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Introduction

Purpose: To see if genetic algorithms lead us to the best flight time of paper.

Hypothesis: If we use genetic Algorithms to enhance the shape of a piece of paper and attach a

small object to it, then the shape we think it will be is the shape of a helicopter seed.

Materials: Paper, Scissors, Ruler, Phone/Stopwatch, penny, Pen, Computer

Hazards: paper cuts, scissors are sharp and can cause bleeding if cut or stabbed.

Procedure

Step 1: Create starting genetic code

Step 2: Cut out generation of paper

Step 3: Attach weight object

Step 4: Drop generation of paper

Step 5: Record time it takes before it hits the ground

Step 6: Repeat steps 4 & 5 two more times

Step 7: Select ‘surviving’ paper

Step 8: Mix DNA of surviving paper

Step 9: Randomly mutate some DNA

Step 10: Repeat steps 2-9 15 times
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We are doing our science fair project on how natural selection allows the evolution of a

superior species. To test this we decided to simulate the evolution of a falling seed pod using

Genetic Algorithms. Seed shape is one of many important aspects of a plant. Seed shape is

related to dispersal, in which the potential is increased by the structure of the seed. There are

many other geometric shapes such as an oval, ellipse, cardioid, etc. Comparing a seed with a

geometric or structure helps give a precise description that can be quantitative, allowing for the

comparison between genotypes or seeds grown in different conditions. Recent methods for the

comparison of seed shapes depend on systems based on digital image analysis. The methods

combine artificial vision technologies with statistical algorithms and may be very efficient for the

discrimination of seeds and fruits in a range of plant species and varieties. The methods either

don't give a magnitude that can be associated with seed shape for a certain group of seeds or they

don't take in consideration the similarity of seeds with geometric figures. According to "Seed

Shape Description and Quantification by Comparison of geometric models'' it states, "Current

methods based on artificial vision, algorithms, and statistical analysis need to go back to the

initial seed images, combining geometric models with quantitative and statistical methods to

analyze seed shapes." This says that current methods based on artificial vision, algorithms, and
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statistical analysis need to combine geometric models with quantitative and statistical methods to

analyze seed shapes.

An example of a falling seed pod would be a maple seed. These seeds spin like miniature

helicopters as they fall to the ground. Because the seeds go down slowly as they fall, they can be

carried by the wind to disperse over great distances. How do the seeds spin so slowly you may

ask well there's one reason. Because the seeds swirl when falling, they generate a tornado-like

vortex that sits on top of the seed as they spin slowly to the ground. That vortex lowers the air

pressure over the upper surface of that maple seed which effectively sucks the wing upward

defying gravity and giving it a sort of boost. In the article "Maple Seeds and Animal Exploits the

Same Trick to Fly", it states "This use of a leading-edge vortex to increase lift is remarkably

similar to the trick employed by insects, bats, and hummingbirds when they sweep their wings

back and forth to hover. The finding means that plants and animals have converged

evolutionarily on an identical aerodynamic solution for improving their flight performance." This

is saying that the vortex is the same thing insects and birds use to hover and improve their flight

performance.

We are planning on using Genetic Algorithms to simulate survival of the fittest so we can

see if over multiple generations, the end result will be similar to what nature has already

produced in the form of maple seeds and such. Genetic Algorithms, “use biological processes in

software to find problems that have really large search spaces by continuously generating

candidate solutions, evaluating how well the solutions fit the desired outcome, and refining the

best solutions” (Sheppard, Clinton). This means that they take inspiration from nature and

combine it with technology to get a process with the quality of nature and the speed of

technology. Genetic Algorithms allow us to get incredible results because it doesn’t limit its
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solutions before it tries everything and it continues to try new things even if it doesn’t seem like

they will work well. This leads to a thoroughly produced solution to a problem

Genetic Algorithms have a few simple steps. “A simple genetic algorithm that yields

good results in many practical problems is composed of three operators: 1. Reproduction, 2.

Crossover, 3. Mutation” (Goldberg, David). You start out with a population. The reproduction is

determined by a fitness function. This fitness function determines which members of the

population are better and which ones are worse. The better a member is, the more likely it is to

survive and reproduce. The worse, the less likely. The reproducing members' DNA then gets

mixed to form new DNA of the new generation, and some of it gets mutated for more variation.

There are multiple different ways to do each step in Genetic Algorithms. Eyal Wirsansky

says selection is, “used at the beginning of each cycle of the genetic algorithm flow, to pick

individuals from the current population that will be used as parents for the individuals of the next

generation.” Five ways listed to do Selection are Roulette Wheel Selection, Stochastic Universal

Sampling, Rank \-Based Selection, Fitness Scaling, and Tournament Selection. There are three

ways to do crossovers. Single-point crossover, Two/k-point crossover, and Uniform Crossover.

There are also four ways to do mutations. Flip-bit mutation, swap mutation, inversion mutation,

and Scramble mutation.
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Data
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Calculations

Average Fall Time

(Trial 1 + Trial 2 + Trial 3) / 3

(1.31 + 1.99 + 1.28) / 3 = 1.53

Precision

(Biggest-Smallest)/Average *100

(2.52-1.04)/1.55 * 100 = 95.48%

Generation Average Fall Time Precision

1 1.55 95.48%

2 1.56 129.49%

3 1.68 65.48%

4 1.52 67.11%
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5 1.77 120.34%

6 1.93 55.45%

7 2.05 81.40%

8 1.99 75.40%

9 2.21 69.31%

10 2.67 57.30%

11 2.35 59.17%

12 2.75 50.51%

Final DNA Sequence: 11111101110101010111100000000000

Conclusion

Results:
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The end shape that was eventually created by the genetic algorithms had a part on either side of

the weight, whereas most helicopter seeds only have shapes on one side of the seed. It falls for

approximately 2.75 seconds from a 14ft 4in height. It took 12 Generations to reach convergence.

Analysis:

There are definitely shapes that fall better than others, and the ones that are falling the slowest

are helicoptering down. The small shapes don’t do as good since there is not as much surface

area. It seems that the best shapes are the ones that have both a good amount of surface area, and

a shape that takes advantage of the air and positions the weight in a way that starts it spinning

faster. Unfortunately, the best shape that was created got filtered out into different shapes for

different generations, so the Genetic Algorithms did not lead to the best shape. Instead, we

reached a false solution, which means that we reached a point where this shape cannot be

improved unless it is drastically changed, but since this is too hard for the algorithm to do, it

thinks that it reached the best solution. The best shape that we got had a seed of

11110101110001010011100101100000 (pictured below). There were many errors made

including human error in dropping and timing papers, errors in the code that generates new

generations, slight variations in weight placement, human error in cutting the generations out.

None of these were big enough to change the results a great amount. Ways to do this experiment

better are to do more trials for each paper drop, and make more papers per generation.
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Abstract

The purpose of our experiment was to see if genetic algorithms lead us to the best flight time of

paper. Our hypothesis was that if we used genetic Algorithms to enhance the shape of a piece of

paper and attach a small object to it, then the shape we think it will be is the shape of a helicopter

seed. The procedure was to create a starting genetic code, cut out generation of paper, attach

weight object, drop generation of paper, record times, select ‘surviving’ paper , mix DNA of

surviving paper, randomly mutate some DNA, and repeat until convergence. The end shape that

was eventually created by the genetic algorithms had a part on either side of the weight, whereas

most helicopter seeds only have shapes on one side of the seed. It falls for approximately 2.78

seconds from a 14ft 4in height. It took 12 Generations to reach convergence. There are definitely

shapes that fall better than others, and the ones that are falling the slowest are helicopters. The

small shapes don’t do as good since there is not as much surface area. It seems that the best

shapes are the ones that have both a good amount of surface area, and a shape that takes

advantage of the air and positions the weight in a way that starts it spinning faster. Unfortunately,

the best shape that was created got filtered out into different shapes for different generations, so

the Genetic Algorithms did not lead to the best shape. Instead, we reached a false solution, which

means that we reached a point where this shape cannot be improved unless it is drastically

changed, but since this is too hard for the algorithm to do, it thinks that it reached the best

solution. There were many errors made including human error in dropping and timing papers,

errors in the code that generates new generations, slight variations in weight placement, human

error in cutting the generations out. None of these were big enough to change the results a great

amount. Ways to do this experiment better are to do more trials for each paper drop, and make

more papers per generation.


