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& C. Some Example FIS Applications
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= E.  Applying FIS in Matlab
Ziz= F.  Applying FIS spatially

8 G. Building Your Own FIS
& H. Summary of Key Concepts ?
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Description of Fuzzy Logic

In recent years, the number and variety of applications of fuzzy logic have increased significantly. The applications range from consumer

products such as cameras, camcorders, washing machines, and microwave ovens to industrial process control, medical instrumentation,
decision-support systems, and portfolio selection.

To understand why use of fuzzy logic has grown, you must first understand what is meant by fuzzy logic.

Fuzzy logic has two different meanings. In a narrow sense, fuzzy logic is a logical system, which is an extension of multivalued logic.
However, in a wider sense fuzzy logic (FL) is almost synonymous with the theory of fuzzy sets, a theory which relates to classes of objects
with unsharp boundaries in which membership is a matter of degree. In this perspective, fuzzy logic in its narrow sense is a branch of FL.
Even in its more narrow definition, fuzzy logic differs both in concept and substance from traditional multivalued logical systems.

In Fuzzy Logic Toolbox™ software, fuzzy logic should be interpreted as FL, thatis, fuzzy logic in its wide sense. The basicideas underlying
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CRISP VS.
FUZZY SETS

(CRISP CATEGORIZATION \
OF CONTINUOUS VARIABLE
Dry Shallow Normal Deep
E T + T T T + T T I T >
Perspecitve 1 0 025 050 075 100 125 150 175 200 225 2.50
“Dry” is Water Depth <0 : WATER DEPTH (m)
“Shallow” is Water Depth from 0 to 0.5
“Normal” is Water Depth from 0.5 to 1.50
“Deep” is Water Depth > 1.50 CATEGORICAL AMBIGUITY
Perspecitve 2 BETWEEN PERSPECTIVES
A Dry Shallow Normal Deep
C N N »
C T | = T - T T T T T >
0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50
“Dry” is Water Depth <0 WATER DEPTH (m)
“Shallow” is Water Depth from 0 to 0.75
“Normal” is Water Depth from 0.75 to 1.25
“Deep” is Water Depth > 1.25

FUZZY MEMBERSHIP IN CATEGORIES

- BASED ON AMBIGUITY/ UNCERTAINTY
A Shallow Normal Deep
1 —
=
5 075
i Overlapping membership
E is explicitly allowed
=
0.25
0 T f ! T T T T >
Fuzzy Perspective 0 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

WATER DEPTH (m)

A water depth of 0.60 m has a 75% membership in the "Shallow” category
and a 25% membership in the “Normal” Category
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AN INFERENCE SYSTEM T RULE BASED

The General Case... A Specific Example...

Input ==le- Output service sl tip

\ v

if service is poor then tip is cheap
Rules if service is good then fip is average

if service is excellent then lp is generous

Y N Y N

Input Output service = tip =

I'errns terms {poor, {cheap,

(interpret) [assign) good, average,
excellent] generous}
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FUZZY INFERENCE PROCESS

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

Dinner for Two
a 2 input, 1 output, 3 rule system

Ruils 1 H servics is poar o foad = randd,

then tip is cheap.
Input 1
Service |0-10]
Rube 2 I service is good, then G is average. Output
Tig (5-25%)
Input 2
Food (0-10) —
Rule 3 W service is excellent or food is

deliciaus, than fip is penenoLs.

The inputs arg crisp Al rwles are The resulfs of the The resultis 8
{pon-fuzzy) evaluatad in paratiel riles are combined crisp (pon-fuzzy)
numbers fmifed fo & using fuzzy and dizfillad number.

specific rangs. raasoning. [dafuzzified).

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

behavior is dominated by either one rule or another
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FIS WORKSHOP PLAN

== B. Building your own Inference System
% C. Some Example FIS Applications
Zz=D. Building an FIS
“z= E. Applying FIS in Matlab
Zz= F. Applying FIS spatially
8 G. Building Your Own FIS
£ H. Summary of Key Concepts




WHAT IS AN INFERENCE SYSTEM

A AKA:

I Rule table
I Look up Table

AGi ven i nput-soutputis?db, é. N

A
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AN INFERENCE SYSTEM OR RULE TABLE

A A I I W , INPUTS OUTPUT
d L . Suitability of .
O r S e IE Sunab|\|/|;)£;;;§gsam5|d< Riparian/Ut)p/)Iand D%rgrzir:;ty
.I. E [} g [} R u I e 1 : é I 1 ~J, A ] A NI LI \{egetlatlonL 1
. . . 1 Unsuitable & Unsuitable , then None
Stream5|de Vegetatlon IS 2 Barely Suitable & Unsuitable ,then Occasional
: : ¥ 3 Moderately Suitable & Unsuitable ,then Occasional
UﬂSU/l‘ab/e and SUItabIII_ty Of 4 Suitable & Unsuitable , then Occasional
riparian/upland vegetation is 5 Preferred & Unsuitable .then Frequent
- 6 Unsuitable & Barely Suitable ,then Occasional
Unsu,tab/e’ then the dam 7 Barely Suitable & Barely Suitable ,then Occasional
density Capacity IS NONE 8 Moderately Suitable & Barely Suitable , then Occasional
9 Suitable & Barely Suitable , then Frequent
A HOW many Inputs? 10 Preferred & Barely Suitable ,then Frequent
- 11 Unsuitable & Moderately Suitable ,then Occasional
. ﬂ 12 Barely Suitable & Moderately Suitable ,then Occasional
A HOW many CategOrleS 5' 13 Moderately Suitable & Moderately Suitable ,then Frequent
. o 14 Suitable & Moderately Suitable ,then Frequent
fOf eaCh InpUt’? 15 Preferred & Moderately Suitable , then Frequent
16 Unsuitable & Suitable ,then Occasional
A HOW many Output 17 Barely Suitable & Suitable , then Occasional
18 Moderately Suitable & Suitable ,then Frequent
Categorles’? 19 Suitable & Suitable , then Frequent
- 20 Preferred & Suitable ,then Frequent
21 Unsuitable & Preferred , then Occasional
A Why 25 rUIeS? 22 Barely Suitable & Preferred , then Frequent
23 Moderately Suitable & Preferred ,then Frequent
24 Suitable & Preferred ,then Pervasive
25 Preferred & Preferred ,then Pervasive

A
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HOW WOULD | WRITE PSEUDO CODE
FOR AN INFERENCE SYSTEM?

ALet 6s write it out é

A
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PROs & CONs of INFERENCE SYSTEM

Pros Cons

A Easy to apply and A Potentially subjective
transparent expert judgment

A Flexibility in A Number of rules can
number of inputs grow... substantially

and categories




FIS WORKSHOP PLAN

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




ELEVATION UNCER

A Given a point cloud

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

| FIS

) Il OUTPUT

%)

AINTY

Rule: Inputs Qutput

Slope Pt. p d(z2)

% m /pts? m

1 Low Low Average

2 Low Medium Low

3 Low High Low

4 Medium Low High

5 Medium | Medium High
6 Medium High Average
7 High Low Extreme

8 High Medium High

9 High High High

284360 284|365

284'3 70 284]375

284|380 :
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F1 SH

A In contrast to HSI
based approach, here

we use expert
knowl edgee

OR FROG HABI

Morphology/Hydraulics
e

Water Depth

Flow Velm::lty

Substrate

Morphology/Hydraulics Preference Functions Habitat Suitability
4 ;
£ st =T1%,
Waler deplh \;, ‘.'i v =
: P Mahemy g
Flow velocity j A). """""""" X \ &
» i ]
{ 00 gt M
‘}‘o i Halitan suitakibag Indes (w8
= ol - B
Substiate - 5 ) SR G s s -y
g [ -7 /1 -4
/ 3a II !H? & widdie 2’11
o, =
.| n\/ N

_ ? WHEM Water Depth "high™

TA

Expert Knowledge

Habitat Suitability

AND Velocity "middle"
ANI} Substrate "high"
THEN Suitability "high"

WHEN Water Depth "middle
AND Velocity "middle”

AND Substrate "high"

THEN Suitability "high"

i —»

WHEN Water Depth ...
AND Velocity ...
AND Substrate ...

j THEN Suitability ...

Precision and Significance in the Real World

A 1500 kg mass
is approaching
your head at

Precision

Significance

A
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BEAVER

1. VegFIS

2. Baseflow (can
they build a
dam?)

3. 2 Year Flood
(does dam blow
out)

= Resulting Capacity

A
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