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We were presented an example of designing a system
architecture based on systems engineering. A behavior
diagram for high tech submarine was created according
to the requirements. And then, a functional, physical
architecture matrix was designed to convert the
requirements into a functional/physical architecture.
In addition, usecase diagram and sequence diagram
which are methods of expressing requirements were
utilized. These repetitive and systematic analysis
results were applied to design the system architecture
by applying the OPCAT tool.

A|AEAZ|L|O{ZH (Systems Engineering),
QA Requirements),

7= (Behavior Diagram),

7|52 OF7|ElI{ (Functional Architecture),
S2|% Of7 [EliZ{(Physical Architecture)
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Table 1. Reasons for project failure

Factor Ratio (%)

Incomplete requirements 13.1
Lack of user involvement 12.4

Lack of resources 10.6
Unrealistic expectations 9.9
Lack of executive support 9.3

Changing requirements/specifications 8.7

Lack of planning 8.1

Did not need it any longer 7.5
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Requirements Analysis

System

= Analyze Missions & Environments

= |dentify Functional Requirements

= Define/Refine Performance & Design
Constraint Requirements

Requirements Loop

Analysis
& Control

= Trade-Off Studies
= Effectiveness Analysis
= Risk Management

Functional Analysis/Allocation

= Decompose to Lower-Level Functions
= Allocate Performance & Other Limiting
Verify = Requirements to All Functional Levels

= Define/Refine Functional Interfaces(Internal/External)
= Define/Refine/Integrate Functional Architecture

= Configuration Management
= Interface Management

= Data Management

» Performance

= Measurement

- SEMS

-TPM

Design Loop

- Technical Reviews

Synthesis

= Transform Architectures (Functional to Physical)
= Define Alternative System Concepts, Configuration Items & System Elements
= Select Preferred Product & Process Solutions

= Define/Refine Physical Interfaces (Internal/External) Verify

Fig. 1. System engineering process[71]
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Table 2. Requirements of a high tech submarine
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Mission Requirements

Submarine warfare/Electronic warfare/

Mine warfare/Land attack weapons.

It need to be able to overpower the enemy at any time equipped with state—of-the-art

Special unit transportation

Special unit should be allowed to penetrate.

Information collection/analysis

It must be possessed reconnaissance capability.

Check It must be possessed BIT capability.

Sea voyage

Even in shallow seas, it should be able to move accurately.

Maneuver

It need to be equipped with mobility fighter jets.

Submarine voyage/float

We need to stay stationary for a few days regardless of the oceanic current.
Up to 3 months, it must be able to hide in the sea.
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- Performs BIT functions, monitors peripherals, and controls the weapon system
- Monitor the surface of the water

- Possess low speed operating capabilitie:

- Move upward and downward using buoyancy

tank | _ Maintain the submarine balance

Cabin Hull
Non
. Navy Frame Internal Outer
Lock
conductive ocker seal \ work structure frame
value
Acoustic detector
- Penetration of special unit is allowed - Ride crew members and load weapons
s s - Special unit keep equipment - Diving depth can be submerged up to 240 meters
d :)ne;r onar - The water pressure will withstand 26 kgf/cm? pressure
etector spear - Maintain the shape of the submarine
- Detect the enemy situation Nuclear
- Analyze the received sound waves reactor
Command and control center/ Provid . v of electrici
Voyage control room - Provide a steady supply of electricity
Mine
tect " . . .
detector | _ Identify going mines Control Multi Camera | | Operator WLR-10
module sensor counter—
measures set
Ballast . | [ ) Automatic L Position
tank - Maintain the current position Steerlng navigation DIV‘FQ automatic - Carry out function of Electronic warfare
unit unit unit controller
Trim

Engine room
Tail Hydro
Propeller Rudder wing piane | Armament room
. Vertical
. Cruise - . Torpedo
Turbine Large Pump jet missile firing Mine Torpedo tube
duct propeller module
- Have speed control - Block enemy submarines and ship attack beforehand
- Possess low speed - Destroy the enemy’s nuclear facility

- 35,000 horsepower drives
- Move without sound
- Has noise insulation function

Fig. 2. Behavior diagram of a high tech submarine

Table 3. Matrix of functional-physical architecture

Contents

Category

Requirements Functional architecture Physical architecture

1.ltneedtobeableto 1. Block enemy submarines and ship attack beforehand. 1. Torpedo, Torpedo tube
overpower the enemy 2. Carry out function of Electronic warfare. 2. WLR-10 Countermeasures set
1 at any time equipped 3. Identify going mines under the submarine. 3. Mine detector, Mine
with state-of-the-art 4. Destroy the enemy’s nuclear facility from 1,600 km. 4. Cruise missile, Vertical firing
weapons. module
1. Special unit should 1. Ride crew members and load weapons. 1. Internal structure
2 be allowed to 2. Without the location of the submarine, penetration of special unit 2. Nonconductive value
penetrate. is allowed. 3. Locker, Navy seal
3. Special unit keep equipment available for operations.
1. It must be possessed 1. Detect the enemy situation in the dark sea. 1. Sonar detector
3 reconnaissance 2. After transmitting sound waves, analyze the received sound waves. 2. Sonar spear
capability. 3. Cover the surface of the water without being exposed to the surface 3. Multi sensor, Camera
of the water.
4 1. It must be possessed 1. Performs BIT functions, monitors peripherals, and controls 1. Control module
BIT capability. the weapon system.
1. Even in shallow seas, 1. Have speed control for accurate control. 1. Propeller, Rudder, Tail wing,
it should be ableto 2. Holds above 25 knots over water, above 20 knots under water. Hydroplane, Steering unit
5 move accurately. 3. It has 35,000 horsepower drives. 2. Automatic navigation unit
4. It provide a steady supply of electricity for 30 years without 3. Turbine
refueling. 4. Nuclear reactor
1. It need to be 1. Cover with hidden function and move without sound to avoid 1. Pump jet propeller, Position

6 equipped with detection of enemies. automatic controller

mobility fighter jets. 2. It has noise insulation function. 2. Large duct

1. We need to stay 1. The current position of the tides is corrected to maintain the 1. Ballast tank
stationary for a few current position. 2. Trim tank
days regardless of 2. Maintain the submarine balance and hold it in a minimum of 3. Ballast tank, Diving unit
the oceanic current. 90 days under submarine voyage. 4. Outer frame

7 2. Up to 3 months, 3. Itis possible to move upward and downward using buoyancy. 5. Framework, Internal

it must be able to 4. The diving depth can be submerged up to 240 meters, structure, Outer frame
hide in the sea. and the water pressure will withstand 26 kgf/cm? pressure.

5. Maintain the shape of the submarine, including the floor
and the interior walls.
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Submarine A
Acoustic Detector Commandand control center] Voyage control room
- sonar detector - control module - propeller - steering unit
- sonar spear - multi sensor - rudder

- automatic
- camera - tail wing navigation unit

ydrop - diving unit
- turbine - position automatic

- large duct controller
- pump jet propeller

T

k
- Internal structure
- outer frame

Arming room Cabin

- cruise missile -
- vertical firing value
module - locker

- mine - navy seal
- torpedo
- torpedo tube

Trim tank Mine detector WLR-10

countermeasures set

Ballast tank

|
|

Fig. 3. Configuration item of hardware

Submarine A

Control CSCI

SW management CSCI

Information collection/
analysis CSCI

— Sea voyage CSCI

BITCSC ‘ SW version check CSC ‘

Prove the results of ‘

SW installation/
check CSC

update CSC

— Maneuver CSCI
mm  Submarine voyage/float CSCI
— Arming CSCI

Fig. 4. Configuration item of software
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Operator

Command and Acoustic Voyage

Engine room
control center detector control room 9

Arming room

Operatiq

=j

Console on ——»

Console controller on

— Self-check request =9
Self-check request =———

Self-check request

v

< Self-check result
[ Self-check result
€— Self-check result ——

‘ Sensor on, C-BIT check result ‘

i@ Status mode setting info. =
[——— Status mode setting information

<

< Status mode setting information
& Acoustic information —{
— Navigation information
Surveillance intelli‘gence information ————>
Maneuveri‘nformation e

Velocity info. ——»
— Positional control info. =
— Noise isolation info. =
— Posture balance info. =
— Position correction info. #|

(€= Information collection =

Firing information

Console off =

Console controller off

Fig. 6. Sequence diagram

. o
+~ Tactics 3
{ combat

iR protocols‘,

Nuclear reactor

Command and
control room

|

Weapons
control panels

Control panels

Sonar detectors
}

Command and control
process

Information
display

Enemy N
\_ detected .

Command
transmission

v

Voyage control

Sail wing |

S’eleéting\) type of room Steering unit
operation "W
Automatic
navigation unit

/4
Armament room

Rudder

Trim tank |

A Position
automatic
control unit
| Missile types | | Mine |
A
J J Driving unit
""""""" | I B |
i Torpedo ! i Cruisemissile | 1 Vertical firing ]
1 1 1

______________________ ! module |

Fig. 7. Architecting using OPCAT
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