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3.2.3. AIS data management 

－ 20 －



－ 21 －



src
data

interim
processed

Decoding system 

AIS_decoder.py
AISfunctions.py

AIS_decoder.py

interim

AIS_decoder.py

AISfunctions.py

－ 22 －



－ 23 －



－ 24 －



－ 25 －



－ 26 －



Pre-Process 

1_PreProcess.ipynb

－ 27 －



3.3. AIS analysis of port call and maritime traffic evolution 
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3.4. Emissions model 
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3.5. Air quality and meteo monitoring 
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4.1. Port calls and maritime traffic
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4.2. Emission of pollutants 
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4.3. Air pollutant measurements 
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8.1. Functions 

8.1.1. AIS functions 
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8.4. Traffic analysis 

8.4.1. Port calls 
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Supervised by: Anna Mujal-Colilles, PhD
Polytechnic University of Catalonia

Import libraries

Global variables

Load data

In [ ]: projPath = '/home/anna/Documents/AIS/project/' 

In [ ]: import pandas as pd 
import numpy as np 
import math 
import os 

import matplotlib.pyplot as plt 
import matplotlib.colors as mcolors 
import matplotlib.dates as mdates 

from matplotlib.ticker import (MultipleLocator, FormatStrFormatter, AutoMinor
from matplotlib import ticker, cm 
import sys 

sys.path.append(projPath) 

In [ ]: from src.functions.AIS_spatialFunctions import apb_lim, inport 

In [ ]: folder = ['202003','202004','202005','202006','202007'] 
labelship = ['Passenger','Cargo','Tankers'] 
months = ['March', 'April', 'May', 'June', 'July'] 

In [ ]: # Data loading 
## This section reads all available static and dynamic AIS data and converts 

r = 30 # Enter range radius in nautical miles (1nm = 1852m) 

s = pd.DataFrame() 
for fold in folder: 
    os.chdir(projPath+'/data/interim/'+fold) 

    # Dynamic data range filter + Inport function 
    t = pd.read_csv('filtered_ClassA.csv', sep=",", usecols = ['date','mmsi',
    t = apb_lim(t,r)  
    t['inport'] = inport(t.lat, t.lon) # This function returns a bool (T/F) v
    t = t.drop(columns = ['lat','lon']) 
    m = np.unique(t.mmsi) 

    # Static data loading 
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AIScalls

Time filtering

Vessel calls

Call filter

    aux = pd.read_csv('decoded_5.txt', sep = ",") 
    aux.columns =['date','type','mmsi','IMO','shipname', 'shiptype','to_bow',
    aux=aux.drop(columns = ['date','type','IMO','shipname','to_bow','to_stern

    # Merchant fleet filter 
    aux = aux[(aux.shiptype < 90)] 
    aux = aux[(aux.shiptype > 59)] 

    # Data range crosscheck 
    aux = aux[aux.mmsi.isin(m)] 
    aux = aux.drop_duplicates(subset='mmsi',keep="first") 
    m = np.unique(aux.mmsi) 
    t = t[t.mmsi.isin(m)] 

    # Dataframe appending 
    t = t.merge(aux, how = 'left', on = ['mmsi','mmsi']) 
    s = s.append(t, ignore_index = True) 
    del(m,t,aux) 

print("data length:", len(s))   
s.head()

# Time filtering 
## This section formats data columns into yyyy-mm-dd hh:mm:ss and drops dupli

s.date = pd.to_datetime(s['date'], format = '%Y%m%d%H%M%S')
s['date'] = s.date.dt.round('1h')
s = s.drop_duplicates(['date', 'mmsi'], keep = 'first')

print("data length:", len(s)) 
s.head()

# Call filter 
## This section groups data into bunches of in-port and out-port datasets per
## A vessel call is considered as a bool value change from in-port = False to

df = s 
df['mmsi2'] = df.mmsi 
df = df.groupby(['mmsi2']) 
m = np.unique(s.mmsi) 
calls = pd.DataFrame() 
for i in range(0,len(df)): 
    k = df.get_group(m[i]) 
    k['groupno'] = k.inport.diff().cumsum().fillna(0) 
    result = k.groupby(['groupno']).agg(['first']) 
    result.inport = result.inport.astype(int) 
    result = result.loc[(result.inport['first'] == 1)] 
    calls = calls.append(result, ignore_index = True) 
    del(k, result) 

del(df, m, i) 
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AIScalls

Call refining

Daily calls

Figures - total

Plot - total

Figures - per shiptype

calls = calls.stack().reset_index().drop(columns = ['level_0', 'level_1', 'in

print("data length:", len(calls)) 
calls.head() 

In [ ]: # Call refining 
## This section drops all calls dated 2020-03-01 00:00:00, so as to prevent p

calls = calls.loc[calls.date != '2020-03-01 00:00:00'] 
calls = calls.loc[calls.mmsi != 224022660] 
calls = calls.loc[calls.mmsi != 224022650] 
calls = calls.loc[calls.mmsi != 224334000] 
calls['date'] = calls.date.dt.round('1d') 
calls = calls.loc[calls.status != 1] 

print("data length:", len(calls)) 
calls.head() 

In [ ]: # Total figures by day 
## This section groups and counts the number of calls per day along a 5-month

byday = calls.groupby(['date']).size().reset_index(name = 'number_of_calls') 
print("data length:", len(byday)) 
byday.head() 

In [ ]: # Total figures by day (plot) 
## This section shows the evolution in the number of calls per day along a 5-

fig, ax = plt.subplots(figsize=(15,7)) 
calls.groupby(['date']).count()['shiptype'].plot(ax=ax, color = 'k').legend([
plt.ylabel('daily calls') 
ax.set_xlim(pd.Timestamp('2020-03-01'), pd.Timestamp('2020-06-30')) 
ax.set_ylim([5,35]) 
plt.title('Daily number of calls') 
plt.grid() 
plt.show() 

In [ ]: # Total figures by day and shiptype  
## This section groups and counts the number of calls per day and shiptype al

calls['group'] = pd.cut(calls.shiptype, 3, right=False, labels=labelship) 
bydayngroup = calls.groupby(['date','group']).size().to_frame('number_of_call
bydayngroup.head() 
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Plot - per shiptype

Calls per ship

Calls per shiptype

Figures - total

Pie chart - total

Figures - per month

In [ ]: # Total figures by day and shiptype (plot) 
## This section shows the evolution in the number of calls per day and shipty

calls['group'] = pd.cut(calls.shiptype, 3, right=False, labels=labelship) 
fig, ax = plt.subplots(figsize=(15,7)) 
calls.groupby(['date','group']).count().fillna(0)['shiptype'].unstack().plot(
calls.groupby(['date']).count()['shiptype'].plot(ax=ax, color= 'k').legend(la
plt.ylabel('daily calls') 
ax.set_xlim(pd.Timestamp('2020-03-01'), pd.Timestamp('2020-07-31')) 
ax.set_ylim([0,35]) 
plt.title('Daily number of calls') 
plt.grid() 

In [ ]: # Total calls by ship 
## This section groups and counts the number of calls per ship along a 5-mont

byship = calls.groupby(['mmsi']).size().reset_index(name = 'number_of_calls')
byship = byship.sort_values(by = ['number_of_calls'], ascending = False ) 

print("total number of ships:", len(byship)) 
byship.head() 

In [ ]: # Total calls by shiptype 
## This section groups and counts the number of calls per shiptype along a 5-

bygroup = calls.groupby(['group']).size().reset_index(name = 'number_of_calls
bygroup 

In [ ]: # Total calls by shiptype (plot) 
## This section shows in a pie chart the number of calls per shiptype along a

fig, ax = plt.subplots() 
sizes = [bygroup.iloc[0]['number_of_calls'], bygroup.iloc[1]['number_of_calls
ax.pie(sizes, labels=labelship, autopct='%1.1f%%', shadow=False, startangle=9
ax.axis('equal') 
plt.title('Calls by shiptype') 
plt.show() 
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In [ ]: # Total calls by month and shiptype 
## This section groups and counts the number of calls per shiptype and month 

calls['month'] = calls.date.apply(lambda x: x.month) 
calls.month = pd.cut(calls.month, 5, right=False, labels=months) 
calls = calls.drop(columns = ['date']) 
bymonth = calls.groupby(['month','group']).size().reset_index(name = 'number_
bymonth.head() 

# Total calls by month and shiptype (plot) 
## This section shows in a pie chart the number of calls per shiptype and mon

calls.groupby(['month','group']).size().unstack(level = 0).plot.pie(subplots 
figsize = (25,20), autopct='%1.1f%%', colors = ['#0000FF','#32CD32','#FF0000'
plt.legend(loc = 'best') 
plt.title('Calls by shiptype') 
plt.show() 

In [ ]:
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8.4.2. Maritime traffic 
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8.5. Emissions 
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