55012 1] = F oo Vol. 53 No.12
2025 4E12 A ACTA ELECTRONICA SINICA Dec. 2025

1 ) £ sl H L e A i 122 P[] S B )
RS BRI B AT 5T

T FULAaERL KREEFLAMNLF A
(1. KM T RZET IR 5HR R, 10T K% 116024
2. KB TR Tk e &80 e il 5 DA 80 3 S S0 0 %, 10 TR 116024
3. At Bk R A PR 2 R, dE st 100101)

W OE. ETHXAHEMZ MY (Deep Neural Network , DNN ) 3 121 P15 [7] 4 B 57 A 38 1o K48 R B 20 349 S e 7%
LA N L FIIL G I 55 A% L0 | RS AT R fifk sy 1 B 0 1052 PR L2 R A A5 1 b 200 A 5 RS 50 4 RS R
TRAEE. SR, Z AR LA AFRAE R 58 (Robot Operating System?2, ROS2) 138 {7 W BE #2 T B O PR AR« B4 Ao
{75 SR X LA (% B ] e P O RS0 U AT 280 i 1% Tl g S A 157 PRS0 U A A R . ek — ) A, AT 52 41
T AL AR R G e IR 1] B S AL TR R o 22 I 26 i 300 P [ ) 9 5 O U 8 25 9 B 58 vk (Hybrid Data Flow
Dynamic Scheduling Algorithm for Mobile Robot Deep Neural Network Edge-End Collaborative Inference in the Robot Operat-
ing System2, DRECHS ). B 5 , & i 122 03 [R] 4l LA AL B 20 AT, 5 SC T TR B2 Aot 428 I 245 v [l B0 14 e R AR VR A i 1 1) 321
PN, A AR T B SRR . A5 A AR BT T — R TR A DI AR GBS B4 U BEASERY e U R R Ao e
IR AL & LS RS T RGN S 7 RGBS UL . (e EERE b, J2th 1 BRI A Bl it 8 2 5 ik
B e DL N BRAE R GBI 53 & il 55 (Data Distribution Service , DDS) Ji#% il #5 H , BESSAKHE 14T H 1 BABIIR
AR bR AR U 3 A, 2 BRX G2 530 A2 i MU ) AR B4 ) AT A 09 2 4 B 55 S A i R i B 1, 52
U AR [l 2o 9 8 i 1) 22 S AL IR 45 3B (Quality of Service, QoS) AL , RO T R 58 i B ARME R PR BE . £14 FT%
BB XTIk BO AN R SE 4645 T B9 05 LS8, %) LE A 1 FIrR 3305 15 2R 48 N B0 B 06 S Ae A S AR A0 254
TR PEREZE S . SR A SRR ACHIFSE B 4 B0 e J3E 5 0 e o YR A D) 2R A B R S 2 R B SR, 7l v I e
Bl AL i i SR A R S S BT X A [0 S 20 B0 Wt A 22 S AL I 55 BRI Ak . A, AR SR 4R 11 1 AR R Y 2 7
B IR EL LA BB T A BE A R R B 2 I 4 i 120 DI ) BRAE SR, S8 A 1 AR GERAIE . %A T S AT S i
PERE MAESRAE L P AR E R T 2%

KB R RS s il D R] s HLAs AR 2R 50 TR A B R R JE s TR 2 U R e 3

BEEWB: FHHEAKRPAHES (No.62262066,No.62473071)

FESES: TP393 MERFRIZAES: A XERS: 0372-2112(2025)12-4575-17
FE F =R URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20250674

Research on Hybrid Data Flow Scheduling Algorithm for
Mobile Robot Edge-End Collaborative Inference

DING Nan'?, FANG Xi-qi', HAO Yun-tao', HU Chuang-ye', XU Li’
(1. School of Computer Science and Technology, Dalian University of Technology, Dalian, Liaoning 116024, China;
2. Key Laboratory of Intelligent Control and Optimization for Industrial Equipment, Dalian University of Technology,
Dalian, Liaoning 116024, China; 3. ByteDance Inc., Beijing 100101, China)

Abstract:  Partition-based edge-end collaborative inference technology for deep neural networks (DNN), by splitting
models and deploying them on mobile robot terminals and edge servers respectively, can effectively alleviate resource con-
straints on terminal devices and address the issue of reduced inference accuracy caused by existing model lightweighting
techniques. However, this technology also poses new challenges for communication scheduling in the robot operating sys-

tem2 (ROS2): existing communication strategies struggle to ensure the effective transmission of critical collaborative infer-
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ence data flows while simultaneously accommodating the transmission needs of other application data flows. To address
this problem, this study proposes a hybrid data flow dynamic scheduling algorithm for mobile robot deep neural network
edge-end collaborative inference in the robot operating system2 (DRECHS). First, based on the mechanism analysis of edge-
end collaborative inference, we define the maximum allowable transmission time boundaries for DNN intermediate data to
provide a theoretical basis for transmission optimization. Combining these boundary conditions, we design a scheduling
model based on hybrid switching system theory, modeling the flow scheduling process as a dynamic switching model con-
taining a priority-first subsystem and a time-first subsystem. On this basis, the specific hybrid data flow scheduling algo-
rithm is proposed. Integrated into the data distribution service (DDS) flow controller of the robot operating system2, this al-
gorithm is capable of dynamically generating output queues based on calculated queue status metrics, realizing fine-grained
control of the underlying data transmission order. Thus, while meeting the transmission requirements of inference tasks, it
achieves differentiated quality of service (QoS) optimization for data flows with different priorities, effectively balancing
overall system transmission performance. Targeting the adopted dynamic partitioning method, we design simulation experi-
ments under different bandwidth conditions to compare and analyze the performance differences between the proposed algo-
rithm and the system’s built-in scheduling algorithms and others in terms of transmission delay and packet loss rate. Experi-
mental results show that the proposed scheduling algorithm, through the hybrid switching system model and dynamic sched-
uling strategy, successfully achieves differentiated quality of service optimization for data flows with different priorities
while meeting high-priority data transmission requirements. Furthermore, this study proposes a corresponding deployment
scheme, and deploys the scheduling algorithm and the deep neural network edge-end collaborative inference framework on
real devices, completing system verification. This deployment scheme provides a reference for the deployment of the pro-

posed algorithm and framework in real-world scenarios.
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