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Problem Statement

For a complex system, Methods are needed to determine which components in a
system would benefit from additional modeling such as using a Multiphysics
approach, and which design approach provides the best value (cost vs.
performance) to the system. These methods are needed during concept
development to aid in system scoping and cost estimation. In order to develop
these tools, it is necessary to have standardized system models upon which to
perform the tool development.

ﬁ’ This paper begins the development of a structured System Engineering approach
N to System design by defining a standardized modular WBS structure for a RADAR
System applied to military applications in the aerospace industry and then uses
that standardized WBS structure to begin both a System model and a cost model.
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Problem - lllustrated

Family

A car as a System:

Even when the System is specific,
there still remains a large set of
variations within the literature.
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Problem — Hlustrated
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Problem — Illustrated
Architecture

In order to develop tools, it is desirable to have standardized system models upon

which to perform the tool development.
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Taking a more global view, it should
be possible to define the System in
such a way that the existing block
diagrams become a subset of the
more general form.
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Problem - Hlustrated
Cost

With a standardized architecture, a
cost model could be reused reducing
time to results.
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Presentation = Overview

The information presented here is a high
level summary of the contents of the full

paper.

The presentation is meant to inspire curiosity
and touch upon the contents.

“This document does not contain technology or Technical Data controlled under either the U S. International Traffic in Arms
Regulations or the U_S. Export Administration Regulations.”
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Abstroct—Modern  software  packages exist that perform
complex physics based simulations. Physics based simulations
nbunpkdbhncon&rmln-lxmuhpﬂnm
Modern soft exist which cost and can aid
l-m-t-h.mm-—ahmu-mmm-uu
Mukpunlﬂehmm-)n_uﬂlhm to cost with
the system Methods are needed to
w-he-hhc-mhllun-mmuhadlln-
additional medeling such as using a Multiphysics approach, and
which design approach provides the best value (cost w.
performance) to the system. These methods are needed during
concept  development 1o ald s system scopleg and  cost
estimation.

There must be a System design or architecture upon which to
perform an analysis. This paper begins the development of o
d System E ing app 1o System design. This
paper defines a standardized modular diagram for a RADAR
syum"k‘h-mnonpplnlonhm“mhﬁm
This 2r with sub. block o will be
ndhmltlSy*--chTkmm-oﬁht
diagram will also be used to create a cost model, using the same
modular sub-system block clements and Industry standard
historical cost data.

I will be demonstrated that @ system can be defined in standard
terms, can be modeled ax a system of modular blocks and that
system can simultancously be costed by these same modular blocks.
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L INTRODUCTION

The focus of this paper will be divided into three mam topics:
Block Diagram, System Engineering Model, and System Cost
Model, The first section, Block Diagrams, will discuss the
available literature on the topic. Specifically, research into the
existence of an industry dard block diagram for an airb
based RADAR for military appl " And, sub ly
the development of one where a standard did not exist, A \olld
block diagram is frequently the best way 1o begin a new design
It becomes a pivot point upon which everything else is
developed. All major RF interfaces and divisions of functions
can be scen (digital control will not be addressed).

In the second section, a structured approach to System
Engincering is started. The clements of the Block Diagram are
dtstnhcd and loaded into a System Engincering tool.

A. INTERFACES AND FUNCTIONS...ccvmenniarannsnssmmnes 2
B. LITERATURE ASSUMPTIONS AND SEARCH 'I‘rnus...l
C. LITERATURE RESULTS.
D. STANDARDIZED RADAR BLOCK DIAGRAM............ l
E. SUB-BLOCK: 00101 ANTENNA..conee. aind
F. SUB-BLOCK: 00102 TRANSMITTER e cvenensmensmsansns K
G. SUB-BLOCK: 001.03 SYNCHRONIZER. ccocveavmsrassenscdd
H. SUB-BLOCK: 00104 RECEIVER cciciecrnsmssmsasssasansac
L SUB-BLOCK: 00105 PROCESSORccoccsemscsnsasmmsnssensd
R TU T T TR R TR T O —

K. SUB-BLOCK: 00107 DISPLAY coonrcrcsnsrsnsssammsnnned
HL  MoDEL THE SYSTEM. 6

A. STRUCTURED SYSTEM MODELLING APPROACH. ...

B. RADAR SYSTEM MODELLING STRUCTURE. ..ot

are started and Joaded. This will form the basis
of hlun: work which will eventually expand into Operational
View diagrams, Logical View diagmms and other System
Engincering descriptions.

In the third section, a System cost model is started and loaded
with the same functional blocks as described i the Block
Diagram. This will also form the basis for future work which
will eventually lead to a robust modular cost model to describe
arange of RADARS and their associated cost.

1. BLOCK DIAGRAM

A robust Block Diagram s frequently the best way to begin a
new design. And it s a recommended first step. It is not
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Section |: Block Diagram

A robust Block Diagram is frequently the best way to begin a new design. And it is a
recommended first step. It is not uncommon for Engineers to jump right into a design and
begin designing. Each Engineer responsible for a portion of the System has ideas on how to
best proceed. And frequently, those best ideas are competing rather than complimenting
one another. This is why a robust discussion early on regarding System goals is so critical.
Without a clear set of System goals, there is no way a System will be designed right the first
time through. And a first step towards defining those goails is to create a Block Diagram. It
becomes a pivot point upon which everything else is developed. All major interfaces and
divisions of functions can be observed.
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Section |: Block Diagram

The Local Osecillator is an oscillator which is used to change
the frequency of the signal.

| 001.04 Receiver
The Low Noize Amplifier boosts the signal while adding as . GOt oios —
little additional noise as possible. The geal iz to maximize the Recelver
In a receive chain the Signal to Noise Eatio is determined

Signal to Noise Ratio (SNR) of the echo signal R R
LNA or Down IF Ckts 2 Down AN
Amp Converter Or IF Amp Fikers Converter Detector A/D
primarily by the first element. The first element of the chain

dominates the entire chains performance. Low Noise The Receiver The Down Converter
Amplifiers, as the name suggests, is a special sub-class of

amplifiers designed for this p se. This is why an architect The Receiver detects an |nc?m|ng echp signal The Down anverter isa nqnllnear eIe'ctrlcaI‘cwcunt that creates
I bounced off of a target, receives, amplifies, new frequencies from two signals applied to it. Most commonly,
should assume an LNA as a first element. ¥ S0 . . . .
demodulates, and converts the analog signal to  this is accomplished with a mixer. In the case of a Receiver, the
. . . . digital format for further analysis in the digital ixi i i i i i
The Down Com is a monlinear electrical circuit that gita (o] ysi g mixing prpduct is a multiple of the difference of the mput signal
Processor. and LO signal. The purpose of the Down Converter is to

creates new frequencies from fwo signals applied to it. Most demodulate the signal from the RF frequency of the LNAto a

commonly, this iz accomplished with a mixer. In the case of a Th : A R
; = : i X e Local The LNA lower or intermediate frequency, IF, where amplification and
Rﬂm.m-ﬁ’ ﬂm = Pmauc.t is a multiple of the diff e of = filtering can be done more easily. Generally, multiple mixers
the inputs zignal and LO signal. The purpose of the Down Osc"lator The LNAboosts the  would be used.
Converter iz to demodulate the signal and the EF frequenecy of signal while adding
the LNA to 2 lower or intermediate frequency, IF, where The LO is an oscillator ¢ jittle additional
amplification and filtering can be done more eazily. Generally, which is used to noise as possible. The Detector and Analog to
multiple mixers would be used. change the frequency  The goal is the Digital Converter

of the signal. maximize the SNR of
Later in the chain, the signal will be converted from analog to the echo signal The Detector and A/D converts an analog signal into a digital
digital. The signal must be digitized for meaningful data LEVEL 3 signal.

processing of a modern System. At some future time it may be
possible to directly convert an X-band signal to digital but in
today’s practical terms that iz not yet possible. Therefore, the o eoge
conversion i sequired. Definitions of Level 3 components were
established ...

which support the Level 2 sub-system
blocks ...
which support the Level 1 System

RADAR
The RADAR

A RADAR System is a collection of sophisticated components that, when
working in unison, perform these basic functions:

The Detector and Analog to Digital Converter, az the name
implies, converts an analog signal into a digital signal

Generate a pulse

Focus the pulse ‘,09,1,RADAR ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Transmit the pulse ] Transmitter Oscillator and Synchronizer |
Receive the echo {

Amplify the echo

| 00L02 < 001.03

Extract raw data | i i

Process raw data | Antenna ! Display
| 1
i

Analyze, interpret, &
display information | 001.01 ! 001.07

- ) e L

Receiver

To convert the signal from analog to digital a digital clock
must be uzed. If the transmitted signal iz “high”, uszing the
MNyquist criteria, the sampling frequency must be “higher™.
This is the fundamental limitation of the AD converter. As
mentioned, as time passes the technology iz improving, but in
today’s practical solutions, the architect’s options are still
somewhat limited.

Processor
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Section |: Block Diagram

RADAR
The RADAR

working in unison, perform these basic functions:
Generate a pulse

LEVEL 2

A RADAR System is a collection of sophisticated components that, when

Focus the pulse .PP_I_R_A_D_A_R ________________________
Transmit the pulse Transmitter
Receive the echo
Amplify the echo 001.02
Extract raw data :’ T
Process raw data Antenna !
Analyze, interpret, & !
display information 001.01 -

|

|

001.04

Power Receiver
001.06

Oscillator and Synchronizer

[}

|

l

|

1 001.03 !
I

|

Display |

I

|

001.07 |

|

1

|

E— 001.05 |
1

Processor |
I

|

I

I

|

1

S

Using the available literature

compohnents
e Definitions were established

form

* A more generic or “universal’ architecture
was created for Level 1, 2 and 3

* Comparisons were made against literature
examples establishing a more generalized

Antenna
The Antenna

The Antenna is the coupling element between free space
and the other RADAR elements. The Antenna transfers
the RADAR energy from the Transmilter into free space.
And, the Antenna collects the echo energy from free
space and delivers it to the Receiver for down conversion
and processing.

001.01 Antenna

Level 2 BDs

001.02 Transmitter

Transmitter

The Transmitter

The Transmitter modulates, or up converts, the wave to
a transmission frequency. Then, if required o increase
the signal power before transmission, the Transmitter
amplifies the wave for the Antenna to send into space.

The Up Converter

Synchronizer

The Synchronizer

The Synchronizer coordinates the timing of the RADAR. It
generates timing pulses that are used to control the
RADAR Puise Repelition Frequency (PRF). Signals are
sent simultaneously to both the Transmitter and the
Display to align the sweep echo puises.

001.03 Signal or Synchronizer

Receiver

The Receiver

The Receiver detects an incoming echo signal
bounced off of a target, receives, amplifies,
demodulates, and converts the analog signal to
digital format for further analysis in the digital

m

00104 Receiver

The Down Converter

The Down Converter is a nonlinear electrical circuit that creates
new frequencies from two signals applied to it. Most commonly,
this is accomplished with a mixer. In the case of a Receiver, the
mixing product is a multiple of the difference of the input signal

Processor. and LO signal. The purpose of the Down Converter is to
the signal from the RF frequency of the LNAto a
001.05 Processor
Processor

The Processor

The Processor decides if an echo is a target and
determines if and how to present a depiction to the
Display. Typically this may include number, location, and
movement of targets.

mplification and
|, multiple mixers

= pote

gnal into a digital

L

001.06 Power

Power

Power

The Power supply converts the primary power from the
platform to the required levels needed for each sub-block.

Display

The Display

The Display presents a depiction in a usable form of
received targets. Typically this may include number,
location, and movement of targets.

The Video Amplifier is a device
which is designed to process video

signals

The Video
Amplifier

001.07 Display e

2gulator

Regulator is a device
th stabilizes a DC

hge independent of
joad current.

The Display

The Display is a device which is
used for presenting images and
video.

Jear electrical
uencies from two
lommonly, this is
In the case of a
juct is a multiple of
and LO signal. The
ris to modulate the
Ir for the Antenna

r

System where the
ben the Transmitter
ker is the element

a path between the
biver paths. It is also
iver from high power
irectly from the




Presented for the ICEAA 2021 Online Workshop - www.iceaaonline.com
Section |: Block Diagram

The manuscript demonstrates that even for a complex system,
it is possible to define blocks generically such that it can be
applicable in “all” cases where any established case
becomes a subset of the more general form.

Volume

Acceleration
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Section 2: System Engineering Model

Once a rigorous block diagram for a System has been created, the next step is to begin
modeling the System or, as is commonly referred to as, architecting a System.

There is a very important book on the topic entitled “Architecting Information-Intensive
Aerospace Systems” by Dr. John M. Borky. Paraphrasing, and/or quoting from his book, it
tells us that the System architecture is the critical foundation for developing a design.

Architecting is done “to create systems and enterprises that are well organized, expandable
and evolvable, robust under the stresses of real-world use, and affordable to own and
operate. In short, the essence of the art and science of architecture is manifested in results
that are beautiful in the eyes of their users while satisfying those users’ practical needs.”
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Section 2: System Engineering Model Entire Modsl View

JRal

=14 StudentNotes

Dr. Borky’s book Architecting - () Components

Information-Intensive Aerospace :
. =[] Packages
Systems describes a structured

[#- [0 Internal Block Diagrams

----- f':l a_Requirements

approach for developing a MBE & b_UseCases

System Model.

The structed approach was used

here in conjunction with the

developed standardized block e
‘am. El

E:I PredefinedTypes (REF)
z_Default

RADAR
The RADAR

A RADAR System is a collection of sophisticated components that, when
working in unison, perform these basic functions:
Generate a pulse
Focus the pulse
Transmit the pulse
Receive the echo
Amplify the echo
Extract raw data
Process raw data Antennal
Analyze, interpret, &

display information 001.01

001 RADAR

| 001.03

‘

‘

‘
L]

L] o

Processor

Oscillator and Synchronizer

Display

001.07

|

001

Radar

001.01

Antenna

001.01.01

Radiator

001.01.02 | TR Product

001.01.03

Duplexer

001.02

Transmitter

001.02.01

Power Amplifier

001.02.02

Up Converter

001.02.03

Local Oscillator

001.03

Synchronizer

001.03.01

Synchronizer

001.04

Receiver

001.04.01

Low Noise Amplifier

001.04.02

Down Converter

001.04.03

Local Oscillator

001.04.04

IF Amplifier

001.04.05

Filters

001.04.06

2nd Down Converter

001.04.07

2nd Local Oscillator

001.04.08

Detector

001.04.09 |Analog to Digital Converter

001.05

Processor

001.05.01

Processaor

Power

001.06.01 |Transformer

001.06.02

Rectifier

001.06.03

Filter

001.06.04

Regulator

001.07

Display

001.07.01 |Video Amplifier

001.07.02

Display
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Ll L] .
Section 2: System Engineering Model
29y g g Level1 | Level 2 | Level 3 Block Name
L4
001 Radar
R R . 001.01 Antenna
In accordance with established MBE System Design 001.01.01 |Radiator
] . 001.01.02 |TR Product
techniques, the WBS structure was loaded into a system 001.01.03_|Duplexer
4 . e o.e 001.02 Transmitter
design tool (Rhapsody). All established definitions and 001.02.01 |Power Amplifier
o e . 001.02.02 |Up Converter .
terms were loaded as part of the specifications. 001.02.03 |Local Oscillator
001.03 Synchronizer
e T—rT . ————————————— 7 [ 001.03.01 |Synchronizer
AT A CE I R AT A NIk AR RrR 2 B (epesal 28 001.04 Receiver
(Basc = ) @ _Requiemerts: TableViewFR - e x B |@ Hae ; .
— — 2 001.04.01 (Low Noise Amplifier
HE G PR T N T DS T e 0 AN B ZUA ALR¥
= 20 < & I Vot 001.04.02 |Down Converter
; - 1t Showing 31 of 35 elements i
Entire Model View ~ 9 ; <
i le ,,JN,;”MWM 1| st - - p— Nisew 001.04.03 |Local Oscillator
# mponent b A bject o em waves. to formation L e
b e ek D st 8 e, e, volocky, rladve locaton o BoURCHOR SOOA R DRt < S 001.04.04 |IF Amplifier
S Packages F001.01 1/001.01 F Req Antenna Arterna - The Artenna is the couping element between free space and the other RADAR elemerts. The B eporttofie.. -
5B R;::-e:::&mm o e PN oy fon e Vet o (e pace. 1. fhe Jdeers coflects b ocho 001.04.05 |Filters
T o £001.01.01 171001.01.01 F Req Radator The Radiator is an exchanger between the propagating waves and the electric curents
=8 ?‘;::I"':’:‘e':;““""“‘"“'m’m F001.01.02 1$/001.01.02F Rea TR The TR Product i a device where common Gircutty for bath Transmé and Receive functions are combined nto 001.04.06 |2nd Down Converter
[~ single module or elemert
[} 001 NonFunctionalRequirements - RADAR T SRR : SR e T 3 — = g
& = Requirements = o agh posea AR ke whsethe el shase b e Tarwntir drd fncutu. T - o 001.04.07 |2nd Local Oscillator
=-E5 001.01 FunctionalRequirements - Antenna also used to protect the Receiver from high power transmissions entering directly from the Transmiter. £
= (% Requirements _ F001.02 001.02 F Reg Transmitter Transmater - The Transmitter moduiates. or Up converters, the wave to  transmission frequency. Then, § 001.04.08 |[Detector
«Functionals 001.01.01 F Req Radiator E required to increase the signal power before transmission, the Transmitter ampifies the wave for the Antennato
«Functionals 001.01.02 F Req TR send into space. s
- ] «Functionals 001.01.03 F Req Diplexer F001.0201 5/001.02.01 F Req Pwrimp The Power Ampifieris 3 device that convedts 8 low power 5gnal into a higher power signal 001.04.09 ﬂmfﬂﬂg to Dlgltﬂ| Converter
O £ 001.01 NonFunctionalRequirements - Antenna F001.02.02 (11001.02.02 F Req UpConvester B:;Lb(:mverorsa Wamu&mm:u;a«r?«wwmwwwm 001.05 p
= F -T commonly, accomplshed w L ransmitter, the product i
' Oﬂ‘g;u,,emm, g(hmd?‘t"fr:"smdwwsw:"?;wmc;?h lbeomen:stcH’-es;;lmt . EoEsn
- ynchronizer for lenna.
: :iﬂ:::::::::ziﬁ;ﬁ;;::;:a’:fmr 70010203 £11001.0203F Rea LO The LO is an oscllstor which is used to change the frequency of the sgnal 001.05.01 |Processor
[J <Functionals 001.02.03 F Req LO F001.03 {10013 F Req Sy ynchronizer - The Sy the timing of the RADAR. R generates timing pulses that are used
5 e e © T e T 001.06 Power
- R 3 F001.0301 31001.03.01 F Req the timing of the RADAR. k generates timing puises that are used to control the
(= Requirements mmmx%q(mnwlvnr) Signals are sent smutanecusly to both the Transmitter and the 001.06.01 |Transformer
(3 -Fun«-oncl-OOU)iDlFReqSynchromm Display to align the sweep echo puises
{5 001.03 NonF - 2 Rec — bounced ves, amoiie e
=-f 001.04 FunctionalRequirements - Recewer £ 8001400 B m;h,zﬁm?uf;:‘w sgnal toddmiu!mgm;h?éﬁiﬁw DD]..DB. [:'2 REEtIfIEF
=-(= Requirements F001.04.01 11001.04.01 F Req LNA The LNA boosts the signal whie adding as lttle addtional noise as possble. The goal is the maimize the SNR .
<Functionals 0010401 F Req LNA ofthe echo signal 001.06.03 |Filter
{ /| «Functional» 001.04.02 F Req DownConverter F001.04.02 1/001.04.02 F Req DownConveter | The Down Converter is a nonlinear electrical circu that creates new frequencies from two signals applied to &
«Functionals 001.04.03 F Req LO Most commonly. this is accomplshed with a mixer. In the case of a Receiver, the mbdng product is a multiple of I
[J «Functionals 001.04.04 F Req IFAmp the dfference of the input signal and LO signal, The pumpose of the Down Convester is to demodulate the signal 001.06.04 REgU ator
«Functionals 001.04.05 F Req Filters from the RF frequency of the LNA to a lower or intermediate frequency, IF, where amplffication and fitering can
) be done more easdy. Generally. muiple mixers would be used E I
| Functons LA FReq20dll el = Rjeite sl The L0 s an cactatorwhchis usd o change th requency o e 590 001.07 Display
«Functis » 001.04.08 F Req D r ’ - .
Functonsh LI Reg 20 FOOT0405 (001 0405 R Fhen 001.07.01 |Video Amplifier
5 00104 NonFunctionalRequirements - Receiver F001.04.06 001.04.06 F Req ZndDownConverter =
2 00105 FunctionalRequirements - Processor F001.0407 £5/001.04.07 F Req 2xdL0 The LO i an oscilator which s used to change the frequency of the signal 001.07.02 |Display
(= Requirements F001.04.08 [ 11001.04.08 F Req Detector
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Section 2: System Engineering Model

The manuscript demonstrates that given a
complex system, a generic WBS structure could
be established and used as the foundation for a
structured MBE System Design model.
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Section 3: System Cost Model

A new emphasis, introduced here, is the addition to a structured approach which includes a
modular approach to modeling the System cost. At a later phase in the System design it will
be necessary to perform trade studies. The most common trade will be between two
performance profiles. For example, “better” performance using more power vs. “worse”
performance using less power. This is a very common trade in industry.

To achieve the two profiles, a modular approach will be used to swap out blocks for either
“better” or “worse” performance. This is the elegance of a modular approach to System
architecture. If a parallel effort could be taken to create a corresponding cost model for
each block, then as blocks are swapped in and out for performance trades, a cost trade
could simultaneously be performed.
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RADAR System 2018 06 30.har - SEER-H - O x

Section 3: System Cost Model

_Eil_e Edit Estimat.:“e_ View Reports _Qharts Tools gpﬂons_ Collaboration Window Help
DP2H2RB S 9eN- AR REQH EEE
EBEEEES 2

;|-L|§ 1- RADAR System ]

A COTS cost model package (SEER) was used with the
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Section 3: System Cost Model

The manuscript demonstrates that given a
complex system, and a generic WBS structure, a
structured MBE System Cost model could be
developed which allows a System Designer the
opportunity to utilize swappable subsystem
blocks or components in order to facilitate cost
trade studies early on in the life cycle of a
system design.
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Further Research: Cost Sensitivities

The manuscript and preceding research are stepping stones along the path
towards development of an algorithm to analyze a complex system and
determine cost sensitivities of the system components to enable a system
designer to optimize a solution early on in the life cycle of a system design.

Further research is required to develop the cost sensitivity algorithm for system
analysis utilizing the standardized WBS.
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Complex System

Load System
into cost model

tool.

Using a COTS cost tool:

* A pre-determined System is loaded into the
tool.

* System cost is calculated.
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Complex Systéem

jE

The goal is to determine
sensitivity of the system
components to the overall cost
of the system.
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Summary

This paper presents an approach to generating a set of high level block diagrams for describing a
standardized modular RADAR System applied to military applications in the aerospace industry.

The resulting block diagrams were created using a compilation of available industry data and
references modified to encompass all of the examples into a higher more universal version. In
addition to block diagrams, universal block descriptions were also created along with a universal
numbering structure.

This paper demonstrated an approach to implementing the high level block diagrams and
numbering structure to create both a System model using Rhapsody as well as a cost model using
SEER for the RADAR under consideration. By means of the structured numbering system, the
System models could be generated in such a way as to be modular to facilitate eventual trade
studies for performance.

Further effort will be made to add additional details to the block diagrams and develop these
models leading to analysis of sensitivity data. That sensitivity data will need to be analyzed and
algorithms developed to assist a designer in performing trade studies as an element of structured
System architecture design.
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Questions ?
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