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This article presents a technique for computation of the means and variances
of modulation losses for phase-modulated residual carrier communication systems.
The emphasis is on the coherent turnaround ranging signal that operates simultane-
ously with the data channels (command data channel on the uplink and telemetry
on the downlink). Effects of the automatic gain control (AGC) loop on turnaround
simultaneous uplink commanding and ranging are considered in the computation of
the downlink modulation losses. Finally, algorithms with flow charts for computing
the means and variances of the modulation losses for both uplink and downlink are

presented.

l. Introduction

The Consultative Committee for Space Data Systems
(CCSDS) has adopted a proposal for a standardized link
design control table (DCT) [1]. The DCT allows the analy-
sis of space telecommunication links for five different cases:

(1) uplink telecommand (only),

(2) downlink telemetry (only),

(3) turnaround ranging (only),

(4) simultaneous telecommand and ranging, and

(5) simultaneous telemetry and turnaround ranging.

The compﬁtation of the carrier, command, telemetry,
and ranging performance margins for these cases requires

an evaluation of the modulation losses. The term modu-
lation loss as used In this article does not mean the loss

due to modulation; rather, it means a fraction of the total
transmitted power allotted to a designated channel. As an
example, the command modulation loss means the ratio of
the command power-to-total transmitted power.

Since the CCSDS link DCT uses a statistical technique
for analyzing the telecommunications link performance,
every parameter in the DCT requires the specification of
the design value along with its favorable and adverse tol-
erances. The design value is the most likely value based
upon measurement, experience, or computation. Adverse
tolerance is the maximum expected unfavorable variation
from the design value. Conversely, favorable tolerance is
the maximum expected beneficial change from the design
value. Once the probability density function (pdf) is as-
signed to each parameter, the mean and variance for the
parameters can be computed, based on the design values
and tolerances. llowever, the specification of the favor-
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able and adverse tolerances for those parameters associ-
ated with the modulation losses is not apparent to the
designers. In practice, the tolerances for the modulation
losses are calculated based on the variations of the peak
phase deviations (modulation indices) that are specified
by the manufacturer. This calculation can he tedious be-
cause it requires the designers to evaluate the modulation
losses for all possible combinations of the modulation in-
dices. For instance, there are 128 possible combinations
for computing the tolerances for downlink telemetry mod-
ulation loss, assuming simultaneous range, command, and
telemetry operations (Cases 4 and 5 combined).

This article describes a technique for computing the
means and variances of the modulation losses for Case 4
(simultaneous command and range operation on the up-
link) and Case 5 (simultaneous telemetry and range op-
eration on the downlink). The spacecraft onboard pro-
cessing (such as the automatic gain control {AGC] opera-
tion) of the turnaround ranging signal and the feedthrough
telecommand is considered in the computation of the sta-
tistical values for the downlink modulation losses.

The communications system analyzed in this article
consists of an uplink and a downlink. For the uplink, the
carrier is phase modulated by a sine-wave command sub-
carrier data channel and a ranging channel. The uplink
signal is tracked by the phase-locked loop in the space-
craft (§/C) subsystem. The carrier tracking at the S/C
demodulates the carrier and downconverts the uplink fre-
quency signal to an intermediate frequency (IF) for com-
mand and ranging demodulations. The downlink ranging
signal consists of the filtered versions of the uplink ranging,
telecommand, and noise. For the downlink, the telemetry
data are phase modulated by a telemetry subcarrier data
channel and a downlink ranging signal. The block diagram
for this two-way communications link is shown in Fig. 1.
Algorithms and flow charts based on the proposed tech-
nique, along with numerical results demonstrating their
applicability, are also presented.

Il. Computation of the Means and Variances
for Uplink Modulation Losses

The uplink carrier is assumed to be phase modulated
by a sine-wave telecommand subcarrier signal [2], along
with a ranging signal. The ranging signal will be either
a square wave, which is used by the National Aeronautics
and Space Administration and the Jet Propulsion Lab-
oratory, or a sine wave, which is used by the European
Space Agency’s Deep Space Tracking Stations. The mod-
ulation is done so that a small amount of power is left in
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the carrier component for carrier tracking purposes. The
mathematical expression for the uplink signal is given by

Si(t1) = (2Pr1)" % sin(weit 4+ m.dy (1) sin(w, )
+ myR(1)) (1)

where Pp; is the total uplink received power at the satel-
lite, w¢y is the uplink angular carrier frequency, m, is the
telecommand modulation index, d,(t) is the telecornmand
non-return-to-zero (NRZ) data (£1), w,. is the subcarrier
angular frequency, m,; is the uplink ranging modulation
index, and R,(t) is the uplink ranging signal.

From Eq. (1), assuming a square-wave ranging signal,
the carrier modulation loss is

%: (cos (my,1) Jo (mc))2 (2)
T1

where Jg(+) is the Bessel function of the first kind of order
zero.

The telecommand modulation loss in the first-order
sideband of the sine-wave subcarrier is

Pcp

ot 2(cos (my1) Jy (me))’ (3)

where J,(-) is the first order of the Bessel function of the
first kind.

The uplink ranging modulation loss using the funda-
mental harmonic of the square-wave ranging signal is

TS

As mentioned earlier, the computation of mean and
variance requires a knowledge of the tolerances. The fa-
vorable tolerance (F;) and adverse tolerance (A;) of the
modulation loss can be defined as

Fr:(Pr/PT)max_D:c (5)
Az = (PI/PT)mm - Dy (6)

where (P;/Pr)max and (Pz/Pr)min are the maximum and
minimum values of the modulation loss, respectively, and
D; = (P;/Pr), is the design or nominal value of the mod-
ulation loss. Note that the subscript z in Egs. (5) and (6)
denotes the modulation loss parameter being computed;
e.g., for z = C1 means the tolerances computed are for
the uplink carrier.



For a given F, and A, the mean and variance of the
modulation loss in question can be computed using the
formulas shown in [3] for a specified pdf. As an exam-
ple, if the uniform pdf is assumed for the modulation loss
in question, the mean and variance are given by, respec-
tively (3]

M,=D, + Eﬂ—“;—éi (7)
F, — A?
T (8)

The maximum and minimum values of the modulation
losses shown in Egs. (5) and (6) result from the variations
of modulation indices of the subcarrier and the ranging
channels. Assume that these modulation indices will vary
independently from each other by a certain fraction of their
design values (or nominal value). Since the modulator is
one component of variation, this is a very conservative
assumption.

If Am. and Am,, are defined as the variations of the
command and uplink ranging modulation indices, respec-
tively, then the corresponding maximum and minimum
values for the command and uplink ranging modulation
indices are given by, respectively

m.(max) = me, + Am, (9)
me(min) = me, — Am, (10)
mp1(max) = mein + Amyy (11)
my(min) = my1p, — Ameg (12)

where m.,, and m,;, denote the nominal or design values
for the command and uplink ranging modulation indices,
respectively.

Therefore, the maximum and minimum values of the
modulation losses for uplink carrier, command, and rang-
ing can be obtained by using Egs. (2)~(12). Because Bessel
and trigonometric functions are involved in the above com-
putations, the maximum and minimum values of the com-
mand and uplink ranging modulation losses do not occur
when all modulation indices are simultaneously at their
maxima or minima, respectively. On the other hand, the
extreme values of the uplink carrier modulation losses do
occur when all modulation indices are simultaneously at
their maxima or minima. The Bessel and trigonometric
functions plotted in Fig. 2 depict this situation. Using the
algorithm of Fig. 4, and by inspection, from Egs. (2)-(4),

the maximum and minimum uplink carrier, command, and
uplink ranging modulation losses for a square-wave rang-
ing signal are found to be, respectively

(Pe1/Pr1)max = (cos (mey(min)Jo(m.(min)))*  (13)
(Pe1/Pri)min = (cos (mey (max)Jo(me(max)))*  (14)
(Pen/Pri)max = 2(cos (mey(max)) Jy (me(min)))® (15)
(Pen/Pri)mn = 2(cos (1 (min)) Ji (me(max)))® (16)

(Pr1/Pri)max = (8/7%)(sin (m,(max)) Jo (mc(min)))2
(17)

(PR1/Pr1)min = (8/7%)(sin (m,1(min)) Jo (m.(max)))*
(18)

For a sine-wave ranging signal, the modulation losses
can be obtained from the above equations by replacing
(8/m%)sin(-) and cos(:) for 2J;(:) and Jy(-), respectively.
As an example, the carrier modulation loss for a sine-wave
ranging signal is (Jo(m.1)Jo(m.))?, and the ranging mod-
ulation loss is 2(J;(m,1)Jo(m.))2.

The favorable and adverse tolerances of the uplink car-
rier, command, and uplink ranging modulation losses can
be calculated using Eqgs. (5) and (6). If the above mod-
ulation losses have uniform probability density functions,
then Egs. (7) and (8) can be used to compute the mean
and variance.

Figure 3 illustrates a flow-chart implementation, which
represents an algorithm to compute the means and vari-
ances of the uplink modulation losses for simultaneous
range and command operation. All of the possible cases
shown in this flow chart are in accordance with the CCSDS
recommendations. The CCSDS recommends that the sine-
wave subcarrier be used for the command signal and the
square-wave ranging signal be used for deep-space mis-
sions. The sine-wave ranging signal is allowed for non-
deep-space missions. The use of the algorithm presented
in this flow chart results in the optimal computing time.

Ill. Computation of the Means and Variances
for Downlink Modulation Losses

Figure 1 shows a simplified block diagram for rang-
ing demodulation and simultaneous telemetry and range
transmission on the downlink for coherent turnaround
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ranging operation. From this figure, the downlink signal
S2(t) for simultaneous telemetry and range can be written
as

Sg(t) = (2PT2)1/2 Siﬂ(wCzt + m,dg(t)P(t) + TTlrQRg(t)
+ erN'I) (19)

where

Pro = total transmitted power at the spacecraft, W
wca = angular carrier frequency, rad/sec
m; = telemetry modulation index, rad-peak
d»(t) = bi-phase telemetry data, =+1
P(t) = unit power square-wave subcarrier
m,2 = downlink ranging modulation index, rad
R>(t) = downlink ranging signal

N1, = white Gaussian noise with zero mean and
variance equal to ¢?

The noise N1, is the result of the uplink noise that feeds
through the ranging transponder filter. The variance o2
of the feedthrough noise Nt is found to be

02 = No\ Br (20)

where Ng; is the uplink noise spectral density and Bg is
the ranging transponder bandwidth.

It has been shown' that the downlink ranging signal
(with angular frequency of wg) at the output of the power
controlled AGC is given by

Ro(t) = m11d; (1) sinwg,t)

command feedthrough

+ t/asin(wgrt) + TI3N; (21)
A N S’
ranging noise
where
1 = 2[ac/B)? (22)
vy = (4/7) [ar/B)'/* (23)

1T, M. Nguyen, Selection of Modulation Indices for Optimum
Power Division for Simultaneous Range/Command/Telemetry
Operations, JPL D-5062 (internal document), Jet Propulsion Lab-
oratory, Pasadena, California, January 12, 1988.
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i3 = [1/48]'/? (24)

B =[2ac + (8/7H)agr + 1] (25)

and N; is the white Gaussian noise with zero mean and
unity variance.

Here, ac and apg are the total telecommand power-to-
noise ratio and total ranging-to-noise power ratio at the
output of the ranging filter, respectively. They are found
to be?

2
aR = %(SNR)RO (26)

ap=1/2 [%} (SNR)p, (27)

where (SNR), is the output ranging signal-to-noise ratio
(SNR) of the ranging transponder filter not expressed in
dB:

(SNR)p, = 2L (28)
and where Pg; and P¢p are found from the uplink compu-
tation, Eqgs. (4) and (3), respectively. Note that the value
of (SNR)p, can be obtained from the link budget compu-
tation for the uplink. This parameter carries the impact
of the uplink on the downlink computations.

Equation (21) has been derived for the case recom-
mended by the CCSDS, where the highest ranging clock
frequency fr is at 1 MHz and the ranging transponder
bandwidth is 3 MHz. This implies that the transponder
will pass only the fundamental harmonic of the ranging
signal along with the command signal.

The downlink carrier modulation loss is given® as

(Pca/Pr2) = [Jo(11)Jo(T2) cos(my))2exp(—m3?)  (29)

The telemetry modulation loss is

(Proar/Prz) = [Jo(r1)Jo(r2) sin(m,)]?exp(—ms?)  (30)

The downlink ranging modulation loss is

(Pra/ Pr) = 2[Jo(11)J1(72) cos(m,)]?exp(—73%)  (31)

2 Ibid.
® Ibid.



where

TL = Me2Th
To = MgoTlo (32)
T3 = MgaTl3

are the effective downlink modulation indices for the feed-
through command, downlink ranging, and feedthrough
noise, respectively.

In calculating the means and variances of the down-
link modulation losses and using the technique presented
above, it is necessary to compute the maximum and mini-
mum values for the modulation losses described in

Egs. (29), (30), and (31).

Again, if Am; and Am,, are defined as the variations
of the telemetry and downlink ranging modulation indices,
respectively, then the corresponding maximum and mini-
mum values for the telemetry and downlink ranging mod-
ulation indices are given by, respectively

my(max) = my, + Am, (33)
m¢(min) = my, — Am, (34)
mpa(max) = meap + Amga (35)
Mmyo(min) = My, — Amya (36)

where my, and m,;, denote the nominal or design val-
ues for the telemetry and downlink ranging modulation
indices, respectively.

From Eq. (32), the maximum and minimum values of
the effective modulation indices for the feedthrough com-
mand, downlink ranging, and feedthrough noise are given
by, respectively

ri(max) = m,(nax) 7/ (max) (37)
ri(min) = myo(min) 7/, (min) (38)
ra(max) = s (max)rrz(max) (39)
ra(min) = m,5(min)rrz(min) (40)
r3(max) = mya(max)ria(max) (41)
r3(min) = myz(min)riz(min) (42)

where m,2(max) and m;,(min) are given by Eqs. (35) and
(36), respectively. The parameters 7/;(max), 7/;(min),
713(max), 7/2(min), 773(max), and 7/3(min) can be shown
to have the following forms, from Egs. (22), (23), and (24)
711 (max) = 2[ac(max)/f(min)]!/? (43)

71y (min) = 2[are(min)/B(max)]/? (44)

15(max) = (4/7)[ar(max)/F(min)]}/? (45)

715(min) = (4/7)[er(min)/B(max)]*/? (46)
r13(max) = [1/8(min)}*/? (47)

r13(min) = [1/8(max)]*/? (48)
From Egs. (25), (26), and (27), ac(max), ac(min),

agr(max), ag(min), f(max) and F(min) can easily be
shown to have the forms

x2
ap(max) = g(SNR)RO(max) (49)
x2
ap(min) = —8-(SNR)RO(min) (50)
_ -(PCD/PTl)max- ax
ac(max) - 1/2 i (PRI/PTI)min ] (SNR)RO( ) (51)
L —(PCD/PTl)minq min
ac(min) = 1/2 _——(Pkl/PT1)max | (SNR)p, (min)  (52)

B(max) = [2ac(max) + (8/7%)ar(max) + 1] (53)

B(min) = [2ac(min) + (8/7%)ag(min) + 1] (54)

Here, (Pcp/Pri)max: (Pep/Pri)min, (Pr1/Pri)max, and
(Pr1/Pri)min are given by Egs. (15), (16), (17), and (18),
respectively.

Suppose that the brute-force technique is used in the
computation of the maximum value of the downlink car-
rier modulation loss; an evaluation of Eq. (29) is then re-
quired for all possible combinations of the modulation in-
dices shown in Egs. (33)-(42). Specifically, there are 128
possible combinations of modulation indices for comput-
ing this particular modulation loss. To avoid this tedious
task, the procedure described above is now applied to the
downlink case.
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Since the downlink modulation losses are related to the
modulation indices given by Bessel, trigonometric, and ex-
ponential functions, the maximum and minimum values of
these losses can be obtained by inspecting Fig. 2. From
Fig. 2 and Egs. (29), (30), and (31), the modulation losses
for the downlink carrier, telemetry, and downlink ranging
are easily shown to have the forms

(Pc2/Pra)max = [Jo (71(min)) Jo (72(min))

x cos(my (min))] 2exp(—7'32(min))

(55)
(Pc2/Pra2)min = [Jo (71 (max)) Jo (r2(max))

X cos(m,(max))] 2exp(—‘r'32(max))

(56)
(Prim/Pr2)max = [Jo (71(min)) Jo (72(min))

X sin (rn,(max))] 2exp(—-rai?(min))

(57)
(Prim/Pr2)min = [Jo (m1(max))Jo (72(max))

X sin(m,(min))] 2e‘\(p(—'l';f(ma.)())

(58)
(Pr2/Pr)max =2 [Jo (r1(min))J; (r2(max))

X cos(mt(min))] 2exp(—rgz(min))

(59)

(Pr2/Pr)min = 2 [Jo('rl(max))Jl (72(min))

2
X cos(m,(max))] exp(—3%(max))
(60)
where the parameters m;(max), m;(min), 7 (max),
71(min), 72(max), 72(min), r3(max), and r3(min) are given

by Eqgs. (33), (34), (37), (38), (39), (40), (41), and (42),

respectively.
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For a sine-wave telemetry subcarrier, the modulation
losses can be obtained from the above equations by re-
placing sin(-) and cos(-) for 2J;(-) and Jo(-), respectively.
Furthermore, for bi-phase telemetry data that are directly
phase modulated on the radio-frequency (rf) carrier, the
downlink modulation losses are the same as the case for a
square-wave telemetry subcarrier.

Having determined the maximum and minimum values
of the downlink modulation losses, the favorable and ad-
verse tolerances can be calculated using Eqgs. (5) and (6).
Hence, the means and variances of the downlink modula-
tion losses can be determined after their probability den-
sity functions are assigned.

An algorithm and flow chart for calculating the down-
link means and variances of the modulation losses is pre-
sented in Fig. 4. This figure shows the logic required in the
computation of downlink modulation losses for simultane-
ous telemetry and range operation, including the power-
controlled AGC action on the coherent turnaround rang-
ing signal. The use of this algorithm greatly reduces the
number of computations.

IV. Application and Numerical Results

The algorithm illustrated in Fig. 3 is applied to a
simultaneous range and command operation for a hypo-
thetical communications system. This communica-
tions system consists of an uplink that transmits a signal
in which the carrier is phase modulated by a sine-wave
command subcarrier data channel and a square-wave rang-
ing channel. Assume that the nominal values for the com-
mand and uplink ranging modulation indices are m., =
1.1 rads and m,;, = 0.774 rads, respectively. Further,
assume that the modulation indices of the command sub-
carrier and uplink ranging channels vary independently
of each other by 10 percent of their nominal values, i.e.,
Am, = 0.11 rads and Am,, = 0.0774 rads. From Egs. (9),
(10), (11), and (12), the maximum and minimum val-
ues for the command and uplink ranging modulation in-
dices are found to be, respectively, m.(max) = 1.210 rads,
me(min) = 0.990 rads, m,;(max) = 0.851 rads, and
m,y(min) = 0.697 rads.

Using Egs. (2), (3), and (4), the nominal values for
the uplink carrier, command, and uplink ranging modula-
tions are found to be (Pc1/Pri)n = 0.265, (Pcp/Pri)n =
0.227, and (Pgr1/Pr1)n = 0.205. Similarly, the maximum
and minimum values for the modulation losses can be ob-
tained using Eqgs. (13), (14), (15), (16), (17), and
(18). They are given by (Pci/Pri)max = 0.348,



(Pc1/Pri)min = 0193, (Pecp/Pri)max = 0.299,
(Pep/Pri)min = 0.166, (Pri/Pri)max = 0.271, and
(PRl/PTl)min = 0.148.

Hence, the favorable and adverse tolerances for the up-
link carrier, command, and uplink ranging modulation
losses can be obtained from Egs. (5) and (6). The re-
sults are Fo; = 0.083, Acy = —0.072, Fcp = 0.068,
Acp = —0.061, Fr; = 0.066, and Ag; = —0.057.

Suppose that uniform probability density functions are
assigned to the above modulation losses. Substituting the
above results into Eqs. (7) and (8) obtains the means
and variances for the uplink carrier, command, and uplink
ranging modulation losses, respectively, as M¢y = 0.271,

‘c1 = 0.002, Mcp = 0.23, Vep = 0.001, M¢c; = 0.21,
and Vgo; = 0.001.

V. Conclusions

A detailed description of the technique for computing
the means and variances of modulation losses was given.
It was shown that the technique provides an optimum
method, in terms of computing time, for determining the
statistical values of modulation losses for both uplink and
downlink with the turnaround ranging signal. Simple al-
gorithms to compute the means and variances of the mod-
ulation losses were presented. These algorithms conform
with the CCSDS recommendations concerning simultane-
ous range, command, and telemetry operations. The pre-
sented algorithms are straightforward and have been suc-
cessfully implemented in the CCSDS link design control
table. It was found that, in practice, the link design con-
trol table implementing these algorithms performs its cal-
culations about three times faster than the table using the
brute-force technique.
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Fig. 1. A simplified diagram for two-way simultaneous telecommand-range and telemetry—-range operation.
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( START )

READ THE INPUT DATA:

Mepe Meqp Amc' Amr1

CALCULATE m,(max), m_{min),m ,(max), m q(min)

SPECIFY THE PROBABILITY
DENSITY FUNCTIONS FOR
THE MODULATION LOSSES

SINE-WAVE COMMAND
SUBCARRIER?

YES

SPECIFY THE RANGING
WAVEFORM (ONLY SQUARE
WAVE OR SINE WAVE IS ALLOWED)

NO SQUARE-WAVE
RANGING?

CALCULATE Jy(m,, ). Jy(m ), CALCULATE Jy(m ) Jq(m )
Jo{m 1) Jitmpq,) Jolm, q (max)), €08(M,q,), SiN{M_q,), cosim,  (max)),
Ji{mq(min)), Jo(m (max)). Jglm (min)} sin(m_,(min)), J {m (max)), J {m (min))
FORM THE RATIOS FORM THE RATIOS
< (Pep/Prih (Pgy/Py). (Pep /Py APga /Py,
Pey/Prad Per/Pra)

CALCULATE (Pap/Pry) . Py 1P v (Poy 1P1) 5
(PC1/PT1’max' (PCD/PT1)max' (Pm/PT‘\)max'
PepPrimin: Pr1/Priimin: Pe1/Pmimin

CALCULATE THE FAVORABLE
AND ADVERSE TOLERANCES

O
@

Fig. 3. An algorithm to compute the mean and variance of uplink modulation losses for simultanecus range and telecommand operations.
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(P Pp)
(P /Pry)
(Pey/Pry)

Amrl
mc(max)
m”(max)

m, {min)
m”(min)
Pep/Prily
{Fay/Pi)y
(P/Pyd,,

(PCD/PT‘I)max

(Pg/Pp)

(Pa/Pﬂ)

max

max

CALCULATE THE MEAN AND VARIANCE
(Pay/P ), (PoyIPy), (PeyiPry)

WRITE THE MEAN AND VARIANCE OF
(Pep/Prih (PRy/Py) (Poy/Pyy)

END

COMMAND MODULATION (CM} LOSS, dB

UPLINK RANGING MODULATION (URM) LOSS, dB
UPLINK CARRIER MODULATION {UCM) LOSS, dB
NOMINAL VALUE FOR TELECOMMAND MODULATION INDEX, radian
NOMINAL VALUE FOR URM INDEX, radian
VARIATION OF CM INDEX, radian

VARIATION OF URM INDEX, radian

MAXIMUM VALUE FOR CM AND DRM INDEX, radian
MINIMUM VALUE FOR URM INDEX, radian
MINIMUM VALUE FOR CM INDEX, radian

MINIMUM VALUE FOR URM INDEX, radian
NOMINAL VALUE FOR CM LOSS, dB

NOMINAL VALUE FOR URM LOSS, dB

NOMINAL VALUE FOR UCM LOSS, dB

MAXIMUM VALUE FOR CM LOSS, dB

MAXIMUM VALUE FOR URM LOSS, dB

MAXIMUM VALUE FOR UCM LOSS, dB

Fig. 3 (contd)
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‘ START )

READ THE INPUT DATA: m,,, Am,,
20 AM 2 Pry Prdmax: Pri/Pridmin:
Feo/Pri)max+ Feo/Pri)min: (SNR) pg-

(SNR} g5 (max), (SNR) g (min)

SPECIFY THE PROBABILITY CALCULATE m, {max), m,{min), Ag
DENSITY FUNCTIONS FOR . .
THE MODULATION LOSSES M 1(Max). M, pmini, 8 g{max), ag(min),

agl{max), ag(min), ag

e CALCULATE oo fmaxd, (xC(rnin)

CALCULATE B, B{max). 8{min)

CALCULATE Yq: 70 ¥Yg- Yqlmax),
thmax).Y3(max),Y1 (min), Yz(min), Ya(min)

SINE-WAVE
RANGING SIGNAL?

USE Bl-$ MODULATED
DIRECTLY ON THE CARRIER?

USE SUBCARRIER
MODULATION?

SPECIFY SUBCARRIER
WAVEFORM (SQUARE WAVE
FOR DEEP-SPACE MISSIONS AND
SINE WAVE FOR NEAR-EARTH MISSION)

Fig. 4. An algorithm to compute the mean and variance of downlink modulation losses for simultaneous range and telemetry
operations with power-controlled AGC on the turnaround ranging channel.
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D

NO

(

Y2
CALCULATE Jq (¥;).Jp (), cos (m,,1, &'3
sin (myy ), J4{v9), Jg (¥q{max)), J g (1o(max)),
cos (my (max)), Jg (y4{min)), Jgly,imin)),

2 e
cos (mttmin)),el3 (max ¥ (min)

sin (m (max)), sin {m (min}, J;{y;(max)),
J1{y, (min))

FORM THE RATIOS
(Priat/PT2). (Pea P,
(Prg IP7p),

—C)

SINE-WAVE
SUBCARRIER?

2

CALCULATE Jy (19, Joivg) Jolmy,). 3.

Jylmyn ), Jylya). Jglys(maxd), J g (yplmax)),
Yo tmy(max)),Jq (v4(min)), Jqglyp(min)),

2 2,
~ :
Yo (mymin)), '3 (max) 3 (mini

Jytm(max)), Jy{m {min}), J4(y,{max)),
J4{yo(min))

FORM THE RATIOS
(PTLM/PTZ)'(PFQ /Pn),

{PegiPry)

CALCULATE (P01 /Prp) e (Pra/Pr2) po (PaiPra) o

(PTLM/PTZ)max' IPRZ/PD) max’ (PC2/PT2’ max '’
Prim/Pr2) mint Pr2/P12) min+ Pc2/Pr2) min

CALCULATE THE FAVORABLE
AND ADVERSE TOLERANCES

C—0

CALCULATE THE MEAN AND VARIANCE
OF (Prupp /Pra). (Pag 1P 1), (P /P )

WRITE THE MEAN AND VARIANCE OF
(Prim IPr2) (Pra IPT2). (Peg/Prg)

Fig. 4 (contd)
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Amrz
m, {max), m_,(max)
m, (min), m, 5{min)

(SNR) g
(SNR) g (max). (SNR) g (Min)

Ag=1(Prp/Pr) - (Pr1/PT1)
Ag(max), Ag(min)

*r

o p{max). apimin)
%c

o ~(max). ac(min)
B

B{max), Btmin)

1

Y2

T3

T4 (max}, Y, {manx), T3 {max)
14 (min),“y2 (min),y3 {min}
Pria /Pr2dmax

(PRZ/PTZ )max

(PCZ/PTZ)max

Pria "Pr2dmin

(P P19 hnin

[PCZ/PTZ)min

TELEMETRY MODULATION (TM) LOSS, dB
DOWNLINK RANGING MODULATION (DRM) LOSS, dB
DOWNLINK CARRIER MODULATION {DCM} LOSS, dB
NOMINAL VALUE FOR TM INDEX, radian

NOMINAL VALUE FOR DRM INDEX, radian

VARIATION OF TM INDEX, radian

VARIATION OF DRM INDEX, radian

MAXIMUM VALUES FOR TM AND DRM INDICES
MINIMUM VALUES FOR TM AND DRM INDICES, radian

RANGING SIGNAL-TO-NOISE POWER RATIO (SNR} AT THE OUTPUT OF THE
RANGING TRANSPONDER

MAXIMUM AND MINIMUM RANGING SNR AT THE QUTPUT OF THE
RANGING TRANSPONDER

DIFFERENCE BETWEEN CM AND URM LOSSES, dB

MAXIMUM AND MINIMUM VALUES OF THE DIFFERENCE BETWEEN THE CM
AND URM LOSSES, dB

TOTAL RANGING SNR AT THE INPUT TO THE RANGING TRANSPONDER, dB
MAXIMUM AND MINIMUM VALUES OF og dB

TOTAL COMMAND-TO-NOISE POWER RATIO

MAXIMUM AND MINIMUM VALUES OF o~

GAIN COEFFICIENT DUE TO AUTOMATIC GAIN CONTROL

MAXIMUM AND MINIMUM VALUES OF 8

EFFECTIVE MODULATION INDEX FOR TURNAROUND COMMAND, radian

EFFECTIVE MODULATION INDEX FOR TURNAROUND RANGING SIGNAL, OR THE
EFFECTIVE MODULATION INDEX FOR DOWNLINK RANGING SIGNAL, radian

EFFECTIVE MODULATION INDEX FOR TURNAROUND NOISE, radian
MAXIMUM VALUES FOR Y, ¥,. 75, radian

MINIMUM VALUES FOR Y,.Y,. 75, radian

MAXIMUM VALUE FOR (Py, 5, /Pp5). dB

MAXIMUM VALUE FOR (Pg, /Pp ), dB

MAXIMUM VALUE FOR {Fpy/Ppy), dB

MINIMUM VALUE FOR (Py, 5, /Pp; ). dB

MINIMUM VALUE FOR {Fg, /Pp), dB

MINIMUM VALUE FOR (P, /P, 1, dB

Fig. 4 (contd)



