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Figure 4.1: Cape Town ERS SAR Image showing extracted portion for registration 

34 



Univ
ers

ity
 of

 C
ap

e T
ow

n

it is """lfJ""'.H" 

same scene 

a ran-

i-'rr.",,,,rrU'Q to 

UUU.P;\_" are: 

are 

• 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(a) Extracted portion of Master/Reference Image (057 I 5.slc) 

(b) Extracted portion of Slave Image (25388.s1c) 

Figure 4.2: Original extracted images for registration and the resulting registered images 
using GAMMA and the Implemented Algoritlun 
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(a) Registered Slave Image Using GAMMA software 

(b) Registered Slave Image Using Implemented algorithm 

Figure 4.3: Registered Slave Images using the GAMMA and Implemented algorithm 
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(a) Interferogram from images registered by GAMMA 

(b) lnterferogram from images registered by implemented algorithm 

Figure 4.4: Flattened Interferograms formed by images registered by GAMMA and the 
implemented algorithm 

Colour code: Blue (0) -> Light Green(27r) 
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Figure 4.5: Coherence Map showing the regions whose average values are compared 
Colour Code: Blue (Lowest CC) -> Yellow (Highest CC) 

4.2.2 Quantitative Measure 

The quantitative measure of accuracy of registration is the coherence co-efficient (CC) 

3.2. A single figure such as the average coherence co-efficient over a whole image may 

however not be a valid indication of how well the images in question have been registered. 

A good example of situations for which a single average value will not be valid is found 

in images for which a large region of the images have non-coherent backscatter due to the 

nature of the scene being imaged, ego bodies of water. This will result in a low value of 

CC (tending to 0 on a per unit scale of 0 ~ CC ~ 1 ) over the whole image. This may 

hide the fact that small but relevant regions of the images are accurately registered with 

relatively high values of CC . For the purpose of quantitative comparison of the imple­

mented algorithm and the GAMMA software, the average CC values are computed for 

different regions of the generated coherence co - efficient maps. The regions considered 

are as marked in Figure 4.5. 

As is shown in Table 4.1, the CC average values of the regions marked in Figure 4.5 

compare well. Note the CC values for region A which is a body of water, the average CC 

value is very low as expected, if this region formed a larger percentage of the images, it 

will be an example of the earlier described possible situation and will justify the argument 

for marking specific regions for comparison. The body of water is however a relatively 
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Figure 4.6: Plots showing the time budget for the registration process 
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The main focus of any parallel algorithm design is the maximization of the percentage 

of the time taken for parallel processing and as a result minimizing the time taken for 

the other listed 3 categories. This ensures that the processing nodes "enrolled" in the 

parallel cluster are actually processing for most of the time and not losing idle CPU cy­

cles(processor utilization). This determines the overall efficiency of the parallel system 

and thus indicates justification for the parallelization scheme( or otherwise). 

4.3.1 Load Imbalance 

1.6 

1.4 A / 

/ \ / 1.2 

/ V I 

O.B 
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/ 
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I 
0.2 

/ 0 
1 , 2 , 3 , 4 , :5 , S 

,--+-Imbalance 0 L 1 I I , 1.5 1 I I 1.5 

No. Df PrDceaaing NDd •• 

Figure 4.8: Plot showing extra time overhead due to load imbalance 

As earlier explained, the tasks performed in parallel - tie-point offset calculation and im­

age warping are at the low level (pixel level) and are evenly distributed 3.3.2. This ensures 

that the computing load distributed amongst the computing nodes are well balanced. 

The recorded average values of imbalance for all values of n are very low (~ 0 seconds), 

they seem random, following no particular trend and cannot be attributed to any identifi­

able specific cause. 

44 



Univ
ers

ity
 of

 C
ap

e T
ow

n

The time lost as a result of imbalance in load on processing nodes for this implemented 

algorithm as a percentage of the total time taken for the processing is negligible for all 

values of n and can be ignored. 

4.3.2 

.E 

" E 
i= 

Communication versus Computation 
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gOOO 

BOOO 
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5000 \ 
4000 \. 
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I
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The plots of communication and communication:computation are hardly distinguishable 
because of their relatively low values, the adjoining table however shows the values 

Figure 4.9: Plots showing the communication:computation ratio as the number of pro­
cessing nodes is scaled 

An objective of all parallel algorithm is to reduce the communication: Computation ratio. 

The time taken for VO and the accompanying system overhead are shown in the adjoining 

table to the plot shown in Figure 4.9, the Figure also shows the communication: computa­

tion ratio ( this is hardly distinguishable from the plots for the communication, the values 

are shown in the adjoining Table). As is expected, the ratio is recorded as increasing as 
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Figure 4.10: Plots showing Time for Parallel and the Serial Computation and the Paral­
lel:Serial ratio 
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Figure 4_11: Plots showing Theoretical speed-up limit and recorded value for the imple­
mented algorithm 
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The adjoining Table to Figure 4.11 shows recorded values obtained by running the imple­

mented algorithm along with theoretical values calculated using Equation 4.5. The plots 

show that the recorded values are very close to the theoretical limit for all values of n . 

4.3.5 Scalability 
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Figure 4.12: Plot showing Scalability of Implemented algorithm as the number of pro­
cessing nodes is scaled 

The scalability of the parallel program indicates how much computing resources can be 

increased to obtain commensurate increased performance. In this case, the computing 

resources increased is the number of processing nodes, and the required performance is 

increased speed-up (reduction in total processing time). 

The parallel program as implemented scales vary well for the values of n = 1 to 6, the 

obtained reduction in total processing time has an almost linear relationship with n for 

this range(see Figure 4.l1). 
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Figure 4.13: Plot of Overall Efficiency of the Parallel system as the number of processing 
nodes is scaled 
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