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4.2 SOUNDERS (U)

4.2.1 OVERVIEW (U)

(U) 'Ionospheric sounding may be divided into the two following gen-
eral classes of operation:

a) true-path ionospheric sounding
b) ionospheric parameter probing

(U) Ionospheric sounding is used for both HF communications and for
basic research purposes. True-path ionospheric sounding is used
solely for HF communications, which contrasts with ionospheric
parameter probing (or radar techniques) which provide a basis
for ionospheric prediction besides supplementing basic research.

(U' HF communication sounding is, generally, a pre-link-establishment
process for macroscopic frequency selection. True-path iono-
spheric sounding should be distinguished from communication
channel evaluation (in-band evaluation) sirce in-oand evaluation
is a post-link-establishment irocess for determining the quality
of a given circuit. Sournicng equipment is usually separate f12rom
the cormunications equipment as is spectrum monitoring; however,
in-band channel evaluation hardware/software may be merged within
the demodulation process as discussediv-nSectiovn 4.9. -

(U) In the beginning, vertical incidence soundings were used to ac-
quire data on which were based a frequency prediction system pub-
lished in 1954 and which forms the basis of the current p-ediction
system. Oblique soundings were first used to test and improve the
predictions and understanding of ionospheric propagation. Later,
oblique sounding was proposed as a real-time aid to communica-
tions f-li---

4.2.2 TECHNICAL DISCUSSIONS (U)

4.2.2.1 Back-Scatter Sounding (U)

CU) "Back-scatter sounding" implies that the transmitter and receiver
are separated by a distance that is small compared with the
sounding path length, so that the transmit and receive azimuths
are approximately equal. Analysis of the "back-scattered" signals
is perfomed to deteannine a measure of the ionospheric structure.
Back-scatter sounding May be done vertically cr obliquely, though
the latter requires especially large transmitter power for ace-
quate detection of weakly reflected (obiioue grcund-ionospnere)
signals.

(U) The two classes of back-scatter radar for determining a measure of
the ionospheric structure are: conventional echo technioues or

coherent backscattering, which use RF frequencies within an orer

Scf magnitude of the olasma frequencies; and the incoherent scat-
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I (U) tering technique:, which use high power pulses with RF frequen-

cies much greater than the plasma frequencies present, making
ionospheric reflection through the mechanism of refraction (non-
tropospneric) impossble.

4.2.2.1.1 Coherent Back-Scattering (U)

4.2.2.1.1.1 Pulse Echo Vertical Incidence Soundino (LiS) (U)

(U) The original sounding methods were near vertical incidence pulse-
echo techniques. They were initially concerned with obtaining
the critical frequency data of the local ionosphere.

(U) Conventional vertical incidence sounding ('1S) is a pulse-ecno
technique to obtain real-time electron density profile data or
critical frequency data of the ionosphere. A network of real-
time ionospheric observations provides a better indication of the
ionospheric structure and electron content than do empirical for-
mulations which relate characteristics of geophysical activity
to ionospheric parameters on a short term basis [2].

(U) VIS is a degenerate case of backscattering by which the trans-
mitter, receiver, and monitorinq device are collocated. Verti- i
caliy transmitted electromagnetic pulses are "ref-ected" normal
from the ionosphere so that records of reflected frequency versus
"apoarent" height (ionograms) may be generated and analyzed. The
apparent" height based on simole time delay analysis is not the
same as the "true" reflection height since the group velocity of
the radio wave is severely retarded while it is i' the nich elec-
tron density regions. I

(U) Due to the presence of the geomagnetic field, tne ionosohere, as
a propagation medium, displays bi-refringent characteristics.
The electric field comonent s, both parallel and .-erpendicular to
the geomagnetic field, experience differing Datns. This fine
structure phenomena result.s in the foilowing t o modes: the ex-
traordiary mode I(agnetic field perturbed), and the oroina-y
mde (unperturbed component). It is we I known :hat the criticai
frequency of the ordinary mode is approximately equal to the
plasma frequency of the reflecting- ioncscneric layer. Since -t-e
plasma frequencv is proportional to the square .oot of the electron

ty, analysis of ionoqram data may reveal critical frecuencies
(ordinary modes' versus aparent" heicht. Furthe.rm..re, f the
antenna geometry, the miignitude and direction of -.e earth's mag-
netic fieid, the plasma frequencies, and the "aooarent" height
data are known, t electron density profile may -e obtained 3L]. -
With the aid o tn.e fast digital computers, the density profile
information can te comuted in real time as the PR frecuen cy is

Reflection achieved t.oh re-fractin oradients



increased incrementally [4] integration o-f the electron d2ensitv-
profile as a function OT height will yield the loca' el1e c tro.-o
content which in itself is highly use-Ful for prediction pur-oses.

(U) VIS is being used on a massive scale globally at middle and low
latitudes to monitor termoral chances 4n the ionos-here associated
with changes in propagation conditions that differ significantl
from average conditions. The limitations imposed on the useful-
ness of a short-term~ observation network of vertical incidence
sounders tend to be dete-mined by ionospheric spaltial variations
and not so much by the temporal variations. Except for the very
fast variations in the 4io-spheric structure that acconipany the
onset of geomagnetic storms and' the passage of traveling iono-
spheric disturbances, hourly observations at middle and low lati-
tudes are adequate for mo-nitoring mast temporal chance~s which
differ significantly from average conditions £2).I U) Numerous studies have illustrated the degree to which hourly devi-
ations of ionospheric parameters at various locations on the globe
are related. Rush £2)1 has tabulated foF2* correlation coefficients
as a function of station separatlon for various tms OT -n MayI;and distinguished them for iso-lonoitudinal and iso-latitudinal
naths. Results of inveseiJaazions to ascertain the ten-oral and
s;patial variability of the equatori4al and polar F2 re-gions indicate
L._ -both regions display a %ariabil"ity that is greater than that of
mid-lat'tudes.

(U) The ionosphere is observed routinely only at certain locations on
the globe and these observations must bhe used to determine t rhe
world-wide instantaneous behavior. Prediction of the ,fut re state
of the Ilonosphere is greatly enhan1ced when observrations are Supple-
menited with any of the following;

1), Soatial and tenworali rearess ion
27 ) Motrphologic-al tre-nds -- mirical al go ri .huns
341 Non-emirical t6-heoretical extrapolation 'over sea-son,

diurnal cce
4)Solar activity data: sunspot n6-mber ISSBA, , agne Ic

index
5)The neut+ral and ionized Coainosition of t4he D, E and

regions.

mU Poacation Prediction:

IU) For the vertical-incidence system to be usefgul for shor- Ter cv-
nazmc frecuency management, at least one -terminal will have to
CO Mfute P -0paga ion data. -here will have to be onocedures for

~rn-onn af the svstem, as sounainoa wil o AaiVo C
currina between te-=.nnats. The perfornrce =,onitor data, when a
c-nanne is in ooeration, Wil be r- mDared to the z r adic te _ eU

*riafrequency of -."e F!regiont

A
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CU) foranc. ureentisto be obtandwti certain tolerances,
anda new predictos r to be made or the his tory fie unae wen
the c-znariSarS exceed tese tol1eratices.

wU oe c urrent HF oLrcagation predicti-on programs, such as ITS-79
u!.NAPn 7] are designed to accoauiodate, if available, cu r.rnt

ionospheric data which include the individual criircl -reaece
and the ovro frequency. T1he resultant accuracy o the prediction
(bo Ith te MUF* and propagat-ion path loss) is inarnnua'n for oro-
jecting the link qMuality but i s he! oful for macro-frenuency manage-
Menit Normally, the RM pathi loss orediction erraor anda the RM MUF
predict'on error for largea HF prediction -Drograns :wtt1IS

daa s8. bi6] and 3.3 %%-z [7, resnectively. ifl added val'ue
of M/I data is not significant for th& olvngraos

IS /1 sounding records alone prov ide no direc-t inforzmation
on the density Profile of th-e neutral conszitunt ofth
ionosphere. Path loss algoritms -are hii-rily ceend ent on
thiis Informain Iieycases, the propaaio oat
loss est"mates are based on morphology alcne unzIess
oblique sounding is used.

2) The critical frecuencies land th irci A Fa el de-
Eved from vertzIca incidence sounding my not always rep-

re-sen t the crt- ical fr-equency of tne -h s Z~ nn ray
ixtraordlinary or ordinary).

.3) The spatial variability of thlle io ncspch eri s tr.uct u re n
terms of the foF2 correlation as a function of istance -s
larae. this re-duces tu validity of Yb-1 data -r edi
to long link distance apiications.

irul Te accuracy of along-term sz-tisticai forecast for frequency se-
lectlon is aproximately as acocurate as a 5ahmtclaior-;--l

-'using 1/IS data rol1

_..1~.2 LInea-r M Yetie." Tnc-icnce Scundirnc -'JTS'-

U) In 1969, a 1/IS linear 7M sourder svst- was intemerte At MIT1RE in
Bedford, Mass. The co-location orf the &rarsmitter and --he celvier
provides a convenient -means for testing real -thm* coCrrec-tion tech-

nices of lo-nosoherica. y r= -ected sicnals.

7-ne -prpose Or tne sounder svsLem waso wr -a"htl data tu
rather 5a zbu ldna NlocK or fufure o br1 ue ext .ient.

* () Qera t iona= 11y, the f irst in-ear PMsweeco" secuence 's user to
rneasure U1 transfer function of the oars. di ne~ Aecns
the 'onornweric transfe"rfunct.ion, an-d cncts- orrc ~
apnied bythe dicital Control circuit's to subsecauent reevcsic-
nais [92.. Isolation between the tnsite and receiver antenaS

15achieved through the use or4 a ch pcoin - yteszr

tyMaxln Useable Pcnency
-FE



(~Fenwic k an%. unasneyv teste rc~d a 'rnostati (co-1 caze
vertlcai-incdence sounder. 0~u eo a Fa radaof ratation onr,
propagated radio wave, a -5.G-60 -lbh isolation between the t1rarnrnitcre
and receiver antennas is .c0 'P-veoa t?-hro.uch orth oconat D acer 4n
The monostatlc lonosonde ;s nract4cal to the extent Vt. spuitrous
sl-4debands and hun component s or the frequency sweep wavefor can be
reduced to a leve' s-cnisirant v .ower th an ttahoe:e ener e
ceived after reflection f rom the ionosphere -'

.4r (U M orporat-lon, verformed a stUdy fr RAUC '07" called theHP
inlenentati4on StAy In ths sas~noie-n urena verticl n
cIdenice Ionospheric sounder was assemzIled. T-e soudr consise
of a mndlfied IHP FIM/OW synthesizer and breadcbrar$ model s ofar-
ceiver and'transmit/r-eceive switch. The trvancr 4 4 a-!--r-recew.er set)-

=aratClon is achieved through a aulsed FM waveform which is much
different Ion' a nlulsed-ClW system tIlL

.C221.13 The iolscnde 128 W"

(U)~" Th'ilod 2 s a hIahly r-nlex diital sounderi sy.stem Whicn.

Is capable Of analysis of btn verti cal and b;que -ncidce ione-
suer cl y efected wve fronrts. Tihe sytmis c iseofa

transmitter, antenna swetehes, proc-essing c-ntroll er, transceiver,
mi camuter, tape drive, a nd a iitalcok oinly
Printer and :)lasa displ-y may be used.

() The SLcisonde 1428, available since 1969, was deveicoed. at th-e Uni .-
vers-ity of Lowell 'Research Foundation :rimarilv for imliic~ siruv

=of the magretosflere. T?*i couuli ng between the zacgrtsn-ho'. and
the Ionosphere isz -c1w0 to ex.S ist -'%,r1

(U nTe Zigisonde 128 operates in 2 modes: the 'onoras -ode a-noC Z-oo-
pier drift mode. The capalbilities extend flar beyoncl the cassica
vi rtul !'ei cht versus rre1auencv monito iC=- dvie 'er-- s

so Alo oca te ionoogram as functi4ons oftime -~

quency: I, amptude-i, -2) ooiariZaticn, 3) -.nc window, Ane
of arrival, and S' Do=!--er shift. F'urthernore, te Itn-va M %i
the wave front can be studo

Iu; Te system- sazp-'es 123 cuise rances ro wnchte an or o uc
r;-for 123 -noces f'or over atlest 2-0 aulse retusrns are detnn .r

It dstigtihecvertical, non-vertlca:nodrerwe Or-
zat o..ns rr-vv;d"-nr that t-he grwAelay tia -ice .an

pulse repet-Iior neriod. Da o -flressticn ;S pefred I-"- :,I
neous av rec-r-1nc up to 16'n-ocrars. Th.-e 4true" e ae rr denit
pro1 Ilie 'IS obtained in 'nr reP3im -1~,j= ,j 2  L-

t22.i2'-b;cue 3ax'a --inc

(U' Over the orizc-n radar O.T.H. or ot0-licue ack'cttr

c-Iorernt mth-d" Enr mw e necenor -omjp
'In~~ C .B -s



-~a %_ __-

(U) - ant, [16] except when sporadic E< propagation is pos-
sIt. '' ,], [19]. This is because the ground reflection co-
effi.-. (.omponents antiparallel to the incident wave) are very
small. Sporadic Es propagation provides very strong spectral re-
flections from the E layer. Since 1976 the HF spectrum has been
suffering from interference produced in Russia or the Ukraine. It
is estimated that the transmitting power of the Russian O.T.H.
radar is at least 40 MW, since it is audible in every part of the
globe [20]. Concerning the Russian radar (Woodpecker), many ama-
teur radio operators within Russia are not aware of the O.T.H. sys-
tems being used since the backscattered signals are extremely weak
for detection.

(U) Monostatic backscatter sounding, whereby the transmitter and re-
ceiver are co-located, may be difficult to conduct when non-pulse
waveforms are transmitted. Pulse waveforms, however, minimize the
need for much isolation between the transmitter and receiver anten-
nas. Bistatic backscatter sounding, on the other hand, provides
physical isolation between the transmitter and receiver through an
azimuthal deviation of the sounder receiver with respect to the
oblique path line. Through the use of highly directional antennas,
azimuthal symmetry can be achieved with regard to the maximum power
density incident and reflection component ray paths.

(U) Backscatter sounding can be used for detecting aircraft, for exam-
ple, and for deducing ionospheric parameters related to HF commu-
nications.

(U) Backscatter has the following uses for HF communications [21]:
1) To determine the skip distance and variations of it with

time under the effects of various geophysical parameters
which cannot be studied by other means. Also, it is for
considering energy dissipation during direct propagation
on radio communications and broadcast channels.

2) To monitor and forecast the operating conditions on HF
radio links. Back-scatter sounding carries information
about the state of the ionosphere at a distance of thou-
sands of kilometers from the observation point in any
given direction.

(U) Backscatter sounding has been used to map the foF2 within a radius
of 1500 KM through a technique called "leading edge backscatter."
The envelope of the skip distance or minimum time delay scatter is
used to map the variation of the maximum electron density with dis-
tance [22], [23]. Dubroff, et al. (1978) showed that gradients of
peak density, height and thickness can be recovered with acceptable
accuracy from data [241.

(U) Europe, parts of Soviet Union, India, and the Far East are satu-
rated with traditional instruments (sounders, transponders, etc.)
for forecasting large scale ionospheric structure [24].

4.2-06
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(U) Transponders which are simplified systems (receive and digitize
only) can be located at distances of 50-500 KM from each ionosonde
location on various azimuths. Transponders provide higher spatial
resolution in certain regions.

(U) Based on spatial correlation studies of the foF2 and equally by
knowing both the latitudinal and longitudinal electron density
gradients, J. W. Wright, et al. [24] concluded that station separa-
tion of about 2500 KW in any latitude is adequate for global inter-
polation through the use of bistatic sounding.

(U) I, 1965 R. B. Fenwick and G. H. Barry performed backscatter experi-
ments in a manner similar to oblique tests. Granger Associates 902
step-frequency pulse equipment was used in addition to a Chirp sys-
tem for comparison purposes. Pulse widths of 100 usec and 1 msec
were transmitted with average powers of 60 W and 600 W, respec-
tively [25].

4.2.2.1.2 Incoherent Back-Scattering (U)

(U) The phenomena of electron-photon scattering is confirmed theoreti-
cally. Individual electrons are capable of weakly scattering elec-
tromagnetic waves. The radar scattering cross-section for an elec-
tron is very small and can be related to the classical electron
cross-section. Accordingly, an extremely powerful radar system is
required to detect the weak scattering as described. Demonstration
of this phenomena must occur at frequencies much greater than the
plasma frequencies whereby refraction can no longer be a mechanism
for reflection (for ionospheric propagation). If the electron dis-
tribution in the plasma is homogeneous, the back-scattered signals
would destructively interfere. This is analogous to Bragg scatter-
ing in a crystal lattice. Detection of Bragg scattering is thus
possible when the reflection region has an inhomogeneous density
profile. Therefore, the regions of appreciable electron density
gradients in the ionosphere can be detected using a method called
incoherent backscatter. Furthermore, this scattering technique can
be applied to the measurement of the on temperatures which are
equal to the temperature of the neutral constituents in the same
region. This information is needed for estimating the propagation
path losses (i.e., non-deviate.absorption loss is a function of the
ion mean free paths and collision frequencies).

4.2.2.2 Two-Terminal (Oblique) Sounding (U)

4.2.2.2.1 Step-Frequency Sounding (U)

4.2.2.2.1.1 Principles (U)

(U) Two-terminal step-frequency sounding takes place over the actual
communications path, hence it is a non-radar sounding method.

4.2-7
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(U) Step-frequency sounding requires high power pulses to be transmit-
ted repetitively (1-10 times) on each frequency. The high power
pulses must be short in durat on so that the mode structure may be
adequately resolved in time. The short pulses result in wide band-
width utilization. Therefore, a tradeoff between the transmit
power and pulse duration is necessary to maintain an adequate
signal-to-noise ratio yet minimize the RF interference generated.
A distinct limitation of step-frequency sounding is the time reso-
lution available for cases in which the bandwidth utilization is
greatly restricted. Often fine order multi-mode structure cannot
be detected unless found with a "Chirp" sounder, which may have
better than 1 us time resolution.*

(U) Step-frequency sounding is commonly used to generate ionograms for
near-real-time frequency management. When no restriction is placed
on the transmitting frequencies such as to allow logarithmic spac-
ing between 100 or more frequencies, then the received ionogram
data (amplitude and propagation time delay profile as a function of
frequency) allows the user to select the "apparent" near-optimum
frequency.

(U) The operation of the sounder will be closed-loop, with the receiver
initiating frequency changes by either waiting for a break and
transmitting a code sequence back to the transmitter or else by
transmitting a pilot tone back to the transmitter during full-
duplex transmissions. The direct oblique sounding requires no in-
formation of terminal location, etc. and serves to check out the
condition of the equipment as well. This subsystem operates at the
initial "turn-on," with decisions on candidate frequencies and
their quality made directly from the ionogram. Then, if necessary,
dwell time on particular channels is obtained by a coded sequence
transmitted on the most promising channels with quality monitors.
This presumes that sounders are being repetitively operated between
terminals according to some predetermined sequence in the operating
plan.

(U) Reverse path sounding is accomplished when the received ionogram
data is used to obtain the MUF, the usable frequency data, and the
path loss data (as calculated from the received signal power and
known link parameters) so that a near-optimum frequency and power
level is utilized by the receiver for its transmit mode. For-
ward path sounding is conducted if the link information is relayed
back to the transmitter for further refinement of its controllable
parameters such as the frequency, data rate, and the transmitter '
power. The distinction between forward and reverse types of sound-
ings is important since the HF propagation path is not reciprocal,
particularly with respect to the extraordinary modes. M

(U) *See Section 4.2.2.2.2

4.2-8
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(U) The Navy Tactical Sounder System (NTSS) consists of several shore-
based sounder transmitters and a number of sounder receivers. The
U.S. Navy step-frequency sounder, the AN/FPT-1I, is manufactured by
Hermes Electronics Ltd. of Nova Scotia, Canada [73]. This 30 KW trans-
mitter sequ3ntially transmits a pulse cn each of 80 discrete chan-
nels between 2 and 32 MHz. Each frequency transmitted consists of
two pulses separated by 50 ms. Each 2.6 ms pulse is composed of a
series of 13 subpulses, biphase modulated in a Barker code se-
quence. A Barker code pulse compression increases the effective
transmitter power, retains the necessary pulse resolution, and in-
creases the available signal-to-noise ratio by 13.1 dB [7].

(U) The AN/UPR-2 10 KHz sounder receiver, developed by NELC, sequen-

tially processes the pulse-train input by starting the gated re-
ceiver scan at the time of the transmission. A similar receiver,
the RSR 9011, is also designed to match a phase modulated Barker
code with a bandwidth of 3.5 KHz.

(U) On the AN/UPR-2 receiver, a correlator operates on the binary wave-
form for which 30 delay-line taps provide data for the correlator
on each channel. This receiver allows ionogram generation for 80
channels of interest. For the most part, it is very accurate in
measuring the received signal power with overall dynamic range of
40 dB with better than t dB resolution [7].

(U) A step-frequency sounder is inherently too powerful for covert op-
eration in the Army tactical and strategic environment. Though
this method of oblique sounding provides near-real-time frequency
management since ionogram information can be easily obtained, a
qreat deal of risk exists for the user whose signal may be inter-
cepted. The risk may be reduced significantly if a step-frequency
sounder is limited to only one end of the link, probably at a base
station, or a "safe" location. Therefore, if a step-frequency
sounder for near-real-time channel evaluation must be employed,
covert response based on reverse path sounding must also be used
when LPI is required.

4.2.2.2.1.2 CURTS (U)

(U) One of the most complex oblique step-frequency sounding systems de-
vised was the CURTS system (Common User Radio Transmission Sounding
System). It was developed for effective real-time frequency man-
agement of the HF circuits of the U.S. Defense Communication System
(OCS). The problem of frequency selection was immense due to the
limited frequency allocations for each direction of each HF link of
the system. The major problem for the DCS was not only to select
the frequencies that would support propagation, but to minimize the
effects of interference. In a three-month test, three CURTS- L
controlled HF trunks achieved an average of 96-percent (94-to-99- 2
percent range) throughout for 2400-baud s4mulated AUTQDIN traffic

26].

N}N 4.2-9
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(U) "A test network was operated in the Pacific area with transmitters
at six sites and receivers at two sites. The equipment sounded
each of the 120 assigned frequencies on each of the circuits every
10 minutes. The signals were digitized and passed to a control
computer where the data were compared with a time history tape and
then added to that tape for use on following days at the same time.
Measurements were also made of the time dispersion (muitipath
delay), frequency dispersion, and the background noise and inter-
ference on each of the assigned frequencies. The computer then
evaluated each assigned frequency for possible interchannel inter-
ference. The computer logic also made use of ionospheric predic-
tions and forecasts of disturbances in assessing the frequencies.
A quality figure based on the binary error rate (BER) was assigned
to each frequency by the computer, which then ranked the frequen-
cies in descending order of quality figures and transmitted them
via teletype to the stations to aid in frequency selection" [l].

(U) The feasibility of the CURTS system was confirmed from the test
network. The system demonstrated capability of choosing the best
frequencies in environments of poor propagation and high inter-
ference. It was concluded that with the CURTS system, the Quality
of HF (at low or medium latitudes) can be made to approach (within
intended bandwidth) the reliability, availability and quality of
other media such as satellites and cables [l], L26].

(U) The CURTS system was very costly. This system would be of interest
to organizations having adequate financial resources that require
very high eliability communications. Furthermore, it is far more
than just a sounder system. It is a complete frequency management
system involving real-time system trunk quality evaluation.

4.2.2.2.1.3 The CHEC System (U)

(U) The CHEC (Channel Evaluation and Calling) system was developed by
CRC* to aid in maintaining good air-ground comnunication links.
The ground station with its standard transmit-receive fa-ilities
was equipped with 2 CHEC step-frequency, ground inzerference re-
ceivers for measuring and encoding the ground interference levels
which were transmitted from the step-frequency sounding transmit-
ter. Air-ground synchronization was maintained by internal
crystal-controlled clocks.

(U) Using reverse-path sounding, the aircraft would measure the re-
ceived signal-to-noise ratio to select the "best" of 16 different
frequencies observed over a period of 64 seconds for which the
sounding is repeated every 2 minutes. Though this system is less
complicated than the CURTS system, it provides frequency selection
based on propagation and interference data in near-real-time El, 73].

*Communications Research Centre, Ottawa, Canada
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4.2.2.2.2 Sweot-Frequency ("Chiro") Sounding (";

4.2.2.2.2.1 Princioles (U)

(U) Oblique chirp sounding is potentially t' most covert method and
requires the least transmitter power. Moreover, it is immune from
the effects of fixed freauercy interference and is potentially the
most accurate in time-deiay resolution, achieving better than i-us
resolution. Chirp sounding, a linear FM technique, permits a
transmitter to have a duty cycle of unity. !f -he receiver band-
width is narrowed to a few Hertz, the frequency sweep rate may be
slowed down without compromising the obtained t-me-deiay resolu-
tion.

(U) The Barry Research Corp. AN/TRQ-35(V) Tactical Frequency Management
System (TFNS) provides real-time propagation, noise, and spectrum
occupancy data. The AN/TRQ-35 has three components: a sounding
transmitter, sounding receiver and display, and a spectrum monitor
[27].

(U) The Chirpsounder transmitter T-1373 (TCS-46) transmits a FM-CW sig-
nal on the order of 1 wat in power, varying in frequency as a
function of time while the tracking receiver sweeps in synchroniza-
tion. Synchronization is accomplished if tne sounding is becun

[ within 1 second of the predesignated time; however, the receiver
must either retard or advazica its sweep rate tem porarily in order
to lock-in on the 2.5 Hz "wide" to+ne.

(U) The R-2081 (RCS-43) Chirpsounder receiver reveals the relative
multipath structure in real-time of the 'Ichirp signal by utilizingIa time-compression-sweep spectral-analysis technique which accom-
plishes an instantaneous receiving bandwidth o- 500 H. by achieving
the effect of 200, 2.5-Hz comb fiters. This implies a 5 ms time

(U) delay window capability for a sweep rate of 10 0 KHz/-ec.

(U Collocated with the sounding receiver is a R-2093 (ISS-I) spectrum
analyzer which accumulates spectrum occuoancy statistics over a 30
minute period. The sounding equipment repeats coeration every 5
minutes (or 15 minutes) while the spectrum monit3r updates its in-
formation every 11 seconds.

(U) The soundinq receiver and monitor are located at the frecuencv con-
trolling end of the HF path (a form of reverse path sounding). The
ionogram information displayed yields both amplitude and time de-
lays (for modes present) as a function of frequency. Thus the user
can select the best high amplitude, low rultipath frequencies
available. Furthermore, the spectjm monitor oermits analysis of
each 3-Hz segment for channel occupancv above the channel noise
Floor for the 30 prior minutes.

e.i2-i1
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4.2.2.2.2.2 Applications (U)

(U) Speak Easy I* was intended to determine the viability of the TFHS
in the naval command and control environment while meeting the fol-
lowing objectives [61]:

1) demonstrate compatibility of the RCS-4B Chirpsounder
Receiver on a naval command and control ship in terms
of installation, operation, and electromagnetic com-
patibility, and

2) perform reception tests using various candidate anten-
nas aboard the U.S.S. Mt. Whitney.

(U) The RCS-4B Chirpsounder Receiver revealed no installatior, or opera- I

tional problems. The Chirpsounder Transmitter did not need to pro-
vide more than 10 watts of power in spite of the high RF noise en-
vironment on Mt. Whitney and was shown an excellent tool for
frequency management of LINK 11 network [61]. NA

(U) Speak Easy II incorporated an RCS-4B Chirpsounder Receiver and an
RPS-4 Spectrum Monitor to simulate a headquarters unit at Fort
Bragg, North Carolina. Near El Paso, Texas, a TCS-4B Chirpsounder
Transmitter accompanied a Special Forces unit on maneuvers. An-
other TCS-48 Chirpsounder Transmitter located in Sunnyvale, Cali-fornia, simulated a OCS entry circuit. A 65-hour test [28] was

conducted to:
1) determine the degree of assistance provided by the TFMS

for the Special Forces communicators,
2) compare previous ionospheric predictions with propaga-

tion predictions measured by the TFMS, and
3) show that the TFMS was compatible with Army logistics and

operations procedures.

(U) The U.S. Air Force and the U.S. Army Special Forces (BR Comms.
"Speak Easy II") demonstrated 100% path reliabilities for Chirp-
sounder predicted frequencies. it is interesting to note that long
term monthly reliability charts predicted 69-85% for the :reauen-

,es utilized. It is imperative that HF propagation pred-ction
techniques must be highly refined, i.e., utilize as much current
geophysical data in &S_,i-empirical prediction algorithms as possi-
ble, in order for t1em to meet the impeccable record achieved by
real-time sounding (particularly chirp sounding).

(U) Teamwork/Bonded Item demonstrated for the USMC that f29]:
1) The TFMS can increase HF conmurications reliability.
2) The USMC personnel were adequate for operation and

installation of the TFMS, and
3) the TFMS hardware was rigged enough to withstand typical

USA.C deployment methods and other environmental factors.

*Military Exercise Designator
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(U) HF connunications reliability was excellent during Teamwork and
Bonded item with the exception of a large number of nighttime
hours and few daytime hours in Teamwork, when the ChirpsoUrder
showed no propagation [29].

(U) Solid Shield 77 was a combined-service exercise directed by the

Joint Chiefs of Staff and sponsored by the Atlantic Connand dur-

ing May 1977. The TFMS was used directly by the Joint Task Force

Command to establish the operating frequencies of major networks

of the exercise. The unique measurement data presented by the

TFMS permitted very rapid adjustments in operating frequency wheit

jamming or inadvertent interference occurred [303.

(U) Trophy Dash IIT evaluated the feasibility of employing a spectrum

sharing concept in HF communications in the tactical theater, em-

ploying the TFMS. The test was conducted using three paths, each

terminating at a Net Control Station located at MacDill AFB on a

24-hour/day basis. The paths were changed continually in lenqth

and azimuth to span as many as possible tactical link types. Con-

sequently, the frequencies were changed more than 1000 times (700

discrete frequencies) during a five day test to make maximum use

of the available spectrum. The results demonstrated the high re-

liability achievable with this TFMS [31].

(U) Trophy Flight I established the feasibility of the TFMS. The cor-

relation between Chirpsounder-derived estimates of communications

quality and observed communications quality was very high. The

interference to the chirpsounder receiver on the Tactical Deploy-

ment Control Aircraft (TDCA) was insignificant. it was found that,
during this exercise, sporadic-E propagation was possible in more

than one half of the 24 flight hours £321.'

(U) Trophy Flight II demonstrated further capabilities of the TFMS

thrrough deployment in two actual aircraft ferrying missions --

FIFE and CRESTED CAP. The conclusions [331 about the TFIM4S are as A
follows:

1) It enables the TDCA* to maintain continuous knowledge

of propagation conditions te any suitably equipped

aeronautical station. Therefore, the optimum frequency
(nature oermits) may be used.

2) The effect of the interference on the Chirpsounder re-
ceiver caused by the T:DA 6E' *rans,.i er was insigni-
,icant and vice versa.

3) The Chirpsounder receiver is easily accrodated by the
Tu-CA.

4) A Chirpsounaer transmitter Dower of 50 W is adecuate
for a!l high orioritv missions even under degraded
propagation conditions.

*T.c-ic3i 'efense Control Aircraft
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4.2.2.2.2.3 Analysis (U)

(U) The sweep rate is defined as the rate of change of frequency with
time, by the reldtionships,

41 df-'- = - sweep rateat dt

If the tracking receiver is sampling the baseband response at a
frequency, fs, the integration time, tint, is computed as

tstin t f,

where N is the number of samples. For an integration bandwidth,
f.fint' 'i

mt f.linttint = f/dt

The time resolution, T, attainable is

Thus, tint : Nt.

The effects of a receiver bandwidth, B, and the sweep rate, R,
(R df/dt), are related as follows:

fs= N-2B = 2 fint (23 is the effective Nyquist freauency

fint lint

int df/dt R R dt

fs N 2B 2 tintF

NB = tintR

N = tin:RIB
Clearly, the time resolution, , can be express.d a number of
different ways,

2NB
2= -B

t intD
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(U) The mutual dependency of N, 3, R results in the following obser-

vations:
1) If the receiver bandwidth, B, is reduced, the frequency

sweep rate, R, may be slowed down without compromising
the obtained time delay resolution.

2) The opposite is true (of 1); i.e., large B requires
large R; however, the SNR is reduced.

4.2.2.3 Operational Concepts for Sounder Applications (U)

(U) It is apparent that to Fully utilize the capability of any form
of ionospheric sounders, operational concepts, deployments, and
procedures for sounding-based frequency-use directives must be
developed. While an analysis and recommendations from frequency
management considerations are treated under the Automated Fre-quency Management Task (3.3.g), Section 4.7, the purpose of this
section is to summarize operational concepts conclusions with re-
spect to sounders utilization specifically. The conclusions are
assembled from a variety of sources, as indicated. P5

4.2.2.3.1 U.S. Army (U)

4.2.2.3.1.1 "Site-Survey" Discussions (U)

(U) The AN/TRQ-35 may have greatest usage as part of an overall fre-
quency management system. There needs to be coordination between
uses of the AN/TRQ-35 3r other similar sounder systems [34, 35".
The use of sounders should perhaps be combined with a form of
propagation prediction capabilities [36]. Some 5ounder-use de-
tractors feel that the Corps area is too small for the ANiTRQ-25
application -- that its use may be counter productive. They like IRV
it nore as a circuit analysis tool rather than a frequency manage- M
ment tool r36]. The AN/TRQ-35 chirp sounders and the 'Topside"s
ionospheric sounders are among the current concepts that show
promise in significant frequency-selection improvement. One op-
erational concept for sounders is to install them at "gateway"
terminals. However, sounders are envisioned as necessary for
enhancing/augmenting propagation prediction and frequency manage-
ment even within the SHORADS Air Defense C2 area of operation [371.

(U) The "doctrine" for HF frequency management is outdated or non-
existent. Development is needed before/with the introduction of M
any sounders. The sounders would have to be always under "close
operational-control." One concept is to provide the entire TFMS
(or equivalent) to the Corps level, with the sounder receiver and
spectrum monitor only at the Division level. There are olans to
fNeid the AN/TRQ with a demonstration in Europe (ABSME) on auto-
•matic multichannel equipment and use it to demonstrate improve-
ment of reliability of HF r38, 39].

ii
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(U) Concepts have been formulated for the utilization of iert-cal-
incidence sounder measurements for refinement of N1V-c a
Zion frequency selections and assignments. Using Dig~sonde 128or equivalent V-I sounders and IONCAP or eauivalent propagation
prediction programs on a mini-computer, it is feasible to make
refined, current-day, near-optimum selections r47, 48, 4..

4.2.2.3.1.2 Conceots and Comparisons bY ECAC -4. (U)

(U) "Concept I:
0 Use of AN/TRQ-35 as tactical frequency mnageLment systemi
* Features: Use of multiple transmitters located with for-
ward elenents, single receiver located with unit frequency
manager

* Will replace current propagation prerction methods
s Application: tactical/strategic

(U) "Concept 2:
* Use of AN/TRQ-35 as frequency selection system
* Features: Use of multiple receivers located with forward
elements, single transmitter located in rear area

* Will augment current prooagation prediction methods
* Application: tactical -- Corps and below

(U) "Concept 3:
• Establish world wide network of sounders to provide area

service
* Features: World wide grid of transmitters, receivers with

tactical units
# Will augment current propagation prediction methods
* Application: strategic/tactical/coneingency situations

(U) :SIGINTiESM Implications
Concept 1: Provides enemy with 1D and locations of forward

m. aneuver elements -- critical C+C [coniand and
control] nodes

Concept 2: Provides enemy with ID and locations of sounders
in rear areas

Concept 3: Can be used by enemy to enhance his own ooera-
tions. Pre-established locations well known to
enemy.

(U) £ECM Imolications
Concept 1: 'Vulnerable to catastroohic failure ,,odas fjam-

ming or physical destruction)
Concept 2: Graceful degradation

Fallback to propagation oredictions/prepared
frequency lists

Concept 3: Graceful degradation
Fall back to provagation predictions/preDared
frequency lists
Vulnerable to pre-engageient attack

.2-i6
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(U) "EM --1iications

Concept 7: Maximum spectrtm pollution
Drobi ems with schedul ina/coordinatinc oierat-ons

Concept 2: Soectrjm pollution
Problems with schedulincoori- natinc operations

Concept 3: Coordinated operations schedule
ontrolled spectrum polIution"

(U) COMPARISON CHART
S"CONCEP T  

__________

kiM/IEX of !D/LOC of I Env usei' GrTwsm . D D i Sounders thru

ofement M C+ in rear areas intrusion

Catastropic race ful i Graceful
E CM. failure degradation degradation
__~_____ Possible d 4 or e

MM ! Xi~ Spec r m Conr.t. i e d -i

:E-.MC jsetra ! ollution I specuti
pollutionon

I Schedule Schedule
probl ems - robl ems

- Iss Iss is,

(U) "Conclusions
* Establishment of lead aoencv to define requirLmnts for

sounders or other frequency adaptive technicues
* Develop 0 0 concepts for use
* DefIne best systm conceprt/hariware confiauration"

4..2.3.1.3 Additional ECAC Comments 46. (U)

Frecuency Assianmient Process:
1. AFCEN (Europe) has the -F assignments list. Sixty per-

cent are not usable, for various reasons. Mlany have been
reassigned. Effectively "the list"' has been lost. The
Army policy doesn't allow "bootlegging" frequencies b-
cause they won't be av alable when really needed in a
crisis.

2. In peace time, stick to ailocaticn tabls and use what
is oassed down from Vie Civil Nationa Frecuency escurce
Agency (FR) in the area, for instance in ..R.G. T;c
theatre frequency mnager in practice tells the Coros
what frecuencies to use for the next 30 days, in tenns
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j) of orimary and alternat-e frequencies for day and a
and maybe frequencies for the daylight transition times.

3. There wIll be fewer HF nets in '85 than now. The XVith
Airborne Corns now has 100 HF nets. There are only 30
frequencies available for training. Requirements are for
a few messages per day. Therefore the nets should share
the HF frequencies. The imortant HF links are from te
airhead back to she other side (CONUS). HF is not needed
within their oneratioral area.

Only 20 out of the 0 frequencies are usable at any time,
tpically, resulting in 5 nets on each frequency opera-
tions. Should restrict use of HF to essentia con runica-
tion only and use other forms o' comnunications for locis-tics, etC.

(U) Sounder Anclicatlons:
r. ounders would be valuable when a pool oF frre::uencies is
available at Corns. The Battlefield S ectrtm Manacer has
a list of frequencies for the day (the list is varied fra
day to day for security reasons). Based on sounder re-
sults, the manager would come up with the best frequencies
from whi:ch to choose on a given day, even thcuoh the
sounder results indicated the oti-im-n frequency to use-

2. Corps: 140 an across by 200 m deep. Sound ionosphereI
within Corps ty . Pass tre soundina results dcr n r
echelon. The-. shoul be less than 5% variation in Ij,
etc. withn tahe Corns area for these restricted distnos.
Should have a cnannel within Corps which sends a contin-
uous stream of net cde numbers and frequency assilnwt/
selection in-rnnation. User to have a small digita' read-
out of f.reuencies. User tunes to each in trn t nd
workable frecuency for him. Alternatively, eploy Sounder
receivers at -TO.* The Division Signal Cfi'cer wil be
the BattlefIeld Spectr'jn/Radiation Mvanaer. Go th r.;h.. l

frec-uency selection process a pass info.-.rv.ion to D-
sion. Division will have a division conmnnd ne to ass
down renuencles ianaced from Corps C.P. usino a sharj
pool, at Corns level. =

4. Special Forces (SF) onerations (stategic) are in a SCoL-
lea*' mode anyway, since "ey are in a foreoign count'.
"w"0ut oermission" (o hev are no aSKIC fr "ocal
freauency autmrization coo rl tion. They know th_
clear freouencies b.- observation. V wants to use -i
sounder in various ways to establish -an intellignt
Sion at the se station ' ' rienrl' so" As t t nat
frecuencles -on which to make 1'ind BC Zranvissions to te
detacltents ' ,, t stations) ho tn wih freouenc
use, on a scheduled basis. nus, -he base station -an rse
sounders and svectrt - emnitzrs to make the decision as to

tDiv4 s4on Tactical Onerations Center

Ij
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""K what frequencies are available at the base station and then
disseminate that irforetion. BS sends out messages over
and over on tw or three desirable frequencies. netachtment
has to listen on various frequ-ces until it reIves one
to establish an order wire and decode for instructions.
Uses a one-time "ad" to decode. SF nath lencths: i00 kmtypcalI; 400!a ka mximm; 1250 I typical maxuum.

5. Rangers operate only 10-60 km behind enemy lines; areImore tactical than S.P. They don't transmrit until done
with their mission and/or are ready for extraction.
Pangers could utilize the sounder information available
within (beyond) the Corps area. because of their vroximity.

6. Primary net usage is emergency, short-term, quick-
response role.

7. in peace time, Cemetery Net is the biggest thing in
Europe. It needs a cood comleent of workable frequencies
to use. Definite n4e.e-, or a sounder her. Lots of fre-
quencies have been lost due to occupancy and new ones have
not been renegotiated. Hence the Eu,pe-an list is not as
large as would appear.

8. Corps spectmm manaoement section is to disseminate fre-
quency assignment information 2. hours a day.

4.2.2.3.1.4 Conceots by MITE Corn. [43] (U)

(u) "-reauencv Allocation Policy

IT. ro take maxi mi advantage of frequency adaptive techni cues . . .
a flexible treuency mnagement policy is required to pernit oper-ation on the usable fre.uencies existing at any given time. Barr
Research proposed sucr. a plan to the Air Force which was subse-
squently tested and is being considered for adoption. The auproach
is the onos~t e of the current frequency allocation which assigns
discrete frequencies to individual users. Since international
agreenmnt permits the armed forces the use of any frecuency, except
In certain bands, on a non-interference-with-other-users basis, BR
has pronsed to the Ai- Force that it identify these freouencies or

ands that may not be used within the 2-30 ,.Vz band rather t.an a'-

.ocating a handful of permitted frecuenci es. mnis aonroach 'e-
stjted in 70%f tho uF band remainino availamle ror ase after
elnation af spial frequencies and sub-ban s (such as 'WV fre-
quencies, emergency, and amateur bands. t could not e intefered
with. The Air Force then assumed that if no sional activity above
oise tnreshold was Atected within a given 3 kHz channel for 30
mlnutes, that cnannel was arbitrarily judged to be free.

m,, I one test in the continental United Sutes " ver 703 discrre
requenc:Ses were used with more -an 1000 fequency changes. once
evenr 30 minutes resulting in onv 2 valid interfernce remrtsu
One hundred percent cMoInications reliabil itv was achieved. -

urrent with this test, the frequencies tat would have been- as-
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(U) signed under normal procedures -- some 56 in this case -- were
monitored for their ability to pass traffic. An average of 6 hours
per day of propagation outage would have occurred per link had the
link been limited to those frequencies. Moreover, only a small
percqntage of assigned frequencies within the propagation window
were clear at any one time.

(U) "This technique for excluding specifically used frequencies, to-
gether with a basis for selecting clear channels, seems to be
substantially superior to the current technique of assigning dis-
crete frequencies. Such a policy change could possibly achieve a
gain in HF performance comparable to that obtained by technological
advances such as frequency agility or error correction.

(U) "A Possible Implementation

(U) To be fully effective as a theater frequency management tool, this
technique would require some means to disseminate from the AN/
TRQ-35 the spectrum information derived to the HF communicators
in theater. This dissemination means should be secure and not
subject to the HF outages it is designed to avoid, but nevertheless
readily available to the highly mobile HF operator. One possible
implementation is as follows. One or two sounding transmitters
for determining theater propagation conaitions could be located at
central control locations. Net control stations (NCS) for critical
HF nets could be provided with sounding receivers and spectrum
monitors for direct assessment and control of HF connectivity. A
central sounding receiver and monitoring facility would also oper-
ate as net control station for a secure Frequency Information Net
(FIN). The NCS's of other HF nets needing frequency information
would act as members of the FIN and would obtain information on
frequency availability, propagation, and occupancy 's needed.
Secure information beacons at selected frequencies, advising of
the FIN's current operating frequency, could be used for finding
the FIN upon net entry. Due to the routine nature of its opera-
tions, the FIN could probably be substantially automated.

(U) "The FIN service would be nodal in character, and hence, vulner-
able, but it could disseminate spectrum information to a large
number of users at little cost. Its loss would not directly cause
the loss of communications nets but would degrade their perform-
ance."

4.2.2.3.1.5 The Division-86 Signal Battalion O&O Concept F42] (U)

(U) This document outlines the communications means available to the
Hedvy Division in 1986:

(U) "The Division Commander will experience an increase in the means of
communications available to him in the time frame from the present
to 1986 as new equipment is fielded. The Division Command Opera-

4.2-20
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(U) tions Net (FM) and the Division Intelligence Net (FM) will emr" 1ov
the Single Channel Ground and Airborne Radio System (SINCGARS
equipment. The Division Commander will be able to communicate
with his major subordinate commanders over Single Channel Tactical
Satellite Communications (SC TACSAT) with less restriction on dis-Iance and terrain. The Division Tactical Operation Center Single
Side Band net (TOC/SSB) will utilize an improved version of the HF
radio which, when used together with the AN/TRQ-35 ionospheric
sounding device, will vastly improve the reliability of the HF
radio net. This net has been expanded to include all major sub-
ordinate elements in the Division and it parallels the SC TACSAT
net. This net will become a secure voice net through the fielding
of the Advanced Narrowband Digital Voice Terminal (ANDVT) which
will also permit secure data transmission. These two nets together
provide the Division Commander with a resiliency in command com-
munications that is not in the field today."

(U) "The Division C-E Officer Section includes personnel and equipment
required to support the Division C-E Officer. The section is a
part of the Division C-E Office and provides the detailed planning
necessary for preparation and maintenance of the C-E portion of the
Division SOP. The section is responsible for providing C-E assist-
ance to other Division headquarters staff elements; preparation and
distribution of the Division communications-electronics operating
standing instructions (CESI), communications-electronics operating
instructiors (CEOI), and the Division telephone directory. The
C-E Section controls the allocation of radio frequencies, provides
-adio frequency management for the Division and operates tle CSPE.*
The CSPE will be a manual function until the introduction of an
automrated CSPE in the late 1980's."

(U) "The JN/TRQ-35(V) Tactical Frequency Management System consists of
various combinations of three equipment items. Two of these items,
the Chirpsounder transmitter and Chirpsounder receiver, provide an
ionospheric "test set" measuring the propagation of an HF signal vs
frequency. The Chirpsounder systems reveal which frequencies will
propagate, all modes of proagation (surface wave or skywave), the
optimum frequency band for operation, and the extent of distortion-
causing multipatch propagation. The third item, the Spectrum Ana-
lyzer, provides the extent of interference measured in 3 KHz steps
across the entire 2-30 MHz spectrum during the past 5-30 minutes.
The best propagating assigned frequencies can be quickly checked
to find which ones are also clear of interference. Thus, the
AN/TRQ-35(V) is a fully flexible system for revealing all of the
information required to properly manage an HF circuit --network.
The system operates as an independent circuit test set and is
equally effective regardless of the level of sophistication of the
communications equipment employed and the flexibility or changes
of assigned frequencies. By providing an accurate, real-time

*Communications Systems Planning Element
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U) measurement Of Droaati- and spectrum occupancy, the TFMS elimi-
nates the uncertainties that hamper reliable HF operation and per-
mits rapid isolation of probable cause for any operating difficul-
ties. The TFMS concept is to deploy a Chirpsounder receiver and
Spectrum Analyzer at the Corps Sig Bde CCEO* location and utilize
up to three Chirpsounder receivers between Corps HQ location and
outlying Divisions. The receiver at the Division will normally be
located in the ADCEO** van."

4.2.2.3.1.6 Operational Concept for Improved HF Radio [43] (U)

(U) The operational concept does not include reference to an iono-
spheric sounder system, per se. Instead, the concept's principal
types of equipment includes Automatic Link Establishment Equip-
ment of the following fLnctional description:

(U) "[OHFRY will provide short and long range communications over
rugged terrain by using ground wave and sky wave propagation.
The Automatic Link Establishment (ALE) and frequency hopping fea-
tures of the medium/high power configurations will greatly enhance
the capability of this equipment to insure maximum communications
availability. The ALE consists of three components:

1) Selective calling in which calls to members of the
net may be made on a discrete basis or to the entire
net on an automatic basis. This assures audio muting
of non-relevant communications activity, provides for
a positive indication of a call received and reduces
the chances of a missed call.

2) Preset frequency scanning in which a microprocessor
controls the scanning of a set number of preset fre-
quencies.

3) Automatic frequency selection in which the microprocessor
utilizes the selective calling data signal as a sounding

*Corps Communications-Electronics Officer
*Assistant Division Communications-Electronics Officer
'The docunent referenced [43] was based on capabilities originally
planned for the Improved HF Radio (IHFR). Subsequently, the
planned deployment of the features described here was revised to
be in the objective HR Radio (OHFR) r74]. The text quotation
has been changed to reflect the revision.
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tU) signal for a Link Quality Analysis (LQA) factor. This LQA
factor is stored in a matrix to automatically determine
the optimum transmission frequency. ALE allows the user
to simply select the address of the called station and
key the system; at that time the system will determine the
best preset channel from the LQA matrix, determine the
availability of the selected channel, transmit the selec-
tive calling address, receive an automatic link confirma-
tion and signal the user to begin communications. The
combined features of the ALE option will provide more
flexibility to the users of the assigned nets. The DTOC* A
net for example, which at first glance appears to have far
too many users to be effectively controlled by the net
control station, will be easily controlled. The normal
NCS functions, as they are now known, will not be required
on these nets. With the ALE modem which will be used on
this and other selected nets, it will not be necessary for
a net subscriber to ask an NCS for permission to transmit.
Any subscriber can call another subscriber or the base
station using the discrete station selective calling fea-
ture without disturbing any other subscriber in the net.
Using the medium/high power adaptive configuration with
10 frequencies assigned to the net and programmed into
the LQA matrix will allow any of the net subscribers to
converse with any other net subscriber on any of the 10
programmed frequencies without interference to the other
net users, or the base (or any other selected station)
can call all subscribers on a common frequency if de-
sired."

4.2.2.3.1.7 INTACS Update Concepts [41) (U)

(U) "Field operational capabilities for frequency and CEOI management
are basically manual, slow, non-responsive to dynamic needs --
particularly in EW environment. . . . Automated capability to
analyze frequency requirements, and to assign frequencies on adse~~dynamic basis, is needed now." i

(U) High Frequency Radio Operational Requirements (Sounders):

General:

(U) "An improved HF spectrum management tool will be used to support
the IHF radio structure needed that will meet a significant portion
of the Army tactical medium and long range single channel communi-
cations requirements in the post 1980 time frame. This improved
capability will be provided by the AN/TRQ-35, Chirpsounder. This
device will be deployed in the Theater and Corps areas to support
the frequency allocation process within the HF band. Frequency

*Division Tactical Operations Centers
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CU) managers at the respective echelon will operate the equipment.
The device will provide the following results:

1) Ensures HF operation based on real time measured condi-
tions (propagation and frequency occupation).

2) Permits frequency change before circuit degrades, assist-
ing in rapid changeover.

3) Eliminates unnecessary frequency changes.
4) Separates equipment and propagation problems.
5) Identifies broadband jamming.

(U) These capabilities will result in a HF system reliability signifi-
cantly increased by real time engineering and management."

(U) Background:
l)°'. . . In order to eliminate or minimize HF ionospheric

propagation problems, the ionospheric sounding system
must have the flexibility to support one (1) HF system/
net, or be employed in a pattern to support a geographical
area i.e. Corps/Theater providing all of the information
required to oroperly manage an HF circuit or network.
The AN/TRQ-35(V) eliminates many of the uncertainties
that hamper reliable HF operation and permits rapid isola-
tion of probable cause for any operating difficulties by
displaying an accurate, real time measurement of propaga-
tion and spectrum occupancy.

2) The requirement for this equipment is to improve fre-
quency management for HF communications systems throughout
the tactical Army communications arena. Improved frequency
management will result in more effective and efficient use
of the HF spectrum, ind proper frequency assignments will
produce more reliable HF communications with improved
grade of service.

3) Present-day HF spectrum allocation is accomolished by sub-
dividing a number of HF frequencies allocated to a major
command, reallocating and resubdividing, down to the low-
est subordinate command. This results in a siqnificant re-
duction of the number of frenuencies available to assign-
ment at each command level. Proper employment and use ofthe ionospheric sounder will provide for the discontin-
uance of this allocation procedure and make oossible a
flexible procedure making all frequencies allocated to
a major command available for assignment throughout the
major command and all subordinate commands on a near real-
time basis.

4) Present-day HF frequency assignments to a HF system/net
is based on ionospheric HF supportability predictions
derived from information collected from studies of iono-
spheric behavior ever past years. Lead time for re-
questing these predictions is quite extensive and are
generally limited to single link -- not area coveraae --
missions. The process contains variables; changing on
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(U) diurnal, seasonal, yearly, and eleven year cycles, The
procedure is manual, time-consuming, and yields marginal
results. When system/net propagation fails, it cannot
be readily determined if the failure is due to equipment/
operator trouble or the absence of supporting atmospheric
conditions.

5) The AN/TRQ-35 consists of the following components:
Transmitter T-1373/TRQ-35(V)
Receiver/Monitor R-2081/TRQ-35(V)
Spectrum Monitor R-2093/TRQ-35(V)"

(U) The Operational Concept:

(U) "Receivers and monitors will be located at the CSPE/CSCE complex
at both division and Corps level. This places the HF management
tool with the frequency manager. The equipment will be installed,
operated, and maintained by the staff elements responsible for
frequency management. Transmitters will be engineered within the
Corps communications architecture so that short, medium, and long
range HF links can be simulated for division and Corps receiver/
monitor elements.

(U) Transmitters will be deployed in the Corps area, rear of the divi-
sion area. Transmitter sites are conceived to be co-located with
a Corps area signal node. Divisions deployed separate from a
Corps must receive transmitters equipment from the Corps assets.
Corps authorizations proposed in this . . . [rest of sentence not
readable in contractor's copy].

(U) Equipment and propagation characteristics enable the transmitters
to cover a large area without placement at specific user locations.
The Corps management element is the key to the entire functional
area. Radio frequencies received from theater command for the
Corps will be distributed to the user echelon based on commander's
guidance as to the priority of the net. This is a ,iery important
SOP function within each unit. Priorities will be flexible enough
to meet each situation, action or mission. This "pool" of fre-
quencies will then be applied to the propagation statistics dis-
played by the AN/TRQ-35. The number of frequencies available for
US^ a- thcs a!ocated and propagating at that given time.
The frequency manager must apply the user needs to the final ae-
cision so that groundwave, NVIS, and skywave can be exploited.
Data users will require special attention due to the multipath
characteristic of HF. The system will greatly increase communi-
cation supoortability by making maximum use of Sporadic E propa-
gation periods during the day. This ability is not predictable
with the current software package available through USACEEIA and
ECAC. These general capabilities and functional requirements are
essentially the same for both Coros and Division. The major dif-
ference is that it is a primary mission for Corps and an emergency
capability fcr Division to operate when links to the Corps are
disrupted.

4.2-25

______



(U) "Distribution of the frequency assignments to the Division level
is essential to the concept. This information can be distributed
via command/operations links on TACSAT, FM/HF and wire lines.
Future distribution should include a format message on the Corps
and Division Executive Command and Control System (ECS2). The
distribution from Corps should be of either individual or block
frequency listings. Divisional listings should te block listing
with augmentation of individual for Corps type HF links or inter-
connections with adjacent US/NATO forces. The Division CSPE/CSCE
can then distribute to the divisional users respective HF fre-
quencies on established command/operations links. Corps CSCE
elements will distribute frequency listings as required to other
next lower headquarters within the Corps area for further distri-
bution to the eventual user.

(U) "For a transition period until the entire frequency management
system is reviewed/revised, the current procedure to distribute
preprinted HF CEOI items should continue to provide the lower
echelon user the ability to fall back to a frequency f the dis-
tribution of near real time changes is disrupted.

(U) "The AN/TRQ-35 can support single HF nets/links if so required.
The Separate Brigade or contingency operations will most often
find this to its advantage. The transmitters must be engineered
into position with its maneuver units so that link propagation
data can be accommodated. The Separate Brigade can be connected
with Corps transmitters if in support of a Corps operation, pre-
cluding the installation of its own transmitters. This may be a
greater advantage due to the fluid battlefield situation with its
battalion elements. During Corps operations, the Separate Bde
will be receiving frequency allocations as any other element within
the Corps area or from supporting Division CSCE. Distinct advan-
tages of the sounding system evolves around nuclear activity and
jamming periods. Propagation and channel clarity can be determined
during these periods so that the frequency manager can select sup-
portable frequencies when he otherwise would be totally incapable
of doing during these situations. Severe nuclear or jdmming ac-
tivity also points to the need for the division to have a capa-
bility of selecting supportable frequencies. The division can
never be constrained to total dependency on the Corps for fre-
quency allocation due to so many situations that may arise that
totally degrade the communications network."

(U) "Doctrinal Deoloy aent:
BASIS OF ISSUE EQUIPMENT

ACTIVE DUTY & RESERVE T-1373 R-2081 R-2093
1) Corps (Hvy & Lt) 4 2 2

a) Receiver/monitor - Corps C-E Section
Corps Sig Bde TOE 11-402
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CU) BASIS OF ISSUE Eoui ent
ACTIVE DUTY & RESERVE 1-1373 R-2081 R-2093

b) Transmitters - Corps Area Sig
Sn 11-415

c) Option: All assets within Cmd Radio
Bn and task organized to Corps Area
Bn and Corps C-E Section I"2) Division 0 1 1

Receiver/monitor - Div Sig Bn, HHC-
TOE 11-036 to support CSPE (ADCEO)

3) Separate Brigade 3 1 1
Receiver/monitor/transmitter -
Organic Signal Company a platoon with
transmitters tasked to outstations
assigned to maneuver units."

4.2.2.3.1.8 Concepts for Europe (U)

(U) (These concepts were documented by BR Communications, 3arry Re-
search Corp. [40].)

(U) "HF communications by the Army in Europe fall into fur categories:
international nets, short-range ground-to-ground tactical nets,
nap-of-earth (NOE) comn to scout and attack helicopters, and Defense
Communications System (DCS) entry. An analysis of the communication
requirements of each category suggest that all spectrum management
needs can be met by employing 25 Chirpsounder transmitters (of
which about one-third would be operating continuously), 46 Chirp-
sounder receivers, and 29 Spectrum Monitors, plus spares. This
equipment, in addition to modern radios and special operating pro-
cedures suggested in this report, can ensure the maximum reliabil-F ity possible under either the stressed wartime environment or
peacetime conditions."

'U) Chirpsounder Transmitters

(lJ) "Placement of Chirpsounder transmitters requires careful consider-r ation of potential wartime requirements. These requirements can
be divided into the four groups described . . . [above]. Table-*m Plcmn ihrn'
4.1.1-1 summarizes the Chirpsounder transmitter place-_nt inherent
with each group. The followinq discussion expands the suni.arv in
the table."

(U) International Nets

(U) "Analysis of the requirement for the various international nets sug-
gests that placement of Chirpsounder transmitters at or near :he fol-
lowing locations will satisfy the criteria given in Taole 4.2 2-1

Bann, FRG
RarrstorO, FRG
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t Bnn R
*Bremerhalien, 'FRG
Brussels, Belgium
Caknakli, Turkey

*Edingen, FRG
Elevis, Greece
*incirlik, Turkey
Naples, Italy

*Nellingen, FRG
*Perivolakj, Greece

Verona, Italy
*Vicenzia, Italy
Werl, FRG

(U) "The aste~risks ()on the list .. . identify primary transmitter
locations. These locations represent ainimrum essential require-
ment to provide basic procagatlon data for corrnunications within
Germany and from Germian net control stations to key areas in Bel -
giwh, Netherlands, Italy, Greece, and Turkey. The other locations
represent secondary backup transmi tteri that coul d be activated if
any of the primary transmitters were not operating properly.

(U)~ Table 4.2.2-i
Chlrosounder Transmitter Placement Criteria (U)1

HF ApplcationChirpsounder Transmitter Placewent

1 International Nets a One t-ransmitt-er at or near each key
relay control station

-'a One 1t-arsmitter within approximate
200 kln ci rcl e surrounding net sub-
scribers

i Corps Area 9 One transmitter approximately cen-
tered within Corps area
0 One transmitter as backup placed any-

= where within Corps area

NOE Com~unications Can utilize Corps area transmit cers

Iocs Entry j One transmi tter at each Z-CS ent.1-1
location

(U) "Chlrpsounder transmittters complete their sweeps in. four minutesA
forty seconds. Because all Chirosounder operations are divi uc
Into flie mninute increments, all transmitter s iana Is t6-o a a iv n
rhirpsoundear r-eceiver should be timed to start withi;n any ?
second wide window. This problem b ecomne s Odui te co-molex For an

n teratonal net situation where one Chir-sounder transmitte
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(U) signal may be received by more than one Chirpsounder receiver or
wh-re a single receiver may want total flexibility in selecting
Chirpsounder transmitters. Thus, for the Amy's international net
situation, it would be desirable to have the sweep start times of
all of the 15 transmitters listed above within one 20-second
window.

(U) "Fortunately, normal Chirpsounder operations make this possible
while minimizing the danger of mistakenly synchronizing a receiver
to the wrong transmitter. There are three parameters that can be
adjusted.

* Start time within the 20-second window
* Transmit times within the hour

Sweep rateL

(U) "If it is assumed that at least one Germany transmitter and all
transmitters outside Germany must sweep from 2 to 30 MHz (100 kHz/
sec) and that 2-16 MHz sweeps (50 kHz/sec) are sufficient for all
other transmitters inside Germany most of the time, the process of
sweep start time selection and sweep synchronization becomes fairly
easy. Table 4.2.2-2 presents a candidate configuration for a
window between 3 and 22 seconds after the start of each 5-minute
segment. The table lists the 15 transmitters, shows their use with
four typical Army nets (designated A, B, C, D, and G), and presents
a suggested start time and use scenario.

CU) "In Table 4.2.2-2, the following code applies:

P -- Primary
S -- Secondary or backup
X -- Sweep rate = 50 kHz/sec; primary; continuously utilized
XX -- Sweep rate = 100 kHz/sec; primary; continuously utilized
0 -- Sweep rate 50 kHz/sec; backup; occasionally utilized

00 -- Sweep rate = 100 kHz/sec; backup; occasionally utilized

(U) "In the scenario of Table 4.2.2-2, it is oresumed that the net
primary transmitters would transmit during each interval marked X
or XX. Secondary transmitters would be operational and would sweeo
during the intervals marked 0 and 00. However, power output to the
antenna for the secondary transmitters would be permitted only on
an optional basis. Notice that, in any given 5-minute period,
only 2 or 3 transmitters would be actually radiating on a sustained
basis. Also, transmitter sweep start time searations would never
e less than 3 seconds.

(U) Corps Area Communications

(U) "As indicated in Table 4.2.2-T, two transmitters per Corps area
should be sufficient for measurement of HF propacation require-
ments. Witnin Germany, there are doctrinal Corps areas spread be-
tween the Fifth and Seventh Corps. The Chirosounder transmitters

4.2-29



o l I I i 1 1

-! II I-I Io" ~ it.
• 4 Vfl I I, I !-- I I XI = i,
I.. .

i i i ilj'
.. C d I ! I i i Ii ! i i

a I
= I !I Il ii jP i i °

I ,,,I I . I I l l i I i i ! *

In- I i t I i - - °

<"I:: = I !

Co. -l l ~ l li i l
"- L IM iiIIII

4-)r

, ~ 0~*~ * - -0 ' 0 -

! . !- i I , t l I i " '

- - -. 
-. - -

-I_

4J



(U) used for the internat.Ional nets could also be used for augmenting
the Corps area requirem~ents. However, one miust assume that, in the
event of war, the fixed sites for the international- nets would be
subjected to physical attack and should not be relied on in lieu of
a highl-y mobile Corps Chirrpsounder transmit-ter complement. There-
fore, no more than three Chirpsounder transmitters each for the
Fifth and Seventh Corps appears neceszary. TWO of these could be
placed at Corps Area Signal Centers (CASCs) with a third consigned
as a backup to the Corps Support Commnand (COSCOM).

(U) N1OE -CommunicationsI(U) "Skvwavp HF commnunications between a b; se headqluartlers and scout 3r
attack helicopters does not imp~ly a requirement for Chirosour-der
transmitters aboard the helicopters. Measurement of the near-
vertical ionosphere can be made using a groundbased Chirosounder
trans~mitter anywhere within the vicinity.

(U) "The principle of ionospheric measurement is illustrated in Figure
4.2.2-1. Within any common ionospheric region !i.e., anywhere
within a roughly 200 km circle) any Chirpsounder transmitter will
suffice. Thus, the Corps area transmitters . .. should -e suffi-
cient for NOE comm purposes, also-.

(U) OC EtrVi

(U) "Obviously, propagation measurements between key -1CS" entry stati;ons
and Aiy users in Eut ape requires a Chirpsounder transmitter at one
end or the other of the circuit. However, the number of "%,S st.-a-
tns is small; the number of aotent-1al users is great. In addi-

+Ilun, in a wartime scenario, somne users would wish to avoid radiat-
Ing a broadbana Chirpsounder signal. There-Fore, in the Interest, it
minimizing Chiroisounder emissions, tr-ansm.itter -lacement at 'the CC
station appears best.

(UN "Fortunately, Some of the transmitters recor-iended f0or t-ie i nte-.na-
tilonal nets would suffice for nearby BCS entry stations. T7he Sann,
FRG, transmitter would be close to Pirmasens. Thze~s:rn,~t
ter could also do double duty. Thlus, only additional transmitteras
far Croughton, Rota, LaI*e,, and any %desired CONUS station would be

required.

"Chi rosounder receivers are required at every net Control station.
relay control statilon, and any h~eadquarters unit ;-.hat w-4- bere
sponsile for 7-nanaging -iF operating assets. The fliiOW-V . 3 -US-

4Sian jesc-ibes tChe reaui rementEs in more detail.f
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I international Netsc

, u) "The A.my's international nets are generally structured usino n-
control and comunicaticn relay control stations. Presently, there
are plans for 25-30 of these fixed or mobile stations, both primrv
and alternates. Each station wo-ld be responsible for svnchroIniz-
ing with the appropriate Chirosounder transmitters representing
th2ir area of concern. Table 4.2.2-2 has also been constructe A to
minimize any potential contlict if m..re than one transmitter ner
country is requi red.

(U) CorDs Area Conmunications

2U) "The doctrinal Corns is zo-posed of a min headquarters, a COSCC3A,
and five Divisions. Numerous F nets could, oarticulariy in war-
time, be controlled from each- f t-l"se ievels. Assuming a warti m
re uirn4nt of at least two full Corps in Europe (and potentially
three), this implies a requir ent. for up to 14 Chirpsounder re-
ceivers presently, with 21 units a notential recuiresent. In this
way, each Division could control its own assets without need for
any Corps-level approval or interface -- already a heavy burden in
any wa-Ime environment.

Mi NOE Couzunications

(U) "Operation of heliconter scuadrons in a wartime scenario Would behighly variable and subject to rapid change. Assuing a require-

ment for a helo sqmuadron headquarters cover annrox mate!iv each
100 k m of the eastern 7RG 5order ni ies a need for at ieas, seven
Chirpsounder rece-ivers.

(U) CS Entry
(t "Chirosounder receivers would ,niv be needed at OCS satio..t -X

support inter-.tation c-n ications. Such a recuirement wou o :
within the Arm's resp-cnsibiiitv.

IU) SPECTR2" M ITOR

e(U) "Spectrm Monitors are reOred a: ever' :cntr.ol .. .e.. e
rpddetermination of dear channels is vital. Such ranid deter-

mination would be nededat any s-.'v n responsible for mf..iole
nets or where inten..sIve eney *aminq would be exec- e SEA
vital UF nets and ear -1 -

(U) Interational NetsI tlxed aoia -r-- ------- d r
(U) ".st of -he international nets ar being su r f.. r both

,- . - .- c . e -:r _-a-

fixed and =biie -prriy d- "1 - C' on-m', ,.ts. pe .....
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(U) Monitors in each of the primary sites would represent a minimum
requirement. This implies a need for approximately 15 units.

(U) Corps Area Communications

(U) "Because of the intensity of potential jamming near the FEBA as well
as a requiremenv: for managing circuits propagating only via surface
wave (where channel occupancy and transmitter radiated power are the
only main parameters of concern), use cf Spectrum Monitors at Corps
and Division level is recommended. Placing a Spectrum Monitor with
each Chirpsounder receiver under a maximum two-Corps configuration
results in a potential requirement for 14 units.

(U) NOE Communications

(U) "The new HF radios being procured for helicopter use involve auto-
matic scanning of a set of channels. The frequencies of these
channels would be preset before each helo mission. Changes to fre-
quency presets in flight would be discouraged. If a need for chan-
nel occupancy information would be necessary, a quick check to a
nearby Corps or Division comm center with a Spectrum. Monitor in
place should suffice.

(U) OCS Entry

(U) "Because a OCS station is responsible for coordinating numerous cir-
cults and nets, Spectrum Monitors at each site is recommended. How-
ever, provision of these units in Europe would appear to be the re-
sponsibility of the Defense Communications Agency."

(U) COMM ENGINEERING NET

(U) "In a Corps-level communications scenario, there may ne nurierous
nets operating with widely scattered NCS locations. It may be im- A
practical to place TFMS equipment at each of these NCS. In this
case, a useful technique is to link all NCS with a communications
engineering net. In this way, a central spectrum management stationat Corps or Division headquarters can control the frequency assign- !

ments of all of i~s nets and can ensure that spectrum usage is based
on net priority. The cori engineering NCS can advise each lower lev-
el NCS on current propagation conditions and can also advise as to
appropriate bootstrap frequencies for reconstitution of their net.."

(U) ESTIMATED TOTAL EQUIPMENT REQUIREMENT

(U) "Table 4.2.2-3 summarizes the equipment requirements described . . .
[above]. In most cases, the Chirpsounder Transmitter requirement
can be met with the Model TCS-4CA version. In nearly all of the
international net requirements, no separate antenna would be needed.
The Chirosounder Receiver and Spectrum Monitor units would be the
stock AN/TRQ-35(V) version. These would be connected (using rulti-
-couplers included in the RCS-4B to existing tactical antennas.
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4.2.2.3.2 U.S. Navy/USMC (U)

(U) The USMC ROC [50] is the same as the USAF ROC for the AN/TRQ-35.

(U) There is renewed activity in the U.S. Navy regarding sounder ap-
plications and types [46, 69]. Conclusions on Navy operational
concepts at this point by the contractor would be premature.

4.2.2.3.3 U.S. Air Force (U)

4.2.2.3.3.1 General (U)

(U) The Air Force operational concepts for sounders are based upon
numerous successful exercises, as reported in section 4.2.3.2.2.3.
It was assumed first that all frequencies were available for mili-
tary use and then eliminaterequencies or bands where harmful
interference was judged most likely to occur [27, 52].

4.2.2.3.3.2 TAC Concepts (U)

(U) The following points summarize the USAF-TAC operational concept
)[51).

(U) USAF-TAC Sounder Applications.
,) Large Scale:

* Large (theatre) operations, multiple nets, substantial
number of users, large frequency complement.

9 Example: TAC aircraft from aircraft carriers.
* Make fairly good use of six sounder Tx "channels"

(really sweep time slots), using six sounder trans-
mitters strategically located.

* Each BR-TFMS Receiver can handle three Tx channels, so
need two TFMS Receivers.

e Employ one RSS-4 Spectrum Monitor.
a This ensemble of six Tx's, two Rx's, one RSS is called
a "SYSTEM".

* This "SYSTEM" can manage frequencies for 12 users
(nets) comfortably and help out other nets on-call.

9 There is a limit to the amount of support you can
give from one system.

2) Special Services:
* Airborne command posts, AWACS, hi-priority, early warn-

ing, etc. They are currently doing some tests with
sounder equipment on board this type of aircraft.

CU) Operator Considerations:

o Extrapolation of sounder results goes beyond normal radio
operator's skills. They are right out of TTY school and are
taught nothing about HF radio propagation.

4.2-36

- - -- ~ -



A (U) It takes only 15-20 minutes to get a radio operator "up to
fr speed" on how to use/operate the TFMS.

t It takes 2 hours (min.) to 1 day to train an operator enough
on the TFMS so that he can train others.

* Recommend only delegating as much frequency management/TFMS
application to an operator as he has "skills" -- makes sense.

(U) Frequency Authorization and Management Process:

* The "Pentagon"/NTIA-IRAC delegates to the Theatre frequency
manager certain discrete frequency assets.
For the theatre, 3500-4000 discrete frequencies are deleqated.
These must be shared by all the U.S. and allied services in

the theatre.
e The theatre frequency manager forms a joint frequency manage-

ment office of all services.
* Two months before an exercise, the frequency manager doles out

the frequencies to the individual service/commnands.
o Some frequencies are kept in reserve by Theatre frequency

manager.
( (With the use of the sounders, practices have changed somewhat.)

e The shore net may have control over 1500 frequencies.

e Each operator has a few frequencies, but is assigned frequen-cies on a priority (order-of-use) basis:

1. nis own frequencies
2. the larger "pools".

e Changes in frequency assignment are made by HF order-wire
channels.

9 After a new assignment is made, the previously granted fre-
quency goes back to (TFMS) central control.

* The degree of spectrum sharing depends on the skills of the
operators and frequency manager.

(U) Operdtional Experience:

e Trained personnel can do quite well using the TFMS tool.
@ So far they have not found an Exercise/Operat on too large to

be handled using six SDR Tx's.
e Have managed all SOLID-SHIELD exercises since 1975 using

sounders.
* Normally transmit sounder from Ft. Bragg on Pope AFB.
* The joint control group is at Camp Geiger.
* One Tx is adequate for a S.E. U.S. coastal exercise, since all

path lengths are about the same and paths are within 15' in
azimuth.

e Hence can apply sounding results to all links.
* Everyone in the military operates on a shared, "non-

interference" basis (NIB).
Opinion is that the "free-form" NIB operation is a good one.

* They had gone to U.S. OTP to get permission to try it in
exercises/tests and it worked well -- also OTP was favorably
inclined to let them try it.
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(U) . Thinks they can extrapolate their operatil-al experience to
"larger-than-Theatre" use, with the objective being to deter-
mine if it's viable to work on NIB there.

(U) Operational Procedure:

a If assigned channels are very congested, operator would switch
to other than assigned channels.i Select frequency area of interest based on sounder receiver out-
put, then go to RSS-4 to find the non-interference channels.

# In a battlefield 200-km square on the FEBA, 2 or 3 sounder
transmitters, well placed, can provide the propagation infor-
mation needed.

* The operators obtain the propagation/frequency change informa-
tion over the nets they are using.

e They don't use a separate frequency management net.
a When there are two distinct sounder s operating sepa-

rately (e.g., one on shore and one in theear), one link is
used to join the two -- the frequency information is passed on
the commander's link.

* There is a motivation to keep the HF operations (link) up, if
it is known that a sounder path is working (i.e., can't use the
excuse that HF is "propped out", because the sounder shows that
propagation does exist currently).

* Typical exercise procedure:
* Sounder transmitters at Langley, Scott, and

Eglin AFB's.
* Sounder receiver on board aircraft.
e The sounder at Langley alone has been employed to keep

the HF net "alive" for 11 hours.
The MUF (and fc) is fairly constant over the area for all point-
to-point users. They get the sounder information and extrapo-
late to other path lengths, if necessary.

a In Excercise SOLID SHIELD '73, a broadcast message of a new
propagation bulletin was scheduled every hour. However, few
operators were getting the message and furthermore, frequency
management was poor.

# The next SOLID SHIELD used voice communications to pass the
propagation/frequency information from the net control station
at the command center to the technical control centers. When
this two-way communication existed, the propagation/frequency
management information got through and was used.

* Also, TAC has set up some additional 3-digit-address dial-up
lines to get the propagation/frequency management information
to the T.C.'s. The latter passed the frequencies over their
nets to the pilots prior to take off.

a The sounder Tx has a very identifiable signature, but at CORPS
or AFOR headquarters the emitters can Le olaced 10-20 km away
from the headquarter site, to minimize the risk of direction-
finding follow-up action.

* AF has used sounders on links from aroundwave to a200 km length.
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(U) IAC Operational Experience

* Several nets
* Frequency manager has a list of assigned frequencies From CINC

which he wants to give support from.
o He keeps a manual list of the frequencies used and builds up

confidence Tn his frequency management.
9 Prioritizes frequencies based on Rx and RSS outputs.
# Wouid go to some other frequencies only if these 14 or so

frequencies on his list aren't any good.
Heaviest TAC HF traffic is 2-6 a.m., when the "fragmentation
order" is passed to the ops centers, for the missions that have
been worked out through the night for the planes, for aircraft
sorties.

* They use 75 bps RTTY for this. Hence, it takes a long time.
* They want to upgrade to higher data rates to, say, 1200 bps.
a Need sounding or channel evaluation, especially since HF

propagation usually isn't very good during pre-dawn hours, for
shorter distances.

* Also, during that time, many users are forced to the low fre-
quencies for propagation, so there is lots of congestion.

* Need to find the few interference-free frequencies to use.

4.2.3 CONCLUSIONS AND RECOMMENDATIONS (U)

4.2.3.1 Sounders Capabilities (U)

(U) The most accurate means for specifying propagation conditions
over a given HF circuit is attained through real-time oblique
path sounding, particularly chirp sounding. The incorporation
of real-time propagation data with accurate spectrum interference
data at a receiver provides the basis for a highly refined fre-
quency management system. If this system is utilized and its
beneficiaries are constrained to fixed-frequency operation, the
system effectiveness would be at much less than the full poten-
tial of its refined capabilities. When frequency allocations
are no longer a constraint, however, rapid dissemination of
recommended frequencies to multiple users requires a near-
continuous feedback loop of trequency data from the system.
This is no longer a problem when each user maintains his own
frequency management system.

(U) The adoption of common vertical incidence sounding data, geo-
physical and solar parameter data, and/or possibly backscatter
data to enhance the accuracy of semi-empirical prediction algo-
rithms is to be explored under item 3.3.g. This approacn, on-
ducted on an individual user level with a mini-computer, would
accomplish macroscopic frequency selection. The coimonality of
the algorithms among multiple users when adopting specific Dri-
ority procedures could minimize multiple user interference, par-
ticularly when adaptive scanning receivers are employed.
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4.2.3.2 Sounders Utilization and Apolications (U)

4.2.3.2.1 Current Use Summary (U)

CU) The purpose of this section is to summarize the current use of
ionospheric "sounders" for military HF communications enhance-
merit. The summary is based on a limited literature search and
on several "site surveys" and visits to U.S. military installa- ,
tlcns. Results of trials and exercises evaluations are reported
in 4.2.3.2.2.

4.2.3.2.1.1 U.S. Army (U)

(U) There is no current operational application of ionospheric sounoers
to the U.S. Army tactical HF communications known to the contractor.
The CENCOMS Signal Processing Group of CORADCOM, Ft. Monmouth, N.J.,
is conductin9 experiments and data collection using a Digisonde-128
vertical incidence sounder (VIS) built by tilie University of Lowell.
This VIS facility is located at Earle N.A.D., N.J. The soundings can
be used to enhance skywave communications predictions using a NBS IONCAP
Giodified) program residing in a connected minicomputer [47, 49].

4.2.3.2.1.2 U.S. Navy/U.S. Marine Corps (U)

(U) The U.S. Navy has been employing the AN/UPR-2 pulse type sounder
in fleet operations for over 10 years. Much of the equipment
is in need of repairs, but shortage of experienced, trained main-
tenance personnel and spare oarts hinders repair activity [51],
[46), [53]. Pulse sounders were proposed in the CURTS program.
The Navy conducted a test comparison between the older AN/UPR-2
30-KW pulse sounder and the Barry Research "Chirp" sounder. The
decision was made to continue with pulse sounders, as a contract
had been let to update them in the field. Pulse sounders are
not currently employed at all of the locations where installed,
because of operational problems.

4.2.3.2.1.3 U.S. Air Force (U)

(U) The U.S. Air Force has tested/evaluated chirp sounders extensively
in sEveral exercises, as renorted in 4.2.3.2.2.3. Current ooera-
tional use in the field is limited, Kut procurement arc deployment
isi -nprogress [47], as described in 4.2.3.2-5.3.

4.2.3.2.1.4 Other Services/Agencies (U)

(U) The Channel Evaluation and Call (CHEC) system was developed by
the Defense Research Board, Canada [1I. This system is a hybrid
between an "Icnusoheric sounder" and a "link iuality analysis"
system. The British Admiralty Surface Weapons Estab:ishment has
been experimenting with a similar sounding/interference monitoring
system [Cottrell, Wynne, 54, as has the Australian Defence Re-



(U) search Center [Earl, 55]. The extent of current utilization of
these systems is not fully known by the contractor. Apparently,
these are all experimental/evaluation models and are not in cur-
rent operational use.

4.2.3.2.2 Test Results Conclusions (U)

4.2.3.2.2.1 U.S. Army (U)

(U) Speak Easy II de'ionstrated, in part, the advantages of employing
the AN/TRQ-35(V) Frequency Management System (TFrMS) for the U.S.
Amy Special Forces. "The TIS was found to be fully compatible
with standard Army logistics and operation methods. The TFMS also
demonstrated its capability for rapid selection of alternate
interference-free, well-propagating frequencies before circuit
degradation occurred, elimination of unnecessary frequency changes,
and improvement in potential HF circuit security through optimum
frequency selection, lower power operation, and jammer avoidance"
[28].

(U) With regard to improving HF nets in Europe while utilizing the
AN/TRQ-35(V) TFMS, Mr. McLaughlin of BR Communications recom-
mended that a manual scanning system be used if members of a net
lose each other due to a frequency change or poor connectivity.
in one instance, the Army personnel took up to two hours to change
frequency due to equipment malfunction and tuning problems [ 6 ].
[40].

(U) Mr. McLaughlin believes that predictive techniques are not as
useful as real-time sounding where nuclear blackouts may occur in
isolated areas '961.

(U) "The US Army Electronics Command is developing a system to oro-
vide tactical communicators with forecasts, in near real-time, of
ionospheric conditions pertinent to HF commvnications. To do
this, vertical incidence (VI) ionospheric data was used to predict
Maximum Observed Frecuencies (MOF) over a 445 km path. Vertical
incidence and oblique incidence (01) maximum observed frec'ency
data were gathered at the terminals of the path between 'ort Mon-
mouth, New Jersey, and Camp Drum, 'lew York. A statistica: anal-
ysis of the data showea the VI data to be a poor approximation
to the 01 data. Further, results show that using an obli uity

factor based upon the secant law applied to VI data taken at an
end point failed to compensate for the observed differences 'i-
tween 01 and VI data. An obliquity function was derived, however,
which did comoensate for these differences. MOF forecasts based
upon the model of Ames-E~ian, are given for 1C, 30, 50 and 120 mrwn-
utes In advance' [571.

(U) "Two ionospheric sounder erminais were assembled anc ionoorar
.data was taken in vertica- and oblicue incidence over z A0 km
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(U) path from :-,"t Monmouth, New Jersey to Fort Dix, New Jersey. A
statistica' .naiysis method was developed and used to demonstrate
that there was no appreciable difference between vertical inci-
dence MOFs taken at one terminal and oblique MOFs over this 60 km
path. A near real-time prediction scheme was successfully adapted
to use vertical incidence data to predict MOFs for the 60 km
oblique path. Data from the field test was used to compare ob-
served and predicted MOFs for 10, 30, and 60 minutes in the
future" [59], £711.

(U) "Ionospheric sounder stations were set up at Fort Monm, outh, NJ
and Aberdeen Proving Ground, Maryland to form the terminals of a
nominal 200 km path. Data was taken at each terminal in the ver-
tical incidence (VI) mode and between the terminals in the short-
path oblique incidence (O) mode. A statistical model, previously
developed for analysis of short-path ionospheric MOF data, was
used to show that there was no significant difference between the
short-path 01 and VI data. The VI data was used in a near real-
time forecasting scheme to provide short-path 01 predictions l,
30, 60, 90, and 120 minutes in advance. Predictions were ccm-
pared to observed 01 data" [59].

i
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4.2.3.2.2.2 U.S. Navy/USMC (U)

( U Speak Easy I was used to determine the success of ship-to-shore
communications using the TFMS for the U.S. Navy. The TFIS was
shown highly effective for frequency management of the LINK 11
network which involved both surface and skywave communications
[61].

(U) Teamwork and Bonded Item were demonstrated for the USMC. HF
communications reliability was excellent during Teamwork and
Bonded item with the exception of a large number of nighttime
hours and a few daytime hours in Teamwork when the Chirpsounder
showed no propagation. During testing, the TFMS was shown rugged
enough to withstand typical USMC deployment methods and other
environmental factors. The USMC personnel were adequate for
operation and installation of the TFNS [29].
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4.2.3.2.2.3 U.S. Air Force (U)

(U) Trophy Dash MI demonstrat~ed in a five day tesr. that with The TFMS,
maximum use of the available spectrum is possible. This refined
frequency selection resulted in more than 1000 trequency changes
for continuously changing link distances and azirnuths r31].

() During Trophy Flight I the observed interference to the Chir-
sounder receiver on the Tactical Deployment Ccntro' Aircraft was
insignificant. Also, the TINS helped determiine frequencies that
could be efficiently supported by sporadic E in more than half
of the scheduled 24 flight hours [321, [27].

(J) Trophy Flight II demonstrated further capabilitias of the T-M.S
through deployment in two actual aircraft ferrying misions,
FIFE and CRESTED CAP. The TFI4S demonstrated that the TJJCA ima k
operate under optimum propagation conditions. The effect Of the
interference on the Chirpsounder receiver caused by the '7D'CA HF
transmitter -was insignificant and similarly was the effect of the
Chirosounder on the TOCA HF receiver. A Chirosounder t.ransmitt1er
power of 50 W is adequate for all high priorit.y missions even
under degraded propagation conditions £,331.

4.2.3.2.3 Operational Analyses Conclusions(U

(U) Limited operational analyses of sounder vulnerability and Ef~r
have been conducted by the U.S. Department of Defense ElectrO.-
magnetic Compatibility Analysis Center (ECAC)j and others. The
purpose of this section is to summnarize the results of these
analyses.

4.2.3.2.3.1 ECAC Analyses (U)

() An analysis -was conducted by ECAC 4n 1979 for Hq. U.S. ATry 7-res
Commnand (FORSCOM) F63]. The object1ves of t6is project -were to:

1. Assess the Possible improvement in XVILII Airborne Coros
HF conmunications showed the AN/TRO-35 (Crj4.psounder/
spectrum monitor, TFMIS) be procured.

2. Estimate the cost of the introduction of t-his system
into the XVIII Airborne Corps.

3. Assess potential interference o f tie AN/TR(O-315 witn t he
-'N/GRC-l 22.

(U) COnclusions of this analysis include the followinq 4~31:
1."o achieve maximuin benefit ro the Tz S, a cen*tal
ized HF frequency mianagement concept shoiWld De devei-
oued for use on the highest Drioritv critiCal conrnuni-
cation nets."
2."ased ucon reported improvements In HF =cciunica'"ons

by the Air Force and Navv elenierts, itseepns lk e', that



(U with mi'nimal. effort critical Corps UF cornunications
nets could te improved frem the reported 50-70 oercent
level to a level in excess of 90 percent."

3."A test should be aerformned pr~or to purchase which
simulates the future (Ar-ny) operating conditions.'

4."A brief analysis of the pote ntial interference to t*he
A4/GRC-122 from the (TFM) T-1373 was conducted.:'
The T-11273 fundamental emission "should cause little if
anty noticeable degradation since it occurs a ma x-Iiu
of once every 5 minutes." With T-1373 and AN/GDC-122
antennas secvarated -by 100 meters, "tis oossibie th at a
spurious einission could reduce the MITT fade -nargin by
3t dB ... if the teletype circuit has less tnan a 35 dB
fade margin, due to ionosoheric zonditionis, each spurious
emission will probably cause one or twc character errors
just as the fundamental emission did while it was in the
receiver pass band."

5. "This cosite situation should be evaluated as cart of -:n
operational test o f the system. *

() An additional detailed vulnerability and EMC analy-sis of the T~
has been conducted. The r-eport is to be available in zhe near
termn r641. Preliminary results of the latter anal vsis are as
follows (461:

I. Although the real operational concept -For sounder use
is not developed yet, assuming a sounder transmit loca-
tMon 20-30 ;an from the .E3A leads to a Directicn F indino!
Location CEp ON-) radius of 1 to .0 .

2.Conclusions of the 91C imoact -n the aRC-1i42 R7_1
analysis are:

* The sounder ('0 w) should be separated at least III
km from a victim recgi ver to avoid a groundwave
problem on the fundamental frequency of sounder
(of course sounder can blOCK' out certain subbtands,
so that oro-blem goes away). Sounder stiould be a
minimum of 0. ;in away t o avoid problemn due ta the
spurious einissions !--the sounder.

* F-or skywave, the maximum distance at which a RTT.7
recei ver w!ll be victi4mized by souniaer ;: 1--10t
2300 m

# The amxlinum iimber of sounders wnic Co. lw a_
oioyed simiultaneously (iesnn~'zc:oz
Eurooe -or a maxinmnm tolerabi0 dear-aaic..o3E =

due to sounders, is caicuiated tO b on th order0
166 to 300.

(ii A meetlnc of DOD cersonnel was held in Noveaber, '979 a t
Hiuachuca tOo resent and discuss a2davtive =' com.-uncations r:ec-
niques and the aouiicatiov' of ionospheric sounders. ScIeof h
recorunendations Of t.hat%" meetina are as 11i ows 4!
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U)1. "That TrRADO.C be requested to direct that an t & on-
cept be written for the operation of the AMkiTRQ-35.1

2. "That DCA be requested to become invol ved w-t te
lona-haul use of the chirpsounder to coordinate the
interse-vlce requirements."'

3. "That tie ECAC investigation continue along its ipresent
line of analysis."

It was concluded -by tChe representative for the Army Scecial
Frces that these forces could well uts.ilize sounder receivers,
in addition to spectrum monitors, and that a reccnzruendation to
investigate the use of receivers should be given toC the U51
Institute for Military Assistance.

4.2.3.2.3.2 Other Analyses (UO

U) An analysis has been conducted by NOS_ of the cerfor-mance "aue
for an automated Navy tactical sounder systemi [62'.. The objecti've
of th'is work was to examine the fundamental signal design and sig-
nal processing algorithms of the UPR-2 sounder receiver. vr i te
results, specific algoritChm reconmendations were mace.

U)A review and analysis of some new develooments in HF camnun.4ca_
tions equipment, including ionospheric sounders, has been conducted
by the MITRE Corp. for DARCOM1. Conclusions in the report, with re-
gard to the AN TRQ-35 Include the following [45):.

1. "Tests h;ave shown tshdt only one such, soundinc system
would be suff1-icient to identify propagation conditions
tlhrouahout a small theater area (250x30 ;a..) since ion-
osoherlc condiin do: not nonrralivy vary much withi :i

area."
2. "!n -tests with the Air Force, the PPR* Charts gave over-

all reliabflities tor various oaths of fran 69-8512 (i.e.,
best possib Ie oath reliailt du0opeitdH a~
ati-ons! for a period extending over several days. Rea',
time soundino of the HFoath usina the N!Q-5ern-
ted a 1O~oath reliablit to -- be achedovrnesm
perio-I. Similar results were obtained in te7 ts with thle
U.S. At"ny Soecial Forces."
. Givens the diIFfi1c ult 4 terrain condition$ and very co-n-

ae ste HF szec-tu? 4- Eurov.e, such a sysreri couldsaif
C an tiv enhance the oerforinance of curr-ent Arm HF eauio-_
ment 4n use tnhere.

() na A4 scussion w ith a USA SC-ecial Forces =ua rnicator, there was
rasbe'le concern about the use of Autcrt~tad systems t+= is-

rIbt e --coue-cy and czacuit ~u aitv in fov c 0 maanecause s f
s 1of. -o4 ibe 5' This ;-as some n i;-n s about

the uri I o' wide-area sounding ano diss'e'vnation compared witz
cirect-.4rcuit svsteM SO .n~C.

*CD's r-edice ?athA Reli4.abilitvE-A__
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Arecent 'U-S. D-epartnmen: o, Cmnerce- M1-4 st-y renDort recmrmencs
sytm ondn"over 'ob'iaue soudia th latte=r prv'eI ~the Imst arcurate predictinn crause it. utilzsr culCtnicatlons system, including antennas. '"Syse on eas equres no auxiliary equIlrwent and does not inroduce addziina-

interference into -other 'systens as oblique Sounders 'dicrs&

Ca)rl t Zed -F.?.G. (52):J

(U) The F.T. Zed agency ofA the Federal 0 enp' 51 rof'Geneny has report-
=edly conducted an interference rotent ' analysis cownz.ering the

ueof the ANI/TRQ-35 sounder system in :he K.R.G. and reported trmat
-- ~~~the Int-erference potential is negl igible"T ae 'srpr a

ntbeen received by the contracltor to ver-fvr these .nas.



4.2.3.2.4 Operational Concepts Conclusions (U)

(U) Several operational concepts for the application of ionospheric
sounders, particularly "chirp" oblique-incidence sounders, are
presented in detail in Section 4.2.2.3. Generally, the concepts
are based upon placing a sounder transmitter at each Corps Head-
quarters area and placing sounder receivers and spectrum inter-
ference/occupancy monitors at the Corps and sounder receivers at
Divisions. There are several variations on how the propagation
and interference information and a3sociated frequency selections
are to be disseminated to the users, in any equipment placement
concept.

(U) The placement and utilization of any sounder and monitor equip-
ment is highly dependent upon the total concepts for frequency
management for an operational area. Rather than draw any pre-
mature conclusions based on limited considerations, the conclu-
sions and recommendations for sounder operational concepts are
deferred to the Automated Frequency Management task of this study,
S.0.W. item 3.3.g, study report section 4.7.

4.2.3.2.5 Procurement and Develooment Activities (U)

(U) This section summarizes some of the current sounders procurement
and development activities in the U.S. Government, as known by the
contractor. A January, 1980 listing of HF development activities
is given in Table 4.2.3-1, which includes sounder techniques.

4.2.3.2.5.1 U.S. Army (U)

(U) A draft Army letter requirement (LR) for the AN/TRQ-35(V) Tactical
Frequency Management System is being circulated for review, com-
ment, and approval [67, 68]. To date, procurement of the TFMS on
an Army-wide basis has not been contracted. (The U.S. Readiness
Command is buying one or two "half" systems [51], where a "full"
system consists of 6 sounder transmitters, 2 sounder receivers,
and I spectrum monitor. The Special Forces bought one spectrum
monitor [51].)

(U) According to the draft LR L67], the requirement for operational
Army units plus training assets, including maintenance floats,
is as follows:

Equipment Function Total Quantity

T-1373/TRQ-35(V) Transmitter 46
R-2081/TRQ-35(V) Receiver "2
R-2093/TRQ-35(V) Spectrum Monitor 42
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4.2.3.2.5.2 U.S. Navy/USMC (U)

(U) There are no known current sounder procurement and development
activities within the U.S. Navy, although sounding and channel
evaluation for adaptive communications are being actively studied[46, 51, 62, 69].

(U) The USMC has established a Required Operational Capability (ROC)
document for sounders [50]. The USMC has set a target date of
initial operational capability for FY82 [67].

4.2.3.2.5.3 U.S. Air Force (U) I.

(U) The U.S. Air Force has a $5.2 M contract with BR Communications,
Barry Research Corp., to buy 5 "full" TFMS systems, each with 6
transmitters, 2 receivers, and I spectrum monitor [51].

4.2.3.2.5.4 Other (U)

(U) There are no known current procurements of sounders by allied
nations [67].

(U) The U.S. Department of Commerce NOAA Space Environment Lab has
developed a new general-purpose computer-based system for pulsed
RF measurements of the ionosphere (sounders). This is a devel-
opment of the earlier Dynasonde concept to permit full digital
signal processing of returned echoes. A number of instruments are
now being produced for various institutions which will form the
basis of a coordinated research program over the next ten years
£32].-
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4.2.3.3 Recommendations Regarding Sounders (U)

(U) Chirpsounding with spectrum monitoring is the ultimate sounding
concept for truly empirical frequency management. it has demon-
strated its usefulness and high capability to all sectors of the
U.S. military. Though a large network of Chirp sounders can be
accommodated on a non-interfering basis through time division
multiplexing, global control of Chirp sounding practices does not
appear feasible. Because of the large expense for an AN/TRQ-35
Tactical Frequency Management System, massive scale Chirp sounding
is not expected to occur for many years. It is recommended that
Chirpsounding with spectrum monitoring be used for link configura-tions when link connectivity is of high pricrity.

(U) There is great need for semi-empirical HF prediction capabilities
which are not polluters of the RF spectrum. They are, however, an
approximate means of frequency management and offer little help in
nuclear stress environmr.ts. Prediction techniques are anticipated
to be further refined especially when supplemented with current
geophysical/solar data and vertical incidence data. Therefore,
enhanced prediction techniques shoula be used whenever possible
to avoid generating excessive RF interference.

(U) Backscatter sounding, particularly Chirp bistatic backscattering,
is a powerful means for determining oblique path MUF's and for map-
ping the spatial profile of the foF2*s; however, it is by far the
preatest RF polluter.

(U) Vertical incidence soundina does not require large transmitter
powers, nor does it appear to be a large polluter of RF spectrum,
in a global sense, if a large number of users benefit from each
ionosonde for which predictions may be Further enhanced.

(U) Step frequency oblique sounding is a powerful tool for real-timefrequency management. The CURTS system demonstrated this whiie

extending its capabilities to include refined trunk channel
quality measurements. The RF power, the cost, and the complexity
of the system are the main limitations.
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