Trajectory-Level Data Augmentation for Offline Reinforcement Learning
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PROBLEM AND CORE IDEA OBSERVATION MODALITIES
Motivation: Offline RL performance 1s strongly determined by dataset quality. In ac- We evaluate across direct state observations and 1image-based sensing. LIFT 1s designed
tive positioning, logging policies are often highly structured and suboptimal, which makes Trajectories of 73 Shortcut augmented trajectories Trajectories of 75 with ag to stay compatible with deterministic logging routines and robust hand-offs.
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learning robust offline RL agents difficult.

Our idea: A trajectory-level data augmentation that exploits the geometric interplay in ac- Lens alignment (Opp)

tive positioning problems by accumulating actions along a trajectory into a single shortcut

SC) action.
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Light tunnel (Orr)
Contributions: Better trajectory returns, stronger offline RL training, and a theoretical shortcuts augmentor ag
\explanatmn of why shortcuts work and lead to better trajectories. ) Fetch reach (Oper)
4 ) 4 )
ACTIVE POSITIONING SETUP LIFT: THEORY AND ALGORITHM Each row shows representative trajectories from start to near-goal behavior.
\
State (s, W) with position s € P and static context W € W. Actions a € A are Shortcut condition (Theorem, informal) It 7 is distance-improving, V'™ i1s Ly- | _
transformed by movement distortion f: Lipschitz, and f has placement error constant L ¢, then the accumulated action a = RESULTS AND TAKEAWAYS
g—1 :
_1—, i 1s beneficial when Embirs .
mpirical findings:
S = (5,0 W),  r=—|s —swl . " o | -
J e Shortcut training (CQL-SC) improves CQL across scenarios.
. - - - i W (5, W) = V7 (50, W) = lsj = swll = (vLv + D) Ls ) llax]. - stently i -
Goal: reach sy in as few steps as possible under partial observability o = Oy (s). J 2 J Wil = v f » Data collected with Shortcut consistently improves downstream offline RL.
=t o LIFT-SC is the strongest method in most settings.
(si, W) Ow (si) Policy improvement Applying an augmentor shortcut ag only where 1t is a wg-shortcut ’ | | o | |
4T never hurts: J (Tasg) > J(75). Why it helps: .Shortcuts improve data quality and diversity by breaking up the highly
0.88 structured logging data.
Algorltll;m 1 Shogtciltosgmpllng Why LIFT helps even more: Applying shortcuts already during data collection lets a
equires &= U, % 1. 1(00, a0, 70), - -, (On, G, T )} shortcut-trained policy shape the trajectories as they are gathered, so the data i1s better
0.49 Ensure: TllplG (07;, a,”j—1, Oj)
- - , from the start.
1: Compute returns Gy ..., G, for trajectory
. Q= OLr; folend OLp; fblend Opro,; frot
2: — () d=21=0.025 d=5,1=0.025 d=5,1=0.05
1 = f(s;, m(Ow(s;)), W) 3: forj — i+ 1 n do e - 06-
4 S:k 1 4 ‘ﬁOA' - 04K\
OW(Sz—H) S: lf ’}/GJ — Gz —|— ri—1 > C - 4?6—2' HCLkH and CALZ c A then é(’ZE ' 0-2\
_ _ 6: Add (O@’, &i, rqi—1, 03) to S 978 10 15 20 25 30 35 40 S 10 15 20 25 30 35 40 0% 5 10 15 20 25 30 35 40
0.0 |
) 7- end if — CQL CQL-SC  —— LIFT-SC —— SAC + Offline Data
0.0 N\ Y
8: end for
f 9: Letm = |S|and letr = (rq,...,7, ) be the rewards of the tuples in .S g
| |5 andlet? = (fy, .-, ) P ACKNOWLEDGEMENTS AND CODE
0.12 10: Let p ~ r — min; r; a mass function
11: Sample (o0;,a;,7;_1,0;) from S w.r.t. . .
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Distortions used in experiments and Space
(key quantity: linear placement error constant L ¢) s' = f(sp,a0 + a1, W)
No distortion folend f rot J scale f regrot fs1n fsart o f . ) | - - |
N / N\ iz \\ Wi \\gggg %V/ \\ N\ 2 ag + a1 Code: github.com/HS-Kempten/lift
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