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ABSTRACT 

MilliMeter Wave (MMW) Doppler Radar with grating struc- 
tures for the applications of detecting speech signals has been dis- 
covered in our laboratory. The operating principle of detection the 
acoustic wave signals based on the Wave Propagation Theory and 
Wave Equations of The ElectroMagnetic Wave (EMW) and A- 
coustic Wave (AW) propagating, scattering, reflecting and inter- 
acting has been investigated. The experimental and observation re- 
sults have been provided to verify that MMW CW 40GHz dielectric 
integrated radar can detect and identify out exactly the existential 
speech signals in free space from a person speaking. The received 
sound signal have been reproduced by the DSP and the reproducer. 

• Research project supported financially from the NSFC (National Natu- 
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Due to the interation between the EMW and the AW on the 
large numbers of particles and particle clouds in air supporting and 
on the interface of two mediums,  such as window glass, rough 
surface, etc,  the speech signals can be received without any moni- 
tor mounted in THE ANY NEEDED MONITORIAL PLACE. It 
is able as another way that the acoustic waves can be excited and 
propagated also on the MMW surface wave dielectric grating 
waveguide to mix with MMW in mixer,  if the design is reasonable 
and the acoustic wave field can exist at radar position. A 60GHz or 
90GI-Iz Radar will be better than that of 40GHz Rodar on the per- 
formances for this new application. 

INTRODUCTION 

For detecting the speech signals from a person,  there are 
many techniques to be published in the world. The light wave 
radars, laser radars,  for this kind of the security application i 
maybe,  have been reported in the special conferences and Jour- 
nals. However the materials in detail are usually difficult to ob- 
tain. It is well known that the laser radar can identify and detect 
out the existential speech signals in free space. The laser radar 
with high sensibility had been utilized successfully in the security 
application. Its theory and operating principle are based on the 
Electromagnetic wave propagation Equations to observe the acous- 
tic wave signals. Up to now,  for same application little millimeter 
wave radar has been reported in the world. So that people know 
little information about millimeter wave Doppler radar detecting 
the speech sound signal application. Light radar,  laser radar,  and 
MMW radar are same on theoretical principle to detect the acoustic 
wave signal through the electromagnetic wave fields. The differ- 
ence between laser radar and MMW radar is only from various fre- 
quency. The MMW spectrum is to be located in low frequency 
band of light wave spectrum. 

However the weather radar with lower electromagnetic wave 
frequency than millimeter wave frequency has been applied succes- 
cully, according to the motions of the particles and particle clouds 
in free space. The motions of the particles and particle clouds have 
to be borne in numerous human applications at recent years. 

Therefore MMW radar is able to have new application on the 
theory. The new application principle and three possible receivable 
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ways for speech sound signal are discussed and provided. 
The main differences between the Electromagnetic wave and 

Acoustic wave are due to the vector character of the electromag- 
netic field and the scalar nature of sound wave. Sometimes these 
differences are significant because of boundary conditions or polar- 
ization effects but often the analysis is very similar especially in 
those cases when the model in electromagnetics leads to a discus- 
sion of scalar fields. 

PRINCIPLE 

The sound field in air medium is described by the potential U. 
which is defined by the wave equation [~] 

1 ~U --. 
=- -4~rQ(R, t )  . . . . . . . . . . . . . . . . . .  (1) ~ U  SZ at z 

where R is the rdius vector with components {x,y,z)  ; t is the 
time; S is the sound velocity; 4a<~ is the source density distribu- 
tion. The velocity V of the particles in medium and the sound 
pressure P are related to the potential U and the density p of medi- 
um by the following relations: 

aU 
~/=--~U~ P=p at . . . . . . . . . . . . . . . . . . .  (2) 

Equition (2) is also equivalent in force of sound field. 

U ( R , t )  = U ( R ) e - ~ ;  

+ k ) U  - -  . . . . . . . . .  ( ~ z  z = 4 x  . . . . . . . . .  ( 3 )  

where k = a~/s = 27t/), and ), is sound wavelength. 
Equation (3) is known as a Helmholtz Equaiton. 
If the source is a point source in a volume and is located at 

point RI. The radiated field U ( R )  of sound waves propagation in 
infinite space and on the surface can be derived by Green's func- 
tion as following form: 
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Q e'iklil-il'l } 
U . ( R )  = (R') -~---~-= dR' ............... (4) 

• IR -R'I) 

= ~ e  " a t  . . . . . . . . . . . . . . .  (5) 

According to the definition of a Green 's  function in the Fraun-  
hofer Zone,  the sound radiation field U , ( R )  at distance R is writ-  
ten for the sound potential in the volume v. as: 

--~ e ikR 
U v ( R )  = d r ( k )  ~ . . . . . . . . . . . . . . . . . . . . . . . .  ( 6 )  

where d . ( k )  = Q(RI)e 'C' i 'dRt,  

F rom Formulas  (6) and (2) after the sound pressure P ( r , t )  
to be computed ,  an external  force f ( k , t )  exerted n o r m a l t o  the un- 
per turbed surface and the numerours  particles and particle clouds 
in air suppor t ing [2] can be obtained as fol lows: 

f ( k , t )  = k t a n h ( k d )  i P ( r ' t ) e - ~ ' ; d r  . . . . . . . . . . . .  (7) 
- - o o  

Then  the equation ~ (k , t )  of oscillating motion for the surface 
per turbed by the force is derived as:  

dZ~(k,t)  , ~ d ~ ( k , t )  
dt 2 ~-zr -~  + I I ~ ( k , t )  = f ( k , t )  ......... (8) 

where r is the a t tenuat ion coefficient. If neglect small r :  

-- i f (E , t ) cos [C l (E) ( t  - t ' ) ] d t '  . . . . . . . . .  (9) at 
m o o  
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~(~ , t )  = ~ ( k ) e  ia.¢~'' 
m 

The surface per turbat ions  can be represented by monochro-  
matic plane waves propagating with various wave vectors k and 
frequecies fl,. 

oo 

-" ~ d  k~(k)e '  (10) ~ ( r , t )  = Re z N-;--o(~),] . . . . . . . . . . . .  
~oo 

The  electromagnetic  wave scat tering or reflecting field E~ 
f rom the surface per turbed by the sound pressure P ( r , t )  or force f 
( k , t )  at the radar position has been expressed 

E~ = + R 2 ] F ~ 0 ( ~ , ~ ) ~ ( ~ ) d ~  . . . . . .  ( 1 1 )  
1 

where:  F~c(~,~)----cqP.[p0 • ( ~ - ~ ) ] + f ~ P o ,  E~" ( ~ - ~ ) 3 +  
P.Po , (1- -a  • ~)+a , t~{~o • Qt)(~ • ~ ) - - ( P  

• ~0 } for I ¢ I - - - ~  

P0 is the dipole moment  of t ransmit t ing  antenna.  
is the dipole moment  of receiving antenna.  

and ~ are incident and reflect wave vectors respectively. 

In practical circumstance exist the surfaces to be able to be 
pe r tu rbed ,  such as window glass ,  e tc , .  They  can be per turbed by 
sound pressure to cause a weak oscillating motion.  F rom which 
the reflecting signal E~ of the electromagnetic waves is with  the 
ampli tude and phase f luctuation related to the acoustic wave 
source. By Doppler radar the speech sound signals can be re- 
ceived. 

As ment ioned above,  it is first way to receive the acoustic 
wave signal. Second way is that  M M W  radar t ransmits  the elec- 
t romagnet ic  wave in free space. If the particles and particle clouds 
at rest in uniform air med ium,  The  EM field wave equations are 
listed below: rs] 

V ~ ~, ~ = - ~  ..................... (12) 
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1 ~ V  
~ V  C i ~2 = - - P / ¢  

~=ppoff ,  J = a g  --- ...... (13) ~l~Dg 9 

and all field components have a variation 

exp[ko{t-- (lx-4-my+nz) }] . . . . . . . . . . . . . . .  (14) 

If a particle or particle cloud moving in the EM field at veloci- 
ty V caused from the sound potential gradient 7 = - - V U ( R , t ) ,  
then the EM field is perturbed. At the particle position, the Elec- 
tromagnetic fields are become as: 

~ '=13~+ (1--~)(ff~. ~ / V ' + ~ V X ~  ... . . . . . . . . .  (15) 
~'=1~-+- (1--6) ( ~ "  V/VZ--13V X E/Ca 
g ' =  ~D.q- (1--t3) (g  • V /V '  +l!tV X H_~/C' 
R'=t H+(1-D(R • V/V'--t@'XD 

and all field components vary according to the factor: 

exp[ioJI {t v-  (Pxl+mtyl-4-nlzD }] . . . . . . . . . . . . . . .  (16) 

After insertion of tw=~l(t--vx/c 2) and x~=~(x- -v t ) ,  z t=z ,  yt 
=y t ,  the expression (16) becomes: 

exp [itd { ~(1 + vl ' /c)t  + x' (1'+ cV--)t3/c - (m 'y+n 'z ) / c  }] 

~o=~oIIK1 +vP/c )  . . . . . . . . . . . . . . . . . . . . . . . .  (17) 

1 
where ~= (l--vZ/eZ)-L 

v / c < < l ~  

The formula (17) gives the change in frequency received by 
radar. It is called as Doppler Effect and depends upon both the 
speed and direction of a particle. 

Therefore 
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where ~1 is a unit vector in the direction of EMW propaga- 
tion. 

In practice, the scattering or reflecting may be produced from 
large numbers of solid or liquid particles or particle clouds in air 
supporting,  such as dusts ,  grains,  fog,  powders etc. Due to the 
particles and particle clouds moving caused by acoustic source, 
there are a resultant fluctuation in the electromagnetic field 
strength and a change in frequency. They depend upon the acous- 
tic potential and the particle size, density and concentration E4]. So 
that speech sound signal can be received in air medium by radar. 

When MMW radar is radiated by the acoustic wave field froni 
the formula (5) ,  the acoustic wave may be excited on MMW pla- 
nar periodic dielectric antenna and propagated along the surface 
wave dielectric waveguide of radar to mix with millimeter wave in 
the mixer r33. This is third possible receivable way. 

What is the main receivable way among the three possible 
ways needs to be researched at next step further. 

EXPERIMENTAL RESULTS 

MMW Doppler CW radar at 40GHz for detecting the speech 
signals has been observed already in our laboratory by the osillo- 
scope. The received speech sound wave signals have been repro- 
duced by the DSP and the reproducer. The experimental results 
have been provided to verify that A 40GHz Doppler radar with the 
new application can detect and identify out the speech sound wave 
signals in air medium space from a outdoor/ indoor person or radio 
receiver speaking without any monitor to be mounted in THE 
ANY NEEDED MONITORIAL PLACE. 

The MMW radar sensibility has to be increased for new appli- 
cation. The DBg Gunn Oscillator, Mixer and leaky-wave antenna 
with planar dielectric grating structures have to be designed fur- 
ther according to optimal criteria for both the millimeter wave 
band and the speech sound wave band. The DSP shall be better to 
do. 
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Sound Source 

so.d w.e  Ra~o. , /  Pmi~ae v,a~ty V=--~.dU0X,t)=--Wll0~,t) 
Field at Rough Surface / $otmd Radiation Fidd Act i~  on Particlea 

\ 
Sound Preasure ~ .. , t . _  .', -". t .. "" ' : ~ k  \ 

' = ~ - -  ,-.'..-,:/:~,. :'./.~-:; v" . ,  ":. \ 
Sound F o r , - - ¢ t  : . .  ' ~t - "  '." V " ' ' . ' "  ;" Pa~icl& ~ 

- _ . . . .  . ~ ; ,  ; - : ' . j . . - - ,  . : - , - , - , . ' . . . - ' .  

. p - .  . . . . . . . . . . . . . : .  - : -  • , ~ . ,  ,.;.. 

.;~.,fi~': X R ° ~ g  h Pe'rturbe~l ' - - P 4 ~ '  " - - ~ ' + ( 1 - - i i D ( '  o V)~--~r~x~-/C'  

i"i.: ~ ~ ' :  X~urfack ~=~i~ D ' = I ~ ' +  Cl--l~) (~ ' V) ~ + l ~  Xii /C '  .-* 

as a plane wave H ' = I ~ ' +  ( 1 - - ] ~ ) ( H  • V ) v - ~ X D  
x , ¢  

propagating X txp [ire {t -- (Ix+my+ t~l  ) exp[i. '  { t '-- (l'xi+mtyt+ntz')) 

l~= ( 1 - - V ' / C t ) _ _  , , ~'~ - /  

Electromagnetic Wave Equation ~7 A-- ~-~-r = --~J /Sound  Wave Radiation 
N ~ I a 'v  

o'  propagation in Air X ~ V--~--~'~- = - - p / .  / Field at Radar 

k e p [ i k ( R ~ + R ~ ) ]  - --~ --~ --~ e JiLl(r) _~ 

,eceiv~i' Ei~ wit'h th:Lmplitude X XE, i /xciting the ~ waL on the 
and  ha.e .luo,.a,,on. .X I 1 . . _  w _  

I MMW Radar I 
MMW Radar New Application Principle 

and three possible receivable ways. 
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