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ABSTRACT 

The Long Range Position-Determining System (LKPUS) Inas been clcvclopcd by 
the Corps 01 Engineers to provide thc Ficld Arrny with a rapici ant1 :iccuratc 
positioning capabiljty. The LRPDS consists of nn airborne Reference I-'osition 
Set (RiJS), up to 30 ground bascd l'ositioning Sets (I'S), :md a Position Comput- 
ing Central (PCC). The RI'S tr:msrxiits a P N  mociulated VIIF c a r r i e r  wl~ich i s  
received by the 13S units. The units mcasure the rnngc changes to the KPS over 
a given cfata gathering period and transmit the rtmgc change information to the 
PCC viaRPS secluentially. The PCC calculates lhe position of e:xc11 PS based on 
the rangc change information provided by each Set. 'The positions c;m bc rclaycd 
back to the PS again via ItPS. E:nch PS  unit contains a double ovcn prccise c iys-  
la1 oscillator. The KPS contains a TIewlctt-Pnckartl Ccsium Beam St:mtl;trd. 
Frequency dri l ls  :tnd off-sets of the crystal  oscillators arc talrcn in account in 
the data reduction process. A field test program wns initiated in Novenlber 
1972. A total of 54 flights wcrc marle which included six flights for equipment 
testing 48 flights utilizing thc fieltl test data reduction program. The four 
general types of PS layouts used wcrc: Short Range; Mcdium Range; Long 
Range; Tactical Configuration. The over:~ll HMS rarlial e r r o r  of the unknown 
positions varied from about 2.3 11ielers for  the sliorl range to about 15 meters  
for the long range. The corresponding elevalion KMS e r r o r s  vary from about 12 
meters  to 37 meters.  

INTRODUCTION 

Thc Long Range Position-Detemli~ling Systcrn (LRI'DS) has been dcvelopcd by 
the U. S. Army Engincer Topographic 1,aboratol3ies to provide the Field Army 
with a rapid and accurate positioning capability. Specil'ic objectives of T,RPDS 
are:  ( i t )  Provide combat survcy t l n r ~ u ~ l ~ o u t  an Army Corps area;  (b) Providc 
rrlultiple positioning capability within u rcyuircd nren; (c) Acconlplisfl survey 
and positioning missions in a required tirrlc frame. 



SYSTEM DESCRIPTION 

The 1,RPDS consists of a 130sition Computing Ccntral (PCC), an airborne Rcfer- 
encc Position Set (RPS), up to 30 ground based Positioning Sets (PS), and a 
Majntenancc Set. The PCC controls the completc mission nnd calculates the 
locations of all PS. It consists of a transmitter-recciver unit, a computer, a 
mission control and monitor unit, communication equipment and other auxiliary 
equipment. The PCC is housed in a lruclr mounted van. Thc airborne RPS con- 
sists of :I transmitter-rcceiver unit, a data processing unit, a cesium clock 
(H. P. 1101-5062C), a control ,and monitor unit, and an altimeter. During the 
r,mging period of a mission the RPS transmits ranging signals to the PS. Dur- 
ing the data transmission periods 01 the rnjssion the R13S receives comm,mds 
from the PCC o r  functions :is a relay between PCC and PS. The PS consists of 
a trmsmittcr-receiver unit, a crystal oscillator, a data processor, a data dis- 
play unit, ,and a battery. The PS extracts ranging data from the ranging signal, 
s torcs thc ranging data, and transmits the ranging data upon completion of the 
ranging period to the PCC for data reduction. Thc MaintenLance Sct i s  housed in 
a truck mounted van and contains instrument:ition and facilities to support field 
mainten,mce of the LRPDS equipmcnt. The LRPUS operates on a single ca r r i e r  
frequency which can be tuned betwccn 260 Mllz and 440 MHz in stcps of 10 M1b. 
The carr ier  i s  bi-phase modulated by a pseudo noise (PN) code having a code 
length of 2'' -1 bits or  245. 73 Kilometer. The R F  output of the transmitter of 
the tr'msmitter-receiver unit ccm be set for onc watt o r  five watt. The acquisi- 
tion threshold of the receiver of the transmitter-receiver units is -1 13  dSm and 
thc signal acquisition time i s  less them 10 seconds. The recciver employs code 
tracking for coarse ranging ,and ca r r i e r  tracking for fine ranging. The resolu- 
tion of the system is about 1 2  centimeter. The overall range e r ro r  cxuscd by 
thc cquiprnent is less than 1.5 meter. 

SYSTEM OPERATION 

A typical LRPDS mission consists of fivc phases: (a) Preparation nnd initiali- 
zation; (b) Ranging; (c) Data collection; (d) Data reductjon; ( e )  Data transmission. 
During preparation and initialization all messages and commands necessary to 
execute a mission a r c  put together in proper sequence and transmitted to the 
RPS and stored in the processing unit. Thc messages and commands a r e  trans- 
mitted to  the PS according to mission schedule. In the second phase the RPS 
transmits ranging signals and commands to thc PS which in turn extract ,and 
store the ranging data. The r,mging data a r e  obtained by measuring thc time 
of arrival of the ranging signals from the RPS ovcr preselected sampling perjods. 
The measurement M takcn over one sampling period t consists of several com- 
ponents which a r c  shown in Figure 1. All components of the equation shown in 
Figure 1 including the measurement M have the same physical quantity of length. 





A K  is thc range change bctween PS :tntl RPC occurring during one sampling 
period. Frequency offset a :mtl Ircquency drjft k) a r e  consitlered as  bcing con- 
stant during the ranging period ,and a r e  tletermincd and accounted for jn the data 
reduction process. Receiver noise e r r o r  and oscillator noise e r r o r  a r e  includetl 
in thc overall range e r ro r  caused by the equipment. Thc propagation scale factor 
t&cs in consitleration the existence of thc atmosphere. The factor is estimated 
and improved in the data reduction process. During the data collection phase 
thc r'mging data a r e  trnnsmitted in a preselected sequence from the PS to the 
P C C  via RPS. The ranging data a r e  processed :md computed to PS location co- 
ordinates by thc P C C  during thc data reduction pl~asc. During the data trans- 
mission phase, messages and location coordinates a r e  transmitted from PCC to 
the PS via RPS as required. Figure 2 shows a typicxl operational layout for 
LTZPI)S, 

SYSTEM FLIGHT TESTS 

The Iield test  program was initiated in November 1972 ,and completed in J':tnuary 
1973. The primary purposc of the flight tcsts was to evaluate thc accuracy of 
the system in actual field use. Four general typcs of Positioning Set layouts 
were uscd: 

. Short Range - Nine position se ts  uniformly distributeti in a 30km x 
:<Olrm area  with the tenth PS located at various positions outsidc this 
area  ranging from lOkm to 30km from thc pcrjmeter. 

b. Medium Range - Ninc to ten position, se ts  distributcri through a 60 km x 
(i0lrm area. The tenth sct  during somc tests  was locatcd in the vicinity 
of the PCC. 

c. Long Range - Eight to nine position se ts  distributed throughout a 60km 
x liO km area  with onc o r  two position se ts  locatcd at  positions 180 km 
in distance from the centcr of the 60km x GOkm arca. 

d. Tactical Configuration - Ejght to nine position sets  placed in, a GOkm x 
601rm area  with six oI the sets  placed in the top third of the area. 

The test  area  used included part of the Casa Grande and Arizona Test Range. 
Twenty-five presurveyed si tes in a 60km x G O  km area  were used as position 
se t  locations. The survey of thc PS locations was accomplished by n super f i rs t  
order survey method which kept the survey e r ro r s  of the positions down to a few 
centimeters. In addition to thcse sites, two sites located in the Yuma Tcst 
Range near Stoval were used to evaluate the long range capability. The PCC was 
located at the Motorola Plant in Scottsdale during all the tests. Figure 3 shows 

a Ions. a map of the general 60 krn x G O  km area  with the site loc t '  





Figure 3. LRPDS Site Locations 

A total 01 52 flights were conducted including 62 missions for a variety of pur- 
poses. Of these, 15 missions were evaluated for Short Range Tests, 15 for the 
Medium Range Tests  including the Tactical Configuration, and four for Long 
Range Tcsts. The other missions were devoted to Equipment Check Flight Tests. 

A number of flight patterns were used throughout the tests. In each case each flight 
pattern generally consisted of one loop at  one altitude followed by a second nearly 
identical to the f i rs t  but at  a different altitude. Figure 4 shows a flight pattern 



Figure 4. LR13DS Station and Flight Geometry 

having a favorable geometry relative to  thc ir~clicated ground stations. Figures 
5 through 7 show some of the results of the Short Range Tests.  The numbers in 
the figures a r e  the casting, northing, and elevation e r r o r s  of thc positions 
measured by L;RPDS with reference to the positions determined by survey. The 
positioning e r r o r s  a r c  measured in meters.  Figures 8 through 10 show some of 
the results  01 the Mcdium Range Tests. Figure 5 through 10 show also the mean 
and root mean square of Ille e r ro r s  of the individual stations. 
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The horizontal e r ro r s  of the positions dctcrmined by the Short Rangc, Medium 
Range, and Tactical Configuration Tests are  plotted in Figures 11 through 14. 
Figurc 11 shows the results of the Short Rangc Tests including 7 flights and 6 
positioning scts on unknown locations. The gcometry of the flight patterns of 
these flights with respect to the locations of the ground stations was favorable 
,and therefore, the position e r ro r s  were relatively small. The circular probable 
e r ro r  (CEP) of the e r ro r s  plotted in Figure 11 was 1.9  meter and the probable 
e r ro r  (PE) of heights was 8.2 mctcr. Figure 1 2  shows the results of all Short 
Rangc Tcsts including 15 flights and 8 positioning sets  on unknown locations. 
The 15 flights uscd flight patterns of various geometry. The e r rors  were ac- 
cordingly larger than the e r ro r s  obtained by using good flight geometry. Figures 
13 ,md 14 show the results of the Medium Range Tcsts. Figure 13 represents 
the results of flight patterns with good geometry ,and Figure 14 the results of 
all flights of the Medium Range Tests. 

The Long Rangc Tests could only provide the easting and northing components 
of the location position. A simulation of the Long Range case had shown that the 
hcight c r ro r  will always be exceedingly large hccause of the altitude limitation 
of thc aircraft. The mean and the root mean square of the easting e r ro r s  wcre 
29 mcter and -28 meter respectively. The m c m  and the root mean square of 
the northing werc 16 meter nnd 13 meter respectively. 

CONCLUSIONS 

The LRPDS performance exceeds the stated objectives and requirements for 
this system. A s  a result, the LRPDS utility for tactical surveying is  greatly 
enhanced. 

The aircraft flight patterns were not critical to system accuracy. It is necessary 
to fly two normally closed loops at two relatively different :tltitudes to obtain 
best results, The flight path control and general shape did not seem to be im- 
portant. Deviations of 10 to 15 krn appeared to havc little effect. 
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QUESTlON A m  ANSWER PERIOD 

Haw do you get that field unit into enemy ter r i tory?  That field unit that you 
showed with thc hclmct in it. 

DR. ROHDE: 

How do you get this into enemy terr i tory ? 

MR. IATET3ERMAN: 

Yes. 

DR. ROIIDE: 

On backpack by ;t soldier. 

(Laughter. ) 

T mentioned in t h e  f i r s t  report on the LRPDS the weight. A s  a mattcr of f:tct, 
you need two people, bccausc cach backpack unjt wciglis 30 pounds, and so that 
two people are required to ca r ry  it. 

So, I will say, this might not loc a f o ~ , c ~ u n n c ~ -  of NAVS'I'AIZ, but it  shows, you 
know, the direction, And, of course, NATrS'TAR has much tightcr requirements 
on weight. 

MR. LIERERMAN: 

Do you have a beeper in t h e r c ?  

DR. ROHDE : 

I beg your pardon ? 

MR. 1,TEKERMAN: 

Didn't you just have a hccpcr out in the occ:tn when they come clown'? 



nn. ROHDE: 

A beeper f o r  what '? 

MR. 1,IEBt:RMAN: 

To give the position. 

That would be nicc, but you know, you have to measure something. In order  to 
measure something, you need some cnergy. 

Now, J :-lm glad to discuss this later.  Maybe you have a very good idea which we 
could incorporate. 

MR. POTTS: 

Dr. Rohde, I have several questions. 

On your ar t i s t ' s  depiction of thc dcployrncnt of tho systcm, it indicated that you 
have three base stations in the friendly terr i tory with your ajrcraft  flyjng over 
friendly territory. And then your rcmotc stations in cncmy territory. 

Yet your test data now showed thc aircraft  flying ovcr the rcmotc positions? 
1s that a valid t e s t ?  

DR. T E O  HI) E: : 

Now, let me see,  thcsc test data which 1 have shown give only the results if we 
would use this a s  n survey system. 

Rut I have indicatcd in my abstract that we have actually four diffcrcnt arcas.  
We have the 30 by 30 kilomctcr areas ;  we have the 60 by 60 kilometer areas ;  
we have the long rangc opcrational a rea ;  :End wc have the tactical combat area. 

I have not addressed the long range and the tactical combat areas .  

On several slides you indicated a circular  e r r o r  probability which ranged from 
about two to five meters ,  o r  sonlcthing like that. 



Yes. 

MR, POTTS: 

And then there was  a licight e r r o r .  I gucss the P E ,  i s  that prohahle e r r o r ' ?  

Probable e r r o r ,  yes.  

MR. POTTS: 

What is the significance of that '? I s  that an  c r r o r  in the loc:ltion, altitude ? 

Kjght. Maybe T slloulcl have sa id  that a l l  the s i tes  liavc I~ccn  very c:irefully sul-- 
veycd with conventional survey mcthotls, and these positions wcre very nccul-:~tc. 
And what we have measurcd with these positions s e t s  a r e  the devi:ttions h o r n  
these survcy measurements.  

D r .  Rohcle, your system s t r ikes  mc as a very straight-forward ant1 surprisingly 
common scnsc  appro:lch to :I problem which is quite general. 

Now, there is one point, how eve^., wl~icli I did not quite unclerstand, and that is 
thc role  and thc requirements of the crystal  oscillators in ~ c h  indivirlunl u s e r  
location. 

Isn' t  it possible hy incr*casing the i~urnber  of bnsc st,atinns lo c rea te  the neccs- 
s3r.y redundancy so thnt you r.e:illy don't n e ~ d  nny h j g h  per f r~mlancc  c rys ta l  
osci l la tors  a t  thesc stations ? 

T mean, this i s  the essentjal  point, why i s  it ~ e c e s s : ~ r y  to ]lave a high precision 
frcquancy control hcrc in that system, when by provitling r cdund~ncy  you can 
avoid i t  '? 



DR. HOIIDF: 

I would say :it this point we have enough problcms with our  data reduction, and 
what you suggest only would increase the data reduction on the computer, the 
position computer control. 

DR. WINKLER: 

Yes, of course. 

DR. ROHDE: 

And we have not cntirely solved o r  debugged our present data reduction schemes. 
But we have thought a b u t  providing the base stations with cesium clocks, for  
instance, and then seeing if we could relax thc requirements on the positioning 
sc ts*  

This would be particularly interesting, perhaps, bccause a t  this time the rc- 
cluirement on thc positioning se t s  is se t  up, and we don't move it. So, in other 
words, during an observation period, the positioning sets  should not bc moved 
around, bccause of the stability requircments . 
DK, WINKLER: 

Yes, but 1 a m  concernetl rcally with the problem, how sh:~ll we strike that 
engineering compromise, spe8king on thc onc hand possibly using a larger  
number of high precision oscillators under very strenuous conditions, o r  on 
the other hand using n little bit morc computation. 

In my judgement and I have considered that in many systems, thc ba.lance should 
always be with more computation. 

DR. ROITDE: 

Right, but this would require :I considerably larger  computer, because our  
present computer just barely c:in do the work within the allocated time. So, 
either we have to increase the emission time, which i s  undesirable from the 
military point of view, o r  we have to have a la rger  computer, and so far  1 don't 
know exactly what computer we could recommend. However, computer devel- 
opment i s  very fast,  and we have to keep loolring a t  these things. A s  a. matter 
of fact, wc have right now a test in our  laboratories to rc-examine thc entire 
computer portion, whjcli we literally underestimated. Everybody was concerned 
about the crystal oscillator, o r  the oscillatorls period, but we found out that the 
oscillator period problcms could be solved. Wc had many more problems with 
the computer system, o r  with the entire software and data reduction. 



MR. WITSON: 

1 just wanted to lmow, whn t wns thc approximate frequency '? 

DR. HOHDE: 

The system operates on a single frequency, and the frequency can be tuned bc- 
tween 240 and T guess 400 megahertz in steps of 10  megahertz, so that the num- 
ber of users  which :Ire atljacent can use the system without interfering with 
each other . 
M R .  BKUHIA: 

Dr. Rhode, T a.m Keith Bruhl. 

Have you, perchance, considered 17e-transmission of either 1,oran-C o r  thrcr  
frequency Omega for  this type of application'? 

One of the problems with Loran-C, :tnd Omega, i s  that you have : ~ t  l c l ~ s t  ground 
wave propstgation, ancl I have shown you these results,  in the deser t  of Phoenix. 

Tf you would use the same system, mayhe, in n jungle a rea ,  the results might 
not be as good, and in the frnmeworlr of a n o t h ~ ~  project-J guess it  is NAVSTAR- 
we a r e  working on a progrnm to deterlninc close to ground wave propagation 
effects, such as foliage penetration, multi paths ancl so on. 

But one of the problems with Loran-C, i s  the unknown of the propagation close 
to the ground. Suppose you measure a position repeatedly. If you take :i stand- 
urtl deviation, i t  might be very good. Of course, I don't know if you measure 
this over a l o n g e ~  period of time, you might perhaps fjnd out that after a rain 
o r  so, if you loolr for a diurnal vnrjation, a seasonal variation, that your stand- 
ard deviatjon will increase. 

But by the same token, you may measure r ep~a ted ly ,  but you may measure 
repeatedly wrong. 

MR. BRUIIL: 

That i s ,  of course, true. 

What you would have in your favor if you used Omega, would be that you would 
be retransmitting in base band on the UHF c a r r i e r  to a translator and back to 



the base station. This i s  very similar  to thc systcm that the Coast Guard is now 
evaluating. 

DR. ROIIDE: 

Would you expect that you could position a point to something better than 1 0  
meters  ? 

MR. BRUHL: 

If i t  was premappctl, ycs. If thc a rea  has been premappcd beforc by coordinates. 

DR. ROHDE: 

Yes, but if you don't have the time to do that? 

MR. I3RTJHL: 

You ;ire quite right. I think there a r e  ways around this. In other features, i t  is 
extrcmcly lightcr in weight, and you have a lockup a lot longer, in about 30 
seconds. 

DR. ROIIDE: 

1 guess one of the reasons to ovcrcome these problems, among others, i s  the 
embarking on the NAVSTAR program whcrc you have consistently relatively high 
elevation angles. Maybe next time, if  we get the modulation receiver,  and we 
makc reasonable experiments, we can report about this, too. 

CMDR. POTTS: 

Dr.  Rohde, I didn't plant Keith Bruhl back there. I am glad hc opened up 
Loran-C. I don't want to sound like a salesman. 

We had a chain, and still  do have a chain over in a jungle a rea ,  and we used it  
for  quite a number of years ,  and got quite a lot of data on the baseline and be- 
tween stations for  about 200 miles, and the use r s  were happy and reported re- 
peatability in the o rde r  of ti0 feet. 

1lR. ROHDE: 

Yes, I guess you want me to-oh, I am not going to interrupt you. 



Thc absolute accuracy, of course ,  i s  :I function of the conductivity of  the soil ,  
the way i t  was propagatjng. Therc is no qucstion about that. 

In your system there,  whcre you arc talking ahont n 200 kilometer distance, in 
memy tcr r i tn ry ,  and where the Loran-C t r a n ~ m i t t ~ r  b:~scl inrs  could be signlfi- 
c:tntly shor te r ,  I don't thinli you a r e  going to hnvc any twouk~lc s t  a l l  getting a 10 
me tc r  nccuracy. Not only thnt, I wa,.: s t?uch  l ~ y  thc vulnerabjlity of your system, 
in that the u s c r s  a r e ,  f i r s t  of n l l ,  mdiating Ihf. sjg~i:i ls,  and second of a l l ,  you 
have got the a i rc raf t  up t l i c r ~  which i s  also vulncrnble. 

DR. ROHDE: 

1 would agree  that if you go to 200 ki1ornete1-s t h i t  the resul ts  whicll can hc ob- 
tttined with T,oran-C may approach the resul ts  whicli you may obtain with 1,RPDS 
under certain conditions. Wc have to looli, of course,  nt :ill the paramctcr3s. 

T guess what you a r e  rcl'erring' to is the maps which were lnncle for  Vietnam. 

MR. PO '171'S : 

No, I was re fcr r ing  to thc users1  experiences in thy studies they werc doing, :ind 
most  of thcm a r e  in the l i terature.  

DR. KOHDR: 

Yes .  We h:ivc also 1nol;cd into, of course ,  Lior:ln a s  a potential positioning sys- 
tem,  hut f o r  survey ;ipplication, techniques, f j  eld :irtillery survcys,  the accuracy 
is insuffjcjcnt. 

You have sccn the accuracy we obt:linccl in :I typical are:i w l ~ c r c  w c  were contluct- 
ing surveys,  which i s  30 hy 30 kilometers, ancl you h:ivc seen that the horizontal 
position nccuracy is in tllc order, of :I fcw me te r s ,  betterb than thrcc meters .  

MR. POT'SS: 

1 q~ l i t e  agree  with you, without pllec:ili hration, we couldn't do thnt with a normal 
1,oran-C system with long baselines. 

MR. WILSON: 

I was just going to make :i comment on the use of 1,ornn-C ve r sus  the 400 megn- 

@ 
cycle system. Isn't one of the big problems he rc  jamming '? 



I thinli 1,oran-C would be much c ;~s ie r  to jam than the 400 megacycles system. 

DR. KOHDE: 

Yes. Of course. 

A s  f a r  a s  1 know, T,ornn-C has a C W  o r  pulse type modulation. So, i t  is morc 
easily jammed. Also the enemy should not make usc of our systems. 

MR. WILSON: 

L,oran-C is a pulsed system, that is phase-coded. A s  a mattcr of fact, about 13 
yexrs ago the Army did extensive tests on thc vulnerability of the Loran-C. I 
can state without worryjng about going to jail that i t  is not vcry vulnerable. 

We a r e  morc of :In interference to oursclvcs when we position one chain near 
another and a r c  not c:treful of rate selection. 

nn. RoIInF:  

Yes, certainly maybe we could at  another tjme discuss this in more detail. Wpm 
a r e  always open to a,ztltljtional suggestions. 

MR. EASTON: 

Thanli you very much, Dr .  Rohdc. 




