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PREDICTED AND ACTUAL SPACECRATT RADIO

FTREQUENCY INTERFERENCE FOR PFM TELEMETRY

Thomas J, Karras
Ralph %, Taylor

ABSTRACT

This report describes the results of a first attempt to correlate, on a quan-
titative and qualitative basis, the Advanced Development Division's spacecraft
(8/C) radio frequency interference (RFI) predict's, the STADAN observed-and-
reported S/C RFI, and the Information Processing Division's actual data re-
covery and data quality results due to S/C RFI, Correlations were obtained for
a pulse frequency modulation (PFM) telemetry system operating in the 136 MHz
band.

A three day interval, covering November 8, 9, and 10 in 1968 and chosen at
random for the IMP-F(4) spacecraft, was used for S/C RFI correlations, A
total of ten analcg tapes, recorded at the STADAN network, were examined for
S/C RFI. These tapes were reported by the STADAN or observed at the IPD as
having 8/C R¥1I interferences; the tapes were processed and analyzed to observe
the effects of the R¥I, A S/C RFI prediction program was used to determine the
interference and tracking signal levels as a function of time, A high degree of
correlation was found; S/C RFI being verified in eight out of ten analog tapes.

An analysis of the three day sample indicates that 3% of the telemetry data
for IMP-F is significantly degraded by S/C RFI. Of the 3% affected data, 0,.8%
was completely lost and 2,2% was degraded 3 db, on the average, corresponding
to an average bit error rate increase from 10~ to 10-2,

In terms of station-observed S/C RFI, the earth-orbiting IMP-F S/C re-
ceived next-io-the-largest amount of S/C RFI (76 events) for the 1st quarter of
1969; the lunar-orbiting AIMP-E experienced 151 S/C RFI events for the same
period., Approximately 1.3% of all STADAN passes showed reported S/C RFI,
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PREDICTED AND ACTUAL SPACECRAFT RADIO

FREQUENCY INTERFERENCE FFOR PFM TELEMETRY

I, INTRODUCTION

The 136 MHz space research band has hecome overcrowded such that
satellite-to-satellite radio frequency interference (RFI) has been observed while
tracking a given spacecraft (S/C) in the Space Tracking and Data Acquisition
Network (STADAN). There are presently about 40 earth-orbiting S/C actively
supported by the National Aeronautics and Space Administration (NASA), other
government agencies, and international projects; a number expected to double in
the next decade, Satellite-to-satellite type RFI, hereafter referred to as S/C
RFI, is expected to increase as the number of S/C increase.

The quantity and quality of the data retrieved from a satellite-to-earth
telemetry link is affected by various radio link parameters including carrier
frequency, channel spacing, emitted spectrum width and satellite range, Using
these parameters as inputs, an RFI prediction model, automated on the IBM
360/91 or /95 digital computer in Fortran IV language by the Advanced Develop-
ment Division (ADD), predicts the station~received signal levels for both the
tracking S/C and the interfering spacecrafts and the link parameters including
station antenna radiation patterns segmented in one degree increments,

This report examines typical samples of S/C RFI observed in the IMP-T
spacecraft PFM/PM type telemetry data recorded by STADAN and processed by
the Information Processing Division (IPD), A three day interval, selected at
random, was examined in detail for correlation of the STADAN reported RFI,
predicted RFI, and the IPD observed degradation in the processed data during
cited time intervals. A total of ten analog recorded tapes were examined for
S/C type RFI, The IPD tape evaluation strip charts of the '"raw" PFM data and
receiver AGC levels were obtained and the actual processed data quality indices
along with the predicted S/C RFI were plotted on the PFM strip charts as 3
function of time,

The ADD S/C RFI prediction model and the IPD data processing results are
briefly discussed, A tabulation of STADAN reported, ADD predicted, and the
IPD observed S/C RFI results is presented.




II. DESCRIPTION OF THE RII PREDICTION MODEL

Based upon known orbital elements (Reference 1), a given spacecraft's orbit
can be predicted several weeks ahead in time with reasonable accuracy; these
predictions normally include range and aspect angle referenced to a given earth
station, A computer program (Reference 2) was consequently developed that
predicts station-received signal power levels, based on predicted range and "
known link parameters, according to Frii's propagation equation:

2
g = PtoGtoGro)‘o (1)
(477Ro)2
P, = S/C antenna input power
G, = S/C antenna gain, above isotropic

to

Gm = Station antenna gain, above isotropic

A

[2}

1

operating wavelength

R

, = S/C-to-station range

1l

STADAN stations at times experience RTI due to the simultaneous appearance
of multiple S/C having overlapping 136 MHz emission spectrums, RFI can result
from two or more S/C simultaneously within the main lobe, or from an interfering
S/C transversing a station's antenna side lobe while the S/C being tracked is
positioned within the main lobe (see Figure 1).

For a steerable antenna (e.g. 85 foot diameter dish), the S/C being tracked
is assumed positioned perfectly within the main lobe at the maximum gain point;
whereas, an interfering S/C can appear at any point in the radiation pattern.
Both the main lobe and side lobes are inputted to the computer in fine one degree
increments: the received tracking S/C power level, S, and interference power
level, I, being simultaneously determined at any given two-minute time interval,
Interference-to-signal ratios, I/S, are then computed from Equation (1) for all
S/C. The magnitude of the predicted I/S ratio determines if S/C RFI is present;
an interference condition is defined as existing when the interference power
level, I, is 20 db, or less, below the tracking signal level, S.
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Figure 1. Radio Link Parameters for RF| Prediction Program

The computer flow diagram, for the S/C prediction model, is shown in
Figure 2, Also shown is a proposed interfacing of the RFI mudel into an opera-
tional system within the T&DS Directorate, The RFI prediction printout time
points occur at two minute intervals, The I/S ratios, values of I and S, are
simultaneously printed and identified, for each S/C, for each time reading,

Prior to computing the I/S ratio, a S/C visibility search sub-routine
eliminates S/C below a minimum restricted elevation angle (i.e. 10 degrees and
below), and a frequency search is made based on the criterion:
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lf, = 1l s+ (2)

The bandwidths, B, and B, , are the emitted spectral handwidths of the
respecetive tracking and interfering $/C; whereas, f, and f, are the respective
carrier center frequencies, An ideal, uniformly ﬂat, emitted speetral handwidth
is assumed to simplify computations; the spectrum is assumed symmetrically
centered about the carvier frequency,

The computed signal levels are compared to the station's receiver threshold
sensitivity to eliminate weak signals, below threshold, from the printout,




III, STADAN REPORTING OF RFI

‘The Projeet Operation Support Division (1*OSD) schedules the STADAN
recording of satellite passes, regardless of possible S/C RTI, with the intent of
providing all available data to the satellite projects. The stations, while record-
ing the telemetry data, simultaneously monitor the received power level and re-
corded data and submit daily reports of any S/C RFI or atmospheric disturbance
observed during the pass, The S/C type RFI is identified wherever possikle and
confirmed with the control centers, This information is forwarded to various
groups within Goddard,

Daily and weekly reports are prepared on all types of STADAN interference;
these reports being prepared from the individual STADAN-station teletype mes-
sages, Figure 3 summarizes by spacecraft and for the months of January, Feb-
ruary, and March of 1969, all 8/C RFI reported by STADAN, There are approxi-
mately 20,000 satellite passes scheduled per month with approximately 250 passes/
month showing reported S/C RFI; hence, approximately 1,3% of the passes were
affected by S/C RFI, Of the reported S/C RFI events from Figure 3, 48% of the
events were reported for only four out of the forty-two spacecrafts, They are:
AIMP-E, ERS~28, IMP~4, and OSO-5,

A total of 751 S/C RFI events were reported for the 3 month period; each
S/C RFI event lasting from 2 minutes to 1 hour depending upon the type space-
craft ond a given pass, Of the S/C RFI events which were greater than 10 min-
utes, the average interfering time was 19 minutes; of those which were less than
10 minutes, the average iiiterfering time was 4.6 minutes, The high-orbit space-
craft, due to increased viewing time, account for a larger percentage of S/C RFI
compared to near-earth satellites with shorter viewing times,
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IV, IPD EVALUATION OF RFI

The analog tapes recorded by STADAN ure mailed to the IPD and generally
processed by orbit groups in a chronological order, Those passes which fail to
meet established criteria are investigated for anomalies such as those reported
by STADAN in the analog tape logs, pass summaries, and daily station reports.
In some cases when the degraded data are unaccountable, the analog tapes are
reprocessed, The IPD determines what data are useable from the orbit groups
to meet the project needs. The ADD is presently developing a system for flag-
ging and identifying potential RFI passes for possible IPD correlation with dafa
quality and data recovery results (Reference 3).

For a more detailed analysis of signal anomalies, strip chart analysis is
often performed such as shown on Figure 4 for PFM data. This analysis gives
a visual indication of any burst-type noise which could appear in a degraded pass,
A 8/C RFI unique noise-strip-chart cliaracteristic can be identified,

Each reported and observed S/C RFI event was strip charted and presented
in Section V, Also, each analog tape was processed on the IMP~F analog-digital
(A/D) processing line using a special program to examine each recovered data
point. The data processor contains a bank of correlators, and matched filters,
whose peak output voltage is measured and stored at the end of each PFM fre-
quency burst, At the end of each sequence of data, approximately 20.5 seconds
or 496 data points, the mean and standard deviation of the detected correlation
output(s) were computed and plotted as a function of time during the S/C RFI in-
tervals alongside the PFM strip charts, The ratio of the mean to the standard
deviation per sequence (which is the output signal-to-noise (S/N) power ratio) is
proportional to the input S/N power ratio, The performance characteristic curve,
generated with gaussian additive band-limited white noise, for the IMP-F line of
probability of word error versus S/N input, was used to generate the calibration
curve shown on Figure 5 used in the analysis.
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V. CORRELATION OF PREDICTED, REPORTED, AND ACTUAL RFI

A three day period of IMP-F (4) spacecraft PFM telemetry data was randomly
selected covering November 8, 9, and 10, 1968. The station reports were ex-
amined for possible S/C RFI in conjunction with the IPD processed files which
were below the data processing criteria. A total of ten analog tapes, out of the
3~day period, were found in the IPD to have S/C RFI unique noise characteristics.
These observed time intervals, along with the STADAN reported time intervals,
were used in the RFI program. The S/C RFI interference-to-signal (I/S) ratios
were computed and plotted with the IPD results. The ten tapes were reprocessed
through the IMP~F data processing line and a distribution plot of the data quality
indices per sequence was determined (see Appendix A). Also, a strip chart
analysis was made for each tape in the IPD tape evaluation facility. The reported,
predicted, and actual S/C RFI time intervals were then selected, consolidated,
and presented on Figures 6 through 15.

The first S/C RFI tape sample is shown on Figure 6. The top curve repre-
sents the ADD predicted S/C RFI interval and the I/S ratios. Immediately below
the predicted S/C RFI is the actual data quality indices of the recovered S/C RFI
data. Those regions where the data quality points are not available is indicative
of either no data available from the demodulator at the station or severe S/N due
to S/C RFI; this results in complete loss of data. The dashed horizontal line
represents the mean output data quality throughout the remainder of the analcg
tape excluding the S/C RFI interval. Note on Figure 6 that the S/C RFI prediction
started approximately four minutes after the actual S/C RFI; the predicted curve
probably being truncated by the 10° elevation angle cutoff criteria. However, the
interference level was sufficiently high, during the 4-minute interval, to cause
data loss.

The bottom half of Figure 6 contains a strip chart analysis of the compressed
frame sync pulse along with the noise passing through the frame sync filter. Also
shown are the two channels of the STADAN receiver AGC recordings.

The tape evaluation label contains information pertaining to the station pass
taken from the magnetic tape log. The maximum AGC readings, both station re-
ported and ADD predicted, are shown on the label. In most of the ten analog
tapes, the predicted received signal strength was within four decibels of the
STADAN measured value; closer agreement should result when the spacecraft
antenna radiation pattern model is included in the ADD prediction program.

The remaining figures (7 through 15) contain the other nine S/C RFI samples
analyzed in this report.

11




(ap>S/c T QRN (aev)
H 2 g 2

L4

2

Y AR
i |

T

-

| iaadiad uo

B .

1
1
i
H +
i
&

L S

NS B S - — wd ; [
'~ i 3 1 - i
s £, t nd
,I ~ .o X s
2 < ' N
e R ,m.Ul" Nt © +
R Sady I Qi
I A R Y ] n.l,'.m.w,. 4
g [EODERNEL= = — W S SN N |
EE== Ige k S R A
e SR - ..a,‘;r.ﬁ, < = N
- e e = U - ReriDE o
1 IE= = IR L : &, \ i~y
. R ’ =" 1] : BTN >
- [ — ..Nu‘h‘ I R S - ;w.ﬂm.ti, N/\ AWn £+$‘m“;n e
= EERaERE L = == J o i A P e N UL SR e bl i
: L E R [ B
: EEE e BN E DINEL S B
—elio NS = I\ S - M.
rnf« 2N (ST v‘g,,va{rm;t = Y /J
PEE. FE 5 SR 30 - = N G §
= Bija e Tt e . = N 3
- EE. APS: . aX Qb ;3
hd™ [ Ly et ‘
= - SRR TR RS N NN =54 |
dE il Do R N N [N P S
= s b ’ ANt 108 : :
& x K o1 : ’ “».W:”uiw...aun
£ R SI— - RA I NGO S 5
= EYINCINE == ¥ AR ISR S
W . N | AN . . z i
= IM\H« T i A N i St
[N 2 S SR SR I UGN
Lol ; TR u & _ UG TiiE 33
e - <>s.‘,_ Nv - R Mo § e e —a o
, ; : i o ; P Y : £ 3
NP oA -p DS S Dt e e
i~ . iid b E des - SESRESEE i d
e : T = g ‘ T
Toigd 5 z ied e N S S DRI S R . R E R i 4
£ o : . IETEE - ATt RIS
233 . P == O k
g el g s e N e s MR ;
g : b o dendang e N T S E
AL N H E§ s = ¢ bt
1. - . R S RS R - : L+ =iz
s VBIE AR : .S ! AEIELIE )
T GE ! R ; IR DRl R Sy FSELS 1
S “ .Afn'ﬂp.: -5 Fee® e me et o S b Wﬂr...ﬂhSuT_ns ' o
- > O 5 S LIS NRaT | soPgsngs : ¥
R il _ i o i [N Ty vi S U TR — N b e  Jd
ol i 1 3 o T Py ] 4
) Bt R [ SO S i 1% NEDN £ S
: - Lt B A T mh 4
-E E D S0 4 - ;
T IRICTT T 8 Nt RN 3
- - . - o N H SN 2 m:mwﬂhﬂx. e 3
PR m/ iz PR . o4 fand TS GV NS E
‘ T ‘E€= T N5 STV WS J
e - i I O S ]
B.,.2 ; ad ' i
B L o 3 ] SN P S . J
et e g e e R < 4 B e T <
- R . e 3 bw\wx‘uﬂ o PU G N PR A o
- — DA ——— i ket " M 2
S R M H - [ H R 14
i N i :
i B . Y b2 T T T ]
e 3 £ : 1
R zJ\\L‘WWv‘M<Y1 i e b 3 S - * -
B2 s 3% R A '3
RO ———— . S Tt H : 4
et ™ 2 7 : H
ATE E - s B TR —: %
~ - 8--2 = - -z f & i - w 4
“«:Mua\ T Res X L £ $
E w»nv.aﬂ ~ - ~ o < e g - P kS
USRS = £ i e : S .. -
A 232F H N . i K
: DAt A S+~ e S Sbt - - - . "
e e —— AT D V. . e 4
Lol - E SSPUR T S 2 4
. I U A | 1
i - e | S 4
-

v

IIAICEAT LW HIWE HOd

L I a.yAy.c | S
wYg A2y TNGaas and S aungav(QaD [T

Figure 6. ADD Predicted RF| & IPD Actual Output S/N and Tape Evaluation Results

(IMPF, Ororal, Tape No. 1608)

12




”. 1; hd +F 5 *
# S -~ +t %
bt oen - + ¢ +
H PR -} «+ F +
P et e i « L - -
. - bt oo * b - +
+r * 43 *
+ - %
S—— 3 - - &
- ~ - : - +
- + +
- - - - ] * *
b - 1+ +
s “1 . I —M
e s - oq + -
- i+ k -
‘ - - ! >
- - . - + -
== [BR :
7 TE +
P S it A A A - - e
e - + b -
- + &
= = - -
. + +
R - - i
: ~ - L S
[ ; ;
- - 5 - - +
e - W - + + b
¢ ! N i
P - It - - —— -
; 1 i I
= - +f } &
. : /W - + 5
» - - - -
Ly - - +
W - + +
: . IN : i ;
: ! X j i
R . s P R - +
~ = i - I
: X : I SEE - il A
. : - = et p *
N - * i 3
- - - -~ + k.
[ SOS— PO S - -+ E
X - + + . 4
ORI - - — + E
p- e -~ = - - - +
- 3 [ . i
3 - 5 A S —. ] < s
[ - i - : ; < E
SR S — 1 T Y
: Forrs = - s - P E
> s -
,,,,,,, - [N -k - + Figd
i ; : : -+ + 1 4
S (R S 3 + - bt 3 4
t ! * 4 1
- TOF B ) > -
. : H : [T > L
F 1 H
TR B L S el - ¥ > -+ P
ORI S R —— - i i E
. 3 . P ik - - + -
] - ;
- e -+ 3
- - S—— + . +§ —1 b
L L -t + i E
w * S SR : i 4 )
= TR T i . : ;
s s H H 3 g
- iy = W : 1 H . i
: 53 = 1 ~ b 1 ~
PRI o | e + —+ 3
: S . S i 1 2
T : H i
. : E—— H - :
-~ 1 - + w +
H
i E I I i I
Ww,l]tl. + + : ES . 3
1 ) R 3k I R E
1 : t * ; p
e [ 15 SUURUPRRDUR. & FY -
1 T : d
L. ™ + + .uﬂ &
- ! ¥ ¥
] Qe + 4+ 1
w, : i i ?
e @ 14 1 * — t 3
2 PY I S 1 3 4+
o J FEEY 'W 13
3 ks + + i T
¥ HB T ¥
. s . : H : i
Exdued p ] i ;
MW -+ .m. + B
g ' i ‘ —Ai 5




5 B — R anns SRuRE ] ¥
+ - il + E
¢ 1 : e i I B
ot T + F +
—— i ] ;
$ B e T + .«v + +
1 + PR - + -
. UV + + -
o 44 3
! BRRSE 1T i H
: i S +F * } T
Pp Mg |
+ + +
Yy Sonew i 1
+ H *
LN + i
i - + -
B - - + +
A 1~ - amhs +
{1+ ; + +
- i+ : + 33
- i -+ +
PR + - + ﬂ
3 - : + +
+ ] " T
- + +
- et +
- + ; 3
i : H
3 < + : RS
H - .1\1...3[|.Tm f
. : " X
i - B Bl e H I
TR STV S - i £ Vn- A
; DN hY ]
. i I3 Y ) :
; - - 4@ s M N E
; NS . RN
- - E
tib o
. - b = K
- - P X"
T : 3 b - L
B 3 = X ¥
: - - < = N 3
| D - F 1+ ﬂw.u t X b
Tt « T N - -+ - /M ﬂm =
- : - & 3~ -
S S , o X7
R 3 . . R 23
e 3 : . N
- g N : s :
2 IR - - i+ = i
5. = [
Mﬂ E - ) * 1Y < R
=3 X - i > %
N s ; <
B T N ! i ™ o R
4 . = : pres W
Ny —— - B R
I d . 4 - e L
N ' Bt RN AR
- - v o .-“ 3 vw ““
1
- : : L
- + ﬂy././? i
R 3. . JJJ.P ta.
4 NN
R —— - = .
1 3 - T
. i 4 [ ﬂ 2 —
' 1 ”rm-EWﬁvtbrﬁ.
: =G 5
) i J_wo A.tATAA.lM“
. . i OO Gwna.]
. . L 3 o ¥
; S i M AR i
; R e > L ) - 114
) M Ty i [T O
, . e . N i " Z.M" i1
JRE— [ P ﬁnn.l P
# - “k AR g ]
! - Pe S LU SV . Iﬁr.ﬁo KERR
i _ & T S F N ?3 =1 4
+ - L 3. xl/u CERE] E
i 3 L i i A LR
! - - = . St = -
i : ; i 1wy b
P S £ Py e —_ 4
i . % 3 LX< 4
- - T - < T T ) g -
| B 3 —e g << | {
. %+ poss prtends A IO VI T VI I -
1 i 4
M - i 2 A T
- 4 R, - % - iy +
. S E - -~ - ; . S :
1 : rE f
- - - - 5 -} - :
, : - S .l K4 . i F
e -1 . s ie 4
: - - . " N - 14
- T - . W1 b ot
H :
: - —t v} > - - 19
- W AWJ? O i..b > - - (h
¥ s e R S + - PSS e S EN
S SURAE S g - i
m i i m N - itk - : - - foerns £
kAL it o v - - - £
. - - - -} - £
- S S : -r - + 4
M . £ : 4 2
B - i i - “ -
bt o mfii Vﬂ" . T NS IR —- 1 -~ k.
m - [N - - . - 5
s S S I h: 1 B

Figure 7. ADD Predicted RF| & IPD Actual Output S/N and Tape Evaluation Results

(IMP F, Madgar, Tape No. 1485)

13 B




PRECEDING PAGE BLANK NOT FILMED.

4
.
) . e e .
[T e, UDUUI SE N - ml 4
- - o Sa n ,,,I+.+.om.§., e . b
2 > - 5 —e > S .- > ]
T S o R R e e e e e ares W DUNSONESRAN Y54 M PR B ] i R 13
b oo e e et S : : e o e ,ﬂmé. i »
- - ’ R A NN DU PRI S e e o apek - . i ¢ 3>
- Sy, H e PP U B ? B - >
[ e o - SEi i i * TET j n
: BeS Ne e > I S
e o s st e B gl > ; oy i
NN LTETy EE S LT ST AN - P
. Exz 9 ST S = & L U SE 5 °
B T e fo- W > S i B IS e S N 4 ——
LT Bphe N L P S - S —+ = Iemc i r wu.uul. = k3 A ey
L e e ririRE g 1 5 |
B PR S P - ShiY P P 2 ¢
. o O N p -_—
et ate e o ey g AT e e - . ;amnﬂv - N = [+]
’ T e : AR R 3 B = 1 > 1
. a1 X 3 ;
b i T N g e T 3 Ly
. . i : sheeee oy 9 S p '
e i e - b e o B Tt | 3 £ Q
m ,,,,,, Tk S : AR S z N. T Q.
. S st e — H S E o
Sia R R = 3 . A
SRR 258 : oo 2R
i - o T T b i 2 Y o —~
RN . £ w N i co
B e < * " - A TN T L T T >
m o ; o st s Sl ED D - [+ m
[ - * R - LI SRR
T St oot 13140 Z —~
o B AP -+ - S : i by /
N S - UNGTR 3 7
c s S SN A B : 3 - t v?.d.mnm H o]
By s i o e - T - e .:a.Y;,;/”N ﬂuu“m" HS - N
i B m - - - b - e nrfW.Hm"u.H w-
i R——— R By & 5 (3.1 i
| SR S, S 2 - . : TS L,wao»a.r..w..pru.WM a2,
o % . Pt L E2E2Es2s S o
s 2 DA - i T e XSe3Gea O ]
A £ : e .
e AR . IR I gy 10
. = - ] NS Brommei .ﬂ i o i
L3 - S— - Y NS - -
— - R - Soalber i e : N o R TN P g L e R
PRl : ki : - MR T
- ,.f..iw.f.:;i AT B SO pr "b.ﬂum:u < Pt
| Co - T : B ot e hﬂt.,.mnuﬂ o
s g : EEIRS RS as
w ‘ . -l SRR O
1 HHMU“PSC P -
i o e —
| ; - L
- i - oJ
. — 0.
- ; Ny =
: T ‘" ..N
- ; e e U
= M , - o
=5 IR e B X bt
- . - toris s | - .
; = - o
: =1 OO . a
- : ; - -} : <€
N N § Do)
- N ran— .- -
- - 5 . o]
B . » -] i : o
: PR ) T i — - 1 .
S B e P S SSLEE Sk ‘e - P b
. et S b ; Wu
i bk S L = ] - - b
1 : ; > BEN E o
t = — - : P
ST T N A Nl B - 3 w
a —r > - H E
-l o g R A e e el PO 7 ¥ - T 3
= o S P S b T 1N N X
Drrwyr ¥amod %5 TSPLIDV [




>

: YT ; 3 WA el - I { f
: B PR e 5 20 QU AN | £ 4 i : = -l “
— Ly L " G a i : & b N iy
: DTN S M ) i R ; |
N + ey i T - R St B .Am -4 4 g -pemi - - Py
> - s . ; 3, a do .
%Y PR o - FH S BEES SR N il > p M
A 2 i o $ e oty ¥ “ - -
3 50 : . .
R o il A STSE SRUR OSSN SE S N i
> i -
-t * - -
¥ e - dy N KU S - -
- i
F m S e ob o SR SES S SN N S . -
i ™ 2 M 4 ¥ - 1+
s ans a s SPIL SUNS SRR . - Rl
=L - - ;‘
#* i e et TSR S S - <
ane S s : N
-k P - . o - Q” -
T r . 3N 3T
K.M r 3 M * J\._ - & 3 ~ ‘l ’
, + : g I =z i
pi | 1B O NN it eegolo g mm = Wr&}
- re " EY
T 0 3 &% < NG
W . - b SOPO S S DO R S Fdoi -4 i 4 - by~ ta =~ <
1 y . 1 ’ e i - - N
b oo o RN & % 2 59 0 DA N B 5N SRS DS Dl N e oo N V
i1 N et o > of :
;4 A : v H ” H ~ i i
ot JEE SR S S 8 S + 4 PN e § G oy e Pt W ¥ +-r v $e L./ - - ﬂlno M.. :
. bl i T 4 T - 3
Ii.n’ ' 4 P » 4 p b ) - M i ‘ - < x: -
e o ui gt § Lt - .. Wi B . _vwrﬁwu e o - . ﬂ!l...:.l.f
- 3 S . C 4 : I ” 3
| DR S SRR ~t 4} l.«.. : [ PR A S A /_,,rl.? = X
' - . . e RO 2 2 e 2R o = X
ST URES B o6 B ,wwm,u . w.,MJ;—rlv,/. 3
N T . »,M:quﬁ,,,f.,ﬁ FUNEE DDA i .
. it 3 L e B S S 2 ¥
o o L + NP > . - ¥ -Wm
.y . [ O I O - R 4 4 ins
B e e e -i"‘&ﬁ.:ﬂot”'« “.vfnwdu
N T I T T S 1 . ,"vnw &
. 3
DO , A i NI5iis
[P SN A S I . J ; 3t
o oo " — !v.v?,.w. c,w!..J;,oof- e Lt e ha e
e . Tz fo o m — T mwmi.xx\! SHRLSRI
. + ¢ R 4 K
b4 e  <.,,. bbb B 1
ko~ tii Y S —— m + ¥ - .Ia“J"
[0SR SETE Gy O ST 3 mwmmw
- f?’i.f.!tt! P a3 ‘ + i z Wi
1
A *.A . RIPOY ST : . N 3
A.?Ml ¢ + -
P v ’ .‘4‘4“ Rt N 1=
. e b . . w . . L 1re
- e e A 1 - P . nx e
. SRS & snas
P - wt)\..bi*ll.f!»lv.l v R . ”
. s - ST EE o . e e
L — T . «» b S U WT»!lrrta.”. e :mlvil.o-‘..ﬂlllftlwl.\(i NURNENEUE SN SNV ) PO S
. P N R e R SR PR AN o ‘
A VT A PR e g 41”.;{7:‘1 & -
e [N SRR 7 S T T FOREIN /
. 4‘9&..:\ 18 - e T AMAm m T !
Poe s ETAR B ST SEICIN TPIERPER SURPAD § S S - : 1
s S bes pow a3 T HE O % A IR
LR O o LI SO0 IR T PR
.,'otl.ﬁ»vri +- R A o i > + + + H i
. . ﬁ MJ .” T & M« ; 3 4. P et - N V e
i R o B oy — — " 1 .
PSS S . | w. B Py m.» & RES “ T :
S L r T SRS S AN SO e + 1 4 'y
B ‘ ¥ v PR S - . - R 3 o g - - . B N k. nasa
A = P SO AU U g v e s : : )
. - . LI R LR - B B L : : 2
S S U G SN £, 5o 1 ] + a———t
. B - . e § e ‘ 1 5 -
e ey i e s S . - i 3 - ¢ M :
. - - . . e 5 4 A
b cor G -y oo WOm m R e P S e e me = - + * B
- AN -0 S . FeB RO e tmidw ] H :

Figure 9. ADD Predicted RF| & IPD Actual Output S/N and Tape Evaluation Results
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Figure 10. ADD Predicted RF| & IPD Actual Output S/N and Tape Evaluation Results
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VI, SUMMARY

Table 1 summarizes the ADD predicted, STADAN reported, and the IPD
actual 8/C RTFI for the ten analog station tapes investigated for the IMP~T
spacecraft,

‘The STADAN stations' RFI suspected spacecraft and RFI observed intervals,
extracted from the STADAN daily reports, are shown under the column labeled
STADAN. The asterisk next to the suspected spacecraft indicates that this S/C
RTT event was also reported on the magnetic tape log, For the ten analog tapes
(containing 13 8/C RFI events observed by the IPD), nine events were reported
in the STADAN daily reports and only five were reported on the magnetic tape
logs, Two of the S/C RFI events reported by STADAN were indicated as 'un-
known''; nine out of the ten analog tapes were reported as having S/C RFI,

The columns labeled IPD Observed contain the observed start/stop S/C RFI
intervals,

The columns labeled ADD Predicted indicate the predicted start/stop S/C
RFI interference interval, the interfering S/C; the worst case I/S ratio and the
time of occurrence is also presented, Note that nine out of the 13 IPD~observed
S/C RFI events (eight out of ten analog tapes or passes), were predicted with
good accuracy.,

The authors believe that the S/C RFI not predicted (but observed) in this
report, for the two Joburg analog tapes, could have been caused by the AIMP-E
spacecraft which is not in the present S/C RFI prediction program,

No attempt was made to compute the correlation coefficients of this evalua-
tion since non-discrete samples exist along with discontinuous samples due to
areas of complete data drop outs,

Table 2 summarizes the actual RFI results examined in the three day inter-
val for the IMP-F satellite, The pass duration was determined from the tape
log start/stop times and verified with the actual start/stop times from the IMP~F
processing line, Each tape was run using a special program which examines the
average data quality indices per sequence and the distribution of the S/N output
plotted in Appendix A. The mean S/N output of each tape (not including the "'wild"
readings which were mainly caused by the RFI) was calibrated and the error rate
determined and indicated in Table 2, The mean from the distribution plots yields
the average data quality throughout the tape and establishes a reference by which
an average data quality degradation indicator for the RFI recovered data can be
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determined. This is also noted in Table 2, The mean degraded RFI reglon was
computed using the distribution figures in Appendix A.

Figure 16 plots the percentage of loss data and degraded data during the RFI
intervals within each of the processed analog tapes. Since the damples were
taken over a three day period (4320 minutes), the percentage of RFI obscrved by
IPD was 3.44%. However, 0,8% of the data was lost and 2,29 of the recovered
RTT data was degraded on the average of approximately 3 db; 0,44% of the oh~
served RFI data did not undergo any noticeable degradation,

The average duration of the actual S/C RFI for IMP-F is approximately
13 minutes, The average lost data interval is 3.5 minutes and the degraded in~
terval is 9,6 minutes for the affected S/C RFI analog tapes,

The stations record approximately 1000 analog tapes for IMP-4 per three
months; for the 76 reported S/C RFI, this results in 7,6% of the data tapes con-
taining RFI, The three day sample in this report indicates that 10 analog tapes
(out of a total of 40 tapes recorded) or 25% of the passes had $/C RFI, This is
approximately 3 times higher than the 7.5% reported for the first quarter of 1969,
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VII, CONCLUSIONS

A good corrclation exists hetween the Advanced Development Division's
satellite~to~satellite predicted radio frequency interference (S/C RFI), the
STADAN-reported S/C RFI, and the Information Processing Division's actual
data processing results, The IMP-T has been reported as being highly susecpti-
ble to S/C RTFI, The results of this report indicate that at least 3% of the time
the PFM telemetry data is affected by S/C RFI, The Relay I spacecraft appears
to be the main interfering spacecraft for IMP-T,

The RFI prediction model could be a useful tool for the IPD in correlating
low quality and low cuantity of processed data, If the S/C RFI continues to in-
crease in the future, consolidating the RFI model with station scheduling pro-~
cedures could improve on the data recovery and data quality of the experimenters'
data, If several altermate passes are availabie, the pass containing the least
amount of 8/C RTI is preferred,

The following statistics can he concluded from the results of this report:

o Station-reported S/C RFI is dxceeding 1% for 40 STADAN~-supported
s/C (i.e., over 200 S/C RFI events/month out of 20,000 passes/month)

o 10% (i.c,, 4 out of 40 supported S/C) receive 48% of S/C RTI during
January, February, and March 1969, These are: AIMP-E (21%),
IMP-4 (11%), ERS-28 (10%), and QSO-5 (6%), where approximate values
are indicated,

e S5/C RFI Data for IMP-4
a. 0,8% of processed data are completely lost in digitization process,

b, 2.2% of the processed data are degraded, on the average, by 3 db
(i.e., bit error rate increases from 1075 to 1072),

A near future task will be undertaken by the authors to perform a similar

S/C RTI correlation using the OSO-5(F) spacecraft for pulse code modulation
(PCM/PM).
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