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Millimeterwave CW Doppler radar for vibration remote sensing
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Abstract Doppler radar sensors have been heavily utilized at millimeter wavelengths They arc currently in use for a variety of applications 
including commercial and industrial uses in level sensing, motion detection, speed measurement and collision warning sensors. Their relative 
simplicity and low cost production potential make them attractive for these applications. A millimeter wave Doppler radar development is 
described in this paper with the off-line DSP techniques to convert the time to frequency conversion from which the velocity of the moving target 
can be predicted A simple experimental set up has been described where a vibrating metal reed is used aj vibrating object. One application area 
o f  the 94 GHz Doppler radar for the measurement of rain drop size distribution is highlighted.

Keywords ; Doppler radar, moving target indicator (MTI).

PACS Nos. . 84.40 -x, 07 07.Df

1. I n t r o d u c t io n

Doppler ra d a r  h a v e  b e e n  w id e ly  e m p lo y e d  in  a v ia tio n  fo r 

detecting m o v in g  ta rg e ts  lik e  a n  M T I (M o v in g  T a rg e t 

indicator) R a d a r . A s  th e  D o p p le r  sh if t o f  th e  e c h o  fro m  a  

moving ta rg e t is p ro p o r t io n a l  to  th e  o p e ra t in g  f re q u e n c y  o f  

radar, a tte m p ts  h a v e  b e e n  m a d e  to  d e v e lo p  D o p p le r  ra d a rs  

at p ro g re ss iv e ly  h ig h e r  a n d  h ig h e r  f re q u e n c ie s . W ith  th e  

advent o f  c o h e re n t  m il l im e te r  w a v e  so u rc e s , it h a s  n o w  b e e n  

possible to  d e v e lo p  a  m il l im e te r  w a v e  D o p p le r  r a d a r  w h ich  

would b e  c a p a b le  o f  d e te c tin g  e v e n  th e  lo w e s t o f  ta rg e t 

velocities lik e  th a t  o f  a  fa l l in g  ra in d ro p s  o r  th a t o f  a  

paratrooper a s  c a n  b e  m o n i to r e d  w ith  a  g ro u n d  b a se d  

Doppler ra d a r . W e  h a v e  s tu d ie d  th e  fe a s ib il ity  o f  d e v e lo p in g  

a m illim eter w a v e  D o p p le r  ra d a r  a t  9 4  G H z  w ith  th e  

infrastructure a v a ila b le  f ro m  tw o  p ro je c ts . (1 )  P ro p a g a tio n  

of m illim e te r w a v e  b y  ra d io  lin k s  a n d  ra d io m e te rs  a n d

(2) T ra in in g  P ro g r a n u n e  in  m ill im e te r  w a v e  te c h n o lo g y . 

Some o f  th e  in te re s t in g  re s u lts  o b ta in e d  a re  p re s e n te d  in  th is  
paper [1].

Experimental set up
The b lo ck  d ia g ra m  o f  th e  e x p e r im e n ta l s e t  u p  fo r  a  C W  

Doppler ra d a r  d e v e lo p e d  a t  9 4  G H z  is  sh o w n  in F ig u re  1.

T h e  sy s tem  essen tia lly  c o n s is ts  o f  a  G u n n  P h a se  L o ck ed  

O sc illa to r  (1 0  m W ) a t 94  G H z  fed  to  a  s ta n d a rd  g a in  o f
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Figure 1, Experimental setup for CW Doppler Radar measurements.

2 4  d B  h o rn  a n te n n a  th ro u g h  a c irc u la to r . T h e  3 rd  p o r t  o f  th e  

c irc u la to r  is fed  to  a  b ro a d  b a n d  m ill im e te r  w av e  W -b an d  

d e te c to r  a n d  th e  d e te c te d  o u tp u t fed  to  ( i)  a  d ig ita l s to rag e  

o sc i l lo sc o p e  an d  ( i i)  a u d io  a m p lif ie r  fo r  a u d io  v isu a l 

m o n ito r in g  o f  th e  b e a t  p a tte rn . T h is  b e a tin g  e ffe c t is p ro d u c e d  

b e tw e e n  th e  D o p p le r  sh if te d  ec h o  fro m  a  m o v in g  ta rg e t
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v ie w e d  b y  th e  a n te n n a  an d  th e  94  G H z  s ig n a l leak in g , back  

e v e n  w ith  th e  iso la tio n  o f  2 0  d B . T h e  a u d io  v isu a l d isp lay s  

a re  re c o rd e d  in  ( i)  a  ta p e  re c o rd e r  an d  ( i i)  H P  8 pen  g ra p h ic s  

p lo tte r . T h e  re c o rd s  a re  th e n  su b je c te d  to  o ff- lin e  sp ec tra l 

a n a ly s is  b y  th e  c o m p u te r .

100 mV/dIV 384mV l OOms/div -llOOms

100 mv/div 384 mv 1-00 ms /  div -1100 ms

(c)

Figure 2. (a) Doppler shift pattern from a vibrating reed, (b) Doppler 
shifted pattern from the same reed with different vibrational frequency and 
(c) Doppler pattern of the same reed with different vibrational frequency

3 . M e a s u r e m e n t  o f  f r e q u e n c y  o f  a  v ib r a t i n g  re e d  by the 

9 4  G H z  D o p p le r  r a d a r

A  v ib ra tin g  re e d  in  th e  fo rm  o f  a  f la t s tr ip  is p la c e d  with its 

p la n e  p e rp e n d ic u la r  to  th e  a n te n n a  b e a m  o f  th e  Doppler 

ra d a r . A  s in u so id a l D o p p le r  sh if t p a tte rn  is observed as 

sh o w n  in F ig u re s  2 ( a ,b ,c ) .  T h e  lin e  o f  s ig h t v e lo c ity  o f the 

re e d  d u e  to  v ib ra tio n  w o u ld , in  fac t, v a ry  in  sinusoidal 

fa sh io n  a t th e  f re q u e n c y  o f  v ib ra tio n  w ith  th e  velocit) 

b e c o m in g  m a x im u m  n e a r  th e  m e a n  p o s i tio n  o f  th e  vibrating 

re e d . S u ch  e n v e lo p e  m o d u la tio n  is, th e re fo re , an  indication 

o f  fre q u e n c y  o f  v ib ra tio n . L ik e w ise , th e  m odulation  of 

D o p p le r  f re q u e n c y  is a lso  in d ic a tiv e  o f  v ib ra tio n a l frequency 

o f  reed .

In v iew  o f  th e  a b o v e , a d ire c t o n  lin e  read o u t o f the 

re e d  v ib ra tio n  fre q u e n c y  m ay  b e  o b ta in e d  b y  subjecting 

th e  D o p p le r  w a v e fo rm  e ith e r  to  ( i)  e n v e lo p e  detection or
( i i)  fre q u e n c y  d e m o d u la tio n . A lte rn a tiv e ly , th e  recorded 

D o p p le r  w a v e fo rm  m a y  b e  su b je c te d  to  F F T  analysis, off 
lin e , b y  a  c o m p u te r  to  fin d  o u t th e  v ib r?* ion  frequency ol 
th e  reed .

4. M e a s u r e m e n t  o f  r a in  d r o p  s iz e  d i s t r i b u t io n

R a in d ro p s  a tte n u a te  m ic ro w a v e  an d  m ill im e te r  w ave radio 

s ig n a ls . I f  th e  d ro p  s iz e  d is tr ib u tio n  is k n o w n , it is possible 

to  e s tim a te  ra in  a tte n u a tio n  a t an y  fre q u e n c y  fro m  calculation 

H o w e v e r, th e  d e te rm in a tio n  o f  ra in  d ro p  s ize  is a difficult 

p ro b le m . In fac t, c o n v e n tio n a l in s tru m e n t lik e  ‘distom eier’ 

c an  sen se  th e  ra in d ro p s  n e a r  th e  g ro u n d  lev e l o n ly  where the 

in s tru m e n t is in s ta lle d . A  m illim e te r  w a v e  D o p p le r  radar, on 

th e  o th e r  h a n d , is c a p a b le  o f  m a k in g  ra in  d rop  size 

m e a s u re m e n t fo r  ra in d ro p s  a t v a rio u s  h e ig h ts  from the 

g ro u n d . T h e  d e v e lo p e d  D o p p le r  r a d a r  a t 94  G H z  has an 

in c lin a tio n  ^?to th e  v e rtic a l. T h e  lin e  o f  s ig h t v e lo c ity  o f the 

ra in d ro p  w ill th e n  b e  F,. =  v c o s  0. O p e ra tio n  o f  th e  radar with 

th e  a n te n n a  b e a m  o r ie n te d  a lo n g  su c h  a  s la n t pa th  enables 

us to  in s ta ll th e  D o p p le r  ra d a r  in s id e  a n  airconditioned 

h u tm e n t.

It m a y  b e  m e n t io n e d  h e r e  th a t  th i s  te c h n iq u e  of 
m e a s u re m e n t o f  ra in  d ro p  s iz e  c a n  b e  u se d  a s  a  m o re  precise 

a lte rn a tiv e  te c h n iq u e  to  th a t p o s s ib le  w ith  a  conventional 
‘d is to m e te r ’ . H o w e v e r , th e  fu ll c a p a b ili ty  o f  th e  radar can 

b e  e x p lo ite d  o n ly  i f  th e  C W  ra d a r  is c o n v e r te d  to  a pulse 

D o p p le r  ra d a r .
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