Week 1

The araicm srensforens an inpeot signal into 2. oespue ogeel
Boih the iegui and guipue sre 2melr
A aigral in 2 marhematieal fisctiom wich an ndependent vasiable J.c gme! end dependent vermbhle
The syrios & descsibed By the way thar it cransform the iopes signal int the ouotput sgeel
Al mecbel mpdels faoa om tie mart relovent signals end igeces: those of loser signiScance

Chodk voarsclf 1: Liw ot lems fous poaaikble guigrut signaly boe the caratcsmg problem f
* The o'y thros-dirmcsaicmel panibos A [ains i
* The cacy amgohs possion bl _'_"E:'_" — . . _!_"'"
" The rotationsl sgecd of the wheh T A ;
* The tomperabare of the e -HH.I H

Ifedulariiy primitro, and coenpoitios
In 2 compemits rewom the stccrmy comipller determiney §E. whch iy Inpes inen tie cax The car precsabes peftl. which is mbiracted Eoen pilt! &
gt ot whsch i imgrut s the rtccomp comrtoller
The riangular component v callied a p== or smale of -1
Ha outpus is equeal to -] Hoeo i sgrut
The triangic srembol i wied to indicate that we are mulsphang ol the waloo of tie dgnal by 2 oumesical comatent, which is dhown inaide the
=mamie
The dodhed-red bex illhomerarm modai{ent of the sgeah and sratema abatractios

Disc=rte-Tirme Sipgnaly asd Sxatema el r : |
Sigeal whose independent vasinhlo ase diserets J.e ke anly intoger values! b ”:] *| rastraer : - =

For cxamyple. the primasy stmactam of II9A & dessibed By 2 soquenees of
DHaccic-time signaly aoc found in computers
For cxamyple the diffcrenes betwoen, the doised peaiteon pilt! end cor achol postion po’t i oo coror gl 717, widkich & 2 Fonction of
ooy Heme
H the coesrolles ey ohscsvey this Sgeel ad ropular semplmpe intervaly T, them iy inprat could be sepanded a0 segmenes af valucs x[z] that ia
indexed by the inseger
The mlsbcenlng boitween the discriz-tme sgoosos x[n] =nd g cootnooas sigeal = o peen e x[n] = x=@T), wiese T o the kogih of anc
t=nc akcp
Sampling comerty a signal of continucas damain o ooc of discetc domesn
For cxamyple. imapes ore nprcally repeescmrted o arran of paxcls scocased by imtzper-valucd rowa and colemmng, rotier than, 2 costiooomu
brighwnen Eclds. indexed by realvalucd spatial poordinatca

Lincer, Teme-Jevrariemt Snatemma

Seeec mackinm allew us to mpecift oy GEecreto-tione aywicm whoae ootprot iy coengrotakble Fom & histery of provicas Empus
The mprescetation of o mostae meching allows @ o cxcoste 2 machine em oy inprot we would ike, & grder to 3oc what Exppem
Exccutiom loty ua c=amine the behavior of the rortem oo ey perticoler mpeet for any partscular Eeter smoust of time bt docs oot kot @
characterize amr peneral propertics of the rviem of 10 long-term beheies
A ammell But powesful subclam of the whele clan eof woic machines, called discsric-Eme e Smemranen? (LI sprfoes which will alles decpes
Ezrmna af analyuis
In LTI rvwcena:

v Input and cotproty are reel nusmbers

r The mote i wome Soed mumber of peovion mpem to the avrtem 23 well o 2 Sxed combes of provicsn cotpeets of the woatem

* The output o a Exed, izcar Banction of tie corrent ioprut and oo of the dements i the siate
We mwill smirict gur sitcstion fo the casxe whee the ioput s 2 single real eombber and the output is 2 sieglc real sumber
LIT mvaocems eon be anabered sechematscalh: @0 oo way thes lety o chasarterire aoene propetio of theis pespast rignal for ey poasible @pees signsl
Azngties immpostact preperty of LT natcos & that they are compentionel: the caacade, parallel, and fecdheck combenetions of LTI rratema ase
thormechesy T matcens

Diacete-Time Signala
The PCAF rywecn bor disereic Sime sigmals
A ngmal i an inbarie segooser af sofl raluoy 3t discreic sme 1icpa,
A capiml X wmnds bos the wials: iogrut signal asd x[n] wenda oo the vales of igeal X s dmcacp
H theeia o snple syt emder discunzion, e 30 o the iopiut signal to thar sratem and Y for the puetpas 2pnal
W wil agv that rowecma rosducs inpres mignal mbs ooipot pnals

&
W will weede with = simgle przmithe, called the: wnif aomple 2mal 4 | # n=D . . -
kt ia defred o all postrrs asd nepesinve istoper indbers 2 llesa i [n] = L0 pmrusse 45
Gigral
Scalmp
Chur Brat opcration will b smaling, or meiicotin by o aalor
The maule of maliplvicg oy signal X brasmlarc s signal so thae i ¥ =+ X, then y[a] = =+ x[a] - i i "
Dchar

The nex: aperetion o the dils operesicn |ﬁ'-"5-



The maule of delemvinp o aizmpal X by 2 now sgnal BOU such thes i ¥ = R, then yvja] = x[n-1]
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Addifien

Fmaly wr con addf two signals together . \
Additem of iignals is socompinkod componcnt-wise, o thac i ¥ = M1 + =T, then v[n] = =l [a] + x2[n]

Alpcbraic Properies of Oporssian asd Signal
Adding i comengiatne end aassciaotTe
Ecabnp i commmustahne
Farthermare, F dhesbuten over addisian and scaling
Thoe algeibraic relattenthipa mean that we can sowsise 34 + (A - TRAZS @ (3 4+ AR - TRATA

Ferdicoward Sratema
A psbclage of diserebe-sirme LTI recma, wisch ast exacthe theae tiat can be deacmibed aa perboeming aoene cominnation of amaling: delos =nd

addition operations om the input Sgeel

Fepreresting Srabema
Wt can seproent rrrtcma ming opcrakes oyostions. diffsence cquatan, Bieck diaprama, and Prthen rimtc machineca,

Cpcraror ogoesion
Am opcresor oguation is 2 docriptos of Bow signal are seleeed to oo another iy the gperetiona of scoling, deley ond addition an whele
mpnely
Canzider o spratem that has an inpet signal 20 and wisme cusputaigeal o X - XK
We man docibe the mutem senp e ppormier epaaten ¥ = X - AR
VWembmwnisscham ¥ = 1 - KX
Focdforward maicem con abways be doeribod wiing an opoabor egoetion of the form ¥ = §X. wheee ¢ is 2 pobmomisl m R

DiE=cnes Erpaesicn
Az skernative seprescesation of the relatioebin between signals s 2 dfomeas qpuetion
A differenes oquation doesibo a selesianahin thas holdy amenp memples (valucs at particuler fene? of Sgeakh
The aperatar ogquates ¥ = X - RX can b cspreased aa thia aganalent ogamssion vaE] = x[n] - x[n-1]
The opemton cclomamp = sgmel can be soon bor an soboring b0 2 aamgle of thes @pnal =t aicp n-1

[hScenee cquaiean = comeenicns: far ricp-ar-scp anaban, loteng ua ooeapesss the vales of 2o ouipus sigeal at aoy ome sicp. pren the valuca of
the imprut sigeal

Elack DEag=ama
Angies wer of describiog 3 nevem s by demeinp a block: diapram. which iamade op of companena, consecied e hoes with erooe oo thes
Thee: lines eepeesc=rt sipnal
AL Eng that are conmecicd to onc other [nee poing throuph o round, iaogaler or decular compeeces) reprocat the mene aipnal
The commpooenty Topeoicms mascm
Thoe ore primithe compoo oo cormeIponcEng to cor gperstons oo aigeals:
" Deloy companent i deemn. a1 roctasgics, abded delay
= I X iathe mgnal an the Enc cosming in ta the doday: then the sgeel comuing out s K
* Exals component iy drewn o tmmegles, labded with a poetie o pogatns sumber e
= I X in the mignaol an the Enc ooeming intn the acale. then the sgnel cooming owt i 00
v Adder compeosees i drown m ciedes babeled wich +
= if X1 and K] are the sgeeh oo the nes that point to the edder the the signal commp out o =l + =2

Camibinstes of norcma

To coenbizme LTT apwirma, we will mec the 1ame cocede and parallel-odd opeaticns 11 we bed for s machiscs

Crmcede Muleplicacion
When we make 2 cascade comnbinetion of twa natcma, we lot the guiprut of one natem be the ingut for enothe
So & the romem M has an pperoter equatem ¥ = P1XK and aprtem M1 has en epesier cquasaon Z=9IW, and then we compore M and
AT in a cuacade by scztiog ¥ ='W, theo wr hme 2 new nowcmn, wish impus sgeel X end eotpeat signal £ and operatar cymesion
L=l DI

Parallcl addis
When we make paralld addsiicn combinaizon. of saw arrioma, the owipes ugnal 1 the mum of the ooipot dgnalb that would hoe rouliod Som the
individual sraterma
Heemuse additios af poheominlis mascieshe aod commesesive. thes wo 3 peralle] sddisson of focdborwaed linear maberss

Camiining Cascade snd Perellel Diperasiona
Emaly the dirinibesie low apohioy for caseade end pasallel combinasons, S gaie ol werf o the ssme waes tiae 1t apoles for moliplertios and
addision of pohmoszials

Feodlback Srmemma
Fedformard: the dependescics hare all Sowed Eom the ingut through to the ooipuat, with oo dependence of an eetput oo pecvious ouigut valuca
We will cxpend pexr sepeescntesion and mnabesn o handle the generel elan of ETT nasoens nowhich the putput can depeed an acy Bedie nuember

ef prodow input er catprat waluo



Accamulater Exammple
Conzider the dfference cpoesan y[e] = xn] + v[n-1]
Wxth the cgumesion we ron intn the gooison: what ia the walue of wn-1]7
In exr sroaiment of focdbadk matoma, we will procrally aneme that they aters: "ai reat”. which mezna that all vabeo. of the ingroi ond ooiprot =2
wcpa los thae zemo 2o pern

In the cxamplke given, we sec tiat we hove a tsansicnt et with 2 persinent (ieSaitch masy con-coro aampla’ e

Gencrel Foeen of LI Sewicma
In prmcral, LTI rpviema cas be docnibed by the diffoenes egeatona of the fore
¥lo| =egyla— 1] +eyidm = 2| + ... + €y ¥ln — k] + dgzin] + djxim = 1] + ... + auz|r - j]

The weec of this srrtem conzist of the k previcen eotpes valoo and j previssas impue valucs



