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In this script, we will import in data from .csv files interactively, and then generate code to bring in the data programmatically. 
The bicycle counts data comes from sensors on Broadway, Cambridge, Massachusetts, and counts the number of bikes travelling toward Harvard (Westbound) and toward the city centre (Eastbound) every 15 minutes.
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[bookmark: MW_H_3851EA69]Import Data
Data can be imported interactively using the Import Tool.
Run the generated code:
bikeData = importfilett('BicycleCounts2017.csv');
[bookmark: MW_H_83F8CEEE]Visualise and Explore the Data
Make a line plot of the numbers of bike journeys recorded:
figure
plot(bikeData.Time,bikeData.Westbound,'DisplayName','Westbound')
hold on
plot(bikeData.Time,bikeData.Eastbound,'DisplayName','Eastbound')
hold off

grid on
legend('show')
title('Bicycle counts along Broadway, Boston')
xlabel('Date')
ylabel('No. of journeys per 15 mins')

xlim([datetime(2017,7,2,23,20,3)...
      datetime(2017,7,25,14,37,58)])
ylim([2.8 106.2])
[bookmark: MW_H_D4CAC6A5]Explore the General Trend
Add a weekly moving average. Averaged over 4*24*7 = 672 15-minute measurements.
bikesMA = movmean(bikeData.Total, 4*24*7);
figure
plot(bikeData.Time, bikesMA)
ylabel('Number of Journeys')
title('Weekly moving average')
[bookmark: MW_H_7E2B6D95]Import Weather Data Programmatically
Import the some daily weather data for Boston taken during the same time period.
weatherData = readtimetable('BostonTempData2017.xlsx');
head(weatherData)
Note: The MATLAB documentation is extremely useful for learning how a function works.
Convert the temperatures from Fahrenheit to Celsius. This is an example of using a matrix to make batch calculations.
[image: ]
weatherData{:,3:5} = round((weatherData{:,3:5} - 32) * 5/9, 1);
Simultaneously visualise all columns.
figure
stackedplot(weatherData);
[bookmark: MW_H_3CBC7997]Numeric Analysis and Visualisation
 Average the number of bike journeys to get one value per day using groupsummary function:
dailyJourneys = groupsummary(bikeData, 'Time', 'dayofyear', 'mean',{'Eastbound','Westbound','Total'});
head(dailyJourneys)
4 readings per hour * 24 hours per day = 96 readings ("GroupCount") per day of the year.
[bookmark: MW_H_AB911674]Investigate the Effect of Temperature
How does the temperature affect the number of trips per day?
Compare the number of bike journeys and the temperature on a day-to-day basis:
figure
yyaxis left
plot(weatherData.DATE(double(dailyJourneys.dayofyear_Time)), dailyJourneys.mean_Eastbound)
ylabel('Number of Bike Journeys per 15 mins')

yyaxis right
plot(weatherData.DATE, weatherData.TAVG,':', 'LineWidth', 2)
ylabel('Average Temperature (\circC)')
xlabel('Date')
More journeys tend to be taken when the weather is warmer, and fewer at low temperatures. 
[bookmark: MW_H_BB91AA74]Fitting Data in MATLAB
There are many ways of fitting data in MATLAB, from basic fits to compute fit coefficients to more complex models such as those found in machine learning techniques and neural networks.
A city planner wants to predict how the number of bike journeys will look like in at the end of 2019. For a representative fit, we will:
Use all available data (June 2015 - December 2018 to make the model, January-September 2019 to check the model)
Disregard weekend journeys (behave different to weekday journeys)
Create a fit to the daily average number of journeys over time using the Curve Fitting tool. 
Load all bike data:
ds = datastore('Data/BicycleCounts*.csv', 'TextType', 'string');
allBikeData = readall(ds);
allBikeData = table2timetable(allBikeData(:,3:end), 'RowTimes', allBikeData.Date + allBikeData.Time );
allBikeData.Time.Format = 'MM/dd/yyyy HH:mm:ss';
allBikeData = sortrows(allBikeData);
Select only weekday data:
weekdays = allBikeData.Day ~= 'Saturday' & allBikeData.Day ~= 'Sunday';
weekdayData = allBikeData(weekdays,:);
Prepare data for fitting:
[elapsedDays, avDaily] = prepFittingData(weekdayData);
[bookmark: MW_H_1733A8DA]Curve Fitting App
[bookmark: MW_H_97E5817E][image: ]
bikeFit = createFit(elapsedDays, avDaily);
[bookmark: MW_H_02B7017A]Check with 2019 Data
Overlay the fit onto the data and predict the bike journeys for the end of 2019:
nElapsedDays = 4.5*365; % Since recording began in summer 2015
x = linspace(0,nElapsedDays,700);
f = figure;
plot(elapsedDays, avDaily, 'b.')
fevalAndPlot(bikeFit, x)
[bookmark: MW_H_65DADEF7]Add the bike count data from the first half of 2019 to visually check the model:
data2019 = importfilett('HoldOutBicycleCounts2019.csv');
weekdays2019 = data2019.Day ~= 'Saturday' & data2019.Day ~= 'Sunday';
weekdayData2019 = data2019(weekdays2019, :);
[elapsedDays2019, avDaily2019] = prepFittingData(weekdayData2019);

plot(elapsedDays(end)+elapsedDays2019, avDaily2019, 'k:', 'DisplayName','2019 Data')
[bookmark: MW_H_E4C37AEB]Local Functions
Prepare data for fitting:
function [eDays, avTot] = prepFittingData(T)
    groupVar = floor(days(T.Time - T.Time(1)));
    avTot = groupsummary(T.Total, groupVar, 'mean');
    eDays = unique(groupVar);
end
Evaluate fit and plot:
function fevalAndPlot(bikeFit, x)
    fitCurve = feval(bikeFit,x);
    hold on
    plot(x, fitCurve, 'r', 'LineWidth',1.5)
    xlabel('Days Elapsed since 24/6/2015')
    ylabel('Average No. of trips per 15 mins')
    legend('Weekday Data', 'Fourier Fit', 'Location', 'north')
    grid on
end
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ans = 8×5 timetable 
			 			DATE			AWND			PRCP			TAVG			TMAX			TMIN


			1			01-Jan-2017 00:00:00			14.0900			0.0700			40			44			33


			2			02-Jan-2017 00:00:00			4.4700			0			35			41			28


			3			03-Jan-2017 00:00:00			18.1200			0.8900			41			44			40


			4			04-Jan-2017 00:00:00			12.5300			0.0600			43			48			33


			5			05-Jan-2017 00:00:00			14.7600			0			32			34			27


			6			06-Jan-2017 00:00:00			8.0500			0.0600			29			31			24


			7			07-Jan-2017 00:00:00			14.3200			0.5300			23			24			17


			8			08-Jan-2017 00:00:00			13.4200			0.0100			18			22			13
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ans = 8×5 table 
			 			dayofyear_Time			GroupCount			mean_Eastbound			mean_Westbound			mean_Total


			1			1			96			0.6979			0.5938			1.2917


			2			2			96			1.1875			0.8229			2.0104


			3			3			96			2.9896			1.7604			4.7500


			4			4			96			4.5833			3.7292			8.3125


			5			5			96			4.3542			3.9479			8.3021


			6			6			96			2.2083			2.4271			4.6354


			7			7			96			0.3125			0.2708			0.5833


			8			8			96			0.2813			0.1563			0.4375
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