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U THIS PRESENTATION HAS BEEN
REVIEWED AND APPROVED FOR
GENERAL AUDIENCES
TPCR 1DS-2790

The system described herein is for educational purposes and
was developed solely to illustrate the principals described.

All system constants used for the calculations were arbitrary

multiples of 7t.

Any similarity to any existing system whether fielded or
planned is unintentional and purely coincidental.
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Example Test Facility Block Diagram

B = TIMING & CTRL

Il = MEASUREMENT

B = TACTICAL

Bl = TRUTH or ENV MODEL
= DATA COLLECTION

Launcher
8 ANALYSIS B ? L

&

Interceptor
& Target

TARGET SIGNATURE
GENERATOR

Simulation Computers

and Interface H/W
Controller
Radio Tx Rx

Launcher
Simulator

Data Reduction and Digital Simulation




UNCLASSIFIED
Raytheon
Integrated Defense Systems
r

cxample AWIL Facility Downlink Path

W D/L at Tactical Freq with Doppler, Delay,

Tactical HW D/L ™~ Range and Pattern Attenuation
. True Sys Freq (S,.CX,etc.) . . . .. True Sys Freq (S,CX,etc.) =~~~
i | S S
HZF_ITPiOIZZZZZZZIZZIZ mO

R T 10ABM. - - - 10ABM - o o o o

o RE1. .. . .. IF1 -1aBm - - -sraasmrdF2 - o R RF2 .. ... ..

.................................... Notional: an .actual facility may.have.more components in.this .chain. .
+Verification of Calibration Requirements Is Done |

at Test Points RF1, IF1, IF2 /

< Validation of D/L Performance Can Only Be Done at RF2
P oL re2 Must equal “Truth” plus cable loss
+/- tolerance in dB,
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1)Establish the Performance Measure Equation

2)Compute Performance Sensitivity to a Change
in the Parameter of Interest

3) Design a Tactical Scenario Which Minimizes
the Rate-of-Change Using the Sensitivity
Equation

4) Make the Measurements

5) Validate the System or Sub-System
Performance Using the Measurements
Made Under Tactical Scenarios
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Systern Performance & Systern Sensitivity

Reference: Glisson T.H., Introduction to Systems Analysis, McGraw Hill Book Company, New York, 1985, pages 33-35 )‘%ﬁ L —

1) Define System Performance Measure
Vo = W( P1, P2, P3, - Pn)

2) Approximate Sensitivity

N
Ay =~ 2;1(6\|1/6pn)*Apn let Ap, =0 izn

then Ay = (oy/0p,)*Ap,
\\ Ay =~ oy Ap,

i ——
o) or |y, O

gt ] B
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Received Power Levels in d8_

The system
described herein is
for educational
purposes and was

developed solely to P
illustrate the

rcv tgt = Pt Gt G Gr‘ }“2

principals
described. (41t)2 R4
All system
constants used for
the calculations I . . . . . . . . . . .
were arbitrary Tgt Echo Versus Range
multiples of . 4 ---------------------------------------------------------------- —
Any similarity to any TR IR ------------------------------- —
existing system . ; : :
whether fielded or ; T T LT EETICEEFTERRREE —
planned is ; ' : ;
unintentional and e S R .
purely coincidental : +30 dBm?2
________________________________________________ £20 dBmz;ﬁ
____________________________________ +10 dBm_Z_______ﬁ_
T 11 SN O SO = N | =11 SO —
0 NS NS -
_130 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1
0 2 4 6 8 10
Range in meters X 104
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Scenario for Large, Slow Crossing Object

+30 dBm?> 50 m/sec Crossing Target at Range of 10400 meters
Rdot ~ @ since it is-a'crossing target

w
[=E]
'
-
2 o : :
E (U) Target Flight Path in 3D
=

'.-'Duw-rﬁ'Rang_e { mete

x g Cross Range (meters)

X?,,~“ﬁﬁmﬁﬁﬂ é ”ﬁ£~“””ﬁw€%“ +/- 0.2 dBm for 60 seconds
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OP o Ot & P g FOr 2 Slow Crossing Object

+30 dBm*> 50 m/sec Crossing Target at Range of 10400 meters
Rdot ~ @ since it is a crossing target

Range and A dB versus Time . . .
10650.0 b 02 Received Power in dBm Versus Time
h T -0 A H H 1
a 105500 - -+ 830 : :
: 18%80.6 "'"-. J-"Ir o 3
"'\ Fi " é a2k : : LU0 OSSOSO PYROPRPROOs SOPUTTRUTPOOO
| 1ge00.0 y s E
A [l 1] : 435 B
103500 \ / d 3
e B § 43| B
r: 10300.0 e -
el 435
LTI =
L -4 —
L 1000 O
F 445 B
131500 - ‘
i i _:'j ¥ it 04 B 10 20 i 30 . 40 A0 B0
B iR eesareSh

+/- 0.2 dBm for 60 seconds
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Sirmulatad® and Measurad Power for the Scenario

+30 dBm? 50 m/sec Crossing Target at Range of 10400 meters
Rdot ~ @ since it is a crossing target

-0

-30

-40

-50

Magnitude-squared, dB

50

-70

-80

50

0.235 099 0.925 1 1.005 1.01 1.015 1.02
Frame: 2 Frequency [(GHz)

15 usec 5 MHz Up Chirp*

* Powel level and waveform parameters are based on
an ‘education system’ only and are not known to be
related to system whether fielded or planned.
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Measuring a Missile Downlini

Now that we have had
some practice with the
basic ideas
let’s try another
measurement...measuring
the missile’s downlink
burst

mm—
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for Measuring Missile Downlink
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lyout Pararngtric Study
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Missile Tail-Chase Flyout Parametric Study
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lail-Chase Won’t Worik: Exploit the Range Term

Beacon Slgnal \\\ (U) Rate-of-Change of Rec'd Power
Versus Range [dBm/sec at Range

oP,. /ot = -20/In(10)*R/R \\\\ \ — som/s
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lyout for Downlink Measurerment

=
F’.
74
T
"l'l

30 I I I I I

20 Pr‘cv D/L = Ptx Gtx Gr‘ }“2

Ranges Selected for

this Measurement
R =60 to 80 kilometers DR

D/L Power in dBm

I

0 2 4 G A 1
SUEES Missile Range in meters




UNCLASSIFIED
Raytheon

Integrated Defense Systems

Received Power for Missile Downlink

30 | \ \ \ |
: : Retf:eived Powér in dBm foﬁ D/L Signal Versus Ranfge

D/L Power in dBm

Range in meters
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Received Power for Missile Downlink

30 ! ! ! 1 1 1 !
: : Redeived Pow?r in dBm fm? D/L Signal yersus Ran;ge . .
e EAS M
SN N RS R B N S _ 2

éw i : ‘ Pr‘cv D/L ~ Ptx c'itx Gr A
= I
3 The power levels are 47R?
3 10 reasonable for the R R

measurement but the D/L
IS just a momentary burst
only afew hundred
microseconds long...how
cqn | find it?
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-
[

MONTE CARLO ESTIMATE for P1

3 3
10 10 10
NUMBER of SAMPLES (DARTS}
BLUE = ONE EXPERIMENT with EACH SUBSEQUENT PLAYER GETTING an ADDITIONAL 50 DARTS
BLACK= MEAN of 20 REPEATED EXPERIENTS
RED=PI 3.14159
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Monte Carlo Estirnation of J0

/_\

Maybe | can measure the

downlink in a similar way

MONTE CARLO ESTIMATE for P1

3.25

by repeated samples taken
over several runs ...

EX

!
..LVT..‘ ,.-J.i‘l(‘MNF‘ |[||

10°
NUMBER of SAMPLES (DAR
BLUE = ONE EXPERIMENT with EACH SUBSEQUENT PLAYER GE
BLACK= MEAN of 20 REPEATED EXPERI
RED=PI 3.14159

UNCLASSIFIED
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Monte Carlo Estirnation of Downlink Spectrurn

[sin®(zf T,,)]
(zfTp)?

= o (- 20260+ 41— p)
b

B Refesenced ta Power at T3 km downrange

Monte Carlo Sampling of DPSK Spectrum
BLACK X=Run1 RED O = Run2 BLUE X = Run 3

Nomralized Power in dBm

Normalized Frequency in Hz % 10°
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Burst by Burst Build Up of Spectrurn

Multiple

Sweeps™
per Run

—)

Single
Sweep™
per Run

*See additional materials section at the end of the presentation
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Burst by Burst Build Up of Spectrum

It works...but the boss is
going to want to know how
long this will take.

| better have some good
metrics ready!

Validating the Calibration of a Hardware-in the-Loop Facility Using Dynamic and Monte Carlo Techniques
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Metrics, Statistics & Probability Section

1) Sweep Times Which Allow for Equally F _ Fp N 1
Probable Hits in One Run sweep — T2 1P (rmmpﬂ)
T
2) Sensitivity to Deviations AN = ‘PFD;L Tneas — PFp 11AT speep

From The Ideal Sweep Time

3) Binomial Distribution / Bernoulli Trials
Simulation of the D/L Process

n (n) n! k (;1)1—(1)! o1 k
k n—k — ) — — 1) n—k)
P q where — — P, = ol -
(k) k/ [k!(n—k)!] o (’:1 o n
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vs Normalized Span to RBYW Ratio*

23 seconds of measurement

Proh of at Le'ist1 Main Lobe Hit vs Normailzed SPAN/RBW

1 D/L second
RED = 1run
GREEN = 3runs
BLUE = 5runs
CYAN =10runs
P, MAG = 20runs
. BRI N I R B A . == D o NS SREE
10’ 10’ 10° 10° 10°
10 100 1000

SPAN/RBW Ratio (in Decades) on Semi Log

* Computed Using Binomial Rule (see the ‘Additional Material’ section of this presentation)
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irnulated and Measured Build Up of Spectrurn

%,

Bit Rate = 2Mb/sec

Span =8 MHz
RBW = 100 kHz
T meas =23 s 8
E
=
-
)
]
o
(0))]
©
1=
[}
D |70 i i i i i i i i i
(al 0 5 10 15 20 25 30 35 40 45 50

Number of Runs
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surmrnary

{U) Measured (U) Monte Carlo Simulation

A Method For Measuring the Spectrum for Small Duration Signals
Using Repeated Samples Taken Over Several Runs Has Been
Discussed

The Technique Has Proven Useful for Validating the Power Levels
of a HWIL Facility Using Its Dynamic Scenarios and Tactical SW

Validating the Calibration of a Hardware-in the-Loop Facility Using Dynamic and Monte Carlo Techniques
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Acdlcditional Viaterials

The materials which follow provide additional information related to the topic
which would make the topic too long for the 25 minute time allotted in the NDIA
conference but will aid those who may want to investigate this topic further or
try it in their own lab.

Addition Material Includes:

1) Sweep Times Which Allow for Equally Probable Hits in One Run
2) Sensitivity to Deviations From The Ideal Sweep Time

3) Approaches for Handling Frequency Diversity

4) Binomial Distribution / Bernoulli Trials

5) Simulation of The Sweep and Downlinks

Validating the Calibration of a Hardware-in the-Loop Facility Using Dynamic and Monte Carlo Techniques
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Which Pravaent Rapaatad rlits in any R8W

1

steep = Fbp

D \P+

L (Tme:IsFQJ
[N I /]

pe[ {mm=0,12,...} ]

>
D/L per sec
1 23| 0.958333| 0.489362| 0.328571f 0.247312|| 0.198276| 0.165468| 0.141975| 0.124324| 0.110577| 0.099567
2 23| 0.489362| 0.247312| 0.165468( 0.124324| 0.099567| 0.083032| 0.071207| 0.062331| 0.055422| g
a 23| 0.247312| 0.124324| 0.083032{ 0.062331
8 23| 0.165468( 0.083032| 0.055422f R
8 23| 0.124324| 0.062331|;
10 23| 0.0993567:
12 23| 0.083032
14 23| 0.071207
16 23| 0.062331
18 23| 0.0554z22|E ] B Bonamanaes BEGERSRt RRamRE |

Sweep Time Options in sec For Varying Downlink Rates Which
Ensure No Double Hits During the Experiment Time

Validating the Calibration of a Hardware-in the-Loop Facility Using Dynamic and Monte Carlo Techniques
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heoretical Scope Sweep Time Options

Which Pravaent Rapaatad rlits in any R8W

1
steep: FE p_l_ i )
L (Tme:IsFQJ
[N I /]

Possible Downlink Sets vs. Three Analyzer Sweep Options : :
20 L Tsweep=23seconds ......................................... ........................................ ........................... 1
{see Table in Additional Materials Section : :

for Sweep Time Options}

A5 ......................................... ....................................... ........................................ .............................. _

10 i e S i

Time {sec)

Sweep Time Options in sec For Varying Downlink Rates Which
Ensure No Double Hits During the Experiment Time
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Sensitivity to Daviations in
Sweep Time rrorm the Theorstical

e ] DIL,sEC
el 2 DL/sec

iy 4, DL,seC

i 5 OIL5EC

—— 5 DL,sec

s 10 DL/sec

12 DL/=ec

14 DL/sec

16 DL/sec

18 DL/=ec

300 +—F—F 1 y=A, 66671 -70x24 370, 13u-704 | | ====- Poly. | 12 DLf=ec)

Number of Repeated RBW Hits

Deviation From ldeal Sweep Time ( msec)

Negative AN implies the repeat
is from undershoot rather than
overshoot.

This is similar in concept to the
the way the spokes of a wheel

will stay still, rotate clockwise

or rotate counterclockwise based
on the ratio between the wheel’s
angular rate and the ‘sampling
rate’ or ‘frame rate’ in a movie.

Number of Expected Repeats When Actual Sweep Time Varies
From the Theoretically ‘Ideal' Sweep Time

Validating the Calibration of a Hardware-in the-Loop Facility Using Dynamic and Monte Carlo Techniques
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Any One R3W in One Experiment *

0.313 ‘ ‘
031 -mmooooommo oo """""""""" }mmhwufRBw'Hié:rznaa'Runsrrrwwf """""""""" """""""""" """"""""" —
H | | Synchrous DL $pacing : | |

0.305 e e i | e | S —
o3t | I rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr —
PP 8 ML Y L O L O W | -------------------------------

0275 ----------------------------------------

027 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr —

0265, 3‘0 4‘0 513 GLJ TLJ 80

Probability of the Main Lobe Peak Getting Hit
In One Experiment of ‘k’ Downlinks *

[ (n—1)! |
(k—D!'(n—k)  k

r (?1)! n

! (k) (n—k)! _

*T chosen so there are no double hits (see the ‘Additional Material’ section of this presentation)

sweep
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vs Normalized Span to RBYW Ratio*

23 seconds of measurement

Proh of at Le1st1 Main Lobe Hitvs Nornnllzed SPAN/REW

3 D/L second

RED = 1run

GREEN = 3runs
BLUE = 5runs
CYAN =10runs

MAG = 20runs

0 AN EEEE i RN i T IO e o — T T
10" 10’ 10° 10° 10°
1 10 100 1000

SPAN/RBW Ratio (in Decades) on Semi Log

* Computed Using Binomial Rule (see justification in the ‘Additional Material’ section of this presentation)
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vs Normalized Span to RBYW Ratio*

23 seconds of measurement

Prob of at Least 1 Main Lobe Hit vs Normailzed SPAN/RBW
1 B8 B ERE e 0 5 D/L second

RED = 1run

GREEN = 3runs
BLUE = 5runs
CYAN =10runs

MAG = 20runs

0 I RN I Lot 100l i R R B e . — T T
10 10’ 10° 10° 10*

10 100 1000

SPAN/RBW Ratio (in Decades) on Semi Log

* Computed Using Binomial Rule (see justification in the ‘Additional Material’ section of this presentation)
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irnulated and Measured Build Up of Spectrurn
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sSingle Sweep (2 Runs)
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Which RB3W Are rlits
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RBW Filters in 2 Single Sweep (2 Runs)
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Approacnes for rlandling Frequancy Diversity

National DatalOnly

Most systems-will-have channel-separations
many times the bit rate making the synthesized
spectrum shown-below unlikety in-an-actual
system.

Frequency Changes With One Run Run-to-Run Diversity
-- System Tables -- Adjust Analyzer Center Frequency
-- Wider Span Between Runs

-- Live with More Runs
& Measurements
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[1] Lindsey W. C. and Simon M. K., Telecommunications Systems Engineering, Dover Publications, Inc., New York, NY, pages 17-21
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p

ror Using the Technique

For Small Signals Focus on the Peak or Center Area to
Reduce the Span to RBW Ratio

Remember to Factor in Doppler and
the Change in Doppler and over Measurement

Understanding the Spectrum Analyzer Output

versus the ‘True’ power
-- This is a topic to be studied in and of itself
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