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Assignment 8 Solution 

Problem 1 (6 points) 

You are task to calculate the volume of earth for a highway project in Virginia. A cross 
section of the terrain to be removed in the project is shown in Table 1. 

Task 1. Create a Matlab script to read the data. Copy the data into another file (Matlab, 
Excel, etc.). 

 

Task 2. Add MATLAB code to the script created in Task 1 to interpolate linearly values 
of elevation from stations 0 to 55 at intervals of 10 centimeters. The goal is to produce 
a smooth profile of the terrain before calculating the area under the curve in Task 3. 
Make a plot of the original data and the interpolated data. 
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Task 3. Estimate the area under the curve projected by the elevation across each 
station. Use either the Trapezoidal rule. Display the value of the area under the curve 
in the Command window and also write the value in the title of the plot generated in 
Task 2. 

The area under the curve projected in the original data is 1864.115 sq.m  

The area under the curve projected in interpolated data is 1864.115 sq.m 

 

Task 4. Use the Matlab area command to demonstrate a partial removal of terrain 
between stations 10.5 and 25.5 meters. Show the area under the partial removal in the 
plot. 

The area of partial removal is 755.438 sq.m 
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Problem 2 (7 points) 

A civil engineer is designing acceleration ramps for a new highway. Figure 1 who’s the 
typical acceleration ramp configuration. The highway is used by a variety of vehicles 
including cars, light trucks, and heavy trucks. The engineer collected data about three 
types of vehicles to design the acceleration ramp (L) shown in Figure 1. 

Task 1. Create Matlab code (using ODE solver) or a Simulink model to solve the 
diXerential equation that estimates vehicle speed as a function of time. You can reuse 
any of the Matlab code or Simulink models provided in class. 

Simulink 

 

Set an initial speed of 5 m/s when integrating the speed. 



CEE 3804: Computer Applications in CEE  Spring 2026 
 

 5 
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Matlab ODE Solver 

 

 

Task 2. Enhance the model of Task 1 model to predict the distance traveled by the 
vehicle as it accelerates on the ramp. 

Simulink 

Integrate a speed using a integrate block. 

 

Matlab ODE Solver 

I used cumtrapz, which is cumulative trapezoidal numerical integration. You can also use 
the ODE solver again to find the distance. 
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Task 3. Use the model created in Tasks 1 and 2 to predict the length of the acceleration 
ramp if a loaded truck is used as the critical vehicle. Assume that the vehicle at 
location A has an initial speed of 5 m/s (very low speed to simulate a ramp metering 
light). Compare the acceleration ramp length for a loaded truck and a car. 

Simulink 

The estimated length of the acceleration ramp for the heavy truck is 616 m 

The estimated length of the acceleration ramp for the light truck is 397 m 

The estimated length of the acceleration ramp for the car is 331 m 

If you haven't set an initial speed of 5 m/s when you integrate, you will get a diPerent 
distance. (629 meters for heavy truck, 376 meters for light truck, and 325  meters for the 
car) 

 

There is a diPerence between the Simulink and ODE solver because I used cumtrapz 
(cumulative integral) to calculate a distance, or Simulink may use a diPerent solver. But it is 
still an acceptable diPerence. 
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Matlab ODE Solver 

The estimated length of the acceleration ramp for the heavy truck is 610.0847 m 

The estimated length of the acceleration ramp for the light truck is 384.912 m 

The estimated length of the acceleration ramp for the car is 314.9497 m 
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Problem 3 (7 points) 

Figure 2 presents consumption data and emissions is for a small SUV vehicle. The fuel 
consumption and emissions are presented in columns 3 and 4. The data was collected 
by the Oak Ridge National Lab. 

Task 1. Create Matlab script to read the data. Use the method of your choice. 
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Task 2. Add code to the script created in Task 1 to find the best fourth-order 
polynomial to predict fuel consumption (dependent variable) as a function of speed 
(independent variable). Display the polynomial in the Command Window and make a 
screen capture.  

Task 3. Make a plot (in code) of the fuel consumption data and also show your 
polynomial fit in the same plot. 
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Task 4. Add code to find the best high-order polynomial to predict vehicle emissions 
(mg/s) as a function of speed (m/s).  

Task 5. Make a plot (in code) of the emissions data and also show your polynomial fit in 
the same plot. Comment on the quality of the polynomials to fit the data. 

There are several metrics to investigate in the fitted model. I used an adjusted R2 value to 
identify the best model for predicting emissions as a function of speed. Because models of 
higher order are prone to overfitting by returning a high R2 value in higher orders. Adjusted R2 

is a modified R2 by accounting for the degrees of freedom, which is the number of 
independent variables that can be estimated. It is more reliable than the normal R2 value 
for higher-order polynomials.  

I set a threshold of adjusted R2 of 0.99, which is sufficient to identify the best model while 
avoiding overfitting. Therefore, my code finds the polynomial at which the first reaches an 
adjusted R2 of 0.99. The results show that a 4th-order polynomial is enough to say it's the 
best model. Again, higher order will provide a higher R2 value; however, it overfits. A higher 
value is not always better. As you can see in the figure below, the polynomial is badly 
conditioned in higher orders. We are required to add points with distinct X values or reduce 
the degree of the polynomial. 
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