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ABSTRACT

Robots are expected to expand their scope of application to the military field and take on important missions such as surveillance
and enemy detection in the coming future warfare. Swarm robots can perform tasks that are difficult or time-consuming for a single
robot to be performed more efficiently due to the advantage of having multiple robots. Swarm robots require mutual recognition and
collaboration. So they send and receive vast amounts of data, making it increasingly difficult to verify SW. Hardware-in-the-loop simulation
used to increase the reliability of mission verification enables SW verification of complex swarm robots, but the amount of verification
data exchanged between the HILS device and the simulator increases exponentially according to the number of systems to be verified.
So communication overload may occur. In this paper, we propose a digital twin-based communication optimization technique to solve
the communication overload problem that occurs in mission verification of swarm robots. Under the proposed Digital Twin based Multi
HILS Framework, Network DT can efficiently allocate network resources to each robot according to the mission scenario through the
Network Controller algorithm, and can satisfy all sensor generation rates required by individual robots participating in the group. In
addition, as a result of an experiment on packet loss rate, it was possible to reduce the packet loss rate from 15.7% to 0.2%.

Keywords : Digital Twin, HILS(Hardware-in-the-loop Simulation), Swarm Robot, Network Optimization
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Table 1. Example of Communication Requirement
for Robot's Sensor

Data Type Frequency Data Rate Reference
Camera 4-20Hz 100 - 28,000 Mbps [10,11]
Lidar 10Hz 8 Mbps [11]
IMU 50Hz 30 Kbps [11]
GPS 6Hz 1 Kbps [11]

Enemy Detection (High Importance)

Simulation

B High Importance Data
Data

Low Importance

Data Collision
and Congestion

Ethernet Bus

High Importance
Data Loss/Delay

Fig. 1. Problem of Multi HIL Simulation
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Fig. 2. Proposed Digital Twin-based Multi HIL Simulation
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Fig. 3. Digital Twin based Multi HILS Framework
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<mission name = “object_detection™=
<robot name = “roach_robot1">
<property=
<importance= 1 </importance=
=start= 0 </start=
<end= 3 </end=
</property=
</robot=
<robot name = “roach_robot2"=
<property=
<importance= 0 </fimportance=
<start> 0 </start>
<end> 3 </end>
</property=
<property=
<importance= 1 </fimportance=
<start> 3 </start>
<end> 4 </end>
</property=
</robot=
</mission=
<mission name = “moving"=
<robot name = “roach_robot1"=
<property=
<importance= 0 </importance=
<start> 3 </start>
<end= 4 </end=
</property>
</robot=
</mission=
</scenario>

Fig. 4. Scenario Profile
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<sensor name="color” type="camera”
<pose=0 000 0 0</pose>
<camera name="__ default ">
<horizontal_fov=1.047</horizontal_fov=
<image=
<width=1920</width>
<height=1080</height=
<format=RGB_INT8</format=
<fimage=
<clip=
=near=0.1</near=
=far=100</far=
</clip=
<noise>
<type=gaussian</type=
=mean=0.0</mean=
=stddev=0.007</stddev=
</noise>
</camera=
<always_on=1</always_on=
<update_rate=60</update_rate=
<visualization=1</visualization=
</sensor=

Fig. 5. Camera Sensor SDF
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Algorithm. Network Controller

Input : p (Robot’s Importance Array), s (Robot’s Data Size
Array), f (Robot’s Required Data Rate Array), n (Number
of Robot)

Output : A (Robot’s Allocated Sensor Generation Rate Array)

if Bunvcnl = Bmax then
Br‘esidual = Bmax
for all i = 1 to n do
Br(isidu,(zl = B’rssiduul - p[l]*S[l]*fIl]

> Calculation residual bandwidth

for all i=1 to n do

‘F;'csiduul: S[I] * (1 - p[l])
F

£, B, residual

optim: residual /

> Calculation optimized frequency

for all i=1 to n do

if p[i] = 0 then
All] = F i
else if p[i] == 1 then
Ali] = f[i]
> Sensor generation rate allocation
retum A
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