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Modeling and Analysis of Cooperative Engagements with
Manned-Unmanned Ground Combat Systems

Sang Woo Han' - Jai Jeong Pyun

Analysis of combat effectiveness is required to consider the concept of tactical cooperative engagement between
manned-unmanned weapon systems, in order to predict the required operational capabilities of future weapon
systems that meets the concept of ‘effect-based synchronized operations.” However, analytical methods such as
mathematical and statistical models make it difficult to analyze the effects of complex systems under nonlinear
warfare. In this paper, we propose a combat simulation model that can simulate the concept of cooperative engagement
between manned-unmanned combat entities based on wireless communications. First, we model unmanned combat
entities, e.g., unmanned ground vehicles and drones, and manned combat entities, e.g., combatants and artillery,
considering the capabilities required by the future ground system. We also simulate tactical behavior in which
all entities perform their mission while sharing battlefield situation information through wireless communications.
Finally we explore the feasibility of the proposed model by analyzing combat effectiveness such as target acquisition
rate, remote control success rate, reconnaissance lead time, survival rate, and enemy’s loss rate under a small-unit
armor reconnaissance scenario. The proposed model is expected to be used in war-game combat experiments as
well as analysis of the effects of manned-unmanned ground weapons.

Key words : Manned-unmanned ground systems, required operational capability, cooperative engagement modeling,
combat effectiveness analysis, and OneSAF(One Semi-Automated Forces)
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Table 2. System Alternatives

Alternatives | The Organization of Light Reconnaissance Team

* A light tactical vehicle
* Combatants

* A control vehicle
* Two unmanned vehicles

* A control vehicle
ALT-3 * Two unmanned vehicles equiped with a
vertical extension arm for surveillance

* A control vehicle

* Two unmanned vehicles equiped with a
vertical extension arm for surveillance

* A communication relay drone

ALT-4

Side Unit Entities
Light Tactical
Headquarter Vehicle, Combatants
Mechanized Armored Personnel
Infantry Squad | Carrier, Combatants
Heavy
Friendly Reconnaissance | Tanks
Platoon
Force Team
Light
Reconnaissance | Refer to Table 3
Team
Fire Support Mortars
Team
Opposing Platoon Anti-Tank Missiles,
Force Combatants
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Table 3. Simulation results

Variables Alternatives
ALT-1 ALT-2 ALT-3 ALT-4
Nidentification 10 45 47 45
Nopposing 50 50 50 50
Neonnected 0 4,244 4,717 5,243
Naisconnected 0 0 0 0
Ty 00:00:00 | 00:00:00 | 00:00:00 | 00:00:00
Ty 00:53:18 | 01:16:30| 01:03:09 | 01:12:39
Nsurvival 15 3 1 1
Niiiendly 24 24 24 24
Naarmage 33 50 50 50
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Table 4. Combat effectiveness analysis results

Alternatives
MOE ALT-1 | ALT-2 | ALT-3 | ALT-4
Target Acquisition 20% 90% 94% 91%
Rate

Remote-control

0% | 100% | 100% | 100%
Success Rate

Reconnaissance Lead

Time (HH:MM:SS) 00:53:18 | 01:16:30 | 01:03:09 | 01:13:39

Rate of Friendly
Combat Vehicles and 38% 90% 94% 97%
Combatants Survived

Rate of Enemy’s

65% | 100% | 100% | 100%
Damage
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