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Experiences in GPS Photogrammetry 

Abstract 
Some tests for combined block adjustment with kinematic 
GPS coordinates of the projection centers have been carried 
out by the Universily of Hannover. The photogrammetric 
data handling has been solved, but up to now the GPS data 
are more or less disturbed. That means that the photogram- 
metric data processing has to compensate for such problems. 
The results of the combined adjustment of disturbed data are 
satisfulng. Due to the considerable cost reduction of the 
whole process - the number of control points can be re- 
duced to just four - there is a strong request for practical 
application. A good organization of the photo flight and the 
selection of suitable hardware components is very important 
to ovoid unnecessaly problems. 

Introduction 
Mapping and precise point determination by photogramme- 
try have been shown to be an economic solution. For refer- 
ence to the national net, control points are required. Based 
on block adjustment, the number of required control points 
has been reduced but the ground survey is nevertheless a not 
negligible part of the expenses. With crossing strips, the 
number of vertical control points can be reduced, but there is 
still a strong need for a further reduction of the control infor- 
mation. 

Figure 1 shows a typical control point configuration for 
precise point determination (photo scale 1:4000; endlap 80 
percent; sidelap 30 percent; 454 photos; 20 horizontal con- 
trol points at the periphery, marked by double symbols in 
Figure 1, and 133 vertical control points equally distributed). 

The ground survey for the control points took approxi- 
mately 30 percent of the overall cost of precise point deter- 
mination (photo flight, control point survey, photo 
measurements, and computations]. 

With crossing strips, the block adjustment can be com- 
puted with only four control points in the block corners, but 
the accuracy is usually not sufficient. 

In Figure 2, the differences in the results of a bundle 
block adjustment with the Hannover program system BLUH 
based on just four control points in the block corners and 
with only two crossing strips when compared to indepen- 
dent check points are apparent. Differences in Z are shown 
by vertical vectors, and differences in X, Y by vectors in the 
corresponding horizontal directions. 

The root-mean-square differences are as follows: 
With self-calibration: 

R M H  = ? 10 cm, RMSY = ? 8 cm, 
RMSZ = ? 217 cm 

Without self-calibration: 
R M H  = f 2 1  cm, RMSY = f 25 cm, 

RMSZ = f 77 cm 
With 20 horizontal and 133 vertical control points at inde- 
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pendent check points, the differences in the horizontal com- 
ponents are ? 2 cm and the differences in height are 5 3 
cm. This indicates that the results based on just four control 
points are not adequate. It is possible to stabilize the block 
adjustment with additional observations such as the projec- 
tion center coordinates determined by kinematic GPS posi- 
tioning. 

In the past, additional observations from horizon carn- 
eras, statoscopes, shore lines, airborne profile recorder, radar 
altimetry, and laser distancemeter have been used for block 
adjustment. However, all of these observations were either 
inaccurate or not reliable and/or the methods were too ex- 
pensive or to complicated. For this reason, they were used 
only for small-scale mapping in a few countries. 

With kinematic GPS positioning, it is possible to deter- 
mine the positions of the projection centers accurately. The 
rotations can be determined by block adjustment, so that the- 
oretically a block adjustment could be made without control 
points. Up to now, the kinematic GPS data are usually dis- 
turbed, that is, position errors caused by an incorrect ambi- 
guity solution - the so called cycle slips - cannot be 
avoided. 

Photo Flight 
Navigation of the photo flight with GPS positioning has be- 
come a standard procedure (Herms, 1992). In using the CCNS 
system, 80 percent of the photo centers are within a devia- 
tion of 70 m caused by selective availability. This is ade- 
quate also for large-scale mapping. An improvement is only 
possible with on-line differential GPS positioning based on 
broadcasting GPS reference stations. In Germany such sta- 
tions are available, particularly in the coastal region. Their 
accuracy is limited to 10 m, acceptable for navigation but not 
for exact on-line calculation of the projection centers. 

The exact determination of the projection centers by ki- 
nematic GPS positioning has not been established as a stan- 
dard procedure. For this reason, several problems may occur 
such as missing cable connections, problems with the stabil- 
ity of the hardware components, and organizational failures. 
Therefore, a complete check list is absolutely necessary. 

Reliable hardware components are very important. Stan- 
dard PCS cannot be used in aircraft. The lower pressure and 
vibrations will destroy the monitors, and hard discs can be 
used only for a very limited time. Solid state memories are 
required. 

Only the antenna location can be determined directly. 
The offset from the antenna to the projection center - the 
entrance nodal point - has to be accounted for. The location 
of the antenna has to be determined relative to the fiducial 
marks of the camera in the zero position. This can be done 
by intersection with two theodolites or more easily by close- 
range photogrammetry. The distance from the camera frame 
to the entrance nodal point has to be considered - this is 
not identical to the focal length (see Figure 3). The photo ori- 
entation of the bundle block adjustment will give the offset 
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vector orientation if the camera is fixed in the zero position. 
If this is not the case, the change of the camera orientation 
relative to the aircraft has to be recorded - this is possible 
with the newer model cameras. Without recording of the ro- 
tations relative to the aircraft, the orientation should not be 
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Figure 3. Camera nodal point. 

Figure 1. Block Rehinkamp: Flight lines and control points. 
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Figure 2. Differences of block adjustment based on four 
control points at block comers to check points. 

changed during single flight strips. Thus, onIy constant er- 
rors within the strips exist, which can be accounted for in 
the combined bundle block adjustment. 

The GPS recordings are done only at constant time inter- 
vals and not at the instant of exposure. The instant of expo- 
sure has to be recorded in the time base of the GPS receivers 
to enable an interpolation. The newest camera models (Zeiss 
RMK TOP, Zeiss LMK 2000, and Wild RC30) do have the possi- 
bility to record the center time of exposure. The release sig- 
nal of other cameras cannot be used because the time 
interval between the release signal and instant of exposure is 
not constant. 

If the instant of exposure cannot be recorded, a diode in 
the image plane can be used. Of course, the recorded time of 
the diode has to be calibrated relative to the instant of expo- 
sure as a function of the exposure time (Figure 4). There is 
also a small influence of the object brightness, so it is better 
to use the diode just behind the shutter, but this can only be 
done by the camera manufacturer. 

The aircraft speed during the photo flight is approxi- 
mately 200 kdh, corresponding to 6cdms for large-scale 
mapping. This means that the time recording has to be done 
at least with an accuracy of 0.1 ms. 
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A time - 
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Interpolation of Projection Centers 
The interpolation of the antenna positions as a function of 
the recorded time of the instant of exposure can be done lin- 
early or by least-squares matching. This should depend on 
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Figure 4. Instant 
of photographic 
exposure. 
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Figure 5. Coordinate differences and double differ- 
ences between neighboring GPS recordings, Rhein- 
kamp strip 1. 
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Figure 6. Upper: height profile of GPS values. 
Lower: standard deviations of GPS values. Test 
block Rheinkamp (50 percent). 

the information about the photo flight (turbulence of the at- 
mosphere) and possible problems of the GPS recordings. 

In Figure 5 the coordinate differences of neighboring GPS 
recordings for the GPS block Rheinkamp are shown. The tur- 
bulence is reflected in the double differences which corre- 
spond to the accelerations shown in the lower part of the 
figure. But, of course, this is also influenced by errors in the 
GPS recordings. 

The problems of GPS positions based on the carrier 
phase are illustrated in Figure 6. In the case of the test block 
Rheinkamp, flown in 1989, only four satellites were used. 
Particularly during turns from one flight strip to the next, the 
reference to some satellites was lost. It took some time to 
solve the ambiguity after loss of lock. This caused errors, vis- 
ible in the height profile - an aircraft cannot go up and 
down as rapidly as apparently indicated by the profile. The 
standard deviations of the GPS positions reflect the problem. 
But the situation is not as bad as it appears at first sight. 

The large standard deviations of the GPS positions are 
mainly limited to the flight path outside the block area, i.e., 
when the aircraft is reversing direction. Only in some cases 
at the beginning of the strips just inside the block area have 
ambiguities not been found correctly. 

The height of the aircraft does not change suddenly (see 

Figure 7). For this reason, a polynomial interpolation of the 
projection centers based on neighboring GPS recordings is 
possible. A local polynomial fit based on four neighboring 
points with three unknowns indicates that 28 of the 584 pro- 
jection center positions are blunders. With five unknowns, 
51 positions were excluded by data snooping. But such an 
elimination of 9 percent of the projection centers is negligi- 
ble for the bundle block adjustment with the projection cen- 
ter coordinates as additional observations. Also, a reduction 
to just 25 percent of the projection centers has a very limited 
influence (Jacobsen and Li, 1992). Even whole strips inside 
the block can be used without GPS data. Only if in block cor- 
ners the projection center coordinates are not available 
would this cause a quality reduction. 

All the positions indicated by large standard deviations 
were deleted by polynomial fitting. The mean square stan- 
dard deviations of the interpolated values of Sx = k 8 cm, 
Sy = & 11 cm, and Sz = k 11 cm is realistic for the block 
Rheinkamp with a time interval of 3 sec for the GPS record- 
ings. In the case of the block Blumenthal with a time interval 
of 1.2 sec, no blunders were detected. 

The polynomial interpolation did not improve the com- 
bined block adjustment significantly over a linear interpola- 
tion. But the data handling is easier with such a polynomial 
matching, i.e., the blunders are identified before the start of 
the block adjustment. 

Computation of GPS Positions 
The Global Positioning System is based on passive distance 
measurements to satellites. Two frequencies are used for the 
satellite signals, the L1 frequency with a 19.05-cm wave- 
length and the L2 frequency with a 24.45-cm wavelength. 
Two different frequencies are required for a proper determi- 
nation of ionospheric refraction. This is a special problem in 
the belt of approximately 30 degrees on either side of the 
geomagnetic equator and in the polar auroral zone (Figure 9). 

In regions with higher ionospheric activity, a proper 
mathematical model for handling ionospheric refraction is 
required. Not all comercially available GPS programs, though 
adequate in the other areas, are able to solve this problem. It 
is not possible to transfer the experience directly to the equa- 
tor and polar auroral zone. 

The LI-phase is modified by two additional phases, the 
P-code with a wavelength of 29.31 m and the CIA-code with a 

- 2 0  

Figure 7. Upper: Height profile of computed GPS posi- 
tions. Lower: Standard Deviations of GPS positions. Test 
block Rheinkamp, flight strips only in block area. 
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Figure 9. Regions of high ionospheric activity. 
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wavelength of 293.1 m. The ambiguity problem (the determi- 
nation of the number of whole wavelengths from satellite to 
receiver) for the CIA-code is solved by a phase code. There- 
fore, it is simple to navigate with the CIA-code. But the wave- 
length of 293.1 m is too long for precise positioning. By rule 
of thumb, the phase can be determined with an accuracy of 1 
percent of the wavelength, corresponding to 2.9 m. With 
smoothed phase information, positions based on the CIA-code 
can be as good as r 1 m or, with several satellites, + 0.5 m. 
So, for a precise block adjustment, the carrier phase has to be 
used for the computation of the GPS antenna location. But 
here the problem of the ambiguity solution exists. In the ki- 
nematic mode it is not possible, as it would be at a fixed po- 
sition, to integrate the information. 

The GPS positions of the tests handled by the University 
of Hannover were computed with the Hannover GPS program 
GEONAP (Seeber and Wuebbena, 1989). This program solves 
for the ambiguity by the "on the fly solution." With a linear 
combination of b o d  frequencies LD = LI - L2, the so called 
wide lane with a wavelength of 86.2 cm, and LS = LI + ~ 2 ,  
the narrow lane with a wavelength of 10.7 cm, together with 
the carrier phase, the ambiguity problem can be solved 
within a short time of registration, if it is not disturbed by 

N 
ln 
ln 
N 
0 
0 
0 

cycle slips. The problems of cycle slips may be overcome by 
a combination with an inertial navigation system (INS). The 
drift problems of INS do not allow the use of an INS instead 
of the GPS for a combined block adjustment, but a short loss 
of reference caused by the aircraft wing obscuring one of the 
GPS satellites during turn around or by a multipath effect can 
be bridged by an INS. The traditional INS is too expensive for 
a standard photo flight, but new low-cost systems are now 
available. In 1993 the University of Hannover performed a 
test with a combination of GPS and an INS based on a laser 
gyro (price approx. $40,000) but the results are not presently 
available. 

Because of the artificial deterioration of the GPS signals 
due to selective availability (sA), it is necessary to use rela- 
tive positioning by establishing a reference station on the 
ground. By rule of thumb, the distance to the reference sta- 
tion will influence the results by a factor of 10-8; that means 
that a distance of 50 km will worsen the position by a stan- 
dard deviation of +. 5 cm. The situation for a combined 
block adjustment is a little more complicated - constant 
shifts of the positions in one flight strip can be compensated 
by the solution but, in the case of a turbulent ionosphere, the 
ambiguity for the reduction of the SA may be complicated. In 
the above-mentioned test by the University of Hannover, in 
addition to a reference station in the block area, three perma- 
nent recording ground stations with distances of 20 to 30 
km, 40 to 50 km, and 150 to 160 km were used to get more 
information about possible distances to the reference station. 

On-line solutions with broadcasting reference stations 
are not required, but they have the advantage of an on-line 
check of all components. Particularly in developing coun- 
tries, where the complicated organization of relative kine- 
matic GPS positioning can cause problems, the use of 
broadcasting guarantees that all components are working ad- 
equately. On the other hand, in some densely populated 
countries like Germany, no frequencies for individual broad- 
casting are available. 

For small-scale mapping, the use of the CIA-code may be 
adequate. In this case, there is no problem with the ambigu- 
ity, and larger distances to the reference stations (200 km) 
can be accepted. 

The GPS-receivers should allow for measurement on both 
frequencies and, at the same time, utilize a sufficient number 
of satellites. Low-cost systems are not an economic solution. 

GPS positions are based on the World Geodetic System of 
1984 (WGS84). However, this is usually not the case for the 
national coordinate systems. A simple transformation from 
one ellipsoid to the other is not sufficient. Instead, a seven- 
parameter transformation has to be employed. If the datum is 
not known exactly, a local transformation can be made with 
four reference points in the corners of the block. Geoid un- 
dulations usually can be neglected in relation to the height 
accuracy of the photogrammetric point determination. 

Figure 8. Flight path, GPS test block Rheinkamp. 

Results of Test Blocks 
Three test flights with projection centers determined by kine- 
matic GPS positioning were carried out by the University of 
Hannover, and a fourth was flown but the results are not 
presently available. 

All test blocks had enough control points for a block ad- 
justment without the projection centers as observations. The 
standard deviations of the projection centers are in the range 
ofSXo-SYo = r 4tolOcmandSZo = r 1 t o 1 5 c m  
(see Table 1). A comparison of the projection centers deter- 
mined by the bundle block adjustment based on control 
points with the program system BLUH and the interpolated 
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TAELE I. GPS TEST B ~ K S  

Blumenthal Rheinkamp Wurster Watt 
1988 1989 1990 

photo scale 1:6300 1:4000 1:4200 
photos 69 454 236 
camera RMK15/23 RMK30123 RMK15123 
endlap p 80% 80% 60% 
sidelap q 60% 30% 30% 
crossing strips - 5 3 
GPS-receiver TI4100 TI4100 ELAC 8800 
SXo, SYo + 4 to 7 cm + 4 to 7 cm -c 8 to 20 cm 
SZo + 1 to 2 cm + 1 to 2 cm + 3 to 15 cm 
time recording diode in diode diode in 

image plane behind image plane 
shutter 

recording int. 1.2 sec 3 sec 1 sec 

GPS positions corrected by the offset indicated systematic er- 
rors changing from strip to strip (see Figure 10). After elimi- 
nation of the systematic errors of each strip, in the case of 
the block Blumenthal, the remaining root-mean-square differ- 
ences are RMSX = + 18 cm, RMSY = + 19 cm, and RMSZ = 
+- 10 cm. Theoretically, the accuracy in Z should be less 
than in X and Y, The discrepancy can be explained by a lim- 
ited accuracy of the time recording caused by the use of a 
diode in the image plane instead of the recording of the in- 
stant of exposure. The latter is possible with the modern aer- 
ial cameras. 

After elimination of constant systematic errors (shift) in 
the strips of the block Blumenthal, systematic errors are no 
longer significant. This is not the case for block Rheinkamp. 
After data correction (see "Interpolation of Projection Cen- 
ters") and stripwise preparation, root-mean-square differ- 
ences in the projection centers of RMSX = 2 30 cm, RMSY 
= + 23 cm, and RMSZ = +. 28 cm remain, significantly ex- 
ceeding the results of Blumenthal. Figure 11 indicates that, 
in addition to the shifts, there are also drift values. After im- 
provement by time dependent drift parameters, the remain- 
ing RMSX = + 19 cm, RMSY = + 13 cm, and RMsZ = + 22 
cm are close to the results of block Blumenthal. The larger 
values in Z can be explained by the larger block size of 
Rheinkamp (strip length -8 km instead of -2 km). 

Theoretically, systematic errors linearly depending upon 
time (drift) should not exist. This can only be explained by 
large ambiguity errors causing second-order effects. Drift 
components are the first approximation of these effects. 
Without control points in the block center, no higher order 
systematic effects can be determined in the combined block 
adjustment. 

It is not possible to combine two neighboring strips with 
the same shift and drift values without significant loss of ac- 
curacy. This indicates that the ambiguity problem has not 
been solved correctly. For all three blocks, only four satel- 
lites were available. If the elevation mask is reduced to 5 de- 
grees, today seven to eight satellites would usually be 
available. Based on this, the computation of the ambiguity 
would be much easier. A. Leik reported at the ASPRS Con- 
vention in New Orleans (unpublished) on the latest tests of 
the "on the fly solution" - with seven to eight satellites, the 
solution is stable after 60 seconds. 

The differences in the projection center coordinates de- 
termined by comparing the block adjustment based on con- 
trol points with the GPS positions in the block Wurster Watt 
(Figure 12) are quite different from the results of the other 
blocks. Instead of root-mean-square differences of about 10 

cm to 20 cm. values of RMSX = 2 113 cm. RMSY = + 113 
cm, and RM&Z = 2 143 cm were reached.~his is caused by 
the use of the CIA-code instead of the carrier phase LI and Lz 
for GPS positioning. These differences are not bad consider- 
ing that only four satellites were used with the CIA-code. 

The Hamover program system for bundle block adjust- 
ment, BLUH, can compute the combined block adjustment 
with projection center coordinates as observations and con- 
sider stripwise shifts and drifts Uacobsen, 1992). In the case 
of block Blumenthal, the sidelap of 60 percent and the limi- 
tation to five strips allows us to determine the shifts based 
on just four control points and without crossing strips. In 
this data set, the drift parameters are not significant (see Fig- 
ure 10). Therefore, a computation with just two control 
points would be possible, but this is not seriously considered 
for normal production. Based on the results of block Blu- 
menthal, the block Rheinkamp was stabilized with five 
crossing strips (see Figure 8). By theory and verified by the 
results, a crossing strip at each block side would be suffi- 
cient. With such a geometry, the shifts and drifts can be de- 
termined by the bundle block adjustment with just four 
control points - one in each corner. Of course, under opera- 
tional conditions single control points should not be used; 
for greater reliability, double control points (separated by 10 
m to 100 m from each other) are required as a minimum. 

The early detection of blunders is simplified by the local 
polynomial fitting of the GPS recordings. In addition to this, 

Figure 11. Differences in projection centers, block 
Rheinkamp. 
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Figure 10. Differences in projection centers, block Blumen- 
thal. 
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Figure 13. Results of combined bundle block adjustment. 
Blumenthal with four control points (p = endlap, q = si- 
delap). 

6 0 m  - 

4 0 -  

-l/?E\ 

a preliminary block adjustment without the projection center 
coordinates, and a check of the GPS positions against the pro- 
jection centers computed by the bundle adjustment with just 
four control points, is performend. Without this test preced- 
ing the block adjustment, it is not so easy to determine in a 
combined block adjustment a group of blunders in the pro- 
jection center coordinates with similar size and direction 
which can be caused by cycle slips. 

Figure 13 illustrates the results of the combined bundle 
block adjustment of block Blumenthal determined with inde- 
pendent check points. The block with just five strips can be 
computed also without GPS data. In particular, the height is 
improved by the combined adjustment. In the case of 80 per- 
cent endlap and 60 percent sidelap, SZ is reduced by the GPS 
data from 2 17.5 cm to + 11.8 cm and, in the case of 60 
percent endlap and 20 percent sidelap, from 2 35 cm to 
-' 12.5 cm. The horizontal components are also improved. 
This is a typical result of the combined bundle block adjust- 
ment with projection center coordinates. The largest im- 
provement is in the height, and the factor of improvement is 
greater for a weaker block. 

2 0 m  

-20m:- 

A drift of the GPS positions cannot be seen in the data of 
block Blumenthal and the differences in the shift values are 
small. For this reason, it is possible to perform the block ad- 
justment with juSt one control point (see Figure 14). Here the 
same trend can be seen as in the normal block adjustment - 
the accuracy is improved if more photos per point (higher 
overlap) are available. A block adjustment without control 
points is also possible with the projection center coordinates 
and at least two photo strips, but this is not reliable because 
of unavoidable systematic errors. For example, the focal 
length is not known accurately and not stable enough for 
precise photogrammetric point determination. Because of at- 
mospheric pressure and temperature changes with altitude, 
the focal length of a wide angle camera will change by 47 
micrometres at a 6-km flying height (Meier, 1978), corre- 
sponding to a 1.84-m shift of the projection center or change 
of ground elevation. 

The same trend as in block Blumenthal can also be seen 
in block Rheinkamp (Figure 15). With four control points 
supported by the projection center coordinates and stabilized 
by five crossing strips, there is a loss in accuracy of only 22 
percent in X, 27 percent in Y, and 21 percent in Z when 
compared with the fully controlled block. But this block is 
not too bad even with just four control points and not sup- 
ported by crossing strips. The improvement of the combined 
adjustment is mainly visible in the height - the GPS data re- 
duce SZ from + 37 cm to 2 28 cm. The accuracy of the in- 
dependent check points in some areas of the block is limited 
to SZ = -t 10 cm. In the center part, it is approximately SZ 
= 2 3 cm. 

A sub-block of 104 photos arranged in four strips plus 
three crossing strips with 20 percent to 30 percent sidelap 
was processed separately (Figure 16). The high number of 
points in the sidelap area allows a computation of this sub- 
block without crossing strips and with just four control 
points. Again, the vertical component is not very precise if it 
is not supported by GPS (Figure 17). In this case of a block 
with just four strips and sufficient sidelap, the accuracy of 
the combined adjustment is only slightly improved by cross- 
ing strips. 
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Figure 14. Results of combined bundle block adjustment, 
Blumenthal with one control point. 

Yurster W a t t  

Figure 12. Differences in projection centers, block Wurs- 
ter Watt. 
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Figure 16. Photo coverage in the center part of Rheinkamp. 
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Figure 15. Results of combined block adjustment, block 
Rheinkamp. 

Without crossing strips, there is an improvement in the 
vertical accuracy f r ~ m  -c 34.4 cm to k 10.9 cm and, with 
crossing strips, from + 17.6 cm to * 10.7 cm. For practical 
applications, crossing strips should be used; otherwise, the 
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Figure 17. Results of combined bundle block adjustment, 
center part of Rheinkamp. 

block may be unstable and the identification of blunders will 
be complicated. 

The standard deviations of the projection centers of the 
block Wurster Watt, determined by means of the C/A-code, 
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Figure 18. Results of combined block adjustment, Wurster 
Watt. 

are too large in relation to the photogrammetric values. 
Therefore, the influence to the block adjustment is limited 
(Figure 18). The height information is improved from 2 40 
cm to 4 34 cm but the horizontal component is worsened by 
1 cm. In general, the c/A-code is not sufficient for this photo 
scale; such a block can be handled also without GPS data. 

Conclusion 
The power of the combined bundle block adjustment with 
projection center coordinates determined by kinematic GPS 
positioning has been demonstrated. The photogrammetric 
problems are solved at an operational level. The main prob- 
lem today is kinematic GPS positioning itself. Based on the 
now available number of satellites and improved GPS receiv- 
ers, GPS positioning is simplified. Stable hardware compo- 
nents are required for operational use in the vibrating 
aircraft. For small-scale mapping, all the problems have been 
solved if the c /~-code is acceptable. For precise point deter- 
mination, the carrier phase has to be used with the require- 
ment for an adequate ambiguity solution. Outside the area of 
higher ionospheric activity, it is operational today. 

Selective availability requires relative positioning with 
respect to a ground station. The acceptable distance to the 
ground station is under investigation. 

Cycle slips may occur; therefore, the procedure has to be 
able to determine and account for them. With two crossing 
flight strips, the block geometry allows for the computation 
of shifts and drifts of the projection centers individually for 
any strip. But such crossing strips should be used also for 
stabilization of regular blocks. 

Combined bundle block adjustment with projection cen- 
ter coordinates determined by kinematic GPS positioning and 
the GPS-supported navigation will have in the near future a 
strong affect on photogrammetry because of its strong impact 
on the efficiency of the whole procedure. 
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