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SOME TERMS…

• Fuzzy Sets vs. Crisp Sets

• Fuzzy Logic

• Fuzzy Inference

http://www.mathworks.com/help/fuzzy/what-is-fuzzy-logic.html
http://www.mathworks.com/help/fuzzy/what-is-fuzzy-logic.html


CRISP VS. 
FUZZY SETS



AN INFERENCE SYSTEM – RULE BASED



FUZZY INFERENCE PROCESS

Process of formulating mapping from a given input to 
an output using fuzzy logic. 

• Parallel nature of rules essential
• Instead of sharp switching, logic flows smoothly from regions where 

behavior is dominated by either one rule or another

http://www.mathworks.com/help/fuzzy/fuzzy-inference-process.html
http://www.mathworks.com/help/fuzzy/fuzzy-inference-process.html
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WHAT IS AN INFERENCE SYSTEM

• AKA:

– Rule table

– Look up Table

• Given inputs a, b, …. N -> output is?



AN INFERENCE SYSTEM OR RULE TABLE

• All Words…
– E.g. Rule 1: ‘If suitability of 

streamside vegetation is 
unsuitable and suitability of 
riparian/upland vegetation is 
unsuitable, then the dam 
density capacity is NONE

• How many inputs?

• How many categories 
for each input?

• How many output 
categories?

• Why 25 rules?

OUTPUT

IF
Suitability of Streamside 

Vegetation

Suitability of  

Riparian/Upland 

Vegetation

Dam Density 

Capacity

1 Unsuitable & Unsuitable , then None

2 Barely Suitable & Unsuitable , then Occasional

3 Moderately Suitable & Unsuitable , then Occasional

4 Suitable & Unsuitable , then Occasional

5 Preferred & Unsuitable , then Frequent

6 Unsuitable & Barely Suitable , then Occasional

7 Barely Suitable & Barely Suitable , then Occasional

8 Moderately Suitable & Barely Suitable , then Occasional

9 Suitable & Barely Suitable , then Frequent

10 Preferred & Barely Suitable , then Frequent

11 Unsuitable & Moderately Suitable , then Occasional

12 Barely Suitable & Moderately Suitable , then Occasional

13 Moderately Suitable & Moderately Suitable , then Frequent

14 Suitable & Moderately Suitable , then Frequent

15 Preferred & Moderately Suitable , then Frequent

16 Unsuitable & Suitable , then Occasional

17 Barely Suitable & Suitable , then Occasional

18 Moderately Suitable & Suitable , then Frequent

19 Suitable & Suitable , then Frequent

20 Preferred & Suitable , then Frequent

21 Unsuitable & Preferred , then Occasional

22 Barely Suitable & Preferred , then Frequent

23 Moderately Suitable & Preferred , then Frequent

24 Suitable & Preferred , then Pervasive

25 Preferred & Preferred , then Pervasive

INPUTS

R
U
LE
S



HOW WOULD I WRITE PSEUDO CODE 
FOR AN INFERENCE SYSTEM?

• Let’s write it out…



PROs & CONs of INFERENCE SYSTEM

Pros

• Easy to apply and 
transparent

• Flexibility in 
number of inputs 
and categories

Cons

• Potentially subjective 
expert judgment

• Number of rules can 
grow... substantially
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ELEVATION UNCERTAINTY

• Given a point cloud

• Relationship between 
topographic 
complexity (slope) 
and sampling (point 
density)



FISH… OR FROG HABITAT

• In contrast to HSI
based approach, here 
we use expert 
knowledge…



BEAVER

1. Veg FIS

2. Baseflow (can 
they build a 
dam?)

3. 2 Year Flood 
(does dam blow 
out)

= Resulting Capacity



COWS & BEAVER



ADVANTAGES OF FIS…

• Knowledge about linkages is imprecise

• Fuzzy logic calculations consider multivariate 
effects (no assumption of independence)

• New parameters incorporated easily

• Few observations needed

• Calculation is understandable (no black box 
effect)

• High flexibility and adaptability



SOME LIMITATIONS

• FIS inputs need to be represented as continuous 
variables*

• FIS output must be a continuous variable

• Many scientists are unfamiliar with fuzzy logic



FIS WORKSHOP PLAN

A. Some Terminology & Definitions

B. Building your own Inference System

C. Some Example FIS Applications

D. Building an FIS

E. Applying FIS in Matlab

F. Applying FIS spatially

G. Building Your Own FIS

H. Summary of Key Concepts



MEMBERSHIP FUNCTIONS – e.g. SEASONS & TALL

• Fuzzy set theory… useful for classifying 
continuous variables

• “A fuzzy set is a set without a crisp, 
clearly defined boundary. It can contain 
elements with only a partial degree of 
membership. “ –

“A membership function (MF) is a curve that defines how 
each point in the input space is mapped to a membership 
value (or degree of membership) between 0 and 1.”



MEMBERSHIP FUNCTIONS CAN HAVE 
LOTS OF DIFFERENT SHAPES

• Triangular

• Trapezoidal

• Guassian

• Sigmoidal

• Polynomial

[3 6 8] [1 5 8 9]



FUZZY INFERENCE SYSTEMS: USES IF, THEN RULES



STEPS IN RUNNING AN FIS (UNDER THE HOOD)

1. Fuzzify Inputs

2. Apply Fuzzy Operator

3. Apply Implication Method

4. Aggregate All Outputs

5. Defuzzify



STEP 1: FUZZIFY INPUTS

• Go from crisp 
(continuous) input to 
fuzzy membership

• Can only be done once 
input membership 
functions are defined



STEP 2: APPLY FUZZY OPERATOR

• AND methods are supported: min (minimum) and prod (product).

• OR methods are also supported: max (maximum), and the 
probabilistic OR method probor (also known as the algebraic sum) 
is calculated according to the equation: probor(a,b) = a + b - ab



STEP 3: APPLY IMPLICATION METHOD

• A consequent is a fuzzy set, which weights appropriately 
the linguistic characteristics that are attributed to it.

• Reshaped using a function associated with the antecedent
(a single number). 

• Input for implication process is a single number given by 
the antecedent, and the output is a fuzzy set. Implication is 
implemented for each rule.



STEP 4: AGGREGATE ALL OUTPUTS

Three built-in 
methods are 
supported: 

• max 
(maximum)

• probor
(probabilistic 
OR)

• sum (simply 
the sum of 
each rule's 
output set)



STEP 5: DE-FUZZIFY OUTPUTS

• Five built-in methods 
supported: 

– Centroid

– bisector

– middle of maximum 

– largest of maximum

– smallest of maximum

• Centroid - most popular 
defuzzification method -
returns the center of area 
under the curve. 
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MATLAB FUZZY LOGIC TOOLBOX



THE FIS FILE (*.FIS)

• Simple ascii text file

• Computing w/ words

• Has Header ->

• Section for Inputs

• Section for Outputs 

• Rule Table



DEFINING MEMBERSHIP FUNCTIONS 

• Define Inputs & 
Output

• Define number of 
categories in each

• Represent categorical 
uncertainty 
(vagueness) with 
membership 
functions

• Choose shape 
(triangular, 
trapezoidal, 
sinusoidal)

• Specify each…
• Provide ‘words’ for 

categories

  yxfDEM,?,z



DEFINING MEMBERSHIP FUNCTIONS 

• *.fis is just a text 

file:

• Edit to specify 
membership functions…



BUILD THE RULE TABLE…

• *.fis is just a text 

file:
Input 1

Input 2

Output

Weight
Operator (1 is and; 2 is or)



EXAMPLE IMPLEMENTATION (2-RULE)



EXAMPLE IMPLEMENTATION
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LETS APPLY THIS WITH A REAL EXAMPLE



APPLY FIS ON CELL BY CELL BASIS



WHAT DOES FIS DO?

• Recovers some low magnitude change & discards 
some higher magnitude change

• More realistic bimodal distribution…

W
e
t 

Y
e
a
r

D
ry

 Y
e
a
r

Unthresholded Spatailly-Uniform

minLoD =+/- 10cm
FIS

95% C.I.



AN FIS USING BREAKLINES…

• 3 Inputs

– Slope

– Point Density

– Distance to breakline

From: Bangen et al. (In Review: Geomorphology)

& Bangen (2013)



AN FIS FOR TLS DATA

From: Leary et al. (2012)

http://etal.usu.edu/IPC/HellsCanyon_TLS_ChangeDetection_Report_ETAL.pdf


A VECTOR 
MODEL & A 
RASTER MODEL

• How do I run a 
vector model vs. a 
raster model?



THE KEY….

• Where  do you put evalfis()?

– Vector -> Inside a loop going through each row

– Raster -> In nested loop or vectorized matrix operation



GIS
Vegetation Output

• Evidence of riparian 
vegetation to support dam 
building activity

• Evidence of adjacent 
vegetation to support 
expanding activity 



PERENNIAL STREAM 
& VEGETATION FIS



MEMBERSHIP FUNCTIONS (*.FIS)

• Simple ascii text file

• Computing w/ words



THE RULE TABLE…
OUTPUT

IF
Suitability of Streamside 

Vegetation

Suitability of  

Riparian/Upland 

Vegetation

Dam Density 

Capacity

1 Unsuitable & Unsuitable , then None

2 Barely Suitable & Unsuitable , then Occasional

3 Moderately Suitable & Unsuitable , then Occasional

4 Suitable & Unsuitable , then Occasional

5 Preferred & Unsuitable , then Frequent

6 Unsuitable & Barely Suitable , then Occasional

7 Barely Suitable & Barely Suitable , then Occasional

8 Moderately Suitable & Barely Suitable , then Occasional

9 Suitable & Barely Suitable , then Frequent

10 Preferred & Barely Suitable , then Frequent

11 Unsuitable & Moderately Suitable , then Occasional

12 Barely Suitable & Moderately Suitable , then Occasional

13 Moderately Suitable & Moderately Suitable , then Frequent

14 Suitable & Moderately Suitable , then Frequent

15 Preferred & Moderately Suitable , then Frequent

16 Unsuitable & Suitable , then Occasional

17 Barely Suitable & Suitable , then Occasional

18 Moderately Suitable & Suitable , then Frequent

19 Suitable & Suitable , then Frequent

20 Preferred & Suitable , then Frequent

21 Unsuitable & Preferred , then Occasional

22 Barely Suitable & Preferred , then Frequent

23 Moderately Suitable & Preferred , then Frequent

24 Suitable & Preferred , then Pervasive

25 Preferred & Preferred , then Pervasive

INPUTS

R
U
LE
S



VEG MODEL…

1. LANDFIRE 
Vegetation

2. Classify in terms 
of suitability for 
dam building

3. Clip down to 30 
m and 100 m 
stream buffers

4. Run FIS Model to 
transfer raster to 
vector…



PERENNIAL STREAM 
VEGETATION & STREAM 
POWER FIS



RULE TABLE…
OUTPUT

IF
Vegetative Dam Density 

Capacity (FIS)
Baseflow Stream Power

2 Year Flood Stream 

Power

Dam Density 

Capacity

1 None & - & - , then None

2 - & Cannot Build Dam & - , then None

3 Occasional & Can Build Dam & Dam Persists , then Occasional

4 Frequent & Can Build Dam & Dam Persists , then Frequent

5 Pervasive & Can Build Dam & Dam Persists , then Pervasive

6 Occasional & Can Build Dam & Occasional Breach , then Occasional

7 Frequent & Can Build Dam & Occasional Breach , then Frequent

8 Pervasive & Can Build Dam & Occasional Breach , then Frequent

9 Occasional & Can Build Dam & Occasional Blowout , then Occasional

10 Frequent & Can Build Dam & Occasional Blowout , then Occasional

11 Pervasive & Can Build Dam & Occasional Blowout , then Frequent

12 Occasional & Can Build Dam & Blowout , then Occasional

13 Frequent & Can Build Dam & Blowout , then Occasional

14 Pervasive & Can Build Dam & Blowout , then Occasional

15 Occasional & Can Probably Build Dam & Occasional Breach , then Occasional

16 Frequent & Can Probably Build Dam & Occasional Breach , then Frequent

17 Pervasive & Can Probably Build Dam & Occasional Breach , then Frequent

18 Occasional & Can Probably Build Dam & Occasional Blowout , then Occasional

19 Frequent & Can Probably Build Dam & Occasional Blowout , then Occasional

20 Pervasive & Can Probably Build Dam & Occasional Blowout , then Frequent

21 Occasional & Can Probably Build Dam & Blowout , then Occasional

22 Frequent & Can Probably Build Dam & Blowout , then Occasional

23 Pervasive & Can Probably Build Dam & Blowout , then Occasional

R
U
LE
S

INPUTS



COMBINED

1. Veg FIS

2. Baseflow (can 
they build a 
dam?)

3. 2 Year Flood 
(does dam blow 
out)

= Resulting Capacity
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TAKE A 2 INPUT FIS FILE… MAKE IT 3

• Adjust header

• Add one input

• Adjust rule table

• Visualize in Matlab 
to see if it works 
like you thought it 
should
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SUMMARY

• FIS is computing with words – flexible 
framework for combining imprecise information 
and inputs you have to get the output you want

• FIS is an excellent way of explicitly accounting 
for categorical uncertainty (i.e. ambiguity) 
associated with rules

• FIS requires some continuous input & produces 
continuous outputs

• Output explicitly represents uncertainty

• Sensitivity to MF shape and individual rules low

• Sensitivity to output range and MF types high



EXTRA SLIDES



CRISP VS. FUZZY SETS…

Fuzzy set theory… useful for classifying continuous variables



STEPS IN A FUZZY INFERENCE SYSTEM

1. Define output categories and 
membership functions

2. Decide inputs

1. Define categories and 
membership functions for 
each input

3. Build rule table (weight rules if 
desired)

4. Apply each relevant rule

5. Method for combining rules to 

6. Method for defuzzifying output 
(back to crisp value)

Schneider M and Jorde K. 2003. Fuzzy-Rule Based Models 
for the Evaluation of Fish Habitat Quality and Instream
Flow Assessment, Proc. International IFIM Users 
Workshop: Fort Colins, CO, 22 pp. 



CASiMiR

• There is an 
English 
version…
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USING THE GCD SOFTWARE… FIS



FIS LIBRARY

• You can add as 
many FIS to 
library as your 
want



YOU RUN FIS IN ERROR SURFACES TAB

• Error surfaces created in 
Survey Library

• Inputs to FIS loaded in 
Associated Surfaces Tab


