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FIS WORKSHOP PLAN

i A. Some Terminology & Definitions
Z== B. Building your own Inference System
b C. Some Example FIS Applications
Z==D. Building an FIS
Zz== E. Applying FIS in Matlab
Z== F. Applying FIS spatially

&8 G. Building Your Own FIS

b H. Summary of Key Concepts




SOME TERMS...

e Fuzzy Sets vs. Crisp Sets
e Fuzzy Logic )
o Fuzzy Inference o i i
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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 CATEGORIZATION \

C RIS P VS OF CONTINUOUS VARIABLE
u Dry Shallow Normal Deep

E T + T T T + T T I T >
F U Z ZY S E I S Perspecitve 1 0 025 050 075 1.00 125 150 175 200 225 250
“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 >

0 025 0.50 075 100 125 150 175 2.00 225 250

“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 I 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

N R
8 : I Category

\‘\\\\‘ . and a 25% membership in the “Norma
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AN INFERENCE SYSTEM — 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 =

terms terms {poor, {cheap,
(interpret) (assign] : average,
axcellent] generous}
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FUZZY INFERENCE PROCESS

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

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

H servics is poar o foad = randd,

then tip is cheap. \
Ruibe 2 1 servics is gead, then fip is average. Output
Tig (5-25%)
Input 2
Faaod (0-10) ——
Fuile 3 i service is axcellent or food is

deliciaus, than fip is penenoLs.

Rube 1

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).

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

behavior is dominated by either one rule or another

A
fuzzy-inference-process.ntm ] nl UtahStateUniversity
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http://www.mathworks.com/help/fuzzy/fuzzy-inference-process.html
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FIS WORKSHOP PLAN

A
Zz» B. Building your own Inference System
b C. Some Example FIS Applications

Zz==D. Building an FIS
Z== E. Applying FIS in Matlab

Z== F. Applying FIS spatially

&8 G. Building Your Own FIS
b H. Summary of Key Concepts ?




WHAT IS AN INFERENCE SYSTEM

o AKA:
— Rule table
— Look up Table

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

A
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AN INFERENCE SYSTEM OR RULE TABLE

INPUTS OUTPUT

o All Word sutabilty of
Or S' e Suitability of Streamside Sl O Dam Density

IF Riparian/Upland

. i Vegetation . Capacity
— E.g. Rule 1: 'If suitability of , —egetation

. . . 1 Unsuitable & Unsuitable ,then None
streamside vegetation is 2 Barely Suitable & Unsuitable then Occasional
UnSU/tab/E‘and SUltablllty Of 3 M?deraterSuitabIe & Unsu?table , then Occasional
. . ) . 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  BarelySuitable & Barely Suitable ,then Occasional
denS|ty CapaC|ty |S NONE 8 Moderately Suitable & Barely Suitable ,then Occasional
9 Suitable & Barely Suitable ,then Frequent
® HOW many inputs? 10 Prefe.rred & BarerSuitabh.a , then Frequ.ent
11 Unsuitable & Moderately Suitable ,then Occasional
. v 12 Barely Suitable & Moderately Suitable ,then Occasional
o HOW many Categorles g 13 Moderately Suitable & Moderately Suitable ,then Frequent
. « 14 Suitable & Moderately Suitable ,then Frequent
for eaCh Input? 15 Preferred & Moderately Suitable ,then Frequent
16 Unsuitable & Suitable ,then Occasional
H y tp t 17 Barely Suitable & Suitable ,then Occasional
¢ OW man Ou u 18 Moderately Suitable & Suitable ,then Frequent
Categories? 19 Suitable & Suitable ,then Frequent
20 Preferred & Suitable ,then Frequent
21 Unsuitable & Preferred ,then Occasional
o 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
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HOW WOULD I WRITE PSEUDO CODE
FOR AN INFERENCE SYSTEM?

e Let's write it out...




PROs & CONs of INFERENCE SYSTEM

Pros Cons

e Easy to apply and e Potentially subjective
transparent expert judgment

o Flexibility in e Number of rules can
number of inputs grow... substantially

and categories




FIS WORKSHOP PLAN

& C. Some Example FIS Applications
Zz=D. Building an FIS
Z== E. Applying FIS in Matlab

Z== F. Applying FIS spatially

&8 G. Building Your Own FIS
b H. Summary of Key Concepts ?




ELEVATION UNCERTAINTY

e Given a point cloud

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

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
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FISH... OR FROG HABITAT

e In contrast to HSI
based approach, here
we use expert
knowledge...

Morphology/Hydraulics Preference Functions Habitat Suitability
F A ,
L2 s, =-T19,
Waler depth SR =
9 2wy ... o S b R A
,.:" ) U Mats Ay
i p
k. - 4 »
Flow velacity ;
.f’ & > ‘
:"'2':‘..‘ J ' = & - N-Mluwhnl:lnylv-dup-w
Subslidle g v ] A ET e .
/ 1 'I'H'u I -,_Z,SI' : widdie
st -'n\/ . e

Morphology/Hydraulics
e

Water Depth © ;
e 8

-
g

- i
Flow Velocity }
#' _

=

-

Substrate

e

A 1500 kg mass
is approaching
your head at

Expert Knowledge

WHEN Water Depth "high"
AND Velocity "middle”
AND Substrate "high"
THEN Suitability "high"

WHEN Water Depth "middle
AND Velocity "middle”

AND Substrate "high"

THEN Suitability "high"

WHEN Water Depth ...
AND Velocity ...
AND Substrate ...
THEM Suitability ...

Precision and Significance in the Real World

Habitat Suitability

low W
| [A]
—T
| [k

middle 5

|l
| ho]

high e

Precision

A

Significance
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BEAVER

1. Veg FIS

2. Baseflow (can
they build a
dam?)

3. 2 Year Flood
(does dam blow
out)

= Resulting Capacity

"~ t

‘ INPUT ) e INPUT
VEG "BUILDING MATERIALS J°YEAR FLOOD STREAM POWER™T

"‘.‘

1

A
"".'

Maximum Dam Density
(dams/km)
afpm= (- None

Q2 Stream Power (Watts)
o (- 1500 (Dam Persists)

1- 4 Occasional w1500 - 2700 (Occasional Breach)

M 5-15 Frequent 2700 - 4000 (Occasional Blowout)

Mg 16-30 Pervasive g > 4000 (Blowout)

' FUZZY INFERENCE SYSTEM
Capacity of Riverscape
to Support Beaver Dams

F COMBINED CAPACITY“)
A~ 1 4
(08 .

Baseflow Stream Power (Watts)
*Mp= () .185 (Can build dam)

7 185-360 (Probably can build dam)
WA\p#=. - 360 (Cannot build dam)

Maximum Dam Density
(dams/km)
@af\p== () - None

1-4 Occasional

e 5415 Frequent

0 5 10 15 20 25 30 KM
@A 16-30 Pervasive

OUTPUT




i o e e _mi s =T o s oy
v E R I Probability of Ungulate | Existing

l Utilization / Combined FIS

. Dams per KM
/\/ 0 - None

st v ST SOTS

NEo 5 10 15 20 25 Kilometers © ET-AL 2012




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

e FIS inputs need to be represented as continuous
variables*

e FIS output must be a continuous variable
e Many scientists are unfamiliar with fuzzy logic




FIS WORKSHOP PLAN

2z=D. Building an FIS
Zz== E. Applying FIS in Matlab
Z== F.  Applying FIS spatially

&8 G. Building Your Own FIS

b H. Summary of Key Concepts




MEMBERSHIP FUNCTIONS — .. SEASONS & TALL

1.0

sharp-edged
membership
function for
TALL

degree of

—— | tall (u=1.0)
membership, p

0.0

not tall (u = 0.0)

|
height

$ @

Fuzzy set theory... useful for classifying

continuous variables 1'
« “A fuzzy setis 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.”

A

definitely a tall
person {pn = 0.95)

0

of

really not very
tall at all {n = 0.30)

¢ : :
7 W mathworks.com/help/toolbox/fuzzy/bp7816 -1.htm! " %D, Eco!s‘smﬁo?oryv\gﬁgfég};m|c
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MEMBERSHIP FUNCTIONS CAN HAVE
LOTS OF DIFFERENT SHAPES

e Triangular .
e Trapezoidal -
e Guassian it [36 8] “vaprt [15 8 9]

e Sigmoidal /\ /\

® P0|ynomia| ° s, P e 2 5 o ? pusmmpen3za C

= =

e
Lo B B ¥
ub
B

4 [
obciiml, Fa[2 4 6]

gaussmf gauss2mf gbellmf
1 1
oTs| 075 0.75|
LE3 =1 0.5
025 025 0.25]
o) [] 0]
] 2 4 B a 10 o 2 4 ] Ll hld 4 E
sigml, P=[24] dsigml,P = 5257 paignt, P=[23-5E
sigmf dsigmf psigmf
1 1 1
035 0.7s| 0.75)
os 0.E| 0.5
o025 0| 0.2
o ol ol
-] 2 4 E E o o 4 E [ 2 4 E ] 10
amt, P=37] pirt, P=[145 10 s P=[18]

zmt
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FUZZY INFERENCE SYSTEMS: uUsEs 1F, THEN RULES

Antecedent Consequent

e e —

If service is excellent or food is delicious then tip = generous

1. Fuzzify M

inputs service (crisp) food (crisp)

H(service==excellent) = 0 .0 M(food==delicious) = 0 .7

If { 0.0 or 0.7 ) then tip = generous

2. Apply —
OR operator }}E

(max) 00—

max(0.0,0.7) = 0.7

If ( 0.7 ) then tip = generous

3. Apply

implication |
' i

operator (min)

min(0.7, generous) tip (fuzzy)

e ,“\.\\\\ -
- \3“ }‘ \\\\\'* A 2 .
A 4 N "‘4“), UtahStateUniversity

ECOGEOMORPHOLOGY & TOPOGRAPHIC
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STEPS IN RUNNING AN FIS (unDER THE HOOD)

Fuzzify Inputs

Apply Fuzzy Operator

Apply Implication Method
Aggregate All Outputs |, omeiome
Defuzzify

Ruibs 1 L] 5-|:nln:-= s poar o food S rancd,
then lip i cheap.

RFuile 2 | service is good, then tip is swerage. Output )
Tig (5-25%)
H service is axcellent or food is
e deliciaus, then fip is generous. /

The inpeits are crisp Al rulas are The resulls af the The rezuitis a8

A S

{non-fuzzy) avaiuatad in paraitel rutes ara combined crisp {nan-fuzzy)
rmumbers limifed fo & using fuzzy and dizfillad rumber.
specific rangs. regsoning. [efuzzified).

A
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STEP 1: FUZZIFY INPUTS

e Go from crisp
(continuous) inputto ...
fuzzy membership puts

e Can only be done once
input membership
functions are defined

delicious ,

food is delicious

food =8

input

0.7

Result of
fuzzification




STEP 2: APPLY FUZZY OPERATOR

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

e 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

1. Fuzzify 2. Apply
inputs. OR operator (max).
excellent 0.7
0.7
0.0 delicious 0.0 result of
fuzzy operator
service is excellent or food is delicious
service =3 food =8
input 1 input 2

A
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STEP 3: APPLY IMPLICATION METHOD

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

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

e Input for implication process is a single number given by
the antecedent, and the output is a fuzzy set. Impllcatlon IS
implemented for each rule. 4 wwomathworks.comneion .

Antecedant Consequent

2. Appw 3. -p'ppl'!l"

OR operator {ma). Implicatio
':pﬂ"ab:f{r‘ﬂ L

jJIJ\ _A

If senvioe i eoslent result of
' implication

senice = 3 food =8

input 1 input 2



STEP 4: AGGREGATE ALL OUTPUTS

Three built-in Fre

f-"-qﬂﬂl’}‘
fﬂﬁ' ma'}

mE'!hﬂd'fm'J
methods are ¢, \ \m ‘ / \
supported: | ' = =
¢ Max T food is rancid oo

(maximum) 2./\ ‘ ]_mr-aeA | |
e probor B . —/-\—

(probabilistic [L ooz

. soul?1 (simply 3j J ] ;/\ J

25% 25% 4 .npp:,r

the Sum Of If service is excellent ar food i delicious hp generous meﬂ‘ldfma,l.

each rule's — P
output set) nput 1 input 2 |




STEP 5: DE-FUZZIFY OUTPUTS

e Five built-in methods

supported:
— Centroid
— bisector -
— middle of maximum ﬂ — %&%I”
— largest of maximum
. tip = 16.7%
— smallest of maximum

Fesull ol

e Centroid - most popular dehuzzfcason
defuzzification method -
returns the center of area

under the curve.




STEPS IN RUNNING AN FIS (unDER THE HOOD)

Fuzzify Inputs

Apply Fuzzy Operator

Apply Implication Method
Aggregate All Outputs |, omeiome
Defuzzify

Ruibs 1 L] 5-|:nln:-= s poar o food S rancd,
then lip i cheap.

RFuile 2 | service is good, then tip is swerage. Output )
Tig (5-25%)
H service is axcellent or food is
e deliciaus, then fip is generous. /

The inpeits are crisp Al rulas are The resulls af the The rezuitis a8

A S

{non-fuzzy) avaiuatad in paraitel rutes ara combined crisp {nan-fuzzy)
rmumbers limifed fo & using fuzzy and dizfillad rumber.
specific rangs. regsoning. [efuzzified).

A
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FIS WORKSHOP PLAN

E. Applying FIS in Matlab
F. Applying FIS spatially

G. Building Your Own FIS

H. Summary of Key Concepts




MATLAB FUZZY LOGIC TOOLBOX

J 115 ko Bppar HEE
Fis Ed0 ‘Wew
Hﬁ" e
i
'__,.--"" e
<) W et bis Fartobains Eeni: Bappei f i
Fie Edt em Foeed Fie [l Www Opiora
FI5 Wanables . § ""'"'""" “"‘“‘W_W" Nm r |i|sr.|...n... g s f e pmadand [ cievh o T
. X e gaad £ 1 [zevvece 3 o] e s i arveeage] 1] i
ok 11 heovce i seceben] oo Pood & Selcoun] e g i perenoue] (1]
@ EEE:E f..-’" find ettt )
?'EE = || ormatea e || =
! d [ ] T
= / ol — e
i u e Theny
——=—————|[B ] = | Heb: o wkele p— ok
it il “pvice’ liﬂw"&bn".lrw-'lmrﬂdﬂ F jal e
Curoee Yanabie: T b ovbetr i Furetion fckch on BF 13 telect] el Fi A
e e
e =l =l =l
Trea et o ok
Pl r Conneaton fenght
ol
I T [ Dekrends | Aainke | | Chavgeads e |

Fredye . ) Sl e Visoweis Lo e e
[ e = | ==

N

[ [ 1 o ]

\ ' :\\\\‘:‘\‘\\ 4\ http://www.mathworks.com/products/fuzzylogic/ /\ UtahStateUniversity

% )
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N

)
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THE FIS FILE (*.FIS)

® Simple aSCIi teXt flle B input_veg.asc ]EszingF'n:ul:n_Sianrt.fis [=] VegCapacityBeaver_Zinput fis
e Computing w/ words —_

Name="VegCapacityBeaver"

L ko =

Type="mamdani'
4 Version=2.0
NumInputs=2

& MNumCutputs=1

e Has Header -> .
8 AndMethod="min'
CrMethod="max"'

e Section for InpUtS 10 mmpuechod= min
e Section for Outputs :

DefuzzMethod="centroid"
14 [Inputl]

° Rule Table 15 Name='RiparianVegPrefCover'

IPE TP WP T RPN W NS S P Ny WG SN

L ko =

T

A
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DEFINING MEMBERSHIP FUNCTIONS
e Define Inputs & INPUTS >
Output P e ¥ = s

e Define number of . | | 1
categories in each T

L INFERENCE

e Represent categorical o vs 55 0s s FERENC

uncertainty
(vagueness) with | g
membership

functions | .

e Choose shape | =

u (Membership)
o
w\

0
BO 05 1 15 2 25 3 35 4 45 5

(triangular, P i
trapezoidal,
sinusoidal) = | e
e Specify each... I i
e Provide ‘words’ for
ategories

1 (Membership)
o
o

.

- W “
RO R S Ty
i PRI,

N
'“)’D} UtahStateUniversity
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DEFINING MEMBERSHIP FUNCTIONS

« * fis Isjusta text

file:

1
&
=
i
E 05
L3
=
= Low
Maadnsn
0 =
A'{]51U15202‘5x35104550
% Shope
1
-
-
[
Eﬂé
o
=
= Low
Maadnsn
High
BU{ICS1152?53354455
Pt. p (ptsim?)

5(2)1)&1{ = f(‘?,x, }")

s {Mambership)

D

o Edit to specify

SR

L\
‘ é,%

S
[/
N

FUZZY
INFERENCE
SYSTEM

Type: Mamandi
And Method: Max
Implication: Min
Aggregation: Max

OQUTPUT

01 o2 03
Hzy{m)

Liwr
Average

Extrema

membership functions...

04

a

" W S T T % T I TN S N T T T Y S O o T % T e Y T T 5 Y Y % O Y T % Y = B S R~ N i N

L Ba

=] &y LN ek

=] @ N oW W Bk = D WD

E BN 2 T 1 Y S W T % T N o O N B v

oo

i)

o Sy Upetlie, g A= "Iy a0
DefurzMethod="centroid"’
[Inputl]

Name="Slope"

Range=[0 10000]

NumMF==23

MEFl="TLow": "trapmf"', [0 0 5 10]
MF2="Medium"': "trapmf", [5 10 15 20]
MF3="High':"trapmf", [15 20 10000 10000]

[Input2]

Name="FolntDensity"

Range=[0 100]

NumMF==23

MF1="TLow":"trapmf', [0 0 0.1 0.25]
MFZ2="Medium"': "trapmf", [0.1 0.25 0.75 1]
MF3="High': "trapmf", [0.75 1 100 100]

[Cutputl]

Name="ElevUncertainty’

Range=[0 1.5]

NumMF==4

MF1="TLow":"trapmf', [0 0 0.03 0.0&]

MF2="Average':"trapmf', [0.032 0.0 0.08 0.10]
MF3="High':'trapmf", [0.08 0.10 0.20 0.25]
MEF4="Extreme":"trapmf', [0.20 0.25 1.5 1.3]

[Bule=]

Ma i oh A A Ara s Md A d AL A A AL A AN AR LALLM MM

P PN ST F T NP W Y Y P N 7Y o a o



BUILD THE RULE TABLE...

e * fis IS jLISt a text Rule: Inputs Output
ﬁle. Slope Pt. p d(2)
" Input 1 % m /pts> m
nput 2 1 Low Low Average
33 Output ] { 2 Low Medium Low
35 [m 1eg4/ 3 Low High Low
40 11,8 (1) : 1 { 4 Medium | ow High
L 12,2 (1) = 1 « b Medium | Medium High
2 13,1 (1) =1 4 6 Medium High Average
s 21,9 (1) =1 « 7 High Low Extreme
44 2 2,12 (1) : 1 4 . . :
s - N o - 2 8 Hl_gh ME(.?]ILIm H!gh
s 31,4 (1) : 1 9 High High High
47 32,18 (1) : 1 ;
48 3 3,12 (1) : 1 -
45 |
Y #J“"hf“i\(h}t F.r

Operator (1 is and; 2 is or)

A
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EXAMPLE IMPLEMENTATION (2-RULE)

IF Slope = 2% & Point Density THEN Elev. Uncertainty
= 1.0 pt/m? = 0.0138 m
! | N
2 F\
3
0 | |
g 4 / \\ \ | \
m T
5 1/ /
6 |/ /\
7 | /
8 : /
9 / [\
0 100% 0 5 pt/m?® l
A 0 0.75m

. ~\lt~ \i ‘\ .\\\\ /[~\

o3 s Y ” :
\ A, Q‘\\:\\\ \ "‘4“), UtahStateUniversity
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o
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EXAMPLE IMPLEMENTATION

IF Slope = 20% & Point Density THEN Elev. Uncertainty
= 0.2 pt/m? = 0.367 m
1 L
2 =
3 /
0 L 1 A
= = ~
6 / \
7 I L
8 ) =\
9 / N
0 100% 0 5 pt/m?® I
0 0.75m
B

A

[/

A}
v N
". N \ A
3 N 2 >
8 DR g UtahStateUniversity
A QW N ECOGEOMORPHOLOGY & TOPOGRAPHIC
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FIS WORKSHOP PLAN
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F. Applying FIS spatially
&8 G. Building Your Own FIS
b H. Summary of Key Concepts
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LETS APPLY THIS WITH A REAL EXAMPLE

INPUTS
! \
~ \
5 \
£ 05 \
[ \
=
= \ L
- " FUZZY
00 5 1|0 1‘5 210 25 3‘0 35 40H1g:5 50 I N F E R E N C E
A % Slope SYSTEM
Type: Mamandi
And Method: Max
1 Implication: Min
‘) Aggregation: Max
gz |
o —
2 !
3 I
5 05| |
=
2 | - OUTPUT
—_ | ow
| Medium
| High
B % 05 1 15 2 25 3 35 4 45 5 B
Pt. p (pts/mz) ™ ‘
% |
1 2
uE) 0.5
a =3 ‘
= = | Low
[ \‘ Average
2 \ High
£ 05 \ Extreme
7} 0
= 0 01 02 03 04
= — 8(z) (m)
Moe“c/!ium D
High

0 A A FA— L f A
C 00.005 0.015 0.025 0.035 0.045 0.055 0.065 0.075
3D GPS Point Quality (m)




APPLY FIS ON CELL BY CELL BASIS

& \ 5
-_‘ \ [
‘ Legend Legend S Legend Legend
.l‘> 3 <VALUE> Pe@nt Slope ‘,' ¥ Point Quality (m) Elv. Unc. (m)
N : Eo-01 <2 PR owo-oo I 0.0 -0.05
:]o'; S63 l:ll:! L%t 2% W T 7 0.010 - 0.015 - 0.05-0.1
‘ i 2% to 5% O ] [:] 0.015 - 0.020 0.1-0.15
s | X ;i d
Elo3-04 — e _ —— Both FIS Surfaces
[ o0.4-0.5 B 57 [ 0.020 - 0.025
[ Eeditedill® I 0.025 - 0.050 — e Combined to DoD
06 . o I 15% to 20% A : : [ 0.25-03
Bl os-0.7 b Y 4 ’ I 0.030 - 0.035 B o.3-0.35 A
.7 -08 =] to & L = 2 e
o -o; -0.9 I 252 to 30% : " % ) *‘ — 0.03220:040 I 0.35-0.4 PrObablllty
.8 - 0. ‘ ' 0.040 - 0.045 I o.-045 . :
oo -1 I 20% to 35% : SRS I o.045 - 0.050 . o505 ‘" Legend
Bl i0-11 I 35% to 40% ﬁ\ ar ) % p
 IRERE) B 0% to 50% i? J y A I 0.050 - 0.055 Probability
iz -15 I 0% to 100% | St R I 0.055 - 0.060 = 1.0
— PR i W A 1.0t0-0.9
I 100% to 300% g B 0.5t -08

I 0.6t0-05
0.5t0-0.4
I 0.4t0-03
) 0.3t0-0.2
[ 0.2t0-0.1
[ o1tw00
[—Jootco1

[ o1t00.2

[ 0.2t00.3

I 0.3t00.4

I 0.4t00.5

I ©.51t00.6

I 06 t00.7

I o708

I o:sto09

N o510

. o

\aiy A
Rk \ o5 W0, ) : -
FIS Input 1 FIS Input 2 FIS Input 3 mm FIS Surface
(Point Density) (Slope) (GPS Quality) === (E|. Unc (m))

g s

Y,
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WHAT DOES FIS DO?

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

e More realistic bimodal distribution...

1000

1000

Erosion: 11162 n?

Erosion: 9840 m® ' Erosion: -7377 m®
Deposition: +8882 m* Deposition: +7687 m® Deposition: +5404 m® b
& Net:-2280 m* & Net-2153 m* & 400 | Net-1973 m® qv)
E E E v
2 o : . >
3 3 3 200 ¥y
2 2 S g
0 0
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
A Elevation Change (m) B Elevation Change (m) A Elevation Change (m)
1000 1000 600 ,
Erosion: -4538 m® Erosion: -2771 m® Erosion: -898 m*
Deposition: +3167 m* Deposition: +1835 m® Deposition: +845 m® [
6; Net-1371 m® «SE“ Net:-937 m* m’E‘ 400 | Net-53 m? ©
o 500 ° ° >Q_)
= : :
° ° S 200 4
S g g -
4._‘-‘..1_‘—._ O
0 0
c -2 -1 0 1 2 -2 -1 0 1 2 c -2 -1 0 1 2
Elevation Change (m) D Elevation Change (m) Elevation Change (m)

Unthresholded Spatailly-Uniform FIS
ol - . ninLOD =+/- 10cm 95% C.I.

e . T — F % Qa
F gl e N P A . ¥ VS
v 3 =N i 'Y N A
: e é ’ 3 s ) N
AV \
& - \
Sowr .

nl% UtahStateUniversity
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AN FIS USING BREAKLINES...

e 3 Inputs
— Slope
— Point Density
— Distance to breakline

INPUTS

=
=
oo FUZZY
E
3
: e INFERENCE
a - - Average
[ High
ETrEeT ) SYSTEM
* Slope Type: Mamandi
And Method: Min
Or Method: Max
! = Implication: Min
Aggregation: Max
a Defuzz Method: Centroid
a
K
2
fos
&
2 —Low
E -~ Average
High
e Pt. p (pts/m2)
- OUTPUT
1
z [\ ¢
% /
§ \
fos | f
E \f
: /
2 — Clase | i
= - - Intermediate H — Low
. Far H Average
o I
02 67 5 I\ High
Euclidean Distance to Nearest Breakline (m) i - exreme
1 2 25

B(z) (m)

From Bangen et al. (In\R \ZIEN Geomorphology)

& Bangen (2043) 7

FISINPUTS 3
Degree slope
- -o-s Dao-ao
[ s-10 [ 40-50
[ 10-15 [ s0- 70
[ 15-20 I 70-0

Point Density
Points per sq m

[Jo-01 [[Jos-0s
[ Jo1-02[ 06-07
[ Joz-03[ 07-08
[ Jos-o0a 08-0.9
[ 0.4-05 [ 0s-1
[ e
s
=

Input 2:
Point
Density

Breaklines Distance
Distance (m)

[ Jo-0os M os-07s
[ oos-o1 [ 075-1
I o102 I 115
B oo I :s-»

Spd.
\E

Depth (m)

[ Joo-
B o:- ¥
.03 [l 05-10 \\
03- .
o
B s
B o

I

DEM

Elevation (m)

Water Depth )

o1 M 07-0s
02 M o0s-09

oa [ 10-11
os [N 11-12
o6 N 12-13

0.7

-‘ High : 1961.21

~ Low:1956.9

4

FIS

Elevation uncertainty (m)

<0.025

[ 015-025 ; %

[ 1 0025-005 [ 0.25-05
[ Joos-007 [ 05-075
[ Joo7-01 M o7s-1
N oi-01s N>

Input 3:
Breakline
Distance

r T T T T 1 N
0 10 20 30 40 50 Meters



AN FIS FOR TLS DATA

Inputs=> Output 2006 2005
Point Elevation ; ; 2
Rule Slope . Roughness N - Point Density (pts/ft’)
Densi Uncertai ; [Jo-+ 00500
t". m'f FlS lnput ] S 10 =soorn»:
1 Low Sparse Smooth (sand) Average WSy (Point Density) 8 £ I o o0 [ .0 0000
2 Low Medium Smooth (sand) Average B ? . =mv-wu- 10,000 - 20,000
3 Low Dense Smooth (sand) Low
4 Medium Sparse Smooth (sand) High + PR S
5 Medium Medium Smooth (sand) Average o+ -
6 Medium Dense Smooth (sand) Low FIS Input 2 E; j E :j JZ
7 High Sparl'se Smooth (sand) High (Slope) E:iﬁn =:::;
8 High Medium Smooth (sand) Average [ 10- 15 [ o0 - 70
9 High Dense Smaooth (sand) Average E ; z: = 7:0 &
10 Low Sparse Rough [Gravel/Cobble) High +
11 Low Medium Rough [Gravel/Cobble) Average Roughness (ft)
Y [ Jo-0s 1-2
12 Low Dense Rough [Gravel/Cobble} Average FIS Input 3 o IL:M: ‘DDEE 18
13 Medium Sparse Rough [Gravel/Cobble} Extreme (Roughness) ) % Hos-osElls-s
14 Medium Medium Rough (Gravel/Cobble) High T N e T '»' — e — i
15 Medium Dense Rough (Gravel/Cobble) Average e b .
16 High Sparse Rough [Gravel/Cobble} Extreme -
17 High Medium Rough (Gravel/Cobble) High Elev. Unc. (ft)
[ lo-01 1-
18 High Dense Rough (Gravel/Cobble) | Average FIS Surface . -
19 Low Sparse Very Rough (Boulder/Veg) Extreme (Elev. Unc. (ft)) f, ;—J;v’;s=; ;
20 Low Medium Very Rough (Boulder/Veg) Extreme [l ors-+ >
21 Low Dense Very Rough (Boulder/Veg) High
22 Medium Sparse Very Rough (Boulder/Veg) Extreme
23 Medium Medium Very Rough (Boulder/Veg) Extreme Both FIS Surfaces 20-06'200520‘“) ) -
+ <8 [-2-15 [ _Jo-o1 2-3
24 Medium Dense Very Rough (Boulder/Veg) High Con;blr[;ec[i? DoD O [ st [or-ozs -«
25 High Sparse Very Rough (Boulder/Veg) Extreme voRabiiky = v.—,:l;i]l,; c 05 ELZ“Z=§Z
26 High Medium Very Rough (Boulder/Veg) Extreme = i-‘% j; c:s % ?Ss‘ =Es
27 High Dense Very Rough (Boulder/Veg) Extreme % B s-2ero EEts-: E-e

SR

A

|I|q)’n’ UtahStateUniversity
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http://etal.usu.edu/IPC/HellsCanyon_TLS_ChangeDetection_Report_ETAL.pdf

PN

A VECTOR
MODEL & A L
RASTER MODEL

Existing
Combined FIS
Dams per KM

/\/ 0 - None

1 - 4 Occasional

f’»\‘x_r/ 5 - 15 Frequent

il R
£ 1);‘«—.,,‘

e Howdo I run a
vector model vs. a
raster model?

NEo 5 10 15 20 25 Kilometers © ET-AL 2012




THE KEY....

e Where do you put evalfis()?
— Vector -> Inside a loop going through each row

i | 175
176 %% BEAVER VEG CAPACITY FIS
. 177 — BeaverVegCap = zeros (length (data),l):
E 178
179 - for b=1:length(data):
I
la0 — BeaverVegCap (b)= evalfis ([evt30LWH (b) evtlOOLWH(b) ], userVegFIS):
111221 - lena
1z2
V| 123
I 2.3 :
M JAL A BB gBEIER QOURTNED FIS, ata  uth A 4 A £ od B abuds o bbb 0 25 60

— Raster -> In nested loop or vectorlzed matrix operation

za — SWLLCw umfxSunpucs

47

48 — case 2

49 % Prep Inputs & Get Addresses Dialed
20 - FISinl = inputRasters(l,:,:);

21 - noDatal = find(isznan(FIS5inl) == 1});
22 - Datal = find(isnan(FISinl) == 0);

ST LN L T R VY N LT LT SN SRRy gt S Th S MRy S N N e Y Ry LN A TR ST Ny Y W YN T Y

29

60 % FI5 calculation

6l — GrazeCapacity (DataCells)=evalfis([FISinl (DataCells) FISinZ (DataCells)], usexFIS);
82 — GrazeCapacity (nodatacells)= Nal;

&3

P NP SN VT e S SIS W SN N N S N N A O SR T SR W R N Y T ¥ W o N L



Existing
{1 . LANDFIRE Land Cover
Dam-building Material

Classification
Bank (30 m) & Riparian (100 m) Buffers

- 0 - Unsuitable Material

1 - Barely Suitable Material

2 - Moderately Suitable Material
3 - Suitable Material

- 4 - Preferred Material

GIS

vegetation Output

« Evidence of riparian
vegetation to support dam
building activity

« Evidence of adjacent
vegetation to support

Mo 5 10 15 20 25 Kilometers © ET-AL 2012




u (Membership)

K (Membership)

INPUTS

F— Unsuitable',

',—"’ \\\ --- Barely Suitahle
/\ — Moderately Syitable
/\ ~-Suitable A\

; \ \
i A %

3 } \ Preferred Y
0 0.75 1.25 1.75 2.25 2.75 3.25 3.75
Riparian Vegetation Preferred Cover Type

' —Unsuitable';

i\ ---Barely Suitahle

/ Moderately Suitable
/\ -Suitable

! \~ Preferred

1.75 2.25 2.75 3.25 3.75

0 0.75
Adjacent Vegetation Preferred Cover Type

1.25

PERENNIAL STREAM
& VEGETATION FIS

K (Membership)

(" FuzzY
INFERENCE
SYSTEM

Type: Mamandi
And Method: Min
Or Method: Max
Implication: Min
Aggregation: Max
Defuzz Method: Centroid

OUTPUT

1 -
0.5 None
— QOccasional
--- Healthy
.. — Mecca
0 \-\
0 4 5 12 25

Maximum Beaver Dam Density (dams per km

MCUGtUMUHPHULUGV & TOPOGRAPHIC
ANALYSIS LABORATORY




MEMBERSHIP FUNCTIONS (*.FIS)

e Simple ascii text file
e Computing w/ words

B input_veg.asc IE GrazingProb_dinputfis | = VegCapacityBeaver_Zinput fis l

[@y=tem]

=

Name="VegCapacityBeaver'

(e8]

L

Type="mamdani'

Version=2.0

i

iLn

NumInputs=2

o

NumCutputs=1
NumBules=25
g AndMethod="min'
5 CrMethod="max'
ImpMethod="min"
ZggMethod="max"

DefuzzMethod="centroid’

L

i
2=

[Inputl]

9 &
4t

Name="RiparianVegPrefCover'

r

b, ik PMG"?ID” -;"1"’!’;’1;\} f PV L‘.__’u-

=] o LN b

E I T 3 (Y - S o T S T s T W Y '

FS Y T o 3 Y S o T S Y Y o T W Y o v

(S TR S T TS T % T % T TR o S S N S Y T T % Y 6 T Y T T S T e Y % O 6 T 6 Y % TR N S S R S S

oM

[ Y T
S S

?

Le-npat Xy

MName="RiparianVegFPrefCover'

Range=[0 4]

NumMF==5

MFl1="UnsuitableMaterial':"trimf"', [0 0 1]
MFZ="BarelySuitableMaterial': 'trimf"', [0 1 2]
MF3="ModeratelySuitableMaterial':"trimf"', [1 2 3]
MF4='SuitableMaterial"' : [2 2 4]
MF5='PreferredMaterial" : [2 4 4]

"trimf' ,

"trimf"' ,

[Input2]

Name="'AdjacentVegPrefCover"’

Range=[0 4]

NumMEF==5

MFl="UnsuitakbleMaterial':"trimf', [0 0 1]
MFZ="BarelySuitableMaterial':"trim£", [0 1 2]
MF3="ModeratelySuitakbleMaterial': "trimf"', [1 2 3]
MF4='SuitableMaterial"' : [2 3 4]
MFS="PreferredMaterial"' : [2 &4 4]

'trimf"' ,

"trimf"' ,

[Cutputl]
Name="EBeaverDamsVegCanSupport "’
Range=[0 45]

NumMF=s—4

MF1="MNone': "trimf", [0 0 1]
MF2="Occasional': "trapmf', [0 1 4 5]
MF3="'Moderate': "trapmf", [¢ 5 12 2Z0]
MF4="Mecca': "trapmf', [12 20 45 45]

P T W Y e W N L TP PAY W WY W St o s WV L W Y W




Lt

1,

o I T O 1 (™ =
= =

-

i

W ka = o W m

[T T % Y S o T W Y o S Y 3 T o 3 B -4 £
= = = = = = = = = s s = = = = = = =

o I T O 1 (™ =

-

LT O L T e 72 T O L % B e i Y L B I L L - S T o R S ) NS S L O Y S
L L B e . s - N #& T WS T S T S Ty 'S I T e Y Y L L I i
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[nm]

r

1

[¥ N U 7 TN S N 5 T TS N % Y T Y % T S N ' TN % T S T 5 TR T 7 T % N S T S O A 7 B L T % B %

(1) :
(1) -
(1) :
(1) -
(1) :
(1)
(1) -
(1) -
(1) :
(1) -
(1) :
(1)
(1) -
(1) -
(1) :
(1) -
(1) :
(1)
(1) -
(1) -
(1) :
(1) -
(1) :
(1)
(1) -
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THE RULE TABLE...

[ e |

N T W Y S N N W T WYY L WV W WY

»

A

INPUTS OUTPUT
. . Suitability of .
IF Suitability of S.tream5|de T Dam Der?5|ty
Vegetation Vegetation Capacity
1 Unsuitable & Unsuitable ,then None
2 BarelySuitable & 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
9 12 Barely Suitable & Moderately Suitable ,then Occasional
5' 13 Moderately Suitable & Moderately Suitable ,then Frequent
e« 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

N N /l\
O\
\ ' %“\\-\\\ AN @ UtahStateUniversity
N @ > % ECOGEOMORPHOLOGY & TOPOGRAPHIC

ANALYSIS LABORATORY




VEG MODEL...

LANDFIRE
Vegetation

Classify in terms
of suitability for
dam building

Clip down to 30
m and 100 m
stream buffers

Run FIS Model to
transfer raster to
vector...

Existing Vegetation Cover
I:[ Agriculture

EI Aspen & Maple

I:l Barren

- Big Sagebrush & Steppe
- Chaparral

D Conifer-Oak Mixed
- Developed

! Mixed Fir

- Douglas-fir

l:l Grassland

I:] Grassland & Steppe
I:] Introduced Species
I:! Low Sagebrush & Steppe
- Open Water

D Pinyon-Juniper Woodland
I:] Ponderosa Pine Forest
[ saltDesertscrub
[ shrubland //

- Sparse

VEGETATION INPUT
'v Erm ¥ 7 V‘% =

CLASSIFIED SUITABILITY

i o ? >
Classified Vegetation Suitability for Beaver Dam Building

I:I Western Riparian Woodland I I I I / I I |
/‘ 0 5 10 15/ 20 25 30 KM 0 - Unsuitable Material D 3 - Suitable Material
4 / [:] 1- Barely Suitable Material D 4 - Preferred Material

D 2 - Moderately Suitable Material

CAPACITY OUTPUT
Output of Combined Veg FIS

Capacity of Riverscape to
Support Beaver Dam Building

! P&Q Combine
H
feamside Buffer ivFls &

model
ouptut
on stream
network

Maximum Dam Density
(dams/km)

N~ 0 - None
“"s== 1 -4 Occasional
= 5-15 Frequent

N~ 16-30 Pervasive

NOTE: Buffers in (3) only applied to
perennial streams



PERENNIAL STREAM

VEGETATION & STREAM

POWER FIS

[ FuzzY
INFERENCE
SYSTEM

Type: Mamandi
And Method: Min
Or Method: Max
Implication: Min
Aggregation: Max
Defuzz Method: Centroid

OUTPUT

| —~ 1 [ S T
k= ' Vo
= H v
4l ! oy
g |\ |
i 1
E 0.5 1
E ' ,':L — None
= | i ---Occasional
i .'I Mederate
0 ' | A N - Mecca
01 4 5 12 20 25
Number of Beaver Dams Vegetation Can Support
= 1 P \ Vam
E ; 4
= ; Y /
@ 0.5 ! pe
= —Dam Persists e
S | -- Occasional Breath [ /
Occasional Blowout ‘1‘ e
------ Blowout ," Y /
0 v
0 1000 2000 3000 4500
Peak 2-Year Interval Stream Power
1 . -
2 K /
g N/
y
E 0.5 Y
= A
= — Can Build Dam , ’ .-"‘
- Probably Can Build Dafn f__/
0 Cannot Build Dam ./ '
0 150 225 325 400
Baseflow Stream Power
-

—_ 1
o
= /
2
W
£
w 0.5 None
E — Occasional
= --- Healthy
Mecca
0 ; T
0 4 5 12 25

Maximum Beaver Dam Density (dams per km)




RULE TABLE...

Ty

INPUTS

1 (Membership)

FUZzZY
INFERENCE
SYSTEM

OUTPUT

INPUTS OUTPUT
" Vegetative I?am Density Baseflow Stream Power 2 Year Flood Stream Dam Der?sity
Capacity (FIS) Power 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
9 11 Pervasive & Can Build Dam & Occasional Blowout ,then Frequent
5' 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

RN
\

%\

5\\5\\\

%
!
N

A

UtahStateUniversity
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COMBINED

1. Veg FIS

2. Baseflow (can
they build a
dam?)

3. 2 Year Flood

(does dam blow
out)

= Resulting Capacity

"~ t

‘ INPUT ) e INPUT
VEG "BUILDING MATERIALS J°YEAR FLOOD STREAM POWER™T

iR
vy

"‘.‘

Maximum Dam Density
(dams/km)
afpm= (- None

Q2 Stream Power (Watts)
o (- 1500 (Dam Persists)

1- 4 Occasional w1500 - 2700 (Occasional Breach)

M 5-15 Frequent 2700 - 4000 (Occasional Blowout)

Mg 16-30 Pervasive g > 4000 (Blowout)

' FUZZY INFERENCE SYSTEM
Capacity of Riverscape
to Support Beaver Dams

F COMBINED CAPACITY“)
A~ 1 4
(08 .

Baseflow Stream Power (Watts)
*Mp= () .185 (Can build dam)

7 185-360 (Probably can build dam)
WA\p#=. - 360 (Cannot build dam)

Maximum Dam Density
(dams/km)
@af\p== () - None

1-4 Occasional

e 5415 Frequent

0 5 10 15 20 25 30 KM
@A 16-30 Pervasive

OUTPUT




FIS WORKSHOP PLAN

G. Building Your Own FIS
H. Summary of Key Concepts

A

il %ll UtahStateUniversity
4 ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY



TAKE A 2 INPUT FIS FILE... MAKE IT 3

2006 2005

e Adjust header

k. o-1 [ 200 %20

- - ; M L B R
\ oint Densit 5 ! 00200 60003000
e Add one input 0 » e

nnnnnn

e Adjust rule table -

o1 ['_]2.5 30

. FIS Input 2 : i‘;i.". E;z E:J 3

i I : | b J° (Slope) S =

e Visualize in Matla X s y ==
A ! EQJ-ZE-.-BO

to see if it works +

. . . FISInput3 - B R
Ilke you thoug ht It 1 (Roughness) Ging o ) EZK;:=5 .
R L e T T T '.%”ﬁ{t, ‘», — e
should =
r ¥ > Elev. Unc. (ft)
: FIS Surface G oo

Jozs-o0s [l 3-5
;" [ Jos-om s 10

o7s-1 [l >0
%

(Elev. Unc. (ft))

Both FIS Surfaces 2006-2005 DoD (ft)
Combined to DoD il j:';
Probability

I
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FIS WORKSHOP PLAN
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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

| Sen5|t|V|ty to output range and MF types high
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CRISP VS. FUZZY SETS...

Very low Low Medium High Very high
iFrigid) (Cold) {Pleasant} {Warm) {Hot)
- - - 4 | l !
Very low Low Medium High Very high a
(Frigid) (Cold) {Pleasant) {Warm) {Hot) =
| | | | ! 2
- o T N T - - T
L L L L =L _f =
Temperature {Degrees Celcius) o =
Crisp Representation Temperature {Degrees Celcius)
Fuzzy Representation
. velocity water depth dominating substrate
08+ /\ 08

=08 = '

S0t A\ = .

067 = = msmall 5 06 ~

804 /. \ _':“Edi'“'“%ud ‘

E - - — ar‘ge -

5 - )
eho £02
. \
0 : f | ] f i y ! { |
0 0.30.4 0.8 12 1 2 3 4 5 6 7 8 9

1zzy set theol

S
\‘§\\\»

R
I\

AN
3 O

R
¥
AN

... useful for classi

substrat index

continuous variables
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STEPS IN A FUZZY INFERENCE SYSTEM

1. Define output categories and

membership functions /eu i ot vris V
1 i bstrat typ
2. Decide inputs substrate, cover type

1. Define categories and

membership functions for ‘m"f;{,‘;gﬁn‘;t“ﬁ;ﬁ?]'rgﬁgﬁg“ﬁﬂ;gﬁ;m
each input i
3. BU'Id I’U|e table (We|ght I‘U|eS |f run through set of rules to determine each
. individual rule’s degree of fulfiliment based on the
d esl I‘Ed) fuzzy information
4.  Apply each relevant rule i
5 . Meth Od for Com bl n I ng ru |es to calculate the combined consequence of all rules
. based on their individual degrees of fulfillment
6. Method for defuzzifying output
(back to crisp value) l’
defuzzification = transformation of fuzzy
consequences into a crisp number describing
habitat quality of the cell under consideration

Schneider M and Jorde K. 2003. Fuzzy-Rule Based Models v

for the Evaluation of Fish Habitat Quality and Instream Cell suitability index
Flow Assessment, Proc. International IFIM Users

) Workshop Fort Colins, CO 22 pp.
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CASIMIR

e There is an
English
version...

3401/

Universitat Stuttgart
Institut flir Wasserbau

CAf M
7 7 Sje Schneider & Jorde

"/ Ecological Engineering CmbH

Computer Aided Simulation Model for Instream Flow Requirements 5@

=&

Uber CASIMiR

Informieren Sie sich Uber diese
einzigartige Fuzzy-Logik Software.
Hier finden Sie alle Infos zu den
Funktionen und Anwendungen der
Software.

Software downloaden
Hier finden Sie die neusten
Versionen des CASIMIR
Programmes.

Willkommen

Auf der Homepage zu CASIMIR - dem Simulationssystem zur Untersuchung
von Gewasserhabitaten. Wir freuen uns, dass Sie sich fir unsere CASIMIR
Software interessieren. Diese Internetseite stellt Thnen einige
Anwendunasmoalichkeiten fur die Software vor. Im Downloadbereich stellen
wir Ihnen einzelne Module von CASIMIiR zur freien Nutzung zur Verfligung. Mit
Hilfe einzelner Fallbeispiele kdnnen Sie selbst erste Modellierungen
durchfihren. Wenn Sie weitere Fragen haben und Informationen mdchten,

wenden Sie sich an Kontakt. AuBer Informationen zum Modell haben wir auch

Kontakt aufnehmen

Wir freuen uns von lhnen
Rickmeldungen zu bek 1. Fir
Fragen konnen Sie uns per Email
erreichen an der Universitat Stuttaart

oder bei der sie GmbH

eine Liste von Publikationen mit Bezug zu CASIMIiR bereit gestellt.
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FIS WORKSHOP PLAN
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USING THE GCD SOFTWARE... FIS

: Survey Library =8 5
g ~
| DEM Survey Properties
Su
Survey Name: 2005Dec_DEM
ﬂ 5Dec_D|
Survey Date (optional): _ /_ /
| DEM Survey I Associated Sufaces | Emor Calculations
() (&) (%] (@) (@
Name Type Source
Error Properties
Mame: FIS|
Error Calculation Methods
Emor Type Method Ermor Value {m)
GPS_Zinput_PD_SLP |~ | kGrs 0.06
<[ »
FIS Properties: E
1 FIS Input Associated Surface )
Soe | z
Poirt Density [ -
Hel
] r__J

[y

LI B ]

N Choose Confidence

GCD Standard Workflow

Using Fuzzy Inference System  Spatid
Coherence Filter & Bayesian Updaing as
perWheaton et al. (2010) ESPL

DEM of Difference
(DD} Calculation

Fuzzy Inference
System to Estimate
Errors in DEM

Error Propagation

Fuzzy Inference
System to Estimate
Errors in DEM

Spatial Coherence
Filter

Compare DoD &
—  Propagated Error
(Calculate T-Score)

Dol Propagated
Error Surface

a Priori Probability
Surface that DaoD
Change is Real

X

Canditional Probability
Surface that DoD
Change is Real
!

I Bayesian Update of a Priari Pro

bability |

Posteriror Probability
Surface that DoD
Change is Real

Threshold DoD
Probabilistically

o Interval (e.g. 95%;)

Reach-Scale Elevation
Change Distributions

A

N
%\_\\j\\\ ]
_ D
N & Q‘\\
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FIS LIBRARY —~

FISfle C\Users\Jos Wheaton'\AppData\Roaming\GCD\FIS Sample Fles\TS_2input_PD_SLP _M

Name: S 2lnput PO SLP Metric

e YOu can add as o) (]
m a n y FI S to ( iGh Fuzzy Inference System Editor E@ﬁw
I i b ra ry a S yo u r E:ri:TJFS_QInput_PD_SLP' -

Type=mamdani’
Wersion=2.0
MNuminputs=2
W a n NumCutputs=1
NumRules=9
AndMethod="min’

r N OrMethod="max’
H Fuzzy Inference System Library E@ﬁ ImpMethod=min"
AggMethod=max"

DefuzzMethod="centroid’
() (&)

[Input1]
Name Path Mame="Slope”

TS_2Input_PD_SLP _Metric C:\Users\Joe Wheaton\App Data’\Roaming\GCD\FIS Sample e

MF1="Low trapm’[0 0 5 10]
MF2="Medium"trapmf’ [5 10 15 20]
MF3="High"trapmf',[15 20 10000 10000]

[Input2]

MName="Poirt Density”

Range={0 100]

NumMFs=3

MF1="Low"trapmf”,[0 0 0.1 0.25]
MF2="Medium"trapmf”[0.1 0.25 0.75 1]
MF3="High":trapmf”,[0.75 1 100 100]

»

m

[Output 1]

MName="ElevlUncertainty’

Range=[0 1.5]

MNumMFs=4

MF1="Low" trapmi” [0 0 0.02 0.04]
MF2="Average”trapmi’ [0.02 0.04 0.06 0.08]

MF3="High":trapmf’,[0.06 0.08 0.18 0.25] i

4 L1 2

4 ) Edit ][Save.f-‘»s... ][ Save ]

SR AN

\‘\.,\' \
ﬁ‘\\;\‘\i X |I|q)’n’ UtahStateUniversity
- & QP ‘§ ECOGEOMORPHOLOGY & TOPOGRAPHIC
ANALYSIS LABORATORY




YOU RUN FIS IN ERROR SURFACES TAB

e Error surfaces created in ...
Survey Library e

e Inputs to FIS loaded in | «= =% "
Associated Surfaces Tab

SSSSS

Save Survey ] [ Cancel

A
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