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Doppler Radar in the

10 GHz Amateur Band

Part-2

3.
SEI.ECTION OF AN SHF
RADAR SETUP

Several choices arc open, offering varying
co mplexity and results.

3,1 The "Gunnpl exer"

This dev ice, once w ide ly used, is based
upon a circulator (Fig,. IS). Power de rived
from a Gunn oscillator reaches the antenna
via 1I circulator , w ith a small component
reaching the diode mixer as a heterodyne
signa l. Received signals reach the mixer

practicall y unhindered by the circulator.
The des ired output signal is the difference
between the re-ceived and the local oscilla
tor (LO) signal.

III this case the less than pe rfect direction

ality of the circulator is a des irable feature.
!iIIlCC the LO works as a transm itter and at
the sa me time makes avail able a hetero
dyne freq uency. The reverse attenuation of
the circulator is around 20dE so that even

with several hundred mW rransnur power

the mixer diode is not tb rcarcncd. III
addition the circulator pro tects the LO
from the outside world, which is good for

stab ility.

A frequenc y drm of, for e xample, 10 M i ll:
at 10 Gil l. is just one pa n in a thousand;
this also means that any erro r in the
Doppler frequency is also on ly I in HKIO.
There iUC no othcr errors. since thc
transmit and heterodyne frequencies are
produced hy the S<l !TIeoscilla tor .

With a 40cIlI dish antenna we achieved
ranges of 2(KImet res .

aer i al

G

Flg. 18:Practical possibility using a
Circulator [l.e: G unnplexer)
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Fi~.2U: A 'B la~t-thrllll~h ' Mixer fur
hr uadh.md 1<'1\1 is a good
d wicc for Radar experiments

3.3 The "hlast- I hroll~h " mixer

This urrangcmcm was very popular in
ama teur mdio circles some years back
since it i.s easy to make al home and gives
good results. A GUIlIi oscillator is scJl<l 
rated from the rest of the assembly by an
iris (a plate with a small round hole).
According 10 the diamete r of the hole and
the uuc kncss of the shee t. a greater or
smaller p art of the oscillato r output reaches
the antenna through the mixe r (Pig.21l) .
This (low) power is the outp ut signal and at
tbc same lime 11\,;: heterodyne sign:ll.

Being a non-linear d ement, the mixer
diode produces the Dopp ler signal - an
audio frequency signa l equal to the differ
cncc between the transmit and receive
freque nc ies.

TIle method of operation is certainly very
similar 10 rbc Gunnplcxcr but the transmit
output is significantly lower ; a few IlIW
instead of 40mW! With an iris of fmun to
7mm diame ter made of l uun brass shee t
and a Gunn oscillator, the approx. 5mW
produced is not optimal hut adequate for
the mixer diode. If we make the iris larger
we certainly get more mixer current
flowing but the oscillutor also loses stabi l
ity. Wit h h igh powered Gunn oscillators
the mixer diode call even be damage d.

especially with movement direct ly in front
of the ante nna (wh ich was what the setup
was ••leslgncd for). In our case the high
level of drift led to inaccurate Radar
measurements. Another disadvantage is
that this assembly cannot he attache d to
standard waveguide, which makes applic a
lion witha dish antenna probtcmanc.

Using the hom antenna supplied, very
short ranges arc achieved and then without
great ,1I.;I.:\IraI.: Y.screw

ParaboIic
aer ia l

M

Iris
pl ate~

Doppler frequency
from mixe r di ode

Fig.19: Allotf! l'f alternative: a Bur glar
Alarm. The minule anten na
rules out lar).:c r ada r ranges

3.2 Burglar a la rm

TIle setup sketched in Fig. 19 was used
some years back in microwave burg lar
alarms. Usc was again made of the Guun
osc illator in the upper module. the trans
mitter power feeding a hom antenna. A
screw in the wall of the hom radiator
reflected a small part of the transmitted
power into the lower module (the receive
mixer ). Regrettably half the receive capa
bility was lost in the transmitter.

AI the same time, the lack of isolation
mean! that nearby environmental influ 
ences could cause significant drifting,
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r.rfl

Fig.:!I: An attempt 10 increase range
by using lUI IF of .~() \IHL was
abandoned du e In frequen cy
unsuitubtlitj..

TIle transmit power will nOI excee d a few
mW with a blast-through mixer In the pOl lO I
we managed with this amount in widcband
H..'l to span 1.10km and more, from one
Swi ss mountain top to another. Yet the
range for Doppler Radar is no more than
100 to 150m, as our practicaltests demon
strated .

Fi~.22: A Pu lsed Transmitter an d a
b rief ti me window ca n avo id
receiver lI\crload and cluti er
arising from reflec tion from
nea rby.. objects

l ioLefiing
~I inde\·j

<8------- 10 I-IS ---f:1
SlXr~ i It,or' flU! S0 IL

8cl10 f ran
target

I,
\

iKfl:RS frrn
nearbyubjoc ls

3A lIi~h er IFs

In the setups described so far the incoming
signal has bee n converted in the mixer
diode down to the audio Frequency range.

Down there is also where the strongest
phase noise effec ts of the oscillator appear,
and Gunn osci llators arc notorious for
phase noise. The phase noise intrudes 0 11

the audio signal and reduces the sensitivity
of the system .

One probable improvement would be to
use a GaAsFET osci llator stabi lised with a
dielectric resonator (5) giving lower phase
noise, whilst on the other hand it would he
irucre- tmg if introducing an IF would
increase sensitivity.

",
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Fi,g.23: Frequencies in a Fre quency
Inverted Cont tnuous Wave
Radar based rm th e 'Hlast
thrnu;.:h'Mht'r . A low
rreqeency is prod uced in the
Mixer niode between th e
received pll l,,('s: this is th e
floppier Frt"IU eJlC)'

When it now mov es , the audio frequency
wi ll rise in either case l ip to a maximum of
around just i'J kHz · which corresponds
already to a speed of aboll1450kmjh.

The sensit ivity of this setup should exceed
that of those descr ibed previously by a
wide margin and to give all example: a bird
l!l;11 Flew away a few score metres already
gave a very strong signal! We calculate
that the nlilge with th is setup lor a target
with a Radar crosx sect ion (ReS) of one
s4uarc me tre is several hundred met res.
YeT, as we know from our endeavours with
the Radar formula, the range can b arely
exceed Ikm - even if we had a noise-free
rece iver.

This set up us ing an IF has, however, two
serious deficiencies.

Firstly there is breakthrough from the
power oscillator G I through the circulator
into the receiver and, sma ll though it is, it
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exceeds the receive power by several
orders of magnitude. Th is leads to what we
have come to know in YHJ-i co ntests 
dcscn sc . TIle idea of using II totally
separate transmitter with its own antenna
does 1I0t help eit her beca use reflec tions
from nearby objects and/or side- lobes of
the antenna will still cause sufficient
coupling ( If transmit power back into the
receive rthat blocking effects arise .

Secondly there is the the rma l drift o f the
Gunn oscillator. The calculation of the
Doppler frequen cy depends on ,J precise 30

MHl difference between transmitter and
receiver . Th is, however, is difficult if not

impossible 10 main tain . Jusl breathing on
one of these osc illators will CilUSC it

Frequency change of a co uple of kllz!

It is possible that the introduction of
dielectric resona tors (5) ;md/or l'LL cir
cnits co uld bring the required stabilit y. II"
on ly we ("OlIlJ gd the two oscillators to
drift ut the same rare, the Doppler error
could he reduced to ne gligible proportions ,
as we saw in the Gu nnplcxcr .

.l 5 lUan killl! the transmlucr usin~

window techniques

A furthe r possibility for improving Ihings
lies in keying. the transmitter Oil and off
andope rating the recei ver when we expect
all echo from the target (I;ig.22 l. "1111."
receiver would then maintain a defined
window. During this window period the
transmitte r would be turned off and the
nca r-target echoe s would alrea dy be dy ing
away.

Il ow will the Gunn oscill ator react to

having its power supply keyed 011 and off!
The frequency will presumably have to

stabilise each time after switching on and
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coonte-
enable

,--'----l

delllY'melisuri na
circui t for range
lIle03sur i na

Fig.2li: Distance vteasurcmcnu Ihe
Cuuntcr is started with the
nrsr Pulsed Transmitted and
stop ped at t he hegi nning of the
Received Pul se

30 ttIz .. fd

11111111111111 1111 111

out f dopp er
F ig.25: Hlnrk lrlauram ul' a C W Kadar

with Frequency In ver sion
based on th e 'Hlnst-uirough'
1\1 lxer

would nOI be constant throughout the
pulse. However , this will 1I0t do for
Doppler measurements.

A I'LL will not 10000'k in within the space of
a couple of microseconds.

If we achieve the keying of the ua nsnuucr
with a PI~ diode its reverse atte nuation
becomes a critical factor. If we attempt
mechanical keying, for example with a

to IF

~9~
- 23- I>

M

a.
, I, --i::::?""""J".,~

DC
Gunn
supply

Side view of II Frequency
modulat ed GIIIIII Osd llatur
Dime nsions in mm.

pul ses fed to
JL Var i cap
V
G

Fig:.24a : Another way uf avoid ing
Rx over load b~' the '1' \ pulse
L~ Pcrludic Frequency
In Vl'I..shm, which would a llow
all IF ut' J II ;\1Hz. which
woutdlncrea se s l' n ~ i t i \' i t),

F ig.24l::

r -j i 1 lY': ~" ,; ,

;3ie,G)cG2~'o-"
" <:.J t.. ~--i:'

..lJr:n I' ;) Vo:.ric oJr
di::de- ' -; d'ode

-- - -171

Top view of th e sa me
oscillator as in Fig.24h
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Fi~ ,27 : Timill~ J)iagralll from r' ig.26

prope ller. the rapidly rotat ing rotor blades
would bring about some "Interesting'
doppler effects.

Fig.2X: Pu lses fur the Capacity-Diode
must h ave st eep ed ges 10 enable the
:\-ficn ma vc Freq uency to be switc hed
bet ween th e t wn vafu cs ;I S l'lIp id l)' as
possible

a var icap diodc . Th is also avoids overload
ing the receiver while listening to echoes
(Fig,23).

We carried these thoughts across to the
blas t-through mixer by eq uipping it with a
var fcap diode (Fig' s.24a, b and c) supplied
with keyed d irect current. Aftc r this we arc
still left with no more than an oscillator
and tbc problems of differential dr ift of the
two oscillato rs remain.

i !

I '

CounterJ L
enabIe 12 seconaSI

I~ .<8

Burs t s ~ I I H I I H I IH III-

FiJ,:.29: To Increase accuracy th e
Counter can be enabled rur several
bursts

With the knowledge that c = 300 m in I
microsecond , we "n ow that our sig nal
needs 2 microseconds to reach and rerum
from a target 300 m away . So in the lime
interval I we will switch a 2UV impulse of
I microseco nd duration onto the varicap
diode of the Gunn oscillator This shifts the
freque ncy of the oscillator hy, fo r example.
30 Mi ll. upwards, for one microsecond.
then it reve rts III its or igina l f reque ncy. Wc
assume a mark-space ratio of 25 per cent.

Thus. we sec IUl ue lf side of the rece ive
mixcr a series of burst s w ith the Frequency
30 Mllz + doppler frequency. TIle per iod
of thc burst takes 2 microseconds which
corresponds 10 a pulse repetition frcqucnc y
( I'I{ F) of 5()( )kI I't..

l~=
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,r-;./ '
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3.6 Frequency k e}'ing

A better scheme would do ubtless he 10
leave the transmitter G I runnin g all the
time, but shiH its frequency. It then
transmits on ly short pulses with the fre
qucncy f and for the rest of the cycle is
cctuncd by severalscore MH z by means of
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aperi odi c anp

Schni tt
tri gger

Fi~.311: A Counter replaces the IIF
Receiver fur sp eed measure ment

3.7 Concepts fur measuring distance
~and speed

With the setu p described above distan ce
measurement can be carried out by cvalu
aung the lime between the pulse 10 tnc
varicap diode and the reception of ec hoes.
The principle is shown in J-:ig.26.

W ith the leading edge of the pulse that
keys the varicap diode a coumer is s tarted;
it is Slopped again by the leading ed ge of
the pulse from the EXOR gale (Pig.27 ).

With the knowledge that the distance
r = I *1.12 it can he calculated thai a
measured time period of. say, 2 microsec 
onds implies a dis tance of 3(Khn. To get a
figure-perfect display we let the counter

d i vi~: ieee
counter
enab le

Thi s signal is now amplified in a low-noise

30 MH z amplifier. passed through a
narrow-band 30 Ml-lz filler and cleaned up
in this way. is passed to the I [J-: recei ver. It
is still 30 MHz + the doppler frequency
wi th a residua l 500 k l-lz A M, whose level
depends on reflection s in the fi lter and its
bandwidth. Af ter mixing with the RFO

,,,,

Fi~.31a: The Gunn Oscillator in 3-))
Filt.31b: Dimensio ns of th e Oscillator

and Mixer

f = . 1"'II~c

:'I1J = I\1clal or Nylon SH ew. lIIal chin~ t he
!It'arinl: nu ls

(; = (; unn F:lc'II1I'1I1 with ;\15 nul and boll
for adjm4mt'u t

P = 1\1((<011bolt (copper 'II" brass)
In' = InsulatinRWasher, mner and uulff

tp"l'n:j
SC = w aveguide Shurl-Ci n:uil
T '" Solder Tilg
1'12", Sittl Screw, 1\1 2
~tWE :'Iletal Washc'r
S '" Short Ctrcutt (nn t he plait.' snldered

0 11 t he end o r the waveguide
N = ~ylnn Screw, J to emm in diaml' ler
I .. Iris Plate (bra....... Jmm lhkk with

(unm hole in the «- nlre)
Jill '" IS2J Mixer Diude
:'lIS ", Matchinl: Screws (brass, .~ 1TI 111 dlam]

(0

IG~ u··1 IN i I I

~ \ ' 111jl 1

1P j ';i tV.

t ~
r j, I~iliN

I ~ (0 1<9 11

MJ-LJlam

s
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Fil-:.3I c: IVlount ill j,\ det a ils of IIH' Gunn
Klement

WI ; ", W<lH' !=.uidc (i n., idt)
111\ = ll('ar; Jl ~ S ui (!lo IS, Nl....-I j ",,,ldcrcd In the

\\ a\~i d l'

(; .. f; UUFl 1-:I"lIwn l.hlrj:tr n .. n~t· grounded

lA' = "l ll ! (1\15, '''It...·1)
M!' " Supp" r! Pl'J;: (1\15. ~ l t",' l ) 1" .n 'd ;n i ~ lI ,.

fur the en d " r th e (;"" 11 Element

Fig.Jle: Ddail ul' till' \ 'liH'r Diode
inset

' H ; : I n~d t· "r Wa'ci:uidc
H" :: Hl'" ri n ~ ,\ 111 t ~ I .'I. <tcell ~"ldrr«l tu me

W;lI\r a:uid r

1:\ = ' I iu 'r " j"dl"
L iI. = .' Ilt l /l.l .'l ~\ltrd l
\ 11i = ~lIppur l I'l'a: (\I ii , ~l\",'11 hun'd

(Cnlra lly f" r th ., I) i" dl'

Fig.31f: IMail uf Ihe \fh er Diode
conn ections

'\(i= In\idt tlf w ;u "t l!uidc
IW = In ' lIlalina: Wa..hu<

(hmer a n d curer I'T"':)
L\ = M ixer ll ind e
S,.... = Spt"('ia l Wa_~h t' r, fa ..reneu lu t ho: i>indt

l;Olll1 l'l.1 i" n a n d I..' llIne(' I«II" th e At " IIf'
I t " prea mplilier

v;;~ I VI,,' J
11 ,

[ ' , - '. 1'.,5>:......:. r-, -
:Z~~-=---_ -¥ _

H'I~r\ \I'1-/ ,' ~
IJ J_ c
~ V
Ii

Fil-: .•l ld : Connection deta ils tll" the
( ; UII I1 Element

"12 ", M2 stee r Screw
T .. Snldcr ta~

l\IW= ~h·ta l w astier, Illlum IIut",idc dillmdcr
IW _ Inner/outer- P'JFE I n sli i a l i n ~ washe rs
WI ;.. lneidc uf Wa nJ:uid l'
I' .. H:nund P('~ \If bra !>", Ill' copper. Length

7.Smm, outer diamct..... amm, bur ed
II\J aJly and ta pped \12

I I
17'J

11\
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Fi~.3 1~ :

Ou r SItF unit

count the pulses of a 150 1\ IHl crysta l
oscillator: in 2 microseconds wc gel 3111

pu lses mean ing that we can calibrate the
counter display di rec tly in metres.

If everything functi oned perfectly . .....hich
of COUniC it won' t dn . we could usc Ihis

r : iter '
&

I ~, 2 ] [

Fi,g.32a : Block pr inciples of Doppler
Radar system

Aeria l ",tKEA Ili ,h .. ilh Pen n" Feed
l :"i '" \ Ii\ er , ron nected In Anll'fma and

1>'IoI.;lIalol" b,. Wa\ elll idl'
G G unn Uinde
Pream p '" M't t iR_~ ll>

Display " Moe f igJ5

Fi/.: ..12b: Ci rcuit of t he I\ udin
Frequency Prcampluier, The
1:\ 23 is \er.\ !'ocnsilhe 10 sialic
d et'tri cit), and j., prot ected h}
the S""itchinJ.: Ihod t'.
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a l 11' the doppler freqlll:ncy lies between

I

I lo,ul' I " """,.110'" I
I (/7 I 0 I

I fOQ~I . f o. I

a ~ i--+ W1> 9 I
o ",,' ,Io IJE"£] I

I'"~ l : m"D ~• ; 101 I '"
~ 0 -0 CZ1.iI
< ".

setup to measure distances from zero up to
500 metres. A lower pulse repetition
freque ncy would probably give no addi
tional range, eve n with a boner 30 MHz IF
unit barely more than 500 metres could be
expected.

Wha t we need to investigate now is how
fas t we can ach ieve frequency switching at
10 GHz. The l OY, l microscc ond pulse for
the varicap diode must have an inte rnal
resistance as low <IS possible in order thnt
the pulse edges arc as steep as possible
(Fi g.2H).

We hope then Ihal the 10 GHz oscillation
(nun's still !O,O()O oscillations in OIlC

microsecond ) follow on directly Irorn the
change in capaci ty. so that bursts as clean
as possible arc scnr. During reception.
when the signal is mixed down to 30 MHz,
we shall only be counting 30 oscillations in
l mic rosccond ; 30 is not ma ny.

TIle amplifier and filler circuit must be
optmuscd with care if accurate results arc

Fig.33b/c: Pr inted Circuit Board and Component Layout (or Counter Dlsptay
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I'·i ~ .3~a: Processor /Counter IJispla)'

30.000000 and 30 .OlXDOO GIll we can

omit 11K: Three left-hand posulons of the
disp lay. Our display, which only has to

cove r the five remaining digits. doesn't
even have 10 he preset any more.

b ) As we have seen thai the dopp ler
frequency and speed arc directly propor
tiona! In C;I(;!l othe r, we can count the
number of periods Juring all imcntionally
chose n time window and ruuhiply the
result hy it constant, so as 10 produce the
speed in the desired unit of meas urement.
The constant is:

1.403 • 10-2 for a speed in metres/second
or:

5.2(1(j ,., 10-2 jf km/h arc desired.

If the counting period now measures 2
seconds we get the frc411CIlI: Y in HL and
this gives the simplificatjon th'lt we can
multiply this 2 seco nds by one of the
factors mentioned above. We count:

21' '"5.266 '" 10-2= O.1lI5.loS

and the display gives us the result directly
in km/h! Durin g this short period the car
driVing at IOOkm/h has only moved 2.9
metres. and this is quite accept able .

If we wanted the disp lay in metres per
second. the counter would need a gating
time of:

2s '" 1.463 '" 10.2= 0.0296 26 seconds.
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F'ig.34h/c: PCB and Component Layou t lor Counter and Display

t!l
-c.:(- .:

Fig.34d: Doppl er rada r processor and
IJispla.\'

4.
CAI.CUI.ATlNG SPE ED

The dot-matrix LCD used (Fig.34a)
needs 10 be driven by ASCII com
munds such as CLEAR, cursor pos t
lion and others. For the calculating
tasks we lise an Intel R751 microproc
essor, which works with x-bit words.
With X hits we can count lip 10 255
(decimal), meaning that a doppler
frequency of, say, 2tUJ Hz would be

Fig.35a1bic: The simple PSt: I'or Fi~.34a and overleaf the PCB and Layout
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~
12V ~

! '"" I C"'''') ~ 5V
IN 8mf OUT

0 I

L6IIl GHO I

Fig.J6 : I!P and O/P signals uf the
Schmill T..i~g{"r

Fi~~'Sc

of9.4 Gl lz,(w itholll doppler shift) the gale
period is 15.94701.'1 i f we req uire speed in
metres per second. If we lise a different
transmit frequency. the program must be
modified for the ncw gate times.

TIle timer in the prm:essor must be loaded
with the compleme nt of the gate time to
05536 (=216). 111<11 means, lak ing an
example of gate time = 57 40lJus, 11I<lt the
counte r must he loaded with 65 53(i · 57409
= M127. II then counts during 5740\)ns
from XI27 10 65536. When it reaches this
value the processor produces ;111 interrupt
whic h is used to stop the co unting of the
doppler impulses.

,
~

., .
"~" ,I'.... . , .....'" " " . ;

.,. _.",,"-..'"'' ~,.

sv l -100 0 , ~JO~M : .L S ~'

-_._. .. _.- _. .- --
I ,~ f--'- f--

~'Jl-
--

; i- -- r;" .- f--

-=~,l :"" ._ ! 1~""7 .
/ . I ,\ ~f -r - H-]Iv , \ :~~.-

l<' ig.3Sh
"n OH , .... . , .. ...',.. ., ,, "".

Calculated value
(m/s)

To increase accuracy, eight measurements
arc taken and trurnthcsc the mean va lue is
calculated and displayed. The maximum
value s of all measurements carried out arc
stored ;JIId recall ed if the time is insuffi
cient for eight measurements. Wc ass ume
that the higllesl value is thc best and
disp lay this.

Display
(m!s)

Calcula ted value
(kill/h)

Display
(kIn/h)

too large. Fortuna tely, how ever. the timer
embedded in the microprocessor uses
In-bit words.

'111C sc iccrcd algor ithm counts the incom
ing doppler pulses over a predetermined

frc-lime sp:m. With a Rada r transmit
qucncy

Rinput
(liz)

10
50

100
500

1000
5000

10000

1I
2
5

25
51/52
259
5lX

0.52
2.59
5.1X

25.9
51.8

259.1
51X.2

1I
1I
1
7

14
71(72

143/144

0.14
0.72
1.44
7.20

14.40
7 1.97

143.Y5

Table 2
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UgWI.. ~.dH 10 .< ~w ,

~.. . 1 . < h/~

1Z-oec- 91
11 : 53 : 15

Mal" Menu
'p oc lT"~ frT
C, , ~ n Wl/OI,.

Dual Zoom

'"
4 opp l .. o i qn o l

~I I ... /~;v.

0 , J ,.p " I" , ,Ig .

• U '''1 0 1, .

FrfKJ 1.6550 kit,

ICC H "I, .

0i2 -0 .12V OC
_.r-L

IXFFT C2 1
1 .1694V

lxChcn 2, - -

Chao '

D-11 . 1 V :'~

CH2 .2 V ill ~

Tldlv 2O ",s

"'i~_'H: !.ower cu rve snows I)upplt'r :l' i~n ;l l uf a car at H6knt/h . Si~n;l l

vnrlat ions are dearly \lisihle. Above Ihis is represen ted ext ract Hi th e
s i!:llal is deviati ng rrum a sln e wa n ' fnr mal. TIle u pper di..p lay shows
Fast Fourier T ra nsfllrm with a muin frequency of 1.6550 kil l.

5.
PRACTI CAL COI"STRUCTION

For our practica l trials we wanted In usc
something simpler. An unkcycd blast
through mixer, very similar 10 the broad
band I;M Gunn transceiver we already had,
AImed OUf 10 begood enough for a range of
up 10 100 metres.

Figures 3 1a to 31f show sufficient me
chanica l details for radio amateurs with
some experience of these techniques to sec
what we have in mind.

The bas is is a piece of R100 waveguide

with internal measurements 22.K61l1l1l x
llj.Ixmm. The GUlm ele ment employed in
the oscillator is a CXYI IC. Adjoining this
hIll separated by all iris w indow is the
receive mixer witha IN2J C (Fig.J lg).

TIle dish antenna used is by Sivers Lab and
has a diameter of 36cm. Th is should give
all antenna gain of 25dfl li t 9.5 GH7..

Fig's.32a 10 32c show loc entire electric al
arrangements and the low-noise audio
f reque ncy preamp in circuit and layout . An
LM II CNis used here.

Fig' Il .33a to 33c show ibc fo llowing
stages: filter and ampli fier. aga in in circuit
and layout. Aflcr adequ ate ampl ificat ion
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T he LEn is illuminated each time
the micro is reset.

VHF CO MMUNICATIO NS 4192

Switch 1: toggling the display
between km/h and m/s.

Switch 2: toggling be tween dis
playing doppler frequenc y and
spee d. When frequency is displayed
switch 1has no effect.

Switc h 3: switches in a correc tion
that lakes into acco unt the 33.6
degrees imgle bet ween the roa d and
the Radar direction. If this is angle
is nei ther zero or 3.16 degrees, then
the softwa re mus t he modified.

Switch 4: pUIS the highest value of
the series onthe display .

Switch 5: resets the mfcroproccs
SOL

On the laboratory bench we were feeding
in known frequencies directly into the
low-frequency evaluation circuitry and
obtained the speed resu lts indicated in
Table 2. As we can see. the accuracy of the
coumc r is with in plus or min us Ikill/h .

6.1 Sensith'itJ

Table 3 shows the minimum input voltage
needed <It the preamplifier to produce a
stable signal at the OUlpUI of the Schmitt
Trigger (Fig.3(j).

As can be see n, our direct convers ion
receiver is fairly dean Of course higher
receiver sens itivity would increase the
range of our Radar • this has been
discussed already.

6.
PRACTI CAl. TESTS

Amplitude
(mV, )

1.4

2.0
3.0

10
1(J()

111(J()

FiJ.:.3X: Doppler slJ.: nal Of :1 train
20311 Hz /I05,2 klll /h
Th e hiJ.:h Radar cross-section value produces a
steep (9nUlllV/d h 'isio ll) and low-noise Doppler
siJ.:n;l!; th e pulses Irum the Schmitt Tri~t'r arc
correspondingly clean

the signal is transfor med into a rectangular
form in ,I Schmitt Trigger. Finally this
s ignal is passed to pin 15 of an Intel
microp rocessor which carries out the
counting and calculation (Fig's.34a 10
34dl. The circuitry for the stabilised power
su pply is show n in Fig 's .35a to 35e.

Freq uency
(H z)

5.1 Exte rnal con nec tions

Five switches and OIlC LED provide the
user interface . They have the following
operat ions :

.1200
7000
..no

11000
14000
20000

Table 3
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~t .. ,,; ..=======.==----- ---
OOllr " to r
2

7.
I.ITERATURE

i

"'i:,:.39 : Free space test a nd
C a librat ion setup

The screen shots (Fig's.37 and 38) show
how the syste m works in prac tice. In
addit ion the doppler signals produced by
tra ins and cards are recorded at audio level
on tape and later shown on an osciuoscopc
in the labo ratory. It is particularly interest
ing 10 note here thai real doppler signals
arc not as d ea n as the ones produced
artificially in the lab, but on the other hand,
they arc not spur ious readings.

Practical checking of accuracy and range
was achieved as in Fig.39. When a train
comes ope rator 1 signals the exact time the
locomotive passe s and operators 1 and 2
start their watches. When the locomotive
passes ope rator 2, he gfves a signal and

they both stop their watches. The average
ofthe two limes is taken and operator three
read s off the Radar display .

In three tests with varying speeds we found
inaccuracies of from 4 til 6 per cent, the
variations in the slopped time included.
The maximum distance at which we coul d
measure the train was around 100 metres.
Possible improvements have already been
discu ssed. If there is no Radar signal on the
input , amplif ier noise reaches the trigger
stage and the display shows spuri ous
read ings. Th is spur ious display could of
course be suppressed with further software
develop ment.
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