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Short Time DFTフィードフォワード

シラピックコンパンダの特性と構成

Masahichi Kishi 

岸政七

ABSlRACT R国ucingthe s開 ctrum∞cu凹ncyover radio channels is as隅 11kn棚 1as in肺 r句nt

ωprevent frαn exhausting radio s戸 川rumresources. The syllabic compandor provides with 

indispensable function bothωimprove s閃 echquality and reduce fading noise over radio 

channels against ωsaving transmission p叫 erand narr側 ingspectrum 氏 側 同ncy.

Therefore， many invesitigations are keenly studied on realizing the syllabic明 npandors.

Unfortunatelly， most of them have been concerned with approximation in the制ayof AM 

den凶 ulationω 田 timateenvelope cα駒 nentwi th田 rtainintermodulation error bet附句 input

signals and their envelopes. When such approxi回 tingenvelope detector is adopted to 

∞mpressor/expander， the inter附 dulationぽ rorin the approximately estimated envelopes 

induces harmonic distortions 旬 expandspectrum 0∞upancy and to degrade speech quali ty in 

the aprior cαnmuni日 tionsys回路.

An exact com開 ndoris succesfully discussed with employing instantaneous spectrum 

analysis inst国 ofAM demodulation approximations in realizing the envelope detectors， 

制Ihichis bas吋 onthat compressing/expanding is precisely阿 forn凶 onthe frequency 伽 ain.

After being decomposed into instantaneous spectrum， input signals are processed via 

dividing/multiplying along田 chvector of the instantan回 usSI耽 trumωH凹nents. The output 

signals are synthesized fr叩 thecαnpress剖/expandedinstantaneous spectrum刷ithoutal倒防t

any harmonic distortions. 

1. I N1ROOUCTI側

As the syllabic compandor provides with 

indispensable function bothωimprove s開 ech

quality and reduce fading noise over radio 

channels against to savi昭 transmissionpo制er

and narrowing spectrum occupancy， many 

invesi tigations are k田 nlystudied on r田 lizing
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the syllabic companders[ll. Unfortunatelly， 

most of them have been concerned with 

approximation in the陥 yof AM demodulation to 

estimate田 velopeof input signals. 地ensuch 

approximated envelope detectοr is adopted to 

cαnpressor/expander， the intermodulation error 

例制 ωapproxi闘 teestimation induces harmonic 

distortions to expand SI既 trum∞cu凹ncyand to 

degrade speech quality in the aprior 
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C窃爾runi臼 tionsys出悩.

Instead of employing approxi舶 teenvelope 

detector of 1¥.月 d巴modulators，the previously 

reported short time DFT is日doptedto analyze 

input signals i目toth邑 instan taneous spec trum [2， 

3]. The til隠 variantreal and imaginary parts 

of each instantaneous spectrum component are 

interpreted as a kind of time variant 

coefficint of the Fourier series with exception 

of開 ssing∞n蘭lontime varient phase function. 

制hereinput signals are decomposed into 

instantaneous specirum， the enveJope is e司ual

to the absoluie of the vector spaned by both 

real and imaginary parts of田 chins tan taneous 

S阿 trum悶 nponent. Oividing/multiplying input 

signals in prior to their envelope to get 

compr巴ssing/expanding2 to 1/1 to 2 in dB 

問問ingsbec明祖国 tothe individual processing 

of dividing/multiplying the spectrum cαnponents 

along to the spaned complex vector on the 

frequ巴ncydomain， respectively. That is， 

compressing/expanding individually the 

ins切目匂R回目ssptヨctrumof input signals along to 

th邑 spectrumcom問自entvector is the only way 

to avoid any phase deviation in 

compressing/multiplying input signals. 

This new c伽 1開ndorproposed in this paper， 

na陥edby "short time DFT feed-forward syllabic 

compandor (ab. in ST-DFT compandor)"， is 

precisely substantiated by both envelope 

characterIstics being 1:2 in dB mea目ingand 

intermodulation error being eliminat自dto 

vanish almost al1 harmonis distortion through 

C棚 pu句rsimulatio問。

A circuitry configuration of the ST-DFT 

compandor is categorized into thre巴冊ajor

blocks: 1 Instantanuous spectr四 analyzer，11 

fre司uencydαnain compressor/expander， m output 
signal syn th田 izer. 1t is easy to understand 

that the ST-D円 compandoris ideal and fr田 fr側

any distortion， while the instantanuous 

spectrum analysis is performed without any 

errors. 

2. I臨T醐T輔 OUSSf宅E南島u賠密招提TTI旺断T

The most significant concεpt in the ST-DFT 

C柵 pandori s the insian tan巴ousspectrum. 国側3

we consider ho判 theshort time DFT gives the 

instantan田 usspectrum. 

Let the instan taneous spec trum ⑨(n) at 

sampl ing ti冊目 begi ven by， 

$(目)={9Iぬ古 9I1ω 佐治合.. . ゆN-lω } T. (1) 

Where， 伽帥 isa spectrum component at 

fr問uencyindex k ofφ耐.

The s問ct四 mcomponent 似帥 isdefined by the 

short time DFT as foll開 s，

ゆ均台=L: r=~ x(r) h (n-r)腕ペ (2) 

her巴， x (r) is an input data at sampling til肥 r，

WN-r> is the same operator defined in the 

existing D門前 follo制s，

.27町k
蜘一四 =e却(ーJIー)， 

integer k is 0三 k<N.

Existe目白 of ST-DFT req日ir巴sthat outpu t 

signal y伽dat time n is pr巴ciselyreproduced 

from the instantenuous s開 ctru冊⑥ωviaST-

I円. That is， 

俳;出品1州附H，

2nnk 
Wtfk=exp (j ~Nー). (3) 

Here，臨時 isgiven by the same operator as 

existing inverse D円.

The ST-IFT denoted by eq.3 requires that 

the window fundion h(*) of eq.2 holds the 

condition， y(n)=x(n). Substituting問 .2in to 

eq.3 and exchanging the summation order for 

variablωk and r， it gives eq.4. 

俳 tz山 (Er=~ x(r)h(n-r)臨 rx}Wi'k 

=L: r=~ x(r)h(n-r){ _1-Ek!':!O1帆 (n-r)k}. (心

N 
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The sUlllllation for variable k ta~凶 non zero 

value by N， only if n-r= 2Nq. Here， q is 

integer. This gives th巴 folloωingrestrict 

∞nditionωthe wind側 function.

hω=(;:::;:Lu，(日

u is non zero integer. 

For example， an N frame length Nyquist 

制indo刷 functiontruncated with 2m frame number 

h(p) ， 

in(阿川
h(p) =一一三アー， -mN;;;;; p ~玉耐， (6) 

P花jN

are able to satisfy eq.5. Hereafter， the 

truncated Nyquist判illbe employed for the 

present as a window function in the ST-DFT. 

3. ST-IlFTαWN副R細 ITSPRI舵肌E

The processing outline in the ST司 DFTcompandor 

is sho柑nin fig.l. In the ST-DFT compandor， 

input signal x(r) is at first analyzed by ST-D円

AmpJi tude Nyquis t Wind側
，勺、、， 

， ， 

-創

Fig.l Processing伽tLine in the訂'-D，町 ComtQ1由 r

to yield instantaneous spectrum φ(n) . 

S民 ondly，加threal and imaginary parts of田 ch

component of the instantaneous spectrum are 

divinding/multiplying by prior amount to get 

compressed/expanded spectrum <T (n) . Ou tpu t 

signal y(n) is fiQnaly synthesized through the 

ST-I円 from間前回sed/ex開口dedSI既 trum <t (n). 

So long as being concerned糾ith the 

instantaneous spectrum， output signals are 

seemed to be gi甲enby a kind of the Fourier 

seri邸側ithtime variant cαnplex coefficients as 

shown in eq.3， where伽(n)mean time variant 

complex coefficients and ~Nftk m田 nharmonics 

carriers of the Fourier series. The envelo開 of

arbitrary signals is precisely defined by the 

magnitude of the instantaneous spectrum 

componet仇(n). The companded instantaneous 

SI既 trumcαnponen t Ok (n)町宮 givenas foll側 s.

保句)=I伽(n) Iαe joa 

θ(n)=ぬがI[ bk(n)/淑(n)]. 

。He四， α=0.5for c側IPf'8Ssi ng，α=2 for ex問 nding，

ak(n) is real part of仇(n)，and bk (n) is 

i聞 ginaryof that. 

The real part ai(n) or imaginary問rt鼠

(n) of compressed/expanded instantaneous 

SI既 trum悶即on聞 tみ，(n)is given by明 .8.

民(n)し 一一一一 o;.(n) 

朴一一一一見乙JXP31Mg

。
奈川 ak(n) 広(n)

Fig.2 Schema Comse/JL 01 lIw com/Jressing!ex/Jlll1l1ing 

OIl Lhe 1γeqlwllcy t1l1maill. 
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語句)=I o山) I "，-1 ak (n) ， 

鼠(n)=I似ωI"'-1 bk(n)， 

(8) 

，
.
 

、‘a
，，、‘
a
，v

n

H

n

u

 

(

(

 

b
民

む

瓜

A
V
A
V
 

，，F

，Jf
 

)

)

 

n

n
一

(

(

 

V-R

旬
民

a

b

 

----
ωω 

A
V

且

υ一一-m
'
 

白し
V

T
A
 

白し
V

H
H
 

prωf: Preciseness of u:柿a世iingon the 

Fγe似encylbnain 

On the assumption that the companded 

ins句ntan回 uss開 ctrum事(n)yields pure real 

signals， the frequency domain compander is 

田 silyunderstoodωbe perfect in companding 

signals佃 dto be fr田 frαnany disωdions. 

Conv町 genceof the output signals being pure 

real is s∞n shown in the follo附.

Equation 7 gives compressing operation， 

ifαis 0.5， and expanding， ifαis 2. 

制hereαis1， the output signals are 

precisely equal to input signals. 

Substituting払(n)wi th 伽 (n)of eq.3， 

output signals y(n) are given as follωs. 

拘)=i山 1払ωWtfl<

寸{街刷。仇ω，WtfN/Z}

寸前1(術I)Wtfk

(9) 

In明 .9，怖oor WtfN/Z takes間四 r田 11 

or 1(-1)， respectively. If Oo(n) or 伽/Z

(n) is pure r闘し the ∞，rresponding cαnpanded 

component街(n)or 街ノZ(n)takes pure real 

value. Since帆"(N-k) is gi ven by compl巴X

conjugate with耐久柚，， (N-I<)=郭1"1<， every 

bracketted term of eq.9 takes a pure real 

num出r，iff街-k(n)is complex conjugate with 

誕(n). In practice，似(n)holds the follwing 

relations， 

6耐'" Er=-~ x(r)h(n-r)= pure r回 L (1ω 

伽ノz脅か Z戸~ x(r)h(n-r) (_1)r =pure real， (11) 

.2π:r (N-k) 
伽-K(n)=Er=器削I(n-r)exp{ーJ---~N-ー)

.21町k
=Er=~ x(r)h(n-r)exp( j一一一)=伽(n). (12) 

N 

Both hands being multipled by the same 

schalor， absolute of伽(n)or absolute of伽

-K(n)=函(n)，明.12gi ves follωings. 

術か loω 1 0:-1o耐

= I OH-kω|α1砂H-kω=函-ω (13) 

Therefore， the compressed/expanded output 

signals y(n) are finally given as pure real as 

follo附 .

内)=i印刷)Wr{'k 

寸{嗣+(ー1)"~/2 (n) } 

+tz尚 -1 側 'Wr{'k+耐IWtfk}

寸蜘+(-1)"ル(n)} 

+{消・1却'eaL仰Wtfk}，ω.ω 

4. CI細川1RYαW閣制TI聞

The ST-DFT compandor consists of three 

major blocks in processing wise， or N/2+1 sub-

H凶 ulesin fr明 日 開cyindex wise， as sho剛 inf ig. 

3， or as given by eq.14. The first block is 

the ST-DFT analayzer and consists of N/2tl 

modules in制hichevery component 伽(n) is 

yieled. Inner product of x(n) and WIl-問 in明 .2

is開 rformedof mαiulating the input x(n)制ith

仰 nplex日町ierWN-rx of加<INnormarized angular 

frequency. Convolution={x(r)柚-rx}and h (r) in 

伺 .2is also interpr巴tedas 1ω-pass filtering 

the modulated signal (x(r)柚crK} by h (r). That 

is， the 1ωer side band cαn凹 nentof modulated 

signals x(r)柚叩 isextracted to produce base 

出ndωnponent 俳句)of instantan田 uss開 ctrum

@ω. 
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The second block is a compressor/expander 

on th日 frequencydomain as sho制nin detail in 

fig.4. This block is dαninant in function， of 

which the c棚 pressoris implemented as shown in 

figs.4(a) (b)， or the expander is imple冊 ntedas 

sh倒 nin figs.4(c) (d)， r回符対:tively.

訂ー町!Al¥dlyzer Fr問uencyDor池山 訂ー1FTSynlh回目cr
C棚 pr田 sorlEx田nder

Fig.3 Canfigurat ion 01 the s[-DFT Conψallf10γ 

仇(n) E
 (a) SIゆ・耐血lecomtressor for index k=O or N/2 臼 rrier Wrl'k. 

日{仇{同)0 (--:-)-一一一一→ R(o，(叫}

187 

A∞ordi目E旬 theOth or N/2th instantaneous 

spectrum component being pure real as given by 

eqs.l0 or 11， Oth or N/2th sub-module of the 

frequency domain compressor/邸 panderrequires 

岡er巴lyschalor functional element of a 

rooter/multiplyer as sh蜘 1in figs.4(a) or 4(c). 

The par t制ithcom悶ontopology in both 

figs.4(b) and 4(d)，叫lichconsists of two 

muliplyers and an adder， means function of 

calculating square amplitude of the 

instanta目eousSptョctrum悶即onent 仇(心. In fig. 

4(b)， the part which consi ts of t[ er and 

dividers ∞mpress邸 the instanta目白usspectrum 

伽(n)on the frequency do嗣 inin proportion to 

the root absolut巴伽(n). In fig.4(d)， the 

part consists of a root己rand multiplyers 

expands the instantan田 uss問ctrum∞m開nentOk 

~) in proprtion to squ訂 eabsolute伽(n).The 

sub-modules for frequency index N/2< kくNare 

eliminated from the implementation of ST-DFT 

compander ωi th regard of術-kωbeingcomplex 

conjugate wi th払ω.

The last is a ST-I町 synthesizerto produ臼

time domain compressed/expanded signals. In 

similar to the f irs t bloむk，ST-IFT synthesizer 

plays the roll of n凶 ulatingc明tpressed/expande

。 o.(n) d spectrum component iPk (n) wi th complex 

5園酔眼i醐 T旺SUlTS
I(仇(11))0-----' s(三;ごトー----0I (o， (n) ) 

(b) Sub-船也Llecomtressor for index 0<k<N12 

仇(11) ば~
(c) Su1r-船 dll.lecxtander for index 11={) or NI2 

R (o.(n)) 

1(仇(11))

(d) ぬかmodJL!eextander for index 0<i..'<NI2 

Fig.4 Delai led schemes of Lhe frequency domain 
comtressor( a)， (b).凶 εxtander(c).(d). 

めer昌tir噂岱砲ract昏ristics

The ST-DFT compandor is substantiated to出

ideal in companding input signals through 

C棚 pu旬rsimulations on CRAY X-MPl4se at AIT to 

R ((i， (n)) separate fr棚 anyroud-off errors. Basically， 

the ST-D円 cαnpanderexcludes any IIR filters 

and feedback-loops， amplitude of companded 
J ((i，(n)) 

signals through the ST-DFT compandors is 

preciselyωnpress吋/e却 andedin 2 to 1/ 1 to 2 

in dB meanings with almost equivalent level to 

t加 granulatinge打 orfor tonal signals. 

。 孔(n)
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臨i草書幅蹴ti∞E1f関 t

Figure 5 indicates noise reduction effect 

via the ST-DFT∞mpanders， wher巴 2m=8and N=32 

加thin the ST-DFT∞mpressor and expander. As 

刷ellknoωn， syllabic compandor operate to 

improve speach quality transmitted over poor 

channels with installing both compressor at 

transmission front-end and expander at 

receiving tail-end. The original voice signals 

are observed as shoωn in fig. 5 (a) to be 

compr巴ssedvia ST-DFT compressor. Fig.5(b) 

sh倒 stransmitted signals with -10 dB rrrぉ noise

observed at the output terminal of the 

d明吋ulator. Dαninant noise shown in fig.5(b) 

is thermal white noise interfered over poor 

channels and transmission equip肥 nt. Expanded 

signals shown in fig.5(c) ar巴 sufficiently

recovered via the ST-DFT expander from the 

interfered noise 

(a) sourse∞ice signals、

(b) ComPressed signa!sωith -10 dB rms noise 

to wi thin 150 % of steady-state value， the 

問 covertim邑 tris def in吋 byby the settling 

time after sudden change being applied to 

判ithin75 % of steady-state value， ta and tr 

should be within 5 ms and 22.5 ms. Fig.6(b) 

sho拙 thatboth ta and tr vanish to zeru in ST 

DFT compressor response. Expanding the 

compressed signals gives the ideal transient 

response as sho附1in fig.6(c)， where ta and tr 

are disable fr側lobs百vation.

(a) sOl1rse 

751. 

1伽弐亡/div
Fig.6 Transient Restonse jor the 2kHz tone-bllrstωith 12dB step， 

(a)origina! SOI1γse， (b)ol1tPl1t oj the ST-DFT comPγessoγ， 
(C)Ollt仰tof the comboned ST-DFT comPressor-extander. 

Har晴朗ic Di stl!rl: i 闇

Harn削 icdistortion，鵬asuredwith 800 Hz 0 

dBm tonal siganls， is recos前町ldedto be be 1側 4 

% (-14 dB). Fig.7(a) sho陥 clearlythat the 

~~ ，: 〉

Zミー40
"" 

OdBm 

-39.9dfi 

(c) recovered signa!s via ST-DFT ext仰 .der き
ひa
... --80 

Fig.5 Noiseγ拍 LCtion ejfect via the ST-DFT c岬 ressoγさ
and extandeγ. 。ー -120

Tr晶陪i聞 t融穆僻鴎 。
〉・

雲 -40
8 
t 80 
'" 三。
"--120 

0.8 
(a) ComtγessoγRestonse 

(b) Expander Restonse 

4.0 
Frequency， kllz 

Odsm 

4園O
Frequency， kllz 

Transient res凹nseis examined under 町1TT

郎C.G162spe己ificationas shown in fig.6， here 

2m=8， N=32 in the ST-DFT companders. Source 

2kHz tone-burst signals with 12 dB step ar日

pictur吋 infig.6(a)，制hosegreater ampli tude is 

set ωbe -4 dBm and smaller is set to be -16 

dBm. The attack time ta is d巴finedby the 

settl ing ti肥 aftersudden change being applied 

Fig.7 [irequ.ency restonse oj (a)ST-DFT comPressoγ 

and (b)er仰nderfor 81∞'IIz OdBm [ona[ signll!s 
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問 xi剛 mdistortion in the問惚rspectrum ap開ars

at 2.4 kHz as the third harmonic beloω-39.9 

dBm， and th巴 secondat 4.0 kHz as the fifth 

bel側一135dBm. The harmonic distortion of the 

ST-D円 C棚 pr田 soris observed to be below -39 

dB例ithmore than 25 dB margin to the -14 dB 

limit. Fig.7 (b) sho判sthe f問中iencyr出向nseof 

ST-D町田panderwhich operat巴 separeぬly. 1n 

fig.7 (b)， the嗣 耳imumdistortion ap悶 rsat 2.4 

岨zas the third harmonic bel側一部.5dBm， and 

the s民 ondat 4.0 kHz as the fifth belo同一lおd臨n，

The harmonic distortion of the ST-DFT expander 

is observedωbe bel側 85dB vJI th I船 rethan 70 

dB margin to the -14 dB 1 imi t. 

Inter簡略創lati開

The intermodulated signal lev巴1，which 

seems ad間uatefor Signalling System目0.5，is 

also r氏 側 町 間d吋 tobe belo判 -26dB at fr明uency

2fl-f2 (=jL) and 2f2-f1 (=jU) for c棚 pressor

and expander separately. Here， input signals fl 

and f2 are 900 Hz and 1020 Hz at a level of -5 

d加 or-15晶札口 is sh側目 infig.8(a) for the 

input signals specified in aboves tbat the 

error intermodulated in the ST-D阿 c棚 pressor

言。~ (Y-f 
~-20ト ωおdß i:i[やIぬ 込 山L
i。[cmGm 

-4.4，8 

fL=7BO 悶 1020 fu=1l40 
fr岡 山ncy，IIz 

(a)釘-DFTcorntressor 

1020 fu=1l40 
fr問 uency，I包

(b)釘-DFText四der

Fig.8 Frequency reゆonsesoJ the s[-DFT co時間550γ(a)，s[-DFT 
C世m命r(b)setarately， -5，晶 tfoγ theleJtωlum， -15，必百 foγthe
righ!ωtWll， N議4and qu且siidea!針uto-!)収 ji!teγ

separetely is at a level of bel側一30dB油田間=

32， that the intermodulation error is improved 

to be at a 1母velof belα~ -40 dB油田 N=臼 more

than 32， and that both inter叩 dulationeπors 

d田 snot ex田 ed-26 dB of the CCI打 cαnpressor

limit at frequencies jL and jU. It is also 

shαm in fig.8(b) for the sal隠 S開cifiedsignals 

that the error intermodul号din the ST-DFT 

expander separetely is at a level of below -35 

dB when N=32 and at -45 when N=64，加ddoes not 

e克 明ed-26 dB of 回ITT∞mpressor limi t. 

E冊目組USI閣

品目oblecαnpandor陥 sdiscussed with emphasis 

on the instantanuous s開ctrumsignal pr∞essi略

through its circuitry configuration， noise 

rちductioneffect， transi巴ntresponse， harmonic 

distortion， and intem吋ulation. Being adopted 

a primitive trun田 tedNyquit for the significant 

料indowh(*)， ST-DFT compandor is able to be 

almost fr田 fromany distortion both in st切 dy-

state fr明日ency問 spo目seand transient response. 

Farther studies on optimizing the windoω 

function制illimprove the accuracy of the 

instantanuous spectrum signal processing and 

ST-D阿国即andors.
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