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Executive summary 

Validation of OceanSuite ship detection in RADARSAT-2
imagery with AISSat-1 space-based and MSSIS coastal AIS data  

Nicholas Sandirasegaram; Paris W. Vachon; Ryan A. English; Richard Olsen; 
Torkild Eriksen;Tonje-Nanette Hannevik; DRDC Ottawa TM 2013-119; Defence 
R&D Canada – Ottawa; December 2013. 
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Figure A-12: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-15a collection.  

Figure A-13: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-15b collection.  



Figure A-14: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-17 collection.  
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1 Introduction



Figure 1: Areas subject to Norwegian maritime surveillance.  Source: Norwegian Mapping Authority. 



i.e.



2 Data……..

.

     
(a)      (b) 

Figure 2: (a) June 2011 SAR acquisitions: 2011-06-13 (red), 2011-06-15 (yellow) 2011-06-17 (green), 
2011-06-21 (cyan), and 2011-06-25 (blue).  (b) August 2011 SAR acquisitions: 2011-08-17 (red), 2011-

08-19 at 15:50 (yellow), 2011-08-19 at 17:30 (green), 2011-08-21(cyan), and 2011-08-23 (blue).  
RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD. (2011) - All 

Rights Reserved.  



i.e.

Table 1: RADARSAT-2 data. 

Collection Date Time
[UTC]

Pol. Pass #Frames



3 Analysis Procedure

3.1 Analysis Region 

  
(a)    (b) 

Figure 3: RADARSAT-2 data acquired on 2011-07-11 (3 frames): (a) All declared vessels within the 
RADARSAT-2 footprint; and (b) All declared vessels within the analysis region. RADARSAT-2 Data and 

Products © MacDONALD, DETTWILER AND ASSOCIATES LTD. (2011) - All Rights Reserved. 



3.2 Data Processing 

e.g.



4 Results and discussion
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Figure 4: Example of AISSat-1 detection variations over a time span of a few hours.  The blue 
line indicates the number of ships detected in a single pass for a specific region, the red line is the 

cumulative sum of unique ships in the region. 
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Figure 5: Ship detection performance summary for OS (including the AISSat-1 and MSSIS 
declaration rate) expressed by Pd

* (along the y-axis) and FAR3600 (along the x-axis) as a quasi-
ROC curve. 
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(a)      (b) 

Figure 6: RADARSAT-2 data acquired on 2011-07-11: (a) HH channel; and (b) HV channel.  All 
sources (AISSat-1 (green square), MSSIS (yellow triangle), OS in HH (red circle) and OS in HV 
(red star)) declared this ship.  RADARSAT-2 Data and Products © MacDONALD, DETTWILER 

AND ASSOCIATES LTD. (2011) - All Rights Reserved. 
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(a)      (b) 

Figure 7: RADARSAT-2 data acquired on 2011-07-11: (a) HH channel; and (b) HV channel.  
Both AISSat-1 and MSSIS declared this ship (AISSat-1 (green square) and MSSIS (yellow 

triangle))  RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND ASSOCIATES 
LTD. (2011) - All Rights Reserved.. 



  
(a)      (b) 

Figure 8: RADARSAT-2 data acquired on 2011-08-15 (16:06:18 UTC): (a) HH channel; and (b) 
HV channel.  Both AISSat-1 and OS declared this ship (AISSat-1 (green square), OS in HH (red 

circle) and OS in HV (red star)).  RADARSAT-2 Data and Products © MacDONALD, 
DETTWILER AND ASSOCIATES LTD. (2011) - All Rights Reserved. 

  
(a)      (b) 

Figure 9: RADARSAT-2 data acquired on 2011-07-11: (a) HH channel; and (b) HV channel.  
Both MSSIS and OS declared this ship (MSSIS (yellow triangle), OS in HH (red circle) and OS in 

HV (red star)).  RADARSAT-2 Data and Products © MacDONALD, DETTWILER AND 
ASSOCIATES LTD. (2011) - All Rights Reserved. 
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(a)      (b) 

Figure 10: RADARSAT-2 data acquired on 2011-08-15 (16:06:18 UTC): (a) HH channel; and 
(b) HV channel.  Only AISSat-1 (green square) declared this ship.  RADARSAT-2 Data and 

Products © MacDONALD, DETTWILER AND ASSOCIATES LTD. (2011) - All Rights Reserved. 

  
(a)      (b) 

Figure 11: RADARSAT-2 data acquired on 2011-07-11: (a) HH channel; and (b) HV channel.  
Only MSSIS (yellow triangle) declared this ship.  RADARSAT-2 Data and Products © 
MacDONALD, DETTWILER AND ASSOCIATES LTD. (2011) - All Rights Reserved.  



  
 (a)       (b) 

Figure 12: RADARSAT-2 data acquired on 2011-08-13: (a) HH channel; and (b) HV channel.  
Only OS declared this ship (OS in HH (red circle) and OS in HV (red star)).  RADARSAT-2 Data 

and Products © MacDONALD, DETTWILER AND ASSOCIATES LTD. (2011) - All Rights 
Reserved.  



Figure 13: a) Venn diagram to illustrate all possible relations among AISSat-1, MSSIS and OS 
and b) Venn diagram using AISSat-1, MSSIS and OS sources.
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Figure 14: Number of OS-detected and OS-missed ships for 10 m bin size from 0 to 300 m.

Table 4: Summary of OS detected and missed ships based on known ship length. 

Ships Total Min [m] Max [m] Mean [m] Standard deviation [m]
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5 Conclusion
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Annex A RADARSAT-2 and AISSat-1 concurrent data 
collections

Table A-1: Concurrent RADARSAT-2 and AISSat-1 data. 



Figure A-1: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
06-13 collection. 



Figure A-2: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
06-15 collection. 



Figure A-3: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
06-17 collection. 



Figure A-4: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
06-21 collection. 



Figure A-5: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
06-25 collection. 



Figure A-6: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
07-03 collection. 



Figure A-7: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
07-07 collection. 



Figure A-8: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
07-11 collection. 



Figure A-9: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 2011-
08-09 collection. 



Figure A-10: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-11 collection. 



Figure A-11: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-13 collection.



Figure A-12: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-15a collection.



Figure A-13: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-15b collection.



Figure A-14: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-17 collection.



Figure A-15: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-19a collection. 



Figure A-16: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-19b collection. 



Figure A-17: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-21 collection. 



Figure A-18: RADARSAT-2 (dark yellow) and AISSat-1 (light yellow) coverage area for the 
2011-08-23 collection. 
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