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Future Systems Directorate



“Where art thou Singapore?”



SIZE does matter……

A sovereign nation between neighboring 
Malaysia & Indonesia



FULA CONCEPT

Scope

Key Problem Space
C2 WF Concepts Experimentation
Pushing Ops-Tech Boundaries



“What airspace problem?”

Not a problem...…

“BIG SKY SMALL BULLETS”



BIG SKY, SMALL BULLET…

What is the chance of a golf ball 
hitting a bird?

Birdie Shot Question





Key Challenge….
With proliferation of munitions, manned & 

unmanned aircraft, is there an airspace 
problem in the operating environment? 

Is current “Divide-&-Operate” way of 
managing airspace a major limiting factor in 
airspace optimisation when multiple missions 

are launch simultaneously?

Airspace Challenge
Contextual Problem



Problem of Divide-&-Operate 
Rule

Hierarchical Stovepipes

Missed Opportunity

Sub-Optimisation

OODA Loop

DnO



Flexible Utilization of Limited Airspace (FULA)

Blue Airbase B

Blue Airbase A

Div Heli troop lift
Active 1330H to 1400H
500 - 1000 ft
Divisional Airspace

OTHER MISSIONS 
Active 1315H to 1400H
500 - 5000 ft
C2 Centre

AIR DEFENCE CAP
Active 0600H to 1800H
6000 - 30000 ft
C2 Centre

UAV 
Active 1200H to 1600H
8000 ft
Divisional Airspace



FULA Logic Design
LOGIC

CONFLICT 
DETECTION

DECONFLICTION
SOLUTIONS

Munition Trajectories

Safety Bubbles

Check for Spatial & 
Temporal Intersection

Altitude Control
Lateral Displacement

Speed Adjustment

Human Decision



FULA COGNITIVE VISUALIZATIONS

Human Eye Dynamic in/out Focusing

Patterns in Motion

Aided Focus (AF)

Kinetic Visualization (KV)



PS

PT
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Munitions

CAPS

SL

PF

Check for Intersections

F0:L0 F1:L0 F2:L0
F0:L1 F1:L1 F2:L1
F0:L2 F1:L2 F2:L2

Pt of 
Conflict
(XC,YC)

Check Altitude
At Pt of Conflict (XC,YC):

Is  ||ZF- ZM|| < SV ?

Check Time
At time of Conflict TC:

Is  TS < TC < TT?

Conflict Info
•ID of conflicting 
entities
•(XC, YC, ZC, TC)

WP3

Other Missions

WP1

WP2F0

F2

F0
SL

YES YES

YES

“NO” FOR EITHER ONE OR 
BOTH CRITERIANO INTERSECTION

NO
NO CONFLICT

DETECTED

Conflict Info
•ID of conflicting 
entities
•(XC, YC, ZC, TC)

Check Altitude
At Pt of Conflict (XC,YC):

Is  ||ZF- ZM|| < SV ?

Check Intersection

SL

PF
Pt of 

Conflict
(XC,YC)

YES

NO

CONFLICT 
ALERT

CONFLICT 
ALERT

FULA Detection Flowchart



Conflict
ID of Conflicting 
entities

LATERAL

ALTITUDE

SPEED / 
TIME

Calculate Way-pts 
required to clear 

conflict

Calculate Min. time 
Tx & Distance dx

required to execute 
based on Turn Rate 

& Velocity

Considerations:
• Tx < Time to conflict?
• dx < Dist to conflict?
• Total time required 
still within mission time 
cap?
•Can we afford to alter 
the platform’s path?

S1

Calculate Way-pts 
required to clear 

conflict

Calculate Min. time 
Tx & Distance dx

required to execute 
based on Climb 
Rate & Velocity

Considerations:
• Tx < Time to conflict?
• dx < Dist to conflict?
• New Altitude within 
Operational Envelop?
• Total time required 
still within mission time 
cap?
•Can we afford to alter 
the platform’s path?

S2

Calculate Way-pts 
required to clear 

conflict

Calculate the new 
speed to reach 

waypoints S3
Consideration:

• Is the new speed 
within the Operational 
Speed Envelope?

HUMAN 
DECISION

FULA Solutioning Flowchart



Safety Clearance
Munition Classes

Unmanned Classes

Manned Classes



16/04/07

IS BELIEVING

RECORD OF DEMO               
IN FLYING ENVIRONMENT



16/04/07

SEEING IS BELIEVING
LIVE DEMO



16/04/07

SEEING IS BELIEVING
LIVE DEMO



16/04/07

Cognitive Visualisation

Improved 2D View



16/04/07

Cognitive Visualisation

Improved 3D View



16/04/07

Cognitive Visualisation

Helicopter Ops
2D View 3D View



16/04/07

Cognitive Visualisation
SAM & Slow-Movers

SAM Site Heli & MiniUAV Conflict

4th Dimension for SIMOPS…..



16/04/07

PUSHING OPS-TECH 
BOUNDARY

PUSHING OPS-TECH 
BOUNDARY



Pushing Augmented Cognition with 3D 
visualization + interaction

Ensure one 
glance understanding

New artificial 
cues for 
precise relative 
position 
& distance 
judgement

New advanced 
3D interaction techniques

New multimodal 
interactions techniques



One Context
Dynamic Missions

flexible employment of air power 
to deal with 

emerging concerns of high 
priority, 

Flexible utilisation of airspace for 
assets across domains



FULA – PUSHING OPS-TECH BOUNDARIES & 
ENABLING C2 WARFIGHTING CONCEPTS FOR 

EXPERIMENTATION 

3D ONE-GLANCE

FLEXI AIRSPACE
MANAGEMENT

DISTRIBUTED
C2

JOINT FIRES
LOCAL

OPTIMUM

BATTLESPACE
ORCHESTRATION

FREE FLIGHT

DECENTRALISED
EDGED C2

COLLABORATIVE 
PLANNING

FULA



3D BASELINE BATTLESPACE 
AWARENESS PICTURE



FULA – PUSHING OPS-TECH BOUNDARIES & 
ENABLING C2 WARFIGHTING CONCEPTS FOR 

EXPERIMENTATION 

3D ONE-LOOK 

FLEXI AIRSPACE
MANAGEMENT

DISTRIBUTED
C2

JOINT FIRES LOCAL
OPTIMUM

BATTLESPACE
ORCHESTRATION

FREE FLIGHT

DECENTRALISED
EDGED C2

COLLABORATIVE 
PLANNING

FULA



COMPRESSING THE          
SENSOR-to-SHOOTER LOOP

REAL-TIME
TCTs POSIT & 

INTEL

REAL-TIME
TARGET

BDA

REAL-TIME
TARGET

RE-ASSIGNMENT

REAL-TIME
TARGET-to-WPNS

ASSIGNMENT

TARGET 
VULNERABILITY 

WINDOW



The Dynamic Cycle

AssessAssessExecuteExecuteDecideDecideIdentifyIdentifyLocateLocateDetectDetect

FULA - KEY ENABLER

Elusive
Aggressive
Compression of OODA Loop Cycle



FULA CONCEPT
A TRANSFORMATION IDEA 

THAT REQUIRES A 
TRANSFORMATIONAL MINDSET





12TH ICCRTS

Thank You!

FULAFULA
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