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Summary

Waterway networks in urban environments are a complex traffic system with many actors. Due to
the complexity and the fact that the networks are governed by nautical experts, insight into the traffic
is lacking and decision-making can be subjective. A computer model could help to aid policymakers
and operators with the complex problem and be an objective and quantitative decision-making tool for
policymakers. To be able to aid in decision making, the model must be able to run different scenarios
of varying waterway demands or even the closing of a waterway. To be able to model the traffic in
different scenarios, the capacity of the waterways in the network must be known. A theoretical model
that uses the physical shape of the waterway can be used to determine the capacity for entire networks.
However, the theoretical capacity estimation models must be calibrated, and an empirical capacity
estimation model, based on actual traffic data of boats on the water, can be used for that. In this thesis,
the objective is to develop an empirical capacity estimation model that estimates the capacity for urban
waterway networks in order to guide policymakers and operators such as in the case of Amsterdam.

In literature, different solutions have been presented to estimate capacities based on empirical data in
several application fields. For example, for road traffic, pedestrian traffic, and marine traffic on large
inland waterways or sea straits and canals. However, there is a gap in the literature around waterway
traffic in an urban environment. Knowledge from the literature of the other application areas is used to
develop a methodology to fill that gap in the literature. Mainly, road traffic research is a mature and well-
developed field. In this field, empirical traffic data is often represented in the fundamental diagrams,
which are three 2D graphs showing the different combinations of the three main macroscopic quantities,
which describe the traffic characteristics in a general, big-picture way: intensity (or flow), which is the
number of vehicles passing in a certain time, density, which is the number of vehicles within a certain
length, and average speed, the average of these vehicles. In this research area, the capacity is often
defined as the maximum intensity the traffic can reach, i.e. the highest possible number of vehicles
passing by per unit of time. As it turns out, the shape of the empirical data in the fundamental diagram
is often similar between different datasets and road segments. Therefore, several curves have been
presented in the literature, which when fitted to the data, can extract various traffic characteristics.

After investigation of the empirical data of urban marine traffic in the fundamental diagram, it turns out
that the shape of the data is significantly different from that of road traffic. It is argued that this is due
to the use case of the water being different from that of other applications, such as road traffic. For
example, the reaction times for boats is larger than for cars, and the goal of boats on the water in an
urban environment is often more focused towards leisure. Whereas for cars on a highway, it is to get
from A to B as fast as possible. This results in relatively more data with low intensity, density, and
speed in the fundamental diagram and more spread in the data. This shape difference creates some
challenges in the fitting of a curve. Therefore, a different methodology is developed which enables
extracting the capacity from the data.

The proposed methodology deals with the difference in shape of the data in the fundamental diagram.
It does this by decomposing the fitting in different steps with tuneable parameters, which increases the
adjustability to the data to account for the difference in behaviour for urban marine traffic. This is done in
three steps. First, a filtering step is applied to filter out irrelevant waterways. Some waterways contain
little to no data and therefore will never produce useful results. Filtering these waterways increases
the efficiency of the model. Second, the capacity is calculated. This is done by defining the capacity
of a waterway to be the 99-th percentile of the intensity in the data of that waterway. This ensures a
capacity can be found and enables it to account for the relatively high proportion of data with lower
intensity. However, here also a new problem arises. Due to the definition of the capacity, for every
waterway irrespective of whether the capacity has actually been reached in the data, a capacity value
is determined. Therefore, in the third step, a capacity marker is calculated which indicates whether the
estimated capacity is likely to be the actual capacity of the waterway or if it could be higher if there is
higher intensity in the data. The capacity marker is based on the notion that if the capacity has been
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In the second phase, points are individually assigned to centroids. If this reduces the sum of distances,
the point is reassigned and centroids are recalculated. This is also done until a local minimum is found.

To summarize, in k-means clustering the number of clusters is predefined, the clusters are found by
minimizing the sum of points-to-centroid distances for all k clusters, and a local minimum is ensured.
Generally, determining the global minimum involves exhaustive relocations of the starting points. How-
ever, employing multiple replicates with random initial points often leads to a solution that represents
the global minimum.

Firstly, the variable space of the data points that are clustered must be determined. In other words,
which data is given to the clustering algorithm. A sufficient number of variables should be used to
formulate accurate clusters, although too many variables may be unnecessarily cumbersome. By per-
forming a simple visual analysis of the metrics collected from the data, it can be concluded that the three
variables: the number of non-zero entries, the maximum intensity, and the mean speed, are the most
distinct from each other. Consequently, they capture the most information with the minimal number of
variables. While additional dimensions could be used, this did not seem to improve the results.

The optimal number of clusters, k, is found using the Calinski-Harabasz (or variance ratio) criterion as
built intoMatlab [43]. Again, the following explanation is based on the information on https://nl.mathworks.com/
[43] and more information can be found there. In this method, the different numbers of clusters are
scored based on the ratio between the variance of the data points within the clusters and the variance
between the centroids of the clusters. This score represents the trade-off being made between the
quality of the clusters, how well the centroid describes all the data points in the cluster, and the sim-
plicity of the clusters, how different the clusters are compared to each other. The Calinski-Harabasz
criterion does this with the following equation:

V RCk =
SSB

SSW
× (N − k)

(k − 1)
(3.1)

Where SSB is the overall between-cluster variance, SSW is the overall within-cluster variance, k is the
number of clusters, and N is the number of observations [43]. Other methods have been tried, such
as the better-known silhouette method, which is based on the similarity of a data point with points in
the cluster compared to points in other clusters. These methods produce similar results for the optimal
value of k, therefore, Matlab’s default is used.
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Sum. Max.

Dynamic
data

The total intensity seen in the
dynamic data over the week-
end (within the counting hours)

The intensity at the highest
hour seen in the dynamic data
in the weekend (within the
counting hours)

MOBYCON The total intensity counted (by
MOBYCON) over the weekend

The intensity at the highest
hour counted (by MOBYCON)
in the weekend

Coverage
rate

The ratio of the dynamic data
intensity to the total counted in-
tensity

The ratio of the dynamic data
highest intensity to the counted
highest intensity

Table 4.6: Description of the six values presented for each direction of each location.

Loc. 1 Loc. 2 Loc. 3 Loc. 5 Loc. 7 Loc. 8 Loc. 10 Loc. 11 Loc. 12 Loc. 14 Loc. 15 Total
Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max. Sum. Max.

Dir. 1
Dynamic data 1436 65 na na 3184 126 1601 76 2935 120 4886 198 1045 45 2686 112 1242 58 na na na na
MOBYCON 1891 70 na na 215 15 na na 3111 132 4050 216 1322 65 4470 176 1912 142 na na na na

Coverage rate 0.759 0.929 na na 0.815 0.818 0.689 0.784 0.944 0.909 1.206 0.917 0.790 0.692 0.601 0.636 0.650 0.408 na na na na

Dir. 2
Dynamic data 1597 72 504 24 3184 126 1601 76 1436 62 4929 205 2403 89 721 40 5663 277 352 23 1146 82
MOBYCON 2485 113 1131 48 3907 154 2324 97 917 50 2412 186 3312 138 717 36 7299 374 7540 333 2285 122

Coverage rate 0.643 0.637 0.446 0.500 0.815 0.818 0.689 0.784 1.566 1.240 2.044 1.102 0.724 0.645 1.006 1.111 0.776 0.741 0.047 0.069 0.502 0.672

Dir. 3
Dynamic data 426 25 636 30 607 33 na na 2614 106 3598 142 na na 6345 272 730 38 na na na na
MOBYCON 662 31 1522 63 367 24 na na 2782 116 3861 186 na na 4017 166 1749 210 na na na na

Coverage rate 0.644 0.806 0.418 0.476 1.654 1.375 na na 0.940 0.914 0.932 0.555 na na 1.580 1.639 0.417 0.181 na na na na

Dir. 4
Dynamic data 1338 61 1139 48 2576 103 1601 76 2410 90 1708 68 1222 55 5351 244 5351 244 352 23 1146 82
MOBYCON 2178 99 1399 58 3325 127 2324 97 2531 202 2296 95 1232 55 7640 444 7640 444 7540 333 2285 122

Coverage rate 0.614 0.616 0.814 0.828 0.775 0.811 0.689 0.784 0.952 0.450 0.744 0.716 0.992 1 0.700 0.550 0.700 0.550 0.047 0.069 0.502 0.672

Mean Sum. 66% 56% 81% 69% 103% 123% 74% 105% 70% 5% 50% 73%
Max. 74% 65% 89% 78% 98% 83% 68% 129% 60% 7% 67% 74%

Table 4.7: Comparison of MOBYCON traffic count data and the dynamic input data to deduce the upscaling factor.

4.2.5. Results
Figure 4.15 shows the results of the model after the proposed methodology, section 3.3, is applied to
the Case Study of Amsterdam. The figure on the left, Figure 4.15a, is focused mainly on the capacity
marker. Orange waterways depict that the capacity marker is true and therefore, the capacity produced
by the model is estimated to be the actual capacity of the waterway. On the other hand, the blue
waterways are estimated to have not reached the actual capacity in the dynamical data. The figure
on the right, Figure 4.15b, and the accompanying colorbar show the calculated capacity value with the
colour of the waterway.

Generally, the outcome of the model appears plausible. The capacity is high because the intensity of
traffic at the Amstel is often high, but still, the capacity has not been reached because the Amstel also
is wide enough. Waterways within the Singelgracht (Prinsengracht, Keizersgracht, and Herengracht)
also show high capacity for some waterways, which is also expected due to the popularity of these
waterways for sightseeing and boat tours. However, there higher fluctuation in the capacity can be seen.
This is probably due to the dynamic input data (RFID) showing more anomalies at these locations. The
last note to the results, for now, is concerning the northern part of the network, around central station
(the IJ, Open Havenfront, and Oosterdok). These waters can also be relatively busy. However, this
does not show in the calculated capacity. This is because these waterways are less popular for smaller
boats andmore frequently visited by larger boats like tour boats. Since there are many docking and hop-
on-hop-off locations here. The fact that the Open Havenfront and Oosterdok also show the capacity
being reached is probably also due to the sailing behaviour around the dock. For the IJ this is not the
case. However, still, most vessels passing by are relatively large and only have AIS systems on board.

To be able to properly investigate the workings of the methodology, the diagrams for the 4 steps as
presented in Figure 3.5 are shown for four different waterways. These waterways are chosen as exam-
ples because the set includes two waterways for which the capacity marker is true and two for which
it is false. Of these two waterways, each time one has a relatively high capacity and one has a low
capacity. The results from the different steps are presented in Figure 4.11 (low capacity, marker is true),
Figure 4.12 (low capacity, marker is false), Figure 4.13 (high capacity, marker is true), and Figure 4.14
(high capacity, marker is false). In order, the waterways shown are:

• Open Havenfront under Sint Nicolaasbrug (low capacity, marker is true)
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MATLAB Code

functions.m
1 %
2 % functions.m
3 % Created on 19-08-2024
4 % Created by Thijs Elfferich
5 %
6 % In this script the functions/definitions needed to determine the
7 % capacity of waterways are coded:
8 % - Data import
9 % - Extrecting macroscopic quantities from the data
10

11 %% Functions
12

13 % Main function that returns handles to other functions
14 function funs = myFunctions()
15 % Function for loading the data file
16 funs.loadFile=@loadFile;
17 % Function to process waterways data
18 funs.processingWaterways=@processingWaterways;
19 % Function to calculate results based on processed data
20 funs.calculateResults=@calculateResults;
21 % loadFile()
22 % processingWaterways()
23 % calculateresults()
24 end
25

26 % Fuction that loads the files: ...
27 function newData = loadFile(filename)
28

29 % Not all fields in the data (struct) have to be loaded.
30 % DEFINE THE SET OF FIELDS TO BE LOADED HERE:
31 fieldsToLoad = {'linkSet', 'linkIntensity', 'linkSpeeds', 'timeArray'};
32

33 % Load the .mat file
34 loadedData = load('-mat', filename);
35

36 % Get the field names of the loaded data
37 varNames = fieldnames(loadedData);
38

39 % Loop through each variable to find the 1x1 struct
40 for j = 1:length(varNames)
41 varData = loadedData.(varNames{j});
42

43 % Check if the variable is a 1x1 struct
44 if isstruct(varData) && isequal(size(varData), [1 1])
45 % Assign the variable
46 newData = struct();
47 for i = 1:numel(fieldsToLoad)

69



70

48 fieldName = fieldsToLoad{i};
49 newData.(fieldName) = varData.(fieldName);
50 end
51 end
52 end
53 end
54

55

56 % Fuction to process the data for a set of waterways
57 % This code is long and maybe not that efficient, solutions for this can be:
58 % - tweaking which set is calculated where (in which for loop)
59 % - using a different architecture to save the data in, cells / structs
60 % - modular functions, removing the removeNaN and jiggle parts and put that
61 % in a different function
62 function fundamentalData = processingWaterways(waterways, uunitCoversionFactor , timeSection,

ddata)
63 % -------------------------------------------------------------------------
64 % Function: processingWaterways
65 % Description: This function processes the raw waterway data to extract
66 % relevant traffic characteristics such as intensity, speed,
67 % and density from AIS and RFID datasets.
68 % Inputs:
69 % - waterways: List of waterway IDs to be processed
70 % - uunitCoversionFactor: Factor for unit conversion (e.g., for density calculation)
71 % - timeSection: Optional time-based filtering (months, days, hours)
72 % - ddata: Raw data structure containing AIS and RFID traffic data
73 % Outputs:
74 % - fundamentalData: Struct containing processed traffic characteristics,
75 % also excluding NaN/zeros, and jiggled (datapoint randomly shifted to
76 % increase the clarity of the diagrams)
77 % -------------------------------------------------------------------------
78

79 % Import the coversion factor and data
80 unitCoversionFactor = uunitCoversionFactor;
81 data = ddata;
82

83 months = 1:12;
84 % This should be turned to true if not the entire year is to be
85 % investigated, then also data in the timeSection should be parsed
86 processSubsection = false;
87

88 if isa(timeSection, "cell")
89 months = timeSection{1};
90 days = timeSection{2};
91 hours = timeSection{3};
92 numOfQuarters = length(days)*length(hours)*4;
93 processSubsection = true;
94 end
95

96 startTimeOfMonth = 1;
97

98 fundamentalData.ais.Intensity = zeros(length(waterways),0);
99 fundamentalData.ais.Speed = zeros(length(waterways),0);
100 fundamentalData.rfid.Intensity = zeros(length(waterways),0);
101 fundamentalData.rfid.Speed = zeros(length(waterways),0);
102 fundamentalData.both.Intensity = zeros(length(waterways),0);
103 fundamentalData.both.Speed = zeros(length(waterways),0);
104

105 for month = months
106 % List of all variable names to save the struct in for the current month
107 names = {
108 sprintf('ais_2022_%d', month);
109 sprintf('rfid_2022_%d', month);
110 };
111

112 % Does the same as for the normal process, but then for a subsection of
113 % the timeframes
114 if processSubsection
115

116 indices = [];
117 mask = zeros(1,size(data.(names{1}).linkIntensity ,2));
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222 fundamentalData.ais.Speed = cat(2,fundamentalData.ais.Speed,
current_waterwaySpeeds_ais);

223 fundamentalData.rfid.Intensity = cat(2,fundamentalData.rfid.Intensity,
current_waterwayIntensity_rfid);

224 fundamentalData.rfid.Speed = cat(2,fundamentalData.rfid.Speed,
current_waterwaySpeeds_rfid);

225 fundamentalData.both.Intensity = cat(2,fundamentalData.both.Intensity,
current_waterwayIntensity_total);

226 fundamentalData.both.Speed = cat(2,fundamentalData.both.Speed,
current_waterwaySpeeds_total);

227 end
228

229

230 fundamentalData.both.Speed(fundamentalData.both.Speed == 0) = NaN;
231 fundamentalData.ais.Speed(fundamentalData.ais.Speed == 0) = NaN;
232 fundamentalData.rfid.Speed(fundamentalData.rfid.Speed == 0) = NaN;
233

234 % Here the density is created!!!
235 % 4 is for the conversion from hours to 15 minutes in intensity
236 % 10 is for the conversion from km to 100m in density
237 fundamentalData.ais.Density = 1/unitCoversionFactor * fundamentalData.ais.Intensity ./

fundamentalData.ais.Speed;
238 fundamentalData.rfid.Density = 1/unitCoversionFactor * fundamentalData.rfid.Intensity ./

fundamentalData.rfid.Speed;
239 fundamentalData.both.Density = 1/unitCoversionFactor * fundamentalData.both.Intensity ./

fundamentalData.both.Speed;
240

241 % Removing zero/NaN entries
242 fundamentalData.ais.speedExclNaN = cell(length(waterways),1);
243 fundamentalData.ais.intensityExclNaN = cell(length(waterways),1);
244 fundamentalData.ais.densityExclNaN = cell(length(waterways),1);
245 fundamentalData.rfid.speedExclNaN = cell(length(waterways),1);
246 fundamentalData.rfid.intensityExclNaN = cell(length(waterways),1);
247 fundamentalData.rfid.densityExclNaN = cell(length(waterways),1);
248 fundamentalData.both.speedExclNaN = cell(length(waterways),1);
249 fundamentalData.both.intensityExclNaN = cell(length(waterways),1);
250 fundamentalData.both.densityExclNaN = cell(length(waterways),1);
251 for current_waterway = 1:length(waterways)
252 % For AIS
253 temp = ~isnan(fundamentalData.ais.Speed(current_waterway ,:));
254 fundamentalData.ais.speedExclNaN{current_waterway} = fundamentalData.ais.Speed(

current_waterway,temp);
255 fundamentalData.ais.intensityExclNaN{current_waterway} = fundamentalData.ais.

Intensity(current_waterway,temp);
256 fundamentalData.ais.densityExclNaN{current_waterway} = fundamentalData.ais.Density(

current_waterway,temp);
257 % RFID
258 temp = ~isnan(fundamentalData.rfid.Speed(current_waterway ,:));
259 fundamentalData.rfid.speedExclNaN{current_waterway} = fundamentalData.rfid.Speed(

current_waterway,temp);
260 fundamentalData.rfid.intensityExclNaN{current_waterway} = fundamentalData.rfid.

Intensity(current_waterway,temp);
261 fundamentalData.rfid.densityExclNaN{current_waterway} = fundamentalData.rfid.Density(

current_waterway,temp);
262 % BOTH
263 temp = ~isnan(fundamentalData.both.Speed(current_waterway ,:));
264 fundamentalData.both.speedExclNaN{current_waterway} = fundamentalData.both.Speed(

current_waterway,temp);
265 fundamentalData.both.intensityExclNaN{current_waterway} = fundamentalData.both.

Intensity(current_waterway,temp);
266 fundamentalData.both.densityExclNaN{current_waterway} = fundamentalData.both.Density(

current_waterway,temp);
267 end
268

269 % Jiggled data, so that is becomes clear where datapoints are on top of
270 % eachother
271 jiggle = true;
272

273 if jiggle
274

275 jiggleWeight = (1/3);
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276

277 % AIS
278 fundamentalData.ais.jiggledSpeed = cell(length(waterways),1);
279 fundamentalData.ais.jiggledIntensity = cell(length(waterways),1);
280 fundamentalData.ais.jiggledDensity = cell(length(waterways),1);
281 % RFID
282 fundamentalData.rfid.jiggledSpeed = cell(length(waterways),1);
283 fundamentalData.rfid.jiggledIntensity = cell(length(waterways),1);
284 fundamentalData.rfid.jiggledDensity = cell(length(waterways),1);
285 % BOTH
286 fundamentalData.both.jiggledSpeed = cell(length(waterways),1);
287 fundamentalData.both.jiggledIntensity = cell(length(waterways),1);
288 fundamentalData.both.jiggledDensity = cell(length(waterways),1);
289

290 for current_waterway = 1:length(waterways)
291 % For AIS
292 ais_s_jiggle = jiggleWeight*rand([1,length(fundamentalData.ais.speedExclNaN{

current_waterway})])-jiggleWeight/2;
293 ais_i_jiggle = jiggleWeight*rand([1,length(fundamentalData.ais.intensityExclNaN{

current_waterway})])-jiggleWeight/2;
294 ais_d_jiggle = jiggleWeight*rand([1,length(fundamentalData.ais.densityExclNaN{

current_waterway})])-jiggleWeight/2;
295 fundamentalData.ais.jiggledSpeed{current_waterway} = fundamentalData.ais.

speedExclNaN{current_waterway} + ais_s_jiggle;
296 fundamentalData.ais.jiggledIntensity{current_waterway} = fundamentalData.ais.

intensityExclNaN{current_waterway} + ais_i_jiggle;
297 fundamentalData.ais.jiggledDensity{current_waterway} = fundamentalData.ais.

densityExclNaN{current_waterway} + ais_d_jiggle;
298

299 % RFID
300 rfid_s_jiggle = jiggleWeight*rand([1,length(fundamentalData.rfid.speedExclNaN{

current_waterway})])-jiggleWeight/2;
301 rfid_i_jiggle = jiggleWeight*rand([1,length(fundamentalData.rfid.intensityExclNaN

{current_waterway})])-jiggleWeight/2;
302 rfid_d_jiggle = jiggleWeight*rand([1,length(fundamentalData.rfid.densityExclNaN{

current_waterway})])-jiggleWeight/2;
303 fundamentalData.rfid.jiggledSpeed{current_waterway} = fundamentalData.rfid.

speedExclNaN{current_waterway} + rfid_s_jiggle;
304 fundamentalData.rfid.jiggledIntensity{current_waterway} = fundamentalData.rfid.

intensityExclNaN{current_waterway} + rfid_i_jiggle;
305 fundamentalData.rfid.jiggledDensity{current_waterway} = fundamentalData.rfid.

densityExclNaN{current_waterway} + rfid_d_jiggle;
306

307 % BOTH
308 both_s_jiggle = jiggleWeight*rand([1,length(fundamentalData.both.speedExclNaN{

current_waterway})])-jiggleWeight/2;
309 both_i_jiggle = jiggleWeight*rand([1,length(fundamentalData.both.intensityExclNaN

{current_waterway})])-jiggleWeight/2;
310 both_d_jiggle = jiggleWeight*rand([1,length(fundamentalData.both.densityExclNaN{

current_waterway})])-jiggleWeight/2;
311 fundamentalData.both.jiggledSpeed{current_waterway} = fundamentalData.both.

speedExclNaN{current_waterway} + both_s_jiggle;
312 fundamentalData.both.jiggledIntensity{current_waterway} = fundamentalData.both.

intensityExclNaN{current_waterway} + both_i_jiggle;
313 fundamentalData.both.jiggledDensity{current_waterway} = fundamentalData.both.

densityExclNaN{current_waterway} + both_d_jiggle;
314

315 end
316 end
317 end
318

319 function shiftVector = shiftvector(geoData_parsed)
320 lineVector = [geoData_parsed.toLat-geoData_parsed.fromLat,geoData_parsed.toLon-

geoData_parsed.fromLon ,0];
321 shiftVector = cross(lineVector ,[0,0,1]);
322 shiftVector = shiftVector / norm(shiftVector) * -2e-5;
323 end
324

325

326

327 % Fuction to produce results from the fundamental dataset
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328 % following the methodology presented in the thesis
329 function results = calculateResults(waterways, fundamentalData)
330 dataType = evalin('base', 'dataType');
331 unitCoversionFactor = evalin('base', 'unitCoversionFactor');
332

333 % First the capacity is calculated.
334 % In this method the calculated is defined as:
335 % -> the p-th percentile of the Intensity <-
336 p_capacity = 99; % p is defined
337

338 % With this threshold the range of datapoints around the capacity is
339 % created:
340 % The threshold is for intensity (VE/15min), this saved rounded to the
341 % nearest int. Therefore the threshold should a POSITIVE INTEGER
342 % (including ZERO)
343 % This could be change to a positive threshold and a negative threshold
344 % because the data above and below the data is not necessarily symetrical
345 c_threshold = 1;
346

347 % Than the corresponding critical density is calculated.
348 % In this method this is done by taking the MEAN of the density (This
349 % could be change to p-th percentile, see commented code)
350 % values of the points lying within a certain range from the capacity
351 % (so within a threshold for intensity)
352 p_criticalDensity = 50;
353

354 % To determine if the capacity could be the true capacity (or if it is
355 % probable that the capacity has not been reached in the data) a simple
356 % threshold is used RANDOMLY CHOSEN FOR NOW... try to investigate a logical
357 % value with the intermezzo code below
358 capacityMarker_threshold = 0.033; % Threshold for the super critical / total data points

ratio
359

360 % Upscaling factor
361 upscalingFactor = 1.35;
362

363

364 results = [];
365 results.linkSet = waterways;
366 for i = 1:length(dataType)
367

368 % DEFINE THE VARIABLES
369 results.(dataType{i}).capacity = zeros(length(waterways),1);
370 results.(dataType{i}).criticalDensity = zeros(length(waterways),1);
371 results.(dataType{i}).criticalSpeed = zeros(length(waterways),1);
372 results.(dataType{i}).superCriticalPointsRatio = zeros(length(waterways),1);
373 results.(dataType{i}).superCriticalPoints = zeros(length(waterways),1);
374 results.(dataType{i}).subsuperCriticalRatio = zeros(length(waterways),1);
375

376 % Save the set of relevant waterways in the results struct
377 results.(dataType{i}).linkSet = waterways;
378

379 % The capacity can calculated for the set with and without NaN values
380 % capacity = prctile(fundamentalData.(dataType{i}).Intensity, p_capacity, 2);
381 results.(dataType{i}).capacity = zeros(length(waterways),1);
382 for current_waterway = 1:length(waterways)
383 % The intensity, density arrays of the current waterway are stored
384 % in temporary variable to make the code clearer
385 currentIntensity = fundamentalData.(dataType{i}).intensityExclNaN{current_waterway};
386 currentDensity = fundamentalData.(dataType{i}).densityExclNaN{current_waterway};
387 % currentSpeed
388

389 % Calculating the capacity based on the p-th percentile of the
390 % intensity
391 currentCapacity = prctile(currentIntensity, p_capacity, 2);
392

393 % Saving the capacity value at the right location
394 results.(dataType{i}).capacity_per_quarter(current_waterway) = currentCapacity;
395 results.(dataType{i}).capacity(current_waterway) = currentCapacity * 4 *

upscalingFactor; % x4 to account for the quarters in an hour
396
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397 % Finding the critical density with this capacity value for this waterway:
398 % Takes the p_criticalDensity of the points lying between
399 % capacity - c_threshold and capacity + c_threshold
400

401 % c_threshold_fraction = 0.0143;
402 %
403 % for c_threshold_below = 1:max(currentIntensity)
404 % lower_value = sum(currentIntensity >= currentCapacity - c_threshold_below - 1 &

currentIntensity < currentCapacity) + sum(currentIntensity == currentCapacity) /
2 - c_threshold_fraction / 2 * length(currentIntensity);

405 % higher_value = sum(currentIntensity >= currentCapacity - c_threshold_below &
currentIntensity < currentCapacity) + sum(currentIntensity == currentCapacity) /
2 - c_threshold_fraction / 2 * length(currentIntensity);

406 % if higher_value > 0
407 % ga naar de volgende?
408 % else
409 % end
410 %
411 % end
412 % 0.05 * length(currentIntensity) == sum(currentIntensity > currentCapacity &

currentIntensity <= currentCapacity + c_threshold_above) + sum(currentIntensity
== currentCapacity) / 2;

413

414 currentIntensityRange = currentIntensity >= currentCapacity - c_threshold &
currentIntensity <= currentCapacity + c_threshold; % Is a mask

415 % currentCriticalDensity = mean(currentDensity(currentIntensity >= currentCapacity -
c_threshold & currentIntensity <= currentCapacity + c_threshold));

416 currentCriticalDensity = prctile(currentDensity(currentIntensityRange),
p_criticalDensity);

417 % Saving the critical density value at the right location
418 results.(dataType{i}).criticalDensity(current_waterway) = currentCriticalDensity *

10;
419

420 % The critical speed is calculated with the fundamental function
421 currentCriticalSpeed = currentCapacity / (unitCoversionFactor *

currentCriticalDensity);
422 % Saving the critical speed value at the right location
423 results.(dataType{i}).criticalSpeed(current_waterway) = currentCriticalSpeed;
424

425 % Lastly the ratio data points in the oversaturated range is calculated.
426 % So, number of points with density > critical density / total number of points
427 % This represents the same as num over / num under, but is bounded
428 % between 0 and 1.
429 % Mind that the critical density is not included in the
430 % oversaturated range
431 results.(dataType{i}).superCriticalPoints(current_waterway) = sum(currentDensity >

currentCriticalDensity);
432 results.(dataType{i}).superCriticalPointsRatio(current_waterway) = sum(currentDensity

> currentCriticalDensity)/length(currentDensity);
433 results.(dataType{i}).subsuperCriticalRatio(current_waterway) = sum(currentDensity >

currentCriticalDensity) / sum(currentDensity <= currentCriticalDensity);
434 end
435

436 % Determine the Marker of the capacity
437 % based on a simple threshold and results in a boolean (1: true / 0: false)
438 results.(dataType{i}).capacityMarker = results.(dataType{i}).superCriticalPointsRatio >=

capacityMarker_threshold;
439

440 testIncreaseResolution = 0.001;
441 results.capacityMarkerThresholdRange = 0:testIncreaseResolution:0.5;
442

443 results.(dataType{i}).capacityMarkerRange = [];
444 for j = 1:length(results.capacityMarkerThresholdRange)
445 results.(dataType{i}).capacityMarkerRange(:,j) = results.(dataType{i}).

superCriticalPointsRatio >= results.capacityMarkerThresholdRange(j);
446 end
447

448 end
449 end
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main.m
1 %
2 % main.m
3 % Created on 19-08-2024
4 % Created by Thijs Elfferich
5 %
6 % In this script the capacity of waterways is determined in several steps
7 % First, the data is imported
8 % Second, a list of waterways is created for which the capacity will be
9 % determined. If a waterway is on this list is based on the number of
10 % boats that passed the waterway and the maximum intensity
11 %
12

13 % Find the directory of the .m file
14 codeDir = fileparts(matlab.desktop.editor.getActiveFilename);
15

16 % Either insert the correct path, or the relative path to the correct
17 % directory where the aggregated data is stored and to where the datasets
18 % are stored
19 % Comment one of the two
20 % dataFolder = "full path...";
21 % dataFolder = fullfile(codeFolder, 'relative path...')
22 dataFolder = fullfile(fileparts(codeDir), 'datasets', 'aggregated_ais_rfid'); % filepeth to

the traffic data
23 datasetsDir = fullfile(codeDir, 'datasets'); % filepeth to the datasets
24

25 if ~ismember(dataFolder, strsplit(path, pathsep))
26 disp("add data")
27 addpath(dataFolder)
28 end
29 if ~ismember(codeDir, strsplit(path, pathsep))
30 disp("add code")
31 addpath(codeDir)
32 end
33

34 % Default MATLAB colour set
35 cmap = lines(7);
36

37 % Import functions from functions.m, ensure this file is in the same
38 % directory as main.m
39 myfuns = myFunctions;
40

41 %% Load the data
42 % Load all AIS and RFID data into one struct named "data"
43 % RUN ONLY ONCE!!! takes +- 50 seconds
44 if exist('data','var')
45 disp("Data allready loaded, skipping the loading...")
46 else
47 disp("Loading the data")
48

49 tic
50 numMonths = 12;
51

52 for month = 1:numMonths
53 % List of all variable names to save the struct in for the current month
54 names = {
55 sprintf('ais_2022_%d', month);
56 sprintf('rfid_2022_%d', month);
57 };
58

59 % List of all file names for the current month
60 files = {
61 sprintf('aisAgregatedData_2022_%d.mat', month);
62 sprintf('rfidAgregatedData_2022_%d.mat', month);
63 };
64

65 % Load the variables, from 'files' for the current month
66 % Adjust the range if not all variables are needed
67 for i = 1:length(names)
68 data.(names{i}) = myfuns.loadFile(files{i});
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373

374 %%
375 % Sub set of data for subset of waterways that corresponts to the
376 % "Amsterdam telling grachten 2022" done by Mobycon
377 timeSection = {8,[12,13,14],9:22}; % A nx3 cell (in this case n = 1), with the month, the

days in the month, and the hours in the day (last hour included)
378

379 % Traffic count locations GeoData
380 filename = 'traffic_count_amsterdam.csv';
381 telling = readtable(fullfile(datasetsDir, filename));
382

383 waterways_telling.linkSet = telling.segment_id;
384

385 fundamentalData_telling = myfuns.processingWaterways(waterways_telling.linkSet,
unitCoversionFactor , timeSection, doubledData); % Data processing

386

387 waterways_telling.summedIntensity = sum(fundamentalData_telling.(dataType{dataTypeIndex}).
Intensity, 2);

388 aggregatedToHour = sum(reshape(fundamentalData_telling.(dataType{dataTypeIndex}).Intensity,
size(fundamentalData_telling.(dataType{dataTypeIndex}).Intensity, 1), 4, []), 2);

389 waterways_telling.aggregatedToHour = squeeze(aggregatedToHour);
390 waterways_telling.maxIntensity = max(waterways_telling.aggregatedToHour, [], 2);
391

392 % Prepare the "master" GeoData set with the relevant waterways, from
393 % which all layers will be built
394 % Create the masked data set
395 % BUT ONLY FOR TRAFFIC COUNT DATA
396 waterways_telling.geoData = telling; % Create a mask for the geoData where the geoData.

segment_id coincides with the (masked) segment id's from the TNO data
397

398 % Add a column "Shape" containing geoshapes
399 waterways_telling.lineShapes = geoshape();
400

401 for i = 1:size(waterways_telling.geoData,1)
402

403 waterways_telling.lineShapes(i) = geoshape([waterways_telling.geoData.fromLat(i),
waterways_telling.geoData.toLat(i)],[waterways_telling.geoData.fromLon(i),
waterways_telling.geoData.toLon(i)]);

404 correspondingSegment_index = find(waterways_telling.geoData.fromNodes ==
waterways_telling.geoData.toNodes(i) & waterways_telling.geoData.toNodes ==
waterways_telling.geoData.fromNodes(i));

405

406 end
407 % waterways_telling.geoData.lineShapes = waterways_telling.lineShapes;
408

409 toc
410

411 %% Sensitivity Analysis
412 % In the next section the capacities and other important results will be
413 % calculated. The results are based on the values of certain parameters.
414 % Therefore, it is first important to see within which ranges these values
415 % produce senstable, stable results.
416 % To understand the parameters and the workings of this part of the model,
417 % look at the next section!
418

419 if false
420 disp("Sensitivity Analysis")
421 tic
422

423 dt = dataType{dataTypeIndex};
424

425 investigation_resolution = 0.1;
426 permutationScale = 0.1;
427

428 p_capacity = permutationScale:investigation_resolution:100;
429 p_capacityIndex = 990;
430

431 range_around_capacity = 0.1:investigation_resolution:20;
432 range_around_capacityIndex = 30;
433

434 p_criticalDensity = permutationScale:investigation_resolution:100;
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435 p_criticalDensityIndex = 500;
436

437 % capacityMarker_threshold = 0.0201; % Threshold for the super critical / total data
points ratio

438 c_marker = 0.001:0.001:1;
439 c_markerIndex = 37;
440

441 sensitivityAnalysis.Capacity = zeros(length(waterways),length(p_capacity));
442 sensitivityAnalysis.CRangeSUM = zeros(length(waterways),length(range_around_capacity));
443 sensitivityAnalysis.CRangeDIFF = zeros(length(waterways),length(range_around_capacity));
444 sensitivityAnalysis.CRangeCrit = zeros(length(waterways),length(range_around_capacity));
445 sensitivityAnalysis.CriticalDensity = zeros(length(waterways),length(p_criticalDensity));
446 sensitivityAnalysis.CMarker = zeros(length(waterways),length(c_marker));
447

448 % The interactions between parameters should also be investigated.
449 % Therefore, for each value of p_capacity the sensitivity analysis for
450 % p_criticalDensity should be done.
451 % However, this is to computationally intensive and this is left out for now
452 % sensitivityAnalysis = cell([length(waterways),length(p_capacity)]);
453

454 for current_waterway = 1:length(waterways)
455

456 % Extract intensity and density data for the current waterway
457 currentIntensity = fundamentalData.(dt).intensityExclNaN{current_waterway};
458 currentDensity = fundamentalData.(dt).densityExclNaN{current_waterway};
459

460 % Calculate the capacities and the permutated capacities for the test range
461 currentCapacity = prctile(currentIntensity, p_capacity, 2);
462 currentPermutatedCapacity = prctile(currentIntensity, p_capacity-permutationScale, 2)

;
463 % Calculate the slope for the capacity within the test range
464 % sensitivityAnalysisCapacities(current_waterway ,:) = currentCapacity;
465 sensitivityAnalysis.Capacity(current_waterway ,:) = ((currentCapacity -

currentPermutatedCapacity) / permutationScale);% ./ currentCapacity;
466 % Set the capacity to the predefined value, to be able to do further sensitivity

analyses
467 currentCapacity = currentCapacity(p_capacityIndex);
468

469

470

471 % And for the range around the capacity
472 for i = 1:length(range_around_capacity)
473 currentIntensityRange = currentIntensity >= currentCapacity -

range_around_capacity(i) & currentIntensity <= currentCapacity +
range_around_capacity(i); % Is a mask

474 currentIntensityRangeSum = sum(currentIntensityRange);
475 currentPermutatedIntensityRange = currentIntensity >= currentCapacity - (

range_around_capacity(i)-permutationScale) & currentIntensity <=
currentCapacity + (range_around_capacity(i)-permutationScale); % Is a mask

476 currentPermutatedIntensityRangeSum = sum(currentPermutatedIntensityRange);
477

478 currentCriticalDensity = prctile(currentDensity(currentIntensityRange),
p_criticalDensity(p_criticalDensityIndex),2);

479 currentPermutatedCriticalDensity = prctile(currentDensity(
currentPermutatedIntensityRange), p_criticalDensity(p_criticalDensityIndex)
,2);

480 % Calculate the slope for the number of datapoints in the range within the test
range

481 sensitivityAnalysis.CRangeSUM(current_waterway,i) = currentIntensityRangeSum;
482 sensitivityAnalysis.CRangeDIFF(current_waterway,i) = ((currentIntensityRangeSum -

currentPermutatedIntensityRangeSum) / 1);
483 sensitivityAnalysis.CRangeCrit(current_waterway,i) = ((

currentPermutatedCriticalDensity - currentCriticalDensity) / 1);
484 end
485 % Set the range to the predefined value, to be able to do further sensitivity

analyses
486 currentIntensityRange = currentIntensity >= currentCapacity - range_around_capacity(

range_around_capacityIndex) & currentIntensity <= currentCapacity +
range_around_capacity(range_around_capacityIndex); % Is a mask

487

488
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545 xlabel("Value")
546 ylabel("Slope of critical density as function of the range")
547 % xlim([0,1])
548 ylim([0,1])
549 legend
550

551 figure
552 hold on
553 plot(p_criticalDensity,mean(sensitivityAnalysis.CriticalDensity ,1,"omitmissing"),"

DisplayName","mean")
554 % yyaxis right
555 plot(p_criticalDensity,var(sensitivityAnalysis.CriticalDensity ,1,"omitmissing"),"

DisplayName","variance")
556 % title("Sensitivity analysis for the p value to determine critical denisty")
557 xlabel("Value")
558 ylabel("Slope")
559 % xlim([0,1])
560 ylim([0,1])
561 legend
562

563 figure
564 hold on
565 plot(c_marker,sum(sensitivityAnalysis.CMarker,1,"omitmissing"),"DisplayName","sum") %./

mean(sensitivityAnalysisCapacities ,1,"omitmissing")
566 % yyaxis right
567 % plot(c_marker,var(sensitivityAnalysis.CMarker,1,"omitmissing"),"DisplayName","variance

")
568 % plot(range_around_capacity ,mean(sensitivityAnalysis.CRangeSUM ,1,"omitmissing"),"

DisplayName","cumulative sum")
569 % title("Sensitivity analysis for the capacity marker")
570 xlabel("Value")
571 ylabel("Number of waterways where capacity is marked as true")
572 xlim([0,0.5])
573 ylim([0,100])
574 legend
575

576 toc
577 end
578

579

580 %% Calculating the Capacities !!! YEY !!!
581 % This is where the methods starts differentiating, therefore maybe it is
582 % better if the code before is saved in a different file and called upon
583 % before this part (so that other methods may call the same code and if
584 % this code is changed it is changed at all places)
585

586 % The end product of this code is a array containing for each waterway in
587 % the score_mask: The waterway id (linkSet), capacity, critical density,
588 % critical velocity and the fraction of oversaturated (super
589 % critical density) data points (compared to undersaturated)
590 disp("Calculating the results for all relevant waterways")
591 tic
592

593 results = myfuns.calculateResults(waterways, fundamentalData);
594 results_telling = myfuns.calculateResults(waterways_telling.linkSet, fundamentalData_telling)

;
595

596 toc
597

598

599 %% Clustering methods
600

601 % Number of elements that contain data
602 % a = dataMetricsAgg.(dataType{dataTypeIndex}).entriesCount;
603 a = dataMetricsAgg.(dataType{dataTypeIndex}).entriesCount(relevant_waterway_mask);
604 a_label = "Number of nonzero entries";
605

606 % The sum of intensity over the whole year
607 % b = dataMetricsAgg.(dataType{dataTypeIndex}).Intensity.sum;
608 b = dataMetricsAgg.(dataType{dataTypeIndex}).Intensity.sum(relevant_waterway_mask);
609 b_label = "Sum of intensity";
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610

611 % The max intensity for the whole year
612 % c = dataMetricsAgg.(dataType{dataTypeIndex}).Intensity.max;
613 c = dataMetricsAgg.(dataType{dataTypeIndex}).Intensity.max(relevant_waterway_mask);
614 c_label = "Max intensity";
615

616 % The mean speed (excl zeros) over the whole year
617 % d = dataMetricsAgg.(dataType{dataTypeIndex}).;
618 d = dataMetricsAgg.(dataType{dataTypeIndex}).Speed.mean.exclZeros(relevant_waterway_mask);
619 d_label = "Mean speed";
620

621 % The deviation from the mean speed
622 e = dataMetricsAgg.(dataType{dataTypeIndex}).Speed.mean.exclZeros(relevant_waterway_mask);
623 e_label = "Mean speed";
624

625 % Store the metric normalised in x, y, and z
626 x = (a)./max(a);
627 x_label = a_label;
628 y = c./max(c);
629 y_label = c_label;
630 z = d./max(d);
631 z_label = d_label;
632

633 % k-Means and k-Medoids Clustering
634 k = 2; % min = 1, max = 7 (hoger kan eigenlijk ook wel)
635 [idx,C,sumd,D] = kmeans([x,y,z],k);
636

637

638

639

640 figure
641 waterwayClusters = cell(k,1);
642 for i = 1:k
643 % sprintf("Cluster %i contains %i waterways", i, sum(idx == i))
644 waterwayClusters{i} = waterways_almost_all(idx==i);
645

646

647 scatter3(x(idx==i), y(idx==i), z(idx==i),[],cmap(mod(((i-1)*2),7)+1,:),"DisplayName",
sprintf("Cluster %i: %i waterways", i,length(waterwayClusters{i})))

648 hold on
649 scatter3(C(i,1),C(i,2),C(i,3),200,"black","*","LineWidth",2,'HandleVisibility','off')
650 text(C(i,1),C(i,2),C(i,3),sprintf(" %i",i))
651 end
652

653 xlabel(x_label)
654 ylabel(y_label)
655 zlabel(z_label)
656 legend("Location","northwest")
657 grid on
658 % close
659

660 M = zeros(size(C,1),1);
661 for i = 1:size(C,1)
662 M(i,:) = norm(C(i,:));
663 end
664

665 cluster2investigate = find(M == max(M));
666

667

668 %%% Calibrating the capacity Marker threshold based the "knelpunten kaart"
669 % This is mainly calibrated for the RFID data
670 % Bottlenecks
671 filePath = fullfile(datasetsDir, 'bottlenecks.xlsx');
672 sheetName = 'Capacity␣calibration'; % Optional: remove or leave blank if you want to read

from the first sheet
673 range = 'A2:F133'; % Specify the range you want to read
674

675 % Read the specified range from the Excel file
676 knelpuntenGeoData = readtable(filePath, 'Sheet', sheetName, 'Range', range,'ReadVariableNames

',true);
677
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678 waterways_bottleNeck = knelpuntenGeoData.segment_id(knelpuntenGeoData.CapacityTrue_false ==
1);

679 [~, bottleNeck_indeces] = ismember(waterways_bottleNeck , results.(dataType{dataTypeIndex}).
linkSet);

680

681 % For all waterways: sum(results.(dataType{dataTypeIndex}).capacityMarkerRange ,1)
682 % For the bottleneck subset: sum(results.(dataType{dataTypeIndex}).capacityMarkerRange(

bottleNeck_indeces ,:),1)
683

684 figure
685 hold on
686 grid on
687 xlabel("Capacity Marker threshold value")
688 ylabel("Number of waterways with true capacity")
689 legend
690

691 % yyaxis right
692 yvalues = sum(results.(dataType{dataTypeIndex}).capacityMarkerRange ,1) / size(results.(

dataType{dataTypeIndex}).capacityMarkerRange ,1);
693 plot(results.capacityMarkerThresholdRange ,yvalues , "Color", "blue", "LineStyle", "--", "

DisplayName", "all waterways")
694 % yyaxis left
695 yvalues = sum(results.(dataType{dataTypeIndex}).capacityMarkerRange(bottleNeck_indeces ,:),1)

/ size(results.(dataType{dataTypeIndex}).capacityMarkerRange(bottleNeck_indeces ,:),1);
696 plot(results.capacityMarkerThresholdRange ,yvalues , "Color", "blue", "LineStyle", "--", "

DisplayName", "bottleneck subset")
697 for i = 1:k
698 yvalues = sum(results.(dataType{dataTypeIndex}).capacityMarkerRange(idx == i,:),1) / size

(results.(dataType{dataTypeIndex}).capacityMarkerRange(idx == i,:),1);
699 plot(results.capacityMarkerThresholdRange ,yvalues , "Color", cmap(mod(((i-1)*2),7)+1,:),

"LineStyle", "-", "Marker", "none", "DisplayName",sprintf("Cluster %i: %i waterways",
i,length(waterwayClusters{i})))

700 end
701

702 % For the telling data
703 yvalues = sum(results_telling.(dataType{dataTypeIndex}).capacityMarkerRange ,1) / size(

results_telling.(dataType{dataTypeIndex}).capacityMarkerRange ,1);
704 plot(results_telling.capacityMarkerThresholdRange ,yvalues , "Color", "red", "DisplayName", "

telling boten amsterdam")
705

706

707 %% This piece of the code tests the methodology for a set of different waterways
708 close all
709 testWaterways = [18, 476, 23, 213];
710

711 % Open Havenfront under Sint Nicolaasbrug
712 % Groenburgwal entrance from Amstel
713 % Keizersgracht West waterway
714 % Amstel south of Nieuwe Amsterdbrug
715

716 % i = 1;
717

718 % Define parameters
719 p_capacity = 99; % Percentile used to define capacity
720 c_threshold = 1; % Range around the capacity for density calculation
721 p_criticalDensity = 50; % Percentile for determining critical density
722 capacityTrueness_threshold = 0.033; % Threshold for determining if capacity is reached
723

724 % Define color map for plots
725 cmap = lines(7);
726

727 % Loop through different traffic states
728 for i = 1:length(testWaterways)
729

730 % Extract relevant columns from table
731 speed = fundamentalData.rfid.jiggledSpeed{testWaterways(i)};
732 density = fundamentalData.rfid.jiggledDensity{testWaterways(i)};
733 intensity = fundamentalData.rfid.jiggledIntensity{testWaterways(i)};
734

735 % Calculate capacity as the 99th percentile of intensity
736 capacity = prctile(intensity, p_capacity);
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800 yline(capacity*4, 'Color', cmap(5,:), 'LineWidth', 2, 'DisplayName', sprintf('
Capacity␣(p=%i)', 99));

801 scatter(density(intensityRange)*10, intensity(intensityRange)*4, [], cmap(5,:), "
filled", "DisplayName", "Within range");

802 xline(criticalDensity*10, 'Color', cmap(2,:), 'LineWidth', 2, 'DisplayName', sprintf(
'Critical␣density␣(p=%i)', 50));

803 xlabel('Density␣(VE/km)');
804 ylabel('Intensity␣(VE/h)');
805 xlim([0,100]);
806 ylim([0,400]);
807 legend;
808 % Methodology step 4: Identify oversaturated points
809 figure;
810 hold on;
811 title(sprintf("Fundamental Diagram: intensity-density \n Waterway: %d", waterways(

testWaterways(i))));
812 scatter(density*10, intensity*4, 'DisplayName', "RFID data");
813 yline(capacity*4, 'Color', cmap(7-2*trueCapacity ,:), 'LineWidth', 2, 'DisplayName',

sprintf('Capacity␣(p=%i)', 99));
814 xline(criticalDensity*10, 'Color', cmap(7-2*trueCapacity ,:), 'LineWidth', 2, '

DisplayName', sprintf('Critical␣density␣(p=%i)', 50));
815 scatter(density(density > criticalDensity)*10, intensity(density > criticalDensity)

*4, [], cmap(2,:), "DisplayName", "Oversaturated points");
816 xlabel('Density␣(VE/km)');
817 ylabel('Intensity␣(VE/h)');
818 xlim([0,100]);
819 ylim([0,400]);
820 legend;
821 end
822 end
823

824

825 %% Export a table to a .CSV file
826 % Containing:
827 % - The waterway ID (linkSet)
828 % - Capacity
829 % - Critical Density
830 % - Critical Speed
831 % - superCriticalPointsRatio
832 % - Capacity Marker
833 % - And to which cluster they belong
834

835

836

837 % Convert the struct to a table using only the desired fields
838 selectedDataType = dataType{dataTypeIndex};
839 selectedStruct = results.(selectedDataType);
840

841 selectedColumns = rmfield(selectedStruct, setdiff(fieldnames(selectedStruct), selectedFields)
);

842 selectedFields = {'linkSet', 'capacity', 'criticalDensity', 'criticalSpeed', '
superCriticalPointsRatio', 'capacityMarker'};

843 selectedColumns = orderfields(selectedColumns, selectedFields);
844

845 resultsTable = struct2table(selectedColumns);
846 resultsTable.Properties.VariableNames = {'Waterway␣ID', 'Capacity␣(VE/h)', 'Critical␣Density␣

(VE/km)', 'Critical␣Speed␣(km/h)', 'Ratio␣oversaturated␣points', 'Capacity␣Marker'};
847 resultsTable.clusterIdx = idx;
848

849 % Display the table
850 writetable(resultsTable, "results.csv")
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createWebmap.m
1 %
2 % createWebmap.m
3 % Created on 04-11-2024
4 % Created by Thijs Elfferich
5 %
6 % This script visualizes waterway capacity analysis on an OpenStreetMap WebMap.
7 % Note: Before running this script, ensure that main.m has been executed first.
8 %
9

10 %% Loading the geoDatasets for different visualistaions
11

12 codeDir = fileparts(matlab.desktop.editor.getActiveFilename); % path to the .m file directory
13 datasetsDir = fullfile(codeDir, 'datasets'); % the directory of different datasets
14

15 % A certain touring boat route
16 filePath = fullfile(datasetsDir, 'touringboat_route.csv');
17 touringBoatRoute = readtable(filePath);
18

19 waterways_touringBoatRoute = touringBoatRoute.segment_id;
20

21 % Bottlenecks
22 filePath = fullfile(datasetsDir, 'bottlenecks.xlsx');
23 sheetName = 'Capacity␣calibration'; % Optional: remove or leave blank if you want to read

from the first sheet
24 range = 'A2:F133'; % Specify the range you want to read
25

26 % Read the specified range from the Excel file
27 knelpuntenGeoData = readtable(filePath, 'Sheet', sheetName, 'Range', range,'ReadVariableNames

',true);
28

29 waterways_bottleNeck = knelpuntenGeoData.segment_id(knelpuntenGeoData.CapacityTrue_false ==
1);

30 [~, bottleNeck_indeces] = ismember(waterways_bottleNeck , results.(dataType{dataTypeIndex}).
linkSet);

31

32 %% FUNCTION: webmapprint
33 % This function prints waterway segments on the WebMap.
34 % Arguments:
35 % - waterwayIDs: List of waterway segment IDs to display.
36 % - overlayName: Name of the overlay layer on the WebMap.
37 % - layerColor: Specifies how the waterways should be colored.
38 % - layerWidth: Specifies the width of the waterway lines.
39 % - capacityTrueness_threshold: Threshold for capacity marker.
40 % - results: Struct containing calculation results.
41

42 function layer = webmapprint(waterwayIDs, overlayName, layerColor, layerWidth,
capacityTrueness_threshold , results)

43

44 % Load necessary variables from the base workspace
45 dataType = evalin('base', 'dataType{dataTypeIndex}');
46 geoData_masked = evalin('base', 'geoData_masked');
47 capacityTruenessThresholdRange = evalin('base', 'results.capacityTruenessThresholdRange')

;
48

49 % Set default threshold value if not provided
50 if isempty(capacityTrueness_threshold)
51 capacityTrueness_threshold = evalin('base', 'capacityTrueness_threshold');
52 end
53

54 % Load results if not provided
55 if nargin < 6
56 results = evalin('base', 'results');
57 end
58

59 % Load additional necessary variables from base workspace
60 relevant_waterway_mask = evalin('base', 'relevant_waterway_mask');
61 dataMetricsAgg = evalin('base', 'dataMetricsAgg');
62

63 % Initialize flags
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64 colour4intensity = false;
65 trafficCount = false;
66

67 % Create a logical mask for selected waterways
68 layer_mask = ismember(geoData_masked.segment_id, waterwayIDs);
69 layer_indices = find(layer_mask==1);
70

71 % Find the index corresponding to the selected threshold
72 index = find(abs(capacityTruenessThresholdRange - capacityTrueness_threshold) <= 0.0001);
73

74 % Extract relevant data for visualization
75 layerCapacities = results.(dataType).capacity(layer_mask);
76 lineShapes = geoData_masked.lineShapesShifted(layer_mask);
77

78 % Compute transparency levels based on capacity trueness
79 alph = 1;
80 LayerAlpha = results.(dataType).trueCapacityRange(layer_mask, index) * (1 - alph) + alph;
81

82 % HANDLE LAYER COLOR SELECTION
83 if isstring(layerColor) || ischar(layerColor)
84 if layerColor == "colour4capacity"
85 % Color layers based on capacity values
86 layerCmap = parula;
87 layerCmapIndices = round(normalize(layerCapacities, "range") * (length(layerCmap)

- 1) + 1);
88 layerColor = layerCmap(layerCmapIndices, :);
89

90 elseif layerColor == "colour4TNOcapacity"
91 % Color layers based on external TNO capacity values
92 layerCapacities = geoData_masked.capacity(layer_mask);
93 layerCmap = parula;
94 layerCmapIndices = round(normalize(layerCapacities, "range") * (length(layerCmap)

- 1) + 1);
95 layerColor = layerCmap(layerCmapIndices, :);
96

97 elseif layerColor == "colour4trueness"
98 % Color layers based on whether capacity has been reached
99 layerCmap = lines(2);
100 layerColor = layerCmap(results.(dataType).trueCapacityRange(layer_mask, index) +

1, :);
101

102 elseif layerColor == "trafficcount"
103 % Display traffic count data
104 trafficCount = true;
105 layer_mask = ismember(waterwayIDs, geoData_masked.segment_id);
106 layer_indices = find(layer_mask == 1);
107 LayerAlpha = 1;
108 layerColor = lines(7);
109 layerColor = layerColor(7, :);
110 layerData = evalin('base', 'waterways_telling');
111 lineShapes = layerData.lineShapes;
112

113 elseif layerColor(1:16) == "colour4intensity"
114 % Enable color scaling based on traffic intensity (AIS or RFID data)
115 colour4intensity = true;
116

117 % Define colormap (Parula provides a smooth gradient from blue to yellow)
118 layerCmap = parula;
119

120 % Determine intensity-based color mapping
121 if length(layerColor) == 21 % Case: "colour4intensity_rfid"
122 % Compute color index based on RFID intensity sum
123 % Normalize intensity using a fixed divisor (3.6373e+04) instead of range

normalization
124 % This maps values to the colormap index range
125 layerCmapIndices = round(dataMetricsAgg.rfid.Intensity.sum(

relevant_waterway_mask) / 3.6373e+04 * (length(layerCmap) - 1) + 1);
126

127 elseif length(layerColor) == 20 % Case: "colour4intensity_ais"
128 % Compute color index based on AIS intensity sum
129 layerCmapIndices = round(dataMetricsAgg.ais.Intensity.sum(
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relevant_waterway_mask) / 3.6373e+04 * (length(layerCmap) - 1) + 1);
130

131 else
132 % If the provided layerColor string length doesn't match expected cases,

print a warning
133 disp("layerColor is a string, but is wrong") % Debugging message (

potentially for unexpected inputs)
134 end
135

136 % Assign the calculated color to the layer based on computed intensity index
137 layerColor = layerCmap(layerCmapIndices, :);
138

139 else
140 disp("Invalid layerColor option. Choose from: 'colour4capacity', 'colour4trueness

', or 'trafficcount'.")
141 end
142 elseif isempty(layerColor)
143 disp("No color specified. Defaulting to black.")
144 layerColor = [0, 0, 0];
145 end
146

147 % HANDLE LAYER WIDTH SELECTION
148 if isstring(layerWidth)
149 if layerWidth == "width4capacity"
150 % Set width based on capacity values
151 maxWidth = 30;
152 minWidth = 3;
153 lineShapes = geoData_masked.lineShapes(layer_mask);
154 layerWidth = round(normalize(layerCapacities, "range") * (maxWidth - minWidth) +

minWidth);
155

156 elseif layerWidth == "width4trueness"
157 % Set width based on capacity trueness values
158 maxWidth = 10;
159 factor = 0.5;
160 layerWidth = maxWidth * (results.(dataType).trueCapacityRange(layer_mask, index)

* (1 - factor) + factor);
161

162 elseif layerWidth == "shiftedWide"
163 % Returns lines with a width of 8 however they are shifted wide
164 % to increase the clearity of the map.
165 lineShapes = geoData_masked.lineShapesShiftedWide(layer_mask);
166 layerWidth = 8;
167 LayerAlpha = 1;
168

169 else
170 disp("Invalid layerWidth option. Choose from: 'width4capacity' or 'width4trueness

'.")
171 end
172 elseif isempty(layerWidth)
173 disp("No width specified. Defaulting to 8.")
174 layerWidth = 8;
175 end
176

177 % CREATE LAYER DESCRIPTION
178 featname = "Segment ID: " + string(geoData_masked.segment_id(layer_mask)) + " (" + string

(layer_indices) + ")";
179 descrip = "Model capacity: " + string(round(results.(dataType).capacity(layer_mask))) + "

VE/uur <br>" + ...
180 "TNO capacity: " + string(round(geoData_masked.capacity(layer_mask))) + "VE/uur

<br>";
181

182 if trafficCount
183 featname = "Segment ID: " + string(layerData.linkSet);
184 descrip = "Sum of intensity: " + string(round(layerData.summedIntensity)) + "VE <br>"

+ ...
185 "Max intensity: " + string(layerData.maxIntensity) + "VE/uur";
186 end
187

188 % DISPLAY ON WEBMAP
189 layer = wmline(lineShapes, "Color", layerColor, "LineWidth", layerWidth, "Alpha",
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LayerAlpha, ...
190 'FeatureName', featname, 'Description', descrip, 'OverlayName',

overlayName);
191 end
192

193 % This functions calculates a vector perpendicular to the parsed line that
194 % can be used to shift the line on the map for clarity.
195 function shiftVector = shiftvector(geoData_parsed)
196 lineVector = [geoData_parsed.toLat-geoData_parsed.fromLat,geoData_parsed.toLon-

geoData_parsed.fromLon ,0];
197 shiftVector = cross(lineVector ,[0,0,1]);
198 shiftVector = shiftVector / norm(shiftVector) * -2e-5;
199 end
200

201 %% WEBMAP INITIALIZATION AND LAYER CREATION
202 if true
203 tic
204

205 % Define the capacity trueness threshold
206 capacityTrueness_threshold = 0.033;
207

208 % Close any existing WebMaps and initialize a new one
209 wmclose all
210 baseLayer = 'Open␣Street␣Map';
211 lat = 52.37; % Latitude for Amsterdam
212 lon = 4.900; % Longitude for Amsterdam
213 zoom = 14;
214 wm = webmap(baseLayer);
215 wmcenter(wm, lat, lon, zoom)
216

217 % Create a mask for relevant waterways
218 geoData_mask = ismember(geoData.segment_id, waterways_almost_all);
219 geoData_masked = geoData(geoData_mask, :);
220

221 % Add the capacity value stored in the geoData for both directions of
222 % the waterway
223 geoData_masked.combinedCapacity = zeros(size(geoData_masked ,1),1);
224

225 % Generate shifted line shapes to avoid overlaps
226 lineShapes = geoshape();
227 lineShapesShifted = geoshape();
228 lineShapesShiftedWide = geoshape();
229 for i = 1:size(geoData_masked, 1)
230 lineShapes(i) = geoshape([geoData_masked.fromLat(i), geoData_masked.toLat(i)], ...
231 [geoData_masked.fromLon(i), geoData_masked.toLon(i)]);
232 shiftVector = shiftvector(geoData_masked(i, :));
233 lineShapesShifted(i) = geoshape([geoData_masked.fromLat(i) + shiftVector(1),

geoData_masked.toLat(i) + shiftVector(1)], ...
234 [geoData_masked.fromLon(i) + shiftVector(2),

geoData_masked.toLon(i) + shiftVector(2)]);
235

236 lineShapesShiftedWide(i) = geoshape([geoData_masked.fromLat(i)+20*shiftVector(1),
geoData_masked.toLat(i)+20*shiftVector(1)], ...

237 [geoData_masked.fromLon(i)+20*shiftVector(2),
geoData_masked.toLon(i)+20*shiftVector(2)]);

238

239 correspondingSegment_index = find(geoData_masked.fromNodes == geoData_masked.toNodes(
i) & geoData_masked.toNodes == geoData_masked.fromNodes(i));

240 geoData_masked.combinedCapacity(i) = geoData_masked.capacity(i) + geoData_masked.
capacity(correspondingSegment_index);

241 end
242 geoData_masked.lineShapes = lineShapes;
243 geoData_masked.lineShapesShifted = lineShapesShifted;
244 geoData_masked.lineShapesShiftedWide = lineShapesShiftedWide;
245

246 toc
247 end
248

249

250 %% BUILDING THE LAYERS!
251 % This part is a little messy because during the project new layers have
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252 % been added to investigate different things. To enable the understanding
253 % of the layers, they can be turned on or off by changing the if statements
254

255 % This section constructs different visualization layers for the web map.
256

257 % Create a map to store overlay handles
258 overlayHandles = containers.Map;
259

260 %% Layer 1: Display individual clusters with unique colors
261 if false
262 % Each cluster is given a different color
263 for i = 1:k
264 clusterName = sprintf("Cluster %i", i);
265 clusterColor = cmap(mod(((i - 1) * 2), 7) + 1, :); % Assign colors cyclically
266 clusterWidth = []; % Default width
267 overlayHandles(clusterName) = webmapprint(waterwayClusters{i}, clusterName,

clusterColor, clusterWidth, []);
268 end
269 end
270

271 %% Layer 2: Color based on waterway capacity, width based on trueness
272 if false
273 for i = 1:k
274 clusterName = sprintf("Capacity-colour Cluster %i", i);
275 clusterColor = "colour4capacity"; % Color based on capacity
276 clusterWidth = "width4trueness"; % Width based on how "true" the capacity estimate

is
277

278 overlayHandles(clusterName) = webmapprint(waterwayClusters{i}, clusterName,
clusterColor, clusterWidth, []);

279 end
280 end
281

282 %% Layer 3: Width based on waterway capacity, color based on trueness
283 if false
284 for i = 1:k
285 clusterName = sprintf("Capacity-width Cluster %i", i);
286 clusterColor = "colour4trueness"; % Color based on trueness
287 clusterWidth = "width4capacity"; % Width based on capacity
288

289 % Create layer with both width and color representation
290 overlayHandles(clusterName) = webmapprint(waterwayClusters{i}, clusterName,

clusterColor, clusterWidth, []);
291 % Create additional layer without width variation
292 overlayHandles(clusterName + " (no width}") = webmapprint(waterwayClusters{i},

clusterName + " (no width)", clusterColor, [], []);
293 end
294 end
295

296 %% Layer 4: Investigate the capacity marker for different values of the capacity marker
threshold

297 if false
298 % for the indiviual clusters (Width based on waterway capacity and "trueness" <-> colour)
299 first = true;
300 % the range may vary due to a different value for the p-th percentile
301 % of the capacity
302 % flip(0.015:0.003:0.042) % for p = 99
303 % flip(0.059:0.003:0.1) % for p = 95
304 % flip(0.1:0.003:0.2) % for p = 90
305 for i = flip(0.015:0.003:0.042) % for p = 99
306 col = find( abs(results.capacityTruenessThresholdRange - i) <= 0.0001);
307 current_trueCapacity = results.(dataType{dataTypeIndex}).trueCapacityRange(idx==

cluster2investigate ,col);
308

309 if first
310 current_waterways = waterwayClusters{cluster2investigate};
311

312 previous_trueCapacity = current_trueCapacity;
313 first = false;
314 else
315 disp("only orange")
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316 current_waterways = waterwayClusters{cluster2investigate}(current_trueCapacity -
previous_trueCapacity == 1);

317

318 previous_trueCapacity = current_trueCapacity;
319 end
320

321 if isempty(current_waterways)
322 continue
323 end
324 % cluster2investigate = 2;
325 layerName = sprintf("Capacity marker: %.4f", i);
326 layerColor = "colour4trueness";
327 layerWidth = [];
328

329 overlayHandles(layerName) = webmapprint(current_waterways, layerName, layerColor,
layerWidth, i);

330 end
331 end
332

333 %% Layer 5: Bottlenecks - Highlight known congestion points
334 if false
335 overlayName = "Bottlenecks";
336 layerColor = cmap(7, :); % Assign red or orange color for bottlenecks
337 layerWidth = [];
338 overlayHandles(overlayName) = webmapprint(waterways_bottleNeck , overlayName, layerColor,

layerWidth, []);
339 end
340

341 %% Layer 6: Validation Data Layer
342 if false
343 overlayName = "Validatiesessie"; % Validation session data layer
344 validationData = [
345 643 95
346 1250 267
347 1284 95
348 1447 180
349 1713 64 % Waves of traffic
350 1107 124 % Traffic flow from directions 50-50
351 1063 120 % Same for waterways around here
352 111 300 % +++ (uncertain data)
353 764 999 % Likely bottleneck at St. Antonisluis (150 VE/hour from traffic count)
354 681 150
355 1341 999 % Similar bottleneck at St. Antonisluis
356 1340 150
357 980 60
358 480 120 % 12 docking spots, congestion due to Grimburgwal
359 778 177
360 1569 120 % Traffic flow from two directions 50-50
361 1571 120
362 1801 1 % Model estimates this is lower than reality!
363 1395 60 % Traffic flow from two directions 50-50
364 987 999 % Prinsengracht? Validation uncertain
365 877 163
366 1622 400 % Binnenamstel lower than Amstel
367 1899 237 % Based on Mobycon traffic count
368 1435 211 % Based on Mobycon traffic count
369 1922 0 % Closed, no traffic allowed
370 1868 1
371 1464 999 % ALF-related error?
372 ];
373 validationData = sortrows(validationData, 1); % Sort by segment ID
374

375 % Assign colors based on validation results
376 layerColor = zeros(length(validationData), 3);
377 for i = 1:length(validationData)
378 if validationData(i,2) == 999 || validationData(i,2) == 0
379 layerColor(i, :) = cmap(4, :); % Red for extreme cases (bottlenecks or zero flow

)
380 elseif validationData(i,2) > results.(dataType{dataTypeIndex}).capacity(

validationData(i,1)) + ...
381 results.(dataType{dataTypeIndex}).capacity(validationData(i,1)) / 10
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382 layerColor(i, :) = cmap(6, :); % Yellow for overestimated capacity
383 elseif validationData(i,2) < results.(dataType{dataTypeIndex}).capacity(

validationData(i,1)) - ...
384 results.(dataType{dataTypeIndex}).capacity(validationData(i,1)) / 10
385 layerColor(i, :) = cmap(3, :); % Green for underestimated capacity
386 else
387 layerColor(i, :) = cmap(5, :); % Blue for correct capacity
388 end
389 end
390

391 % Define layer width
392 layerWidth = "shiftedWide";
393 overlayHandles(overlayName) = webmapprint(waterways(validationData(:,1)), overlayName,

layerColor, layerWidth, []);
394 end
395

396 %% Layer 7: TNO Comparison - Compare model estimates with external data
397 if false
398 overlayName = "Comparison TNO (validation)";
399 layerWidth = "shiftedWide";
400 layerColor = [];
401

402 % Extract TNO and model capacity data
403 layerWaterways = waterways(validationData(:,1));
404 modelCapacity = round(results.(dataType{dataTypeIndex}).capacity(validationData(:,1)));
405 TNOCapacity = round(geoData_masked.combinedCapacity(validationData(:,1)));
406

407 % Assign colors based on discrepancies between model and TNO estimates
408 for i = 1:length(validationData)
409 if TNOCapacity(i) > modelCapacity(i) + modelCapacity(i) / 10
410 layerColor(i, :) = cmap(6, :); % Yellow for TNO overestimating capacity
411 elseif TNOCapacity(i) < modelCapacity(i) - modelCapacity(i) / 10
412 layerColor(i, :) = cmap(3, :); % Green for TNO underestimating capacity
413 else
414 layerColor(i, :) = cmap(5, :); % Blue for agreement
415 end
416 end
417

418 overlayHandles(overlayName) = webmapprint(layerWaterways, overlayName, layerColor,
layerWidth, []);

419 end
420

421 %% Layer 8: TNO Capacity Map
422 if false
423 for i = 1:k
424 clusterName = sprintf("TNO capacity Cluster %i", i);
425 clusterColor = "colour4TNOcapacity";
426 clusterWidth = "shiftedWide"; % Highlight width of TNO values
427

428 overlayHandles(clusterName) = webmapprint(waterwayClusters{i}, clusterName,
clusterColor, clusterWidth, []);

429 end
430 end
431

432 %% Layers 9-..: Rest layers for small investigations during the project
433 % Amongst other code, the summed intensity over all data for AIS and RFID,
434 % the traffic count data, and the waterway of one specific index
435 if true
436 % "colour4intensity"
437 % "width4intensity"
438

439 overlayHandles('dataMetricsAgg_colour_ais') = webmapprint(waterways_almost_all , '
dataMetricsAgg_colour_ais', 'colour4intensity_ais', [], []);

440 overlayHandles('dataMetricsAgg_colour_rfid') = webmapprint(waterways_almost_all , '
dataMetricsAgg_colour_rfid', 'colour4intensity_rfid', [], []);

441

442 % overlayHandles('dataMetricsAgg_width ') = webmapprint(waterways_almost_all , '
dataMetricsAgg_width ', [], "width4intensity", []);

443

444 % % array of segmentIDs -> array of corresponding capacities
445 % results.rfid.capacity(ismember(results.linkSet,waterwayClusters{i}))
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446 % clusterCapacities = results.(dataType).capacity(ismember(results.linkSet,
waterwayClusters{i}));

447

448 % Display information only for the traffic count dates and times
449 overlayHandles('trafficcount') = webmapprint(waterways_telling.linkSet, 'trafficcount', '

trafficcount', [], []);
450

451 % Find one single waterway, in this case (1218) the waterway that is used
452 % as an example in the presentations
453 overlayHandles('one␣waterway') = webmapprint(waterways(1218), 'onewaterway', [], 50, []);
454 end
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validation_using_traffic_simulation.m
1 %
2 % validation_using_traffic_simulation.m
3 % Created on 24-02-2025
4 % Created by Thijs Elfferich
5 %
6

7 %% Validation with data from a Traffic Simulation Model
8

9 % Get the full path of the current script
10 mfilePath = fileparts(matlab.desktop.editor.getActiveFilename);
11

12 % Initialize an empty data structure
13 data = [];
14

15 % Specify the file paths, sheet names, and ranges for different traffic states
16 data.freeflowing = [];
17 data.freeflowing.filePath = fullfile(mfilePath, 'datasets\traffic_simulation\freeflowing\

Detector0_road1_x99_time4082.xlsx');
18 data.freeflowing.sheetName = 'Detector0_road1_x99_time4082'; % Specify sheetName
19 data.freeflowing.range = 'L1:N10000'; % Specify the range to read
20

21 data.semicongested = [];
22 data.semicongested.filePath = fullfile(mfilePath, 'datasets\traffic_simulation\semicongested\

Detector0_road1_x99_time7494.xlsx');
23 data.semicongested.sheetName = 'Detector0_road1_x99_time7494'; % Sheet name
24 data.semicongested.range = 'L1:N10000'; % Specify the range to read
25

26 data.congested = [];
27 data.congested.filePath = fullfile(mfilePath, 'datasets\traffic_simulation\congested\

Detector0_road1_x99_time15791.xlsx');
28 data.congested.sheetName = 'Detector0_road1_x99_time15791'; % Sheet name
29 data.congested.range = 'Q1:S10000'; % Specify the range to read
30

31 % Define traffic states
32 states = {'congested', 'semicongested', 'freeflowing'}; % Access data with data.(states{i})
33

34 % Define parameters
35 p_capacity = 99; % Percentile used to define capacity
36 c_threshold = 180; % Range around the capacity for density calculation
37 p_criticalDensity = 50; % Percentile for determining critical density
38 capacityTrueness_threshold = 0.033; % Threshold for determining if capacity is reached
39

40 % Define color map for plots
41 cmap = lines(7);
42

43 % Loop through different traffic states
44 for i = 1:length(states)
45

46 % Read the specified range from the Excel file
47 table = readtable(data.(states{i}).filePath, 'Sheet', data.(states{i}).sheetName, ...
48 'Range', data.(states{i}).range, 'ReadVariableNames', true);
49

50 table(1, :) = []; % Remove first row (header or unwanted data)
51 table = rmmissing(table); % Remove missing values
52

53 % Extract relevant columns from table
54 speed = table.speed_km_h_;
55 density = table.density_veh_km_;
56 intensity = table.flow_veh_h_;
57

58 % Calculate capacity as the 99th percentile of intensity
59 capacity = prctile(intensity, p_capacity);
60

61 % Define range around capacity for critical density calculation
62 intensityRange = intensity >= capacity - c_threshold & intensity <= capacity +

c_threshold; % Logical mask
63

64 % Determine critical density as the 50th percentile of the selected intensity range
65 criticalDensity = prctile(density(intensityRange), p_criticalDensity);
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66

67 % Calculate the ratio of oversaturated points
68 superCriticalPointsRatio = sum(density > criticalDensity) / length(density);
69

70 % Determine if capacity is considered reached
71 trueCapacity = superCriticalPointsRatio >= capacityTrueness_threshold;
72

73 % Display results
74 fprintf("Looking at %s\n", states{i});
75 fprintf("The estimated capacity = %d veh/h\n", capacity);
76 fprintf("The estimated critical density = %d veh/km\n", criticalDensity);
77 fprintf("The ratio of oversaturated points = %.4f\n", superCriticalPointsRatio);
78 fprintf("Capacity marker (1=capacity reached, 0=not reached) = %d \n\n", trueCapacity);
79

80 % Plot fundamental diagrams and analysis steps
81 if true % Display the intensity-density diagram
82 figure;
83 hold on;
84 title(sprintf("Fundamental Diagram: intensity-density \n Road Traffic Simulation

Model: %s", states{i}));
85 scatter(density, intensity, 'DisplayName', "Simulated data");
86 xlabel('Density␣(veh./km)');
87 ylabel('Intensity␣(veh./h)');
88 xlim([0,200]);
89 ylim([0,6000]);
90 legend;
91 end
92

93 if true % Methodology step 1: Define capacity
94 figure;
95 hold on;
96 title(sprintf("Fundamental Diagram: intensity-density \n Road Traffic Simulation

Model: %s", states{i}));
97 scatter(density, intensity, 'DisplayName', "Simulated data");
98 yline(capacity, 'Color', cmap(2,:), 'LineWidth', 2, 'DisplayName', sprintf('Capacity␣

(p=%i)', 99));
99 xlabel('Density␣(veh./km)');
100 ylabel('Intensity␣(veh./h)');
101 xlim([0,200]);
102 ylim([0,6000]);
103 legend;
104 end
105

106 if true % Methodology step 2: Define range around capacity
107 figure;
108 hold on;
109 title(sprintf("Fundamental Diagram: intensity-density \n Road Traffic Simulation

Model: %s", states{i}));
110 scatter(density, intensity, 'DisplayName', "Simulated data");
111 yline(capacity, 'Color', cmap(5,:), 'LineWidth', 1, 'DisplayName', sprintf('Capacity␣

(p=%i)', 99));
112 yline(capacity + c_threshold, 'DisplayName', "Upper threshold");
113 yline(capacity - c_threshold, 'DisplayName', "Lower threshold");
114 scatter(density(intensityRange), intensity(intensityRange), [], cmap(2,:), "filled",

"DisplayName", "Within range");
115 xlabel('Density␣(veh./km)');
116 ylabel('Intensity␣(veh./h)');
117 xlim([0,200]);
118 ylim([0,6000]);
119 legend;
120 end
121

122 if true % Methodology step 3: Define critical density
123 figure;
124 hold on;
125 title(sprintf("Fundamental Diagram: intensity-density \n Road Traffic Simulation

Model: %s", states{i}));
126 scatter(density, intensity, 'DisplayName', "Simulated data");
127 yline(capacity, 'Color', cmap(5,:), 'LineWidth', 2, 'DisplayName', sprintf('Capacity␣

(p=%i)', 99));
128 scatter(density(intensityRange), intensity(intensityRange), [], cmap(5,:), "filled",
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"DisplayName", "Within range");
129 xline(criticalDensity, 'Color', cmap(2,:), 'LineWidth', 2, 'DisplayName', sprintf('

Critical␣density␣(p=%i)', 50));
130 xlabel('Density␣(veh./km)');
131 ylabel('Intensity␣(veh./h)');
132 xlim([0,200]);
133 ylim([0,6000]);
134 legend;
135 end
136

137 if true % Methodology step 4: Identify oversaturated points
138 figure;
139 hold on;
140 title(sprintf("Fundamental Diagram: intensity-density \n Road Traffic Simulation

Model: %s", states{i}));
141 scatter(density, intensity, 'DisplayName', "Simulated data");
142 yline(capacity, 'Color', cmap(7-2*trueCapacity ,:), 'LineWidth', 2, 'DisplayName',

sprintf('Capacity␣(p=%i)', 99));
143 xline(criticalDensity, 'Color', cmap(7-2*trueCapacity ,:), 'LineWidth', 2, '

DisplayName', sprintf('Critical␣density␣(p=%i)', 50));
144 scatter(density(density > criticalDensity), intensity(density > criticalDensity), [],

cmap(2,:), "DisplayName", "Oversaturated points");
145 xlabel('Density␣(veh./km)');
146 ylabel('Intensity␣(veh./h)');
147 xlim([0,200]);
148 ylim([0,6000]);
149 legend;
150 end
151 end
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