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S a ic Val e Range Anal i fo Ma lab Sim link-Model

Ch i ian De nehl1 No man Han en1 Thoma Ge li 1 S efan Ko ale ki1

Ab ac : In hi pape e p e en a a ic al e ange anal i of ignal i hin f nc ion block
diag am de eloped i h Ma lab Sim link. We anal e ignal i h e pec o hei da a pe and
comp e an app o ima ion of he po ible al e ange of each ignal ep e en ed b a e of in e al .
In addi ion he anal i epo po en ial p oblem i hin he model, like occ ence of NaN (No -
a-N mbe ) and di i ion b e o o in®ni . We ho he applicabili of o anal i on a i co i
model f omMa lab Cen al and a model f om he e of a omo i e e ample model ha i con ained
i hin Ma lab Sim link.

Ke o d : A omo i e of a e enginee ing, a ic anal i , Ma lab Sim link

1 In od c ion

Model-ba ed of a e de elopmen i ed e en i el i hin he a omo i e domain i h
one of he ool ed being Ma lab Sim link. Sim link allo he c ea ion of con ol mod-
el in he fo m of f nc ional block diag am , in hich he da a ¯o i e p e ed a a e-
q ence of block connec ed b line . In f nc ional block diag am , block model a f nc-
ion be een e e al inp o m l iple o p . The combina ion of imple f nc ion , ch
a anda d a i hme ic, allo he modeling of comple em a a compo i ion of block
f om a ba ic block e . Thi de ign i ppo ed b b ilding hie a chie , o allo he e e
of e i ing em and, a he ame ime, ab ac f om imple block . Af e modeling he
con ol model, code can di ec l be gene a ed f om i , hich i hen compiled and loaded
on o he a ge pla fo m.

D ing he modeling p oce of a con ol model, e o migh occ , hich migh e en-
all e l in a o al fail e of he con ol em. To p e en ch e o , model a e
e ed and im la ed e ha i el again a de ign peci®ca ion. E peciall in he con e
of afe c i ical em , he beha io of a con ol em ha o be e i®ed o ope a e
i hin peci®ed de ign ange o confo m anda d like he ISO [IS11]. Ne e he-

le e ing migh , depending on he peci®ca ion, no de ec all e o and ¯a i hin a
model. Appl ing fo mal anal i in ea l de elopmen age i a po ible e en ion of he
e abli hed e i®ca ion p oce .

In hi pape e p e en an anal i hich comp e an app o ima ion of he a e pace
of a con ol em modeled i h Ma lab Sim link b ab ac ing he a e pace in o
in e al e , hich a e p opaga ed along he pa h f om inp o o p i hin he con ol
model. U ing hi echniq e, he de elope peci®e e of inp in e al , a eq i ed b
he ISO , and ge a afe app o ima ion e of po en ial o p in e al , hich can
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be ed o e if he p e io l peci®ed de ign ange . The peci®ca ion i h in e al
p o ide a imple and fo mal a o e p e he inp con ain . Fo in ance, con ide
an e e nal inp f om an accele ome e , ho e inp ange b peci®ca ion a e [−4g,4g],
hich can be ead in mo ca e of he da a hee . Ne o he e l ing p opo al fo de ign
ange of each b em, a deno ed in he ISO , o anal i p o ide p oof of he
ab ence of al e becoming NaN, di i ion b e o in®ni and o e - and nde ¯o of
ignal .

Unlike ab ac in e p e a ion of he e l ing C code, o anal i in e p e he model. In
man ca e , he code gene a ed f om he model incl de check fo a a o of bo nd
and o e ¯o , hich canno be de ec ed b a code anal i , beca e he gene a ed code
handle he e ca e implici l . Con ide a ec o , f om hich an elemen i elec ed ing
he Selec o block5, hich allo o pecif he inde e e nall . In hi ca e, code gene -
a o ma incl de a check fo he inde and if he inde i o of bo nd , e o i e ned.
Thi mechani m p o e ha d o de ec fo a ic code anal i , ince he a a inde i ac-
all ne e o of bo nd. Ho e e , an ac i a ion of he afe p oced e i hidden o he

enginee .

The pape i c ed a follo . In he ne Sec ion, ela ed o k in he ®eld of al e-
ange app o ima ion of f nc ional block diag am and o he domain i p e en ed. Sec-
ion con ain he me hodolog of o app oach, hich co e he ed ab ac ion do-
main of in e al e , he e of ppo ed f nc ion b he anal i and ho loop a e
app o ima ed. The anal i i e al a ed in Sec ion 4 ing a model of an open-loop and a
clo ed-loop em. Finall , po en ial e en ion of he app oach a e ho n and he pape
i concl ded in Sec ion 5.

Rela ed Wo k

Thinking of he a oma ic e i®ca ion me hod fo of a e em , a io app oache
ha e been de eloped fo diffe en domain . Val e e anal i , hich p o ide a al e e
fo each ignal o a iable in he p og am can be ed o iden if po en ial e o ch
a di i ion b e o, nde ¯o and o e ¯o of he p og am a iable and dead code in
he p og am. An anal i of he e l ing code f om he model ha been ca ied o o
p o e he ab ence of ch e o [Si 8]. Oppo ed o an anal i on he gene a ed code,
he De ign Ve i®e ope a e di ec l on he model b ing he pol pace a ic anal i
engine.

Depending on he con®g a ion , he gene a ed code of he Sim link model migh be
ca ching di i ion b e o e o , hich a e ill occ ing in he p od c ion code, hile
he e e i na a e of hem. Con ide he ca e, he e he e i an a oma ic check if he
di i o i e o and hen he e l of he f nc ion o ld be j , hich i be e han a
n ime e cep ion, b hide he p oblem. In ead o app oach e he eman ic of he

comple e Sim link model and in e p e each block indi id all .
5 See http://mathworks.com/help/simulink/slref/selector.html .
The De ign Ve i®e i a Tool fo Sim link hich allo imila anal i of he model a he p e en ed app oach.
http://www.mathworks.com/products/sldesignverifier/index.html?s_tid=gn_loc_drop
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F he app oache o e if ch block diag am a e pe fo med b an fo ming hem
in o an in e media e ep e en a ion hich i ea ie o anal e. Fo in ance, con e ing
he di c e e pa of Sim link o L e allo he ili a ion of e i ing anal i ool
fo nch ono lang age [T 5, Ca ]. In [CD ] a b e of he a ailable block e
i hin he modeling ool Sim link i an fo med in o an eq i alen ep e en a ion of he
imed in e al calc l , hich can be ed o p o e fo mal eq i emen and e ima e he
e pec ed al e ange of peci®c ignal . A imila app oach i p e en ed in [CM 9] he e
an ab ac in e p e a ion of Sim link model i p e en ed o comp e po en ial o nding
e o hen ing ¯oa calc la ion , b comp ing an o e app o ima ion ing Ta lo
e ie .

Mo e e ha i e app oache incl de p ope p o e in hei anal i o p o e he ab ence
of b g . In hei o k [RG14], Reiche d and Gle ne con e Sim link model o Boogie,
hich e he Mic o of Z a mod lo heo (SMT) p o e o p o e con ain . The e

con ain a e gene a ed f om he block and pe in he Sim link model. Simila o k
ha p e io l been done b Ba ch e . al [BHB14], he e model a e con e ed o boolean
fo m la , ing he bi ec o ep e en a ion.

All of he p e en ed ol ion do ei he an anal i of he gene a ed code, hich i e
ef l o check if he gene a ed code ha no ¯a , o , a he la e app oache , foc on

an e ha i e anal i and p eci e o a he n me ical ela ed comp a ion . The efo e,
diffe en an fo ma ion in o o he fo mal ep e en a ion fo ma a e ed. A gene al dif-
fe ence of o o k compa ed o ho e app oache conce n he e of block and f nc-
ionali hich i ppo ed b he de c ibed an fo ma ion and he con ec i e anal -
e . Fo in ance, he e a e limi a ion ega ding he ppo of m l i dimen ional ignal
[RG14] and block fo c al ope a ion on ch [CD , RG14], e ic ing he p-
p o ed block o pe de®ni ion afe block [CD ] o ela ing o he calabili of he
app oach fo po en iall e la ge model [BHB14].

Fa l De ec ion Me hod fo Con ol Model

Af e ha ing gi en an o e ie of ela ed app oache , he foc i on o p opo al. Since
o anal i i ba ed on al e e , in e al a e ed o ep e en ho e e . B ing
e of in e al , a mo e p eci e ep e en a ion of al e can be gi en. Fo each block
in he model, e de®ne a eman ic i h e pec o ®ni e in e al e i h in e al fo
¯oa ing poin al ed ignal . A ®ni e in e al e SI = {I , . . . , In} con ain a ®ni e n mbe
of non-o e lapping in e al Ii,  i  n, he e he in e al migh be ei he open, half-
open o clo ed. Fi e de®ne in e al e and he nde l ing pe e e. Af e a d ,
he eman ic fo a elec ion of block , hich a e ppo ed b o anal i , i p e en ed.

.1 In e al and In e al Se

In e al a i hme ic i ell kno n and idel ed in diffe en applica ion a ea [Ja1 ],
[HJVE 1], [BKS1 ]. Ho e e , compa ed o he common age of in e al a i hme ic,
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e check addi ionall fa l fo he IEEE 54 ¯oa . Thi i beca e man applica ion
cena io a e ba ed on a ha d a e ¯oa ing poin ni , hich ea e he de elopmen p o-
ce , beca e con e ion o ® ed poin calc la ion i no eq i ed. The efo e, he m-
bol −•, • and nan a e al o po ible al e in he con ide ed in e al domain. The
a i hme ic fo in e al con aining he e mbol ha al ead been implemen ed and de-
®ned [Wa98]. A me he e of alid IEEE 54 ¯oa o be RIEEE , hen, he follo ing
hold +•=• (fo 6=−•), −•=−• (fo 6=•), ⇤•=• (fo 6= ), ◦nan= nan
(fo ◦ 2 {+,−,⇤,÷}). No e, ha [nan,nan] i he in e al ep e en a ion of he IEEE-
mbol nan, [ ] ep e en he emp in e al and [−•,•] i a alid non-emp in e al.

In e al Se A i hme ic Con ide an in e al e SI and an ell-de®ned f nc ion f :
R ⇥n 7! R , a in [NJC99], mapping n inp in e al o an o p in e al. Fo in e al
e S , . . .Sn, e de®ne fS(S , . . . ,Sn) a he nion of he o p in e al e , he e f i
applied o each combina ion of he inp in e al .

fS(S , . . . ,Sn) =
[

I 2S
. . .

[

In2Sn
f (I , . . . , In) (1)

Fo f nc ion i h n a g men and in e al e of ca dinali m he e l ing e ma
ha e mn elemen . Ho e e , he ca dinali co ld h ink hen appl ing f nc ion o an
in e al e S, beca e o egion migh o e lap o ha e a common bo de . Fo in ance,
{[ ], [4 4]}+{[−1 1]}= {[1 5]}. Ne e hele , o anal i limi he i e of in e al
of an in e al e o , me ging in e al oge he hen he limi i e ceeded, ince he
con ec i e ope a ion and o e - nde ¯o migh inc ea e he n mbe of in e al e po-
nen iall . S ill, ha limi i no eached in o applica ion . Thi limi can be con®g ed
o a bi a po i i e in ege al e in ca e la ge o malle in e al e , leading o po en-
iall malle o bigge o e app o ima ion , a e de i ed b he e . Since he f nc ion f ,
e e in mo ca e a an ope a o , e call he p oce of appl ing f o fS e pec i el an
ope a ion.

T ping We e end he concep of in e al e o ped in e al e b a ocia ing a
da a pe o e e in e al e . The c en l ppo ed da a pe a e igned in ege (in 8,
in 1 , in ), n igned in ege ( in 8, in 1 , in ), ¯oa ing poin (¯oa , do ble) and
logical (boolean) pe .

The da a pe of an in e al e i a p ope hich e ic he e of al e ep e en able
b an in e al e . Thi mean ha an in e al e of pe in 8 can onl ep e en igned
in ege al e hich can be o ed i hin 8 bi . To a e ha e e in e al e Si of
da a pe D2{boolean, in 8, in 1 , in , in 8, in 1 , in , f loa ,do ble} al a com-
plie i h i da a pe e ic ion , a pe- e ic ion p oced e rD i applied af e e e
ope a ion on he in e al e . The e ic ion ope a ion rD can be ca ego i ed in o h ee
ca ego ie BOOL= {rboolean}, FLOAT = {r f loa ,rdo ble} and INT = {rin 8,rin 1 ,rin ,
r in 8,r in 1 ,r in }.

The boolean na e of an in e al e i c ea ed b appl ing rboolean(Si) hich ield an
in e al e con aining (fal e) in ca e 2 Si and 1 ( e) in ca e 9 2 Si, 6= , hile
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he e ic ion me hod of he ca ego FLOAT e ic he al e of he in e al e o
ingle p eci ion (¯oa ) o , e pec i el , o do ble p eci ion (do ble) ¯oa ing poin al-
e acco ding o he IEEE 54 anda d. In con a o ope a ion of ca ego ie BOOL
and FLOAT , all ope a ion rin 2 INT ha e o e ic he al e ange of in ege al e
i h po en ial nde - and o e ¯o . D e o he e of in e al e , nde - and o e -

¯o can be ep e en ed i ho o e app o ima ion . Fo in ance, fo in e al e ield
rin 8({[1 1 8]}) = {[−1 8 −1 8], [1 1 ]}, he ea rin 8([1 1 8]) = [−1 8 1 ]
ield a la ge o e app o ima ion fo in e al .

Bo h in e al e ha e o be of he ame da a pe, o ha bina ope a ion can be applied.
Thi i no e ic ion compa ed o ope a ion pe fo med in Sim link o o he p og amming
lang age ince ho e pe fo m implici pe-ca ing . To be able o pe fo m he e ca e -
plici l e p o ide co e ponden ope a ion fo all ppo ed da a pe hich co e pond
o he applica ion of he e ic ion me hod r a ge pe. Since he in e al e a e in e nall
ep e en ed ing he mo e p e i e pe, mo ca can be pe fo med ing he pe

em of he nde l ing a chi ec e. Ho e e , he ca f om ¯oa ing o in ege pe can
be pe fo med ing diffe en o nding mode . We foc on ho e o nding mode f om
[IE 8] hich a e ppo ed (b named diffe en l ) b Sim link, oo:

• o nd p: Ro nd o a d +•.
• o nd half o e en: Ro nd o he nea e ep e en able n mbe . If he e i ambig -
o , o nd o he nea e e en n mbe .

• o nd do n: Ro nd o a d −•.
• o nd half p: Ro nd o he nea e ep e en able n mbe . If he e i ambig o ,
applie o nd p mode.

• o nd half a a f om e o: Ro nd o he nea e ep e en able n mbe . If he e i
ambig o , o nd po i i e al e a o nd p and nega i e al e a o nd do n.

• nca e: Ro nd o a d .

Dimen ion Signal in Sim link model can be of a bi a dimen ion. Acco dingl o
domain of in e al e i e ended o m l idimen ional ma ice of in e al e he e
each ma i elemen i an in e al e . Th , ope a ion on ignal a e ope a ion on ma-
ice of in e al e in o domain. Ma i ope a ion in Sim link a e ei he c al

ope a ion , e.g. conca ena ion along a dimen ion, o can be mapped o ope a ion on he
in e al e . Fo in ance, he ma i m l iplica ion of o ma ice can be i en a
m l iple e p e ion con i ing of m l iplica ion and addi ion . Fo implici of he e -
plana ion , e de c ibe di ec l he ope a ion on in e al e hich i iden ical o he
co e ponden ope a ion on ma ice of e ac l one elemen .

. Ope a ion

The follo ing li ep e en a b e of f nc ion block , hich a e ppo ed b o ool.
We do no de c ibe in hi pape he anda d a i hme ic fo in e al and he con in o
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non-linea ma h ope a ion , hich a e ppo ed, ince ho e ha e al ead been de®ned
fo in e al and can be mapped o in e al e a de c ibed.

• S anda d a i hme ic: +,−,⇤,/
• Con in o non-linea ma h: e p, log, igonome
• Rela ional Ope a o : >,≥,<,,=, 6=
• Logical Ope a o : ¬, ^, _
• Deci ion , S i che
• In e pola ion Look p Table

Rela ional Ope a o Fi e de c ibe, ho ela ion a e applied o in e al e . No e,
ha he e l of a ela ional ope a o on in e al i gene all no bina , b a h ee al ed
logic { ,1,?}, he e ? ep e en ha he e l i nkno n. Fo in ance, he o come
of he ela ional ope a ion [ ,5]> [−5, ] i nkno n. Wi h in e al e ,? can be de®ned
a {[ , ], [1,1]}. Le SA and SB be in e al e and ?2 {>,≥,<,,=, 6=} be a ela ion.
Follo ing he de®ni ion of Eq a ion (1) SA ? SB i de®ned a [IA2SA [IB2SB IA ? IB. In
hi ca e, he nion ope a o migh me ge [ , ] i h [1,1], ep e en ing an nkno n e l ,
al ho gh each in e al ela ion ? ield a de®ned e l . Fo e ample {[−1,−1], [1,1]}>
[ , ] ield fo each elemen of he lef hand ide a kno n e l , hile he nion of all
i nkno n. Ne e hele , he e of in e al e p o ide a mo e p eci e ep e en a ion
hen ca ing boolean e p e ion o ¯oa ing poin al e , e.g. a a m l iplie , o ha i i

clea ha .5 i no in he e .

Logical Ope a o Fo he logical ope a o fB : Bn 7! B, e de®ne a ne f nc ion
fS( 6= , . . . , n 6= ) fo eal al ed inp in e al e , . . . , n, he e mean {[ , ]}
in hi ca e. No e, ha 6= ha been p e io l de®ned on in e al e . Thi ineq ali
check o e o co e pond o he anda d C ca ing ope a ion . The e l ing o p i
gene all calc la ed b appl ing Eq a ion (1) on he in e al e , he e he co e ponding
f fo n inp , and, h , n in e al m be peci®ed. Ne e hele , ince he domain i
limi ed o e and fal e, he algo i hm can e mina e o comp e he o p if o alid

2 , . . . , n 2 n a e fo nd, making fB become e and fal e.

Deci ion Some block , like he i ch block, pa a ce ain inp h o gh hem depend-
ing on a condi ion c, i.e. inp a i pa ed h o gh if condi ion c i alid, o he i e inp
b goe h o gh, deno ed a i e(c,a,b). The condi ion ecei e one pa ame e in fo m of a
al e comp ed b he model hich i ed o fo m la e he ac al condi ion c a an ela-
ion con aining he pa ame e al e, he e he e l of he logical ela ion i an in e al e
a de c ibed befo e. If he e l of he ela ion i {[ , ]} o {[1,1]}, hen a o e pec i el
b i pa ed h o gh he block. Addi ionall , a a ning i i ed o he e , indica ing ha
he e i a dead pa h in hi model. Ho e e , if he e l of he ela ion i {[ , ], [1,1]},
a[b i he e l , ince he condi ion canno be niq el e al a ed. Remembe , d e o he
e of NaN al e , he en i e pa h of he condi ion ha o be e al a ed, and a ho c b
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e al a ing fo e ample in( )> 1 i ho hinking of canno be made, ince migh be
NaN.

Look p Table Of en he beha io of peci®c pa in con ol model can be e ima ed
i h mea emen , hich a e hen fed in o he model d ing he de elopmen p oce .

The e mea emen poin hen eali e a ne f nc ion i hin he model. Th , fo n ≥
poin , . . . , n 2 R i h i < j fo (i < j) and , . . . , n 2 R mea emen , a f nc ion
LT ( i) = i i de®ned in he model. Hence, he i and i a e p ede®ned and d ing e ec -
ion ano he inp i p o ided, o ha he o p i e o i if = i. If i in be een
o al e i, i+1, hen he e l i ei he in e pola ed o clipped o he la i, hich i

peci®ed b he enginee . De®ning he a ocia ed in e al e f nc ion fo look p able i
a o ep p oce , in hich ® l helpe f nc ion LTC and LTB a e de®ned, he e LTC
ep e en he elec ion of in e pola ion o clipping b he enginee and LTB i a pecial
e p e ion handling inp ha a e o of bo nd , i.e. < o > n. Secondl ing he
i e ope a o , he look p can be ec i el de®ned. Wi h ega d o linea in e pola ion, he
f nc ion LTC(I , i, i+1) become

LTC(I , i, i+1) =


min
2I i+1− i

( i+1− i),ma2I i+1− i
( i+1− i) ( )

he e I = [ , ] i an in e al i h i  and i+1 < i a linea in e pola ion, hich i
e ended o in e al . Rega ding a ¯a beha io , he f nc ion become con an
LTC(I , i, i+1) = [ i, i]. Wi h e pec o LTB, hi f nc ion check if he lo e bo nd i
eached and e o he i e he ppe bo nd LTB(I ) = i e( < , , n). In he ne ep,
i e i applied o check he he he inp i be een i and i+1 fo all alid i. If > n, n
i e ned, ielding he follo ing e p e ion

LTS(X) =
[

I 2X

 

in−1
i e i  I ^ I < i+1 LTC(I , i, i+1)

!
LTB(I ) ( )

he e ◦ i he f nc ion applica ion and X i he inp in e al e . U ing c ing, he
bo nded ec i e applica ion of he i e ope a o peci®e a piece i e f nc ion, ep e en -
ing he beha io of he look p able. Fo e ample, if n= , hen he e p e ion become

LTS(X) =
[

I 2X
i e(  ^ < 1, , i e( 1  ^ < , 1, i e( < , , n))) (4)

he e he la acked i e become LTB(IX ) = i e( < , , n). No e ha LTB onl e n
n in ca e > n ince all o he ca e a e co e ed b he p e io i e .

. Loop and Widening

In he p e io ec ion, e de c ibed ho diffe en f nc ional block can be in e p e ed
i h in e al e . Con ide ing open-loop em ho e o p do no depend on a a e
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of he em, hi app oach i f®cien beca e fo each block on he pa h he o p
in e al can be e ima ed. Fo clo ed-loop em i h hie a chical o ne ed loop , an
app o ima ion ha o be pe fo med, o comp e he e l e in ®ni e ime. Since he
model i e ec ed ing a ® ed ep ime D , he o p in e al e of he model can be
calc la ed fo a ® ed ime ho i on T i hin TD −1 ep . Ho e e , he anal i a ge
no onl he con ide a ion of a gi en ime ho i on, a done b im la ion , b ha he

em n inde®ni el . Fo Sim link model i h loop co e pond he comp a ion of
a ime ep o he comp a ion of a loop i e a ion fo all loop in he model. Fo in ance,
he comp a ion of all ignal al e fo ime ep co e pond o he comp a ion of he
® i e a ion of e e loop in he model.

Widening i a ell kno n ab ac ion p oced e of al e and ime o anal e al e ange
of a iable in combina ion i h loop . The efo e, d ing he anal i of he loop, a iden-
ing ope a o on he ab ac domain o e app o ima e he comp ed eachable al e
[CC ]. Appl ing he idening ope a o , if cho en p ope l , ill ®nall en e ha he
anal i eache a ® ed-poin ega ding he eachable al e of he loop and ®nall he
en i e em. When ep e en ing loop a a f nc ion f ( , ), a ® ed-poin i a poin ,
fo hich f ( , ) = hold . Thi mean , ha f he con ide ed loop i e a ion (applica-
ion of f ( , ) ) ill no change he al ead comp ed eachable al e . We appl he
idening app oach a p e en ed in [CC ] fo he a ic al e ange anal i of p og am

code o Sim link model . Thi ha he pa ic la i ha a model migh con ain implici
loop in od ced b Sim link-block of peci®c pe . We call he e loop implici , ince
he a e no loop hich can be een b looking on he connec ion be een block in
Sim link. Implici loop a e in od ced b block hich gene a e a non-con an o go-
ing ignal ba ed on no o con an inp ignal , e.g. In eg a o -, Ramp- o S ep-block .
Fig e 1 ho a imple e ample fo a em i h an implici loop. Al ho gh, i i an
open-loop em, e appl idening fo he o p of he in eg a o o en e a co ec
o e app o ima ion of he eachable al e and he e i ence of a ® ed-poin fo he model
on he anal i domain. In ca e idening o ld no be ed, he o p of he In eg a o -
block o ld change fo an con ide ed ime ep, a ® ed-poin o ld ne e be eached and
he anal i o ld no e mina e.

1

Constant

1
s

Integrator

1
Out1

Fig. 1: Open loop em i h implici Sim link loop

A econd pa ic la i ega ding idening and he a ocia ed de ec ion of a ® ed-poin
fo Sim link model i he dela along pa h (DAP). A me a em con aining a
loop i h a Dela -block. S ch a block dela i incoming ignal fo ome ime ep .
The model ho n in Fig e , fo in ance, ma che hi de c ip ion. The dela block
dela he incoming ignal fo h ee ime ep , hich mean ha i o going ignal i
b defa l e o fo ho e ime ep . If idening i di ec l applied fo he econd loop
i e a ion ( econd ime ep), no o e app o ima ion o ld be made and a ® poin de ec ed,
beca e a f he loop i e a ion doe no change an comp ed eachable al e . Ho e e ,
con ide ing f he i e a ion, he dela change i o going al e . S ch ® poin de ec ion
p oblem a e a oided b calc la ing he ma imal DAP, hich i he ma imal n mbe of
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ime ep ( e pec i el loop i e a ion ) a ignal al e need o in¯ ence he al e a he end
of he pa h in he model, and appl idening on he ab ac domain onl in ca e eno gh
ime ep ha e been con ide ed. Beca e of he manifold a o c ea e dependencie
be een loop in Sim link model , e comp e he ma imal dela of he en i e model a
o e app o ima ion of he DAP fo ingle pa h and e hi al e in ead. Mo eo e , e
ake he ma imal dela of he model in o acco n fo ® ed-poin de ec ion o en e, ha
no f he i e a ion of an loop ma change he comp ed eachable al e . In ca e of he
model f om Fig e , he ma imal dela of he model i h ee and eq al o he ma imal
dela of he pa h f om he Con an - o he O po -block.

1

Constant

Z-3

Delay

1
Out1

Fig. : E plici loop i h DAP f om Con an o O 1 of h ee

4 E al a ion

The aim of he e al a ion of o p opo al i o ho he fea ibili on he one hand, hile
di c ing d a back on he o he hand. Fo he fea ibili , he anal i ha been e ec ed
on a comp e i h a . GH 4 bi In el i5 4-co e CPU i h 8GB memo nning
Windo and 4 bi Ja a 8. Wi h e pec o he da a, he e al a ion i ca ied o on o
model , bo h con®g ed o a ® ed ep i e of . 1. The ® model i a i co i model
and ill a ed in Fig e .

Start at 10
step at time 10
step to 15

Start at time 0
with value 0
and slope 2

Different Co nd itio ns fo r Visco sity
Author : Siva Ganesh Malla,
IIT Bhubaneswar, India,

Email: malla_p h d@yah o o .co mRamp2

Saturation

20
Constant

Step
Constant1 Ramp4

Subsystem Subsystem1 Subsystem2

Scope3

Start at time 0
with value 0
and slope 2

1

T

u W uu

Start at time 0
with value 0
and slope 5

T W T W

Ramp

Fig. : Vi co i Model ( aken f om [Ma1 ]) i h anno a ion

1

u

Subtract

Product1

Product Divide 1/R2/R2

Constant4

1/R1/R1

Constant3

4*pi*L

Constant1

2
W

1

T

Fig. 4: Vi co i Model S b em ( aken f om [Ma1 ])

The in e nal of he model b em a e iden ical and ho n on Fig e 4. Ho e e ,
he al e fo L, R1 and R a e diffe en f om b em o b em, ince he a e
con®g ed ing ma k . Table 1 ho he al e fo each b em ( o nded fo be -
e eadabili ). The peci®c pa ame e fo he Ramp-, S ep- and Sa a ion- block a e
anno a ed in Fig e .
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S b em S b em1 S b em
L 14e- 14 14
R1 1 .5e- 1 .5 1 .5
R 1 e- 1 1

Tab. 1: Ma k pa ame e of he b em (Vi co i model)

The anal i of he i co i model ake abo 1 . 8 econd and de e mine he each-
able o p al e fo he b em a gi en in Table . Po en ial p oblem , e.g. he
occ ence of NaN a a al e, of he model a e indica ed h o gh a ning me age . Fo
in ance, he anal i indica e a po en ial di i ion b e o a he Di ide-block in S b -
em1 and S b em and a po en ial di i ion b in®ni a he Di ide-block in S b -
em . Thi i acc a e con ide ing ha he Ramp-block p od ce ignal a ing a e o
and ha he em n fo an in®ni e amo n of ime.

S b em S b em1 S b em
Reachable al e {[ •]} {[ . 4 8E− . 418], [• •]} {[ . 41 E−4],

a o po [• •]}

Tab. : Re l of he al e ange anal i (Vi co i model)

The econd model e cho e fo e al a ion p po e i he A omo i e S pen ion [TM]
model f om he Sim link e ample model . Thi model con ain 44 ba ic Sim link block
of 1 diffe en pe (S m, Gain, S ep, Con an , In eg a o , M , Dem , S b em,
O po , Inpo ). In con a o he i co i model, i con ain feedback-loop ha de-
pend on each o he . We eplaced he con in o in eg a o of he model i h di c e e
in eg a o , hich e he fo a d e le me hod. Tha i beca e he ppo fo diffe en
con in o in eg a ion ol e i no e comple el ®ni hed. F he mo e, e i ched
he accele a ion d e o g a i block, hich a o iginall a Con an -block, o an
Inpo -block. Thi allo o a he g a i depending on he con ide ed loca ion. Since
o a ic anal i of he model ope a e on in e al e , e a e able o anal e he model
fo a bi a e peci®ed al e ange of he g a i . We cho e a inp fo he g a i he
in e al e A = [−9.81 −9.81], B = [−9.8 5 − . 1] and C = [−9.8 −9.8 ]. Tho e
e ep e en he commonl ed al e fo g a i in o egion (A), he ange of g a i
al e abo e he e o le el on ea h [TT 8] and ma (B) and an a bi a , b imila o
A cho en ange (C). Since e kno ha he model con e ge o a ® poin fo he con an
−9.81, e pe fo m he anal i i ho e of a idening ope a o , hich ield a im-
la ion of he model on he in e al e domain e mina ing in ca e a ® poin i eached.
Rega ding he e l of he im la ion i h in e al e inp A e co ld de e mine ha
o e l ma ch e ac l ( ing 4 bi do ble p eci ion) he al e comp ed b Sim link
fo e e ignal of he model a an con ide ed ime. Thi gi e a hin on he n me ical
compliance of o implemen a ion i h Sim link.

In gene al, e e idening o en e he e i ence of a ® poin fo em i h loop
[CC ]. Table ho o e l 8 ing a imple idening p oced e fo he di c ed

http://nssdc.gsfc.nasa.gov/planetary/factsheet/marsfact.html
8 We ho he e l a in e al in ead of in e al e and o nded fo be e eadabili
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Inp Widening THETA Z Time
In e al Se (In eg a o o ) (In eg a o o ) elap e( )

A OFF [− . 1 98 . 8 ] [− .15 . ] 9. 9
A ON [−• •] [−• •] 1.
B ON [−• •] [−• •] 1 .19
C ON [−• •] [−• •] 1 .5

Tab. : Re l of he al e ange anal i (A omo i e S pen ion model)

inp . The e l indica e, ha idening (if enabled) i applied befo e a ® poin co ld be
de e mined and h a h ge o e app o ima ion i achie ed. Thi o e app o ima ion lead
o a ning i h fal e po i i e cha ac e indica ing po en ial p oblem he e none can
occ . Fo in ance, he po ible occ ence of he al e NaN a a e l of he ope a ion
[−• •] + [−• •] i indica ed d e o he o e app o ima ion. O f e o k foc e
on app oache o ed ce hi amo n of o e app o ima ion fo loop ing al e na i e
idening app oache peci®c o he a ic anal i of Sim link model , a o he addi ional

anal i domain .

5 Concl ion

Thi pape p e en a fo mal app oach o pe fo m a ic al e ange anal i of f nc-
ional block diag am , in pa ic la Ma lab Sim link, befo e gene a ing code. The ap-
p oach allo he di ec de ec ion of modeling ¯a d ing he modeling pha e, ea l
in he de elopmen p oce . Ba ed on e -p o ided al e ange fo inp , a demanded
b ISO [IS11], a afe al e ange of o p i comp ed. The efo e, he ab ac
domain of in e al e , a mo e p eci e ep e en a ion han he idel applied in e al , i
ed. We ho , ha he applica ion of a pe concep o hi domain can cope e p e-

ci el i h n me ic i e , e.g. o nding mode , and pe ela ed o e - and nde ¯o .
The e al a ion of he app oach ho ha i i i ed o de ec po en ial e o a di i ion
b e o, in®ni o occ ence of NaN. In he f e, e ill e al a e he al e ange
anal i on mo e eali ic e ample . Ho e e , he e of in e al e can lead o imi-
la la ge o e app o ima ion a in e al in combina ion i h idening fo loop of he
model. Th , he app oach i no f®cien o de c ibe he beha io of a d namic em,
b indica e po en ial modeling ¯a . The ne ep i o ep e en he ela ion be een
ignal of he model, fo e ample ( )> 1( ) , and he a e of he ignal . Wi h hi in-
fo ma ion mo e p eci e concl ion , e.g. ed c ion of po en ial o e app o ima ion , abo
he em can be d a n.
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