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Abstract:  The amplification of sounds of guitar multiphonics had
not been explored until now. We recorded and spectrally analyzed this
kind of sounds of unusual colours, to investigate the influence of
amplification with close microphone placement on the audibility of
their weaker main components. The results show that novelty is
introduced for the majority of the sounds investigated, because some

of their main components are otherwise not audible in a concert room,
regardless of its size,

1. INTRODUCTION

The technique of multiphonics is widely popular in woodwind
instruments. In the past years it has gained attention in low-
pitched bowed strings, and in the piano and the guitar it is slowly
coming out of the shadows (11. A lack of interest on the

instrument by non-guitarist composers may explain the lack of
guitar research [2].

On the guitar, the technique works much better on wound strings.!
It consists, as in the case of harmonics, in damping out some of
the string's vibrational modes (v.ms.) by lightly touching the string
at certain locations during or after jtg excitation (or both). What
objectlv'ely distinguishes both techniques is that, whereas with
harmonics the filtering is Systematic in respect to vibrational-
mode number, vyith multiphonics it g not. This facilitates our
nervous system in the grouping of the partials of the resulting
sound into subsets of fundamentals — hereafter main Ppartials - and
thelr'ovenopes. In case this takes Place, there is the perception of
mult!ple pitches [3], The highest maip partial found ip
multlghom'cs gharts [4, 5, 6] is partial 19. For one of these charts
there is a Justification, found in another section of the book: the

authors find impracticable to lay ha i i

the b ™ P Play harmonics abgye partial 19 on
(I;;kin \Z]ig;ﬁgg?oni'cs, ;he maxilmum overall loudness of the sounds

¢ 15 lower than thy ol conventj

Moreover, ‘the relatlye loudness (r.1) of some of the (;:1121111 S(z)ll;trigls
mhay bg quite low, either dye to strong damping of the v, n{)s or ts
their (intrinsically) lower excitation strengths. For the f'requenco
d sounds, the preferentia] absorption of thz

the air [7] g, .
of the lowgr-‘ ¢S not play 5 major role,

. > When percejyabe,
VeN Tevealed to g
Ovelty, which s i

plified soypg B3], portant to

chh player hag his/her ¢
1d1osyncrasies3 and thjs may i

ereby, to Investigate the S sounds,
audibility of the weaker m {tion on the

_influence of amplif;
S Used a sample of

ain partials, it wa

276

i i ith close
guitarists playing, in individual rec?r'dmsgals:s;(t)l?: g‘Ziltz}alr, -
microphone placemer}t at selectc;d gzstlg::;blishe d locations along
o L L et 5 s
time segr%lent, and the data was treated and e(;’ucﬁon recording and
Conditions for the sample and for Sour;(iinp;?lrtials at each location
analysis were established, and the Tl] 2 Given that one of the
were predicted up to partial 39. [ .for Jive performance, the
applications of the results are P‘ecesl o a purposive sample, for
elements of the convenience sample (a S] d that a concert situation

uality in the executions) sample were t0 Ordings were made in 8
svas desired. For the same reason the rec The recorded data was
large studio also used as concert TOST;‘- the end of the decay of
spectrally analyzed at a time segment gup to this point of the
the higher partials. The period of "md for the evaluation of the
sounds’ decay was the period considere

ted in
. 13 results are also presen
reliability of the main partials. Thets].:?e S umber of guitars and

this paper and are based on artial was detected. Non-
microphones, in the data of which 2 x])iable-

’ : tre .
detected partials were considered n;)e for pure and isolated tones,
S a

l-loudness curve rve (the reference for
ﬁ)ggﬁgsgsh (fi%ll"learences from thed4to g:g:mcil;e, fo(r the data of_e;xch
. re used to ived main partial -
}gz»;tliz\l']el tgzesm[;sz’t])cv;fnmon ]ogdest?ef‘fe'ﬁ;e r.l. of ealéh of the
hereafter perceptibly loudest partial (p- .fate d. Assuming the p.Lp.
other main partials to the p.1.p. ;‘(’)ai’gzlnc_tslpaced nlormixlized_ equ;l-
i -phon curve, 1U-] : e r.l. values, in order
:0 ireon the 40-phon lotted together with thIoudness (p.rl) and
oudness curves were p ¢ - ed relative 1o
to visually evaluate their perceive

t,
. . Jacemen
respective variation with microphone p he frequency of the p.lp.

ial’s r.1. depends on t eing investigated, the
IT’Z)]: ?ﬁz.].f:::glz:egi;tliznge of the Partfailserb mei.r.l. Some partials
lower the frequency of the p.1.p., the hlgsoﬂe,r due to the masking
may not be perceived or be percewed *ken into account using
effgct Totalpmasking by the p.l.p. wafnaskiﬂg of pure tones by
assurﬁptions based on values for the of the 40-phon curve. The’
pure tones [15] together with valueSo derate, weak, or very weak
p.r.l. was considered to be: strong, mn and 40 phon, 20 Iimd_ 310
when it varies approximately betwee hon, respectively. artials
phon, 10 and 20 phon and 0 and ltolll)y masked were cgnmdequ
1on, hon or less, or totd ¢ attenuation o soun 1s
"w(::};:rcl:)e'ri;:;ll?li.oF%r a distance Off]32'8mma;]:i 38 r%}:;lse algce:;l:nc;ﬁal:
. o y
:;8 dg}’;w};r;as.g%r d(;%z,mcreesspecti\’f?ly ve weak parti.als are
approximately, without amplifications oderate-p.r.l. partials are
i ’ nd weak and ™ ely. Very weak partials
S 1 (0§ e nd WK 2l Vry ek pail
should thgn only be perceived by lh?e which should also llzav?
should be hard to perceive by an au 1r1 artials in thﬁ b;l((i: 10
difficulty in perceiving moderate-p- 's't rong partials should also
medium-sized room. In larger rooms
be lost,

and 5, the use of other
time segment. This is,

of strings 4

? The cited paper mentions recording$ other

is at an
kind of microphones, and the analysi er. i
however, not dealt with in the present papor comPO]nem to function under
3 e o stem »[12])

Reliability is “the ability of a sy f time [ : S
stated conditions for a specified period © sived for single tones as half as
* A loudness difference of -10 phon is pere
loud [14],
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3. METHOD

Professional and semi-professi
rmail to participate i professional guitarists were invi
they shlc))uld g:et; ;?ea two-hour paid recording sessig:x\’li"f)d bl};' el;
participate they receivz:is for a concert. When they’a re‘évd K
abstract of the projecte by e-mail a document in Englislflgrwith to
etructions. Thre p; 0Sfomf; information on the study and pla an
students with experiences§lonal guitarists and two mastgr-lzglgl
male and one female) aﬁ in the professional music world (f ;
sessions. Each guitariot right-handed, took part in the record(')ur
Hz. All guitars had a used his own (concert) guitar tuned t 412§
constructed in 1994 anstrmg length of 65 cm. One guitar0
zrﬁ?}fri Eet\fw&en 2004 and 2%1130)’%2;:: tOf construction of the otl‘:e,::
of the guitars and m, i ension of the strings was high
usage varied between none z?nlllm/hlgh in the other two, and their
T s o o e o
ort.

When used as a
con

about 150 persons, DSfirr;[ room, the large studio has seating fi
Tl?e w}cl)oden walls of %hthe ﬁecording sessions it had no cl%air(;r
microphones were pointi e half of the ro i '
cax(-ipet_was placed g,? ltnhténf at zVere covered wi?}incl;?h Xxlgz?nsﬂi
and microphones sto rea (wooden floor itari

od. The gultarists sat o z)1 ;\;2?126 btllsc%unansts

Table 1 describes
microphones (wi € recordin "
omm'dI;rectionzgwrtn}t)(;i sensitivity %f Zn(;l nfs;/tfl)ng apparatus. The
following positions: ie and placed at a distancae) V;ere set to the
of the sound hole ai'ml} front of fret XII aimin atq 30 em at the
it (M3). The gain of o - 012); and e o iming at
approximately the same the microphones was ad'nef dalmmg b
gam .WaS 28 dB’ and Mpl,Ck-up level: M1’s gain juste to hav,e
location — 88 in tota] _ 3’s gain was 37 ng Th;vas 31ddB, M2’s
starting from the lowe were played one after a }slour} s at each
in the sessions, the ny st location. As other so n((i) ther in one take
one guitarist it wag onlmber of takes was mini unds were recordpd
time. Before playin Y possible to record twlmtlaZ}?d to three. With
location’s idemiﬁcat'g each sound. the o takes due to lack of
thereafter. When p| a‘°_n» and were asked %ultan.sts spoke the
oS touch bfieﬂyylvtlf’fh they were asked to: a;uetlgozl:ltl 0'31 ;
{)et t;;e’sgllllxllfikforte near th a pressure similar to the nsfeo e
decay gop < Oridge with nail and T
I about one second AftZStpslg)(l)ill(lz iﬁg

sounds, they we
Te ask,
fingerboard, take tip, €d to: maintain the left hand near the

wait about half a geer (0 Prepare !
:)of Iﬁe finger that se}f&?ﬁ before protcheeeé(i);gu](\);:) that followed, and
Of48e er}];crophon'es wery rtouCh the string, The (‘;‘renmllp fP zvas'madle
were cutZ i?lr:g Yitha beitc orded in separate traCkspalt ‘llefl')e;:l%rflli)s'
indjyig. 4L enc i
fﬁ;z;tch [10] was 1;vld(;‘li‘1 ﬁles’og;‘;g-f oTth aSO}:mld files of the takes
Th span between the 1,,” I order to minin(;' %qatlon. T e
e application p, ginning of the file alfie hlfferences in the
omand-ine eCulp vesion 1.6,5) - one t ;?;mcll((' Is of
0 -.lne annl: N.WaSUSe ) - [¢) e kernels O
gur:ic:onahty, allog‘f’ilr;;a:;lon lake(si f(;rd:/};e tspe:ctral analysis. This
“ghorrldwsaes ﬁound at the l}‘ batch process?nagef Of h‘Umx stel
mode. ’I‘hisq cz?cclfl” ysl:;1 ei. Bach sound ﬁgI; ‘(‘)'ZSW Sulgjl:fggdo:ge;
Obtzined with theat Over ar:irt:ee sInharmonic Partial Averaging
mode [16]. artj € segment
found En %‘al;ll'lelezvalues z:llSedraCkmg Ana?ystilsleiﬁvfﬁzgfngggs;ieiz
files with AudiOS' cul aﬁ;rl thF analysis parameters can be
. ) S
i%ﬁgg Vfﬁ?is o p‘estgrOplet Syl)llsr%fTse‘)‘(’freT EOI}Verted to tex(;
fundamental fre‘h ir aﬁo;]es were copied to si)rer:g:;:;); xd
:ﬁspectively. The(}gﬁ"cy, fuli-sctz?l the theoretical open-string
ose of M2, ¢l valyeg of Mel a:l(:iug,?gss levels (dBFS),
were normalized t0

Table 1: Recording (R) and editing (E) apparatus

Hardware/Software

Manufacturer | Model

Microphones
Microphone pre-amplifier
Aud'io format-conversion and
routing system
Digital audio workstation (R)
Interface
Software version
Digital audio workstation (E)
Interface
Software version

Table 2: Analysis parameters and respective v

Parameter _V_BL__’___/—
‘Maximum Number of Partials 39
Amplitude Threshold -120dB
Use Markers of Type... Hand Added: 505-569 ms
Relative Min. Partial Length 51% [of time segment]
FFT Settings:
Window Size (W Sy | 78 Hz/3077 samples/64.1 ms
window Type Blackman
Window Step Manual: 12.5% of WS
FFT Size | 32% (131072 bins)
Peak Connection:
Relative Frequency Deviation | 0 cents
Constant Frequency Deviation | 8.0 Hz
Relative Amplitude Deviation 50%
Source Partial Neighbors 1
Target partial Neighbors 3
Partial Connection:
Time Gap to Connect Over 0.015s
Freq. Gap t0 Connect Over 0.0 cents
Minimum partial Length 0.007 s
The data of the predicted main partials was then manuﬁli,ozggsg
gl e sarded b B o pgd gevisios
:Vv::ed:;?ﬁzzg,g: t111.;: “data of each guitarist and ?h 3 f:.arrle}zlls;llf
each microphone: These values were plottedltscg)e er v(x;1 b ealues
Joudness curves extrapolated [17] from ormf O 1% the
18] and normalized to the p(.ll. A xetr)relfl(l) f{eguiltars,gllrll data
sample’s grarl)lhicsrtaallso n scI(tiJe tee T abilty of the dal;t;aoli,
of wm;};igZ:e dpt?) . high when they ere detecte;l1 in the 04 in
:{ﬁncigrophones of at least four guitars1 n;?df%j:eg‘zitz?s of all
the data © 0 micropl.lone.s of alt0 eaWh o cted ;n o data
microphones of th'ree gulwr;,) ::lrly her cases. P r1 differe c;sfgrf
of only on¢ gult";f»h zil;her petweell microphones were ﬂaﬁl > ame
ag?tLil;l: v»lfailtllcl)l;ﬁgh or moderate ~eliability and detected in
number of guitars.
5 PresentlyAVid- e is related with @ theoretical exz,uﬂl’le ol a

6 The choice of
previous paper [3)

Sennheiser | MKH 800
Stagetec | Nexus Xmic
Stagetec | Nexus

Digidesing’ | Pro Tools HD3
Digi 192

9

Digidesing | Pro Tools LE
Digi 002

8.0.3

alues
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Figure 1: Relative loudness (Lret) and its standard deviation, and
perceived relative loudness (L in relation to the normalized
equal-loudness curves; the lowest curve is the 0-phon curve) of
the main partials of the sounds at fret X on string 6 at (a) M1 (fret
XII) and (b) M2 (sound hole). Lozenge, square, circle and triangle
correspond respectively to detection in the data of five, four, three,
and two guitars.

4. RESULTS

Table 3 presents an overview of the reliability results, Except for
partial 1, the majority of the predicted main partials up to partial
18, as well as more than the half of partials 19 to 25 have high or
moderate reliability. When reliable, partials 26 to 37 have always
low or very low reliability but partials 26 to 30 were, nevertheless,
systematically detected in the data of two guitars. Partials 38 and
39 are not reliable.

An overview of the p.r.L. results at M1 can be found in Table 4,
Except for partial 1, over half of the predicted main partials up to
partial 16 have high or moderate p.r.l. Partials 17 to 21 have
hardly a strong p.r.1. but partials 18 and 21 are, nevertheless, the
p.Lp. at two locations. Partials higher than partial 21 have always
a weak or very weak p.r.L, or are not perceivable.

Table 3: Average reliability-distribution (%:) aong fre
investigated locations on string 6 of the sounds’ predicted main
partials 0.5 s after the attack

Partial number

Partials’ T
reliability 1| 218 125;' g?) :;17 :;t;’
High 21 Expys) 29

Moderate o[ 13 28 )

Low b3 U I D U 1 70 &

Very low 21 1 6

Notreliable | 3§/ | © 0

investigated
Table 4: Average p.r.L.-distribution (%) among the investig

’ : in partia 059
locations on string 6 of the sounds’ reliable main partials
after the attack
Partial number
Partials’ p.r.l. N R T 7721 2.9
4

Strong & 5 |
Moderate 17 18 22 ‘
Weak 17 21 ‘

Very weak S0 % 8 Pl

Not perceivable 0 16 ) 19 [ P

. . 10 in each p'r'l'
Table 5: Number of the reliable main Pamalsolguced atthe

category 0.5 s after the attack of the sounds P!
investigated locations on string

Location distribution (numP¢r "”:c;') i

Partials’ p.r.l, w53l 2% | 9% 20% 112; [
| o | e | WL

Strong 5 273 1 0 ‘
Moderate s | 0 0 0 |
Weak 0 1-6 1-4 0 f
Very weak 0 03 | 06 1-6/12
Not perceivable 0 0/1 0-5 o

0% T s
*3/"10 locations but always one of the tW0 cates

g et
The flagged p.r.l. differences between M2 and Mlaixl?ials 189
M3 and M1 are always negative for partials above i
12, respectively. in paftia,lsﬂs,
Table 5 presents an overview of the number of ™ zte 1003"?6
each p.r.1. category at M1. For 12 of the 88 investi® pot 461 g
perceivable main partials other than the plp- were contaif
Of the other 74 locations, 72 give rise to sounds th 4ining “tl 58
partials with weak and/or very weak p.r.L. Sounds c<r) arise 2 o
than one main partial with strong or moderate p'é' ot de.tea
locations, Main partials with a moderate p.1.l- wer percelv
for sounds at 26 of the locations with more than ©
main partial (the case of the location of Fig. 1) 1s are P° i
two locations (situated near the nut), the main parti2 above P2
(only present at that kind of locations) and part’
21, and all have strong or moderate p.r.L

5. DISCUSSION

W
The sounds at most locations contain weak and/or V%rsy in
partials. Therefore, amplification of these SOUP with

novelty, even in a small concert room, at I¢

i
sensitivity microphones. To a lesser extent, amp!
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Introduces novelt i
: y by allowi i |
o ey by allow ;115 a longer fruition of the partials,

Only tota .
Might holwr:\?:rkl{,lg tby the p.lp. was taken into account. Partials
i » be totally masked by other equally strong partials

¢ those in Fi X
Ower p.r.l_m 1gure 1), or be partially masked, and thereby have a

¢ locations wi
at or very nea:v ;tgo%nly one perceivable main partial are locations
IS, non-multiple efOf v.ms. 2, 3, 4, 5, or 6. At those locations,
and thyg pe techni of these modes are very easily damped out,

hile it i que of harmonics ends up being played.

true it i . .
Csults show tglait 1t 1s not practical to play higher harmonics, the
hmuhiDhOnics At it is not impracticable to play sounds of

wit : . .
m(;’:lever, fCWerl }Slolf’r?;tslals higher than partial 19. There are,
oo Tely reliab

in which these partials are highly or
uency of part;

:S 1and have a strong or moderate p.rl. The
st * pointed out 9 of string 6 is over 1500 Hz. This value has
Ting ibrgion o> e value above which the influence of the
heoheed by 3 rest Mponent perpendicular to the soundboard -
: - Thig Stroke - Joses significance in the direct driving
r{li" of the maijp Coulg contribute to the lower reliability and
aircmp.hone M2) t}?a'mals above partial 18. At the soundhole
louradlates prefere eir p.r.l, is even lower because the enclosed
a td I The negaﬁvmmny lower frequencies and thus the p.Lp. is
the ® neck micrq }? p.r.l. differences of partials above pam‘al 12
Tag; Partials beinp one (M3) could be due to the frequencies of
tation OfWhichg close to body-resonance frequencies, the
b ee Microphone Would lose strength at the neck.
tw aat fret X11 (M1) presents then a better balance
04 higher partials. The purpose of the neck
Dick, " In regardmosuy due to the recording of other kind of
rad_s-up essentialy to the sounds investigated, this microphone
3163 less inge Y the body radiation, because the neck not only
ally in NSively than the other parts, but also rz}diates
igher Tequency range mainly above that investigated.
In ghe 1088, espe £ain, the neck microphone captures more room

ci .
fecordingg 1ally those of the noise of the attack, as perceived

6. CONCLUSION _
iphonicg, €€, this is the first study of its kind on guitar
fication i Tesults show that, even in a small concert room,

o Sigated, berodu(;es novelty for the majority of the sounds
I‘Qli

w Y
F ability

0
?ulo-“r knowleq
1

15¢ not augia“Se some of their main components are
of the 1, le. The results also provide information on the

n Aln components.

neougy LOVes comparing these results with those from

Cordings with less sensitive microph'ones with

S0 be j and with cardioid pick-up patterns. Strings 4 and

Cstigated.
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