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Diffusion Policy (DP) is "single-task"

e Train on ~200 demonstrations
e = visuomotor policy

vision encoder action
robot joint encoder | decoder
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The opportunity
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Q: Does LBM pretraining help on new single tasks?

Stanford



Hypothesis 1: Multitask scaling laws.

By training on many tasks, we can add new tasks more quickly.

200

150

Hypothetical result

._.
= S

# of demonstrations to achieve 80% success
]
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# of tasks used for training Stan fO rd
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Hypothesis 2: Improved robustness.

Due to more diverse training data; skill transfer.
(Ex: a recovery move from one task transfers to another.)

100%

90%

80%

70%

Success rate

60%

50%

Hypothetical result

0 250 500 750 1000

# of tasks used for training
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Hypothesis 2: Improved robustness.

Due to more diverse training data; skill transfer.
(Ex: a recovery move from one task transfers to another.)

100%

90%

80%

70%

Success rate

60%

50%

Hypothetical result

Ex: If you have a budget of 10,000

demos and only care about one task...

250 500 750 1000

oy g

# of tasks used for training SNtantorad



Today's focus: bimanual Panda stations




LBM Architectures
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Today's focus: Multitask Diffusion Policy

e Scaled up from original Diffusion Policy

. .; % — DIT
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Data -- TRI Ramen 1.0.1

Ramen 1.0.1 - 60,839,762 Datagram Split

LBM real - format-v1.2
27.6%

LBMsim - format-v1.2
2.8%

UMI - format-v1.1
2.0%

TOTAL Ramen OXE

67.6%

Stanford



Sim+Real cotraining

We don't use sim for datagen here;
we cotrain with sim teleop to use sim for eval.

Stanford



Evaluation: Real-world hardware testing
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Evaluation: Real-world hardware testing

e A/B testing = study relative scores

e Always blind, randomized trials
e Evaluation GUI for repeatable ICs

scene_left_0 snapshot
¢
t
©




Evaluation: Real-world hardware testing

e A/B testing = study relative scores

e Always blind, randomized trials ks et oo 0
e Evaluation GUI for repeatable ICs "~ "~

Hobol placed the coaster next 1o an obyect olfeer than the mug (Y/N)

e Rich reporting on "rubrics" and = sememmmmummms
post-hoc video analysis Sl

Patioom failure (C for carmera, 0 for controllen, G for grppet. N lor no)
Robot collided unintentionally with amy object (Y/N)

Dt e robiot ook like s dosng dilferent but entifable behavior than what was described? (V)

Dl e bt book e i's doing complelely wrong/ unrecognireable bebaeor? (Y/N)

Was the robot mation jittery? [Y/N)

Dict the robol perfonm al least one ghos! grasp during the rollout? (Y /N)

Stanford



Evaluation: Simulation-based testing

Scenario 1: Drying Rack Scenario 2: Shelf Scenario 3: Breakfast

Stanford



Evaluation: Simulation-based testing

Stanford



Statistical testing: Confidence intervals

e Assuming i.i.d. Bernoulli samples with unknown probability of
success, p, compute confidence intervals p, p, such that:

—

Success rate

Plp < p < p] > 0.95

PB®

checkpoint A

checkpoint B ? Stanfﬂfd



How many rollouts do we need? Pjp < p < p| > 0.95

Clopper-Pearson confidence interval width for N rollouts

= N=10 —

with NN rollouts

E[Success rate| = p
p(1—p)
N

Var|[Success rate| =

0.0 0.1 0.2 0.3 0.4 0.5
Success rate Stanford



Experiment design

e We're in the low data regime

m ~200 demonstrations / task
= vs e.g. 2000-5000 from gemini-robotics

Stanford



Experiment design

e We're in the low data regime

= ~200 demonstrations / task
= vs e.g. 2000-5000 from gemini-robotics

e Many tasks are intentionally difficult

m diverse initial conditions
m severe "distribution shifts"




Experiment design

e We're in the low data regime

= ~200 demonstrations / task
= vs e.g. 2000-5000 from gemini-robotics

e Many tasks are intentionally difficult

= diverse initial conditions
m severe "distribution shifts"
e Philosophy:
= At 0% or 100% success rate, you have no signal

= To learn about policies, you want to be in the middle
(and do lots of tests)
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Results
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Warm Up: Our multitask policy can learn all the tasks.

Experiment:

Stanford



LBM on seen tasks (sim, no finetuning)

LBM vs single task (seen tasks without distribution shift)
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There is a lot of nuance...

leaderboard

Example: PutBananaOnSaucer

e Low LBM score is mostly
due to poor language
steering.

Stanford



Hypothesis 1: By training on many tasks, we can add new tasks
more quickly.

Experiment:

Stanford



Hypothesis 2: Improved robustness.

Experiment:

Stanford



LBMs improve robustness (real)

TurnCupUpsideDown  PutMuginCenterOfTable GreenApple
500 demonstrations 200 demonstrations 50 demos

a [ a T
- Bl Single task
: B LBM finetuned
0.8 - : :
I l
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Per-timestep normalization and clipping helps

in sim in real
1.0 ]
1 I
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Other take-aways (for the domain experts)
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Eval "rubrics" for our hardest (real) skills
(ClearKitchenCounter, SetUpBreakfastTable, BikeRotorlInstall, CutApplelntoSlices)

.
(=}

B Single task
B | BM finetuned

B
o
o
[
L]

BEm Single task
N [LBM finetuned

o
o

w
o
o

o

fo)

Pauses [sec]
o9 ]
o
o
% Task Completion
©
N

[
o
o

©Q

(]

o
o
o

Pauses Task completion

Stanford



Failure analyses for our hardest (real) skills

ClearKitchenCounter

SUCCESS (4) SUCCESS (1))
Seenpl debns it
teanh bin (0] M tpbiris e
e cuting bonrd unu::llrmlma I;:']” trinsh b (28]
il ol thas weiy (7] ol (LT
FAILTIRE {45
Lo spange b clean i ' Lizad aponpa 16 clean
Guthng boand [12) [idn’t mweap cletirs enitting board (34)
Slabelizoo cultng . Imie s b (43) sanhilired cuiming
bonrd {16) bcard [3a) FalLUIRE (a9
Chdin e cuitiing board oun al 1he sy (432)
ke up sponge (10) Picked o spange (39
Total (49) U s {
Pk Up and plisce e wse e Bponge 1o chaan culling boand (37) Erukisil ap el pliee I|;.¢|..-_ e delin
all 1ok In tray (34) el 05 all tooiy |-ty (41) iz frsh i 4]
.I’.‘-'u.lnl slabige cutling board {33}
ikt move cutling board out of the way (22)
II.I||1|I'| i W Sponge 10 clemn cutming board (14)
Wi stabilion cutling board (1)
Cirn't plek ap (v aponps (A1)
Ilhllll. i L b sponge (11}
IJm place all fools in tray (15) A pince B focis in ey (N}

Single task LBM finetuned
Stanford



The unvarnished truth

We reviewed the films... these are the worst rollouts we saw
for the bike repair:

Single-task (Diffusion Policy) Stanford



The unvarnished truth

We reviewed the films... these are the worst rollouts we saw
for the bike repair:

Single-task (Diffusion Policy) LBM finetuned St anford



Discussion

GPT doesn't always get the right answer, but it always generates
beautiful prose. (Even early versions of GPT.)



When you don't give a language command...

SWRANS ‘;ﬁ - \
v ' T




When you don't give a language command...
— T S &

"h ,




Discussion (cont)

If you believe in RL post-training (e.g. DeepSeek-R1), then the
essential role for pretraining is to get ~5-10% success rate on
any task.



i - / TOYOTA
BOSton Dynamlcs ' “ + \ ) RESEARCH INSTITUTE
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Questions?
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