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Figure 4. Tractor situated on 17 September 2014, east-
west direction, on test site n.1 
 
The COSMO-SkyMed dataset used during the tests 
initially consist of 94 Stripmap data (25 descending and 
69 ascending) covering Potenza Area. They were 
acquired for a previous work funded by the Italian 
Space Agency (ASI) under “COSMO-SyMed 
Announcement of Opportunity” (ID 1380, ASI Contract 
N. I/052/09/0). 
In addition were acquired especially for the project three 
groups of COSMO-SkyMed data.  
The first group includes Stripmap Himage data of the 
Map Italy program as detailed in Tab. 1. 
 
Table 1. First COSMO-SkyMed Stripmap dataset  

Satellite  Data Geometria SAR 

S4 2014-01-02 (Archivio) Right Ascending 

S4 2014-01-18 (Archivio) Right Ascending 

S4 2014 - 02 - 03 Right Ascending 

S4 2014 - 02 - 19 Right Ascending 

S4 2014 - 03 - 23* Right Ascending 

S4 2014 - 04 - 08 Right Ascending 

S4 2014 - 07 - 29 Right Ascending 

* radiometric degraded 
 
The application of the developed change detection 
algorithm, on first dataset, carries out maps of temporal 
changes.  
During the first analysis, pixels corresponding to the 
position of the vehicles were not identified in the 
change detection maps. It happened because the method 
was incorrect.   
For this reason the test sites and vehicles used for the 
second COSMO-SkyMed dataset were chosen with 
specific features: 
1. To prearrange the scene with vehicle in a central 

position of an homogeneous area of minimum area 
equal to 60m*60m; 

2. To direct vehicles with a favourable orientation for 
the geometrical acquisition of satellite data.   

 

 
Figure 5. Test site n. 2. A new built cottage. The red star 
indicates the tractor's position on 19 February 2014 
and on 08 April 2014 (first COSMO-SkyMed dataset). 
The yellow star indicates the tractor's position on 21-24 
November 2014 (third COSMO-SkyMed dataset). 
 

 
Figure 6. Mini Excavator located on 19 February and 
08 April 2014 
 

 
Figure 7. Mini Excavator situated on 21 and 24 
November 2014 
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with none multi-look applied, the probability 
distribution is: 

 

                       PI (I) = 
ଵ

஢
exp ቀെ 

ூ

஢
ቁ   for I ൒ 0             (1) 

 
These statistical distributions are fundamental in the 
SAR's signal processing. The target is completely 
described with σ parameter, and by Eq. 1 it is equal to 
Mean Intensity. When a pixel is characterized by many 
elementary scatters, the power observed is a measure of 
Radar Cross Section (RCS). If a pixel is part of a 
homogeneous area, σ can be estimate using the great 
quantity of pixels applying the mean operator. 
In theory of probability, the Chi Square (χ2) distribution 
describes the sum of the squares of some independent 
random variables characterized by a normal standard 
distribution. For this reason and for the previously 
assumptions SAR's intensity is described by a Chi 
Square distribution.  
 

χ2 = ∑ xi
2k

iൌ1 ൌx1
2 + x2

2 + x3
2…………….+ xk

2          (2) 
 
Where x1, x2, x3 are independent random variables with 
Normal Distribution ࣨ(0,1) and where k is the degree 
of freedom. 
If equation n.1 is valid, the SAR intensity, as the sum of 
two Gauss variables raised to the second power, 
arranges as a Chi Square variable. 
The Chi Square probability is: 
 

fk(x) = 
1

2

k

2 Γሺ
k
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 x
k
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e 
‐x
2                             (3) 

 
K is the degree of freedom and equal to 2 for single look 
SAR data, characterized by the in-phase and in 
quadrature SAR's signal components.  
On the other hand, Bruzzone and Bovolo [3] affirm that 
change detection in multi-temporal SAR images can be 
execute using Difference Operator, Ratio Operator and 
Logarithmic Ratio Operator.  
Ratio Operator is preferable because it permits to 
equally estimate both areas with high intensity and areas 
with low intensity. Furthermore ratio operator allows to 
cancel common multiplicative noise. 
The studies demonstrate that Ratio of SAR's intensities 
is modeled by the Fisher-Snedecor probability density 
function.  
In the Eq. 4 the Fisher-Snedecor distribution of the ratio 
operator (XR). 
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The Fisher-Snedecor probability density function 
changes with the Equivalent Look Number (called m 
and n) of the utilized data.  

The Equivalent Number of Look values: 
 

                             < ENL > = L =   µ
2

σ
                          (5) 

 
If the target is characterized with Digital Number (DN) 
in change map equal to a value, called T, it is possible to 
calculate the false alarm rate defined as: 

 
1 – P (XR = T)                              (6) 

 
The below Fig. 9 shows Fisher-Snedecor curves 
obtained with various ENL values. The red curve 
indicates the Fisher-Snedecor distribution by single-
look data (m and n equal to 1) the green and blue curves 
the Fisher-Snedecor distributions by single look and 
multi-look SAR data (in particular case m equal to 1 and 
n equal to 3 and 5).  
The false alarm rate decreases for high values, equally 
for multi-look SAR data. 
 

Figure 9. Fischer-Snedecor curves with ENL 1-1 (in 
red), ENL 1-3 (in green) and ENL 1-5 (in blu). 
 
COSMO-SkyMed Stripmap Himage data are 
characterized by a swath extension of about 40 x 40 km2 

and a spatial resolution of 3x3 m2 for single look. The 
change detection algorithm aims to detect targets as 
vehicles of middle-large size.  
For these reasons a spatial multi-look results inapt 
because the interesting target has similar dimensions as 
the spatial resolution of the Stripmap data and the 
possibility of a temporal multi-look of SAR products 
was chosen. 
In summary, the new change detection technique was 
design studying a probabilistic approach and following 
its innovative elements: 
1. the opportunity to measure the probability of an 

event with the related False Alarm Rate and to 
predict a risk; 



 

2. the use of a temporal multi-look in order to 
preserve the spatial information of the Stripmap 
data and at the same time to decrease the false 
alarm rate. 

These properties are basic for an efficient and automatic 
monitoring service. 
 
 
3. APPLICATION TO TEST SITES 

Change Maps were obtained with the application of the 
Ratio Operator onto the multi-temporal Stripmap 
Himage pairs with/without the test target.  
The targets were a tractor (80 horsepower category) in 
site test n. 1 and a mini excavator (30 quintals category) 
in site test n. 2 . 
 
Location: test Site n.1; Target: the tractor situated on 19 
February 2014 (Fig. 3). 

Ratio Operator was applied to the interferometric 
Stripmap pairs: 19-03 February 2014 and 19 February 
2014 - 08 April 2014. 
 

 
Figure 10. Mean image obtained by 24 co-registered 
Stripmap data, the red star indicates the position of the 
tractor on 19 February 2014. 
 
The search of those pixels in change detection images 
corresponding to the tractor is carried out in two 
attempts. 
In the first attempt the mean image produced by co-
registered data (within the pairs used in order to produce 
the change maps) was used to localize the area where 
the tractor is expected, in the second attempt tractor's 
pixel coordinates have been evaluated by geographic 
coordinates using a geocoding algorithm (by authors). 
Both specific area are overlapping each other.  
Changed pixels were expected with Digital Number 
values very high. On the change map obtained with pair 
19-3 February 2014 have been found in the specific area 
DNs equal to 290 and 1180, but they are not in the same 
pixel position on the co-registered change map by the 

pair 19 February 08 April 2014. Fig. 11 shows white 
pixels (correspondent of very high DN) not in the same 
location on the two change maps.  

 
Figure 11. Change Maps with stretching in range [13, 
800] 
 
The deep study of the change maps induces to identify 
other pixels with lower Digital Number values (Tab. 5) 
compared to the ones identified previously, but they are 
in the same coordinates on both change maps (Fig. 12). 
They prove to be the true pixel relative to the tractor. 
In this case the co-registered Stripmap data are 
interpolated for factor equal to 2 in range direction and 
1 in azimuth direction in order to preserve the radar 
signal. 
 

 
Figure 12. Change Maps with stretching in range [13, 
80]. The cross centers the true change pixels identified. 
 

Table 5. Change Detection results 

 
Location: test Site n.2; Target: mini excavator situated 
on 19 February 2014 and 08 April 2014 (Fig. 4).  

Ratio Operator was applied to two groups of 
interferometric Stripmap pairs. 
The two groups are composed of pairs characterized by 
a master data acquired when the excavator was in the 
site. So the data pairs of the first group are 19 - 03 
February, 19 February -18 January, 19 February - 02 
January and 19 February - 29 July 2014. Whereas the 
data pairs of the second group are characterized by the 
data acquired in 08 April 2014 as master data. These are 
08April -03 February, 08 April- 02 January, 08 April -
18 January, 08 April -29 July 2014. 
The search of those pixels corresponding to the mini-
excavator in the eight change maps is carried out 
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Below the main features of the changed results.  
1. The changed pixels corresponding to the position of 

the tractor are detected on all change maps (Tab. 7) 
obtained using the available multi-temporal pairs 
with/without the test target (advantage). 

2. The Fisher-Snedecor probability function correctly 
models the experimental distribution of the changed 
DNs, in fact the probability of the false alarm 
(called prob_theor in tab. 7) well corresponds to the 
related experimental data (called prob_exp in Tab. 
7) (advantage). 

3. The Digital Number of the identified changed 
pixels and the relative false alarm probabilities are 
very various (disadvantage). 

 
The change detection algorithm is optimized in order to 
overcome the aforementioned disadvantage using 
temporal multi-look products, tab. 8 reports the change 
detection results obtained with temporal multi-look 
data. The false alarm rates are very low.   
 
Table 8. Change Detection results using time multi-look 

 
Table 9. Stripmap data used for time multilook 

 
The third COSMO-SkyMed dataset is composed by 
Stripmap and Spotlight data.  
 
Location: test Site n.2; Target: the mini-excavator 
situated on 21-24 November 2014 (Fig. 7) 

The last test is aimed to compare the change detection 
performances using different COSMO-SkyMed data 
types in order to detect the same target, in the same 
position, on the same site. The change maps are 
obtained using four Stripmap Himage data and three 
Spotlight 2. 
In tab. 10 the change detection results using single-look 
Stripmap and a temporal multi-look product obtained by 
the same single-look data. The theoretical and 
experimental probabilities of false alarm are equal to 2-

3% using single Stripmap data (analyzing three multi-
temporal pairs of single-look data), these values become 
0.5 - 0.7 % using the mean image as a temporal multi-
look product. 
 
Table 10. Change Detection results with single-look and 

temporal multi-look Stripmap products 

 
Tab. 11 reports the DNs of the changed pixels on the 
Spotlight's change maps. The mini excavator causes 
high DNs on several close pixels in the two change 
maps. The false alarm probabilities measured with the 
Fisher-Snedecor Distribution (prob_theor in Tab.11) are 
very near to the correspondent values measured on the 
change maps (prob_exp in Tab.11).   
 
Table 11. Change Detection results with single Spotlight 

data 

Image 1 Image 2
DN_ 
CD 

Range 
Azimut

h 
Prob_ 
theor 

Prob_ 
exp 

24/11 06/12 

46 1580 614 2.1 0.8
168 1580 615 0.6 0.06
215 1579 614 0.4 0.03
293 1578 614 0.3 0.01

24/11 10/12 

43 1582 614 2.3 0.9
142 1581 614 0.6 0.09
41 1577 614 2.3 1.0
43 1578 613 2.3 0.9
44 1579 615 2.3 0.9

112 1578 614 0.88 0.15
679 1580 614 0.14 0.00
711 1579 614 0.14 0.00

 
 
4. CONCLUSIONS AND OUTLOOKS 

The main feature of the change detection technique is its 
quantitative method which allows a consistent measure 
of false alarm rate. Several tests are carried out in order 
to evaluate the algorithm's performance. 
The main remarks of the study are: 
 (General)  

The Fisher Snedecor distribution correctly models 
the experimental distribution of the change maps 
obtained by Stripmap and Spotligth data covering 
rural area (Fig. 13). In fact the theoretical 
probabilities are similar to the correspondent 
experimental probabilities (tab. 5-6-7-8-10-11). 

Img_1 
Img_2: 
mean 
image 

DN_C
D 

Ran- 
ge 

Azimu- 
th 

Probth
eor 

Prob_e
xp 

 
17/09 

 

01/09/14  
41.1 

 

 
1598 

 

 
602 

 

0.21 
(ENL=

2) 
0.25 01/09/14 

24/08/14 

 
17/09 

 

 
17 data in 

Tab. 9 

 
13.6 

 
1597 

 
 

602 
 

0.3 
(ENL=

3.8) 
0.11 

Sat. date Sat. date Sat. date
S2 20110723 S3 20110809 S4 20110828 
S3 20110724 S4 20110812 S1 20110901 
S1 20110731 S1 20110816 S2 20110909 
S2 20110808 S2 20110824 S3  20110910 
S4 20110913 S1 20140824 S1 20140909  
S1 20110917 S2 20140917   S2 20140901 

Img_1 Img_ 2
DN_ 
CD 

Range 
Azimu 

th 
Prob_ 
theor 

Probexp

21/11 12/11 52.1 1618 614 1.8 0.94 
21/11 17/09 42.0 1619 615 2.3 1.4 
21/11 03/10 33.2 1621 615 2.9 1.8 

21/11

Mean 
Image 

by 
three 
data 

24 1619 615 
0.7 

(ENL=1.9)
0.45 

18 1620 615   



 

 (referring to change maps by single-look Stripmap 
data) 
The target changed pixels are clearly identified by 
all multi-temporal pairs with/without the test target. 
The target change DNs are very unstable. 
 (referring to change map by temporal multi-look 

Stripmap data).  
The false alarm probabilities of the interesting 
changes are within the range 0.11 %  0.7% , they are 
very low. The use of only three data to produce 
temporal multi-look products is sufficient to return a 
stability in change maps and to reduce the false 
alarm from a mean value of 5% to a mean value of 
0.5 %. 
 (what choose between change maps by temporal 

multi-look Stripmap and by single-look Spotlight 
data)  
The change detection algorithm with a time multi-
look of three Stripmap data generates equivalent 
false alarm compared to the case of using single 
Spotlight data, with the precious advantage of a 
remote monitoring of a larger cover area. 
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