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4.2

A

(u

4.2.1 QUERVIEW {U)
{u)

(V)

0y

(V)

3.2.2 TECHNICAL DISCdS‘IONS (v)
4.2.2.1 Back-Scatter Sounding (U)
W)

ﬁIonospher ic sounding may ba divided into the two following g

SCUNDERS (U)

eral classes of operation:
3) true-path ionospheric sounding .
b) ionospheric parameter probing.

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.

HF communication sounding is, generally, a pre-link-establishment
process for macroscopic fraquency selection. True-path iono-
spheric sounding should be distinguished from communication
channel evaluation (in-band evaluation) sirce in-pand evaluation
is a post-link-establishment srocess for determining the quality
of a given circuit. Sounding equipment is usually separate from
the communications eguipment as is spectrum monitoring; however,
in-band channel evaluation hardwara/scftware may be merged within
the demoduiation process as discussed, in-Section 4.9.

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 prediction
system. (bligue soundings were first used to test and improve the
predictions and understanding of icnospheric propagaticn. Later,
blique sounding was proposed as a real-time aid to communica-

tions 243\*~

"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-scattersd” signals
is performed to detarmine a measure of the ignoscheric structure.
8ack-scattar sounding may be dcne verticaiily cor ab?xeua,y, though
the latter requires especially large transmitter power for ade-
quate detection of weakly reflected {obiigue grcund-icnosphere)
signals.

ning a measura of
s techniques or
s ﬂi*“’ﬂ ar *rénr

The two classes of back-scatter radar for
the ionospheric structure are: conventicon
ccherent backscattering, which use RF frequ
¢f magnitude of the piasma frequencies; and
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(U)  tering techniguec, which use high power pulses with RF frequen-
cies much greater than iie plasma frequencies present, meking
ionospheric reflection through the mechanism of refraction (ncn-
tropospheric) impossible

-

4.2.2.1.1 Coherent Back-Scattering (U)

4.2.2.1.1.1 Pulse Echo Vertical Incidence Soundina (YiS) (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 {YIS) 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
fonospheric structure and electron content than do empirical for-
mulations which relate characteristics of geophysical activity

to ioncspheric parameters on a short term basis [2].

(t) VIS is a degenerate case of backscattering by which the trans-
mitter, receiver, and monitoring device are collocated. Verti-
caliy transmitted electromagnetic pulses are "reflected” normal
from the ionoschere s0 that records of reflected frequency versus
“apoarent” height (ionograms) may be generated and analvzed. The
“apparent” height based on simpie 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 in the high elec-
tron density regions.

LN
<
S

Due to the presence of the geomagnetic Tiaid, the ionosphere, as
3 propagation medium, displays bi-refringent characteristics.
The electric field components, both paraiiel and gerpendicular tc
the gecmagnetic ¥ield, experience differing paths. This fine
structure phencmena results in the following *wo modes: the ex-
traordinary mode {magnetic field perturbed), and the ordinary
mode {unperturbed component}. It is well known that the critica

well

fraquency of the crdinary mode is approximately equal to the
plasma frequency of the reflecting* icnospneric layer.

Since the
piasma frequency is proportional to the sguara root of *he electron
density, analysis of ionogram data may reveal critical freguencies
{ordinary modes} versus "appareat® height. Cfurthermore, i¢ the
antanna gecmetry, the magnitude and direction ¢f tne =arth's mag-
netic fieid, the slasma frequencies, and the “apparent” height
data are knewn, the electron density profile may Se obtained [31.
Aith the aid of tnhe Tast digital computers, the density profile
information can e computad in real time 3s the 3IF frequency is
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increased incrementally [4]. Integration of the e
profile as a fynction of height will yield the loc
content which in itself is highly useful fcr pref

eiectron density
al elactron
crtion pursoses.

VIS 1s being used on a massive sca?e g?obaa;y at middle and iow
Tatitudes to monitor temperal changes in the ionoscnere

with changes in propagation conditions th&‘t differ sicnifi
from average conditions. The limitations imposed on the u
ness of a short-term observation network of vert%ca’ incééance
sounders tend to be determined by ionospheric spatial variations
and not so much by the fenﬁora’ variations. rxcngt ror the very
fast variaticns in the :::ﬁspnerwc structure that accompany the
onset of geomagnetic storms 2nd *the passage of traveling ioro-
spheric disturbances, nourly observations at middie and low Tati-
tudes are adeguate for mcnitoring most temporal changes which
differ significantly from average conditicns {2].

Numerous studies have illustratad the degree to which hourly devi
ations of ionospheric parameters at various locations on the gliobe
are relatad. Rush [2] has tabulated foF2* correlation coefficients
as a function of station sepcration for various times of the day
and distinguished them ror iso-longitudinal and iso-latitudinai
naths. Resuits of investigations o ascertain the temporal and
spatial variabiiity of the equatorial and polar FZ regions indicat
157 both regions display a variability that is grﬂa‘ar than that o
nid-latitudes.

a2

T

-
3

tn
[4)
= |

The ionosphere is cbserved routinely only at certain iccation
the globe and these observations must be used to determine th
world-wide instantanecus behavior. Prediction of *%e future state
f the {onosphers is greatly enhanced when cbservations are supple-
mented with any of the fs;;cwxng.

}i Spatial and temporal regression
Morphoiogical trends -- aﬂa:r*c al a
?} Non-empirical theprstical extrap

diurnal cycle)

u..

g:)r‘ﬁ thms
i

8
ﬂ.l
ot -

(

4) Solar activity data: sunspot number (SSN}, magnetic X
index

53} The neutral and ionized composition of the 3, £, and T
regions.

ropagation Prodiction:

For the vertical-incidence system to be useful for shori-term dy-
nanic Trequency : management, at least one terminal will have
cempute p-opagation data. There will !
Tturn-on® of the system, as s maing t
curring between terminais. The ;e?f rmance %cn**ﬁr da
cnannal is in operation, will é
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(U} Tormance. Agresment is o be ,3t51 certain iglerances,
ané new 9?€§?C$E¢§S are to be mads or 2%9 history file updated wnen
the comparisors axceed these "‘wraz iCes.

rediction orograms, S
¢ ac cggaua‘ﬁ, if avai
ES!

(U} Scme current HF prepagation c
c
e the individual cri
1%a
L
L

2
“’“%P’P“ {72], are designed to
1anespner*' data which include
the gyro frequency. ;ne rasyltant accuracy of
{bs:z the ¥§’* and propacation path loss) i *na--ds‘ s for pro
jecting the link quality but is helpfui for sacr'—:,-‘segcy manage-
ment. ﬂeraaiiy, the RMS ?a th loss srﬂsic“sa error and the RMS MyF
prediction error for larga HF prediction programs {without YIS
‘a‘a; is 8.5 db [6] and 3.0 MHz [7], respectively. The added value
£ V1S data is not s:gn*‘*caﬁ‘ ‘ﬂr tse foiiowing reasons:

1) VIS sounding records alone provide no direct information
on the éﬂnsi.y profile of the neytral constituents of the
ionosphere. Path loss algorithms are highly dependent on
this information. In m2ny cases, the p vgacaizen path
loss estimates are tased on morphology 2 i
oblique seunefgg is used.

2) The critical frequenciss {and the circuit MUF as
rived ’rsa vertical incidence sounding =2y not always res-

r

h
1p

=

resent the critical ?rﬂq99§€¥ of tﬁé most dominant
§nxtvaer§;ner¥ or ordinary}.

3) The spatial va*&ab?%ftg of the ionospgheric structure in
terms of the fof2 5urﬂnsaz;s as 2 function of distance is
iarge. This reduces th idity IS da o dit
to long Tink distance i

.
I
Lo

The accuracy of a 1
lection is approx

£.2.2.1.1.2 Linear M

(U} 1In 1969, a VIS linear M sounder sysiam was *m‘se&%tv 3t MITRE in
8edford, Mass. The co-location of 4 :
;rsv!ées 2 *anveq,an* 3eaas for te

e éx,é. im -...S .

P
[

near M sweep in 3 sequence is used 5

A . .

on of the path. The computer dets

nction 3nd computes the correction
g " o -

rof gircut +a suybssguent raceived sig-
tha itter and receiver antenna
s # -

o7 3 ¢ [
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¢ Lomasney (1958} tasted :
icidence scunder. Due ¢
I radioc wave, a 50-60 4b
yer antennzs is achie hroug thggonal
5 The monostatic ionosonde is practical to t hat spurious
sidebands and hum components of th waveform can be

= reducad to a level significantiy 1 A,

{4} aveo ¢ tion performed a study for RADC
Il t In this case, 3 sin
¢idence ionospheric scunder was assembled.
of a modified HP FM/CH synthesizer and brez
caiver and transmit/receive switch. The transmitl!
aration is achieved through a puised F¥/CH wav
different from a puised-CW system {[111.

-~

4.2.2.1.1.3 The Digisonde 128 {u)

.
why (D

"y
o

o {04,

U} The Digisond
is capable o ivsi
spherically reflectad

d
i

ped J

7

transmitter, ]
crocomputer, tape ¢

oo LY
Y]
ki

e

oy
oy
g

printer and plas=a2 display =3
: {U} The Ligisonde 128, 1 ince 1262, was deveioped at the Uni-
versity of Lowell Research Foundation orimaril; i tud
: of & ol i = Set € and
3 4 :

= {¢} The Digisonde 128 operates in 2 zodes: the ion
pler drift =mode. The capabilities sxtend Tar be
virtual height versus frequency monitoring davic

L 4
e
torage of 3
quency: 1

1

E {4} The system saxples

= Ter 128 ranges for

2 It distinguishes ve
-y sd

gns providing i

or cesmunication
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(1)

(U

(V)

)

(u)

< ants [16] except when sporadic E; propagation is pos-
S1u 77 ,38], [19]. This is because the ground reflection co-
effic... {.omponents antiparallel to the incident wave) are very

small. Sporadic Eg 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
ts estimated that the transmitting power of the Russian 0.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 0.T.H. sys-
tems beiny used since the backscattered signals are extremely weak
for detection.

Monostatic backscatter sounding, whereby the transmitter and re-
cetver are co-located, may be difficult to conduct when non-pulse
waveforms are transmitted. Pulse waveforms, however, minimize the
need for much 1solation 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 1ine. 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.

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

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 1inks. Back-scatter sounding carries information
about the state ¢f the ionosphere at a distance of thou-
sands of kilometers from the observation point in any
given direction.

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]. Oubroff, et al. (1978) showed that gradients of
peak density, height and thickness can be recovered with acceptable
accuracy from data [24].

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

4.2-%
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(U)  Transponders which are simplified systems (receive and digitize
only) can be located at distances of 50-300 KM from each ionosonde
location on various azimuths. Transpenders provide higher spatial
resolution in certain regions.

Wy
itk

GBI s

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

[

.
e LA

(Uj  1n 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].

g

%

s e e B

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, Accordinrgly, 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 refiection region has an inhomogeneous density
profile. Therefore, the regions of appreciable electron density
gradients in the {fonosphere can be detected using a method called
incoherent backscatter. Furthermore, this scattering technicue can
be applied to the measurement of the ion temperatures which are
equal to the temperature of the neutral constituents in the same

g region, This information is needed for estimating the propagation

. path losses (i.e., non-deviate .absorption loss is a function of the

- {on mean free paths and collision frequencies).
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4.2.2.2 Two-Terminal (Oblique) Soundina (U)

,,'fn? i

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)

(u)

(u)

(U)

(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 ;3
be detected unless found with a “Chirp" sounder, which may have b
better than 1 us time resolution.*

Step-frequency sounding is commonly used to generate jonograms 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.

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- o
formation of terminal location, etc. and serves to check out the “
condition of the equipment as well. This subsystem operates at the E
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 batween

terminals according to some predetermined sequence in the operating
plan.

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 controllabie
parameters such as the frequency, data rate, and the transmitter
power. The distinction between forward and reverse types of sound-
ings 1s important since the HF propagation path is not reciprocal,
particularly with respect to the extraordinary modes.
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(U)  The Navy Tactical Scunder System (NTSS) consists of several shore-
based sounder transinitters and a number of sounder receivers. The
U.S. Navy step-frequency sounder, the AN/FPT-11, is manufactured by
Hermes Electronics Ltd. of Nova Scotia, Canada [73]. This 30 KW trans-
mitter sequantially transmits a pulse c¢n 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 ratic by 13.1 dB [7].

I T, YT

oo 0¥ gy

(U)  The AN/UPR-2 10 KHz sounder receiver, developed by NELC, sequen-
tially processes the pulse-train input by starting the gated re-
celver 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.

o iS4

O

(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 ﬂ
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 =% dB resolution [7].

e b e

(U) A step-frequency sounder is inherently too powerful for covert op- :
eration in the Army tactical and strategic environment. Though H
this method of oblique sounding provides near-real-time frequency I
management since ionogram information can be easily obtained, a .
areat deal of risk exists for the user whose signal may be inter- E
cepted. The risk may be reduced significantly if a step-frequency 4
sounder is limited to only one end of the link, probably at a base E
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 1
when LPI is required.

4.2.2.2.1.2 CURTS (U)
(U) One of the most complex oblique stap-frequency sounding systems de- §
vised was the CURTS systein (Common User Radio Transmission Sounding :

System). It was developed for effective real-time frequency man- i
agement of the HF circuits of the U.S. Defense Communication System
(DCS). The problem of frequency selection was immense due to the
Timited 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 propagatiorn, but to minimize the
effects of interference. In a three-month test, three CURTS-
controlled HF trunks achieved an average of 96-percent (94-t0-99-
?egﬁent range) throughout for 2400-baud simulated AUTGDIN traffic
26].

WL by, ot
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“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 signais 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-
cles in descending order of quality figures and transmitted them
via teletype to the stations to aid in frequency selection® [1].

The feasibiiity 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 apprecach (within
intended bandwidth) the reliability, availability and quality of
other media such as satellites and cables {17, [26].

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)

(v)

(U)

The CHEC (Channel Evaluation and Calling) system was developed by
CRC* to aid in maintaining good air-ground communication links.
The ground station with its standard transmit-receive fa:ilities
was equipped with 2 CHEC step-freauency, ground inierference 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 clozks.

Using reverse-path sounding, the aircraft would measure the re-
celved 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 freguency selection

based on propagation and irterference data in near-real-time [1, 73].

*Communications Research Centre, Qttawaz, Canada
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4,2.2.2.2 Swept-Freguency {("Chirn") Sounding (Y;

4.2.2.2.2.1 Princinles (U)

(u)

(v)

(u)

)

Oblique chirp sounding is potentialiy ths most covert method and
requires the least transmitter powsr. Moreover, it is immune from
the effects of fixed freaquercy, 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. TIf the receiver band-
width is narrowed to a few Hertz, the freguency sweep rate may be
slowed down without compromising the obtained t me-delay resolu-
tion.

The Barry Research Corp. AN/TRG-25(V) Tactical Frequency Management
System (TFMS) provides resal-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].

The Chirpsounder transmitter T-1373 (TC3-48) transmits a FM-CW sig-
nal on the order of 1 watt in power, varying in frequency as a
function of time while the *racking receiver sweeps in synchroniza-
tion. Synchronization is accomplished i€ tne scunding is becun
within 1 second of the predesignated time; however, the receiver
must either retard or advaaca its sweep rate temporarily in order
to lock-in on the 2.5 Hz "wide" fcne.

Tne R-2081 (RCS-48) Chirpsaounder receiver reveals the relative
multipath structure in real-time of the "chirp” signal by utilizing
a time-compression-sweep spactral-analysis technique which accum-
plishes an instantaneous receiving bandwidth of 500 Hz by achieving
the effect of 200, 2.5-Hz comb Fiiters. This implies a 5 ms time
delay window capability for a sweep rate of 120 KHz/:ec.

Coliocated with the scunding receiver is a R-2093 (RSS-2} spectrum
analyzer which accumuiates spectrum occupancy statistics over a 30
minute period. The sourding equipment repeats cperation gvery 3
minutes (or 15 minutes) while the spectrum monitor updates its in-
formation every 11 seconds.

The sounding receiver and menitor are located at the freaquency con-
trolling end of the HF path (a form of reverse path sounding}. The
ionogram information displayed yields bocth ampiitude and time de-
lays {for modes present) as a function of frequency. Thus the user
can select the best high amplitude, low multipath frecuencies
available., Furthermore, the spectrum monitor permits analysis of
each 3-KHz segment for channel occupancy above the chamnel noise
Floor for the 30 prior minutes.

=
.
(3]

]
-
o

« [

N 1, e o 48 SN o 2 s
2 . AT i

~ -

PR

v

I

popa ey mm
1

o

w4 )""2::'.» piin

o o

"l :T‘;: gt

wamy

e
LMWL

o} bl o n

Go k0 4w el g A8y o fer o

H
H
H
H

=
=
i E
iz
i




=
=
3

=
£}
2

g
<

-

4.2.2.2.2.2 Applications (U)

in the naval command and control environment while meeting the fol-
lowing objectives [61]: ,
1) demonstrate compatibility of the RCS-4B Chirpsounder i
Receiver on a naval command and control ship in terms
of installation, operation, and electromagnetic com-
natibility, and H
2) perform reception tests using various candidate anten- 2
nas aboard the U.S.S. Mt. Whitney. .

(UY  Speak Easy I* was intended to determine the viability of the TFMS f

(U) The RCS~-4B Chirpsounder Receiver revealed no installatior. or opera-
: tional problems. The Chirpsounder Transmitter did not need to pro-
E 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
fregquency management of LINK 11 network [61].

4

T

(U) Speak Easy II incorporated an RCS-4B Chirpsounder Receiver and an
RSS-4 Spectrum Monitor tc simulate a headquarters unit at Fort
Bragg, North Carolina. Near E1 Paso, Texas, a TCS-4B Chirpsounder
Transmitter accompanied a Special Forces unit on maneuvers. An-
other TCS-4B Chirpsounder Transmitter located in Surnyvale, Cali-
fornia, simulated a DCS 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.

o

E (U) The u.S. Air Force and the U.S. Army Special Forces {BR {omms.

E . "Speak Easy II") demonstrated 100% path reliabilities for Chirp-

E . sounder predicted frequencies. It is interesting to note that lcng
i term monthiy reliability charts predicted 69-85% for the “requen-

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

M 1

o

e (U) Teamwork/Bonded Item demonstrated for the USMC that [29]:

= The TFMS can increase HF commurications reliability.
The USMC personnel were adequate for operaticn and
installation of the TFMS, and

the TFMS hardware was rugged enough to withstand typical
USHC deployment methods and other environmental factors.

L Ny -d
— ——

1

*Military Exercise Jesignator
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(u)

)

(v)

HF communications 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].

Solid Shield 77 was a combined-service exercise directed by the
Joint Chiefs of Staff and sponsored by the Atlantic Command 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 when
jamming or inadvertent interference occurred [30].

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 Controi Station located at MacDill AFB on a
24-hour/day basis. The paths were changed continually in length
and azimuth to span as many as possible tactical link types. Con-
sequently, the frequencies were chanaed more than 1000 times (700
discreta frequencies) during a five day test to make maximum use
of the available spectrum. The results demonstrated the high re-
11abil1ty achievable with this TFMS [31].

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 +o the chirpsounder receiver on the Tactical Deploy-
ment Control Aircraft (TDCA) was irsignificant. It was founc that,
during this exercise, sporadic-£ propagation was possible in more
than one half of the 24 flight hours [32].

Trophy Flight II demonstrated further capabilities of the TFMS
through deployment in two actual aircraft ferrying missicns --
£IFE and CRESTED CAP. The conclusions [33] about the TFMS are as
follows:

1) It enables the TDCA* to maintain continuous knowledge
of propagation conditions tc any suitably equipped
asronautical station. Therefore, the optimum frequency
(nature permits) may be used.

2) The effect of *he interference on the Chirpsounder re-
ceiver caused by the TDCA wF transmitter was insigni-
{icant and vice versa.

3) The Chirpsounder receiver is 2asily accommodated by the
1T -

3) A Chirpsounder transmitter sower of 50 W is adecuats
for a1l high oriority missions even under degraded
oropagation conditions.

*Tactical 2efense Control Aircraft
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4.2.2.2.2.3 Analysis (U)

(U} The sweep rate 1s defined as the rate of change of frequency with
time, by the reldationships,

ey p——

L

af | df
3T @@ © Sweep rate

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

SN
- int fg
E where N is the number of samples. For an integration bandwidth,

e fint’

The time resolution, t, attainable is
- = ]
s
= }
Thus, tint i(T-

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

Wi

fg = Ne2B = 2 fepg (28 is the effective Nyguist frequency

3 N = CinzR
B

Clearly, the time resglution, z, ¢an
different ways,
1

- D em—
L3

N

be expressad z number of

™
w




(U}  The mutual dependency of N, 3, R results in the fellowing obser-
vatiens:

1) 1f the receiver bandwidth, B, is reducad, the freguency
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 reguires
large R; however, the SNR is reduced.

4,2.2.3 Operational Concepts for Sounder Applications (U)

(U) It 1s 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 fFre-
quency Management Task (3.3.g), Section 4,7, the purpose of this
section {s to summarize operational concepts conclusions with re-
spect to sounders utilization specifically. The conclusions are
assembled from a variety of sources, as indicated.

3 4.2.2.3.1 U.S. Army (U)

4.2.2.3.1.1 "Site~Survey" Discussions (U)

o (U) The AN/TRQ-35 may have greatest usage as part of an ovarall fre-
- quency managenient system. There needs to be coordination between
P uses of the AN/TRQ-35 >r other similar sounder systems 734, 357.

: The use of sounders should perhaps be combined with a form of

L orgpagation prediction capabilities [36]. Some sounder-use de-

e tractors feel that the Corps area is too smali for the AN/TRQ-25
. application -- that its use may be counter productive. They like
= it more as a circuit analysis tool rather than a frequency manage-
ment tool [36]. The AN/TRQ-35 chirp sounders and the ‘Topside”
jonospheric sounders are among the current concepts that show
promisa in significant frequency-seiection improvement. One op-
3 erational concept for sounders is to install them at "gateway”

& . terminals. However, sounders are envisioned as necsssary for

‘g enhancing/augmenting propagation prediction and frequency manage-
= ment even within the SHORADS Air Defense {2 area of operation [371.

E (U) 7he "doctrine" for HF frequency management is cutdated or non-

] existent. Development is needed before/with the introduction of
any sounders. The sounders would have to be always under "close
operational -control.” OQOne zoncept is to provide the entire TFMS
{or equivalent) to the Corps level, with the sounder recsiver and
spectrum monitor oniy at the Division level. There are pians to
#4e7d the AN/TRQ with a demonstration in Europe {ABSME; on auto-
matic multichannel equipment and use it to demonstrate improve-
ment of reliavility of HF [38, 39].
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(v

)

Concepts have been formulated for the utilizati
?ﬁcidence sounder measurements for refinement o

tion frequency selections and assignments. usi

cr equ?va ent Y-1 sounders and ICNCAP or eauiva
prediction programs on a asnx-comsu;er, it is 7
refined, current-day, near-optimum selections {
4.2.2.3.1.2 Concepts and Comparisons bv ECAC [42] (U}

)

(u)

(

4

L

s

-

u)

u)

)

"Concept 1:
e Use of AN/TRQ-35 as tactical frequency management system
e Features: Use of multiple transmitters located izn for-
ward elements, single receiver located with unit fraguency
mansger
e Wiil replace current propagation pres‘ction methads
e Application: tactical/stratagic

"Concept 2:
8 Use of AN/TRQ-35 as frequency selection systam
o Features: Use of muitiple receivers located with forward
alements, single transmitter lccated in rear area
e Will augment current probagation oredicticr methods
e Application: tactical -- Corps and Selow

“Concapt 3:
o Establish world wide network of sounders to provide area
service
# Features: World wide grid of transmitters, recaivers with
tactical units
¢ Wil1 augment current propagation prediction methods
e Application: strategic/tactical/contingency situations

'SIGINT, =S¥ Implications

x

maneuver aiements -- critica
control] nodes

Concept 2: Provides enemy with ID and lccations of scunders
in rear areas

Concept 3: <£an be used by enemy to enhanc
tions. Pre-established ioca
anemy.

Concept 1: Provides enemy with ID and locati 35 of ¥ rward
1 C+C {¢c

ommand an

e his awn opera-
ocations well known to

"ECM Impiicaticns
Concept 1: YVulnerable to catastrophic failure modas {iam-
ming or pchysical destructicn)
Concept 2: Gracaful degradation
Fallback tc propagation oredictions/prepared
frequency lists
Concept 3: Graceful degradaticn
Fall back to proragation oredicticns/presared
frequency lists
Vulneratle to pre-engagement attack
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ica
Loncept :1: Maximum spectrum polilution
Probiems with scheduiing/ccordinating srerations
Concent 2: Spectrum pollution
Problems with schedu?’na;cﬂﬂrﬂ‘"ating operations
Concept 3: <{oordinated operations s#*négse
*3ntr0??ed spectrum pollu

(v) COMPARISON CHART
1 — "CONCEPT
- , 1 2 3
I0/7L0C of I5/L0C ot Enemy use
| SIGINT/ESM FLOD {FWD) sounders thru
] Element of C+( in rezr areas intrusion
= network
| Catastropic Graceful Gracefyl
= IECH failure degradation degradation
5 i possible
? Maximum Spectrum Controlied
-5 EMC spectrum pollution spectrum
- poilution pollution
Schedule Schedule !
probiems problems
Cost 333 $3 s

(U) “"Conclusions
¢ Estabiishment of lead a

agency
sounders or other frequency a

® Develop 0 + 0 fancepts
¢ Define best system conce

{U) Freguencv Assianment Process:
1

. AFCEN {Zyrope) has the H t
cont are not usable, for various rea
reass:qreﬁ. £FfT cti vel i *

1

cause ¢ ev won'* He av
crisfs.

(]

is passad down Trom t

ncy tc defége requirements for
’ L

for use
pt/hariware configuration’

ist. Sixty cer-
ans. Many have teen
been Ens:. ?he

%- needeé 'g a

. In peace time, stick to allocaticn tables and use what
he Civil National Freguency Rescurce
Agency {FRA} in the area, for instance in F.R.G. The
ger in practics teils the Lorss

theatre frequency mina
what Trequencies $o us

1
i

[

4
.

e for the next 20 days, in terms
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a few messages per day.

airhead back %o

iirber*e ,sras now nas 100 HF nets.
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1ate frecuencie
davli

fer the da
r 3

"y [
43Vt

s,

ere are orly 30
frequencies available for training. Requirements are for

o

= "

Therefore the nets shculd share
the HF frequencles. The important HF links are from the
not needed

the other side {CONUS). HF i

within their cperaticnal area.

Onily 20 out of the 80 zequenc1e are usabie at any time,
typicaily, resa%:ing in 5 nets on each freguency opera-
*éons. Should restrict &se of a’ ts e

sential communica-
tion oniy and use other ications for logis-

:iCS) 2":’{..

{4) Sounder Appiications:

Sounders wouid be valuable when 2 pool 37 frequencies is
available at Corps. The Battlefisid Spectrum %aracer has
a 1ist of freguencies for tha day (the 1ist is varied frem
day to day for securiiy reasons}. 3Sased on sounder re-

sults, the manager wouid coma up with the best frequencies
from which to chcosz on a given day, aven though the
sounder resyits indicatad the aptimum frequency to Jse-

140 km across bv 200 kn deen. Sound icnosph

Coros:
within €urss, 3ty 1. Pass the sounding results down és

echelon. Thare should be Tess than 5% variation
ate., within the Coros are_ for these restricisd -
3. Should have 2 channel within Lorns which sends a ¢
yous stream of net code numbers and frsguency assi
selection infwrmation. User to have a small digit
out of frequencies. User tunes tc each in turn ¢
workzbie freguency for him. 51* ernatively, ampioy
receivers at T The Division Signal ‘-'*sr x?
the Battlefieid Spectrum/Radi a‘zon iz***er- &o
freauency seg‘y-xcn process and pass information
sion. Divisicn will have 3 division commend %e*
down frequencies manaced from Corps C.P. using a
pool, at Corps level.
4. Special Forces (SF) operations
1eq” =ode anywayv, '*ncn they
"without sermiss an- ;
frequency aut! i :
clear frequencies by 33=er¥at:rn
sounder in various sage to *S?333*
sion at the btasa station (2 f
freguencies on which to make 3
detachments { te
use, on a s:‘aﬁa!as Jasz;. s s‘=*1ua :aﬂ use
sounders and specirum monifors to make “he decisicn as ¢
*Divisicn Tactical ({perations Center
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what frequencies are availatle at an
disseminate that in ‘srmat ijon. BS send m ges
and avnr on two or three desirabie frequenciss. Detachment

: has t en on various freque=ucies until it rece€¥as one o=
to estaé?ish an order wire and decsde for instructions. :
Uses a cne-time "pad" to decode. SF “ctﬁ Tenaths: ;sﬂ oo ] =

typical; 3000 ion maximum; 1250 ke typical maximum.
5. Rangers operate only 10-&0 km behind enemy lines; are
mere tactical than S.F. ?ﬂej don’t transmit yatil done
with their mission and/or are rnady for eyfrac* on.
Rangers could utilize the sounder information availabis
within (beyond} the Corps area, because of their proximity.
6. Primary net usage is emergency, short-term, quick-
resnense role
7. In peace tsme, Cemetary Net is the biggest thing in
Surope. It needs 2 good complement of workable frequencies
to use. Definite need for a sounder hers. Lots of fre-
quencies have been lgst due ig sustarcv and new ones have
not been renegotiataed. Hence the Zurcpean iist is not as
Targe as wnu§d appear.

8. Zorps spectnm ﬂaﬁasemen saction is to disseminats fre-
guency assignment information 24 hours a day.

4.2,2.3.1.4 Concents by MITRE Corp. [45] {U)

{4} "Freguency Allocation Policy
- (U}  To take maximum advantage of frequency adaptive technigues . . . 1
e a flexible frequency management policy is ranaived to permit oper- 3
E ation on the usable frequencies existing at any given time. BSarry
=3 Research propesed such a plan to the Air Force which was subse-
] quently tested and is being considered for adoption. Tt ;.

Th

is the opposite of the current freguency aliocation whnich :

= discrete frequencies to individual users. Sincs internationsg] =

agreement permits the armed forces the use of any Frecuency, excsp i

in certais bands; on a non-interference-with-other-users basis, 2R

1as proposed to the Air Force that it identify these 'mﬁuenc*es or
yands -ha; may not be used within the 2-30 MHz ,aré rather than al-

iocating a handful of permitted freguencies. is appreach re-

éEteé in 70% of the HF band remaining avaiiable for use, after

: imination of special freguenciss and sub-bands (such as %%? ‘rs-

= n"-es, emergency, and amateur bands} that could not be i

= sé:&. The Air Force then assumed that no s:sa=¥ ‘3%

ncisa thrashold was detscled within a given

minutes, that channel was zrbitrarily jude
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(U)

(u)

(u)
(u)

(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
1ink been Timited to those frequencies. Moreover, only a small
percantage of assigned frequencies within the propagation window
were clear at any one time,

"This technique for excluding specifically used frequencies, to-
gether with a pasis 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.

"A Possible Implamentation

To be fully effective as a theater freguency 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 mobiie HF operator. One possible
implementation 1s as follows. One or two sounding transmitters
for determining theater propagation conditions 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 is 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.

"The FIN service would be nodal in character, and hence, vulner-
able, but 1t could disseminate spectrum information to a large
number of users at little cost. Its loss would not directlv cause
the loss of communications nets but would degrade their perform-
ance."

4,2.2.3.1.5 The Division-86 Signal Battalion 0&0 Concept [42] (U}

)

(u)

This document outlines the communications means available to the
Heavy Division in 1986:

"The Division Commander wilil experience an ingrease 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-
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(U} tions Net (FM) and the Division Intelligence Net (FM) wili employ
the Singie Channel Ground and Airborne Radio System (SINCGARSS
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-
vance and terrain. The Division Tactical Operation Center Singie
Side Band net (TOG/SSB) will utilize an improved version of the HF
radio which, when used together with the AN/TRGQ-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 i
will also permit secure data transmission. These two nets together }

i e T

o Nt < et

provide the Division Commander with a resiliency in command com-
munications that is not in tha 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 %o other Division headquarters staff elements; preparation and
distribution of the Division communications-electronics operating
standing instructions (CESI), communications-electronics operating
instructiors (CEOL), and the Division telephone directory. The

C-E Section controls the allocation of radio frequenciec, provides
E ~adio frequency management for the Division and operates thre CSPE.*
3 The CSPE will be a manual function until the introduction of an

: autorated CSPE in the late 1980's."

H

(U)  "The IN/TRQ-35(V) Tactical Frequency Managemen:t System consists of 5
various combinations of three equipment items. Two of these items, E
the Chirpsounder transmitter and Chirpsounder receiver, provide an !
{onospheric "test set" measuring the propagation of an HF signal vs
frequency. The Chirpsounder systems reveal which frequencies wiil
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 1
to find wnhich 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 preperly manage an HF circuit or network.

I The system operates as an independent circuit test set and is

= equally effective regardless of the level of sophistication of the

5 communications equipment employed and the flexibility or changes
of assigned frequencies. By oroviding an accurate, real-time

vl
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*Communications Systems ?lanning Element :
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measurement of propagaticn 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 ADCEQ** van."

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

(V)

(V)

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 functional description:

"[OHFR]" 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 document referenced [43] was based on capabilities originally
pianned for the Improved HF Radio (IHFR). Subseguently, the
planned deployment of the features described here was revised to
be in the objective HR Radio (QHFR) [74]. The text quotation
has been changed to reflect the revision.
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signal for a Link Quality Analysis (LQA) factor. This LQA
factor is stored in a matrix to automaticaily determine
the optimum transmission frequency. ALE allows the user
to simply select the address of the calied station and 5
key the system; at that time the system will determine the 'z
best preset channel from the LQA matrix, determine the
availability of the selected channel, transmit the selec-
tive calling address, receive an automatic 1ink 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*
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 ret.
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 cther 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.”

\J‘

-

b

W

i

i [l
O g RO
..

4,2.2.3.1.7 INTACS Update Concepts [41]1 (U)

(U} “Field operational capabilities for frequency and CEQI 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 2
dynamic basis, is needed now."

(U) High Frequency Radio Operational Raquirements (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, Chirpscunder. This
device will be deployed in the Theater and Corps areas to support
the frequency allocation process within the HF band. Frequency

*ND{vision Tactical Operations Canters
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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 freauency changes.
4) Separates equipment and propagation probleins.
5) Identifies broadband jamming.

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

Back:round:
7 ™. . . In order to eliminate or minimize HF ionospheric
propagation problems, the ijonospheric 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 properly 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, and proper frequency assignments wili
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 Tcw-
est subordinate command. This results in a significant re-
duction of the number of freauencies available to assign-
ment at each command level. Proper employment and use of
the ionospheric sounder will provide for the discontin-
vance of this allocation procedure and make possible 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 cver past years. Lead time for re-
questing these predictions is quite extensive and are
generally limited to single link -~ not area coverige --
missions. The arocass contains variables; changing c¢n

4.2-24
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iurnal, seasonal, yearly, and eleven year cycles. Thne
procedure is manual, time-consuming, and yields marginai
results. When system/net propagation fails, it cannct

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)"

The Operational Concept:

"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.

Transmitters wi1l be deployed in the Corps area, rear of the divi-
sion area. Transmitter sites are conceived to be co-locatad with
a2 Corps area signal node. 0Qivisions 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].

Equipment and propagaticn characteristics enable the transmitters

to cover a large area without placement at specific user jocations.

The Corps management element is the key to the entire functional
area. Radio frequencies received from theater command for the
Corps will be distributed tc the user echelon based on commander's
guidance as to the priority of the net. This is a very important
SOP function withir sach unit. Priorities will be flexible enough
to meet each situation, action or mission. This "pool"” of fre-
quencies will then be appliad to the propagation statistics dis-
played by the AN/TRQ-35. The number of frequencies available for
usg then are those allocated and propagating at that given time.
The frequency manager must apply the user needs to the final ce-
c¢ision so that groundwave, NVIS, and skywave can be exploitad.
Data users will require special attention cue 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 functionai requirements are
essentially the same for both Corps and Division. The major dif-
ference 1s 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
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"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 zither individual or block
frequency listings. Divisional 1istings should e 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 requirad to other
next lower headquarters within the Corps area for further distri-
bution to the eventual user.

"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 if the dis-
tribution of near real time changes is disrupted.

"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-
¢luding 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
w111 be receiving frequency allocations as any other element within
the Corps area or from supporting Division CSCE. ODistinct advan-
iages of the sounding system evolves around nuclear activity and
Jjamming periods. Propagation and channel clarity can be determined
during these periods so that the frequency manager can selact sup-
portable frequencies when he otherwise would be totally incapable
of doing during these situations. Severe nuclear or jamming 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 dependerncy on the Corps for fre-
quency allocation due to so many situations that may arise that
totally degrade the communications network."

"Doctrinal Deplovwment:

BASIS OF ISSUE EQUIPMENT
ACTIVE DUTY & RESERVE 7-1373 R-2081 R-2093
1) Corps (Hvy & Lt) 4 2 2

a) Receiver/monitor -« Corps C-E Section
Corps S1g Bde TOE 11-402




)]

(u)

()

(1)

(V)
(U)

BASIS OF ISSUE Equisment

ACTIVE DUTY & RESERVE T-1373 R-2081 R-2093
b} Transmitters - Corps Area Sig
8n 11-415

c) Option: A1l assets within Cmd Radio
Bn and task organized to Corps Area
Bn and Corps C-E Section

2) Division 0 1 1
Recelver/monitor - Div Sig Bn, HHC-
TOE 11-036 to support CSPE (ADCEO)

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

(98]
—
]

4.2.2.3.1.8 Concepts for Eurcpe (U)

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

"HF communications by the Army in Europe fall into four categories:
international nets, short-range ground-to~ground tactical nets,
nap-of-earth {NOE) comm to scout and attack helicopters, and Cefense
Communications System (DCS) entry. An analysis of the communication
requirements of each category suggest that all spectrum management
neads 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. Thi
equipment, in addition to modern radios and special cperating pro-
cedures sugjested in this report, can ensure the maximum reliabil-
ity possible under either the stressed wartime anvironment or
neacetime conditions."

Chirosounder Transmitters

"Placement of Chirpsounder transmitters requires carefyl consider-
aticn of potential wartime requirements. These requirements can
be divided into the four groups described . . . [abovel. Table
4,2.2-1 summarizes the Chirpsounder transmitizr placement inherent
with each group. The following discussion expands the summary in
the table.”

International Nets

"Analysis of the resquirement for the various international nets sug-
gests that placement of Chirpsounder transmittfers at or near the foi-
Towing locations will satisfy the criteria given in Taple 4.2.2-%.
Bann, FRG
2arngtor¥, FOG
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*Bonn, FRG
*Bremerhaven, FRG
Brussels, 3elgium
Caknakli, Turkey 5
*Edingen, FRG
Elevis, Greece
*Incirlik, Turkey
Naples, Italy
*Nellingen, FRG
*Perivolaki, Greece
Verona, Italy
55 *Vicenzia, italy
- Werl, FRG

(U) "The asterisks (*) on the 1ist . . . identify primary transmitter
locations. These locations reprasent a minimum essential require-
ment to provide basic proragation data for communications within
Germany and from German net cont~cl stations to key areas in 3el-
gium, Netherlands, Italy, Greece, and Turkey. The other locaticns

7 represent secondary backup transmitters that could be activated if

E any of the primary transmitiers were not operating properly.

(YUY Table 4.2.241
Chirpsounder Transmitter Placement Criteria ()

HF Apoiication Chirpsounder Transmxtter Placement |

b International Nets s One transmitter at or near each key

E relay controil station

' ¢ One t-ansmitter within approximate
2C0 kn circle surrounding net sub-
scribers

{orps Area ¢ One transmitter approximately cen- i
. tered within Corps area

1 ¢ One transmitter as backup placed any-
where within {orps area

NOE Communicaticns Can utilize Corps area *ransmitters
3CS Entry One transmitter at each 3CS entry :
Tocation

(U) "Chirpsounder transmitters complete their sweeps in four minutes
forty seconds. Because 311 Chirpsounder gnerat1uas are divided
into five ainute increment s, 311 transmitter signais to a given
Chirpscunder receiver shouid be timed to start within any 20
second wide window. This srcblam becomes aquite complex fo
international net situation where 2ne Chirssounder transmitter
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signal may be received by more than one Chirpsounder receiver or
whore a single receiver may want total flexibility in selecting
Chirpsounder transmitters. Thus, for the Army'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.

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

o Start time within the 20-second window

¢ Transmit times within the hour

s Sweep rate

"If it 1s assumed that at least one Germany transmitter and all
transmitters outside Germary must sweep from 2 to 30 MHz (100 kHz/
sac) 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 S5-minute
segment., The table lists the 15 transmitters, shows their use wich
four typical Army nets (designated A, B, C, D, and G), and presents
a suggested start iime and use scenario.

“In Table 4.2.2-2, the fcllowing code appiies:
P -~ Primary

S -- Secondary or
X -~ Sweep rate
XX -~ Sweep rate
0 -~ Sweep rate

backup

50 kHz/sec; primary; continuously utilizad
100 kHz/sec; primary; continuously utilized
50 kHz/sec; backup; occasionally utilized

T e iy %o e e wmme - - ow # - . - — Bt i P

U R T}

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

"In the scenario of Table 4.2.2-2, it is presumed that the net
primary transmitters would transmit during each interval marked X
or XX. Secondary transmitters would be operational and would sweap
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 perigd,

only 2 or 3 transmitters would be actualiy radiating on a sustained
basis. Also, transmitter sweep start time ssparations would never
22 less than 3 seconds.

Corps Area Communications

"As indicated in Table 4.2.2-1, two transmitters per Corps area
should be suificient for measurement of HF propagation reguire-
ments. Within Germany, there are doctrinal Corps ars2as spread he-
tween the Fifth and Seventh Corps. The Chirosounder transmitters

~
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used for the international nets could also be used for augmenting

the Corps area requirements. However, one must assume that, in the
event of war, the fixed sites for the interpationa’ nets wculd be
subjected to physical attack and should not be relied on in iieu o7
a highly mobile Corps Chirpsounder transmitter compiement. There-
fore, no more than three Chirpsounder transmitters each for the
Fifth and Seventh Corps appears necessary. Two of these couid be
nlaced at Corps Area Signal Centers (CASCs) with a third consianed
as a backup to the Corps Support Command {COSCOM).

NOE Communications

“Skvwave HF communications between a base headguarters and scout oF
attack halicopters does not imply a requirement for Chirpsounder
transmitters aboard the helicopters. Measurement of the near-
vertical ionosphere can be made using a groundbased Chirpsounder
transmitter anrywhere within the vicinity.

“The principle of ionospheric measurement is illustrated in Figure
4.2.2-1. 4ithin any common ionospheric region fi.e., anywhere

within a roughly 200 km circie) any Chirgsounder transmitter wil
suffice. Thus, the Corps area transmitters . . . should be suff

cient for MOE comm purposes, alss.
DCS Eatry

“Obviously, propagation measurements between key DCS entry stitions
and Army users in Europe requires a Chirpsounder transmitiesr at one
end or the other of the c¢ircuit. However, the number of 7CS sta-
t’~ns is small; the number of potential users is great. In addi-
tiun, in 3 wartime scenario, some users would wish to aveid radiat-
ing a broadbanc Chirpsounder signal. Therefore, in the interest of
minimizing Chirpsounder emissions, transmitifer piacement at the CC3
station appears best.

"Fortunately, some of the transmitters recommended for the interma-
tional nets would suffice for nearby OCS entry statioms. 7he 3ann,
FRG, transmitter wou]ﬁ be ciose to Pirmasens. The fievis transmit-
ter could aiso do double duty. Thus, only additicnal transmitters
for braunhton, Rota, Lajes, and any desirad CONUS station would Se
required.”

CHIRPSCUNDER RECEIVERS

N

"Chirpsounder rece*ve*s are required at every net control statio
relay control station, and any headquarters unit that will be re
sponsibie for managing HF operating assets. The foliowing discus-

slon describes the reguirements in more detzil.
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Intesrnational Nets

“Tha Army's international nets are generally structured usin
cun»rol and cmnmxﬁ* ticn relay control stations. Presentiy
of th i 1 a bot

r
and a%*nrnates. "c* station would be
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thair area of concern. Table 4.2.2-2 h
minimize any potential ga fiict if more than one transmitter
country is required.

orps Area Communications

“The doctrinal Corps is composed of a main headguarters, a LOSCOM,*
and five Divisions. Numerous HF nets could, particuylarly in
time, be controiled from each of these levels. Assuming a wa
requirement of at least two full Corps in Zurcpe {and potenti
three), this implies a requirement for up to 14 Chirpscunder

t itin
has also been cun *rac:e
ES

war-
riime
ally
!‘ﬁ-

caivers presently, with 21 units a potential reguirement. 1In this

way, each Division cﬂﬂ;s .,qt.;, its own assegs without nced

any Corps-level approval or interface -- alrsady a heavy burden

-

any wartime eﬁ‘vf‘i?ﬁ!‘-"’%"%

NOE Cormunications

"Operation of helicopter sg on 3 wartime scenario woul
niehiy var aé?e and subject to rapid change. Assuming a2 regu
ment for a helo sguadron headqg to cover approximately
100 i@ sf the easiern 7RG bord es 3 need for at least

Chirpscunder recsivers.

3LS Entry

“Chirpscunder receivers would oniy be nesded a3t D{S stations
saeﬂer* ster:ta**c? cosmun su:. ns. Such 2 requirement woul

be within the Army's responsibi

SPECTRUM MONISOR
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“Spactrum #onitors are zesafsaé 3t avery ‘sa-.-i station where
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rapid datermination of
aination would be needed at

nets or where int
yital HF nets and




(v)
(u)

(u)
(u)

(U)

(u)
(u)

(U)
)

Monitors in each of the primary sites would represent a minimum
requirement. This implies a need for approximately 15 units.

Corps Area Communications

"Because of the intensity of potential jamming near the FEBA as well
as a requiremen: 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-Cosps configuration
results in a potential raquirement for 14 units.

NOE Conmunications

"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.

0CS Entry

“Because a DCS 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."

COMM ENGINEERING NET

"In a Corps-level communications scenario, there may oe nurerous

nets operating with widely scattered NCS locations. It may be im-
practical to place TFMS equipment at each of these NCS. In this
case, a useful technique is to 1ink all NCS with a communications
engineering net. In this way, a central spectrum management station
at Corps or Division headquarters can control the frequency assign-
ments of all of its nets and can ensure that spectrum usage is based
on net priority. The comm 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."

ESTIMATED TOTAL EQUIPMENT REQUIREMENT

"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 Chirpsounder 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 antannas.

4.2-34

L R SR PR 1 o

ot~ ) i st Y O, Sl




o rpr o o "

oL [1 6 62 9t 62 juswaainbay (e3o]
-~ - - -~ - b A433 30 w

oy .
-- L -- - L -- Suojjedjunuao) IgN v :

o~

< |
b v 2 i 121 9 eady sduao) _
9 9 L Gl 52 61 S9N {RUO}jeusBIu]
SSY Sy SaL 33 S SiL uoj3edi tddy

$31Y 340ddng 9A48SIY UBM juawdinbjy ojseg

(n) odoun3 up Away *S°nN 40 JUSWAAINDIY SWAL PeIRWIISI  ‘E-2°2°b @lgel (N)

- v .




4,2.2.3.2 Y.S. Navy/usMc (U)

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

(U) There 1s 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 eliminate frequencies or bands where harmful
interference was judged most likely to occur [27, 52].

4,2.2.3.3.2 TAC Concepts (U)

v) Ehe]following points summarize the USAF-TAC operational concept
51].

" (U)  USAF-TAC Sounder Applications:

1) Large Scale:

¢ Large (theatre) cperations, multiple nets, substantial
number of users, large frequency complement.

e Example: TAC ajrcraft from aircraft carriers.

e 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.

¢ Employ one RSS-4 Spectrum Monitor.

o This ensemble of six Tx's, two Rx's, one RSS is callad
a "SYSTEM",

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

e There is a 1imit 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 tasts with
sounder equipment on board this type of aircraft.

(U) Operator Considerations:

® Extrapolation of sounder results goes beyond normal radio
operator's skills. They are right out of T7Y school and are
taught nothing about HF radic propagation.
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(U)  Frequency Authorization and Management Process:

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

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) Operational Experience:

The "Pentagon"/NTIA-IRAC delegates to the Theatre frequency
manager certain discrete frequency assets.
For the theatre, 3500-4000 discrete frequencies are delegated.
These must be shared by all the U.S. and allied services in
the theatre.
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/commands.
Some frequencies are kept in reserve by Theatre frequency
manager.
(With the use of the sounders, practices have changed somewhat.)
The shore net may have control over 1500 frequenciss.
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".
Changes in frequency assignment are made by HF crder-wire
chanrniels.
After a new assignment is mace, the previously granted fre-
quency goes back to (TFMS) centrai control.
The degree of spectrum sharing depends on the skills of the
operators and frequency manager.

L.
[l

Trained personnel can do quite well using the TFMS tool.

So far they have not found an Exercise/Operation too large to
be handled using six SDR Tx's.

Have managed all SOLID-SHIELD exercises since 1975 using
sounders.

Normally transmit sounder from Ft. Bragg cn Pope AFB.

The joint contrcl group is at Camp Geiger.

One Tx is adequate “or a S.E. U.S. coastal exercise, since ail
path lengths are about the same and paths are within 15° in
azimuth.

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 cne.
They had gone to U.S. QTP to get permission to iry it in
exercises/tests and it worked well -- also OTP was favorably
in¢iined to let them try it.
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o Thinks they can extrapolate their operatizna’ experience to
"larger-than-Theatre" use, with the objective being to deter-
mine if {t's viable to work on NIB there,

Operational Procedure:

o If assigned channels are very congested, operator would switch
to other than assigned channels.

e Select frequency area of interest based on sounder receiver out-
put, then go to RSS-4 to find the non-interference channels.

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

8 The operators obtain the propagation/frequency change informa-
%gon over the nets they are using.

) ey don't use a segarate frequency management net.

o When there are two distinct sounder s stems operating sepa-
rately (e.g., one on shore and one in the rear), one link is
used to join the two -- the frequency information is passed on
the commander’s link.

e There is a motivation to keep the HF operations (1ink) up, if
1t {s 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).

¢ Typica! 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.

o 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.

e 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, freguency
management was poor.

¢ The next SOLIU SHIELD used voice communications to pass the
propagation/frequency information from the net contrcl 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.

e 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 Tatter passed the frequencies over their
nets to the pilots prior to take off.

e The sounder Tx has a very identifiable signature, but at CORPS
or AFOR headquarters the emitters can ve 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 groundwave %o 4200 km length.
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(U)  TAC Operational Experience

s Several nets

e Frequency manager has a 1ist of assigned frequencies From CINC
which he wants to give support from.

¢ He keeps a manual list of the frequencies -used and builds up

confidence Tn his frequency management.

Prioritizes frequencies based on Rx and RSS outputs.

¢ Wouid go to some other frequencies only if these 14 or so
frequencies on his 1ist 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.

o Need sounding or channel evaluation, especially since HF
propagation usually isn't very good during pre-dawn hours, for
shorter distances.

e Also, during that time, many usess 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.

R

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 1s attained through real-time oblique
path sounding, particularly chirp sounding. The incorporation
of real-time propagation data with accurate spectrum interference i

= data at a receiver provides the basis for a highly refined fre- ;

5 quency managdement system. I¥ this system is utilized and its

E 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 {s no longer a problem when each user maintains his own

frequency management system.

i

(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 algoc-
rithms is to be explored under item 3.3.g. This approacn, aon-
ducted on an individual user level with a mini-compuzer, would
accomplish macroscopic frequency selection. The ccrmonality of z
the algorithms among muitiple users when adopting specific ori-
ority procedures could minimize multiple user interference, dar-
ticularly when adaptive scanning receivers are employed.

R
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4.2.3.2 Sounders Utilization and Applications (V)

4.2.3.2.1 Current Use Summary (U)

(U} The purpose of this section is to summarize the current use of
{onospheric "sounders" for military HF communications enhance-
ment. The summary is based on a limited literature search and
on several "site surveys" and visits to U.S. military installa-
tfcgs. Rgsults of trials and exercises evaluations are reported
in 4.2.3.2.2.

4.2.3.2.1.1 U.S. Army (V)

(U) There is no current operational application of ionospheric sounders
to the U.S. Amy tactical HF communications known to the contractor.
The CENCOMS Signal Processing Group of CORADCOM, Ft. Monmmouth, N.J.,
is conducting experiments and data gollection using a Digisonde-128
vertical incidence sounder (VIS) built by tie 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
(wodified) 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 fleaet operations for over 10 years. Much of the equipment
ts in need of repairs, but shortage of experienced, trained main-
tenance personnel and spare parts hinders repair activity {511,
(461, [53]. Pulse sounders were proposed in the CURTS program.
The Navy conducted a test comparison between the older AN/UPR-2
30-K¥ pulse sounder and the Barry Research "Chirp" sounder. The
decision was made to continue with pulse sounders, 25 a contract
had been let to update them in the field. Pulse sounders are
not currently employed at all of the locations where instalied,
because of operational problems.

s

4.2.3.2.1.3 U.5. Air Force {(U)

(U} The U.S. Air Force has tested/evaluated chirp scunders extensively
in several exercises, as rengrted in 4.2.3.2.2.3. Current onera-
tional use in the field is limited, out procurement ard depioyment

A=~ -

1s in progress (47, as described in 4,2,3.2.5.3.

3.2.3.

[AS)

.1.4 Other Services/Agencies (U)

(U) The Channel Evaluation and Call (CHEZ) system was deveioped by
the Defense Research 3oard, Canada [1}. This system is a hybrid
hetween an "icnuspheric sounder” and a "link auality amaiysis”
system. The British Admiraity Surface Weapons Zstablishment has
been experimenting with a similar scunding/interference monitoring
system {Cottrell, Wynne, 347, as has the Austraiian Jefence Re-
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(V)

search Center [farl, 55]. The extent of current utilization of
these systems is not fully known by the contractor. Apparent}
these are all experimental/evaluation models and are not in ¢
rent operational use.

Y
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é; 4.2.3.2.2 Test Results Conclusions (U)

4.2.3.2.2.1 U.S. Amy (V)

(V)

(uj

i [ i a1 A
e
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Speak Easy II demonstrated, in part, the advantages c¢f employing
the AN/TRQ-35(V} Frequency Management System {TFMS) for the U.S.
Army Special Forces. "The TFMS was found to be fully compatible
with standard Army logistics and operation methods. The TFMS aisc
demonstrated its capability for rapid selection of alternate
interference-free, well-propagating frequencies before circuit
degradation occurred, elimination of unnecessary freauency changes,
and improvement in potential HF circuit security through optimum
Ere%uency selection, lower power operation, and jammer avoidance"
28].

With regard to improving HF nets in Europe while utilizing the

AN/TRQ-35(V) TFMS, Mr. McLaughlin of 8R 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 personnei took up *tc two hours to change

{:e%uency due to equipment malfunction and tuning problems i{55],
0].

Mr. McLaughlin believes that predictive *echniques are not as
useful as real-time sounding where nuclear blackouts may occur in
isolated areas [36].

“The US Amy Electronics Command is developing a system to oro-
vide tactical communicatcrs with forecasts, in near =»eal-time, of
iongcspheric conditions pertinent to HF communications. 7o do
this, vertical incidence (VI) ionospheric data was used %o predict
Maximum Observed Frecuencies (MOF) over a 445 km path. Vertical
incidence and oblique incidence (0I} maximum observed freausncy
data were gathered &zt the terminals of the path between for: Mon-
mouth, New Jersey, and Camp Drum, Mew York. A statistica. enal-
ysis of the data showea the VI data to be a poor approxima“ion

ts the 0@ data. Further, results show that using an obiiguily
factor based upon the secant iaw appiied o VI data taken at an
end point failed to compensate for the observecd differences he-
tween 0l and VI data. An obliauity function was derived, however,
which did compensate for these differences. MQF Forecasts tased
ypon the model of Ames-Egan, are given for 1C, 30, 5C and 122 min-
utes In advanca® [37].

“Two ionospheric sounder :erminals were assembled zng

H qram
.data was *aken in vertica. and cblicue incidencs ovar 2

0
0 km
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-
~
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path from “5rt Monmouth, New Jersey to Fort Dix, New Jersey. A
statistica® znalysis method was developed and used to demonstrate
that there was no appreciable difference between vertical inci-
dence MOFs *aken at one terminal and oblique MOFs over this 60 km
path. A near real-time prediction scheme was successfully adapted
to use verticel incidence data to predict MOFs for the 60 km
oblique path. Data from the fieild test was used to compare ob-

served and pradicted MOrs for 10, 30, and 60 minutes in the
future® [59], [71).

“Ionospheric sounder staticns were set up at Fort Monmouth, 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 znd between the terminals in the short-
path oblique incidence (0I) mode. A statistical model, previously
deveioped for analysis of short-path jonospheric MOF data, was
used to show that there was nc significant difference between the
short-path 0@ and VI data. The VI data was used in a near real-
time forecasting scheme to provide short-path 0! predictions 13,

30, 60, 80, and 120 minutes in advance. Pradictions were ccm-
nared to observed QI data" [59].
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4.2.3.2.2.2 U.S. Navy/usMmc (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 TFMS was
shown highly effective for frequency management of the LINK 11
?e%work which invelved both surface and skywave communications
611,

(U) Teamwork and Bended Item were demonstrataed for the USMC. HF
communications reiiability was sxcellent 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 rugced
enough to withstand typical USMC depioyment methods and other
environmental factors. The USMC personnel were adeguate for
operation and installation of the TFMS [29].
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4.2.3.2.2.3 U.S. Air Force (U)

(W) Tropny Dash III demonstrated in a five day tes: that with the TFMS,
maximum use of the available spectrum is possible. This refined
frequency selection resulted in more than 1000 irequency changes
for continuously changing link distances and azimuths [31].

Lo
-

!} During Trophy Flight I, the observed interference to the Chirc-
sounder receiver on the Tactical Deployment Controi Aircraft was
insignificant. Also, the TFMS helped determine frequencies that
could be efficiently supported by sporadic £ in more than haif
of the scheduled 24 flignt hours [32], [27].

(4) Trophy Flight 1I demonstrated further capabi?iui=s of the TF¥S
through deployment in two actual aircraft ferrying missiens,
FIFE and CRESTED CAP. The TFMS demonstrated that the TICA may
operate under optimum propagation conditions. The effect of the
interference on the Chirpsounder receiver caused by the V3CA KF
transmitter was insignificant and similarly was the effec* of the
Chirpsounder on the THCA HF receiver. A Chirpsounder transmitter
power of 50 W is adequate for all high piricrity missions even
under degraded propagation conditions [33].

4,2.3.2.3 Operational Analyses Conclusiors ‘U)

{U) Limited operational analyses of sounder vulnerability and £MC
have been conducted by the U.S. Department of Defensa Elecire-
magnetic Compatibility Analysis Center (ECAC) and others. The
purpase of this section is o summarize the resuits of these
analyses.

4.2.3.2.3.1 ECAC Anaiyses {U)

Fis

(U} An analysis was ccnducted by ECAC in 1979 for Hg. U.S. Army Forces
Command {FORSCCM) [63]. The objectives of this n.V;ef“ were o:
1. Assess the possible improvement in XVIII Airborne Coros
HF umnnLn1ca*1ons showed the AN/TR(Q-35 (fh rpsounder/
spect'um monitor, ’MS, be procured.
2. timate the cost of the introduction of this system
1 ta the XVIIl Airborne Loros.
3. Assess potential interferenca of the AN/TR0-35 with the
:i“i;GRC ‘ 2?

Ll o

i. To achieve maximum benefit frem the TFMS,
ized HF frecuancy management concapt shou%é ! -
opad for use on the hichest ariority critical communi-
cation nets.”

. "3asad upon reportad improvements in KF comm 5
by tha Air Force and %c"y slements, it seems likely that

W) nc}us1ons of this analysis include the following i§3
a
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with minimal effort critical Corps HF communications
nets cculd be improved frem the reportzd :u-le percent
ievel to a level in excess of 9C percent.”
"A test should be performed prior to purchase which
simulates the future (Army) operating conditions.”
"A brief analysis of the potestial interference to the
AN/GRC-122 from the {TFMS} T-1373 was conducted.”
The T-1273 fundamental emission “shou}a cause little if
any noticeable degradation since it occurs a maximum
of once every 5 minutes.” With 7- ‘373 and AN!' C-122
antennas separated by 100 meters, "it is possil ble that
spurious smission could reduce the RATT fad
35 d8 . . . if the teletype circuit has }
fade margin, due to iongspheric condit
emission will probably cause one or t
just as the fundamentzl emission did w
receiver pass band."
5. "This cosite situation should be svaluated as part of zn
operational tast of the system.”

(9%

i

iea each spurious
ractar errors

ra
e it was in the

An additional detailed vulnerzbiiity and IMC anaiysis of the TFMS
nas been conducted. The report is to be availabie in zhe near
term [82]. Preliminary resulis of the latter analysis are as
follows [46]:
1. Although the real sperztional concest for sounder use
is not developed yet, assuming a sounder transmit loca-
tion 20-30 km from the FE3A leads to a Directice Finding/
Location CEP (50%! radius of 1 %o 10 (?
. fLenclysions of the EMC impact cn the !
analysis are:
¢ The sounder {10 w) shculd be separatet
km from a victim rec f r to avoid 2 ¢
¥
rat

(]

srob?em en the fundamental ?rﬁﬁuen
-undarmental
{of course sounder can Sieck out ce

so that prﬂhtem goes away). Sounder shouid ke a
ainimum of 0.2 ¥m away to avoid probiem due t2 the
spurious amxsssuns of the saunder.

s For sx;wav=, the maximum distance at which a2 RTIY
receiver will be victimized by sounder it 2100 to

2300 wm,

8 The max‘ﬂum rsnte* 3 sounders which :
oleyed simultaneousiy {time-synchroniz
Europe :ar a maximum ts erable degraéaf
duye to sounderc, i< calcuiated t0 be on ths o
166 25 20C

o -vaF o *

A meeting of 50D sersonnel was helg i ?s¥amber;
Huachuca %o present and discuss adapt :

iques and the apclication of ifonospher
recommencdations of that meeting are zs

wh 23




: (U3 1. "That TRADCC be requested to direct that an 0 & § con- i3
cept be written for the operation of the AN/TRC-35." '

2. "Tha: 9CP be requested to become involved with the =

long-haul use of the chirpsounder ts coordinate the E

i

interse—vice requirements.”
3. "That t1e ECAC investigation continue slong its present

1ine of anaiysis.”
It was concluded by the representative for the Armyv Special
Forces tha‘ these forces could well ytilize scunder receivers,
in addition to spectrum monitors, and that a recommendaticn %o
investigate ‘he use of receivers should be given to the USA
institute for Military Assistanca.
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4.2.3.2.3.2 Other Analysas (U}

{4) An analysis has been conducted by NOSC of the performance measures
for an automated Navy tactical sounder system [623. The objectiv
of this work was to examine the fundamental signal design and szg-
nal processing algerithms of the UPR-2 sounder receiver. From the
results, specific algorithm recommendations ware made.

L

{U) A review and analysis of some new develcpments in HF communica- ¥
tions equipment, including ionospheric sounders, has beer conducted ‘2
by the MITRE lorp. for DARCOM. <Conclusions in the report with re- :

gard to the AN/TRQ-35 include the following [43]:

: . "Tasts fave shown that only one such sounding system

E would be sufficient to identify propagation conditions

E throughout 2 small theater area {250x300 im) since ion-

ospheric conditions do not normally vary much within Ihis

area.”

- 2. "In tests with the Air Force, the PPR* charts gave over-
all religbilities For various paths of ’rﬁﬂ §9-352 (i.2.,
best possibie path reliability due *o predicied HF vari-
ations} for a period extending over sev davs. Real
time scunding 3f the HF path using the AN/ i
tad a 150% pat re?éasi ity to be achieved
perics. Simzéar resuits were chtained in :&s.s ﬁ;gh t&e
4.5, Army Spoecial Forces.”

. "Biven the difficult terrain conditions and very con-
gested HF spectrum in Zurope, such a ~ys:§§ could
cantly enhance the serformance of curren® 3 my HF
ment in use there.”
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U %SA Seecial rorces communicator, there was
+the uyse of zutometed systems that dis-
cuit cuality infcrmati
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2.4 Qperational Concepts Conclusions ‘U)

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

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
deferrad to the Automated Frequency Management task of this study,
S.0.W. item 3.3.g, Study report section 4.7.

2.5 Procurement and Development Activities {(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 1isting of HF development activities
1s given in Table 4.2.3-1, which includes sounder techniques.

.2.5.1 U.S. Army (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 1 spectrum monitor. The Special Forces bought one spectrum
monitor {51].)

According to the draft LR [67], the requirement for operaticnal
Army units plus training assets, including maintenance floats,
is as follows:

Equipment Function Total Quantity
T-1373/TRQ-35(Y) Transmitter 46
R-2081/TRQ-35(V) Receiver 42
R-2093/TRQ-35(V) Spectrum Monitor 42

4,2-48
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2.5.2 U.S. Navy/UsMC (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].

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

2,5.3 U.S. Afr Force (U)

The U.S. Air Force has a $5.2 M contract with BR Communications,
Barry Resea~ch Corp., to buy 5 "full" TFMS systems, each with 6
transmitters, 2 receivers, and 1 spectrum monitor [51].

2.5.4 Other (U)

Thera are no known current procurements of sounders by allied
nations [67].

The U.S. Department of Commerce NOAA Space Ervironment 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)

(V)

(u)

(u)

(V)

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 ncn-interfering basis through time division
muitiplexing, global control of Chirp sounding practices does not
appear feasible. Because of the iarge 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.

There is great need for semi-empirical HF prediction capabilities
which are not polluters of the RF spectrum. They are, hcowever, an
approximate means of frequency management and offer 1ittle help in
nuclear stress environmants. Prediction technigues 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 possibie

to avoid generating excessive RF interference.

Backscatter sounding, particularly Chirp bistatic backscattering,
{5 a powerful means for determining cbiique path MUF's and for map-
ping the spatial profile of the foF2°s; however, it is by far the
createst RF polluter.

Vertical incidence soundinag does not require large transmitter
powers, nor does it appear to be a large poliuter of RF spectirum,
in a giobal sense, if a large number of users benefi: from each
ionosonde for which predictions may be further enhancad.

Step frequency oblique sounding is a powerful tooi for real-time
{requency management. The CURTS system demonstrated this whiie
extending 1ts capabilities tc include refined trunk channel
quality measurements. The RF power, the cost, and the compiexity
of the system are the main limitations.

L
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