
834 km (NOAA-8), 857 km (NOAA-9), 820 km (NOAA-10), 853 km (NOAA-11), 824 km (NOAA-12) and 856 km 
(NOAA-14). 
 

The GOES and GMS satellites provide coordinates which describe the space-craft orbit, the spacecraft 
attitude, and the relationship between image pixel position and the spacecraft geometry.  (The GOES-NEXT series 
provides information similar to METEOSAT.)  The spacecraft orbital data (time, date, semi-major axis, eccentricity, 
orbital period and inclination, longitude of the ascending node, argument of the perigee and mean anomaly) allow 
calculation of spacecraft orbital position in celestial coordinates at the time of the observation.  The spacecraft attitude 
and geometry information allow calculation of the direction that the radiometer points at each time.  These results, 
WRJHWKHU ZLWK WKH NQRZQ SRVLWLRQ RI WKH HDUWK DQG VXQ LQ FHOHVWLDO FRRUGLQDWHV� OHDG WR FDOFXODWLRQ RI ,� �� �o� �� 3� $OO RI

the supplied parameter values used to navigate ISCCP images are recorded in each image header on the data tape. 

                                                
+ $OO HDUWK SRVLWLRQV ZLOO EH GHVFULEHG E\ WKH RUGHUHG SDLU �,��� ZKHUH -90 � , � 90 and 0 � � � 360 degrees.  Negative 
latitudes are in the southern hemisphere; longitude is always positive and increases eastward from the Greenwich 
meridian. 

 
 
 

Figure 5.1. Definition of viewing geometry angles. 
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5.2. CALCULATION TECHNIQUES 
 
5.2.1. 7(&+1,48( :+(1 , $1' � $5( .12:1 
 

)LJ� ��� LOOXVWUDWHV WKH VLWXDWLRQ DQG GHILQHV VHYHUDO TXDQWLWLHV� ,Q WKLV FDVH� VLQFH �,��� DUH NQRZQ IRU WKH

paricular image pixel and the subVDWHOOLWH LPDJH SL[HO� WKH JHRFHQWULF DQJOH� %� LV HDVLO\ FDOFXODWHG� 
 

  FRV %  FRV �, –,s� FRV �� – �s) (5.1) 
 

KHUH �,��� DQG �,���s are the earth coordinates of the particular image pixel and the subsatellite pixel, respectively.  The 
ODZ RI FRVLQHV OHDGV GLUHFWO\ WR �� YL]�� 

where 
  s2 = a2 + (a + h)2 – �D�D � K� FRV % (5.3) 
 
with a = 6371 km and h = 848 km (NOAA-��� HWF� �8VLQJ FRQVWDQW DYHUDJH YDOXHV RI K DQG D RQO\ FDXVHV DQ HUURU LQ � �

0.2%). 
 

7KH VRODU ]HQLWK DQJOH LV REWDLQHG IURP WKH VRODU GHFOLQDWLRQ� /� DQG ULJKW DVFHQVLRQ RU WKH �KRXU-angle", th: 

 
Using equations from Paltridge and Platt (1976), the solar declination angle (in radians) is given by 
 
 
 
 
 
 
where Do = 
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 and d is the day of year minus 1.  The hour angle is given by 
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Figure 5.2. Geometry of satellite observations. 
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ZKHUH /07 LV WKH ORFDO PHDQ WLPH LQ PLQXWHV� )RU � LQ GHJUHHV 
 
  /07  *07 � � � (5.7) 
 
and 

 
These formulae are used to calculate the zenith angle of the center of the solar disk observed through a non-

refracting atmosphere.  Together with the much smaller errors in the series expansions used, the estimated error in 
calculating the solar zenith angle is <0.5( (Paltridge and Platt 1976). 
 

The difference in position azimuths can be obtained from the law of cosines for the two spherical triangles 
IRUPHG E\ �,���� �,���s DQG WKH QRUWK SROH DQG E\ �,���� �,���o and the north pole: 

 
ZKHUH 3  ��� - �  ��� - ��s - �o�� DQG �o  FRV +o� DQG WKH FRRUGLQDWHV �,���� �,���s DQG �,���o are the latitude and 
longitude of the observed point, the subsatellite point and the subsolar point, respectively.  (Note that the sides of the 
triangles involve 90 -,� �� - ,s and 90 -/�� 7KH DERYH H[SUHVVLRQV LQFOXGH WZR TXDQWLWLHV� VLQ % DQG VLQ +o, which have 
QRW EHHQ FDOFXODWHG LQ SUHYLRXV VWHSV� )RU UHDVRQV RI FRPSXWDWLRQDO HIILFLHQF\� 3 LV IRXQG IURP HYDOXDWLQJ WDQ��s - �o) 
which does not involve these two quantities because of the ratio involved: 
 

 
 
The function tan-1 ��s - �o� LV XQGHILQHG ZKHQHYHU � RU �o LV QHDUO\ �� ZKHQ WKLV RFFXUV 3 LV JLYHQ WKH SUHYLRXV YDOXH LQ

that scan line. 
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5.2.2. TECHNIQUE WHEN ORBIT/ATTITUDE ELEMENTS ARE KNOWN 
 

Orbital elements are used to calculate the spacecraft position in its orbit at a particular time in celestial (Earth-
centered) coordinates.  The position is given by 

 
where w is the longitude of the ascending node, i is the orbital inclination,  
 
and 

 
The orbital (radial) distance, r, is a function of the semi-PDMRU D[LV� D� WKH RUELWDO HFFHQWULFLW\� 0� DQG WKH WUXH DQRPDO\�

WKH DQJOH � LV WKH VXP RI WKH WUXH DQRPDO\� � DQG WKH DUJXPHQW RI WKH SHULJHH� .� 7KH WUXH DQRPDO\ LV FDOFXlated from 
the difference between the observation time and the time of periapsis passage (expressed as a function of the orbital 
period), m: 

7KLV SRVLWLRQ FDQ DOVR EH H[SUHVVHG LQ WHUPV RI VXEVSDFHFUDIW �,���� KRZHYHU� WKH SDUWLFXODU LPDJH SL[HO ZKLFK

FRUUHVSRQGV WR �,���s, remains to be determiQHG� �,��� IRU DOO RWKHU LPDJH SL[HOV PXVW DOVR EH FDOFXODWHG� 
 

To determine the pointing vector direction, the attitude of the space-craft spin axis is used to relate image 
pixels to a spacecraft-centered coordinate system.  In addition, the angular relationship between the radiometer telescope 
and the spacecraft spin axis must be known (see Fig. 5.3).  Spin axis attitude and instrument alignment must generally be 
GHWHUPLQHG DIWHU ODXQFK E\ FRPSDULQJ FDOFXODWHG �,��� YDOXHV ZLWK WKH ORFDWLRQV RI UHFRJQL]Dble landmarks. Indeed, this 
procedure must be used operationally to obtain accurate enough information.  Thus, GOES and GMS navigation requires 
additional information on instrument alignment to adjust the spacecraft attitude to eliminate much of the remaining 
uncertainty. 
 

The coordinate transformation from (x',y',z') to (x,y,z) to (X,Y,Z) is specified by the angular relations 
illustrated in Fig. 5.3 and determines the vector labeled "s" in Fig. 5.2.  The length of this vector is calculated by finding 
its intersection with an ellipsoid centered on the Earth's position, defined by 

where a = 6378 km and b = 6357 km and (X,Y,Z) are celestial coordinates. 
 

With lengths s, h and a known, the satellite zenith angle can be determined by the law of cosines: 

Solar zenith angle is determined exactly as described in (5.4) through (5.8). 
 

The relative azimuth angle between the solar and satellite direction vectors can be found using the law of 
cosines for the VSKHULFDO WULDQJOH IRUPHG E\ WKH LPDJH SL[HO SRLQW RQ WKH (DUWK
V VXUIDFH �,���� WKH VXEVDWHOOLWH SRLQW

�,���s DQG WKH VXEVRODU SRLQW �,���o.  The latter two points are related directly to the satellite and sun positions specified 
by  orbit  position  and (TV� ����� DQG ������ 7KH YDOXHV RI �,��� IRU D SDUWLFXODU LPDJH SL[HO DUH REWDLQHG GXULQJ WKH  
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calculation of s by solving for the celestial coordinate of the intersection of the view-vector with the Earth's surface.  

Then 
ZKHUH %
� %s DQG %o are Earth-centered angles given by 

 
 
7KH UHODWLYH D]LPXWK� 3  ��� - ��s - �o). 

 
 
Figure 5.3.  Coordinate transformations employed to relate image coordinates to spacecraft-centered coordinates and to 
celestial coordinates. 
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5.3. OUTPUT QUANTITIES 
 

)LYH TXDQWLWLHV DUH UHSRUWHG IRU HDFK LPDJH SL[HO� ODWLWXGH �,� DQG ORQJLWXGH ��� RI WKH LPDJH

pixel, cosine ofWKH VDWHOOLWH ��� DQG VRODU ��o) zenith angles at the Earth's surface, and the relative azimuth 
DQJOH �3� EHWZHHQ WKH VXQ-to-surface and surface-to-satellite vectors.  Latitude (-90( to 90() is measured in 
degrees from the equator to the poles (positive latitudes in the northern hemisphere); longitude (0( to 360() 
is measured in degrees from the Greenwich meridian, positive eastward.  (Coded longitudes on the data tape 
range between -360( and 360(, but the provided tape reading software converts these values to 0( to 360(.  
%RWK � �� WR �� DQG �o (-� WR �� DUH GLPHQVLRQOHVV� QHJDWLYH YDOXHV RI �o LQGLFDWH QLJKWVLGH GDWD� 3 ��( to 
180() is measured in degrees and is always positive. 
 

In order to save space in the Stage B3 data, the navigation angles are coded in the form of 
coefficients for a second order polynomial fit to their variation along an image scan line.  The fit parameters 
are reported at a variable number of locations along the scan line to maintain the error of the fit below 
prescribed limits.  The maximum error allowed in each quantity is:  0.06( LQ , DQG �� ���� LQ � DQG �o and 
0.5( LQ 3� 
 
 
5.4. NAVIGATION ACCURACY 
 

The GPC performs routine checks of the navigation for every month of data in two steps.  The 
survey step checks every image in a crude way by checking for proper radiance contrasts across the 
terminator (solar channel only), the planet limbs (IR channel only), and coastlines (both channels).  Any 
anomalous behavior is flagged for further inspection.  The inspection step is performed on four complete 
days of images per month, even if no other images are flagged by the survey step.  Each image (both 
channels) is displayed with continental outlines and angle contours superimposed.  Manual inspection of the 
correspondence of the coastlines with visible landmarks is used to verify navigation accuracy.  Also, the 
consistency of the angle distribution over the image is checked. 
 

The accuracy of the image pixel locations varies depending on the procedure, but nominal 
estimates place the accuracy for all satellites at � 20 km or approximately � 0.18( (near nadir).  The checks 
made on B3 data to monitor the accuracy verify the navigation accuracy to within one B3 pixel or about 
24-30 km, 0.2-0.3(. 
 


