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ABSTRACT 

The f l i g h t  t e s t  technique described uses con- 
t r o l l e d  survey runs t o  determine hor izonta l  atmos- 
pher ic  pressure va r ia t ions  and systematic a l t i t u d e  
e r r o r s  t h a t  r e s u l t  frm space-posi t i m i n g  measure- 
ments. The survey data can be used not  only f o r  
improved a i  r-data ca l ib ra t ions ,  but  a lso  f o r  stud- 
i e s  of atmospheric s t ruc tu re  and space-positioning 
accuracy performance. The examples presented cover 
a wide range o f  radar t rack ing  condi t ions f o r  both 
subsonic and supersonic f l i g h t  t o  an a l t i t u d e  o f  
42,000 ft. 

INTRODUCTION 

A s tat ic-pressure p o s i t i o n  e r r o r  method 
incorporates ground-based radar ( o r  other space- 
pos i t i on ing  f a c i l i t i e s )  t o  determine geometric 
a1 t i  tude and upper-ai r rawinsondes t o  independently 
measure the atmospheric s tat ic-pressure p r o f i l e  on 
the  t e s t  day (Ref. 1). I n  many cases the rawin- 
sonde pressure measurement m y  not  be prec ise ly  
representat iv? of the ambient pressure because o f  
s p a t i a l  and temporal d i f ferences between t h e  ba l -  
loon and the a i r c r a f t  measurements. I n  addi t ion.  
s i g n i f i c a n t  instrument e r ro rs  may e x i s t  i n  the 
rawinsonde measurements, and pressure discrepancies 
caused by hor izonta l  pressure gradients i n  the 
atmosphere nay -.e especia l ly  serious when large 
distances are used t h a t  r e s u l t  from accelerat ing 
and/or decelerat ing c a l i b r a t i o n  runs a t  supersonic 
speeds. 

To accannodate long c a l i b r a t i o n  runs. upper-air  
meteornlogical analyses were performed using data 
from several rawinsonde s ta t ions  t o  obta in repre- 
sentat i ve ambient pressure v3l ues f o r  supersonic 
c a l i b r a t i o n  o f  the  YF-12 a i r c r a f t  (Ref. 2). This 
procedure p rod~ces  more accurate data because it 
i d e n t i f i e s  hor izonta l  gradients and Inaccurate data 
from ind iv idua l  s ta t i cns  which do not f i t  the  pat -  
t e r n  o f  the m u l t i s t a t i o n  data. However. other sys- 
tematic a l t i t u d e  e r ro rs  r e s u l t i n g  from radar t rack -  
i n g  biases can a1 so be experienced. 

This paper describes an a i r  data c a l i b r a t i o n  
technique tha t  uses : l ight  survey runs t o  determine 
h r r i z o n t a l  pressure va r ia t ions  i n  t h e  atmosphere 

and systematic space-posit ioning a l t i t u d e  errors .  
Surveys o f  t h i s  type can a l s o  be used f o r  studies 
o f  atmospheric s t ructure.  r e f r a c t  i o n  o f  radar 
waves, and space-posit ioning t r a c k i n g  performance. 
Examples are given o f  surveys a t  a l t i t u d e s  t o  
42.000 f t  and o f  a i r  data c a l i b r a t i o n  appl icat ions 
extending t o  supersonic numbers obtained dur ing 
f l i g h t  t e s t  programs a t  the Dryden F l i g h t  Research 
F a c i l i t y  o f  NASA Ames Research Center. 

E e leva t ion  angle measured by radar, deg 

P pressure a1 t i  tude, f t  

M Mach number 

R s l a n t  range measured by radar, f t  

t time, sec 

z geometric a l t i t u d e ,  m ( f t )  

&PS 
pressure a l t i t u d e  cor rec t ion  f o r  

va r ia t ions  o f  radar a l t i t u d e  e r r o r  and 
geometric a1 t i  tude from reference po in t  
along survey t rack,  f t  

(Ah~S)c pressure a l t i t u d e  correct ion,  AhpS, 

corrected f o r  pos i t i o r ,  e r r o r  changes 
caused by va r ia t ions  i n  Mach number and 
pressure a l t i t u d e  from the reference 
point ,  f t  

M c  Mach number co r rec t ion  f o r  s tat ic-pressure 
p o s i t i o n  error ,  based on cor rec t ion  

determined from survey run 

Ah Hach number co r rec t ion  fo r  s tat ic-pressure 
p o s i t i o n  e r ro r ,  wi thout  b e n e f i t  o f  
co r rec t ion  determined from a survey run 

Subscripts 

i indicated; determined from the  a i r c r a f t  
measurements 

m measured 

U.S Gwernment d not proleded by U.S. copydght. 



s a p o i n t  dur ing survey run 

r e f  re fers  t o  a reference p o i n t  o r  t ime 

DESCRIPTION OF METHOD 

Static-Pressure Pos i t i on  Er ro r  Ca l ib ra t ion  

I n  the  basic space-post t i o n  and pressure survey 
method, the a i r c r a f t  i s  flown a t  constant values of 
ind icated pressure a l t i t u d e ,  ind ica ted  Mach number. 
and f l i g h t p a t h  heading. The ground t rack  i s  as 
close as poss ib le  t o  t h a t  used f o r  t h e  s t a t i c -  
pressure c a l i b r a t i o n  t e s t  run. The Mach number 
should be se lected f o r  adequate c o n t r o l l a b i  1 i t y  o f  
a l t i t u d e ,  l i t t l e  s e n s i t i v i t y  of s ta t ic-pressure 
p o s i t i o n  e r r o r  w i t h  Mach number, and f u e l  economy. 
The survey can be made by t h e  same a i rp lane  as the  
one t o  be ca l ibrated.  

The survey-run t r u e  geometric a l t i t u d e s  gener- 
a l l y  d ' l f f e r  subs tan t ia l l y  from t h e  t r u e  pressure 
a l t i t u d e s  because o f  dev iat ions between condi t ions 
on the actual  t e s t  day and t h e  pressure a l t i t u d e  
r e l a t i o n s h i p  def ined by the  U.S. Standard Atms-  
phere (Ref. 3). A t  a given a l t i t u d e  t h e  d i f fe rence  
measured between q e o l ~ e t r i c  a l t i t u d e  (2) and pres- 
sure a l t i t u d e  (hp) may a lso  be var iab le  i n  t ime and 
space along the  survey t rack  because o f  (1) pres- 
sure gradients on t h e  t e s t  day, (2) e r ro rs  a f f e c t -  
i n g  the  t r a c k i n g  radar, and (3)  changing pressure 
measurement e r ro rs  on the  a i rp lane  (Fig. 1). By 
minimizing pressure a l t i t u d e  and Mach nl~mber excur- 
sions dur ing the  survey, e f fec ts  of t h e  a i rp lane  
instrument e r ro rs  and previous a i r  data c a l i b r a t i o n  
inaccuracies are e s s e n t i a l l y  he ld t o  a f i x e d  b ias  
throughout the  run. For the  example i n  Fig. 1 ,  
small vary ing differences are i l l u s t r a t e d  &tween 
the  ind ica ted  and the  t r u e  pressure a l t i t u d e ,  which 
may be caused by instrument e r ro rs  and p o s i t i o n  
e r r o r  changes w i t h  Mach number var id t ions.  The 
t r u e  pressure a l t i t u d e  (h,) and t r o e  geometric 
a 1 t i t u d e  (z)  d i f f e r  becauie o f  hor izonta l  pres- 
sure gradients and deviat ions from the standard 
day. S im i la r l y ,  any e r ro rs  i n  the raaar a l t i t u d e  
measurement (2,) w i l l  cause i t  t o  d i f f e r  from the  
t r u e  geometric a l t i t u d e .  Thus changes i n  the  d i f -  
ference between radar a l t i t u d e  and the  a i rp lane  
ind icated pressure a l t i t u d e  (zm - bpi) es tab l i sh  
t h e  measurement va r ia t ions  raused by pressure gra- 
d ients ,  atmospheric r e f r a c t i o n  o f  the  radar beam, 
o r  other radar e leva t ion  angle o r  range errors .  

When the  t r u e  values are known f o r  radar a l t i -  
tude and pressure a l t i t u d e  a t  any given po in t  i n  
t h e  run, a reference po in t  can be establ ished from 
which the t r u e  t ime h i s t o r i e s  can be calculated. as 
i s  shown subsequently. 

The best estimates of t r u e  geometric a l t i t u d e  
are obtained a t  h igh radar e leva t ion  angle where 
atmospheric r e f r a c t i c n  and other radar e r r o r s  a re  
minimal. True pressure a l t i t u d e  a t  such po in ts  can 
be estimated by use o f  a f l i g h t  Mach number t h a t  
has been prev'ously ca l ib ra ted  on the  t e s t  a i rp lane  
o r  by use of a ca l ib ra ted  pacer airplane. When 
measurements are l o t  ava i lab le  f o r  gnod estimates 

o f  e i t h e r  t h e  t r u e  geometric a l t i t u d e  o r  the  t r u e  
pressure a l t i t u d e ,  t h e  value o f  z - hp based on 
t h e  meteorological analys is  can be used w i t h  the  
value a v a i l a b l e  t o  ob ta in  the  missing a l t i t u d e  
q u a n t i t y  ( z  o r  hD) a t  the  reference point .  When 
bo th  are avai lab ie,  the  meteorological est imate o f  
z - hp i s  an e f f e c t i v e ,  independent basis f o r  judg 
i n g  t h e  accuracy o f  the  a i rp lane  and radar data. 

Measurements ava i lab le  fo r  the  survey run 
e s t a b l i s h  t h e  a l t i t u d e  re la t ionsh ips  a t  t h e  r e f e r -  
ence p o i n t  which aquate t r u e  pressure a l t i t u d e  t o  
t h e  sum of t h e  measured geometric a l t i t u d e  and the  
d i f fe rence  betwee? pressure a1 t i t u d e  and g e w e t r i c  
a l t i t u d e  (z  - hp). 

Once t h e  t r u e  pressure a l t i t u d e  i s  determined 
f o r  a reference po in t ,  the  t r u e  pressure a l t i t u d e  
a t  any po in t ,  s, i n  the  survey space can be 
obtained from on-board pressure a l t i t u d e  and radar 
a l t i t u d e  measurements by the equation 

This equst ion i s  i a e n t i c a l  t o  the  previous equation 
except an adjustment term, AhpS, i s  included t h a t  

accounts f o r  t h e  hor izonta l  pressure va r ia t ions  and 
systematic geometric a l t i t u d e  e r r o r  va r ia t ions  from 
t h e  reference point .  This quan t i t y  i s  given by 

o r  equiva lent ly ,  

I n  order f o r  t h i s  equation t o  be va l id ,  the  s t a t i c -  
pressure p o s i t i o n  e r r o r  should not vary from the 
reference point ,  which means t h a t  t h e  ind ica ted  
pressure a l t i t u d e  and ind ica ted  Mach number should 
no t  be allowed t o  s i g n i f i c a n t l y  vary from the  
reference point.  

F igure 2 i l l u s t r a t e s  the va r ia t :on  hpS w i t h  

range o r  e leva t ion  angle f o r  a hypothet ica l  survey 
run. From such a p l o t ,  bps can be d i r e c t l y  

appl ied t o  a c a l i b r a t i o n  run as a func t ion  o f  loca- 
t i o n  i n  order t o  determine t r u e  pressure a l t i t u d e .  
The r a t i o n a l e  f o r  using hpS f o r  the  c a l i b r a t i o n  

run  i s  t h a t  i t  i s  assumed t h a t  the bias e r ro rs  i n  
t h e  radar measurements are t ime- invar ien t  funct ions 
o f  radar range and e leva t ion  angle, and t h a t  the 
hor i zon ta l  amblent pressure v a r i a t i o n  i s  a lso  tem- 
p o r a l l y  invar ient .  

Once the t r u e  pressure a l t i t u d e  i s  determined, 
t h e  pressure a l t i t u d e  p o s i t i o n  e r r o r  i s  then given 
by the  d i f ferences between hpS and hpi f o r  the  

c a l i b r a t i o n  run. Mach number and stat ic-pressure 



pos i t i on  e r r o r  correct ions are subsequently 
determined. 

Appl i c a t i o n  o f  Radar-Pressure Survey 

App l i ca t ion  of a survey t o  s tat ic-pressure 
c a l i b r a t i o n  purposes i s  especial 1 needed when 
t h e  t e s t  runs requi re s i g n i  f i can tyy  long  f l i g h t  
distances. I n  such cases hor izoata l  pressure gra- 
d ien ts  associated w i t h  s t rong winds can cat.!;e l a r g e  
dif ferences from t h e  pressure values a t  the  r e f e r -  
ence point .  F igure 3 shows the  geostrophi t  approx- 
imat ion (Ref. 2) f o r  t h e  pressure gradient  as a 
funct ion of windspeed i n  s t r a i g h t  balanced flow a t  
two values o f  l a t i tude .  With a 75-knot wind, the  
geometric he ight  o f  a constant pressure a1 ti tude 
value w i l l  slope approximately 2 f t l n m i  i n  a d i rec -  
t i o n  perpendicular t o  wind heading. A greater  
slope may be experienced when there  i s  curvature i n  
t h e  wind f i e l d .  

A l t i t u d e  e r r o r s  t h a t  increase w i t h  d is tance 
can a l s o  r e s u l t  from imperfect correct ions fo r  
atmospheric re f rac t ion  as we l l  as from radar ped- 
e s t a l  mis level  o r  o ther  e leva t ion  angle biases. 
For example, an e leva t ion  angle e r r o r  as small as 
0.1 m i l  causes an increasing a l t i t u d e  e r r o r  w i t h  
range which becomes approximately 35 ft a t  60 mi 
f o r  t y p i c a l  f l i g h t  t e s t  a l t i t udes .  At t h i s  range 
atmospheric r e f r a c t i o n  e f f e c t s  are greater  than 
600 f t  and e r ro rs  r e s u l t i n g  from imperfect r e f  rac- 
t i o n  correct ions can be s ign i f i can t .  

Surveys can a l s o  be used f o r  i n v e s t i g a t i n g  sys- 
tematic radar e r r o r s  and the  accuracy o f  est imat ing 
pressure gradients  under various atmospheric con- 
d i t i ons .  Cer ta in  procedures used i n  conducting the  
surveys f o r  these purposes are worth describing. 
For example, f o r  s tud ies o f  radar performance, i t  
i s  useful t o  have the  end po in ts  o f  t h e  survey a t  
near ly  equal distances from the  radar i n  order t o  
prov ide two sets o f  e leva t ion  angles. If bias 
e r ro rs  e x i s t  i n  the  e leva t ion  angle measurement, 
independent o f  azimuth, then the  Zm - hpi d i f f e r -  

ences should be i d e n t i c a l  a t  pair: ~f po in ts  f o r  
which e leva t fon  angles are the  same. The minimum 
separat ion distance from the  radar should be chosen 
t o  maximize e leva t ion  angle-hence. minimize a l t i -  
tude e r r o r s  caused by e leva t ion  angle error-and y e t  
assure t h a t  t h e  slew r a t e  of the  antenna i s  not  so 
excessive as t o  degrade accuracy. Cross-pattern 
surveys are usefu l  f o r  radar and meteorological 
evaluat ion. One survey i s  flown p a r a l l e l  t o  the  
wind t o  minimize h o r i  zontal pressure var ia t ions,  
and the other i s  flown normal t o  the  wind t o  maxi- 
mize t h e  var ia t ions.  The quan t i t y  AhpS for  the  

second survey, flown normal t o  the winds, would 
a d d i t i o n a l l y  r e f l e c t  ambient pressure var ia t ions.  
Therefore, by f l y i n g  such patterns, i t  i s  poss ib le  
t o  d is t ingu tsh  the two components o f  AhpS. 

The atmospheric component of AhpS ( t h a t  i s .  

t h e  dev iat ion o f  pressure a l t i t u d e  along the survey 
run caused by pressure gradient )  can be compared 
w i t h  values obtained from meteorological analyses 
(Ref. 2). Such comparisons can def ine accuracies 
of these analyses, which, o f  course, i s  important 

f o r  t h e i r  app l i ca t ion  t o  s tat ic-pressure c a l i b r a -  
t ions.  For example, pre l iminary experience w i t h  
f l i g h t  t e s t  survey data on several days suggests 
t h a t  accuracies o f  the  meteorological analyses are 
t y p i c a l l y  w i t h i n  0.3 f t l nmi  f o r  the slope of the  
constant pressure a l t i t u d e  surfaces. S im i la r l y ,  
t h e  analyzed z - h, values are t y p i c a l l y  accurate 
t o  30 t o  80 ft. 6 e s e  values are a lso  representa- 
t i v e  o f  the  accuracy o f  the  meteorological data 
analyses f o r  t h e  t e s t  days discussed i n  t h i s  paper. 
Values o f  z - hp r e s u l t i n g  from the meteorological 
analys is  o f  t h e  f l i g h t s  reported i n  t h i s  paper are 
shown i n  Fig. 4. 

EXPERIMENTAL EXAMPLES 

Test A i r c r a f t  and Instrumentat ion 

Test data were obtained from F-104 and F-15 
f i g h t e r  a i r c r a f t  (Refs. 4 and 5) f o r  supersonic and 
subsonic survey runs as we l l  as f o r  accelerat ion-  
decelerat ion c a l i b r a t i o n  runs. Each a i rp lane  was 
equipped w i t h  accurate f l i g h t  t e s t  instrumentat ion. 
Data were encoded d i g i t a l l y  by pulse code modula- 
t i o n  (PCM) f o r  recording on board and a lso  f o r  
telemetry t o  t h e  the  ground stat ion.  Radar a l t i -  
tude was upl inked t o  the  a i rp lane  and displayed t o  
t h e  p i l o t  f o r  one o f  t h e  F-104 f l i g h t s  (Ref. 4). 

Pressures were sensed f o r  each a i r c r a f t  by 
p i t o t - s t a t i c  probes attached t o  f l i g h t  t e s t  nose 
booms. Ind icated prec;ure a1 t i t u d e s  f o r  both a i r -  
c r a f t  were deterrninec t o  resolut ions o f  l ess  than 
1 f t  and were repeatable t o  w i t h i n  20 ft. Simi- 
l a r l y ,  t h e  ind ica ted  Mach numbers were determined 
t o  reso lu t ions  o f  l ess  than 0.001 and were repeat- 
ab le t o  w i t h i n  t h i s  value. 

A p rec is ion  ground-based C-band FPS-16 radar 
tracked the  a i r c r a f t .  Slant range was measured t o  
a reso lu t ion  o f  approximately 6 ft. and e leva t ion  
and azimuth angles were measured t o  a raw resolu- 
t i o n  o f  0.05 ml ls .  Both a i r c r a f t  ca r r ied  radar 
beacon transponders, and the beacon t r a c k i n g  mode 
was used f o r  t h e  data i n  the fo l low ing  section. 
Raw data were corrected f o r  r e f r a c t i o n  by the  
method i n  Ref. 6. 

Test Samples 

The F-104 a i rp lane  flew a supersonic survey 
us ing telemetry t o  up l ink  radar a l t i t u d e  data f o r  
d i sp lay  t o  the  p i l o t .  With the  up l ink  d isp lay  the  
p i l o t  was able t o  mainta in  a l t i t u d e  excursions o f  
30 f t o r  less. Ouring the  f i r s t  minute o f  the  
survey run, the  Mach number increased from approxi- 
mately 1.2 t o  1.4, where i t  remained fo r  the r e s t  
of the  run. Although t h i s  accelerat ion was a 
s i g n i f i c a n t  change i n  Mach number. i t  was included 
i n  the  survey becausf the  p o s i t i o n  e r r o r  i s  small 
and very constant i n  magnitude over t h i s  range o f  
Mach numbers. No correct ions were requi red f o r  
dev iat ions i n  e i t h e r  pressure a l t i t u d e  o r  geometric 
a l t i t u d e  i n  t h i s  survey run. Thu: the  q u a l i t y  o f  
data on t h i s  run improved w i t h  the use o f  up l ink  
t o  minimize a l t i t u d e  excursions. and w i t h  the use 
o f  Mach numbers where the  p o s i t i o n  e r r o r  was r e l a -  
t i v e l y  small and constant. 



The q,, - hp, v a r i a t i o n  shown f o r  t h i s  survey 

i n  Fig. 5 was substant ia l  (150 ft), becoming espe- 
c i a l l y  pronounced a t  an e leva t ion  angle below 20'. 
Meteorological analysts  o f  the pressure gradient  
ind icated t h a t  t h i s  survey was near ly  p a r a l l e l  w i t h  
the wind and t h a t  the q,, - hpl value should be 

expected t o  increase only  approximately 25 f t  dur-  
i ng  the run. This contrasts  w i t h  the radar and 
a i rp lane measurements o f  zm - bpi, which have 

changes reaching a 150 f t  decrease over the course 
o f  the run. Evidently,  the radar a l t i t u d e  e r ro rs  
were much la rger  than the pressure gradient  e f fec t .  

The F-104 subsonic survey shown i n  Fig. 6 
was flown nearly perpendicular t o  the wind ( t h a t  
i s ,  nearly along the  gradient )  and i l l u s t r a t e d  the 
radar e r r o r  and pressure gradient e f fec ts  more 
v iv id l y .  This survey was made a t  an ind icated Hach 
number near 0.82 and without an up l ink  display. 
The ind icated pressure a l t i t u d e  var ied by 610 ft, 
and the ind icated Hach number var ied by almost 
0.05. Such var ia t ions  are la rger  than desi rab le 
f o r  a survey run, but  rnay be unavoidable depending 
on such var iab les as the a l t i t u d e ,  a i r c r a f t  hand- 
l i n g  charac te r i s t i cs ,  and l i m i t a t i o n s  of the  
cockpi t  display. Effects of these var ia t ions  are 
apparent i n  the  s c a t t e r  exh ib i ted  by the  values o f  
ohpS shown i n  the center o f  Fig. 6. This sca t te r  

was reduced by co r rec t ing  the pressure a l t i t u d e  
data f o r  p o s i t i o n  e r r o r  changes caused by va r ia -  
t i o n s  i n  Mach number and pressure a l t i t u d e  dur ing 
the run. The reduced sca t te r  i n  the r e s u l t i n g  
(ohps), values, shown i n  the lowe: por t ion  of 

Fig.  6, ind icates the ef fect iveness o f  the p o s i t i o n  
e r r o r  correct ions. 

For t h i s  run the d i f ferences between cor-  
rected pressure a l t i t u d e  and radar a l t i t u d e  vary by 
approximatel) 150 f t  and cor re la te  w i t h  radar e le -  
vat ion angle shown a t  the top o f  Fig. 6. The min i -  
mum d i f fe rence  i n  ~ h ~ ~ ) ~  occurs near the maximum ( 
elevat ion angle. These r e s u l t s  demonstrate the  
usefulness o f  the radar-pressure survey. The maxi- 
mum ind icated cor rec t ion  o f  150 ft pressure a l t i -  
tude i s  equivalent t o  a 0.007 cor rec t ion  i n  Mach 
number. The dashed l i n e .  which depicts the ambient 
pressure gradient determined from an upper-ai r ana- 
l y s i s ,  shows the expected v a r i a t i o n  of Zm - hpi 

cause6 by t h i s  gradient from a reference p o i n t  
taken a t  time 0. Good agreement i s  evidenced 
between the pressure gradient 1 i n e  and the data 
a t  the end of the run. For comparison, Zm - hpi 

data p a i r s  taken a t  equal e leva t ion  angles near 
t h e  beginning and end o f  the  run. These radar- 
a i rp lane  values f o r  the  gradient were between 
0.?6 and 1.18 f t /nmi and compare favorably t o  the  
value of 0.87 f t /nmi  obtained from t h e  upper-air  
analysis. This ind ica tes  t h a t  t h e  analyzed pres- 
sure gradient  i s  a good approximation s ince i t  i s  
1 i k e l y  t h a t  t h e  radar a l t i t u d e  e r r o r s  a t  the  
beginning and end o f  the  run are approximately 
equal because the  e leva t ion  angles and the ranges 
a t  these po in ts  a re  near l y  t h e  same. However, 
app l i ca t ion  o f  on ly  a pressure gradient  co r rec t ion  
t o  a p o s i t i o n  e r r o r  c a l i b r a t i o n  run over t h i s  
f l i g h t  t rack  without the b e n e f i t  o f  a survey run 
would r e s u l t  i n  s i g n i f i c a n t  a l t i t u d e  errors ,  as 
l a r g e  as 100 ft. 

Data from F-15 a i rp lane  survey and c a l i b r a t i o n  
runs are used fo r  the l a s t  example (Figs. 7 and 8). 
During t h e  survey, the  F-15 Mach number was main- 
ta ined  between 0.713 and 0.745, and the  ind ica ted  
pressure a l t i t u d e  was maintained between 30,320 
and 30,860 ft. High values o f  Ahps, varying up t o  

175 ft, cor re la ted  s t rongly  w i t h  e leva t ion  angle, 
as shown i n  Fig. 7(b). 

For t h e  c a l i b r a t i o n  run, the data were f i r s t  
used wi thout  applying the  r e s u l t s  o f  the survey 
run. The stat ic-pressure p o s i t i o n  e r r o r  co r rec t ion  
wi thout  b e n e f i t  o f  t h e  survey, shown i n  Fig. 8, 
i nd ica tes  nominal d i f fe rences  o f  approximately 
0.003 between increasing and decreasing Mach number 
points .  On the  other hand, i n  Fig. 8 the AMc 
values fo r  the  corrected data a re  less scat tered 
2nd are as much as 0.005 less  than the  uncorrected 
data values. These r e s u l t s  are a c lea r  i l l u s t r a -  
t i o n  t h a t  the  survey technique can subs tan t ia l l y  
increase the  accuracy o f  p o s i t i o n  e r r o r  c a l i b r a -  
t i  ons us ing conventional radar a..d rawinsonde 
measurements. 

CONCLUSIONS 

A f l i g h t  t e s t  technique t h a t  uses f l i g h t  survey 
runs f o r  determining hor izonta l  pressure va r ia t ions  
i n  the atmosphere and systematic radar a l t i t u d e  
e r r o r s  has been developed and demonstrated t o  a l t i -  
tudes of approximately 42.000 f t  and t o  supersonic 
Mach numbers. The data from these surveys i n d i c a t e  
t h a t  t h e  technique can prov ide increased accuracy 
i n  s tat ic-pressure p o s i t i o n  e r r o r  c a l i b r a t i o n  using 
radar and rawinsonde pressure measurements. I n  
addi t ion,  these survey techniques can be useful i n  
s tud ies o f  pressure gradients, atmospheric re f rac-  
t i o n ,  and radar t rack ing  performance. 

gradients were ca lcu lated from radar and a i rp lane  
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Fig. 5 T h e  histoly of F-104 eur~ey run qwn- 
tities f m  stud8 of attitude mua&ng perfonn- 
once of radm. hpi = 39,980 ft to 40,040 ft; 

Mi = 1.200 to 1.408. 
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Fig. 6 Pressure altitude oorpeotions determined f m  an P-104 survey. hpi = 41,270 ft 
to 41,830 ft; Mi = 0.800 to 0.847. 
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(a) Time history of Aha8 and E .  bpi = 30,320 ft to 

30,860 ft; Mi = 0.718 to 0.745. 
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Fig. 7 F-15 eurvey quantities for application to static- 
preesurs catibmtion mn. 
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