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Abstract—Modern software packages exist that perform 

complex physics based simulations. Physics based simulations 

alone typically do not consider cost as a factor or input variable. 

Modern software packages exist which calculate cost and can aid 

in determining the cost sensitivity to a chosen design solution. It 

should be possible to combine the system sensitivity to cost with 

the system sensitivity to performance. 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.   

There must be a System design or architecture upon which to 

perform an analysis. This paper begins the development of a 

structured System Engineering approach to System design. This 

paper defines a standardized modular diagram for a RADAR 

System applied to military applications in the aerospace industry. 

This modular diagram with sub-system block elements will be 

used to create a System model. The standardized modular 

diagram will also be used to create a cost model, using the same 

modular sub-system block elements and industry standard 

historical cost data.  

It will be demonstrated that a system can be defined in standard 

terms, can be modeled as a system of modular blocks and that 

system can simultaneously be costed by those same modular blocks. 
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I. INTRODUCTION

The focus of this paper will be divided into three main 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 standard block diagram for an airborne 

based RADAR for military applications.  And, subsequently, 

the development of one where a standard did not exist.  A solid 

block diagram is frequently the best way to 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 seen (digital control will not be addressed).   

In the second section, a structured approach to System 

Engineering is started.  The elements of the Block Diagram are 

described and loaded into a System Engineering tool.  

Requirements are started and loaded.  This will form the basis 

of future work which will eventually expand into Operational 

View diagrams, Logical View diagrams and other System 

Engineering descriptions. 

In the third section, a System cost model is started and loaded 

with the same functional blocks as described in the Block 

Diagram.  This will also form the basis for future work which 

will eventually lead to a robust modular cost model to describe 

a range of RADARs and their associated cost. 

II. 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 
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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 goals 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 seen.   

 

A. Interfaces and Functions. 

 
Fig. 1. Computer Block Diagram. 

 

Figure 1 shows a simple block diagram of a standard computer.  

In this case, the computer is made up of four sub-blocks.  For 

purposes of this paper, the entire computer will be considered 

Level 1 while the sub-blocks indicated in the figure will be 

considered Level 2. 

 

From this figure, it can be seen that the CPU is the main sub-

block in that it interfaces with all of the other blocks.  And, 

none of the other sub-block talk directly to one another.  By 

observing the arrows, it can be seen that some of the 

interconnects are 2-way communication, such as between the 

keyboard and CPU, while other interconnects are 1-way 

communication, such as from the CPU to monitor.  In addition, 

there clearly are four blocks.  Each block is labeled by 

function.  Each block has distinct responsibilities for the 

System performance.  And it could be clearly defined what 

those interfaces should be for those blocks to communicate 

with one another.  For a team designing a computer System, 

this very simple block diagram already contains very valuable 

information which will help guide the designers towards a 

successful System design.  This is the value of a Block 

Diagram.  It can be done early, simply, and it can contain an 

enormous amount of critical System information. 

 

 
Fig. 1a. Computer Block Diagram. 

 

As a comparison, imagine a Block Diagram as the one 

indicated in Figure 1a.  Although the blocks are the same as 

Figure 1, the interfaces are clearly more complex.  And the 

interactions between the blocks more closely resemble a 

network rather than a command and control structure such as 

that indicated in Figure 1.  Clearly, block diagrams offer a 

short hand to an enormous amount of information in a simple 

easy to read format. 

 

B. Literature Assumptions and Search Terms. 

The available literature was consulted, primarily through the 

use of Google searching.  The assumption of the author was 

that a standardized block diagram for an airborne RADAR for 

military applications already exists.  The assumption was that 

there was a standard upon which all designs were based.  

Research was done using keywords search terms such as 

“standard block diagram”, “RADAR block diagram”, “airborne 

RADAR block diagram”, etc.   

 

C. Literature Results. 

For each effort, many search results were obtained.  There were 

countless block diagrams for all types of RADARs.  And, for 

the specific platform of airborne RADAR, again, there were 

many different results.  It should be noted that each result, each 

version of a block diagram had some similarities.  However, it 

appeared that the differences were primarily due to a tailoring 

effort.  In other words, for a particular design, certain features 

were a priority to the respective designer.  So, the designer in 

that case tailored the block diagram for that design to highlight 

an area or sub-blocks for increased emphasis. 

 

D. Standardized RADAR Block Diagram. 

With no clear standardized block diagram, the author used the 

available information to piece together one comprehensive 

solution.  The goal here was to generalize the sub-blocks in 

such a way as to incorporate all of the available examples.  

And that any specific example could be considered a subset, or 

simplified, or tailored version of the more general block 

diagram. 
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Fig. 2. Standardized RADAR System Block Diagram. 

 

Figure 2 is a standardized RADAR System Block Diagram for 

an airborne based military application.  The outer dashed line 

can be considered Level 1, the complete RADAR System.  The 

sub-blocks indicated in the figure comprise the Level 2 blocks 

and consist of Antenna, Transmitter, etc.  This Block Diagram 

as well as the Level 3 Block Diagrams appear in the 

appendices.   

 

What can be noted here is that every airborne RADAR System 

for a military application will have an Antenna.  The Antenna 

designs can vary widely.  It could have any number of radiator 

elements: 1, 10, 100, 1000, etc.  It could have any type of 

radiator: notch, patch, whip, etc.  However, it most certainly 

will have some kind of an Antenna.  And so that sub-block 

appears in the Block Diagram.  In this case it has been labeled 

001.01 signifying the first (01) of the Level 2 sub-blocks.  It 

can be seen that all of the sub-blocks have been 

correspondingly numbered.  This will come up again within 

this paper when the WBS structure and models are discussed. 

 

The Block Diagram also contains arrows which demonstrate 

the direction and flow of information between the sub-blocks.  

It can be see that the directional flow is exclusively 1-way.  It 

should be noted that this is limited to the signal flow.  And, that 

there could be cases of multi-directional flow for purposes of 

control.  For example, the Processor might turn off the 

Transmitter and then receive some feedback that the 

Transmitter has indeed been disabled.  However, that is 

considered to be a control signal and is not captured by this 

signal flow diagram.  

 

The Local Oscillator appears as a dashed line and crosses into 

the Transmitter and Receiver as well as the white space in 

between.  This is done because while those two sub-blocks 

require a Local Oscillator, in some hardware configurations 

they have a resident dedicated LO, while in some 

configurations there is a separate sub-block dedicated to the 

LO function.  And this presentation is deliberately created to 

accommodate either physical hardware solution or 

implementation. 

 

The descriptions for each sub-block (Level 1, 2 or 3) were 

generated in the same manner as the Block Diagram itself.  The 

available literature was explored primarily via Google 

searching and all of the descriptions were collected.  Then, the 

different descriptions were combined into a higher order, more 

generic version for which all descriptions could be considered 

a subset, or simplified, or tailored version of the more general 

versions presented here. 

 

E. Sub-Block: 001.01 Antenna. 

The Antenna appears in Figure 3 as element 001.01 which was 

previously noted to designate the first of the Level 2 elements.  

This numbering system could be considered assigned 

randomly.  However, some thought was given to arrange the 

order in a logical fashion.  And the numbering system will be 

utilized and held to strictly throughout the development of the 

author’s processes and models. 

 

The Antenna is the coupling element between free space and 

the other RADAR elements.  The Antenna transfers the 

RADAR energy from the Transmitter into free space.  And, the 

Antenna collects the echo energy from free space and delivers 

it to the Receiver for down conversion and processing. 

 

 
Fig. 3. Antenna Block Diagram. 

 

As illustrated in Figure 3, the Antenna sub-block can be further 

decomposed into Level 3 blocks: Radiator, TR Product, and 

Duplexer.  The element numbers have been assigned as 

indicated in the figure.   

 

An expected push-back against this block diagram would come 

from the perspective of the hardware configurations.  

Typically, for an airborne system, there are two main hardware 

configurations.  The first typical configuration is where each 

element is independent.  Each element has a radiator and a TR 

product.  And then a bank of those channels are combined to 

make an array, a vertical configuration.  The second 

configuration is where all of the radiators are assembled 

together in a bank of radiators, almost like a plate of radiators.  

And then those radiators are mated against a bank or plate of 

TR products, a lateral configuration.  A designer might argue 

that the image captured in Figure 3 is only one of the two 

possible configurations.  To that critizm the author would 

suggest that as a functional block diagram, both configurations 

are represented.  The block diagrams contained within this 

document are created to showcase the functional sub-blocks 
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and the associations between them.  The diagrams do not 

satisfy all physical instantiations and were not intended to do 

so. 

 

The Radiator is an exchanger between the propagating waves 

and the electric currents. 

 

The TR Product is a device where common circuitry for both 

Transmit and Receive functions are combined into a single 

module or element. 

 

The Duplexer in a high power RADAR System is the element 

that switches the Antenna path between the Transmitter and the 

Receiver paths for a System where the two paths share an 

Antenna.  It is also used to protect the Receiver from high 

power transmissions entering directly from the Transmitter. 

 

F. Sub-Block: 001.02 Transmitter. 

The Transmitter appears in Figure 4 as element 001.02.  The 

Transmitter modulates, or up converts, the wave to a 

transmission frequency.  Then, if required to increase the signal 

power before transmission, the Transmitter amplifies the wave 

for the Antenna to send into space. 

 

 
Fig. 4. Transmitter Block Diagram. 

 

As illustrated in Figure 4, the Transmitter sub-block can be 

further decomposed into Level 3 blocks: Power Amplifier, Up 

Converter, and Local Oscillator.  The element numbers have 

been assigned as indicated in the figure.   

 

The Power Amplifier is a device that converts a low power 

signal into a higher power signal. 

 

In the past, the high power amplifier was more likely to be 

some sort of traveling wave tube.  But certainly the more 

contemporary approach would be a solid state high power 

amplifier. 

 

The Local Oscillator is an oscillator which is used to change 

the frequency of the signal. 

 

Local Oscillators are very interesting devices.  In future work 

the sub-blocks will be explored.  Frequently these employ the 

use of a phased locked loop.  Typically it is easier to have a 

stable oscillations when the frequency generated is low.  And it 

is easier to generate a high frequency oscillation when the 

oscillation is less stable.  By means of a PLL, it is possible to 

take the best of both and create a stable high frequency 

oscillator. 

 

The Up 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 

Transmitter, the mixing product is a multiple of the sum of the 

input signal and the LO signal.  The purpose of the Up 

Converter is to modulate the signal from the Synchronizer for 

the Antenna. 

 

More details will be explored in future work.  But it is widely 

known that by means of a mixer, multiple harmonics are 

generated.  And, by use of filtering, any higher order harmonic 

can be isolated, amplified, and used as the mixing product. 

 

G. Sub-Block: 001.03 Synchronizer. 

The Synchronizer appears in Figure 5 as element 001.03.  The 

Synchronizer coordinates the timing of the RADAR.  It 

generates timing pulses that are used to control the RADAR 

Pulse Repetition Frequency (PRF).  Signals are sent 

simultaneously to both the Transmitter and the Display to align 

the sweep echo pulses. 

 

 
Fig. 5. Transmitter Block Diagram. 

 

The Synchronizer sub-block can be further decomposed into 

Level 3 blocks.  However, for purposes of this analysis, the 

Synchronizer will be considered as elemental, and can not be 

further subdivided.  This is done because there does exist a 

variety of Synchronizer architectures and further analysis will 

need to be performed to determine a standardized Level 3 

architecture.  Thus, no element numbers have been assigned as 

indicated in Figure 5. 

 

H. Sub-Block: 001.04 Receiver. 

The Receiver appears in Figure 6 as element 001.04.  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 

Processor. 
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Fig. 6. Receiver Block Diagram. 

 

As illustrated in Figure 6, the Receiver sub-block can be 

further decomposed into Level 3 blocks: Low Noise Amplifier, 

Down Converter, IF Amplifier, Filters, 2nd Down Converter, 

Detector and Analog to Digital Converter.  The element 

numbers have been assigned as indicated in the figure.   

 

The Local Oscillator is an oscillator which is used to change 

the frequency of the signal. 

 

The Low Noise Amplifier boosts the signal while adding as 

little additional noise as possible.  The goal is to maximize the 

Signal to Noise Ratio (SNR) of the echo signal. 

 

In a receive chain, the Signal to Noise Ratio is determined 

primarily by the first element.  The first element of the chain 

dominates the entire chains performance.  Low Noise 

Amplifiers, as the name suggests, is a special sub-class of 

amplifiers designed for this purpose.  This is why an architect 

should assume an LNA as a first element. 

 

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 inputs signal and LO signal.  The purpose of the Down 

Converter is to demodulate the signal and the RF frequency of 

the LNA to a lower or intermediate frequency, IF, where 

amplification and filtering can be done more easily.  Generally, 

multiple mixers would be used. 

 

Later in the chain, the signal will be converted from analog to 

digital.  The signal must be digitized for meaningful data 

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 is not yet possible.  Therefore, the 

conversion is required. 

 

The Detector and Analog to Digital Converter, as the name 

implies, converts an analog signal into a digital signal. 

 

To convert the signal from analog to digital, a digital clock 

must be used.  If the transmitted signal is “high”, using the 

Nyquist criteria, the sampling frequency must be “higher”.  

This is the fundamental limitation of the A/D converter.  As 

mentioned, as time passes the technology is improving, but in 

today’s practical solutions, the architect’s options are still 

somewhat limited. 

 

I. Sub-Block: 001.05 Processor. 

The Processor appears in Figure 7 as element 001.05.  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. 

 

 
Fig. 7. Processor Block Diagram. 

 

The Processor sub-block can be further decomposed into Level 

3 blocks.  However, for purposes of this analysis, the Processor 

will be considered as elemental, and can not be further 

subdivided.  This is done because the Processor is primarily a 

digital device and the focus of this analysis is upon the analog 

path for the signals.  Thus, no element numbers have been 

assigned as indicated in Figure 7.  

J. Sub-Block: 001.06 Power. 

The Power Block appears in Figure 8 as element 001.06.  The 

Power Block converts the primary power from the platform to 

the required levels needed for each sub-block. 

 

 
Fig. 8. Power Block Diagram. 

 

As illustrated in Figure 8, the Power sub-block can be further 

decomposed into Level 3 blocks: Transformer, Rectifier, Filter, 

and Regulator.  The element numbers have been assigned as 

indicated in the figure.   

 

The Transformer is a device which transfers electrical energy 

through electromagnetic induction. 

 

The transformer is an ingenious and old-school device.  As 

current passes through a coil it generates an electro-magnetic 

field.  If a second coil is placed within that field, a current is 

generated in the second coil.  By adjusting the ratio of turns for 

each coil, a voltage can be stepped up or down.  A typical 

power supply for a laptop computer has a large black plastic 

enclosure.  That supply converts 120Vac from the wall outlet 

down to 12Vdc for use by the computer.  Clearly, the voltage 

needs to be stepped down.  That step down conversion is down 
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by means of a transformer and is always the heaviest 

component in the power supply. 

 

The Rectifier is a device which converts electricity from AC to 

DC. 

 
Fig. 8a. Sinusoidal Signal. 

 

The most common rectifier is a bridge rectifier and can be 

created with four diodes.  Basically what happens is for a 

sinusoidal signal (Figure 8a) it is ½ time positive, and ½ time 

negative.  Through the rectifier, the negative half cycle of the 

sinusoidal signal is flipped up to be positive (Figure 8b).  As a 

result, the wave form is now a series of positive going 

sinusoidal voltage “bumps”, like humps of a camel’s back. 

 

 
Fig. 8b. All Positive Voltages. 

 

The Filter is a device used to remove unwanted frequency 

components. 

 

After the voltage has been transformed into a series of positive 

going sinusoidal voltage “bumps”, it is necessary to smooth it 

out.  When the voltage value approaches zero the slope of the 

curve is negative.  Once the voltage has reached zero volts, the 

voltage begins to rise and has a positive slope.  The transition 

between a negative voltage slope and a positive voltage slope is 

instantaneous.  The instantaneous nature of the voltage in the 

time domain corresponds to a high frequency effect in the 

frequency domain.  By removing that high frequency 

component of the signal, by means of a filter, the 

corresponding waveform will be smoother. 

 

The Regulator is a device which stabilizes a DC voltage 

independent of the load current. 

 

The signal, post filtering, approximates a fixed DC value.  

However, the value is not stable.  The voltage continues to 

have some residual effects from its sinusoidal origin.  For use 

in a System, voltages have to be stabilized.  A regulator 

removes frequency components of a “dirty” DC signal and 

clamps it to a predetermined value.  Post regulation, the signal 

is a “clean” DC value. 

 

K. Sub-Block: 001.07 Display. 

The Display appears in Figure 9 as element 001.07.  The 

Display presents a depiction, in a usable form, of received 

targets.  Typically this may include number, location, and 

movement of targets. 

 

 
Fig. 9. Display Block Diagram. 

 

As illustrated in Figure 9, the Display sub-block can be further 

decomposed into Level 3 blocks: Video Amplifier and Display.  

The element numbers have been assigned as indicated in the 

figure.   

 

The Video Amplifier is a device which is designed to process 

video signals. 

 

The Display is a device which is used for presenting images 

and video. 

 

Typically this would be a CRT or more recently some type of 

LCD display such as a laptop screen or monitor. 

III. MODEL THE SYSTEM 

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.” 

 

Robust models created through Model-Based Systems 

Engineering (MBSE) are the foundation of the entire System 

Engineering (SE) process and provides a clear and 

unambiguous definition of the system.  
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While there are other a number of tools which may do similar 

functions, for architecting the System in this paper, the 

software package Rhapsody was used.  Primarily Rhapsody 

was chosen because it contains all of the tools required to 

document Requirements, document Use Cases, create Logical 

View Diagrams, Operational View Diagrams, etc.  And, it is 

the most familiar tool of the author.   

 

A. Structured System Modelling Approach. 

When creating a structured architecture, one very useful 

structure is the following: 

 

a_Requirements 

b_UseCases 

c_Structure 

d_Behavior 

e_Data 

f_Services 

g_Context 

 

These items are referred to as Packages.  This is a very solid 

structure and provides an architect with designated locations 

for creating System artifacts.  With a structure such as this, 

virtually any artifact required, or created, can be sorted and 

stored into one of these Packages. 

 

B. RADAR System Modelling Structure. 

An indentured set of numbers was created for this System and 

appears in Figure 10.  In Figure 10, the hierarchy of the System 

design with Level 1, 2, & 3 sub-block names and numbers can 

be seen.  These numbers form the basis for a Work Breakdown 

Structure, or WBS. 

 

C. Work Breakdown Structure. 

As described in the smallbusiness website, “The main purpose 

of a WBS is to reduce complicated activities to a collection of 

tasks.”  It is a very useful management tool.  By arranging the 

architecture in such a manner, not only will it describe the 

breakdown of the hardware from Level 1 to Level 2 and so on, 

it can also from the foundation of the set of tasks required to 

design the hardware.  For example, a Radiator is designated as 

block 001.01.01.  The design cycle for a Radiator will likely 

follow a standard design cycle, namely, Requirements Phase, 

Preliminary Design Phase, Detailed Design Phase, and IV&V 

Phase.  Those are Phases which clearly are made up of tasks 

and could be designated with the further indentured 

designators: 

 

001.01.01.01 Requirements Phase 

001.01.01.02 Preliminary Design Phase 

001.01.01.03 Detailed Design Phase 

001.01.01.04 IV&V Phase 

 

These Phases could additionally be designated with even lower 

level numbers and even more specific tasks.  The point is, 

creating a System structure with an eye towards a WBS is a 

best practice. 

 

 
Fig. 10. Indentured System Numbering Structure. 

 

D. RADAR System Modeled in Rhapsody. 

The RADAR System demonstrated earlier as a set of block 

diagrams was loaded into Rhapsody.  As a starting point, 

Figure 11 shows the structure of the System model in 

Rhapsody. 

 

 
Fig. 11. System Structure in Rhapsody. 
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Referring to the image in Appendix A, the left panel shows an 

exploded view of the “a_Requirements” package.  It can be 

seen that the block diagrams were loaded as 

RequirementsTables.  The numbering of the tables is consistent 

with that presented in earlier sections of this paper.  The 

indenture for Level 1, Level 2, etc. has been included as well.  

Due to the nature of the numbering system, Rhapsody 

automatically organizes the packages in the proper order once 

the requirement has been named.  In other words, requirement 

001.01 naturally comes after requirement 001 and so on.  Also 

included are both Functional and Non-Functional 

Requirements although at this time the Non-Functional 

Requirements are not yet defined. 

 

The Functional Requirements table loaded into Rhapsody 

appears in Appendix A as the main center column.  It can be 

seen that the entries in the requirements “ID” column are 

consistent with the defined numbering convention created 

earlier in this paper.  The “Name” of the requirement was 

selected to be consistent with the defined numbering 

convention as well, and was appropriately selected to be 

distinct and unique from other entries.  The “Specification” 

column contains the block definitions also defined earlier. 

 

IV. MODEL THE COST 

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. 

 

As with System modeling, there are a number of cost tools 

which may do similar functions.  For costing the System in this 

paper, the software package SEER was used.  Primarily SEER 

was chosen because it contains all of elements required to 

enable a user to create a modular cost model.  Blocks can be 

created and turned on and off to simulate substituting one block 

for another.  For each cost model block, there are parameters 

which can be adjusted and which have an affect on cost.  Those 

parameters correspond to various ranges of hardware design 

details ranging from a very high level of detail to a very low 

level of detail depending on the users familiarity with the 

hardware being modeled.  All of the cost data is pulled from 

industry standards so no cost data needs to be loaded.  SEER 

has the ability to add additional data if required.  SEER also 

includes information regarding the sensitivity of a particular 

parameter being adjusted.  The presentation of the sensitivity 

factors are currently a bit crude, but it should be possible to 

pull the data for further analysis outside of the tool.  And, like 

the System modeling tool, SEER is the most familiar tool of 

the author. 

 

A. Structured Cost Modelling Approach. 

Unlike the System tool structure which focused on artifacts and 

a manner by which to organize them (See Figure 11), a cost 

tool focuses on the hardware, or more precisely, the indentured 

organization of the hardware.  This allows a System architect 

to utilize the WBS numbering system directly in the tool.  The 

tool directly calculates cost based on what hardware will be 

included.  So, in order to create a cost model, a user needs to 

first consider the indenture of the hardware. 

 

Level 1 – Deliverable hardware 

Level 2 – 1st Sub-block of hardware 

Level 2 – 2nd Sub-block of hardware 

Level 2 – 3rd Sub-block of hardware 

Etc. 

 

B. RADAR System Cost Modelling Structure. 

As with the System model, an indentured set of numbers was 

created for this System cost model and appears in Figure 12.  It 

can be noted that this numbering structure in Figure 12 is 

inconsistent with the numbering structure presented earlier and 

which appears, for example, in Figure 10.  This inconsistency 

is not preferred.  During the process of creating a numbering 

system, the numbering system has evolved.  What appears here 

in Figure 12 is an earlier instantiation of the numbering order 

which will need to be modified and brought into consistency as 

the model is developed. 

 

 
Fig. 12. Indentured Cost Numbering Structure. 
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C. RADAR System Modeled in SEER. 

The RADAR System demonstrated earlier as a set of block 

diagrams was loaded into SEER.  Figure 13 shows the 

indentured structure as loaded. 

 

Referring to the image in Appendix B, the left panel shows an 

exploded view of the structure showing the sub-blocks.  Also 

visible is an example of turning a sub-block on and off.  In this 

way, blocks can be swapped out in a modular fashion allowing 

a System architect the ability to perform cost trades.   

 

The upper right panel contains the functional parameters of the 

sub-block which can be tuned for the specific application.  For 

example, the weight of the specific hardware could be entered.  

What is initially loaded is an industry standard value to be used 

as a starting point.  The lower left panel contains the output of 

the model, or the calculated cost. 

 

 
Fig. 13. System Structure in SEER. 

 

V. OUT BRIEF OF EFFORT - HIGHLIGHTS 

The focus of this paper was divided into three main topics: 

Block Diagram, System Engineering Model, and System Cost 

Model.  The overall concept presented is the development for a 

structured approach to architecting a System.  Using that 

approach, it was demonstrated that a block diagram could be 

created at a high enough level as to encompass all 

instantiations of application.  All literature references could be 

considered a subset, or specific use case, of the high level 

block diagram.  Then, using that block diagram, a numbering 

structure was created.  The common numbering structure 

would necessarily be applicable to a WBS which represents a 

set of design tasks, a System model and a cost model.  These 

clearly defined blocks are modular and could be swapped out 

for purposes of trade studies which would include both 

performance as well as cost trades. 

 

A. Block Diagram Highlights. 

In this section, the result of a literature search was presented.  

The literature was searched to find a standardized modular 

block diagram for a RADAR System applied to military 

applications in the aerospace industry.  The diagram was to 

include sub-system block elements which could be further 

decomposed to hardware elements for an eventual design. 

 

It was discovered that no such standardized modular block 

diagram exists.  There were similarities, but what was 

discovered was that for each application, designers would 

create their own block diagram with emphasis on various 

elements which were considered a priority to the respective 

designers.  The designers in those cases tailored the block 

diagram to highlight an area or sub-block for increased 

emphasis.  All of the various block diagrams had common 

themes and elements.  Using those various diagrams, it was 

possible to create a higher level, more universal block diagram 

which covers all of the available examples.  In other words, 

any block diagram discovered through various literature 

searches could be considered a subset, or tailored version of the 

block diagrams presented here.  In addition to the block 

diagrams themselves, block descriptions were also created 

which, again, were phrased in such a way as to encompass all 

the literature search results and where those results could be 

considered a subset or tailored version of the more general 

descriptions included in this paper. 

 

The next step was to generate a numbering structure for all of 

the sub-block elements.  This numbering structure should 

accommodate any level of indenture and any number of sub-

blocks.  In this case, three levels of indenture was presented.  

The numbering structure was then used for both the System 

modeling efforts as well as the cost modeling efforts. 

 

Further investigation against available literature will be done to 

verify that all use cases have been accounted for.  In addition, 

the block diagrams will be expanded further into lower level 

sub-blocks, Level 4, Level 5, etc.  Emphasis in this paper was 

on signal flow.  Further investigation will be performed on 

digital processing and the development of processing block 

diagrams. 

 

B. System Model Highlights. 

In this section, the block diagrams developed were used to 

create a System model structure.  Then, that System model 

structure was implemented in a System architecture software 

package, in this case Rhapsody.  The Rhapsody RADAR 

model contains all of the Level 1, Level 2 and Level 3 sub-

block elements.  A Requirements package was created for each 
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element.  The Requirements were arranged into 

RequirementsTables for both Function and Non-Functional 

Requiremements.  And, finally, all block diagram descriptions 

were entered into the model as Requirement Specifications.  

This effort forms the foundation for a detailed System Model.   

 

It was demonstrated that after having created a generic set of 

block diagrams with a corresponding numbering structure, that 

same numbering structure and block elements could be 

implemented as a System Model.  Consistency from block 

diagram to System model was maintained. 

 

Further development will be done in the area of Functional 

Requirements.  The System model will develop in accordance 

with a structured architecture approach.  Namely, Use Cases, 

Logical View Diagrams, Operational View Diagrams, Timing 

Diagrams, etc. will be created.  The goal will continue to be to 

generate a modular model which can be used for trade studies 

and has an emphasis on developing the sensitivity of each of 

the model parameters as a tool for performing those trade 

studies. 

 

C. Cost Model Highlights. 

In this section, the block diagrams developed were used to 

create a System Cost model structure.  Then, that System 

model structure was implemented in a System cost model 

software package, in this case SEER.  The SEER Radar model 

contains all of the Level 1 and Level 2 sub-block elements. 

 

It was demonstrated that after having created a generic set of 

block diagrams with a corresponding numbering structure, that 

same numbering structure and block elements could be 

implemented as a cost model.  Consistency from block diagram 

and System model to cost model was maintained.  It should be 

noted, because this is an iterative process, the structure created 

has been evolving and the current version loaded in the cost 

model does not ideally match the final version.  So, some effort 

will need to be made to align the numbering convention.  

However, it should be noted that this effort is considered 

minor, and of little consequence to the presented material. 

 

Further development will be done to align the results of the 

Level 1 cost models with the results of the Level 2 rollup 

models.  And eventually, the focus will be on extracting the 

sensitivity data and using that sensitivity data to perform 

analysis and create algorithms where a designer has visibility 

on what factors contribute, and to what extent they contribute, 

on the total cost.  This is really the most important thing for 

performing a cost trade and at this time is an aspect which is 

almost entirely ignored. 

 

VI. 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 compliation 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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VII. APPENDIX 

 
Appendix A – Rhapsody Screen Shot 

Presented for the ICEAA 2021 Online Workshop - www.iceaaonline.com



“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.” 

 

12 

 

 
Appendix B – SEER Screen Shot 
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Appendix C – RADAR Block Diagram 
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Appendix D – RADAR Detailed Block Diagram 
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Appendix E – Antenna Block Diagram 
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Appendix F – Transmitter Block Diagram 
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Appendix G – Synchronizer Block Diagram 
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Appendix H – Receiver Block Diagram 
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Appendix I – Processor Block Diagram 
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Appendix J – Power Block Diagram 
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Appendix K – Display Block Diagram 
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