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Calculate desired
velocity in company

with collision avoidance &

. P; : Camera Object
|

P : Desired velocity of
Image feature

. d
P;  : Desired velocity
of UGV

Low-Level Controller

Elgd . AURA
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© SITLO|2}?

SITL (Simulation in the Loop)

L &Nl = 80| 7k 2HE0lIM AIS Fet s a

ASE Al 27| 2k B
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© SITLO|2}?

SITLC| 0|
v & g|AT HI= > Jtat g oA 25t B HIAE TS
v HIE2 H=J1= > HHE Al 8h5 ALO|2 2tH 21 X7 AF

v [[E 7|8 =A| HAE » E2/ZH Multi-Agent 28 S
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o SITLO|2}?

SITL AJAE] 7LX : 37| To|Z2atol

X|&EH 4 (GCS)
AH2XPL AT E Fojotl EE/ZHQ| HENS A2t DLIEE 5t= 2t

H|aHX|{ (FCC) : PixHawk Firmware(PX4)
CE/EHo| BE/MEE H|05t= s Firmware

CIXIE E2l 9Tl : Unity3D < Al Module (CNN / PPO)
It 220l M LiDAR/Camera MA| HIO|E{ & ‘MMt AVt ZES QK| = Zolj = 2|1
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o A2 A|LI2|@
C=E1 EHo| 2 A|LI2 |2

: o
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Drone : 3D 27} H|0{ Rover : 2D %‘“.:'_1 5[0y
Waypoint ‘44 2 2H0| M& Waypoint 7|8t Z =2 A=
2rod X|& U XS AZH OJEHX| Zoll = &AIZt 21T
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© Unity3D 24 11=

Unity3D, PX4 1% 2=

LOITER> Mode LO|TEE
fen -—||-—— t

I1I |||||—||i'

AC0EP
ACCER
ABLLEF ]

Edit Link

i FOVER

MEA| AHEC = A

£2 AHE

= ZHETETTE HE M, UHE EHOM UDP S HEE SR M
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_ ME 29181

Edit Link . m
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4.  Rigidbody
Mass 1.5
Linear Damping 1
Angular Damping 1.5
Automatic Center Of Mas v
Automatic Tensor v
Use Gravity v
Is Kinematic
Interpolate Interpolate
Collision Detection Continuous
Constraints
Layer Overrides

Include Layers Nothing

Exclude Layers Nothing
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o EE/=H a5 3 AlE|0|M &S
C2/2H MIA Bt - LiDAR, 3D Depth Camera

ZEM I LIDAR MIA

L2 : 3D Depth Camera
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o— s — s —

ficrosoft Windows [Version 10.0,26200,8246]

(c) Microsoft Corporation. All rights reserwved.
| tth:
=

A0, 0.81,0.81.0.81.0.81.0.81.0.8 ,E.QBJ

20,00,
-1, 0, 00,20,00,20,00,20,00,20.C 0,2 T
GOl E: 20.00,20.00, ¢ . ) 0,00, 7 00,16 .06, 20,00

OlE: 0, 0 2000, 20,00,
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fan T}

| E—

= [LIDAR] OO |
= [LIDAR] |
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A e A e e
Lol UL U LI, L
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50,0.50,0.5 ] .81, 0 1.81.0.81.0,

0, 20,00, el 00, 20 0 A0, 20,00, 20,00, 20,

= [LIDAR] O|o] A0 00, 200 20, L2000, 20,00,20, 00, 20,00, 20,
= [DEFTH] 4|0 B0,0,50,0.5 1.81.0.81.0.81,0.81.0.81.0, 00,20, 00,20,
L2000, 00,20,00,20,00,20,00,20,00,20,00,20,00,20,00, 20, 20, 00,20,00,20.0C 00 m

= [DEFTH] O|C]&: 0.50,0.50,0.50,0.580,0.5 0.81.0.8 i a1 00, 20,00, 20,
VADL 00 A0, 00, 20,00, 20,00, VAD 00 20 ac il VAL Q0 2000, 20,00 0 m

= [LIDAR] O|0|&: 20,00, ,20.,00,20,0C 200, L 20,00,20,00,20,0C 00, 20,00, 20,
= [DEPTH] G0l 0.50,C 50,0.50,0 0.81.0.81,0.81,0.81,0.81,0. 00,20.00,20.
LA D0 A0, 00, 20,00, 20 1, 00,20 0L @0, 00, 20, 0 m

= [LID&R] O|0|E: 20 0,20 00,20.00,20,

= [DEFTH] d4|0|H: O, 50, .0, 0.8 1.81.0.81.0.

— o I a = a = L g I E - gt M L M g e e g e
200000 20 00 20 00 20 00 20 00 20 00,20 00 20 00 20 .00 m
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o EE/2H| si& 3 A=0|M ES
CNN O}7 |EllX]

Unity3D0I| CNN 2 E 2=

class PPOActorCriticCNN(nn.Module):
def __init__ (self, cam_shape, action_dim=2):
super(PPOActorCriticCNN, self). init_ ()

self.cnn = nn.Sequential(
nn.Conv2d(cam_shape[@], 16, kernel size=3, stride=1, padding=1),
nn.RelLU(),
nn.MaxPool2d(2, 2),
nn.Conv2d(16, 32, kernel size=3, stride=1, padding=1),
nn.RelLU(),
nn.MaxPool2d(2, 2),
nn.Flatten()

with torch.no_grad():
dummy_input = torch.zeros(1l, *cam_shape)
cnn_out_dim = self.cnn(dummy_input).shape[1]

self.actor = nn.Sequential(
nn.Linear(cnn_out_dim, 128),
nn.Tanh(),
nn.Linear (128, 128),
nn.Tanh(),
nn.Linear (128, action_dim),
nn.Tanh()

)

self.action_log std = nn.Parameter(torch.zeros(1, action_dim))

self.critic = nn.Sequential(
nn.Linear(cnn_out_dim, 128),
nn.Tanh(),
nn.Linear (128, 128),
nn.Tanh(),
nn.Linear(128, 1)

Input

(32x24x1)

(channel)

7.

A N

4

\_'_I
16

32x24

(channel)

~.
o
~~.
..
~~.
~
..

RelU

rawa

Conv
RelU

B : MaxPooling

tanh

.
..
S
S,

3072
(node)

(node)

128
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&& waypoints, Length > 0 && currentliaypoint Index < waypoints. Length) f (upr ,.3mpg.@,r.j < 0.41)

targetllaypoint waypoints{cur rentWaypoint Index] . SetPeward{-2 .0f).
t currentDistance = Vector3 Distance( transform. pasition, targetllaypoint . position). EndEpisodel).
dirToTarget = (targetWaypoint . position - transform. position) ,normalized return;

LD, L inearVelocity. magni tuge
(transform, localPosition.y < 0.21)
r3 currentVeloci tyDir = rb. |l inearYelocity . normal | 2ed; ) S
; 3 Dot( : r 1 \ SetReward(-2.01)
! velocityTowardsTarget = Vector3, Dot(current¥eloci tyDir, dirToTarget) EndEpis el )
: : 1R17 . o 1sodel ).
AddReward({velocityTowardsTarget » 0 .021).

4 .340 42
' A B aF

lookAtTargetReward = Vector3, Dot{ transform, forward, dirToTarget). if {currentDistance < 1 . 51)
AddReward( | ookAtTargetReward « 0,0061)
AddPeward(5 ,0f) .
cur rentiiaypoint Index++;

-
: .

: lj IS t':‘ I"I:Ei:f'sa rlgfj - p]’e'.j[ G_]E{] 15 ta nce - Cur rentDistance:
AddResard(distanceCharge « 1,0f).

previouslistance I (current@eypointindex >= gaypoints Length

SetReward(10,0f)

; o, EndEp isode( ).
! vprightPeward = YectorS Dot(transform.up, G SB0000)

AddRewa rd(upr ightReward + 0,0021)
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o EE/ZH =i5 3 AEH0|M 523

C2/2H 25taHs AIRk 2H Z5tets

@ SITL_Simulator - SampleScene - Windows, Mac, Linux - Unity 6.3 LTS (6000.3.10f1)* <DX12:=

File Edit Assets GameObject Component Services Jobs Window Help

+

FUEAM play(r) HHIES £ 2,

Al |

2 4 (drone_model_EMERGENCY.pth)S &35 C gk ofluAE s5eu8RH OOl M AlZret

-

B[5049/20000] OO A TE | A®: 143 | & H: 70.79
C:\Users\user\Desktop\train_drone\train_drone.py:2U3: DeprecationWarning: You are using the legacy TorchScript-
based ONNX export. Starting in PyTorch 2.9, the new torch.export-based ONNX exporter will be the default. To sw
itch now, set dynamo=True in torch.onnx.export. This new exporter supports features like exporting LLMs with Dy
namicCache. We encourage you to try it and share feedback to help improve the experience. Learn more about the
new export logic: https://pytorch.org/docs/stable/onnx_dynamo.html. For exporting control flow: https://pytorch
.org/tutorials/beginner/onnx/export control flow model to _onnx tutorial.html.

Torcn.onnx.export
T MI=E S 4 HEgE (8+: 70.79)
W [5050/20000] Of I = : 184 | & H4: 78.55
? NS 24 I EENCESY

m[5051/20000] Of u ;o144 |

W [5052/20000] Of IO & : 163 77.56 —
[5053/20000] Of O ) ¢ 28.07 A E‘" A
:[5054/2%@@] o ;I : o0, HIII_E EE 7|‘3I I xol.

W [5055/20000] Of O : 3 +=: 78.50
B [5056/20000] Of ul : +: 70.83
m[5057/20000] Of ul : = FH4: 79.62
l! MZIE 41 2 =PRI H: 79.62)
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Cumulative Reward
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StepO| LlHE+=
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0.0 -

_2.5 .

-5.0 - Raw Data
= Smoothed (EMA)

0 2k 4k 6k 8k 10k
Step
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CE/=H &= Sel

1. Companion Computer E}XH

1. EZ B HI0|E ZHof| M=

2. LiDAR, 3D Depth Camera 91Z

2. M| 2F AL &7 1H| Al

3. Al 22! Edge Computing O[A!

3.LLMAE X= 7|5 1ks}

4. EE/ZH HE XAEFHHAE
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