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Who Leonardo DRS - Signal Solutions is




AN OVERVIEW OF LEONARDO DRS

A leading mid-tier technology innovator and provider of advanced defense technology to U.S. national security customers and allies
around the world. We design, develop and manufacture advanced sensing, network computing, force protection, electric power and
propulsion, and other leading mission-critical technologies.

BUSINESS MIX BY CUSTOMER

» Largest U.S. defense proxy company headquartered in
Arlington, Virginia and organized into two segments:

6%

4% m U.S. Army
Advanced Integrated 4% -
Sensing & Mission “ 31% _
Computing Systems 19% = U.S. Navy & Marine Corps
m U.S. Agencies & Other Customers
« Continuing to grow through strategic investments in = Commerecial
technology and capabilities.
m [nternational
* Publicly traded company on the U.S. and
Israel Stock exchanges. = U.S. Air Force
37%

M DRS | Nasdaq Listed
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Company Structure

Leonardo

Elespazio and
Thales Alenia
Space

Leonardo DRS
(US)

Leonardo DRS Lines of Business
N

Electro-
Daylight Optical &
‘;olutions Infrared
Systems

Global
Enterprise
Solutions

Airborne &

Intelligence
Systems

Electronics

Land

Land Systems

Naval
Electronics

Naval Power

Airborne & Intelligence Systems Lines of Business

Advanced Program
Support

Mission Systems Air Combat

Integrated Sensors

Signal Solutions

Tactical Systems
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DRS AIS AT A GLANCE

A Proven Leader in Airborne & Intelligence Products, Technologies and Integrated Solutions

« ~700 Employees

« 50+ years in providing
warfighter solutions

S
Beavercreek, OH
Tactical Systems

L4

» Customer-Accredited Space

|
St !+ 1SO 9001 Certified
Signal Solutions
| — '« CMMI Level 3 Certified
. AS 9100

Palm Bay, FL
Integrated Sensors

Fort Walton
Beach, FL
Air Combat
Mission Systems
APS

S~
n~ L J
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RF Provider Of Choice

Industry Leading RF Performance and Signal Fidelity - Enabling Mission Flexibility

- Extended Frequency Ranges « Ruggedized RF COTS Solutions
* Wider Instantaneous Bandwidths » Modular Approaches — Enabling Rapid
+ Increased Dynamic Range — Detect Technology Upgrades

Small Signals in the Presence of

Large Interfering Signals « Completely Open Standards Based

 Reduced Spurious — Increase * Reduced Cost

Confidence that Signals are Genuine . Repeatable and Reliable Process

- Greater Channel Density Driven Manufacturing
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Why Performance Matters




Our World Full of MILLIONS of RF Signals Large and SmaII
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High Dynamic Range Is Essential!

The power ratio of strong interfering signals
compared to a small desired signal is often more
than 10,000,000,000:1 (i.e. >100 dB)

Ja
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Dynamic Range!

Everybody wants lots of it...
but most don’t know how to specify it!




Watkins Johnson Tech Notes 1974-1991

High

Dynamic Range

Receiver
Parameters

N RS
““I'm

Receiver Dynamic
Range: Part 2

Thus: NF =10dB
10 log B = 40 dB for 10-kHz
IF bandwidth
K., ~10dBforthe

Kn  =6dBfor so«t AM

Substituting these quantities into
Equation 2 gives:
§=-174dBm + 10 dB +
40dBE+10dB+6dB
=-108 dBm
= 0.9 microvolts

Intermodulation Distortion —
Intercept Point

Al receivers employ RF-IF signal
processing circuitry which is inherently
non-linear; consequently, another very
important factor in VHF /UHF receiver
performance is two-tone in dul;
tion distortion. When two sufficiently
strong, but unwanted signals are applied
to the antenna input of a receiver they
will mix in the RF stages io create
spurious signals known as intermodula-
tion products. If the frequency of one
of these products is close to the
receiver operating [requency, the pro-
duct will be processed by the RF-IF
and detector stages as though it were
a real incoming signal of the same fre-
quency. This problem is illustrated in
Figure 2. Second-order and third-
order intermodulation distortion are
the most common types encountered,
and the frequency relaiionships in-
volved for these two cases are given
by Equations 3 and 4.

f1il=1; (3)
2nd-order intermodulation
distortion

20 £ =1 (4)
3rd-order intermoduation
distortion
Where: [4, {3 = frequencies of strong

undesired signals

f, - frequency of inter-
modulation product
created at the receiver
tuned (requency

Second-order, two-tone intermodula-
tion distortion is not an uncommon
problem, especially in a receiver having
a broadband RF front end, but it can
be minimized by use of a double-
halanced mixer in the first converter
stage plus use of a push-pull RF pre-
amplifier. Also, with the addition of
an RF preselector emploving sub-
octave bandwidth bandpass filters
(tunable or fixed), second-order inter-
ference can be reduced to an insigni-
ficant level. The suboctave preselector
filter serves to attenuate strong signals,
lying within a range of critical fre.
quencies determined from Equation 3,
which are capable of creating second-
order products at the receiver tuned
frequency. This reduction in second-
order interference by use of RF pre-
selection is illustrated in Figure 3.

More troublesome and difficult to
control s third-order, two-tone inter-
modulation distortion, since RF pre-
selection provides only a partial
solution to the problem. This is due
to the following distinctive property
of third-order two-tone interference.
Two strong undesired signals both
falling within the passband of the pre-
selector will produce the third-order
products (2f; - 13) or (2f; - f),
one or both of which may also fall
in-band. Decreasing the preselector
bandwidth will reduce the frequency
range over which the receiver is sus-
ceptible to this type of interference.
U v, due to ion:
such as size, complexity, and inser-
tion loss, a practical lower limit for
the relative bandwidth of preselector
filiers used in general-coverage VHF/
UHF receivers is around 20%. There-
fore, in a dense signal environment
there is always the possibility that
two strong signals will fall within
the preselector passhand and pro-
duce an undesived spurious response
at the receiver tuned frequency. This
situation is illustrated in Figure 4.

Third-order intermodulation distertion
is not limited to the RF front end of

e sl ey

90 140

FREQUENCY ~ MH:

 Figure 2. 2nd and 3rd orc
fﬂémau‘ ‘and f3 with recaiver twmed 1o fy,

a receiver, The above description of
the in-band characteristies of third-
order interference is also applicable
to the receiver IF stages. When the

rder two-tone intermodulation products for two unwanted input

frequency  spacing  between strong
incoming signals is small compared
to the bandwidth of the first IF
stage, then intermodulation distortion

—— e -
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width. This group of receiver measure-
ments is considered primary because
mast other receiver dynamic-range
measurements can be predicted from
them.

Noise Figure

The most common expression of noise

figure is the ratio (in dB) of the effective

receiver input noise power with respect
to =174 dBm/Hz. This single number

r]ommutes those receiver

Second- and Third-order
Intercept
Second- and third-order intercept,
which are measures of receiver
linearity, dominate the signal overload
end of receiver dynamicrange specifi-
cations. It is tempting to define receiver
dynamic range in terms of noise floor
and overload level alone. However,
f d-and third-order

istics which are g lly described
as sensitivity. It a]so descnbes the
“noise floor” of most dynamicrange
measurements.

2

is hat more proble-
matic than measurement of noise
figure. Nonetheless, these measure-
ments can be used to predict a wide

are mathematically extrapo-
heir accuracy depends on the
ition that the curves of second-
td-order distortion are described
ight lines with slope values of
| three, respectively. To be useful,
umption must be valid over the
dynamie range of the receiver.
inately, there are two potential
ssociated with this assumption.
s the receiver approaches over-
mpression, the actual distortion
wenolonger straight lines. This
m be avoided by measuring the
on products at relatively low
evels. Tvpically, the intercept
ements will be most accurate if
ed at input levels where the
on products are 60 dB less than
ut signals. Second, certain non-
adio components do not seem to
+ distortion curves of the appro-
lope. Examples of this are ferrite
As FET components. This effect
letected by measuring the inter-
int at two different input levels
mparing the results for agree-
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Generational Transition - Stand on the Shoulders of Those Before Us

We can go back to basics without starting over.

Author: Rodney K. McDowell Author: Authors:

Robert E. Watson Charles E. Dexter
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Some Specifications
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Some Specifications Are Relatively Useless

14



And Some Specs are Insufficient: “A Red Car”

15



Capability Demanded

ldentifying and locating signals in a congested environment

Big Three Key RF Specifications
(in Service of Capability)

1. Sensitivity — Standoff Distance
2. Spurious — False Detects

3. Overload - Jamming Resistance




7N

The Radio Goal:

Get the signals you want and...

reject the rest!

.17



What Actually Matters: #1 Sensitivity — Standoff Distance




Sensitivity: Getting the Signal You Want
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The Key to Sensitivity is Noise Figure

The detectable signal level
in dBm can be calculated from:

dBm = NF + SNR + 10 log (BW) - 174

The SNR and bandwidth are signal specific, but
noise figure is the key radio specification.

2222222222222222



Typical and Maximum Specifications

1. The interpretation of “typical” can be highly variable.

2. A graph of typical data is much more useful.

3. A maximum limit is essential.

20
19
18
17
16
15
14
13
12
11
10

NF, dB

== DATA

= = TYPICAL

0

2000 4000 6000 8000 10000 12000 14000 16000 18000
Frequency, MHz

Poor Example

NF, dB

20
19
18
17
16
15
14
13
12
11
10

\ R <~ —TvPIcAL
DATA
MAXIMUM
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Frequency, MHz

Good Example
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Low Noise Figure Has Tradeoffs

Noise Figure and Dynamic Range need to be balanced to match the task.

 Very low Noise Figure has very poor Dynamic Range.

Dynamic Range

0dB Noise Figure

J2

N~
© 2024 Leonar do DRS
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Minimum Detectable Signal Definition

* Detecting signals in noise has a statistical MDS Level
probabillity.
« With high signal to noise ratio (SNR), the

problem is easy. R T O e\ R O T

* With low SNR the P ..., IOWers and

the Py;ise alarm INCreases Mean Noise Level

J~
7\: @ 23
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How Much Signal to Noise Ratio (SNR) Is Required?

The probability of false alarm can be traded for the probability of detection.

e el i R B B
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Improving Signal to Noise Ratio (SNR)

In general, the best detection bandwidth is equal to the signal bandwidth.
« Reducing bandwidth can improve the Signal to Noise Ratio (SNR).
« This can be achieved with filtering (analog) or with an FFT (digital).

-100

-110 |

-120 |

power (dBm)

-130

AR g At PPN

-140

-150

S

N~
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Example 1: Noise Floor Measurement with 1k FFT

Measurement Conditions:

Left Ver. Cursor (MHz) Right Ver. Cursor (MHz)  Delta (MHz)
2 ¥ i 24.000 4
7 14.000 Q o -7 10.000

e Tuned Frequency = 100MHz g (427500.00 | 4 10.0000 MHz 4 18.52 dB Q 5 -93.700

10.00

 FFT Size = 1024 points ]
« Averages = 100 RMS o
* Noise BW = 427.5kHz

* Input Signal =-90dBm +/-1dB
* Noise Figure = 10dB

 Temperature = +45C Raill

Power (dBfs)

-110.00-

Noise Floor - | | | |
- '1 74+ N F+ 1 O|Og(BW) = 10. 20000000 30000000 20000000 50000000 50.000000 70.000000 so. 90. 100000000 11000000 120000000 128.00¢
- '1 74 + 1 O + 1 0|09(427500) FFT Avg. Style AR R LR S

NO. Av: A -
Trace A Full Sweep(®) 3 AVG Done 'jl Interactive

100
— Trace A Freeze () 5] (") None J Interactive tokes more memory, imited to 50 avy, non-stop updates
- - l I I sl - Megsurements takes less memorny, no avg Imit, no updates once avg count recched

@ RMS AVGs Completed Avg Reset

Y (a4

"y Peak Hold 100 -
= -
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Example 2: Noise Floor Measurement with 8M FFT

Measurement Conditions:

* Tuned Frequency = 100MHz

« FFT Size = 8388608 points

» Averages = 10 RMS

* Noise BW = 52.19Hz

* Input Signal =-130dBm +/-1dB
* Noise Figure = 10dB

» Temperature = +45C Raill

Noise Floor

-174+NF+10log(BW)
-174 + 10 + 10log(52.19)
-146.8 dBM E.I.L.

Left Ver. Cursor (MHz)
) 14.000

Right Ver. Cursor (MHz)
p b
@) 5 24.000

Delta (MHz)
) 10.000

(052 Wsaio | 4 10.1644 MHz A 18.36 dB

10.00

0.00-3

-10.00-

Power (dBfs)

-110.00 -3
-120.00-
-130.00-

-140.00-1
0.000000

1
50.000000

I i i 1
10.000000 20.000000 30.000000 40.000000

1 i
110.000000 120.000000  128.0000

1
90.000000

1 1 1
60.000000 70.000000 80.000000

Frequency MHz

NO.Avg FFTAvg.Style ,-.IA"“’!’E_ Mads Cursors: Ix_ Iy |4
Trace A Full Sweep(®) ., = AVG Done o Interactive I Cursor0 | 64.000C -107.81
Trace A Freeze () "J (_)None J Interactive tokes more memory; Emited to 50 ovg, non-stop updates = - Cursor 1
@] RMS AVGs Completed Massurennents takes less memony, no ovg Imit, no updates once ovg count raached Plot 0 74.1643 -126.17 ll
= Avg Reset e r | » |
(C)Peak Hold |10

=

30517
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What Actually Matters: #2 Spurious — False Signal Detect




Spurious: Getting the Signal You Want
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Internally Generated Spurious Signals

Spurious signals can masquerade as legitimate signals, requiring disambiguation.

Internal spurs may occur at the same frequency as a desired signal, blocking its reception.

m
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2

[ SIGNAL

£ Large Spur

Small Spur

WL Ll L Al Smar e

Frequency

(e
N~
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Misleading Instantaneous Dynamic Range — 1 Hz BW

- The 1Hz BW is not a realistic value as the latency and processing is not practical

 The computed values do not consider actual spurious performance

150

140

130

=
N
o

(Y
[
o

90

Dynamic Range (dB)
)
o

80

70

60

50

Bandwidth (BW): 1 Hz

Equation: FS-(-174+NF+10log(BW))

1000 2000 3000

Tuned Frequency (MHz)

4000

5000

6000

——AVG_+45C
——AVG_+80C
——AVG_-40C
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Accurate Instantaneous Dynamic Range — 10 kHz BW

« The 10 kHz BW is a realistic value optimizing the SNR for common applications

 The computed values are consistent with internally generated spurious performance

110

' = —
100

(o
o

—CH_1
= 80 —CH_2
::i: 70 CH_3
::: 60 CH 4
z 50 ——CH_5
£ —CH_6
£ % Equation: FS-(-174+NF+10log(BW)) —CH_7

30 Bandwidth (BW) = 10 kHz —CH_8

20 —CH. 9

10

0
0 1000 2000 3000 4000 5000 6000

Tuned Frequency (MHz)
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What Actually Matters: #3 Overload — Jamming Resistance




J2

S

Rejecting Unwanted Signals

© 2024 Leonar do DRS
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The radio environment is full of large unwanted signals.

Unwanted Signals

© 2024 Leonar do DRS



Don’t Crash the A/D !!

*ﬁ '-k ~ -.'A e

N\ -7 N
\ |

»
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The Effect of Conventional Interfering Signal Management

dB
below

full
scale
(dBfs)

ADC full
scale
MNMAAVVVVI VAN NN
Small
Signal
25
» MHz
BW

Tuner at full gain

dB
below

full
scale
(dBfs)

ADC full

Large scale
Signal

MV MIAANAANNNN NN
| small
I Signal

in the

| noise

Tuner gain reduced
by large signal
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DRS ADC Integration Techniques and Performance

Poorly Handled ADC Spurs Properly Mitigated Spurs

o o
O diefs =-17 dBm

-10 -10

Tones at -63dBm

=20 =20
50 dB delta/2 = 25

e -63 +25 = -38 IIP311! -30

-40 -40

e -64 dBm

-50 -50
2 g
5 b B
g
-70 ft ] -70
Elevated '
-e0 Noise Floor | . =
90 | | P
b IM3 -115 dBm
100 s l'i". ,-l 1 { { =190 l l)L ln
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\? r L Y |
ot A " Wit monia A ! r / ¥ b
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& LEONARDO DRS

THANK YOU

FOR YOUR ATTENTION

leonardodrs.com

CONTACT INFORMATION:

Mark Wittlinger

DRS Signal Solutions
Director of Sales

4910 Executive Ct. South
Frederick, MD 21703 - USA
Mobile 410.707.0186
mwittlinger@drs.com
www.drs.com/signalsolutions

Reign Parker

DRS Airborne & Intelligence Systems
Strategic Planning Manager

4910 Executive Ct. South

Frederick, MD 21703 - USA

Tel 850.374.0629
reign.parker@drs.com
www.drs.com/signalsolutions



https://leonardo.com/
https://leonardodrs.com/
http://www.drs.com/signalsolutions
mailto:reign.parker@drs.com
http://www.drs.com/signalsolutions
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