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Problems & Ideas

* Problems of current robot sim-to-real deployment:
— Inconsistency in hardware and interfaces force re-implementation
— Traditional middleware (ROS) introduces latency and overhead
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|deas: A unified, modular and vectorized view on robot system
states and control flow

Global States Storage

JtCtl

:@ T @ “@ [ Memory |
@ @ :‘“'];(;‘
0 @ @

Control Blocks
| Recv | | /0 | ::0 o)
Logger
licy
+ | Sensor | ¥ Player
Graph Primitives Worktlow

loo p chain
_* S mul Ator
[IEl —
Hdrdvure
.;

Architecture of UniCon: (a) global system states with switchable storage backends; (b) modular

control blocks covering platform and inference; (c) control flow graph primitives for workflow
composition; and (d) unified integration with simulators and hardware.



Main Contributions

e Contributions:

— A Lightweight framework for robot learning deployments;

— Vectorized global states and modular control blocks enable efficient

data flow;

— 90% reduction in development effort for cross-platform deployment;

— Enables seamless sim-to-sim, sim-to-real, and real-to-sim transfers.

Table 2 Comparison of transfer effort across workflows (code changes, in SLOC).

Components Inference workflows
Framework

HlI Sim Gl Adam NN Hl Sim Gl  Adam
Ad-hoc 852 (original code base for H1) 0 507 627 770
UniCon (ours) 393 382 35 394 350 0 0 0 0

Table 3 Comparison of framework efficiency on HI (operation latency, in us).

. Frameworks
Operation
SDK (Sync) SDK (Async) ROS 2 UniCon (ours)
Recv 1261 + 150 - 50 + 88 63 £15
Send 1011 £72 1001 + 65 587 £ 179 190 + 45
End-to-end’ 1805 + 1559 1447 + 936 1658 + 882 732 + 749

I Time between send and state timestamp, applying an inferred offset due to relative system clocks.

Compared to Ad-hoc implementation, UniCon requires
no extra effort when switching deployment targets.
UniCon also outperforms native Python SDK and ROS
in terms of efficiency.

Unitree Go2 Unitree Al

RL_calf 2830 RL_calf:
RL_thigh 1.067 EL_thigh
RL_hip{ 0.190 RL_hip 0.395
RR_calf 3284 RR_calf’
RE_thigh fi] 0.90% RR_thigh
RR_hip{ 0.221 RE_hip

16.385

FL _calf] 0010 EL calf yl 1.250
FL _thigh il 1.055 FL_thigh
FL_hip§ 0.344 FL_hip] 0.27
FR_calf| 0L012 FR_calf il 1.308
FR_thigh jill 1.566 FR_thigh
FR_hip| 0.243 FR_hip
10 Rl]

Using the UniCon’s built-in analyzer, discrepancies
can be measured to identify sources of the reality gap.



