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연구배경
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분할컴퓨팅기술
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분할모델추론워크플로우
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분할실행추론실행연구
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지능분할실행판단& 분할실행프레임워크
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로봇-엣지간로봇지능분할프레임워크개발절차

1. 모델 변환

Torch, TensorFlow, Keras등으로 작

성된 모델을 ONNX 포맷으로 변환

2. 모델 정보 추출

모델의 구조, 레이어별 출력, 텐서 크기 등

모델 분할 시 필요한 정보 추출

4. 모델 분할

지능 분할실행 판단 및 분할지점 선정 결

과에 따라 지능서비스 모델 분할

5. 중간 표현 압축

전송 트래픽 감소를 위해 분할된 모델의

중간 표현 데이터 압축

3. 분할 후보 지점 추출
및 분할 지점 선정

추출한 모델의 정보를 바탕으로, 분할 후보 지점 

추출 및 분할 지점 선정

6. 분할 모델 실행

분할된 모델이 서로 다른 디바이스에서 

통신하며 실행될 수 있도록 개발
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ONNX 변환및모델정보추출
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지능분할지점선정

지능분할시험용모델로는PyTorch에서제공하는 ResNet-50 모델선정
ResNet-50 모델은스킵연결(skip connection)이포함된 residual  block으로구성되는데, 이구간내에서모델을
분할할경우전송량이크게증가할수있음
이를위해모델을분석하여단일특징맵을전송할수있는분할지점후보추출기술을개발
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모델분할→MS →배포

Robot

Edge Server
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테스트베드구현

Local Device
- Nvidia Jetson 
AGX Orin

Edge Server
- i7-14900k 
- RTX 4090

Camera
- Intel RealSense 
D435if 

Router
- Wired Connection
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지능분할실행을활용한로봇태스크수행시스템아키텍처

Skill Management ContainerHead Network 
Container

Object Classification ContainerCamera 
Data 
Container

Robot Control Container

ResNet-50

Camera

Manipulator

topic: /goal_pose

{
position: (x, y, z),
orientation: (x, y, z, w),
grasp: (width, speed, 
force, epsilon)
}

MoveIt

IK Calculation,
Motion Planning

Local Device Edge Server

Manipulator Skill Repository
[

{"name": 1,
"skill": {

"position": { "x": 0.35, "y": 0.10, "z": 0.20 },
"orientation": {"x": 1.0, "y": 0.0, "z": 0.0, "w": 0.0 },

      "grasp": {"width": 0.04, "speed": 0.05,"force": 30.0,          
        "epsilon": { "inner": 0.005, "outer": 0.005 }}}},

{"name": 2,
"skill": {

"position": { "x": 0.35, "y": 0.10, "z": 0.20 },
"orientation": {"x": 1.0, "y": 0.0, "z": 0.0, "w": 0.0 },

      "grasp": {"width": 0.05, "speed": 0.05,"force": 30.0,          
        "epsilon": { "inner": 0.005, "outer": 0.005 }}}},
…

]

Execute

case inference result (case: 1)

Skill Selector

Skill request
{"skill": 1}

Skill 1
{
position: (x, y, z),
orientation: (x, y, z, w),
grasp: (width, speed, force, 
epsilon)
}

Case 1 → Skill 1
Case 2 → Skill 2
Case 3 → Skill 1
…

Skill
dataTopic

DDS/RTPS

Features

HTTP
Image

ResNet-50
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ResNet-50 분할후보지점선정
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Stem Block 1 Block 2 Block 3 Block 4 FC

SP 4SP 1 SP 2 SP 3 LC

Split Point Output Shape Output Size Data Size (MB) FLOPs Params

SP 1 [1, 256, 56, 56] 802,816 3.16 806,830,080 225,344

SP 2 [1, 512, 28, 28] 401,408 1.53 1,040,048,128 1,219,584

SP 3 [1, 1024, 14, 14] 200,704 0.77 1,472,966,656 7,098,368

SP 4 [1, 2048, 7, 7] 100,352 0.38 811,747,328 14,964,736

LC [1,1000] 1,000 0.00 2,150,400 2,049,000
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SP별초당전송량그래프 (6 FPS)

SP1 : 49.7% 감소

SP2 : 74.8% 감소

SP3 : 87.4% 감소
SP4 : 93.9% 감소

원본 이미지 대비
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분할지점/스킬별매니퓰레이터작업수행

SP: 1
Skill: 1

SP: 2
Skill: 2

SP: 4
Skill: 4

SP: 3
Skill: 3
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데모영상
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자율행동체 (로봇지능) 분산·분할실행판단정책모델확장개발
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강화학습기반분할지점선정정책성능

Policy
Mean 

latency
Action distribution

Random 73.9 ms Full: 50.13%, Split: 49.87%

Full offload only 56.6 ms Full: 100%

Split computing 
only

61.5 ms Split 100%

DQN 53.8 ms Full 44.84%, Split 55.16%
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Open-Source Contribution

https://github.com/Open-Edge-Robotics/A.EdgeAI-Split-Computing
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