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1. ʆˇ MarineTraffic  

2. Trajectory Data Mining(theory & practise) 
Åʃʹʴʷˌ ʵʶʵˇ˃ʷ˄˖˄

Åtrajectory pre-processing

ÅIndexing and retrieval 

Åtrajectory pattern mining

3. ɾʶ˂˂ˇ˄ˍʽˁʷˌ ˁʰˍʶˎʻˏ˄ˋʶʽˌ 
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Big (spatial) Data
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ʅˎʴˁʶˁˊʽ˃ʷ˄ʶˌ ʇˉˇˋ˔ʷˋʶʽˌ

ÅAchievea reduction of accidents at seaby timely detecting 
hazardous situations (including malicious events) based on the vessels
ǘǊŀƧŜŎǘƻǊȅΣ άōŜƘŀǾƛƻǳǊέ όŜΦƎΦ ǎǇŜŜŘΣ ŎƻǳǊǎŜύ ŀƴŘ ŎƻƴǘŜȄǘ όŜΦƎΦ ǿŜŀǘƘŜǊ 
conditions or nearby ships), while proposing measures of proactive 
prevention .

ÅAccomplish a decrease in port congestion and seawaysby 
monitoring and improving the forecasting of vessel arrivals (ship sizes, 
cargoes, ETAs, loading/discharge times) to enable better planning and 
execution of port operations (virtual arrivals).

ÅEffectively manage traffic and cut down fleet monitoring costs

Åreduction of green-house gas (GHG) emission



ʃˇˎ ʶʾ˄ʰʽ ˍˇ ʵˏˋˁˇ˂ˇΤ 



ɾʶʴʱ˂ʰ ɲʶʵˇ˃ʷ˄ʰ όBig Data)

Åʂʴˁˇˌ
ÅпрD. ǇŜǊ Řŀȅ όǎȅƴƻǇǎƛǎΗύ
Åрл ōȅǘŜǎ ǇŜǊ ƳŜǎǎŀƎŜ 

Åʆʰ˔ˏˍʹˍʰ
Åм ƳŜǎǎŀƎŜ ǇŜǊ ƳƛƴǳǘŜ ǇŜǊ ǾŜǎǎŜƭ

ÅҔлΦр .ƛƭƭƛƻƴ ƳŜǎǎŀƎŜǎ ǇŜǊ Řŀȅ 

ÅҔнллΣллл ǎǘǊŜŀƳǎ

Åʃˇʽˁʽ˂ʾʰ
Åʂˋˇ ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˇʽ ˉʹʴʷˌ ʵʶʵˇ˃ʷ˄˖˄Σ 
ʰˎ˅ʱ˄ˇ˄ˍʰʽ ˁʰʽ ˇʽ ʵˎˋˁˇ˂ʾʶˌ ʶˉʶ˅ʶˊʴʰˋʾʰˌ 
ˁʰʽ ʵʽʰ˔ʶʾˊʽˋʹˌ 

ɄɞɘəɘɚɑŬ



ɮ˄ʱ˂ˎˋʹ ˁʾ˄ʹˋʹˌ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄ 

ÅA spatial trajectory is a trace generated by a moving object in geographical spaces, usually represented by a 
series of chronologically ordered points, e. g. ὴρ ὴOςᴼỄὴOὲ, where each point consists of a geospatial 
coordinate set and a timestamp such as ὴ=(ὼ,ώ,ὸ). 

th{ψL5Σaa{LΣ{¢!¢¦{Σ{¢!¢LhbΣ{t995Σ[hbΣ[!¢Σ/h¦w{9ΣI9!5LbDΣ¢La9{¢!atΣ{ILtψL5
млфплснлмфΣсстллнммфΣлΣмпссΣфмΣϦнтΣпмффтϦΣϦосΣупумсϦΣнлуΣрммΣмсκлфκмп мнΥрпΣтсофст
млфплтсрссΣсстллнммфΣлΣмпссΣфмΣϦнтΣпмснрϦΣϦосΣупотсϦΣнмуΣрммΣмсκлфκмп мнΥрсΣтсофст
млфплфмппсΣсстллнммфΣлΣмпсуΣфоΣϦнтΣпммфтϦΣϦосΣуофпнϦΣнмуΣрммΣмсκлфκмп мнΥруΣтсофст
млфпмлутфоΣсстллнммфΣлΣмпссΣфоΣϦнтΣплсфоϦΣϦосΣуопорϦΣнмфΣрммΣмсκлфκмп моΥлмΣтсофст
млфпмонмосΣсстллнммфΣлΣмпссΣфоΣϦнтΣпллпϦΣϦосΣунурсϦΣннмΣрммΣмсκлфκмп моΥлпΣтсофст
млфпмптутмΣсстллнммфΣлΣмпссΣфрΣϦнтΣофрупϦΣϦосΣуноссϦΣнмнΣрммΣмсκлфκмп моΥлсΣтсофст
млфпмсноспΣсстллнммфΣлΣмпссΣфрΣϦнтΣофнопϦΣϦосΣумутоϦΣнлуΣрммΣмсκлфκмп моΥлуΣтсофст
млфпмтсоммΣсстллнммфΣлΣмпссΣфпΣϦнтΣоуутсϦΣϦосΣумоумϦΣнммΣрммΣмсκлфκмп моΥммΣтсофст
млфпмфофноΣсстллнммфΣлΣмпссΣфоΣϦнтΣоупонϦΣϦосΣултусϦΣнлфΣрммΣмсκлфκмп моΥмоΣтсофст
млфпнммрулΣсстллнммфΣлΣмпссΣфпΣϦнтΣоулмоϦΣϦосΣулмтсϦΣнлуΣрммΣмсκлфκмп моΥмсΣтсофст



System Model for LBSs

Å¢ƘŜ ƭƻŎŀǘƛƻƴǎ ƻŦ ǘǊŀŎƪŜŘ ƳƻǾƛƴƎ 
ƻōƧŜŎǘǎ ŀǊŜ ǊŜǇƻǊǘŜŘ ǘƻ ǘƘŜ 
ƭƻŎŀǘƛƻƴ ǎŜǊǾŜǊΦ 

Å¢ƘŜ [.{ ŀǇǇƭƛŎŀǘƛƻƴǎ ǎǳōƳƛǘ 
ǉǳŜǊƛŜǎ ǘƻ ǘƘŜ ǎŜǊǾŜǊ ǘƻ ǊŜǘǊƛŜǾŜ 
ƳƻǾƛƴƎ ƻōƧŜŎǘ Řŀǘŀ ŦƻǊ ŀƴŀƭȅǎƛǎ 
ƻǊ ƻǘƘŜǊ ŀǇǇƭƛŎŀǘƛƻƴ ƴŜŜŘǎΦ



Trajectory Data Mining

¸ǳ ½ƘŜƴƎΦ ¢ǊŀƧŜŎǘƻǊȅ 5ŀǘŀ aƛƴƛƴƎΥ !ƴ hǾŜǊǾƛŜǿΦ !/a ¢ǊŀƴǎŀŎǘƛƻƴǎ ƻƴ LƴǘŜƭƭƛƎŜƴǘ {ȅǎǘŜƳǎ ŀƴŘ ¢ŜŎƘƴƻƭƻƎȅΦ нлмрΣ ǾƻƭΦ сΣ ƛǎǎǳŜ оΦ
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ɾʶʴʱ˂ʰ ʵʶʵˇ˃ʷ˄ʰ ˄ʰˎˍʽ˂ʾʰˌ ˁʰʽ ʰ˄ˍʾˋˍˇʽ˔ʶˌ 
ˉʹʴʷˌ
Åʅʺ˃ʶˊʰ ˉʰˊʱʴʶˍʰʽ ʷ˄ʰˌ ˍʶˊʱˋˍʽˇˌ ˈʴˁˇˌ ʵʶʵˇ˃ʷ˄˖˄ ʰˉˈ ˉˇ˂˂ʱ 
ʵʽʰ˒ˇˊʶˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʶˉʽˍʺˊʹˋʹˌ 

Åɮˎˍʱ ˍʰ ˋˎˋˍʺ˃ʰˍʰ ˃ˉˇˊˇˏ˄ ˄ʰ ˁʰˍʹʴˇˊʽˇˉˇʽʹʻˇˏ˄ ˖ˌ
Åʅˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌκʰ˄ʰʴ˄˗ˊʽˋʹˌ
ÅAutomatic Identification System(AIS)

ÅLong-Range Identification and Tracking(LRIT)

ÅVessel Monitoring Systems (VMS)

Åɾʹ ˋˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌκʰ˄ʰʴ˄˗ˊʽˋʹˌ
Åɼʱ˃ʶˊʶˌ 

Åˊʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁʺˌ ʰˉʶʽˁˈ˄ʽˋʹˌ Synthetic Aperture Radar (SAR)



ɾʹ ˋˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʰʴ˄˗ˊʽˋʹˌΥ 
ʄʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁʺˌ ʰˉʶʽˁˈ˄ʽˋʹˌκ ʰ˄ˇʾʴ˃ʰˍˇˌ
Åʁ ˈˊˇˌ {!w ʶʾ˄ʰʽ ʹ ˋˎ˄ˍˇ˃ˇʴˊʰ˒ʾʰ ʴʽʰ ˍˇ SyntheticApertureRadar̋  
ˊʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁˇˏ ʰ˄ˇʾʴ˃ʰˍˇˌ
Åʃˊˈˁʶʽˍʰʽ ʴʽʰ ˃ʽʰ ʶʽʵʽˁʺ ˍʶ˔˄ʽˁʺ ˊʰ˄ˍʱˊ ˉˇˎ ʶˉʽˍˊʷˉʶʽ ˋˍˇˎˌ ˔ˊʺˋˍʶˌ ˄ʰ 
˂ʰ˃ʲʱ˄ˇˎ˄ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ʶʽˁˈ˄ʶˌ ˊʰ˄ˍʱˊ ʰˉˈ ˃ʶʴʱ˂ʶˌ ʰˉˇˋˍʱˋʶʽˌΣ 
ˉΦ˔Φ ʰʶˊˇˋˁʱ˒ˇˌ όairborneύ ʺ ʵˇˊˎ˒ˈˊˇ όspaceborne). 
Åɶ ˂ʶʽˍˇˎˊʴʾʰ ˍˇˎ ʲʰˋʾʸʶˍʰʽ ˋˍʹ˄ ʶˁˉˇ˃ˉʺ ˃ʽˁˊˇˁˎ˃ʰˍʽˁ˗˄ˋʹ˃ʱˍ˖˄ ˁʰʽ ˋˍʹ 
ˋˎ˄ʷ˔ʶʽʰ ˋˍʹ ˂ʺ˕ʹ ˍ˖˄ ʰ˄ʰˁ˂ʱˋʶ˖˄ ʰˉˈ ˍʰ ʵʽʱ˒ˇˊʰ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰ ˉˇˎ ˒˖ˍʾʸˇ˄ˍʰʽ 
ʰˉˈ ˍˇ ˋʺ˃ʰ ʶˁˉˇ˃ˉʺˌΦ 
Åɱʽʰ ʷ˄ʰ ˃ˈ˄ˇ ˋˍˈ˔ˇ ˇ ˔ˊˈ˄ˇˌ ˁʰʻˎˋˍʷˊʹˋʹˌ ǘ ˍʹˌ ʹ˔˗ˌ˃̄ ˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 
ʴʽʰ ˄ʰ ˁʰʻˇˊʽˋˍʶʾ ʹ ʰˉˈˋˍʰˋʹ w ʰˎˍˇˏ ʰ˒ˇˏ ˍʰ ˃ʽˁˊˇˁˏ˃ʰˍʰ ˍʰ˅ʽʵʶˏˇˎ˄Σ ˋˍˇ ˁʶ˄ˈ 
ˁʰʽ ˉˊˇˋʶʴʴʽˋˍʽˁʱ ˋˍˇ˄ ʰʷˊʰΣ ˃ʶ ˍʹ˄ ˍʰ˔ˏˍʹˍʰ ˍˇˎ ˒˖ˍˈˌΦ

Åʆˇ ˊʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁʺˌ ʰˉʶʽˁˈ˄ʽˋʹˌό{!wύ ˉʰˊʷ˔ʶʽ ˍʹ˄ ˃ˇ˄ʰʵʽˁʺ ʵˎ˄ʰˍˈˍʹˍʰ 
ʰˉʶʽˁˈ˄ʽˋʹˌ ˎ˕ʹ˂ʺˌ ʰ˄ʱ˂ˎˋʹˌ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ʴʹˌ ˎˉˈ ˇˉˇʽʶˋʵʺˉˇˍʶ 
ˁʰʽˊʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʰ˄ʶ˅ʰˊˍʺˍˇˎ ʹ˃ʷˊʰˌ ʺ ˄ˏ˔ˍʰˌΦ



ɾʹ ˋˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʰʴ˄˗ˊʽˋʹˌΥ 
ʄʰ˄ˍʱˊ ˋˎ˄ʻʶˍʽˁʺˌ ʰˉʶʽˁˈ˄ʽˋʹˌκ ʰ˄ˇʾʴ˃ʰˍˇˌ



Sentinel 1

Åɳˎˊ˖ˉʰʿˁˈ ˉˊˈʴˊʰ˃˃ʰ /ƻǇŜǊƴƛŎǳǎ˒ʷˊʶʽ ʷ˄ʰ ˉˊˇʹʴ˃ʷ˄ˇ ˊʰ˄ˍʱˊ ʴʽʰ 
ˍʹ˄ ˉʰˊˇ˔ʺ ˉʰ˄ˍˈˌ ˁʰʽˊˇˏΣ ˃ʷˊʰˌπˁ ʰπ̔˄ ˏ˔ˍʰˌ ʶʽˁˈ˄˖˄ ˍʹˌ 
ʶˉʽ˒ʱ˄ʶʽʰˌ ˍʹˌ ɱʹˌΦ 

Åʅˎ˄ʶ˔ˈ˃ʶ˄ʹ ˊˇʺ ʵʶʵˇ˃ʷ˄˖˄ 
ÅCƻǊ {ŜƴǘƛƴŜƭπмΣ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ǳǎŜŘ ǇǊƻŘǳŎǘǎ ŀǊŜ L²πDw5I ŀƴŘ 9²π
Dw5aΣǿƛǘƘ ǊŜǎƻƭǳǘƛƻƴǎ ƻŦ нл Ƴ ŀƴŘ фл ƳǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜ ƭŀǘǘŜǊ Ƙŀǎ ǾŜǊȅ 
ƭƛƳƛǘŜŘ ŀōƛƭƛǘȅ ŦƻǊ ǎƘƛǇŎƭŀǎǎƛŦƛŎŀǘƛƻƴΣ ŀ ŎƘŀƭƭŜƴƎƛƴƎ ǘŀǎƪ ŀƭǊŜŀŘȅ ŦƻǊ ǘƘŜ нл Ƴ 
ǊŜǎƻƭǳǘƛƻƴΦ 



Strait of Gibraltar. Ships (there are  many) show up as bright dots. 





ship targets seen next to the track through the sea ice.



ɾʹ ˋˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ ʰ˄ʰʴ˄˗ˊʽˋʹˌΥ 
Vessel Identification and Positioning System



ʅˎ˄ʶˊʴʰˍʽˁʱ ˋˎˋˍʺ˃ʰˍʰ 
ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌκʰ˄ʰʴ˄˗ˊʽˋʹˌ
Åɳ˒ʰˊ˃ˇʴʺ ˍˇˎ ʅˎˋˍʺ˃ʰˍˇˌ ɮ˄ʰʴ˄˗ˊʽˋʹˌ ϧ ɳ˄ˍˇˉʽˋ˃ˇˏ ʃ˂ˇʾ˖˄ 
ɾʰˁˊʱˌ ɮˉˇˋˍʱˋʶ˖ˌ όLongRangeIdentification& Trackingof Shipsς
LRIT) 

ÅVessel Monitoring Systems (VMS)
Å̀ ˎˋˍʺ˃ʰˍˇˌ ˉʰˊʰˁˇ˂ˇˏʻʹˋʹˌ ʰ˂ʽʶˎˍʽˁ˗˄ ˋˁʰ˒˗˄

ÅAutomatic Identification System(AIS)



!ǳǘƻƳŀǘƛŎ LŘŜƴǘƛŦƛŎŀǘƛƻƴ {ȅǎǘŜƳ

ÅThe AIS is a collaborative, self-reporting system that allows marine 
vessels to broadcast their information to nearby vessels and on-
ground base stations.

ÅIt uses digital radio signals to exchange real time information between 
vessels and shore based stations on dedicated VHF frequencies. 
ÅCollision detection

ÅAlthough mandatory for large commercial vessels to carry device, it is not 
mandatory to use it. 

ÅNot a replacement of radar as it cannot detect land masses, navigation 
beacons and vessels not equipped with AIS 







ɾʹ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄

ÅAIS information is classed as either static or dynamic. Statisis 
broadcast when data has been amended or upon request or by 
default every 6 minutes. 
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ɾʹ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰˍʰ˄ˇ˃ʺ ʵʶʵˇ˃ʷ˄˖˄



Trajectory 
Preprocessing



.ƛƎ Řŀǘŀ ǘƻ ǳǎŜŦǳƭ Řŀǘŀ



{ǘŀȅ tƻƛƴǘ 5ŜǘŜŎǘƛƻƴ 

ÅSpatial points are not equally important in a trajectory. 

ÅSome points denote locations where objects have stayed for a while

Å such as shopping malls and tourist attractions, or gas stations where a vehicle was refueled. 

With such stay points, we can turn a trajectory from a series of time-stamped spatial points ╟into 
a sequence of meaningful places ╢, 
╟ ὴρO ὴςO Ễ ὴOὲȟ ᵼ ╢ ίρɝὸρO  ίςɝὸςO  ȟȣȟɝὸὲ ρO  ίὲȟ 



ȾŬɗɞɟɘůɛɧɠ Űɤɜ ɞɟɑɤɜ Űɤɜ ɚɘɛɏɜɤɜ əŬɘ 
ŮˊɘɢŮɘɟɖůɘŬəɩɜ ˊŮɟɘɞɢɩɜ 

! ŘƛǎǘǊƛōǳǘŜŘ ŀǇǇǊƻŀŎƘ ǘƻ ŜǎǘƛƳŀǘƛƴƎ ǎŜŀ ǇƻǊǘƻǇŜǊŀǘƛƻƴŀƭ ǊŜƎƛƻƴǎ ŦǊƻƳ ƭƻǘǎ ƻŦ !L{ Řŀǘŀ
aƛƭƭŜŦƛƻǊƛΣ [ΦaΦΣ ½ƛǎǎƛǎΣ 5ΦΣ /ŀȊȊŀƴǘƛΣ [Φ Σ L999 .ƛƎ 5ŀǘŀΣ нлмс

https://www.marinetraffic.com/research/publication/a-distributed-approach-to-estimating-sea-port-operational-regions-from-lots-of-ais-data/


Scalable and distributed sea port
operational areas estimation from AIS data

A distributed approach to estimating sea portoperational regions from lots of AIS data
Millefiori, L.M., Zissis, D., Cazzanti, L. , IEEE Big Data, 2016

https://www.marinetraffic.com/research/publication/a-distributed-approach-to-estimating-sea-port-operational-regions-from-lots-of-ais-data/


{I!bD!L thw¢

Ҕрт Ƴƛƭƭƛƻƴ !L{ ƳŜǎǎŀƎŜǎΗ 
ǊŜŎƻǊŘŜŘ ŘǳǊƛƴƎ ǘƘŜ ƳƻƴǘƘ ƻŦ aŀǊŎƘ нлмр

Scalable and distributed sea port operational areas estimation 
from AIS data
Millefiori, L.M., Zissis, D., Cazzanti, L. Arcieri, G, IEEE 
International Conference on Data Mining, 2016
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Compression

ÅGiven a trajectory that consists of a full series of time-stamped points, a batched compression algorithm aims 
to generate an approximated trajectory by discarding some points with a negligible error from the original 
trajectory 

ÅA well-known algorithm, called Douglas-Peucker, is used to approximate the original trajectory. 

Åthe idea of Douglas-Peuckeris to replace the original trajectory by an approximate line segment, e.g. ὴρὴρςӶӶӶӶӶӶӶ. 

ÅIf the replacement does not meet the specified error requirement (Perpendicular Euclidean Distance is used in 
this example), it recursively partitions the original problem into two sub-problems by selecting the point 
contributing the biggest error as the splitting point. 



hƴπƭƛƴŜ /ƻƳǇǊŜǎǎƛƻƴ ς
{ƭƛŘƛƴƎ ²ƛƴŘƻǿ

ÅFit the location points in a growing sliding window with a valid line segment and continue 
to grow the sliding window until the approximation error exceeds some error bound.

1. First initialize the first location point of a trajectory as the anchor point pa and then starts to grow the 
sliding window 

2. When a new location point pi is added to the sliding window, the line segment pa pi is used to fit all the 
location points within the sliding window. 

3. As long asthe distance errors against the line segment pa pi are smaller than the user-specified error 
threshold, the sliding window continues to grow. Otherwise, the line segment pa pi-1 is included as part 
of the approximated trajectory and pi is set as the new anchor point. 

4. The algorithm continues until all the location points in the original trajectory are visited.



Trajectory 
Indexing / 
Retrieval



¢ǊŀƧŜŎǘƻǊȅ 5ŀǘŀ aŀƴŀƎŜƳŜƴǘ

Å{Ǉŀǘƛŀƭ 5ŀǘŀōŀǎŜǎ

ÅvǳŜǊƛŜǎ
ÅwŀƴƎŜ ǉǳŜǊƛŜǎ

ÅYbb ǉǳŜǊƛŜǎ

Å5ƛǎǘŀƴŎŜ ƳŜǘǊƛŎǎ
Å¢ƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ŀ Ǉƻƛƴǘ ήŀƴŘ ŀ ǘǊŀƧŜŎǘƻǊȅ 

Å¢ƘŜ 5ƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘǿƻ ǘǊŀƧŜŎǘƻǊƛŜǎ 

Å¢ƘŜ ŘƛǎǘŀƴŎŜ ōŜǘǿŜŜƴ ǘǿƻ ǘǊŀƧŜŎǘƻǊȅ ǎŜƎƳŜƴǘǎ

ÅLƴŘŜȄƛƴƎ ǎǘǊǳŎǘǳǊŜǎ 

ÅwŜǘǊƛŜǾŀƭ ŀƭƎƻǊƛǘƘƳǎ
x

time
Time slot 0 Time slot 1

Tr1

Segment 1 Segment 2

Segment 3

B) A spatial index in each time slot C) A temporal index A) 3DR-Treey

q1

q2
Tr1

Tr2

Tr3

Tr1

Tr2

Tr3

Tr1

Tr2

Tr3

qt

B) KNN Point QueryA) Range Query C) KNN Trajectory Query

R
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The total size of the dataset is 

approximately 55 TB and it is 

stored in a big data architecture. 

The processing is based on a 

distributed cluster of40virtual 

cores and 128 GB of RAM. The 

overall processing time was less 

than 4 hours.
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¦ƴŎŜǊǘŀƛƴ ¢ǊŀƧŜŎǘƻǊƛŜǎ 

ÅAs the location of a moving object is recorded at a certain time interval, the trajectory data we obtain is 
usually a sample of the objectôs true movement. On one hand, the movement of an object between two 
consecutive sampling points becomes unknown (or called uncertain). To this end, we expect to reduce the 
uncertainty of a trajectory. 

ÅOn the other hand, in some applications, to protect a userôs privacy that could be leaked from her trajectories, 
we need to make a trajectory even more uncertain. 
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hǊƛƎƛƴπŘŜǎǘƛƴŀǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴ

Å!ƴ ŜǎǎŜƴǘƛŀƭ ǇǊŜǇǊƻŎŜǎǎƛƴƎ ǘŀǎƪ ƛǎ ŀǎǎƛƎƴƛƴƎ ǘƻ ŀƭƭ Ǉƻǎƛǘƛƻƴŀƭ Řŀǘŀ 
ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘ !L{Σ ƻǊƛƎƛƴπŘŜǎǘƛƴŀǘƛƻƴ ƛƴŦƻǊƳŀǘƛƻƴΦ 
Å!ƭǘƘƻǳƎƘ !L{ ƳŜǎǎŀƎŜǎ ƻŦǘŜƴ ƛƴŎƭǳŘŜ ŀ ŘŜǎǘƛƴŀǘƛƻƴ ǇƻǊǘΣ ǘƘƛǎ ŦƛŜƭŘ ƛǎ ƛƎƴƻǊŜŘ ƛƴ 
ƻǳǊ ǎǘǳŘȅΣ ŀǎ ƛǘ ƛǎ Ƴŀƴǳŀƭƭȅ ŜƴǘŜǊŜŘ ōȅ ŜŀŎƘ ǾŜǎǎŜƭΩǎ ŎǊŜǿΣ ǿƛǘƘƻǳǘ ŦƻƭƭƻǿƛƴƎ ŀ 
ǎǇŜŎƛŦƛŎ ǎǘŀƴŘŀǊŘΣ ƳŀƪƛƴƎ ƛǘ ǘƘǳǎ ǇǊƻƴŜ ǘƻ ŜǊǊƻǊǎΦ 



Interpolation or Gap filling (through fusion)



LƴǘŜǊǇƻƭŀǘƛƻƴ ƻǊ DŀǇ ŦƛƭƭƛƴƎ όǘƘǊƻǳƎƘ Ŧǳǎƛƻƴύ

Å¦ǎƛƴƎ ǎŀǘŜƭƭƛǘŜ 
ƛƳŀƎŜǊȅ
ÅtƭŀƴŜǘ[ŀōǎΣ 

Å{ŜƴǘƛƴŜƭ мΣ

Å{ŜƴǘƛƴŜƭн



hōƧŜŎǘ 
5ŜǘŜŎǘƛƻƴ

Interpolation or Gap filling (through fusion)



ÅTransformation to WGS84

ÅIntersection with coastline 
shapefile (using GDAL)

ÅTiling produces 256 x 256 tiles

ÅAnnotation using AIS data

Å+Manual annotation for the 
segmentation task

ÅTraining using CNN

Å3 classes (vessel, land, cloud)

LƴǘŜǊǇƻƭŀǘƛƻƴ ƻǊ DŀǇ ŦƛƭƭƛƴƎ όǘƘǊƻǳƎƘ Ŧǳǎƛƻƴύ



Traj. Pattern 
Mining



¢ǊŀƧŜŎǘƻǊȅ ǇŀǘǘŜǊƴ ƳƛƴƛƴƎ 

ʅˍʹ ʲʽʲ˂ʽˇʴˊʰ˒ʾʰ ʷ˔ˇˎ˄ ˉˊˇˍʰʻʶʾ ʵʽʰ˒ˇˊʶˍʽˁˇʾ ˇˊʽˋ˃ˇʾ ʴʽʰ ˍʽˌ ˇ˃ʱʵʶˌ 
ˁʽ˄ˇˏ˃ʶ˄˖˄ ʰ˄ˍʽˁʶʽ˃ʷ˄˖˄Σ ˈˉ˖ˌ ŦƭƻŎƪǎΣ ŎƻƴǾƻȅǎΣ ƳƻǾƛƴƎŎƭǳǎǘŜǊǎΣ 
ƎǊƻǳǇǇŀǘǘŜǊƴǎˁʰʽǎǿŀǊƳǎ

ƘǘǘǇǎΥκκŘǎǇŀŎŜΦƭƛōΦƴǘǳŀΦƎǊκȄƳƭǳƛκōƛǘǎǘǊŜŀƳκƘŀƴŘƭŜκмнопрстуфκусмоκǾƭŀŎƘŀƪƛŀψǘǊŀƧŜŎǘƻǊȅƳƛƴƛƴƎΦǇŘŦΚǎŜǉǳŜƴŎŜҐоϧƛǎ!ƭƭƻǿŜŘҐȅ



Trajectory Clustering 

Åɶ ˇ˃ʰʵˇˉˇʾʹˋʹ ˍˊˇ˔ʽ˗˄ ʷ˔ʶʽ ˖ˌ ˋˍˈ˔ˇ ˍʹ˄ ʰ˄ʰʴ˄˗ˊʽˋʹ ˇ˃ʱʵ˖˄ ˋˍʽˌ 
ˇˉˇʾʶˌ ˇʽ ˍˊˇ˔ʽʷˌ ʰˁˇ˂ˇˎʻˇˏ˄ ˈ˃ˇʽʰ ˉˊˈˍˎˉʰ ˁʾ˄ʹˋʹˌΦ 

Åɶ ˉʽˇ ˋˎ˄ʹʻʽˋ˃ʷ˄ʹ ˉˊˇˋʷʴʴʽˋʹ ˁʰʻˇˊʾʸʶʽ ˍʽˌ ˇ˃ʱʵʶˌ ˃ʶ ʲʱˋʹ ˍʹ˄ 
ˉˎˁ˄ˈˍʹˍʰ ˍ˖˄ ˍˊˇ˔ʽ˗˄ ˋʶ ˁʱˉˇʽˇ ˔˗ˊˇ

Åɳˏˊʶˋʹ ʶ˄ʵʶʽˁˍʽˁ˗˄ ˍˊˇ˔ʽ˗˄ κ ˁˇʽ˄˗˄ ʵʽʰʵˊˇ˃˗˄ ˋˍʹ ʻʱ˂ʰˋˋʰ 



ɱʽʰˍʾ ˈ˃˖ˌ ʶʾ˄ʰʽ ˔ˊʺˋʽ˃ʶˌΤ 



wƻǳǘŜǎ ŀǎ ǘǊŀŦŦƛŎ ŎƻǊǊƛŘƻǊǎ όмύ

ÅIn the real world though, ships do not travel on these thin lines, as 
traffic corridors have a variable width, volume, and distribution

Åidentifying the specific characteristics of each corridor, and 
fundamentally the spatial variations of ship traffic dynamics.

рр
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ŀ ŎƻƴǾŜȄ ǇƻƭȅƎƻƴ ƻŦ фр҈ ƻŦ 
ŎƭǳǎǘŜǊŜŘ ƭƻŎŀǘƛƻƴǎ

Routes as traffic corridors (2) 



Global TankerPoL(more than 100tripsper 
route)
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