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Learning Objectives

.

By the end of this presentation, you will be able to understand:
 Classification and Regression Trees (CART)
« Random Forests Advantages

« Random Forests:
— Basics
— Inputs and parameters

 How to implement Random Forests in R
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Classification and Regression Trees (CART): Basics

« Partitions or “splits” the data based on a set of binary tests
* Produces an easily-interpretable “tree” of tests and outcomes
* Tries to make groups that are as homogeneous as possible

Squeak
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Classification and Regression Trees (CART): Basics

e Important Terms: Squeak

Species Barks Pet Squeeks Meows Collar Afraid Length Height Likes Yes
of Dogs Cheese /
1 Mouse No Yes Yes No Mo Yes 0.14 0.07 Yes N O
2 Mouse No No Yes No Mo Yes 0.18 0.09 Yes
4 Mouse No Yes Yes No Mo Yes 0.13 0.06 Yes Mouse
4 Mouse No Yes Yes No Mo Yes 0.13 0.06 Yes
5 Mouse No No Yes No Mo Yes 0.13 0.07 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes BO rks
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
12 Cat No Yes No No Yes Yes 0.40 0.15 No /
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes /
15 Cat No Yes No Yes Yes No 0.30 0.16 Yes N O
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes DO
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes g
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes ? 0.53 0.35 Yes .
20 Dog Yes Yes No No Yes | No | 053 035 Yes Afraid of DOQS
21 Dog Yes Yes No Mo Yes MNo 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23 Dog No No No No Mo No 0.52 0.26 Yes N O
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes COT
27 Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Dog
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Random Forests: Basics

.

« A “forest” of binary decision trees (Breiman, 2001)
« Works well with high-dimensional datasets (continuous or categorical)

« Ensemble learning technique
Data

I |

A A
Models | | B B C
C B C C
A B A
A B
Majority Vote |
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Random Forests: Basics

« Random Forests vs. CART

.

_ CART Random Forests

Numlber of Trees
Pruning

Variables tested for
splitting

Training Set

AcCcuracy
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.

Random Forests: Parameters and Important Terms

* Nfree — number of trees per forest.

» Probability — number of trees that voted with the majority divided by the total
number of trees.

 mtry — number of variables tested to determine optimal split at each node.

« Out of Bag Accuracy - internal validation; based on = 1/3 of the dataset not used
during the construction of a given tree.

« Mean Decrease in Accuracy (MDA) — quantifies variable “importance” by
measuring the change in accuracy after the values of the variable are randomly
permuted.

h NASA's Applied Remote Sensing Training Program 7
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Random Forests: Basics

.

« Gini Impurity: probability of classifying a data point incorrectly
 Randomly pick data point & randomly classify it according to class distribution
o 25% + 25% = 50%; Gini Impurity = 0.5

Probability
Choose quarter (50%), classify penny (50%) 50% x 50% = 25%
Choose penny (50%), classify quarter (50%) 50% x 50% = 25%

—0 R =9 @

/Q ' Q\ éoﬂef Penny Qucrfe$
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‘ o> ¢e™ Quarter
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Random Forests: Basics

.

« Gini Impurity: probability of classifying a data point incorrectly
 Randomly pick data point & randomly classify it according to class distribution
* 16% + 16% = 32%; Gini Impurity = 0.32

Probability
Choose quarter (80%), classify penny (20%) 80% x 20% = 16%
Choose penny (20%), classify quarter (80%) 20% x 80% = 16%

0 Q =9 R
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Random Forests: Basics

« How Gini Impurity is used for splitting:
— Don’'t know where the perfect split is, but can test all possible splits

— Determine split quality by weighting impurity of subsequent nodes by number of
data points it has

3.50

3.00 A O
2.50

2.00 ® O
1.50 A
100 AgA

0.50 O
0.00

0.00 1.00 2.00 3.00 4.00
Variable 1
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Random Forests: Basics

« How Gini Impurity is used for splitting:
— Don’'t know where the perfect split is, but can test all possible splits

— Determine split quality by weighting impurity of subsequent nodes by number of
data points it has

3.50
3.00 A
Gini Impurities ®
| ~ 2.50
Before the Split= 0.50 2 200 N O ®
Right Note = 0.00 2 150 A
_ S Ag s

Left Node = 0.28 > 1.00 O
0.50 O
0.00

0.00 1.00 2.00 3.00 4.00
Variable 1
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Random Forests: Basics

« How Gini Impurity is used for splitting:

.

— Don’'t know where the perfect split is, but can test all possible splits
— Determine split quality by weighting impurity of subsequent nodes by number of

data points it has

3.50
o N 3.00
Gini Impurities « 2.50
Before the Split=0.50 % 200 N

Right Note = 0.00 2 150

leftNode =028 > 100 AgA
0.50
0.00

1.00
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3.00

Right node has 40% data
points, left node has 60%

(0.40%0.00) + (0.60%0.28) = 0.17

With this split, the amount of
impurity removed is:

0.5-0.17=0.33

4.00
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Random Forests: Basics

« How Gini Impurity is used for splitting:

.

— Don’'t know where the perfect split is, but can test all possible splits
— Determine split quality by weighting impurity of subsequent nodes by number of

data points it has

3.50
o N 3.00
Gini Impurities « 2.50
Before the Split=0.50 % 200 N

Right Note = 0.00 2 150

leftNode =028 > 100 AgA
0.50
0.00

1.00
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2.00
Variable 1

3.00

Right node has 40% data
points, left node has 60%

(0.40%0.00) + (0.60*0.28) = 0.17

With this split, the amount of
Impurity removed is:

0.5-0.17=0.33

4.00 /
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Random Forests: Basics

« How Gini Impurity is used for splitting:
— Don’'t know where the perfect split is, but can test all possible splits

— Determine split quality by weighting impurity of subsequent nodes by number of
data points it has

3.50

3.00 A O
2.50

2.00 ® O
1.50 A
100 AgA

0.50 O
0.00

0.00 1.00 2.00 3.00 4.00
Variable 1
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Random Forests: Basics

« How Gini Impurity is used for splitting:
— Don’'t know where the perfect split is, but can test all possible splits

— Determine split quality by weighting impurity of subsequent nodes by number of
data points it has

3.50
3.00 A
Gini Impurities ®
| ~ 250
Before the Split= 0.50 2 200 N O ®
Right Note = 0.44 2 150 A
O
Left Node = 0.38 > 1.00 “A
0.50 O
0.00

0.00 1.00 2.00 3.00 4.00
Variable 1
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Random Forests: Basics

« How Gini Impurity is used for splitting:

.

— Don’'t know where the perfect split is, but can test all possible splits
— Determine split quality by weighting impurity of subsequent nodes by number of

data points it has

3.50
o . 3.00
Gini Impurifies « 2.50
Before the Split=0.50 % 200 N

Right Note = 0.44 2 150

leftNode =038 > 100 AglA
0.50
0.00

1.00
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2.00
Variable 1

3.00

Right node has 60% data
points, left node has 40%

(0.60*0.38) + (0.40%0.44)=0.42

With this split the amount of
Impurity removed is:

0.5-0.42=0.08

4.00
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Random Forests: Basics

« How Gini Impurity is used for splitting:

.

— Don’'t know where the perfect split is, but can test all possible splits
— Determine split quality by weighting impurity of subsequent nodes by number of

data points it has
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2.00
Variable 1

3.00

Right node has 60% data
points, left node has 40%

(0.60%0.38) + (0.40*0.44)=0.42

With this split the amount of
Impurity removed is:

0.5-0.42=0.08

4.00 /
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Random Forests: Basics

Afraid of . Likes
Species Barks Pet Squeaks Meows Collar Length Height
° . Dogs Cheese
RGﬂdom ForeSTS lnpUTS' Mouse No Yes Yes No No Yes 0.14 0.07 Yes
. . Mouse No No Yes No No Yes 0.18 0.09 Yes
» Labelled classes with associated Mouse No  No  Yes No  No  Yes 013 006  Yes
. . Mouse No Yes Yes No No Yes 0.13 0.06 Yes
pred|CT0r VOnObleS Mouse No No Yes No No Yes 0.13 0.07 Yes
. . Mouse No No Yes No No Yes 0.11 0.05 Yes
- CCITegOI’ICCH or COI’]TIHUOUS Mouse No No Yes No No Yes 0.13 0.06 Yes
Mouse No No Yes No No Yes 0.16 0.08 Yes
Mouse No No Yes No No Yes 0.15 0.08 Yes
Cat No Yes No Yes Yes Yes 0.31 0.19 Yes

Cat No Yes No Yes No Yes 0.38 0.20 Yes
Cat No Yes No Yes Yes Yes 0.40 0.15 No
Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
Cat No No No Yes No No 0.32 0.22 Yes
Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
Cat No Yes No Yes Yes Yes 0.35 0.24 Yes
Cat No Yes No Yes Yes Yes 0.33 0.22 Yes

NACRO RN ="O0vvom~NouhrwNn =0 PO®NCOAWDN

Dog Yes No No No No No 0.58 0.33 Yes
Dog Yes Yes No No Yes No 0.53 0.35 Yes
Dog Yes Yes No No Yes No 0.51 0.33 Yes
Dog Yes Yes No No Yes No 0.16 0.32 Yes
Dog No No No No No No 0.52 0.26 Yes
Dog Yes Yes No No Yes No 0.53 0.27 Yes
Dog Yes Yes No No Yes No 0.37 0.16 Yes
Dog Yes Yes No No Yes No 0.53 0.29 Yes
Dog Yes Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

.

1. Create the tfraining data to grow the free
— For N number of data points, randomly sample N cases (with replacement)

h NASA's Applied Remote Sensing Training Program 19 NGy
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Random Forests: Example

Original Training Set
Species Barks Pet Squeaks Meows Collar o'?‘fg:;s Length Height Cli.:c.l;:e Species Barks Pet Squeaks Meows Collar o?fg;l;s Length Height Cll-:zzze
Mouse No Yes Yes No No Yes 0.14  0.07 Yes
Mouse No No Yes No No Yes 0.18 0.09 Yes
Mouse No No Yes No No Yes 0.13 0.06 Yes
Mouse No Yes Yes No No Yes 0.13  0.06 Yes
Mouse No No Yes No No Yes 0.13  0.07 Yes
Mouse No No Yes No No Yes 0.11 0.05 Yes
| Mouse No No  Yes No No Yes 0.13 006 Yes |

Mouse No No Yes No No Yes 0.16 0.08 Yes

Mouse No No Yes No No Yes 0.15 0.08 Yes
Cat No _Yes No Yes Yes Yes 031 0.19 Yes
Cat  No Yes No Yes No Yes 0.38 020 Yes |
Cat No Yes No Yes Yes Yes 0.40 0.15 No
Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
Cat No Yes No Yes Yes Yes 036 0.17 Yes
Cat No No No Yes No No 0.32 0.22 Yes
Cat No Yes No Yes Yes Yes 0.30 0.16 Yes |
Cat No Yes No Yes Yes Yes 035 0.24 Yes
Cat No Yes No Yes Yes Yes 0.33 0.22 Yes

N X G K RIN= S ol oo & w =[P N[O o [ W N

Dog Yes No No No No No 0.58 0.33 Yes
Dog Yes Yes No No Yes No 0.53 0.35 Yes
Dog Yes Yes No No Yes No 0.51 0.33 Yes
| Dog Yes Yes No No Yes No 0.16 032 Yes |
Dog No No No No No No 0.52 0.26 Yes
Dog Yes Yes No No Yes No 0.53 0.27 Yes
Dog Yes Yes No No Yes No 037 0.16 Yes
Dog Yes Yes No No Yes No 0.53 0.29 Yes
Dog Yes Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Original Training Set

Species Barks Pet Squeaks Meows Collar o?flr;:gs Length Height Cli.:c.l;:e Species Barks Pet Squeaks Meows Collar o?fg;l;s Length Height Cll-:zzze
Mouse No Yes Yes No No Yes 0.14  0.07 Yes 16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
Mouse No No Yes No No Yes 0.18 0.09 Yes

Mouse No No Yes No No Yes 0.13 0.06 Yes

Mouse No Yes Yes No No Yes 0.13  0.06 Yes

Mouse No No Yes No No Yes 0.13  0.07 Yes

Mouse No No Yes No No Yes 0.11 0.05 Yes

Mouse No No Yes No No Yes 0.13  0.06 Yes

Mouse No No Yes No No Yes 0.16 0.08 Yes
Mouse No No Yes No No Yes 0.15 0.08 Yes |
Cat No Yes No Yes Yes Yes 0.31 0.19 Yes
Cat No Yes No Yes No Yes 0.38 0.20 Yes
Cat No Yes No Yes Yes Yes 0.40 0.15 No
Cat No Yes No Yes Yes Yes 0.37 0.09 Yes |
Cat No Yes No Yes Yes Yes 036 0.17 Yes
Cat No No No Yes No No 032 0.22 Yes
Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
Cat No Yes No Yes Yes Yes 0.35 0.24 Yes
Cat No Yes No Yes Yes Yes 0.33 0.22 Yes |

N X GIRIO N = O olwl~N o g Awo = o O IO O [ W

Dog Yes No No No No No 0.58 0.33 Yes
Dog Yes Yes No No Yes No 0.53 0.35 Yes
Dog Yes Yes No No Yes No 0.51 0.33 Yes
Dog Yes Yes No No Yes No 0.16 0.32 Yes
Dog No No No No No No 0.52 0.26 Yes
| Dog Yes Yes No No Yes No 0.53 0.27 Yes |
Dog Yes Yes No No Yes No 037 0.16 Yes
Dog Yes Yes No No Yes No 0.53 0.29 Yes
Dog Yes Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

Original Training Set
Species Barks Pet Squeaks Meows Collar o?flr;:gs Length Height Cli.:c.l;:e Species Barks Pet Squeaks Meows Collar o?fg;l;s Length Height Cll-:zzze
Mouse No Yes Yes No No Yes 0.14  0.07 Yes 16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
Mouse No No  Yes No No ves 0.18 007  Yes 18 Cat No Yes No Yes Yes Yes 033 022 @ Yes
Mouse No No Yes No No Yes 0.13  0.06 Yes
| Mouse No Yes Yes No No Yes 0.13 006 Yes |

Mouse No No Yes No No Yes 0.13  0.07 Yes

Mouse No No Yes No No Yes 0.11 0.05 Yes

Mouse No No Yes No No Yes 0.13  0.06 Yes

Mouse No No Yes No No Yes 0.16 0.08 Yes |
Mouse No No Yes No No Yes 0.15 0.08 Yes
Cat  No Yes No Yes Yes Yes 031 0.19 Yes |
Cat No Yes No Yes No Yes 0.38 0.20 Yes
Cat No Yes No Yes Yes Yes 0.40 0.15 No
Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
Cat No Yes No Yes Yes Yes 036 0.17 Yes |
Cat No No No Yes No No 032 0.22 Yes
w Cat No Yes No Yes Yes Yes 030 0.16 Yes |
17 Cat No Yes No Yes Yes Yes 035 0.24 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes

Sl=15 S Sl alo|el~ o afafw v —

19 Dog Yes No No No No No 0.58 0.33 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24  Dog Yes Yes No No Yes No 0.53 0.27 Yes
|25 Dog Yes Yes No No Yes No 037 0.16 Yes |
26 __Dog Yes Yes No No Yes No 0.53 0.29 Yes
27 Dog Yes Yes No No Yes No 0.58 0.29 Yes |
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Random Forests: Example

Original Training Set
Species Barks Pet Squeaks Meows Collar o?flr)c:gs Length Height Cli.:zze Species Barks Pet Squeaks Meows Collar o?fgllgs Length Height CII-:ZZZe

1 Mouse No Yes Yes No No Yes 0.14  0.07 Yes 16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
2 Mouse No No  Yes No No Yes 0.18 009  Yes 18 Cat No Yes No Yes Yes Yes 033 022 Yes
3 Mouse No No Yes No No Yes 0.13  0.06 Yes 27 Dog Yes Yes No No Yes No 0.58 0.29 Yes
4 Mouse No Yes Yes No No Yes 0.13  0.06 Yes 20 Dog Yes Yes NG No Yes NoO 053 035 Yes
5 Mouse No No Yes No No Yes 0.13  0.07 Yes 24 Dog Yes Yes NG NG Yes NO 053 027 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes 2 Dog Yes Yes NoO No Yes No 0.5 0.33 Yes
7 Mouse No No Yes No No Yes 0.13 0.06 Yes 23 Dog Yes No No No No No 0.52 026 Yes
8 Mouse No No  Yes No No Yes 0.16 0.08  Yes 4 Mouse No Yes Yes No No Yes 0.13 006 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes 9 Mouse No No Yes No No Yes 0.15 0.08 Yes
10 Cat No Yes No Yes Yes Yes 0.31 0.19 Yes 2 Mouse No No Yes No No Yes 0.18 0.09 Yes
11 Cat No Yes No Yes No Yes 0.38 0.20 Yes 18 Cat No Yes No Yes Yes Yes 033 0.22 Yes
12 Cat No Yes No Yes Yes Yes 0.40 0.15 No 16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
13 Cat No Yes No Yes Yes Yes 037 0.09 Yes 22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes 16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
15 Cat No No No Yes No No 032 0.22 Yes 13 Cat No Yes No Yes Yes Yes 0.37 0.21 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes 12 Cat No Yes No Yes Yes Yes 0.40 0.15 No
17 Cat No Yes No Yes Yes Yes 035 0.24 Yes 21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes 9 Mouse No No Yes No No Yes 0.15 0.08 Yes
19 Dog Yes No No No No No 0.58 0.33 Yes 5 Mouse No No Yes No No Yes 0.13 0.07 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes 4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes 27 Dog Yes Yes No No Yes No 0.58 0.29 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes 20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
23 Dog No No No No No No 0.52 0.26 Yes 1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes 22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
25 Dog Yes Yes No No Yes No 0.37 0.16 Yes 6 Mouse No No Yes No No Yes 0.11  0.05 Yes
26 Dog Yes Yes No No Yes No 0.53 0.29 Yes 24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27 Dog Yes Yes No No Yes NoO 0.58 0.29 Yes 14 Cat No Yes No Yes Yes Yes 0.36 0.17
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Random Forests: Example
Original Training Set

Afraid . Likes . Afraid . Likes
of Dogs Length Height Cheese Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

Mouse No Yes Yes No No Yes 0.14 0.07 Yes \ Mouse No Yes Yes No No Yes 0.14 0.07 Yes

Species Barks Pet Squeaks Meows Collar

1 1
2 Mouse No No Yes No No Yes 0.18 0.09 Yes 2 Mouse No No Yes No No Yes 0.18 0.09 Yes
| 3 Mouse No No Yes No No Yes 0.13 0.06 Yes | 4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes
4 Mouse No Yes Yes No No Yes 0.13  0.06 Yes 4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes
5 Mouse No No Yes No No Yes 0.13  0.07 Yes 5 Mouse No No Yes No No Yes 0.13 0.07 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes 6 Mouse No No Yes No No Yes 0.11 0.05 Yes
7 Mouse No No Yes No No Yes 0.13  0.06 Yes 9 Mouse No No Yes No No Yes 0.15 0.08 Yes
8 Mouse No No Yes No No Yes 0.16 0.08 Yes 9 Mouse No No Yes No No Yes 0.15 0.08 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes 12 Cat No Yes No Yes Yes Yes 0.4 0.15 No
10 Cat No Yes No Yes Yes Yes 0.31 0.19 Yes 13 Cat No Yes No Yes Yes Yes 0.37 0.21 Yes
11 Cat No Yes No Yes No Yes 0.38 0.20 Yes 1 .. Yes Yes 036 0.17 Yes
12  Cat No Yes No Yes Yes Yes 0.40 0.15 No 14 Remdlnlﬂg for Yes Yes 0.3 0.16 Yes
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes q . Yes Yes 0.3 0.16 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes 4 |nTernO| accura CY Yes Yes 0.3 0.16 Yes
|15 Cat  No No No Yes No No 032 022 Yes | 1§ ~ Yes Yes 033 022 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes 1§ OssessmenT ] /3 Yes Yes 0.33 0.22 Yes
|17 Caf No Yes No Yes Yes Yes 035 0.24 Yes | 20 Dog Yes Yes No No Yes No 053 035 Yes
18__Caf__No_ Yes No Yes Yes Yes 033 0.22 Yes 20 Dog Yes Yes No No Yes No 053 035 Yes
119 Dog Yes No No No No No 0.58 0.33 Yes | 21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes 21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes 22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes 22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes 23 Dog Yes No No No No No 0.52 0.26 Yes
24 _Dog __Yes Yes No No Yes No 0.53 ___0.27 Yes 24  Dog Yes Yes No No Yes No 0.53 0.27 Yes
|_25 Dog Yes Yes No No Yes No 0.37 0.16 Yes 24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
26 Dog Yes Yes No No Yes No 0.53 0.29 Yes j 27 Dog Yes Yes No No Yes No 0.58 0.29 Yes
27 Dog Yes Yes No No Yes No 0.58 0.29 Yes

27 Dog Yes Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

2. For M number of variables, randomly select a subset (M<<M) to determine how
each node is split (mtry)

SpeciesIBarks Pet Squeaks Meows Collar Afraid Length Height Likes
Mouse No Yes Yes No No Yes 0.14 0.0/ Yes
Mouse No No Yes No No Yes 0.18 0.09 Yes
Mouse No Yes Yes No No Yes 0.13 0.06 Yes
Mouse No Yes Yes No No Yes 0.13 0.06 Yes
Mouse No No Yes No No Yes 0.13 007 Yes
Mouse No No Yes No No Yes 0.11 0.05 Yes
Mouse No No Yes No No Yes 0.15 0.08 Yes
Mouse No No Yes No No Yes 0.15 0.08 Yes
12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 037 0.09 Yes
14 Cat No Yes No Yes Yes Yes 036 0.1/ Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 033 022 Yes
18 Cat No Yes No Yes Yes Yes 033 0.22 Yes

OO0 o- AN —

20 Dog Yes Yes No No Yes No 0.53 035 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 033 Yes
21 Dog Yes Yes No No Yes No 0.51 033 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23 Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.2/ Yes
24 Dog Yes Yes No No Yes No 0.53 0.2/ Yes
2/ Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

Classification
Results Based on
Split Points

Mouse Cat Dog

Yes 8 0 0
No 0 8 11

Gini Gain to Identify
Optimal Split

Variable

Evaluated
Split

Points Gini

Squeaks Yes or No

0.32

Training Set
. Afraid . Likes
Species|Barks| Pet | Squeaks |Meows Collar of Dogs Length He'ght|Cheese

1 Mouse No Yes Yes No No Yes 0.14  0.07 Yes
2 Mouse No No Yes No No Yes 0.18 0.09 Yes
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes
5 Mouse No No Yes No No Yes 0.13 0.07 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Training Set
Species Barks| Pet | Squeaks|Meows | Collar Afm'dsILengttheight Likes C|CISSIfICC1TIOﬂ
of Dog Cheese
1 Mouse No Yes Yes No No Yes 0.14  0.07 Yes RGSUHS BGSGd on
2 Mouse No No Yes No No Yes 0.18 0.09 Yes 1 1
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Sp“T POII’\TS
4 Mouse No Yes Yes No No  Yes 0.3 006 Yes Mouse Cat Dog
5 Mouse No No Yes No No Yes 0.13 0.07 Yes Yes 0 7 0
6 Mouse No No Yes No No Yes 0.11 0.05 Yes NoO 8 1 11
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes .. . .
12 Cat No Yes No  No  Yes Yes 04 015 No Gini Gain to Identify
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes H H
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes Op’rlmol SpIIT
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Evaluated
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Splii’
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes . . . .
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes Variable Points Gini
18 Cat No Yes No Yes Yes Yes 0.33 022 VYes Squeaks Yes or No 0.32
20 Dog VYes Yes No No Yes No 0.53 035 Yes Meows YesorNo  0.28
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Training Set

Species Barks Pet Squeaks|Meows | Collar o’?fgc:;.ILengttheight CII-:Z:e Classification
1 Mouse No Yes Yes No No Yes 0.14 007  Yes Results Based on
2 Mouse No No Yes No No Yes 0.18 0.09 Yes i 1
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Sp|l1’ Points
4 Mouse No Yes Yes No No  Yes 0.3 006 Yes Mouse Cat Dog
5 Mouse No No Yes No No Yes 0.13 0.07 Yes <=0.05 ] 0 0
6 Mouse No No Yes No No Yes 0.11 0.0 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes >0.05 / 8 1
9 Mouse No No Yes No No Yes 0.15 0.08 Yes .. . .
12 Cat No Yes No  No  Yes Yes 04 015 No Gini Gain to Identify
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes : H
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes Op’rlmol Sp“T
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Evaluated
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Splif
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes . . . s
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes Variable Points Gini
18 Cat  No Yes No Yes Yes Yes 033 022 Yes Squeaks Yes or No 0.32
20 Dog Yes Yes No No Yes No 053 035 Yes Meows YesorNo 0.28
20 Dog Yes Yes No No Yes No 053 0.35 Yes Height <=0.05 0.03
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Training Set
Species Barks Pet Squeaks Meows Collar Afraid Lengthl Height Likes Classification
of Dogs Cheese
1 Mouse No Yes Yes No No Yes 0.14 007  Yes Results Based on
2 Mouse No No Yes No No Yes 0.18 0.09 Yes i 1
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Sp|l1’ Points
4 Mouse No Yes Yes No No  Yes 0.3 006 Yes Mouse Cat Dog
5 Mouse No No Yes No No Yes 0.13 0.07 Yes <=0.06 3 0 0
6 Mouse No No Yes No No Yes 0.11 0.05 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes >0.06 S} 8 1
9 Mouse No No Yes No No Yes 0.15 0.08 Yes L. . .
12 Cat No Yes No No Yes Yes 04 0.5 No Gini Gain to Iden’rlfy
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes : H
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes OpTImC” Sp“T
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Evaluated
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Splif
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes . . .
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes Variable Points Gini
18 Cat  No Yes No Yes Yes Yes 0.33 022  Yes Squeaks Yes or No 0.32
20 Dog VYes Yes No No Yes No 053 035 Yes Meows YesorNo  0.28
20 Dog Yes Yes No No Yes No 053 0.35 Yes Height <=0.05 0.03
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes . _
21 Dog Yes Yes No No Yes No 051 033 Yes Height <=0.06 0.09
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Training Set
Species Barks Pet Squeaks Meows Collar Afraid Lengthl Height Likes Classification
of Dogs Cheese
1 Mouse No Yes Yes No No Yes 0.14 007  Yes Results Based on
2 Mouse No No Yes No No Yes 0.18 0.09 Yes i 1
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Sp|l1’ POII’]TS
4 Mouse No Yes Yes No No Yes 0.13 006  Yes Mouse Cat Dog
2 mouse Eo Eo ies Eo Eo ies 81? 882 ies <=0.07 5 0 0
ouse o) o) es o o) es . . es
9 Mouse No No Yes No No Yes 0.15 0.08 Yes >0.07 3 8 1
9 Mouse No No Yes No No Yes 0.15 0.08 Yes .. . .
12 Cat No Yes No  No  Yes Yes 04 015 No Gini Gain to Identify
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes : :
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes OpTImC” Sp“T
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Evaluated
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes Splif
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes . . . e
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes Variable Points Gini
18 Cat No Yes No Yes Yes Yes 033 022 Yes Squeaks Yes or No 0.32
20 Dog VYes Yes No No Yes No 053 035 Yes Meows YesorNo  0.28
2N Dog ves Yeo No  No e No oo RNl ve; [ fcioht <=005 003
og es Yes o} e} es o) . . es . _

21 Dog Yes Yes No No Yes No 051 033 Yes He!ghT <=0.06 0.09
22 Dog Yes Yes No No Yes No 0.16 032 Yes Height  <=0.07 0.17
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes e
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes YAl : ;

P q of Dogs "9 9 Cheese Gini Gain to Iden’rlfy
1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes . .
2 Mouse No No Yes No No Yes 0.18 0.09 Yes Op’rlmol Sp“T
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Evaluated
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Variable Split Points Gini
S5 Mouse No No Yes No No Yes 0.13 0.07 Yes Squeoks Yes or No 0.32
6 Mouse No No Yes No No Yes 0.11  0.05 Yes
9 Mouse No No  Yes No No Yes 0.15 008 Yes Iv\e.ows Yes or No 0.28
9 Mouse No No  Yes No No Yes 0.15 0.08  Yes Height <=0.05 0.03
12 Cat No Yes No No Yes Yes 04 0.15 No Height <=0.06 0.09
13 Cat No Yes No Yes Yes Yes 037 0.09 Yes Height <=0.07 0.17
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes .
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes HelghT <=0.08 0.26
16 Cat No Yes No Yes Yes Yes 03 0.16 Yes Height <=0.0% 0.28
16 Cat No Yes No Yes Yes Yes 030 0.16 Yes Height <=0.15 0.25
18 Cat No Yes No Yes Yes Yes 033 0.22 Yes : —
18 Cat  No Yes No Yes Yes Yes 033 022 Yes He!ghT ==0.16 0.26
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes Height <=0.17 0.28
20 Dog Yes Yes No No Yes No 053 035 Yes Height <=0.22 0.27
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes Height <=0.26 0.3]
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes : —
22 Dog Yes Yes No No Yes No 0.16 032 Yes He!ghT <=0.2/ 0.22
22 Dog Yes Yes No No Yes No 0.16 032  Yes Height  <=0.29 0.18
23 Dog No No No No No No 052 026 Yes Height <=0.32 0.09
24 Dog Yes Yes No No Yes No 053 027 Yes Height <=0.33 0.04
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes . _
27 Dog No Yes No No Yes No 0.58 0.29 Yes Height <=0.35 0.00
27 Dog No Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes YAl : :

P q of Dogs "9 9" Cheese Gini Gain to Iden’rlfy
1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes . .
2 Mouse No No Yes No No Yes 0.18 0.09 Yes OpTImCﬂ Sp“T
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Evaluated
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Variable Split Points Gini
S5 Mouse No No Yes No No Yes 0.13 0.07 Yes Squeoks Yes or No 0.32
6 Mouse No No Yes No No Yes 0.11  0.05 Yes
9 Mouse No No  Yes No No Yes 0.15 008 Yes Me.OWS Yes orNo 0.28
9 Mouse No No  Yes No No Yes 0.15 0.08  Yes Height <=0.05 0.03
12 Cat No Yes No No Yes Yes 04 0.15 No Height <=0.06 0.09
13 Cat No Yes No Yes Yes Yes 037 0.09 Yes Height <=0.07 0.17
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes »
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes HelghT <=0.08 0.26
16 Cat No Yes No Yes Yes Yes 03 0.16 Yes Height <=0.09 0.28
16 Cat No Yes No Yes Yes Yes 030 0.16 Yes Height <=0.15 0.25
18 Cat No Yes No Yes Yes Yes 033 0.22 Yes : —
18 Cat  No Yes No Yes Yes Yes 033 022  Yes He!ghT <=0.16 0.26
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes Height <=0.17 0.28
20 Dog Yes Yes No No Yes No 053 035 Yes Height <=0.22 0.27
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes Height <=0.26 0.31
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes : —
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes He!ghT <=0.27 0.22
22 Dog Yes Yes No No Yes No 0.16 032  Yes Height  <=0.29 0.18
23 Dog No No No No No No 052 026 Yes Height <=0.32 0.09
24 Dog Yes Yes No No Yes No 053 027 Yes Height <=0.33 0.04
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes . _
27 Dog No Yes No No Yes No 0.58 0.29 Yes Height <=0.35 0.00
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Random Forests: Example

Squeak
Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes YA ; ; yes
P a of Dogs "M P€9M cheese  Gini Gain to Identify e No

1 Mouse No Yes Yes No No Yes 0.14  0.07 Yes . .
2 Mouse No No Yes No No Yes 0.18 0.09 Yes OpTImC” Sp“T MOUSG (8)
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Evaluated
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Variable Split Points Gini
5 Mouse No No Yes No No Yes 0.13 0.07 Yes Squeoks Yes or No 0.32 CCIT (8)
6 Mouse No No Yes No No Yes 0.11  0.05 Yes ;
9 Mouse No No  Yes No No Yes 0.15 008 Yes Me.OWS Yes or No 0.28 Dog (] ] )
9 Mouse No No  Yes No No Yes 0.15 0.08  Yes Height <=0.05 0.03
12 Cat No Yes No No Yes Yes 0.4 0.15 No Height <=0.06 0.09
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes Heigh’r <=0.07 0.17
14 Cat No Yes No Yes Yes Yes 036 0.17  Yes aht <_0.08 0.26
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes He!g i :
16 Cat No Yes No Yes Yes Yes 03 0.16 Yes Height <=0.09 0.28
16 Cat No Yes No Yes Yes Yes 030 0.16 Yes Height <=0.15 0.25
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes : —

<=
18 Cat No Yes No Yes Yes Yes 033 0.22 Yes He!ghT _O'] é 0.26
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes He!ghT <=0.17 0.28
20 Dog Yes Yes No No Yes No 053 035 Yes Height <=0.22 0.27
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes Height <=0.26 0.31
21 Dog Yes Yes No No Yes No 051 033 Yes : <=
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes He!ghT _0'27 0.22
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes He!QhT <=0.29 0.18
23 Dog No No No No No No 052 026 Yes Height <=0.32 0.09
24 Dog Yes Yes No No Yes No 053 027 Yes Height <=0.33 0.04
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes . <=
27 Dog No Yes No No Yes No 0.58 0.29 Yes Height 0.35 0.00
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Squeak

2\

Mouse (8)

Training Set
. Afraid . Likes
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Classification
Results Based on

Squeak

2\

Mouse (8)

Split Points
Cat Dog

Yes 1 0

No / 11

Gini Gain to Identify
Optimal Split

Evaluated
Split

Variable Points Gini

Cheese Yes or No 0.04

Training Set
. Afraid . Likes
Species|Barks | Pet |Squeaks|Meows | Collar of Dogs Length|Height Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

NASA's Applied Remote Sensing Training Program

NO

Cat (8)
Dog (11)
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Random Forests: Example

Classification
Results Based on

Squeak

2\

Mouse (8)

Split Points
Cat Dog

Yes O 8

No 8 3

Gini Gain to Identify

Training Set
Species|Barks| Pet| Squeaks|Meows CollarI o?fgc:g Length] Height Cll-:zz;
12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 033 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Optimal Split
Evaluated
Split
Variable Points Gini
Cheese YesorNo  0.04
Barks Yes or No 0.26

NASA's Applied Remote Sensing Training Program

NO

Cat (8)
Dog (11)



https://arset.gsfc.nasa.gov/

Random Forests: Example

Classification
Results Based on

Split Points
Cat  Dog |
Yes 8 10
No O 1

Gini Gain to Identify

Squeak

2\

Mouse (8)

NO

Cat (8)
Dog (11)

Training Set
. Afraid . Likes
Species Barks | Pet | Squeaks| Meows| Collar of Dogs Length He'ght|Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Optimal Split
Evaluated
Split
Variable Points Gini
Cheese Yesor No 0.04
Barks Yes or No 0.26
Collar Yes or No 0.02

NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Gini Gain to Identify

Squeak

2\

Mouse (8)

Training Set
. Afraid . Likes
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Optimal Split
Evaluated
Split
Variable Points Gini
Cheese Yesor No 0.04
Barks Yes or No 0.26
Collar Yes or No 0.02

NASA's Applied Remote Sensing Training Program

NO

Cat (8)
Dog (11)
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Random Forests: Example

Gini Gain to Identify

Squeak

2\

Mouse (8)

Training Set
. Afraid . Likes
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Optimal Split
Evaluated
Split
Variable Points Gini
Cheese Yesor No 0.04
Barks  Yes or No 0.26
Collar Yes or No 0.02

NASA's Applied Remote Sensing Training Program

NO

Cat (8)
Dog (11)
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Random Forests: Example

Training Set
. Afraid . Likes
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

12 Cat No Yes No No Yes Yes 0.4 0.15 No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.30 0.16 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
24 Dog Yes Yes No No Yes No 0.53 0.27 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes

Squeak
Yes/\
pd No
Mouse (8)
Barks
Yes
Gini Gain to Identify e NoO
Optimal Split Dog (8) \
Evaluated
Split
Variable Points Gini Cat (8)
Cheese YesorNo  0.04 Dog (3)
Barks  Yes or No 0.26
Collar Yes or No 0.02
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Random Forests: Example

Squeak
Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes Yes
P q of Dogs 9 9 Cheese / NO
Mouse (8)
Barks
Yes/\
12 _Cal  _No Yes No No  Yes Yes 04 015 No e No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes DO (8)
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes g
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 030 0.16 Yes Cat (8)
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes DOg (3)

23  Dog No No No No No No 0.52 0.26 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

Squeak
Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes Yes
P q of Dogs_ 9 9 Cheese / NO
Mouse (8)
Barks
Yes/\
12 _Cal  _No Yes No No  Yes Yes 04 015 No e No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes DO (8)
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes g
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 030 0.16 Yes Cat (8)
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes DOg (3)

23  Dog No No No No No No 0.52 0.26 Yes
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

Squeak
Training Set
Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes Yes
P q of Dogs 9 9 Cheese / NO
Mouse (8)
Barks
Yes/\
12 _Cal  _No Yes No No  Yes Yes 04 015 No e No
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes DO (8)
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes g
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes
16 Cat No Yes No Yes Yes Yes 0.3 0.16 Yes .
16 Cat No Yes No Yes Yes Yes 030 0.6 Yes Afraid of Dogs
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes
18 Cat No Yes No Yes Yes Yes 0.33 0.22 Yes Y es/\
pd No

23  Dog No No No No No No 0.52 0.26 Yes Dog (3)
27  Dog No Yes No No Yes No 0.58 0.29 Yes
27 Dog No Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

.

3. Take the mode prediction of all trees (ntree) to determine the final classification

h NASA's Applied Remote Sensing Training Program
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Random Forests: Example

Original S 0
- - ued

Species Barks Pet Squeaks Meows Collar o?flr;:gs Length Height C';:Z:e 9 Tree | Vote
)95 \ ] Dog

13 " O

Mouse \
Barks
Yes

Afraid of Dogs

%ﬁ Cat  No Yes No Yes Yes No 035 0.24 Yes |

- No

HCO.I.H \

“DOgH

NASA's Applied Remote Sensing Training Program 45 N\
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Random Forests: Example
Original

Afraid Likes M EOWS

of Dogs Length Height Cheese
)es
No
7] CO.I.H \

Species Barks Pet Squeaks Meows Collar

Afraid of Dogs

Yes

%ﬁ Cat  No Yes No Yes Yes No 035 0.24 Yes |

NASA's Applied Remote Sensing Training Program
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Random Forests: Example
Original

Afraid

Species Barks Pet Squeaks Meows Collar
of Dogs

Length Height

Likes
Cheese

%ﬁ Cat No Yes No Yes Yes No 0.35

0.24

Yes |

NASA's Applied Remote Sensing Training Program

Height
S
<=©-2/4\ ] Do
~ >0.24 -
“Cat” \ 2 Cat
3 Cat
Barks
‘/Yes/\
NO
“Mouse” \
HDOgH

47 N
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Random Forests: Example

Original
Species Barks Pet Squeaks Meows Collar o?flr)(ggs Length Height Cllfzzie
1 Dog
2 Cat
3 Cat
4 Mouse
5 Cat
6 Cat
/ Cat
8 Cat
117 Cat No Yes No Yes Yes No 035 024 Yes |
9 Dog
Maijority = Cat /
Final
Classification=
Cat

NASA's Applied Remote Sensing Training Program
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Random Forests: Example
Original

Afraid Likes

Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese

Dog
Cat
Cat
Mouse
Cat
Cat
Cat
Cat
Cat

117 Cat No Yes No Yes Yes No 035 024 Yes |

NO 00O N O O A ON —

Probability:
=2/3
=67%

\
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Random Forests: Example
Original

Afraid Likes

Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese nfree — 9

Dog
Cat
Cat
Mouse
Cat
Cat
Cat
Cat
Cat

117 Cat No Yes No Yes Yes No 035 024 Yes |

I\om\lompwr\)—-
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Random Forests: Example

.

« Run the Out of Bag Samples down the tree and calculate the Out of Bag Error (for
a given tree)

h NASA's Applied Remote Sensing Training Program ST NGy
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Random Forests: Example

Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes SqueOk
of Dogs Cheese
f 1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes

Mouse No No Yes No No Yes 0.18 0.09 Yes
Mouse No No Yes No No Yes 0.13 0.06 Yes | "

% Mouse No Yes  Yes No No Yes 0.13 0.06 Yes MOUS@

5 Mouse No No Yes No No Yes 0.13 0.07 Yes
Mouse No No Yes No No Yes 0.11 0.05 Yes
Mouse No No Yes No No Yes 0.13 0.06 Yes BQ rkS
Mouse No No Yes No No Yes 0.16 0.08 Yes

Mouse No No Yes No No Yes 0.15 0.08 Yes

10 Cat No Yes No Yes Yes Yes 031 0.19 Yes Yes

. 11 Cat No Yes No Yes No Yes 0.38 0.20 Yes
Remainin
for in’remcﬂ 12 Cat No Yes No Yes Yes Yes 0.40 O0.15 No o " No
accurac 13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes DOQ
ossessmeyn’r 14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
~1/3 |15 Cat No No No Yes No No 032 022 Yes |
_ 16 Caf  No Yes No Yes  Yes Yes 030 0.16  Yes Afraid of Dogs

|17 Caf  No Yes No Yes Yes Yes 035 024 Yes |
18 Cat __No_ Yes No Yes Yes Yes 033 0.22 Yes

19 Dog Yes No _ No No No No 0.58 0.33  Yes | Yes
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes / N
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes HCG.I.H o
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes \
24 _Dog __Yes Yes No No Yes No 0.53 0.27 Yes
|_25 Dog Yes Yes No No Yes No 037 0.16 Yes “Dog”
26 Dog Yes Yes No NO Yes No 0.53  0.29 Yes
\._27 Dog Yes Yes No No Yes No 058 029 Yes
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Random Forests: Example

Species Barks Pet Squeaks Meows Collar Afraid Length Height Likes SqueOk
of Dogs Cheese
f 1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes
2 Mouse No No Yes No No Yes 0.18 0.09 Yes
| 3 Mouse No No Yes No No Yes 0.13  0.06 Yes "
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes MOUS@
5 Mouse No No Yes No No Yes 0.13 0.07 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes %
7 Mouse No No Yes No No Yes 0.13 0.06 Yes BQ rkS
8 Mouse No No Yes No No Yes 0.16 0.08 Yes
Mouse No No Yes No No Yes 0.15 0.08 Yes
Cat  No Yes No Yes Yes Yes 0.31 0.19  Yes Yes
. Cat No Yes No Yes No Yes 0.38 0.20 Yes
Eoerr::]?é?'nn(ﬂ Cal  No Yes No  Yes  Yes Yes 040 015 No “Dog" No
accuracy < 13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes Og
assessment Cat No Yes No Yes Yes Yes 036 0.17 Yes
= Cat  No No No Yes No [Nok_ 032 022 Yes |
~1/3 Cat  No Yes No Yes  Yes  Yes Afraid of Dogs
Cat No Yes No Yes Yes Yes
Cat__No_Yes  No Yes  Yes _ Yes
19 Dog Yes No No No No No
20 Dog Yes Yes No No Yes No
21 Dog Yes Yes No No Yes No
22 Dog Yes Yes No No Yes No
23  Dog No No No No No No
24 _Dog __Yes Yes No No Yes No . 2 S
|_25 Dog Yes Yes No No Yes No . . t Dog”
26 Dog Yes Yes No No Yes No
\._27 Dog Yes Yes No No Yes No 058 029 Yes
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Random Forests: Example

. Afraid . Likes Saqueak
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese g
( 1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes
2 Mouse No No Yes No No Yes 0.18 0.09 Yes ‘/Y,eS
| 3 Mouse No No Yes No No Yes 0.13 0.06 Yes NO
1] 1
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes Mouse
5 Mouse No No Yes No No Yes 0.13 0.07 Yes
6 Mouse No No Yes No No Yes 0.11 0.05 Yes %
7 Mouse No No Yes No No Yes 0.13 0.06 Yes BQ rkS
8 Mouse No No Yes No No Yes 0.16 0.08 Yes
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
10 Cat No Yes No Yes Yes Yes 031 0.19  Yes Yes
Remaining 11 Cat No Yes No Yes No Yes 0.38 0.20 Yes / NO
for internall 12 Cat No Yes No Yes Yes Yes 0.40 O0.15 No “Dog”
accuracy < 13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes g \
14 Cat No Yes No Yes Yes Yes 036 0.17 Yes
assessment [} 5ot No No _ No Yes No  No 032 022 Yes |
~1/3 No Yes  No Yes  Yes Yes 030 0.16  Yes Afraid of Dogs
No Yes No Yes Yes Yes 035 024 Yes |
No__Yes No Yes Yes Yes 0.33 0.22 Yes
Yes No _ No No __No _ No  0.58 033  Yes | Yes
Yes Yes No No Yes No 0.53 0.35 Yes / N
Yes Yes No No Yes No 0.51 0.33 Yes HCG.I.H O
Yes Yes No No Yes No 0.16 0.32 Yes
No No No No No No 0.52 0.26 Yes %ﬁ % \
Yes _Yes No No Yes No 0.53 ___0.27 Yes

Yes Yes No No  Yes No 037 0.6 Yes % “Dog"
Yes Yes No No Yes No 0.53 0.29 Yes

\ Dog Yes Yes No No Yes No 058 029 Yes
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Random Forests: Example

Species Barks Pet Squeaks Meows Collar o‘:‘fg:;s Length Height CI;':ZiZe SqueOk
( 1 Mouse No Yes Yes No No Yes 0.14 0.07 Yes
2 Mouse No No Yes No No Yes 0.18 0.09 Yes
| 3 Mouse No No Yes No No Yes 0.13  0.06 Yes "

4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes MOUS@

5 Mouse No No Yes No No Yes 0.13 0.07 Yes

6 Mouse No No Yes No No Yes 0.11 0.05 Yes %

7 Mouse No No Yes No No Yes 0.13 0.06 Yes BQrkS

8 Mouse No No Yes No No Yes 0.16 0.08 Yes

9 Mouse No No Yes No No Yes 0.15 0.08 Yes /\

10 Cat No Yes No Yes Yes Yes 031 0.19  Yes Yes
Remaining 11 Cat No Yes No Yes No Yes 0.38 0.20 Yes ' / N
for internal

1]
13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes DOQ

accuracy ‘< 14 Cat  No Yes No Yes  Yes Yes 036 0.17  Yes
assessment | '

12 Cat No Yes No Yes Yes Yes 0.40 O0.15 No " O\

~1/3 [ 15 Cat  No No No Yes No No 032 022 Yes
_ 16 Cat No Yes No Yes Yes Yes 030 0.16 Yes
| 17 Cat No Yes No Yes Yes Yes 035 0.24 Yes

Afraid of Dogs

18___Caf___No_Yes No Yes _Yes  Yes 0.33 022 _ Yes
[19 Dog Yes No _ No No No _No 058 033  Yes | e/\
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes /
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes HCG.I.H
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
22 Dog No No No No No No 052 02 Yes @( \
24 _Dog __Yes Yes No No Yes No 0.53 0.27 Yes
|_25 Dog Yes Yes No No Yes No 037 0.16 Yes % “Dog”
26 Dog Yes Yes No NO Yes No 0.53  0.29 Yes
\._27 Dog Yes Yes No No Yes No 058 029 Yes
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Random Forests: Example

, : S c Out of Bag Error is
Species Barks Pet Squeaks Meows Collar o?flgo:gs Length Height C:‘I:Ze queo 10% for this tree..
f 1 Mouse No Yes Yes No No Yes 0.14  0.07 Yes
2 Mouse No No Yes No No Yes 0.18  0.09 Yes YeS -m-m
! 3 Mouse No No Yes No No Yes 0.13  0.06 Yes y 3
4 Mouse No Yes Yes No No Yes 0.13 0.06 Yes MOUS@
5 Mouse No No  Yes No No Yes 0.13 0.07  Yes - 0 3 1
6 Mouse No No Yes No No Yes 0.11 0.05 Yes % 0 0 3
7  Mouse No No Yes No No Yes 0.13  0.06 Yes DUI .
8 Mouse No No Yes No No Yes 0.16 0.08 Yes |
9 Mouse No No Yes No No Yes 0.15 0.08 Yes
10 Cat No Yes No Yes Yes Yes 0.31 0.19 Yes
Remaining 11 Cat No Yes No Yes No Yes 0.38 0.20 Yes / N
for internall 12 Cat No Yes No Yes Yes Yes 040 0.15 No “D o
accuracy .< 13 Cat No Yes No Yes Yes Yes 0.37 0.09 Yes Og \
14 Cat No Yes No Yes Yes Yes 0.36 0.17 Yes
assessment |1 5Cor No No _ No Yes _No  No 032 022 Yes | ‘ '
~1/3 16 Caf  No Yes No Yes Yes Yes 030 0.16  Yes Afraid of Dogs
117 Caf  No Yes No Yes Yes Yes 035 024 Yes |
18 Cat No Yes NoO Yes Yes Yes 0.33  0.22 Yes
119 Dog Yes No No No No No 0.58 033 Yes | Yes/\
20 Dog Yes Yes No No Yes No 0.53 0.35 Yes /
21 Dog Yes Yes No No Yes No 0.51 0.33 Yes HCO.I.H
22 Dog Yes Yes No No Yes No 0.16 0.32 Yes
23  Dog No No No No No No 0.52 0.26 Yes % % \
24 Dog  Yes Yes No No Yes No 0.53 0.27 Yes
I 25 Dog Yes Yes No No Yes No 0.37 0.16 Yes % “DO "
26 Dog Yes Yes No No Yes No 0.53 0.29 Yes
\_27 Dog Yes Yes No No Yes No 0.58 0.29 Yes
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Random Forests: Example

« Calculate the overall Out of Bag Error

nTree (=9) Majority Vote

Species 1 2 3 4 5 6 7 9 Mouse Cat Dog
| 1 Mousv%
-

NASA's Applied Remote Sensing Training Program

Collar

Yes
No

"Mouse"
Pet

No

o\

scaf

Yes

/ No

“"Mouse”

"Dog” \

“Cat’

Length

<=0.24

v

scaf

Collar

Yes

'/ No

No

“Cat”

“Dog”

<=0:24
>0.24

"Mouse”

sCaf”

“Dog"

>0,08

"Cat”

“Cat”

“Dog” \
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Random Forests: Example

Decrease in Accuracy
= 90% — 40%

5. Calculating the Mean Decrease in Accuracy (MDA) = 50%
— Values permuted across all trees
— Average decrease in accuracy; normalize by standard deviation

Originall Original Out of Bag Accuracy 90%
. Afraid . Likes I—engfh
Species Barks Pet Squeaks Meows Collar of Dogs Length Height Cheese
1 Mouse No Yes Yes No No Yes 0.07 Yes
%Mouse No No Yes No No Yes 0.09  Yes <=024
Mouse No No Yes No No Yes 0.31 0.06 Yes | /

No Yes Yes No No Yes 0.06 Yes
No No Yes No No Yes 0.07 Yes > 024
No No Yes No No Yes 0.05 Yes
No No Yes No No Yes 0.32 0.06 Yes
No No Yes No No Yes 0.38 0.08 Yes
No No Yes No No Yes 0.08 Yes “Mouse”
No Yes No Yes Yes Yes 0.37 0.19 Yes .
No  Yes No  Yes  No  Yes 053 020 VYes Barks Out of Bay Accuracy After Permutation 40%
No Yes No Yes Yes Yes 0.15 No
No Yes No Yes Yes Yes 0.09 Yes
No No No Yes No No 0.35  0.22 Yes | YeS
No Yes No Yes Yes Yes B O.E Yes / m O 3 O
No Yes No Yes Yes Yes 0.13 0.24 Yes | N o
No Yes No Yes Yes Yes 0.22 Yes '| 3 O
Yes No No No No No 0,58 0.33 Yes |
Yes Yes No No Yes No 0.35 Yes m 2 O ]
Yes Yes No No Yes No 0.33 Yes 1 Dog "
Yes Yes No No Yes No 0.32 Yes
No No No No No No 0.26 Yes
Yes Yes No No Yes No 0.27 Yes
Yes Yes No No Yes No 0.13 0.16 Yes HCO.I.H
Yes Yes No No Yes No 0.16 0.29 Yes |
Yes Yes No No Yes No 0.29 Yes

o RuigdhwrilgRgtmUieid

Length Data
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Random Forests: Hands on Demonstiration of Crop Classification ﬂ

1. Install the latest version of R and RStudio
— hitps://cran.r-project.org/bin/windows/base/
— https://www.rstudio.com/producits/rstudio/download/

2. Open Rstudio

h NASA's Applied Remote Sensing Training Program
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Random Forests: Hands on Demonsiration

3. Install (raster, randomForest, sp, rgdal)
4. Load (raster, randomForest, sp, rgdal

3 Rstudio

File Edit Code View Plots Session Build Debug Profile Tools Help

O -e-HAH @ Go to file/function - Addins =
@ Untitieat®
[ (JSource onSave | @ 7 ~ =Run | "%
1
11 | (Toplevel) &
Console  Terminal Jobs

C:/NASA_COURSE/

> Tlibrary(randomForest)

=0

Source ~

R Script &

=0

Environment  History

= 3 | 77 import Dataset ~

7k Global Environment =

) predictions

D Predictor_bata
r_tree

D Training
Training_bata

D validation
validation_pata

values
c
confusiomMatrix
kappa

Files  Plots  Packages

Ol instzil | @ Update
Mame

User Library
assertthat
backports
basefdeanc
BH
cli

cain

colarspace
crayon
crosstalk
data.teble
digest
dplyr

o7

diplyr

evaluate

fansi
felcn

Connections

&

Formal class RasterLayer

Formal class RasterStack

List of 18

Formal class SpatialPointsDataFrame

- [m] X

®l project: (None) =

=0

List = -

num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034

Formal class SpatialPointsDataFrame

num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...

6L

‘table’ int [1:6, 1:6] 37 01 04 805000 ...

0.788

Help  Viewer

Description

Easy Pre and Post Assertions
Reimplementations of Functions Introduced Since R-3.0.0
Tools for basef4 encoding

Boost C++ Header Files

Helpers for Developing Command Line Interfaces

Conditional Inference Procedures in a Permutation Test
Framework

A Toolbox for Manipulating and Assessing Colors and Palettes
Colored Terminal Output

Inter-Widget Interactivity for HTML Widgets

Extension of "data.frame”

Create Compact Hash Digests of R Objects

A Grammar of Data Manipulation

A 'Wrapper of the JavaScript Library ‘DataTables

Data Table Back-End for "dplyr’

Parsing and Evaluation Tools that Pravide More Details than the
Default

ANSI Contrel Sequence Aware String Functions

Fwtensinn tn 'nanlnt?

=0

Version

021
114
0.1-3
1.69.0-1
110
13-0

14-1
134
100
1122
0.6.19
0.8.1
0.6
003
014

04.0
14n
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Random Forests: Hands on Demonsiration

5. Set the Working Directory

) Rstudic — m] ®
File Edit Code View Plots Session Build Debug Profile Tools Help
O -0gler- P A Go to file/function -~ Addins ~ Bl project: None) =
Q| Untitled1* = Environment  History  Connections =]
H (JSourceonsave | G #° -~ JRun | *| [ #source ~| = | &k # Import Dataset = | & List = -
1 #1) Se"c the working ch' rectory + | | dil Global Envircnment =
2 setwd('C:/MNASA_COURSE')
3 pata
4 @inraster Formal class RastersStack
5 #2) Create a raster object
6 inraster =- raster::stack( 0_RASTER/RS2_TSX_Sentinel_1_30m_uUTM.tif")
s
7
& #3) set the path to the training data; a csv file containing class labels (class)
9 #and Easting (POINT_X) and Northing (POINT_Y) information
10 Traiming <- read.csv('1_TRAIN_VAL_FINAL_FINAL/TRAINING.csv', header=TRUE, sep = ",")
11 vwvalidation <- read.csv( 1_TRAIN_VAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep = ".,")
12
13
14 #4) Identify which columns contain coordinate information
15 coordinates(Training)<- ~Point_x+Point_y
16 coordinates(validation)<- ~Point_x+Point_y
17
18 Files Plots Packages Help Viewer =]
19 #5) set the projection of the point data install | @ Update
20 proj4string(Training)<- CRS("+proj=utm +zone=14 +datum=wGS84 +units=m +no_defs +ellps=wGs84 +towgs84=0,0,0") — 5
21 proj4string(validation)<- CRS("+proj=utm +zone=14 +datum=WG584 +units=m +no_defs +e11ps=wG584 +towgs84=0,0,0") e B=EisizT VEE
22 .
User Libra
23 v )
24 #6) Extract training data from the raster assertthat Easy Pre and Post Assertions 021
25 Training_pata <- raster::extract(inraster, Training) - backports Reimplementations of Functions Introduced Since R-2.0.0 114
el (Top Level] = RSeript = basefdenc Tools for base64 encoding 0.1-3
Console  Terminal Jobs - BH Boost C++ Header Files 1.69.0-1
C:/NASA_COURSES di Helpers for Developing Command Line Interfaces 1.1.0
> #1) set the working directory coin Conditional Inference Procedures in a Permutation Test 13-0
> setwd('C:/NASA_COURSE') Framework
= colorspace AToolbox for Manipulating and Assessing Colors and Palettes 14-1
crayon Colored Terminal Cutput 134
crosstalk Inter-Widget Interactivity for HTML Widgets 1.0.0
datatable Extension of "dataframe’ 1122
digest Create Compact Hash Digests of R Objects 0.6.19
dplyr A Grammar of Data Manipulation 0.8.1
o1 A Wrapper of the JavaScript Library 'DataTables’ 0.6
dtplhyr Data Table Back-End for 'dplyr’ 003
evaluate Parsing and Evaluation Tools that Provide Maore Details than the  0.14
Default
fansi ANSI Contral Sequence Aware String Functions 04.0
RiRaly Evtancinn ta ‘nanlnt? 14n e
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6. Create araster object

Random Forests: Hands on Demonsiration

) Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help

CERRN R S = A Go to file/function « Addins =

Q] Untitled1*

I [JSourceansSave | G A«

1 #1) set the working directory

2 setwd('C:/NASA_COURSE')

=

4

5 #2) Create a raster object

6 inraster =- raster::stack({ 0_RASTER/RS2_TsX_Sentinel_1_30m_uTM.tif")

.

7

8 [3) set the path to the training data; a csv file containing class Tabels (class)

9 #and Easting (POINT_x) and Northing (POINT_¥) information

10 Training <- read.csv('1_TRAIN_VAL_FINAL_FINAL/TRAINING.csSV', header=True, sep = ","
11 wvalidation <- read.csv( 1_TRAIN_VAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep = ",")
12

13

14 #4) Identify which columns contain coordinate information
15 coordinates(Training)<- ~Point_x+Point_y

16 coordinates(validation)<- ~Point_x+Point_Y

17

18

19 #5) set the projection of the point data

22

23

24 #6) Extract training data from the raster

25 Training_pata <- raster::extract(inraster, Training)

&1 (Top Level) =
Console  Terminal Jobs

C:/NASA_COURSES

> #1) set the working directory

> setwd('C:/NASA_COURSE')

= #2) Create a raster object

= inraster <- raster::stack({ 0_RASTER/RSZ_TSx_Sentinel_1_30m_uTM.tif")
=

20 proj4string(Training)<- CRS("+proj=utm +zone=14 +datum=wGs84 +units=m +no_defs +ellps=wGS84 +towgs84=0,0
21 proj4string(validation)<- CRS("+proj=utm +zone=14 +datum=wG584 +units=m +no_defs +ellps=wG584 +towgs84=0,0

=+ Run

e

=0

T+ Source v =

-

-

R Script 2

=0

Environment

= Iz  Im

History  Connections
port Dataset * | &

1 Global Environment ~

Data
D inraster

Files  Plots
Ol instal | @
Name

User Lil
assertthat
backpaorts
basefdenc
EH
cli

coin

colorspace
crayon
crosstalk
data.table
digest
dplyr

oT

dtplyr

evaluate

fansi
a3ally

Formal class RasterStack

Packages Help  Viewer
Update

escription

Easy Pre and Post Assertions
Reimplementations of Functions Introduced
Tools for base64 encoding

Boost C++ Header Files

Helpers for Developing Command Line Intg
Conditional Inference Procedures in a2 Perm
Framawork

A Toolbox for Manipulating and Assessing
Colored Terminal Cutput

Inter-Widget Interactivity for HTML Widget:
Extension of "dataframe’

Create Compact Hash Digests of R Objects
A Grammar of Data Manipulation

A Wrapper of the JavaScript Library ‘DataTal
Data Table Back-End for 'dplyr'

Parsing and Evaluation Tools that Pravide M
Default

ANSI Control Sequence Aware String Functi|

Futancinn tn ‘nnnlng?
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Random Forests: Hands on Demonsiration

/. Read training and validation data (csv files)

@ Rstudio - 0 ®
File Edit Code VWiew Plots Session Build Debug Profile Tools Help
O -|Of - |1 B & || A Gotofiefundion ~ Addins * Rl project: (Nong) =
Q] untitled1* =] Environment  History  Connections =]
H Source onSave | O / - = Run | "= Source *| = = K | 77 Import Dataset ~ s List = -
1 #1) Se"c the working d'_lr‘ectnr‘y - | | flk Global Enviranment =
2 setwd('C:/NASA_COURSE")
3 pata
4 0 inraster Formal class RasterStack
5 #2) Create a raster object = - .
6 inraster <- raster::stack("0_RASTER/RSZ_Tsx_sentinel_1_30m_umM.tif") G Training 132 obs. of 3 variables
7 @wvalidation 300 obs. of 3 variables
8 #3) set the path to the training data; a csv file containing class Tabels (Class)
9 #and Easting (POINT_X) and Northing (POINT_Y) information
10 Training <- read.csv( 1_TRAIN_VAL_FINAL_FINAL/TRAINING.csVv', header=TRUE, sep = '
11 validation <- read.csv('l_TRAIN_VAL_FINAL_FINAL/VALIDATION.cCsv', header=TRUE, sep |
12
13
14 #4) Identify which columns contain coordinate information
15 coordinates(Training)<- ~Point_x+Point_Y
16 coordinates(validation)<- ~Point_x+Point_Y
-
7
18 Files Plots Packages Help  Viewer =
19 #‘S).set t.he pro:_iegtw'un of thﬁ pm‘r]t data ) N B install | @ Update
20 proj4string(Trainingl<- cRs({"+proj=utm +zone=14 +datum=wGs84 +units=m +no_defs +ellps=wGs84 +towgs84=0,0,0
21 proj4string(validation)<- CRS("+proj=utm +zone=14 sdatum=wGS84 +units=m +no_defs +ellps=WG584 +towgs84=0,0 | TRAINING - Motepad - ] x
22

File Edit Format View Help
tlass,Pointix,PointiY A
Barley,571228.626047080@0,5516307.57217000000
Barley,573654.53761208000,5519554. 46566000000
Barley,573534.36171000000,5519458. 88559000000
Barley,573512.3773230000@,5519589. 39045000000
Barley,579218.63736600000,5521301. 38413000000
Barley,5793@83.19567900008,5521339.72647000000
Barley,579272.99966400088,5521249.23472060000
Barley,588100.04255600086,5521221.61785060000
Barley,588094.14662600000,5521159. 34324000000
Barley,580024.44461900000,5521284. 34166000000
Barley,581083.24412400000,5515604.72236000000
Barley,574437.94387000000,5519434. 98909000000
Barley,574439.68313100000,5519629. 23260000000
Barley,579207.92708500000,5522104. 98135000000
Barley,58@921.47843900008,5521387.70286000000
Barley,588873.83908300008,5519735.12168000000
Barley,578554.691948060086,5521235.22894060000

24  #6) Extract training data from the raster
25 Training_pata <- raster::extract{inraster, Training)

11:91 (Top Level) =
Console  Terminal Jobs

C:/NASA_COURSE/S

#1) Set the working directory

setwd('C:/NASA_COURSE')

#2) Create a raster object

inraster <- raster::stack({ 0_RASTER/RS2_Tsx_sentinel_1_30m_utm.tif")

#3) Set the path to the training data; a csv file containing class labels (Class)
#and Easting (POINT_X) and Morthing (POINT_Y) information

Training <- read.csv{ 1_TRAIN_VAL_FINAL_FINAL/TRAINING.csv ', header=TRUE, sep = ",
wvalidation <- read.csv( '1_TRAIN_VAL_FIMAL_FINAL/VALIDATION.csv', header=TRUE, sep = ",")

WVY VYWY VY

evaluate Parsing and Evaluation Tocls that Provide More Details than the 0.4
Default
fansi AMSI Control Sequence Aware String Functions 04.0
sl Evtensinn ta ‘nanlnt 140 M
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Random Forests: Hands on Demonsiration

8. Idenftify which columns from the csv files contain coordinate information

eRStud\o

File Edit Code View Plots Session Build Debug Profile Tools Help
o - o - H B = Go to file/function ~ Addins

87 untitied1*

H Source on Save | O / -

1 #1) set the working directory

2 setwd('C:/NASA_COURSE')

g

4

5 #2) Create a raster object

6 inraster <- raster::stack(’'0_RASTER/RSZ_Tsx_sentinel_1_30m_um.tif"')

-

7

8 #3) set the path to the training data; a csv file containing class Tabels (Class)

9 +#and Easting (POINT_X) and Northing (POINT_Y) information
10 Training =<- read.csv{'1_TRAIN_VAL_FINAL_FIMAL/TRAINING.csv ', header=TRUE, sep = ","
11 validation <- read.csw("1_TRAIN_VAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep = ",")
12
13

14 #4) Identify which columns contain coordinate information
15 coordinates(Training)<- ~Point_x+Point_v
16 coordinates(validation)<- ~Point_xX+Point_Y

19 #5) set the projection of the point data

24  #6) Extract training data from the raster
25 Training_pata <- raster::extract(inraster, Training)

181 (Top Level)
Console  Terminal Jobs

C:/NASA_COURSE/S

#1) set the working directory

setwd('C:/NASA_COURSE")

#2) Create a raster object

inraster <- raster::stack( 0_RASTER/RS2_Tsx_sentinel_1_30m_utM.Ti
#3) Set the path to the training data; a csv file containing g5s labels (class)

#and Easting (POINT_X) and Northing (POINT_¥) informatiog

Training =- read.csv("1_TRAIN_VAL_FINAL_FINAL/TRAINIM®®Csv’, header=TRUE, sep = ".,")
validation <- read.csv("1_TRAIN_VAL_FINAL_FINAL IDATION.csv', header=TRUE, sep = ",")
#4) Identify which columns contain coording nformation

coordinates(Training)<- ~Point_x+Point_y
coordinates(validation)<- ~Point_x+proint_vy

R A S

20 projdstring(Trainingl<- cRS("+proj=utm +zone=14 +datum=wGs84 +units=m +no_defs +ellps=wGs84 +Towgs$
21 proj4string(validation)<- CRS("+proj=utm +zone=14 +datum=wWGS84 +units=m +no_defs +ellps=WGs584 +Tow

=] Environment  History  Connections

**Run | = Source ~

Tl | #* Import Dataset =

»

1 Global Environment =
Data

O inraster
DTraining

D validation

-

&

Formal class RasterStack
Formal class spatialpointsbataFrame
Formal class spatialPointsbataFrame

m} X

Rl project: (None) =

=0

List = =

tlass,Po:'Lnt_X

24

Barley,571228.
Barley,573654.
Barley,573534.
Barley,573512.
Barley,579216.
Barley,5793@3.
Barley,579272.
Barley,588160.
Barley, 588094 .
Barley,580024.
Barley,581888.
Barley,574437.
Barley,574439.
Barley,5792@7.
Barley,588921.
Barley,58@873.
Barley,578554.
e 2474

| TRAINING - Motepad
File Edit Format View Help

,Point Y

099194800008,552°
a0

62604700008,5516307.
5376120000808,5519554.
361710000008,5519458.
37732300000,5519589.
63736600000,5521301.
19567900008,5521339.
99966400000,5521249.
84255600000,5521221.
14662600000,5521159.
44461900000,5521284.
24412400000,5515604.
94387000000,5519484.
60313160008,5519629.
92786500000,5522104.
47843900000,5521307.
839083000008,5519735.
1235.
@349

57217080008
46566000000
88559000000
39045000000
38413000000
72647000000
23472000000
61705000000
34324000000
84166000000
72286000000
98909000000
23260000000
98185000000
708286000000
12168000000
22894000000

dtplyr

evaluate

fansi
i=alhe

Create Compact Hash Digests of R Objects

A Grammar of Data Manipulation

A Wrapper of the JavaScript Library ‘DataTables

Data Table Back-End for 'dphyr’

Parsing and Evaluation Tocls that Provide More Details than the
Default

ANSI Control Sequence Aware String Functions

Futenzinn tn 'nanlnt?

0618
0.8.1
0.6
0.0.3
014

04.0
140

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

Random Forests: Hands on Demonsiration

9. Define the projection of the point data in the csv files

e RStudio

File Edit Cede View Plots Session Build Debug Profile Toels Help
Q-0 lcr-HB Go to file/function - Addins
© ] Untitled1*
H SourceonSave | O - =+ Run
11 wvalidation <- read.csv( 1_TRAIN_WAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep = ",")
12
13

14 #4) Identify which columns contain coordinate information

15 coordinates(Training)<- ~Point_x+Point_Y

16 coordinates(validation)<- ~Point_x+Point_¥

17

18

19 #5) set the projection of the point data

20 proj4string(Trainingl<- CrRs("+proj=utm +zone=14 +datum=wGs84 +units=m +no_defs +ellps=wGs84 +towgs84=0,0,0")
21 proj4string(validation)<- CRS("+proj=utm +zone=14 +datum=wGsd4 +units=m +no_defs +ellps=wes84 +Towgssf=0,0,0")
22

23

24 #6) Extract training data from the raster

25 Training_Data =- raster::extract(inraster, Training)

26 Training_Response <- as.factor(Trainingiclass)

27

28

29 #7)select which variables from the raster stack to use in your model
30 selection <- c(1:22)

31 predictor_pata <- Training_patal[,selection]

32

33

34 #B) Create and save the forest

35 r_tree <- randomForest{Predictor_bata, y=Training_Response, ntree = 1000, keep.forest=TRUE, importance = TRUE
21:102 | (Top Level) =
Console  Terminal Jobs

C:/NASA_COURSE/
#1) set the working directory
setwd('C:/NASA_COURSE")
#2) Create a raster object
inraster <- raster::stack( 0_RASTER/RS2_TsX_sentinel_1_30m_utM.Tif")
#3) set the path to the training data; a csv file containing class Tabels (cClass)
#and Easting (POINT_X) and Northing (POINT_Y) information
Training <- read.csv( 1_TRAIN_VAL_FINAL_FINAL/TRAINING.csv', header=TRUE, sep = ",")
validation <- read.csvi{ 1_TRAIN_WVAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep =
#4) Identify which columns contain coordinate information
coordinates (Trainingl<- ~Point_x+Point_y
coordinates(validation)<- ~Point_xX+Point_Y
#5) set the projection of the point data
projé4string(Training)<- crRs{"+proj=utm +zone=14 +datum=wG584 +units=m +no_defs +ellps=wG584 +towgs84=0,0,0")
proj4string(validation)<- CRsS("+proj=utm +zone=14 +datum=wGs84 +units=m +no_defs +ellps=wGs84 +towgs84=0,0,0")

")

WOV OV WOV W W Y W W Y Y Y

na.action=na.omit)

=0

g Source ~

R Script =

=0

-

Environment
2 H
1 Global Environment =

Data

O inraster

@ Training

@ validation

Files Plots Packages

Sl instal | @ Update
MName

User Library
assertthat
backports
baseddenc
BH
di

coin

colarspace
crayon
crosstalk
data.table
digest
dplyr

DT

dtphyr

evaluate

fansi
GGallhe

History  Connections

-

#* Import Dataset = |

Formal class Rasterstack
Formal class spatialpointspataFrame
Formal class SpatialPointsDataFrame

Help  Viewer

Description

Easy Pre and Post Assertions

Reimplementations of Functions Introduced Since R-3.0.0
Tools for based encoding

Boost C++ Header Files

Helpers for Developing Command Line Interfaces
Conditional Inference Procedures in a2 Permutation Test
Framawork

A Toolbox for Manipulating and Assessing Colors and Palettes
Calored Terminal Cutput

Inter-Widget Interactivity for HTML Widgets

Extension of ‘data.frame’

Create Compact Hash Digests of R Objects

A Grammar of Data Manipulation

A Wrapper of the JavaScript Library 'DataTables’

Data Table Back-End for ‘dphyr'

Parsing and Evaluation Tools that Provide More Details than the
Default

ANSI Control Sequence Aware String Functions

Fytansinn tn ‘nnnlat 2

Version

0.21
114
0.1-3
1.68.0-1
110
13-0

1441
134
1.00
1122
0.6.19
0.8.1
0.6
0.03
014

04.0
14n

O X

& project: (Mone) ~

=0

List = =

=0
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Random Forests: Hands on Demonsiration

10. Extract the training data (values of each raster band coincident with point data

) Rstudio - m} X
File Edit Code View Plots Session Build Debug Profile Tools Help
O -0 - HBE o Go to file/function ~ Addins Rl project: (None) =
@7 untitled1* =] Environment  History  Connections =
H SourceonSave | O - = Run | *% Source * = | | B2 Import Dataset - r's List = -
23 - T
P Global Environment =
24 #6) Extract training data from the raster 3
25 Training_Data =<- raster::extract(inraster, Training) Data
26 Training_Response <- as.factor(TrainingiClass) b Formal class RasterStack
-
3'8 D Training Formal class spatialpointspatarrame
29 #7)select which variables from the raster stack to use in your model Training_bata num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
30 selection <- c(1:22) B Dvalidation Formal class spatialPointsDataFrame
31 predictor_pata =- Training_batal,Selection]
2 values
32 Training_Response Factor w/ 6 levels "Barley","canola",..: 11111111,
34 #B) Ccreate and save the forest
35 r_tree <- randomForest(Predictor_pata, y=Training_response, ntree = 1000, keep.forest=TrRUE, importance = TRUE, na.action=na.omit)
36
37
38 #9) see the out of Bag Confusion Matrix
39 r_tree
40 Files Plots Packages Help Viewer =
41 Ol instal Update
42 #10) print the variable importance (Mean pecrease in accuracy; for ini Index type = 2) ® upcs: - N
43 dimp <- importance(r_tree, type = 1) LTS peseplion WEEAT
44 imp User Library
45
46 assertthat Easy Pre and Post Assertions 021
43 *]-_‘l} ‘E?(‘I‘:I' aCI: values to be used for ,‘! ndeD?ndent ':"E.l]l'i d‘?-t-i on- - - backports Reimplementations of Functions Introduced Since R-3.0.0 114
2648 (Top Level) < R Seript 2 basebdenc Toals for base64 enceding 0.1-3
Console  Terminal Jobs = BH Boost C++ Header Files 1.68.0-1
C:/NASA_COURSE/ cli Helpers for Developing Command Line Interfaces 1.1.0
- sefwd( s /LASA_COU-R’SE') ‘ - coin Conditional Inference Procedures in a2 Permutation Test 1.3-0
> #2) Create a raster object Framewark
> inraster <- raster::stack( 0_RASTER/RSZ_Tsx_sentinel_1_30m_utm.tif') colarspace A Toolbox for Manipulating and Assessing Colors and Palettes 1441
= #3) setr the path to the tr‘a'm'mgldata; a csv f'!'le containing class Tabels (class) crayon Colored Terminal Output 134
> #and Easting (POINT_X) and Northing (POINT_Y) information - - -
> Training <- read.csv("1_TRAIN_VAL_FINAL_FINAL/TRAINING.csv', header=TRUE, sep = ",") crosstalk Inter-Widget Interactivity for HTML Widgets 1.0.0
> validation <- read.csv('1_TRAIN_VAL_FINAL_FINAL/VALIDATION.csv', header=TRUE, sep = ",") data.table Extension of ‘dataframe’ 1122
> #1) Identify which columns contain coordinate information
» coordi nates(Traw’nTng)v ~Point_x+Point_y digest Create Compact Hash Digests of R Objects 0.68.19
> coordinates(validation)<- ~Point_x+Point_y dplyr A Grammar of Data Manipulation 0.8.1
= #5) Set the projection of the point data P b
. : N " N . - oT A Wrapper of the JavaScript Library ‘'DataTables 0.6
= proj4string(Training)=- CRS({"+proj=utm +zone=14 +datum=WG584 +units=m +no_defs +ellps=wGS84 +towgs84=0,0,0") il P o
> projdstring(validation)<- CRS("+proj=utm +zone=14 +datum=wWGS84 +units=m sno_defs +e1lps=wGS84 +towgs84=0,0,0") dtplyr Data Table Back-End far 'dplyr 0.0.3
> #6) Extract training data from the raster . evaluate Parsing and Evaluation Tools that Provide More Details than the 014
> Training_bata «<- raster::extract{inraster, Training) Default
i Training_Response <- as.factor (Training§class) fansi ANSI Control Sequence Aware String Functions 04.0
- Al Evtenzinm ta 'nanlat? 140 T

NASA's Applied Remote Sensing Training Program



https://arset.gsfc.nasa.gov/

11. Select which variables to use in the model

VH_TSX_20160726_mst_26Jul2016

Random Forests: Hands on Demonsiration

VV_TSX 20160726 _mst_26Jul2016

VH_TSX 20160726 slvl 26Jul2016

) Rstudio
File Edit Code View Plots Session Build Debug Profile Tools Help
S -0 -l B Go to file/function ~ Addins =
@] Untitled1*
IH [(JSourceonSave | Q # »
23

VV_TSX_20160726_slv2_26Jul2016

24 #6) Extract training data from the raster
25 Training_pbata <- raster::extract(inraster, Training)

HH RS2 20160703 slv3_01Jan2000

=0

Source =

Environment History

= | | 57 import Dataset =
] Global Environment =

Data

Connections

’
4

VH_S1A 20160731 slvl9 31Jul2016

26 Training_Response <- as.factor(Trainingiclass) @ inraster Formal class RasterStack
& predictor_para num [1:132, 1:22] 0.0374 O.
28 = !
29 #7) select which variables from the raster stack to use in your HV—RSZ—ZO160703—S|V4—01Janzooo © Training Formal class spatialpointsD
30 Se'legtion <- c(1:22) L. L Training_pata num [1:132, 1:22] 0.0374 0.
i% predicror_pata <- Training_pata[,selection] VH_R52_20160703_S|V5_01Jan2000 @ wvalidation Formal class spatialpPointsD
33 values
34 #8) Create and save the forest selection int [1:22] 1 2 34 56 7 8 9
VV_RS2 20160703 _slv6é_01Jan2000
gé r_tree <- randomForest(Predictor_bata, y=Training_Response, ntr — — — — na.omit) Training_Response Factor w/ 6 levels "Barley”
37 HH_RS2_20160727_slv7_01Jan2000
38 #9) See the out of Bag Confusion Matrix - — = —
39 r_tree
= HV_RS2 20160727 slv8 01Jan2000 fles Plots  racapes | Hep | views -
41 Ol install | @ Update
42 #10) pri he variable 1 ( se i . 1 .
G i e waiabe Jeperrance (nean vecrease in sccuratyi 4y RS2 20160727 slv9 01Jan2000
i‘; imp User Library
46 VV_RSZ_20160727_S|V10_0 1Ja nzooo assertthat Easy Pre and Post Assertions
47 *]-1-} Extract values to be used for ,'! ndED?ndent " d?-t'i‘m: - backports Reimplementations of Functions Introduce
221 (Top Level) < HH_RSZ_20160820_S|V1 1_01]8[12000 RSeript = basefdenc Tools for base64 enceding
Console  Terminal Jobs (] BH Boost C++ Header Files
C:/NASA_COURSE/ HV_RSZ_ZO].60820_S|V12_01Ja n2000 = di Helpers for Developing Command Line Inte
> #7) select which variab rom the raster stack to use in your modg coin Conditional Inference Pracedures in a Perm)
> Selection < c(Liz2™ . VH_RS2_20160820_slv13_01Jan2000
i Predictor_pata <- Training pata[,selection] — — — — colarspace A Toolbox for Manipulating and Assessing
VV_RS2 20160820 _slvl4 01Jan2000 crayen Colored Terminal Output _
— — — — crosstalk Inter-Widget Interactivity for HTML Widget
VH_S1A_ 20160613 slv15_13Jul2016 brenot e
= — = = iges reate Compact Hash Digests of jects
VV_S1A 20160613 slvl6_13Jul2016 . A Grammarof Baia Manpulsion
o1 AWrapper of the JavaScript Library 'DataTa
dtphy Data Table Back-End for 'dplyr’
VH_S1A 20160707 slvl7 07Jul2016 e o bl feainder e
= = = = evaluate Parsing and Evaluation Tools that Provide M
Default -
VV_SlA_20160707_S|V18_07JU|2016 fansi AMSI Control Sequence Aware String Functifl &3
3l Evtancinn tn ‘nnnlntd

VV_S1A_ 20160731 _slv20_31Jul2016
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Random Forests: Hands on Demonsiration

12. Create your Random Forest Model

Class

VH_TSX_20160726_
mst_26Jul2016

VV_TSX_20160726_
mst_26Jul2016

VH_TSX_20160726_
slvl 26Jul2016

Rstudio
File Edit Cede View Plots Session Build Debug Profile Tools Help
LR = Go to file/function ~ Addins =
@ | Untitled1*
Source on Save | |Gy S -
Training_Response Next || Prev || Al Replace Replace || Al

38 #9) see the out of Bag Confusion Matrix
39 r_tree

40

41

42 #10) pPrint the variable importance (Mean Decrease in Accuracy; for Gini Index type = 2)
43 dmp =<- importance(r_tree, type = 1)

44 dmp

45

46

47 #11) Extract values to be used for independent validation

48 wvalidation_bData <- raster::extract(inraster, validation)[,selection]
49 validation_Response <- as.factor(validationiclass)

50

51

52 #12) Classify the independent validation data

53 wvalidation_predictions =<- predict(r_tree,validation_bpata)

35:_1 .Sﬂ (Top Level) =
Console  Terminal Jobs
C:/NASA_COURSE,

= #7) select which variables from the raster sta
> selection <- c(1:22)
> Predictor_pata <- Training_patal,seleg
> #8) Create and save the forest

> r_tree <- randomrForest{Predictor®ata, y=Training_
>

0 use in y

In selection Match case ‘Wheole word Regex || Wrap

g5

34 #B) Create and save the forest

35 r_tree <- randomForest(Predictor_pata, y=Training_rResponse, ntree = 1000, keep.forest=TRUE, importance = TRUE,
36

37

=+ Run

|Barley

0.037364677

0.133464038

0.037364677

|Ba rley

0.013369569

0.067057364

0.013369569

|Ba rley

0.020673014

0.074069843

0.020673014

IBa rley

0.029688779

0.08695662

0.029688779

|Ba rley

0.033956379

0.109707654

0.033956379

|Ba rley

0.0146865

0.052232202

0.0146865

0.018100204

0.06887947

0.018100204

0.018511023

0.051729776

0.018511023

0.01569712

0.045542698

0.01569712

0.015248202

0.05094168

0.015248202

Canola

0.039782844

0.145142376

0.039782844

Canola

0.040325992

0.161023989

0.040325992

Canola

0.055418897

0.135640427

0.055418897

Canola

0.066946477

0.154822439

0.066946477

Canola

0.094055369

0.140497714

0.094055369

Canola

0.084282458

0.166150674

0.084282458

Canola

0.09123531

0.211286813

0.09123531

sponse, ntree = 1000, keep.forest=TRUE, importance = TRUE, na.action=na.omit)

crayon
crosstalk
data.table
digest
dplyr

DT

dtphyr

evaluate

fansi

GEalhe

™

£l

Calored Terminal Cutput
Inter-Widget Interactivity for HTML Widgets
Extension of ‘data.frame’

Create Compact Hash Digests of R Objects

A Grammar of Data Manipulation

A Wrapper of the JavaSeript Library 'DataTables

Data Table Back-End for 'dphyr'

134
100
1122
0.6.19
0.8
06
003

Parsing and Evaluation Tools that Provide More Details than the  0.14

Default

ANSI Control Sequence Aware String Functions

Futensinn tn ‘nanlat 2

04.0
14n
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13. Print the Out of Bag confusion matrix

Random Forests: Hands on Demonsiration

@ Rstudio

File Edit Code View Plots Session Build Debug Profile Tools Help
LR SR file/function = Addins *
Q] untitled1™ Q] finalR =l
Sourceon Save | O / - = Run | % Source *| =
33 -

34 #8) Create and save the forest|

35 r_tree =- randomFerest(Predictor_Data, y=-Training_Response, ntree = 1000, keep.forest=TRUE, importance = TRUE, na.action=na.omit)

36

37

38 #9) see the out of Bag confusion matrix

39 r_tree

40

41

42  #10) Print the variable importance (Mean Decrease in Accuracy; for Gini Index type = 2)

43 dmp <- importance(r_tree, type = 1)

44 dimp

45

46

47 #11) Extract values to be used for independent validation

48 wvalidation_Data =- raster::extract(inraster, validation)[,Selection]

49 wvalidation_Response <- as.factor(validationiclass)

50

51

52 #12) classify the independent validation data

53 validation_Predictions <- predict(r_tree,validation_bata)

54

55 .

ce s1ah e fdardon dosa

34:31 (Top Level) RSeript =
Console  Terminal Jobs =]
C:/NASA_COURSE/
> #9) see the out of Bag confusion Matrix o
> r_Tree
call:

randomForest(x = Predictor_Data, y = Training_Response, ntree = 1000, importance = TRUE, keep.forest = TRUE, na.action = na.omit)

Type of random forest: classification
Number of trees: 1000
No. of variables tried at each split: 4

00B estimate of
Confusion matrix:
Barley Canola Corn Oats

error rate: 17.42%

Soybeans Spring wheat class.error
3

Barley 17 o 0 0 2 0.22727273
canola o 21 0 1 0 0 0.04345455
caorn o o 20 0 2 0 0.09090909
0ats o o o] 19 0 3 0.13636364
Soybeans 1 o 5 0 16 0 0.27272727
Spring Wheat 1 o 0 3 2 16 0.27272727
>

Environment  History  Connections
Znll ™ | #* Import Dataset ~ Jl List =
1 Global Environment =
rdarnng_vacd MU [LILl32, L1i2£] U.US/4 ULULSS U.UZUS UL UZY/ UL U8
@ validation Formal class spatialpointsDataFrame
validation_Data num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...
values
C 6L
confusionMatrix "table" int [1:6, 1:6] 37 01 0 4 8 0 49 0 1
kappa 0.788
n_classes 6L
n_obs 300L
OutputRaster "3_RESULTS/RS2_TsX_sentinel_1_30m_UTM_RandomForest.tif"
overal laccuracy 0.823333333333333
rowColsumProdsum 15000L
Files Plots Packages Help Viewer
&l install | @ update
Name Description Version
User Library
assertthat Easy Pre and Post Assertions 021
backparts Reimplementations of Functions Introduced Since R-3.0.0 114
baseddenc Tools for base64 enceding 0.1-3
EH Boost C++ Header Files 1.69.0-1
cli Helpers for Developing Command Line Interfaces 1.1.0
coin Conditional Inference Procedures in a Permutation Test 13-0
Framework
caolorspace A Toolbox for Manipulating and Assessing Colors and Palettes 141
crayon Colored Terminal Cutput 134
crosstalk Inter-Widget Interactivity for HTML Widgets 1.0.0
data.table Extension of ‘data.frame” 1122
digest Create Compact Hash Digests of R Objects 0.6.19
dplyr A Grammar of Data Manipulation 081
DT A Wrapper of the JavaScript Library ‘DataTables 0.8
dtplyr Data Table Back-End for dplyr’ 00.3
evaluate Parsing and Evaluation Tools that Provide More Details than the  0.14
Default
fansi ANSI Control Sequence Aware String Functions 04.0
Gealhe Fvtensinn tn 'annlat? 14n

— ]

X

R project: (None) =

=0

=0
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Random Forests: Hands on Demonsiration

14. Print the variable importance values

@ Rstudio — m] ®
File Edit Code View Plots Session Build Debug Profile Tools Help
LR+ SR 2 ) file/function ~ Addins ~ R project: (None) =
Q] untitled1™ Q] finalR =l Environment  History  Connections =l
Sourceon Save | O / - =+ Run | *% Source + = > H #* Import Dataset ~ Jl List = -

gi :8) d he f “ 1 Gloval Environment =

#8) create and save the forest B

35 r_tree <- randomrorest(Predictor_bata, y=Training_Response, ntree = 1000, keep.forest=TRUE, importance = TRUE, na.action=na.omit) : 1mp num [1:22, 1] 18.7 23 19.6 23.9 10.4 ... -
36 ©inraster Formal class RasterStack

=B . . Dpredictions Formal class RasterLayer

38 #9) see the out of Bag Confusion Matrix — -

19 r_tree O Predictor_pata Formal class RasterStack

40 r_tree List of 18

pe s D Training Formal class spatialpointspataFrame

42 #10) print the variable importance (Mean pDecrease in Accuracy; for Ggini Index type = 2)

43 dimp <- importance(r_tree, type = 1) num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034

Training_pata

44 dimp @ validation Formal class spatialpointspatarrame
j:é’ validation_pData num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...
47 #11) Extract values to be used for independent validation o - alues ‘
43:37 (Top Level) = R Script £ < -
Console  Terminal Jobs =0 Files Plots Packages Help Viewer =

C:/NASA_COURSE/

> #10) print the variable importance (Mean pecrease in accuracy; for eini Index type

> imp <- importance(r_tree, type = 1)

> imp

R52_TsX_sentinel_1_30m_UTM.
RS2_TsX_sentinel_1_30m_uUTM.
RS2_Tsx_sentinel_1_30m_uTM.
RS2_TsX_Sentinel_1_30m_UTM.
RS2_Tsx_Sentinel_1_30m_UTM.
RS2_TsX_sentinel_1_30m_UTM.
RSZ_TsX_sentinel_1_30m_UTM.
RS52_TsX_sentinel_1_30m_UTM.
RS2_Tsx_sentinel_1_30m_uTM.
RS2_TsX_sentinel_1_30m_UTM.
RS2_TsX_Sentinel_1_30m_UTM.
RS2_Tsx_Sentinel_1_30m_UTM.
RS2_TsX_sentinel_1_30m_UTM.
R52_TsX_sentinel_1_30m_UTM.
RS2_TsX_sentinel_1_30m_uUTM.
RS2_Tsx_sentinel_1_30m_uTM.
RS2_TsX_Sentinel_1_30m_UTM.
RS2_Tsx_Sentinel_1_30m_UTM.
RS2_TsX_sentinel_1_30m_UTM.
RSZ_TsX_sentinel_1_30m_UTM.
RS52_TsX_sentinel_1_30m_UTM.
RS2_Tsx_sentinel_1_30m_uTM.

>

e - R I AT

10
11
12
13
14
15
16
17
18
19

21
22

MeanDecreaseAccuracy
18.706255

22.983380

19. 562098

23.879731

10. 365050

16.029312

18.290303

15.955196

17.161803

23.430637

23.996702

18.072785

4.783384

4.348962

5.640269

17. 624666

8.594696

8.847914

11.249187
11.835973
20. 294629
19. 942409

&l install | @ update
Mame

User Library
assertthat
backparts
basefidenc
EH
cli

coin

caolorspace
crayon
crosstalk
data.table
digest
dplyr

DT

dtplyr

evaluate

fansi
Gealhe

Description

Easy Pre and Post Assertions

Reimplementations of Functions Introduced Since R-3.0.0
Tools for base64 enceding

Boost C++ Header Files

Helpers for Developing Command Line Interfaces
Conditional Inference Procedures in a Permutation Test
Framework

A Toolbox for Manipulating and Assessing Colors and Palettes
Colored Terminal Cutput

Inter-Widget Interactivity for HTML Widgets

Extension of ‘data.frame”

Create Compact Hash Digests of R Objects

A Grammar of Data Manipulation

A Wrapper of the JavaScript Library ‘DataTables

Data Table Back-End for dplyr’

Parsing and Evaluation Tools that Provide More Details than the
Default

ANSI Control Sequence Aware String Functions

Futensinn tn ‘nonlnt 2

Version

0.2.1
114
0.1-3
1.69.0-1
110
13-0

141
134
100
1122
0619
081
0.6
003
0.14

04.0
14n
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Random Forests: Hands on Demonsiration

A Validation

15. Extract the validation data X Training

e RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help

Q -lomlsr-l A Go to fle/function ~ Addins ~
@7 untitled1* =] Environment History  Connections
EH [ISource onSave | [Q] A ~ +run | *| P source ¥| = 2 I | 5 import Dataset = | &
Training_Respanse Next || Prew | an Replace Repizze || Al 3 Giopal Environment - i o
In selection Match case [_| Whole word Regex ] Wrap O tnraster Formal class Rasterstack
5 " N Predictor_pata num [1:132, 1:22] 0.0374 0.0
16 r_tree List of 18
47 #11) Extract values to be used for independent validation O Training Formal class spatialPointsba
48 Vaﬂ'!datjon_nata <- raster::extraEt-[iprasFer, validation) [,selection] Training_pata num [1:132, 1:22] 0.0374 0.0
ég validation_response <- as.factor(validationiclass) | ©validation Formal class spatialPointsba
51 validation_bpata num [1:300, 1:22] 0.043 0.02
52 #12} C'\ass‘ify the Tndependent \l,a'lw‘datw‘on datE_l . values
;i validation_Predictions <- predict(r_tree,validation_Data) selection int [1:221 1234 567 8 9
55 Training_response Factor w/ & levels "Barley"”,
56 'ﬂ.%}. Generate a confusion Ea.trix/frgrhthg W‘Dd?penqent validation data - validation_Response Factor w/ 6 levels "Barley”,
49:52 "L-TDE_) LE:r'gI_I- : TTTttttt o Tm mmmmmmmmmmmmmmmm e R Seript & Plots Packages Help Viewer >
Console  Terminal Jobs u
C:/NASA_COURSE/ Name Destription
> #11) Extract values to be used for independent validation ) User Library
> validation_bpata <- raster::extract(inraster, validation)[,selection] ™
» validation_response <- as.factor(validationiclass) assertthat Easy Pre and Post Assertions
> backports Reimplementations of Functions Introduced
basefdanc Tools for basef4 enceding
BH Boost C++ Header Files
di Helpers for Developing Command Line Inte:
coin Conditional Inference Procedures in a Permi
Framework
colarspace A Toolbox for Manipulating and Assessing (]
crayon Colored Terminal Qutput
crosstalk Inter-Widget Interactivity for HTML Widgets|
data.table Extension of ‘data.frame’
digest Create Compact Hash Digests of R Objects
dplyr A Grammar of Data Manipulation
oT A Wrapper of the JavaScript Library ‘DataTaly
dtplyr Data Table Back-End for 'dplhyr'
evaluate Parsing and Evaluation Tools that Provide M
Default
fansi ANSI Control Sequence Aware String Functi
Galle Evtensinn tn 'nanlnt?
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16. Classity the independent validation data

Random Forests: Hands on Demonsiration

@ Rstudio

File Edit Cede View Plots Session Build Debug Profile Teels Help
¢ -%la-lH A Go inction - Addins =
@] Untitled1*
H Source on Save '-_‘\ / - =+Run | *%
Training_Response Next || Prev || All Replace Replace || All
In selection Mztch c2se Whale word Regex (] Wrap

49 wvalidation_response <- as.factor(validationiclass)

50

51

52 #12) Classify the independent validation data

53 validation_predictions <- predict(r_tree,validation_pata)

54

55

56 #13) Generate a confusion matrix from the independent wvalidation data
57 walidation_response <- as.factor(validation$Class)

58 confusionMatrix <- table(validation_predictiens,validation_Response)
59 confusiomMatrix

60
5358 (Top Level) &
Console  Terminal Jobs

C:/NASA_COURSES

#11) Extract values to be used for independent validation
validation_Data =- raster::extract(inraster, validation)[,selection]
validation_Response <- as.factor(validationsClass)

#12) classify the independent validatien data
validation_predictions <- predict(r_tree,validaticn_pata)

VoWV OV WY

=0

Source ~

-

R Seript &

=0

- O X

8 Project: (Mone) =

Environment  History  Connections =]
& [ | E2* Import Dataset ~ s List = -
1 Global Environment =
Q'in‘r‘aster rFormal class Rasterstack -
Predictor_bata num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
r_tree List of 18
D Training Formal class spatialPointsDataFrame
Training_Data num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
Dvalidation Formal class spatialpPointsDataFrame
validation_bData num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...
values
selection int [1:22] 1 234567 8910 ...
Training_Response Factor w/ 6 levels "Barley”,"canola",..: 11111111
validation_predictio..Factor w/ 6 levels "Barley","canola",..: 1111111686 -
Files Plots Packages Help Viewer =]
bl Install @ Update
Name Description Version
User Library
assertthat Easy Pre and Post Aszertions 021
backports Reimplementations of Functions Introduced Since R-3.0.0 114
basebdanc Tools for base64 enceding 0.1-3
BH Boost C++ Header Files 1.69.0-1
cli Helpers for Developing Command Line Interfaces 1.1.0
coin Conditional Inference Procedures in a Permutation Test 13-0
Framework
colorspace A Toolbax for Manipulating and Assessing Celors and Palettes 141
crayon Colored Terminal Qutput 134
crosstalk Inter-Widget Interactivity for HTML Widgets 1.00
data.table Extension of ‘data.frame” 1322
digest Create Compact Hash Digests of R Objects 0.6.19
dplyr A Grammar of Data Manipulation 081
oT A'Wrapper of the JavaScript Library ‘DataTables 0.6
dtplyr Data Table Back-End for 'dplyr’ 0.0.3
evaluate Parsing and Evaluation Tools that Provide More Details than the  0.14
Default
fansi AMSI Control Sequence Aware String Functions 04.0
fimali Eutanzinn ta ‘nanint? 14n e
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Random Forests: Hands on Demonsiration

17. Generate a confusion matrix

@) RStudio - O X
File Edit Code View Plots Session Build Debug Profile Tools Help
O -l HBR A Go ffunction ~ Addins ~ Bl Project: (None) -
@7 untitled1* =] Environment ~ History  Connections =]
[ [Jsource onSave | |G / - *Run | = Source ~| = = I | 52 Import Dataset ~ & List = @
Training_Response Next || Prev || All Replace Replsce | All 1 Global Environment »
. a
In selection Match case || Whole word Regex |+ Wrap 0 inraster Formal class Rasterstack
= o e T T o . Predictor_bata num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
53 validation_predictions <- predict(r_tree,validation_bData) - .
54 r_tree List of 18
55 D Training Formal class spatialpointspataFrame
56 #li}dcenerate a confusion Fatrw‘xffrg‘lmdthe 1Qd$pen§ent validation data Training_Dpata num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
57 validation_response <- as.factor(validationsclass - ; ; H .
58 confusiorMatrix <- table(validation_Predictions,validation_Response) ,_)va'\'!danlon Formal class spatialpointspatarrame
59 confusiorMatrix | Validation_pata num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...
60 values
61 . i . confusiorMatrix "table' int [1:6, 1:6] 37 01 04 8 050 0 0 ...
62 #14) calcualte overall accuracy, user's and producer’s accuracy and kappa statistic selection int [1:22] 1234567 89 10
63 n_obs <- length(validation_Response) # number of observation in wvalidation set T : 2erEs
64 n_classes <- length(levels(validation$class)) # number of classes . Training_Rresponse Factor w/ & levels "Barley”,"Canola”,..: 11111111. -~
e T TRA Lo B P S S
3917 (Top Level) = RSeript & Files Plots Packages Help  Viewer |
Console  Terminal - Jobs = Blinstal | @ Update
C:/NASA_COURSES Name Description Version
> #11) Extract values to be used for independent validation User Library
> validation_pata «<- raster::extract(inraster, validation)[,selection] .
> validation_Response <- as.factor(validationsclass) assertthat Easy Pre and Post Assertions 021
> #12). cl assi fy the "_ndEPQHdent ‘f'a1 idation datE_l . backports Reimplementations of Functions Introduced Since R-3.0.0 114
> validation_Predictions <- predict(r_tree,validation_bData) basesd Tools for baseba 5 013
> #13) Generate a confusion matrix from the independent validation data asenasnc ocls for basebs encoding -l
> validation_response <- as.factor(validationsclass) BH Boost C++ Header Files 1.69.0-1
= confusTorMatN_x <- table(validation_Predictions,validation_Response) cli Helpers for Developing Command Line Interfaces 11.0
> confusiorMatrix
validation_Response coin Conditional Inference Procedures in a Permutation Test 130
validation_predictions Barley Canola Corn 0ats soybeans spring wheat Framework
Barley 37 0 o 4 Y 9 colorspace A Toolbox for Manipulating and Assessing Colors and Palettes 14-1
Canola 0 0 a 1 0 1 .
corn 1 0 s 1 " 1 crayon Colored Terminal Cutput 134
fats 4] 0 2 33 1 1 crosstalk Inter-Widget Interactivity for HTML Widgets 1.0.0
SOY?EanS 4 0 1 0 43 o data.tzble Extension of ‘data.frame’ 1122
spring wheat 8 0 1 11 2 38
> digest Create Compact Hash Digests of R Cbjects 0.6.19
dplyr A Grammar of Data Manipulation 0.8.1
oT A Wrapper of the JavaScript Library 'DataTables 0.6
diplyr Data Table Back-End for 'dplyr' 0.03
evaluate Parsing and Evaluation Tools that Provide More Details than the  0.14
Default
fansi ANSI Contrel Sequence Aware String Functions 04.0
il Evtancian tn 'nanlat? 140 e
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Random Forests: Hands on Demonsiration

18. Calculate the independent accuracies and kappa statistic

@ Rstudio — O ®
File Edit Code View Plots Session Build Debug Profile Tocols Help
LERRIR § - H B = Go /function > Addins ~ & project: (Nong) *
Q] untitled1™ = Environment  History = Connections =
H Sourceon Save | 4 7 =+ Run | %% Source ~ 2 K | 7 import Dataset ~ ' List = -
Training_Response Mt || Prev || Al Replace Repisce || Al
FUNmEl Lrass spatiarruinsuacart ancs N
In selection Mstch case Whole word Reges: (] Wrap Training_pata num [1:132, 1:22] 0.0374 0.0134 0.0207 0.0297 0.034
62 #14) calcualte overall accuracy, user's and producer’s accuracy and kappa statistic “ -‘_,-Va'l'!danlon Formal class spatialpointspatarrame
63 n_obs <- length(validation_Response) # number of observation in validation set validation_pata num [1:300, 1:22] 0.043 0.0249 0.0352 0.0329 0.0206 ...
64 n_classes <- length(levels(validation$Class)) # number of classes values
65 overallAccuracy <- sum(diag(confusiommatrix J))/n_obs c 6L
66 classaccuracy <- matrix(wa,nrow=2,ncol=n_classes,dimnames=1ist(c('users”, "producers'),levels(validationiclass - - - —
- : .y (ha, ' n- ! T P Y - § M confusiomMatrix table® int [1:6, 1:6] 37 01 04 80 5000 ...
7- for (c in 1:n_classes){
68 classaAccuracy[ users’,c] <- confusiorMatrix[c,c]/sum{confusionMatrixfc, 1) kappa 0.788
[1:] classAccuracy| 'producers’,c] <- confusiorMatrix[c,c]/sum(confusionMatrix[ ,cl) n_classes oL
70} ) . . ) n_obs 300L
71 rowColsumProdsum <- sum(apply(confusiommatrix,2,sum)*apply(confusionmatrix,1,sum)) overallaccuracy 0.823333333333333
72  kappa <- ( n_obs*sum(diag{confusionmatrix ))-rowColsumprodsum ) / ( n_obs»2-rowColsumpProdsum ) =
73 rowColsumProdsum 15000L <
74  overallAccuracy B ~
75 ¢l assAccuracy flles Plots  Packages Help  Viewer =
76 overallaccuracy| Sl instal | @ updste
77 kappa hd 5
MName Description Version
76116 (Top Level) = RScript = E
User Library
Console  Terminal Jobs o | R
assertthat Easy Pre and Post Assertions 021
C:/NASA_COURSE/
: - - = backports Reimplementations of Functions Introduced Since R-3.0.0 114
> #14) calcualte overall accuracy, user's and producer’s accuracy and kappa statistic - " ° .
> n_obs <- Tength(validation_response) # number of chservation in validation set basefdenc Tools for based4 enceding 01-3
> n_classes <- length(levels(validation$class)) # number of classes BH Boost C++ Header Files 1.69.0-1
> overallAccuracy <- sum(diag(confusiomMatrix ))/n_obhs
> classaccuracy =- matrix(Na,nrow=2,ncol=n_classes,dimnames=1ist{c( "users’, 'producers’),levels(validationiclass))) el Helpers for Developing Command Line Interfaces 110
> for (c in l:n_classes){ coin Conditional Inference Procedures in 8 Permutation Test 13-0
+ classaccuracy['users’,c] <- confusiommatrix[c,c]/sum{confusiomarrix[c, 1) Framework
+ , classaccuracy['producers’,c] <- confusionMatrix[c,c]/sum{confusiommatrix[ ,c]) colorspace A Toolbox for Manipulating and Assessing Colors and Palettes  1.4-1
+ ;
> rowColsumProdsum <- sum(apply{confusiomMatrix,2,sum)*apply(confusiomatrix,1,sum)) crayon Colored Terminal Output 134
> kappa <- ( n_cbs*sum{diag{confusiommatrix ))-rowColsumProdsum ) / ( n_obsA2-rowColsumProdsum ) crosstalk Inter-Widget Interactivity for HTML Widgets 1.0.0
i overallaccuracy data.table Extension of ‘data.frame” 1122
[1] 0.8233333 digest Create Compact Hash Digests of R Objects 06.19
=l 355ACCUFH]CY . b ) h dplyr A Grammar of Data Manipulation 0.8.1
Barley canola corn oats soybeans spring wheat o .
users 0.74 0.9615383 0.8679245 0.8918919 0.8958333  0.6333333 ot AWrapper of the JavaSeript Library ‘DatzTebles 08
producers Q.74 1.0000000 0.9200000 0.6600000 0.8600000 0.7600000 dtphyr Data Table Back-End for 'dplyr’ 003
Elﬁvgr;;;’;;;grac}' evaluate Parsing and Evaluation Tools that Provide More Details than the  0.14
N kap|‘Ja Default
[1] 0.788 fansi ANSI Control Sequence Aware String Functions 04.0
> e GEal Evtenzinn ta 'nanlnt? 14n -
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19. Classify the whole raster

@ Rstudio

File Edit Code View Plots Session Build Debug Profile Tools Help
LR SR = = A Gotofi

unction * Addins

Q] Untitled1*

[H [JSourceonSave | Q) #° ~

Training_Response Nest || Prev || Al Replace Replsee || Al
In selection Mastch case [_| Whole word Regex [« Wrap
e B R T R B LI B L T B
69 classaccuracy[ 'producers’,c] <- confusiermatrix[c,cl/sum{confusiomnMatrix[ ,cl)
70 }
7 rowColsumprodsum <- sum(apply(confusiomiatrix,2,sum) “apply{confusionmatrix,1,sum))
7 kappa <- ( n_obs*sum(diag(confusionmMatrix ))-rowColsumProdsum ) / ( n_obsAZ-rowColsumProdsum )
.
7
74 overallaccuracy
75 classaccuracy
76 overallAccuracy
77  kappa
78
79
80 #15) classify the whole raster

81 OutputRaster <- '3_RESULTS/RS2_TSX_Sentinel_1_30m_UTM_RandomForest.tif’
&2 predictor_Data =- subset(inraster, Selection)
83 predictions <- predict{inraster[[selection]],model=r_tree,file=outputRaster)

B4 (Top Level) =
Conscle  Terminal Jobs

C:/NASA_COURSE/
#15) classify the whole raster
QUTpuUTRasTer <- '3_RESULTS/RS2_TSX_sentinel_1_30m_uTM_randomForest.Tif’
Predictor_Data <- subset(inraster, Selection)

=
=
=
= predictions <- predict{inraster[[Selection]],model=r_tree,file=OutputrRaster)

-~

=] Environment  History  Connections

P Source ~| = | @* [ | 7 Import Dataset -
} Global Environment ~
D Training
" Training_pata
@validation
validation_pata
values
c
confusiomMatrix
kappa
n_classes
n_obs
OutputRaster

Files Plots  Packages Help  Viewer

B install | @ update
MName

-

R Script =

=D
®

User Library
assertthat
backports
basefdanc
BH
cli

coin

colarspace
crayon
crosstalk
datatable
digest
dplyr

DT

dtphyr

evzluate

fansi
GGalhe

g
Formal class spatialprointso)
num [1:132, 1:22] 0.0374 0.
Formal class spatialprointso)
num [1:300, 1:22] 0.043 0.

aL

"table" int [1:6, 1:6] 37
0.788

6L

300L
"3_RESULTS/RS2Z_TSX_Sentinel

Descriptien

Easy Pre and Post Assertions
Reimplementations of Functions Introduce
Tools for base64 encoding
Boost C++ Header Files
Helpers for Developing Command Line Int
Conditional Inference Procedures in a Per
Framework

A Toolbox for Manipulating and Assessing
Colored Terminal Cutput

Inter-Widget Interactivity for HTML Widge]
Extension of "dataframe’

Create Compact Hash Digests of R Object:
A Grammar of Data Manipulation

A Wrapper of the JavaScript Library 'DataT]
Data Table Back-End for 'dplyr'

Parsing and Evaluation Tools that Provide
Default

ANSI Control Sequence Aware String Func|

Ewtenszinm tn ‘nnnlat?
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