
Room fingerprinting - by Stephen Tarzia

From Casa

Room fingerprinting is  a phrase  I inve nte d to  de scribe  a co mbinatio n o f e le me nts  o f room response
measurement and audio fingerprinting. The  pro ble m is  to  de te rmine  in which o f a give n se t o f ro o ms
(i.e . aco us tic  e nviro nme nts ) a re co rding was  made . This  is  an e xample  o f the  type  o f pro ble m that I
am inte re s te d in so lving.

Actually, this  surve y co ve rs  mo re  than jus t ro o m finge rprinting. The  full to pic is  Lapto p-co mpute r
Aco us tic Se ns ing (LAS). In the  firs t se ctio n, LAS  is  intro duce d alo ng with my mo tivatio n fo r s tudying
it. Ne xt, se ve ral type s  o f aco us tic  se ns ing sys te ms  are  de scribe d fo llo we d by a surve y o f the
curre nt s tate -o f-the -art in mo bile  aco us tic  se ns ing sys te ms . Finally, I co nc lude  by spe culating
abo ut what ne w LAS  sys te ms  might be  built base d o n the  de scribe d sys te ms .
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Motivation

This  s tudy is  mo tivate d by an o ngo ing re se arch pro je ct in which I have  atte mpte d to  inco rpo rate
ne w kinds  o f info rmatio n o n the  co mpute r use r's  s tate  in vario us  Ope rating Sys te m po licy
de cis io ns . Fo r e xample , I am curre ntly wo rking o n a po we r-manage me nt sys te m which can s le e p
the  display imme diate ly afte r the  use r le ave s  the  co mpute r. So  far, I have  be e n able  to  dis tinguish
be twe e n two  se ts  o f audio  re co rdings  made  o n a lapto p co mpute r; in o ne  se t, a use r is  s itting in
fro nt o f the  co mpute r watching the  s cre e n and in the  o the r se t the re  is  no  use r pre se nt. Mo re
ge ne rally, I am inte re s te d in disco ve ring what characte ris tics  o f the  co mpute r's  phys ical
e nviro nme nt can be  disce rne d us ing audio  re co rdings  fro m its  built-in micro pho ne .

The  go al is  to  disco ve r the  what type s  o f co mputatio nal aco us tic  se ns ing sys te ms , if any, can be
built us ing a typical lapto p co mpute r's  built-in audio  hardware . To  put it ano the r way, I am asking if
we let the computer eavesdrop on you, what can it find out? I call this  Lapto p Aco us tic Se ns ing (LAS)
and it se e ms  to  me  that ve ry little  has  be e n do ne  addre ss ing this  pro ble m. The  limitatio ns  o f that
audio  hardware  will de fine  this  wo rk's  sco pe  to ge the r with the  bro ad dire ctive  to  impro ve  the
use r's  co mputing e xpe rie nce . S ince  LAS  is  a ne w re se arch pro ble m, no  prio r publicatio ns  dire ctly
addre ss  it. This  lite rature  surve y will highlight re le vant aspe cts  o f se ve ral line s  o f aco us tic  s e ns ing
re se arch.

Acoustic sensing systems overview

Ge ne rally spe aking, the re  are  two  type s  o f aco us tic  se ns ing sys te ms: pass ive  and active . In active
sys te ms , audio  is  e mitte d fro m the  sys te m and the  e cho s  are  re co rde d and pro ce sse d. Pass ive
sys te ms  do  no t e mit any so und, but ins te ad pro ce ss  so unds  pro duce d by the  e nviro nme nt:
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Acoustic sensing system block diagram

Example s  o f e ach type  o f sys te m are :

syst em t ype t ransducers acoust ic f eat ures out put /purpose

Bio so nar
active
(usually)

vo cal/nasal o rgans ,
e ars

de lay, FM
ranging and mapping,
targe t ide ntificatio n

Artific ial so nar active

magne tic
spe ake r/ho rn,
dire ctio nal
micro pho ne

de lay, FM ranging and mapping

Ro o m aco us tic
re spo nse

active
spe ake rs ,
micro pho ne s

impulse  re spo nse
mus ical pe rfo rmance
re pro ductio n, mus ic
amplificatio n calibratio n

Ultraso nic
range rs

active
spe ake r,
micro pho ne

de lay
dis tance ; use d in ro bo tics ,
machine ry

Human audito ry
sys te m

pass ive e ars
spe ctrum, FM,
de lay, dire ctio n,
te mpo ral info , e tc .

varie d

Auto matic
Spe e ch
Re co gnitio n

pass ive micro pho ne
MFCCs ,
spe ctro gram

spe e ch transcriptio n

F0  de te cto rs pass ive micro pho ne
spe ctrum,
co rre lo gram

pitch, mus ic transcriptio n

Pro ce ss ing in active  sys te ms  is  much s imple r be cause  the y are  co nce rne d o nly with s ignals
co ming fro m a s ingle  we ll-kno wn so urce  (the  ping). On the  o the r hand, pass ive  sys te ms  are  "blind"
in the  se nse  that the y have  no  prio r kno wle dge  o f the  s ignal so urce s  and must, in ge ne ral,
co ns ide r many s ignal so urce s  as  po te ntially impo rtant. This  surve y co ve rs  se ve ral type s  o f bo th
active  and pass ive  sys te ms . We  be gin with active  sys te ms , due  to  the ir re lative  s implic ity.

Active sensing

Audio  in the  15 to  20  kilo he rtz  range  can be  pro duce d and re co rde d by a lapto p co mpute r but is
inaudible  to  mo st adults . Thus , by us ing the se  audio  fre que ncie s , o ne  can pro gram an active
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Sonar principle of operation

aco us tic se ns ing s ys te m that is  s ile nt to  the  use r. A practical active  sys te m wo uld be  limite d to  a
re lative ly narro w band o f ultraso nic audio  fre que ncie s . This  limitatio n pre ve nts  mo st o f the  active
appro ache s  discus se d be lo w fro m be ing use d dire ctly. He nce , we  must co ns ide r ado pting pass ive
appro ache s  as  we ll; the  latte r half o f this  surve y co ve rs  pass ive  audio  ide ntificatio n te chnique s .

Alte rnative ly, an active  aco us tic  se ns ing sys te m might pro ce ss  e cho e s  o f the  co mpute r's  no rmal
so und o utput. Fo r e xample , if the  use r was  lis te ning to  mus ic, the  e cho s  o f that mus ic co uld be
co mpare d to  the  o riginal wave fo rm. Such a sys te m wo uld have  the  po te ntial advantage  o f us ing a
wide band s timulus . Ho we ve r, the  s timulus  wave fo rm and o ccurre nce  wo uld de pe nd o n the  use r's
curre nt mus ical pre fe re nce , if any.

Sonar

So nar sys te ms  e mit so und pings and lis te n fo r the  re sulting e cho e s . Base d o n the  characte ris tics
o f the  e cho e s , a ro ugh map o f the  surro unding phys ical space  can be  de rive d. So nar is  use d by
animals , such as  bats  and do lphins , fo r navigatio n and hunting. Man-made  sys te ms  have  be e n
inve nte d fo r fishe rme n, dive rs , submarine  cre ws , and ro bo tics ; the se  sys te ms  are  use d bo th
unde rwate r and in air. Radar (http://e n.wikipe dia.o rg/wiki/Radar) use s  e le ctro magne tic rathe r than
so und wave s , but its  bas ic principle s  are  the  same  as  so nar. Ge ne rally spe aking, radar sys te ms
are  favo re d in atmo sphe ric applicatio ns  while  so nar sys te ms  are  favo re d in unde rwate r
applicatio ns ; this  is  due  to  the  transmiss io n characte ris tics  o f the  two  me dia.

The  s imple s t type  o f
so nar (and radar)
sys te ms  wo rk by
e mitting a brie f,
high-inte ns ity, and
highly dire ctio nal
so und ping in the
dire ctio n o f inte re s t.
The  so und wave  trave ls
(at co ns tant spe e d) fo r
so me  dis tance  and
e ve ntually re ache s  a
so lid o bje ct whe re  it is
re fle cte d. De pe nding
o n the  co mpo s itio n
and angle  o f the
re fle cting surface ,
so me  po rtio n o f the
ping's  so und e ne rgy is
re fle cte d back to  the
so urce  whe re  it is
re co rde d by a highly-se ns itive  dire ctio nal micro pho ne . In this  type  o f so nar se tup, the  mo st
impo rtant fe ature s  o f the  re co rde d s ignal is  the  arrival time  and inte ns ity o f the  e cho e s . In
practice , many e cho e s  will o ccur, with varying inte ns itie s  and de lays  which give  a crude  map o f the
phys ical e nviro nme nt in the  dire ctio n that the  sys te m was  po inte d. The  s ys te m can be  ro tate d o r
multiple  e mitte rs  and re ce ive rs  can be  use d to  map the  e nviro nme nt in all dire ctio ns  surro unding
the  sys te m.

His to rically, re se arch in so nar has  large ly be e n drive n by its  military applicatio ns . So nar was
de ve lo pe d fo r anti-submarine  o pe ratio ns  fro m Wo rld War I thro ugh the  Co ld War. S ince  Wo rld War II
and Britain's  s imple  but e ffe ctive  Chain ho me  (http://e n.wikipe dia.o rg/wiki/Chain_Ho me ) sys te m,
radar has  be e n we ll s tudie d fo r bo th military and civilian aircraft as  we ll as  we athe r fo re cas ting
applicatio ns .

In the  1970s , bio lo gis ts  be gan s tudy the  bio so nar use d by (micro chiro pte ran) bats  and marine
mammals  such as  do lphins . The se  sys te ms  are , in fact, much mo re  so phis ticate d than any
man-made  sys te m ye t de ve lo pe d. Bats , in particular, are  able  to  me asure  the  pre cise  lo catio n,
o rie ntatio n, and traje cto ry o f the ir inse ct pre y with as to nishing accuracy.
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The  fo llo wing table  co mpare s  the  so nar sys te ms  o f e cho lo cating bats  and do lphins . The ir so nar is
e qually so phis ticate d but adapte d to  diffe re nt e nviro nme nts  and pre y:

bat s dolphins

so nar range up to  3-4 m up to  hundre ds  o f m

dis tance  re so lutio n ~ 2 cm ~ 2 cm

angular re so lutio n ~ 4 de gre e s
be tte r than bats  due  to  large r he ad
(be tte r binaurality)

transmiss io n
duratio n

0 .3-300  ms 0 .04-0 .1 ms

pro pagatio n spe e d ~ 330  m/s ~ 1500 m/s

transmiss io n
characte ris tics

narro wband co ns tant fre q, o r
bro adband FM swe e p

wide  o r narro wband click (trans ie nt)

transmiss io n E
high, due  to  high s o und abso rptio n o f
air

high o r lo w, due  to  e ffic ie ncy o f
unde rwate r so und transmiss io n

transmiss io n fre q. 12-200  kHz 30-150  kHz

dynamics
transmiss io ns  change  as  the  animal
e nte rs  diffe re nt hunting phase s

transmiss io ns  re main re lative ly
co ns tant

The  o mnidire ctio nal (unfo cuse d) and re lative ly inse ns itive  micro pho ne s  and spe ake rs  built into
mo st lapto ps  are  no t ide al fo r building a pre cise  so nar sys te m. The re fo re , traditio nal so nar
te chnique s , which are  capable  o f building a de taile d range  map, do  no t apply. Ho we ve r, the re  is
ho pe  that a crude r so nar sys te m co uld be  de ve lo pe d.

S imo n Tucke r and Guy J. Bro wn, Class ificatio n o f trans ie nt so nar so unds  us ing pe rce ptually
mo tivate d fe ature s , (http://ie e e xplo re .ie e e .o rg/xpls /abs_all.jsp?arnumbe r=1593805) Oce anic
Engine e ring, IEEE Jo urnal o f , vo l.30 , no .3, pp.588-600 , July 2005

J. A. Tho mas , C. F. Mo ss , and M. Vate r, (e dito rs ). Echo lo catio n in Bats  and Do lphins
(http://nucat.library.no rthwe ste rn.e du/cgi-bin/Pwe bre co n.cgi?BBID=3776644) . Unive rs ity o f
Chicago  Pre ss . 2004.

Mark De nny. Blip, Ping & Buzz : Making Se nse  o f Radar and So nar
(http://nucat.library.no rthwe ste rn.e du/cgi-bin/Pwe bre co n.cgi?BBID=4768330) . Jo hn Ho pkins
Unive rs ity Pre ss . 2007.

Room Response

In the  aco us tics  co mmunity, room response measurement e sse ntially is  the  me asure me nt o f the
aco us tic pro pe rtie s  o f a ro o m. With re spe ct to  a s ingle  s tatio nary so und so urce  and a s ingle
re ce ive r, the  re ve rbe ratio ns  characte ris tic  o f the  ro o m can be  co ns ide re d Line ar and Time
Invariant (LTI). An LTI sys te m is  de scribe d by the  e quatio n

output(t) = input(t) * h(t)

whe re  h(t ) is  calle d the  sys te m's  impulse response and * is  the  co nvo lutio n o pe ratio n. Once  h(t ) is
de te rmine d, the  o utput can be  pre cise ly calculate d fo r any give n input. Ro o m re spo nse  te chnique s
atte mpt to  me asure  h(t ) by e mitting e xcitatio n s ignal(s ) and me asuring the  ro o m's  aco us tic
o utput (the  re co rding):

recording(t) = excitation(t) * h(t)
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Dodecahedron loudspeaker
used for acoustics

measurement

The  challe nge  is  to  cho o se  a co mbinatio n o f e xcitatio n wave fo rm and de co nvo lutio n te chnique
that yie lds  an impulse  re spo nse  h(t ) e s timate  with maximum s ignal-to -no ise  ratio  and minimal
no n-line ar artifacts .

The  s imple s t appro ach use s  a Dirac de lta functio n (http://e n.wikipe dia.o rg
/wiki/Dirac_de lta_functio n) (aka unit impulse  functio n) as  the  e xcitatio n. As  the  name  implie s , the
impulse  re spo nse  h(t ) can be  me asure d dire ctly by applying such an e xcitatio n to  an LTI sys te m.
Ho we ve r, a unit impulse  is  impo ss ible  to  cre ate  in practice . It can be  appro ximate d by a sho rt lo ud
trans ie nt s ignal. So , firing a pis to l in a ro o m will pro duce  e cho e s  that appro ximate  the  ro o m's
impulse  re spo nse ; this  pro ce dure  is  actually sugge s te d by the  ISO.

Mo re  so phis ticate d appro ache s  to  calculate  h(t ) use  to ne -swe e ps  o r pse udo -rando m no ise  (e .g.
maximum le ngth se que nce s  (http://e n.wikipe dia.o rg/wiki/Maximum_le ngth_se que nce ) ) as  the
e xcitatio n. The se  me tho ds  pro duce  lo we r s ignal-to -no ise  ratio , assuming so me  give n e xcitatio n
e ne rgy co ns traint. Ce rtain po s t-pro ce ss ing is  ne e de d to  de -co nvo lve  the  re co rde d s ignal into
h(t ).

The  re ve rbe ratio n time  (http://e n.wikipe dia.o rg/wiki/Re ve rbe ratio n_time ) o f a ro o m is  ano the r ro o m
aco us tic characte ris tic  which is  le ss  use ful that the  impulse  re spo nse  but which is  e as ie r to
me asure . It indicate s  the  time  afte r which e cho e s  fall be lo w a ce rtain thre sho ld (60  dB be lo w the
e xcitatio n). To  me asure  re ve rbe ratio n time , o ne  s imply plays  a lo ng so und to  bring the  ro o m to
s te ady-s tate , s to ps  the  so und, and re co rds  the  e cho e s ' de cay. Applying a lo w-pass  filte r to  the
re co rding give s  the  decay curve and the  re ve rbe ratio n time .

In co ntras t with so nar, ro o m re spo nse  me asure me nt calls  fo r so und
so urce s  as  o mnidire ctio nal as  po ss ible . This  make s  it suite d to
lapto p spe ake rs . Ho we ve r, bro adband s ignals  are  typically use d fo r
e xcitatio n which wo uld no t fit within the  limite d s ile nt ultraso nic
band. In additio n, de pe nding o n the  ro o m s ize , a ve ry high e ne rgy
e xcitatio n may be  ne e de d; the  lapto p's  hardware  may no t be  able  to
pro duce  a suffic ie ntly s tro ng e xcitatio n. Also , the  ISO pro ce dure
re co mme nds  that micro pho ne s  no t be  place d to  c lo se  to  any so und
so urce , tho ugh no  e xplanatio n is  give n.

ISO 3382:1997 Aco us tics  -- Me asure me nt o f the  re ve rbe ratio n
time  o f ro o ms  with re fe re nce  to  o the r aco us tical parame te rs
(http://pcfarina.e ng.unipr.it/Public/NPL-wo rksho p
/ISO3382-1997.pdf) . Inte rnatio nal Organizatio n fo r
S tandardizatio n. Ge ne va, Switze rland, 1997.

Ge rzo n, Michae l A. Re co rding Co nce rt Hall Aco us tics  fo r
Po s te rity (http://www.aco us tics .ne t/o bje cts /pdf/re vie w_ae s_ge rzo n01.pdf) JAES  Vo lume  23
Issue  7 pp. 569 , 571; Se pte mbe r 1975

A Farina, R Ayalo n. Re co rding Co nce rt Hall Aco us tics  fo r Po s te rity. (http://www.aco us tics .ne t
/o bje cts /pdf/artic le _farina05.pdf) AES  24th Inte rnatio nal Co nfe re nce  o n Multichanne l Audio .
2003

Stan, Guy-Bart; Embre chts , Je an-Jacque s ; Archambe au, Do minique . Co mpariso n o f Diffe re nt
Impulse  Re spo nse  Me asure me nt Te chnique s . (http://www.mo nte fio re .ulg.ac.be /~stan
/Artic le JAES .pdf) JAES  Vo lume  50  Is sue  4 pp. 249-262; April 2002

Passive sensing

A pass ive  LAS  sys te m wo uld pro ce ss  e nviro nme nt re co rdings  dire ctly. Pas s ive  sys te ms  are  mo re
co mple x be cause  the ir task is  le ss  we ll-de fine d. Active  sys te ms  s imply calculate  the
trans fo rmatio n that the  e mitte d so und unde rwe nt o n its  e cho  re turn path. S ince  the  "ping"
wave fo rm is  kno wn be fo re hand, and the  varie ty o f po ss ible  aco us tic  trans fo rmatio ns  are  limite d
(usually to  jus t de lay, amplificatio n/atte nuatio n, and fre que ncy mo dulatio n), it is  re lative ly e asy to
ide ntify the  impo rtant po rtio ns  o f the  re co rde d s ignal and discard the  re s t as  no ise . The  no ise
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filte ring and class ificatio n pro ble ms  fo r active  sys te ms  are  much mo re  co mple x be cause  the y have
no  kno wle dge  o f what should be  in the  s ignal.

Audio Fingerprint ing

In the  co nte nt-base d audio  pro ce ss ing co mmunity, audio fingerprinting (also  calle d acoustic
fingerprinting) is  the  hashing o f an audio  re co rding (o r a se t o f variatio ns  o f an audio  re co rding) to
a unique  ide ntifie r. The  mo st co mmo n applicatio n do main fo r audio  finge rprinting is  mus ic.
Typically, the  go al is  match no isy snippe ts  o f re co rding to  the  full re co rdings  s to re d in a database
and the re by pro vide  me tadata such as  the  so ng name  and artis t fo r the  snippe t. The se  sys te ms
have  be e n de s igne d to  be  ro bus t to  s e ve ral type s  o f no ise  and are  so me time  e xplic itly targe te d
to  ce ll pho ne s , so  we  can safe ly say that such a mus ic  lo o kup se rvice  co uld ve ry e as ily run o n a
lapto p co mpute r. We  might co ns ide r adapting audio  finge rprinting te chnique s  to  the  ro o m
ide ntificatio n pro ble m me ntio ne d in the  intro ductio n. To  e valuate  this  po ss ibility, an unde rs tanding
o f audio  finge rprinting te chnique s  is  ne e de d.

The re  are  two  main s te ps  in an audio  finge rprinting sys te m: finge rprint e xtractio n and database
matching. In the  e xtractio n s te p, the  go al is  to  cre ate  a summary o f the  re co rding which is  ro bus t
to  co nte nt-pre se rving trans fo rmatio ns . In the  co nte xt o f mus ic, co nte nt is  de fine d by a human
pe rce ptio n so  the  finge rprint is  a kind o f pe rce ptual summary. In ro o m finge rprinting, we  might want
to  ide ntify which s o unds  are  characte ris tic  o f the  ro o m. Ho we ve r, the se  so unds  will no t be  pre se nt
in the  same  way in e ve ry re co rding. Fo r e xample , my o ffice  might be  characte rize d by my
te le pho ne 's  dis tinctive  ring to ne , o r by the  vo ice  o f my o ffice mate . Ho we ve r, the  o ccurre nce  o f a
te le pho ne  ring and my o ffice mate 's  utte rance s  o ccur unpre dictably. The re fo re , a ro o m sho uld be
characte rize d by a mo re  fle xible  model rathe r than by a pre cise  pe rce ptual windo w, as  is  do ne  in
audio  finge rprinting. To  summarize , a ro o m finge rprinting sys te m must be  ro bus t to  content-
rescheduling trans fo rmatio ns ; the  dire ct lo o kup-base d matching sche me  use d by audio
finge rprinting algo rithms  is  no t.

Cano , P.; Batle , E.; Kalke r, T.; Haitsma, J., A re vie w o f algo rithms  fo r audio  finge rprinting,
(http://ie e e xplo re .ie e e .o rg/xpls /abs_all.jsp?arnumbe r=1203274) Multime dia S ignal
Pro ce ss ing, 2002 IEEE Wo rksho p o n , vo l., no ., pp. 169 -173, 9 -11 De c. 2002

Jaap Haitsma and To n Kalke r, A Highly Ro bus t Audio  Finge rprinting Algo rithm,
(http://ismir2002.ismir.ne t/pro ce e dings /02-FP04-2.pdf) Pro ce e dings  o f ISMIR, 2002

Burge s , C.J.C.; Platt, J.C.; Jana, S ., Extracting no ise -ro bus t fe ature s  fro m audio  data,
(http://ie e e xplo re .ie e e .o rg/xpls /abs_all.jsp?arnumbe r=1005916) IEEE Inte rnatio nal
Co nfe re nce  o n Aco us tics , Spe e ch, and S ignal Pro ce ss ing, 2002. Pro ce e dings . (ICASSP '02).
pp. 1021-1024, 2002

Burge s , C. J., Platt, J. C., and Go lds te in, J. 2003. Ide ntifying audio  c lips  with RARE.
(http://po rtal.acm.o rg/citatio n.cfm?id=957013.957104#) In Pro ce e dings  o f the  Ele ve nth ACM
inte rnatio nal Co nfe re nce  o n Multime dia (Be rke le y, CA, USA, No ve mbe r 02 - 08, 2003).
MULTIMEDIA '03. ACM, Ne w Yo rk, NY, 444-445.

Zmudz inski, S . and S te ine bach, M. 2008. Psycho -aco us tic mo de l-base d me ssage
authe nticatio n co ding fo r audio  data. (http://po rtal.acm.o rg/citatio n.cfm?id=1411343#) In
Pro ce e dings  o f the  10th ACM Wo rksho p o n Multime dia and Se curity (Oxfo rd, Unite d Kingdo m,
Se pte mbe r 22 - 23, 2008). MM&Se c '08. ACM,

Ot her passive syst ems

Eve ry scie nce  fictio n future  include s  co mpute rs  that re spo nd to  vo ice  co mmands . Curre ntly, such
sys te ms  do  no t ye t wo rk we ll e no ugh to  be  wide ly use d e xce pt unde r co ntro lle d co nditio ns  and
with high-quality micro pho ne s . Ho we ve r, re se arche rs  are  making co ns tant pro gre ss  in se ve ral
dire ctio ns . Such pass ive  sys te ms  include  spe e ch re co gnitio n as  we ll as  mus ic ide ntificatio n,
characte rizatio n and transcriptio n. Re se arch in the se  sys te ms  is  be yo nd the  sco pe  o f this  s urve y.
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Re ce ntly, the re  have  be e n a fe w re se arch pro je cts  in the  ubiquito us  and mo bile  co mputing
co mmunitie s  which have  use d audio  hardware  fo r vario us  no ntraditio nal purpo se s . The se
re pre se nt the  LAS  s tate -o f-the -art. Madhavape ddy e t al. have  use d audio  as  a sho rt-range  wire le ss
data transmiss io n me dium. The ir sys te m use s  e ithe r ultraso nics  o r data-e nco ding mus ical
me lo die s  to  achie ve  lo w-bitrate  co mmunicatio n (8-14 bits /se c).

Madhavape ddy e t al. also  de ve lo pe d a ro o m lo calizatio n sys te m calle d WALRUS which use s  bo th
802.11 wifi and ultraso nics . WALRUS pro vide s  mo bile  lapto p o r PDA use rs  with info rmatio n abo ut
the  ro o m in which the y are  curre ntly lo cate d. One  disadvantage  o f WALRUS  if that it re quire s  so me
infras tructure ; e ach ro o m must co ntain a PC (o r e quivale nt) which can o ccas io nally bro adcas t a wifi
ro o m info rmatio n packe t while  e mitting an ultraso nic to ne . The  c lie nt de vice s  lis te n fo r the  wifi
packe ts . Whe n a wifi packe t is  re ce ive d, the  c lie nt switche s  o n its  micro pho ne . The  assumptio n is
that e ach ro o m is  re lative ly we ll insulate d fro m e xte rio r so und but no t fro m e xte rio r wifi
transmiss io ns ; se ve ral ro o m info rmatio n packe ts  may be  re ce ive d fro m a give n lo catio n, but o nly
o ne  co ntains  info rmatio n fo r the  curre nt ro o m. If an ultraso nic to ne  is  he ard alo ng with a wifi ro o m
info rmatio n packe t the n that packe t is  re co gnize d as  o riginating fro m the  curre nt ro o m.

Be e pBe e p is  a s imple  aco us tic ranging sys te m which can de te rmine  the  dis tance  be twe e n two
mo bile  pho ne s  (o r PDAs , lapto ps , e tc .). The  two  de vice s  e mit a to ne  while  re co rding o n the ir
micro pho ne s ; this  is  do ne  o n bo th de vice s  at ro ughly the  same  time . Each de vice 's  re co rding will
have  bo th its  o wn be e p and that o f its  ne ighbo r. Us ing the  o bse rve d diffe re nce s  in be e p time s  in
bo th de vice s ' re co rdings  the  s ignal pro pagatio n time  (and thus  dis tance ) be twe e n the  de vice s  can
be  e as ily calculate d. This  appro ach re quire s  that the  de vice s  can co mmunicate  thro ugh wifi, o r
so me  o the r me chanism to  co o rdinate  the  se mi-synchro no us  be e ping and to  e xchange  the ir
o bse rve d be e p time  diffe re nce s .
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Conclusions and Future Work

This  surve y co ve re d a wide  range  o f to pics . In this  se ctio n I will re vie w by summariz ing the
pro spe cts  fo r e ach aco us tic se ns ing sys te m o n lapto p co mpute r hardware . Each sys te m has  so me
re quire me nts  that wo uld be  unfulfille d o n a lapto p, but the se  sho rtco mings  may be  allo we d us ing
vario us  adjus tme nts :
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I be lie ve  that the  pro spe cts  fo r e ach o f the se  thre e  type s  o f sys te ms  is  quite  go o d, altho ugh I
have  no t e valuate d the ir po te ntial impact.

Re trie ve d fro m "http://mus ic.cs .no rthwe ste rn.e du/classe s /casa/inde x.php/Ro o m_finge rprinting_-
_by_Ste phe n_Tarz ia"
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