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INTRODUCTION

The atmospheric wind f i e ld  a f f e c t s  the United States Army Tactical
operations. For example , the impact point of a ballistic projectile is
affected by crosswinds prevailing along its trajectory . If the gunner
has knowledge of the wind s t ruc tu re  before aiming the gun , he can make
the necessary corrections to achieve improved and more accurate fire-
power. This will , in turn , increase the first—round—hit probability
and standoff range of our friendly forces. Optical remote wind sensors
have displayed the potential capability of providing the wind structure
information along the forward trajectory of ballistic projectiles.
This report discusses the experimental  se tup of a pro totype trans it
time lidar system (TTL), an op t ical remo te wind sensor , and presen ts
some prel iminary data collected with the system. TTL is an exploratory
development prototype of an active remote crosswind sensor that is
capable of measuring crosswind speed (component perpendicular to the
‘aser beam) at predetermined small volumes in the atmosphere.

The TTL method of measuring wind veiocity depends on the fact that
atmospheric dust is not uniformly mixed in the atmosphere. As these
inhomogeneities or particulate patterns are carried by the wind , they
change as a function of time . However , during the sample per iod of
the TTL, the change is so small it is assumed to be nil. The TTL
t rans mit s a pul sed laser beam wh ich ill um ina tes two prede term ined
volumes in the atmosphere . The distance between these two sample vol-
umes is determined by the geometry of the receiving telescope (optical
receiver)  shown in f i gure 1. A set of photomultipliers converts the
backsca tt ered light energy Into two electrical signals. To determine
range , the electrical signals are ga ted by the rang ing c ircu it in the
elec tronic receiver. These two gated signals are then di gitized and
cross—correlat ed to extract the transit time , which is the time needed
by the pattern to travel from one volume to the other. With this
transi t t ime and d istan ce between samp le volumes, the perpendicular
wind component (magnitude and direction ) can be calculated.

BACKGROUND

In the past , three methods to measure winds remotely with lidar have
received considerable attention . These three methods are based on the
phenomenon that aerosols in the atmosphere move w ith the same veloc it y
as the wind. Schwiesow 1 has used the doppler principle with.a CO

2 
lidar

1 R. L. Schwiesow , R. E. Cupp , M. J. Post , and R. F. Calfee , 1977 ,
“Coherent Differential Doppler Measurements of Transverse Velocity at
a Remote Point ,” Applied Qptics, Vol 16, No. 5, pp 1145—1150
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Figure 1, A sketch of the lidar field setup at LC 36, White Sands Missile
Range , NM. The transmitter is a copper vapor laser, and the
receiver is a cassegrainian telescope. The reference anemometer
is attached to the meteorological tower.
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system to measure the radial component of the wind velocity. Leuthner2

has measured the motion of large dust conglomerates (approximately
1,000 m wide) to determine wind velocity in two dimensions at ranges
up to 10 km. This second method requires at least 2.5 mm to obtain
sufficient data to compute wind velocity . The third method is known
as the transit time lidar (TTL) approach. Derr 3 has done some pre-
liminary work in this area ; however , Barber and Mason4 have conduc ted
most of the advanced work In this area , incl uding dev elopm en t of a
prototype model.

The TTL effort at this laboratory began in 1972 when a nitrogen laser
was utilized as the transmitter and an electronic range gate was used
in the receiver.4’5 This approach proved that the TTL method of remotely
measuring windspeed was feasible. However , there were two ~bv ious
drawbacks: (1) the pulse repetition frequency (prf) of the nitrogen
laser was very slow , forcing the samp le volumes to be too far apart to
ob tain meaning ful correlations; (2) the beam divergence of the nitrogen
laser was approxima tely 6 mrad , which did not permit efficient use of
laser energy at ranges of interest.

To alleviate these problems , the nitrogen laser was replaced with an
argon ion laser in 1974. During this phase of the experiment , energy
per pulse was determined to be insufficient; furthermore , the  laser
was extremely sensitive to vibration and therefore could not be employed
in field experiments.6 Thus , in 1977 a copper vapor laser was substi—
tuted as the TTL transmitter. The copper vapor laser with a beam

2T. G. Leuthner and E. W. Eloranta , “Remote Measurements of Longitudi-
nal and Crosspath Wind Velocities with a Monostatic Lidar ,” paper pre-
sen ted at the 8th Interna t ional Laser Radar Conference at Dr exe l
Universi ty , Ph i ladel ph ia , PA , June 1977

3V. F. Derr , C. M. Lerfald , and M. J. Post , 1978 , “Measures of Irihomo—
geneity of Aerosols ,” ERADCOM Report ASL—CR—78—8 017—1. Atmospheric
Sciences Laboratory, White Sands Missile Range , NM
4T. L. Barber and J. B. Mason , 1974 , “A Transit—Time Lidar Wind Measure-
ment: A Feasibility Study ,” ECOM Repor t 5550. Atmospheric Sciences
Laboratory, White Sands Missile Range , NM
5R. L. Armstrong , J. B. Mason , and T. L. Barber , 1976 , “Detection of
Atmospheric Aerosol Flow Using a Transit—Time Lidar Velocimeter ,”
Applied Optics, Vol 15, No. 11, pp 2891—2995

6T. L. Barber and R. B. Loveland , “The Transi t—Time Laser Radar as a
Remote Wind Measuring Device ,” paper presen ted at the 7th International
Laser Radar Conference at SRI Menlo Park , CA , November 1975

5

I, ---- — -~~~~ :~~~~.~~
_ T T T ~~~~ T1 .. . . . .

~~~~~~~~~~~~
- . .



—.—.—~ ~~-~~-—--.-- ---

divergence of less than 0.5 mrad concentrated more energy per pulse in
a given volume of atmosphere , had much be t te r  s tabi l i ty ,  and had a
suff ic ient ly  high prf.

The laser energy from the copper vapor laser is approximately 1 mJ per
pulse , which is the same amount of energy available from the nitrogen
laser. However , because of its large beam divergence , only about
0. 1 percent of the radiation from the ni t rogen laser illuminated the
sample volumes. The copper vapor laser has a beam collimator which
concentrates all the available energy in a 2—cm circle at 70 m. (The
beam collimator and the method of producing the two beams are illustra ted
in f igure  2 . )  In addition , ult r av iolet light  is scattered more e f f i —
cient ly  than visible light by atmosp heric pa r t iculat es . 7 The se two
factors increase the scatter return per pulse by a fac tor  of 37.
Furthermore , the pulse repet i t ion  rate increased 100 times (from 60 to
6,000) , thereby increasing the potential information rate by a factor
of 3,700. The copper vapor laser was more adaptable to field operations
because it is not very susceptible to mechanical vibrations or thermal
changes , and also because it is relatively easily and quickly aligned.

METHODOLOGY

The method of measuring winds by illuminating two sample volumes with a
single laser is shown in figure 2. As the laser beam comes out of the
collimator , it st rikes a director front  surface mirror. After being
reflected , the beam goes to the two staggered pointing mirrors. Each
of these mirrors intercepts  half of the circular beam and reflects it
to the samp le volume . The illumination of each sample volume is maxi—
mized by adj usting each pointing mirror independently. The transmitted
energy that is backscattered by the atmospheric particles is collected
by the optical receiver , a telescope fo cused at 70 m.

The copper vapor laser outputs  two wavelengths simultaneously : 5106
and 5782 angstroms. About three—fourths of the total energy is pro-
duced at the 5106—angstrom wavelength.

f igu re 3 shows a diagram of the alignment procedure that was used . As
the lase r is tu rned on , the copper s tarts  to heat up and a fluorescent
output is visible on a sheet of paper placed in front of the laser.
The f i r s t  dim output  produced is blue with a slow transition to pink,
th en to green. If the optics have not been aligned previously, the out-
put might look like f i gu re 3A. The first step is to adjust the rear
mirror micrometer  unti l  an output like that shown in figure 3B is

7H. C. Van de Huist, 1957 , Li ght Scat ter ing ~~ Small Particles,
John Wiley and Sons, Inc .,  Ne w Yo rk
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LASER

COLLIMATOR

DIRECTOR
7. .~~~~MIRROR

— POINTING MIR RORS

Figu re 2 ,  Method of forming two beams from a sing le laser. The main
beam is expanded by the col l imato r and then redirected by
the di rector mirror ,  The pointing mirrors are staggered in
such a manner tha t each in tercep ts and reflects half of the
beam. These mirrors can be adjusted individuall y to ob tain
e f f i c i ent i l lumination of the sample volumes.
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LASER ALI GNMENT

LAS I NG ACTION

FLUORE SCENT OUTPUT C

LA~ NG A~~~N PROP E RL Y ALIGNED ~~

Figure 3. Laser alignment procedure. “A” shows the condition when the
laser is out of alignmenL The image produced by the laser on
a white piece of paper is a dim green image with the inner
portion only slightly brighter than the outer portion. Adjust-
ing the rear reflector produces condition “B” where the image
is still dim green, but the inner portion is centered. At this
point, lasing action will be visible as shown by the arrow,
Next, a no, 14 welder goggle plate is placed in the beam, and
the front reflector is adjusted to achieve the condition at
“C” where the inner section is relatively brilliant green and
the edge is evenly illuminated.
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T
obtained. At this point a welder ’s goggle number 14 is placed at the
laser output port to reduce the intensity. The second step is to
ad just the f ron t  mir ror  mic rome te r  to go from 3B to the shape shown in
IC. When the optics are properl y al i gned , the laser spot becomes cir-
cu l a r  and its edge is brilliant and even.

The scattered light from the samp le volumes collected by the telescope
i s  c o n v e r t e d  to  an e l e c t r i c a l  s ignal  b y a p a i r  of p h o t omu l t i p l i e rs .
Both of t h e s e  wavelengths are transmitted into the atmosphere , but a
1O— an ~, st r o m  opt  ic~il f ilter in front of the photomultiplier tubes ,
centered at 5 106 , I i i ~~~~ t reins , reduces the ext r au cous  light noise and
pa~~~en t h e  m a j o r  f r e q u e n cy  of t he  l a s e r .  The signal from each  of the
two p h o t o m u l  t ipi iers  is  fed to a gate circuit. A t i lne sequence of this

~~it e circuit operat ion is p r e s e n t e d  in f i ~ u i e  4. The si gn;i l t h a t  is
oht a I ned t hr ougl i  t he gate ci rcu i t from one pho t onu I tipi icr is an
average return t rem an atmosl)lleric volume ot ‘

~ in in l e n g t h  and 2 cm i n
d i a m e t e r  a t  a r an g e  o f 70 in .  The other pho tomti i t  i p l  i c r  ca t  ed s i g n a l

fl is from a similar vo l ume hori zontally d i s p l a c e d  ~~
‘I cm.

Th e d a ta  f r o m  each  c at e  art recorded on in jnale~ t ape  r e t o r de r  t_ orctlI er
w i t  Ii t h e  three m i  leg  -~ I ~‘,nal s from a 1 V W  /anernome t e r . One o f t i e
anemometer ’ s sense rs i ~ l ined tip perpendic ular to the  laser beam is
shown in f i gurt I . A syn c hr o n  i zin~. pit l se (data flag) is a I s r e t o rdetl
The d a t a  t rota these tapes art di cit I ied by using t h e  sviichron I / rig
pulse as ref renc , ~a i t ing 50 in i c roseconds , and read [rig a vol t age value
f rom plic to rnii l t i p I icr I phot oniul t [ p 1 1 cr 2 , and the perpendicular wind
component .

F i g u r e  5 is a samp i e of  the  b a c k s e a t  I cr  r e t u rn . The ex a c t  source of
the high f r e q u t t i e v  v i r i a t  ions in the backseat tered si gnal  is unknown .
Howev er , r e s u l t s  t rem p r i v i o u s  experimentation and th e o re  t ical con-
si d e r a t i on s  have  ~li~~ i i t h a t  t h e  d a t a  of In t er e s t  w i l l  f a l l  in the
f r e q u e n c y  ra t l ~~e of  0. 1 t o  30 H z .  Th i s  is c o r r o b o r a t e d  by c o n s i d e r i n g
an average  wind~ p t t d  of 10 rn / s e c  and dus t  i r r e g u lar i t i e s  front 0. 5 in

to 10 in diamet er. In  t he c t - c  of the  dus t  i r r e g u l a r  i t v  h av i n g  a s i ze
of 0. ~ in and m o v i n g  i t  10 ni/~~cc , it vi 1 1 take  0 .05  sec for  the  1 r r t g i I —

J a r  it v to go t broncO t lie beam , which is e q u i v a l e n t  to a frequency of
20 l I z .  In t h e  case e t - i  10—rn d i a m e t e r  dust i r r e g u l a r i t y  g o i n g  through
the beam , when the w i n d  b lows at 10 r n / s e t ’ , the t r a n s i t  t i m e  w i l l  be
1 sec , which is equivalen t to  a f r e q u e n c y  of 1 Hz .

The t o ta l  i n f o r m a t i o n  recorded  on analog tape is dep endent  on the laser
pulse r e p e t i t i o n  r a t e  w h i c h  Is a key c h a r a c t e r i s t i c  in d e t e r m in i n g  the
maximum w i n d  v e l o c i t i e s  which can be a s c e r t a i n e d .  In f o r m at i o n  t h e o r y
s t a t e s  t h a t  at  l e a s t  t h r e e  pulses  are needed per a tmosp her ic  volume
i l l u m i n a t e d  as a p a r t i c u l a t e  p a t t e r n  t r a v e l s  t h rough  the  two probed
volumes. As mentioned before , in the case of the nitrogen laser , TTL
operation was limited because its maximum prf was only 100 Hz. To
minimize these problems and to insure  ccl l e ct  ion of proper  data as

9
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To FROM LEADING EDGE
- 

~ OF LASER OUTPU T PU L SE

2 - 

~~

-.‘ RANGE DELAY .5 MICRO SEC.

3 - [_ f-u SAMPLE GATE 21 NA NO Sec .

4 - u DATA FLAG

5 - HOLD PERIOD
100 MICRO SEC

5 . RECYCLE

o TIME

Figure 4. Time sequence of gate circuit operation (one cycle).

1 — electronic pulse produced by a photodiode looking at the
sur f a c e  r e f l e c t i o n  f rom one of the laser cav i ty  windows,
This is the sync pulse that starts gate opera t ion ,

2 — range delay from transmitter to sample volume.

3 — sample volume length determination .

4 — da ta flag to initiate samp ling by the AID converter.

5 — period du r ing  which si gnal  is held un t i l  AID converter
f i n i s he s  sa mp l i n g .

0 TIME ~~SEC

Figure 5. Plot  of gated b ackscat t e red voltage signal vs time . Note the
high frequency content in the si gnal .
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required by information theory,  the distance bet ween samples was chosen
as 1.2 m. With these constra ints , the maximum windspeed that  could be
measured was 16.6 rn/sec. For low winds , such as 1 m/aec , the transit
time was 1.2 sec . During this t ime period , the atmospher ic pa r ticul ate
pa t te rn  changed appreciabl y; therefore , the re was less co rr elation
betwee n signals. As the correlation decreased , the probabi l i ty  of
obtai ning a rel iable wind measurement decreased too .

The p roblem was r esolved b y replacing the ni t rogen laser with a coppe r
vapo r laser which  is capable of generating prf from 800 to 10,000 Hz .
It was decided to use a ~ f of 6 ,000 Hz , and 24 cm as the distance
between samples. With this improved confi gu ra tion , a low wind veloci ty ,
such as 1 m/sec , p roduces a transit  time of 0 .24  sec . If the operating

F p rf is 6 ,000 Hz , the n 1,440 pulses occur during the t ransi t  time .
Fur thermore , the t rans i t  t ime is so short that  deterioration of the
atmosphe r ic  par t icu la te  pa t te rns  is negligible.  When high winds , such
as 50 nt/sec are present , the t ransit time becomes 1/208 sec ; in this
t ime inte rval , the copper vapo r laser generates 29 pulses , which is
quite  adequate for  the computat ional  algori thm .

DATA ANALYSIS AND RESULTS

As i l l u s t rated in the last paragraph of the preceding section , the f re-
quency ranges which contain the desired wind information are inversely
p roportional to the size of the existent  turbulent  atmospheric cells.
Knowing tha t  at the 15—rn a l t i tude  probed the dust i rregularit ies, wh ich
backscat te r the l idar signal , are carried in turbulent  cells of a size
range 5 to 20 m and that  the wind velocities of in terest  fall  in the
vic in i ty  of 10 m/ sec , the TTL data should lie in the frequency range
below 30 Hz. However , the raw data collected contained many high f re-
quency components , as shown in the sample plot of figure 5. These high
f requency variat ions in the data had the e f f e c t  of producing “unclear”
co r relat ions , which in turn generated unreal is t ical ly high wi nd velocity
values. Figures 6A throug h 6F show examp les of such correlations ; the
most st r iking examp les a re the correlograms of f i gu res 6B and ÔC which

‘1 yielded the extremel y high ve loci ty values of 240 and 180 rn/sec .
respectively.  Sources of the high f requency  compo nen ts include “pulse—
to—pulse” variations in the laser ou tpu t , microst ructures in the particu-
late concentration , and optical turbulence in the atmosphere.

To eliminate the high frequency components from the raw data and thus
dec rease the error in the results , a compute r  f i l t e r i n g  subroutine was
employed. The algorithm used by this subroutine consists of Fourier—
t ransforming the raw data , removing all undesirable frequencies , and
the n inverse Four ier—transforming the resul tant  da t a .  Since the data
are removed or f i l te red  by a computer , the high cu to f f  frequency and
the type of f i l t e r  ro l l—off  curve can readily be changed .

11



-~~~

Th. data shown in this series of fi gures were Fo urt er— tr ,r ,storm , t and passe d through a f i l t e r  w i t ) ,
cosine squared high fr equency ro l l—o f f  and a I dli point it 4 ’ ~ Hi Figure . liA through bF w,’re prodni-ed
with consecutive dat* block s , co vering a to ta l  t ime period of 4 ..~ sec . The point in t ime at which
thes. data were taken 1. shown in figure s 8 ..nd 9 by an .,rr v .

These six correlations are pre sented to  i l l u s t r a t e  prob lems produc ed by th e high f requen cy ,‘mpo nent,,
(4 to 45 Hz) in the data . These high frequenci es i t t  he re la ted  to the shape . 1 1 ,  t i th e duet ~,l t ,
and opt ical turbu lence in the atmo s ph ere along tb, liser beam .

The average wind velocity measured by the ret e re n , , anemometer during thi time period vi. . 75 rn, t i .

2

-l
0 

~~~~~. a _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

T~~I DI LA Y sic 5,.c 0 5sec

Figure 6A. Cros s—correl ation with a poorly de fined Figure 68. A w e l l—def ined  c ross—cor re la t i on
maxima . Three peaks w i t h  a similar but unrea listically high ca l cu—
maximum amplitude .,r, present.  Calcu— la ted wind ve loc i t y  of ISO m/eec .
lated wind v e l o c i t y  2 2 . 3  rn / s ec .  Time delay between grap h ordinate

and cor rela t ion  maximum is 0 .00 1 3
Sec.

Figure h . C ro ,s— , ,, r r , l , t  ion f iv,, i i i ,  h i ,  ks • i., It w i t ) ,  -‘ (iQi , . l i t . i  points taken it a r i t e  of h000 liz .
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Figure 6C. A well—defined crous— correlat ion maximum, Figure liD. Cross—correlation with a single , but
but unrealistically high calculated wind somewhat broad , maximum . Calculated
velocity: 2.0 rn / s ec .  wind velocity: 31.3 rn/sec .
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Figure bE . Cro.s—correlati c’n with a poorly defined Figure 6?. Cro ss—correlation with a broad and poorly
broad correlation maximum . Calculated defined maximum. Calculated wind velocity:
wind velocity: 9 .1 rn/eec . 3 . 1  m/sec .

Figure 6. (cant)
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Empirical evaluations of the filtered data were conducted , and the results
of inc r e m e n t a l l y changing  the h i gh c u t o f f  f r equency  are presented in
figures 7A th rough  7C and in table 1.

As the most meamingful correlations occurred when the size of the
aeroso l inhomogentities ranged from 1 to 8 m , it became Important to
investigate how o f t e n  these aerosol inhomogeneities show up in the
atmosphere . This frequency of occurrence is important because it
determines how often wind velocity measurements can be obtained .

Figure 8 shows i plot of the sum of the first ten low frequency har-
monies, and experiments determined that when this sum exceeded 0 .25
of the highest total value , a cross—correlation which prov ided meaning-
ful results for the data collected in this experiment was obtained .
This type of pattern of dust inhomogeneity was found to occur at least
every 60 S L e  when the  hori zontal visibility was approximately 130 km.

Two parameters , sample t ime and filt er band—pass characteristics , were
found to be quite Important in obtaining meaning ful correla tions. A
meaningful correlation Is defined as one that generates a comparison
of the TTL wind data and reference anemometer data within 15 percent
of each other. The samp le time affected the shape of the correlogram ’s
maxi mum , which In turn produced “unclear ” correlations. Samp le times
of 0.67, 1•Ø , 4.67, and 10.0 sec were evaluated , and the concl usion was
that the 4.67 sec sample time produced correlograms with a single , well—
defined maximum and a correlation coeffici ent of 0.85 or greater. The
second parameter of interest Is the filter band—pass characteristics ,
which inc lude  t he hi gh ct~t o f f  frequency , low cutoff frequency, and type
of roll—off. A f ilt e r with a cosine squared roll—off curve was used ,
and the 3 dB cutoff f requency was set at 3.0, 2.0, and 1.0 Hz. The
results due to these changes are shown in figures 7A through 7C. After
ana lys i s , the conclusion was that setting the high frequency cutoff at
2.0 Hz produced the most meaning ful correlograms .

The low cutoff frequencies tried were 0.2 , 0.4, 0.5, 0.6, and 0.7 Hz;
and empirically, it was determined that 0.6 Hz produced the most mean—
ingf ul correlograms. Table 2 shows a comparison between wind velocity
values Iron the reference anemometer and TTL. These values were corn—
puted from data collected over ~i 5—mm period . Altho ugh fair agreement
Is shown betw~en the pairs of values , the conclusion is that these
values are not closer to each other becau~c the l idar  and an emome ter
are measur ing different sample volumes , and also because t)~e reference
anemometer has a certain amount of inertia. Nonetheless , dur ing  thi s
sampling period onl y one ltdar wind measurement was outside the S to
13 rn/sec wind range recorded by the anemometers.
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For this eerie. i t t  f igu r es , th e i i t~~~~- s imple time is scc ’tmp liahed by obtaining i new data hit ’ k of 4096
da ta points where e t ch new d. iti point is the ,umrtit ion of 15 old data points. The new data blo ck vie
Fourier—transfor m e d . t i l t - i t - ti , m d  inv er se Fou rier— transform e d before the t ross— ,- orr .lat ion w i t  i’ornp uted.
This gr oup of thr. - ‘rr lo gr irns ,fe,ws the effect of varying the hi gh cutoff fr eq ,,en ty . Table 1 show.
these s its, r e s u l t s  in numerical form .
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Figure 7A . A cross—correla tion .,ith a well— Fi gure 75. A croas—c ’rrelation v i h  i wel l—def ined
defined maximum . High frequency maximum. High f requency c u t o f f :  Hz .
f i l te r  c u t o f f :  3 Hz. Calculated Calculated wind ve l oc i t y :  “ .3 rn/sec .
wind velocity: 8 rn/sec. Mea sured Measured wind v,l,t, ity 7S m y . .
wind velocity: 4.75 rn/sec , 68~ hig h. l~~Z hig h. A reasonab le comparison.

/\

5,., 0 — 5,.,
Figure 7C. A cro ss —corre l at ion wi th a we l l—de f ined  vet S l i g h t l y  broadened maximum. Hi gh I r t -q t t . - n . s f i i ~~cr

cutoff: I lIz. Calcul ated wind velocity: 1.2 rn/s ec.  Measured wi nd ve l oc i t y:  ~~. ‘“
75Z m v . Th, f requencies from I to 2 H, ~ho u1d not have been r emoved .

Figure 7. Cross—correla tion of two 10-eec data blocks .
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T IM1 ‘ti n

Figure M Time p lot o t  the first 10 low t requency harmonics in the Fourier—
transform ot -‘.096 point d a ta  blocks , These frequencies extend
f r om 1 . 5 to 15 Hz, I t  wis emp iric.mIl y determined that when the
curve exceeilcd l ,~~, a meaningful correlation was obtained .
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TABLE 1

SETTING OF FILTER HIGH

CUTOFF FREQUEN CY

Calculated
Frequency Crosswind Velocity

Figure (Hz) (rn/ sec)

7A 2.9 8.0

lB 2.0 5.3

7C 1.0 1.2

The measured averaged wind velocity, during
the period when the above data were collected ,
was 4.75 rn/sec .

TABLE 2

CROSSWIND MEA SURE2IENT COMPARISON

Reference Anemometer - TU Measurement
(rn/see) (m/sec)

9.6 14.7

10.0 10.3

6.8 4.7

10.8 6.0

10.4 6.0

Each of these data samples was 4.67 sec long. Low
cutoff frequency was 0.6 Hz and high cutoff frequency
was set at 4.0 Hz. Cross—correlations were well—defined .
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CONCLUSIONS AND RECOMMENDATIONS

The coppe r vapor laser performed well as the transmitter  for  the TTL .
Its ope rational character is t ics  make it suitable for  experimental f ield
u se because it is relat ively easy to align and is not very sensitive
to vibration .

With the present configuration of TTL, reasonable crosswind measurements
were obtained from the unperturbed atmosphere when the visibility was
approximately 130 km. The best results were obtained when a band—pass
fil ter with a high cutoff frequency of 4 Hz and a low cutoff frequency
of 0.6 Hz was used to filter the raw data from both photomultipliers.
Using a sample time of 5 sec , TTL is capable of measuring crosswind at
least once every 60 sec at a height of 15 m . As the horizontal visi-
bil it y decrea ses, crosswind da ta can be ob tained much more easi ly because
the amount of backscatter signal increases.

The degree of agreement between TTL and the reference anemometer values
can be improved by optimization of the system ’s parame ters , such as
sample volume dimensions , laser prf , and dis tance be tween sample vol—
umes. Furthermore , th is op timi za ti on wil l  also increase the range of
operation to the point where a range of 4 km in the unperturbed atmo-
sphere seems reasonable.

The first step in a follow—up program should be analysis of all the
available data. After that , da ta under d if f e r en t me teorolog ical cond i-
tions should be obtained and reduced . A collective analysis of all the
da ta should be suf f ic ien t to evalua te the TTL ’s performance. Future
efforts should also Include an investigation of the optimization of the
mathematical algorithm. As part of this investigation , the sample time
and band—pass filter characteristics should be studied.
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