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CLEAN PAPER

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

Robot ‘foundation model’ Tnain11uan11339 1nu? an
aauTIadde ldlanios — wagnuainluausnliean

Toyota Research Institute fln ‘large behavior models’ — robot policy 7l pretrain Umf;f].g/ﬁ manipulation
nannary ~1,700 Flwy — uamaaoaudis single-task policy from scratch @I8A1INININAAINA: blind,
randomized, sample 7my’ (~1,800 lanasy, 47,000+ simulation) wiaNafinasy naki finetune Ao task [nina
ligymdnnlagindy lovayammis task ¥ogn11511 3-5x uag robust nandeowdonlyaldeon; performance gu
ﬁuz?yywvwﬂ%yﬁ pretraining ualaly finetune #ulnlanue single-task model asnawe effect viarwagNianan
flan sample lngyTawiu uagetden data-normalisation 53340 FHANINNT1 architecture Bulundny uariiayu
e robot-foundation-model uyyFala — Z&/?Z"I;i'uﬂuwrﬁ’?ﬁ/ [%1% zero-shot generalist [N1y ‘emergent leap” —
WIaNAUASUINIYU robotics TIMIUNINGIATA noise

Written by Lucio Vaglio - Cross-checked by Laura Nesso - Edited by Michele Renda - Figures by Laura Nesso and Nova

Vela - Al-assisted, human-reviewed

Paper: A Careful Examination of Large Behavior Models for Multitask Dexterous Manipulation, Toyota Research Institute Large Behavior
Model Team — J. Barreiros, A. Beaulieu, et al.; senior authors incl. R. Ambrus, B. Burchfiel, S. Feng, H. Kress-Gazit (Cornell), R. Tedrake,
Science Robotics (2026); preprint arXiv:2507.05331 - DOIL: 10.1126/scirobotics.aca6201
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Nungnalssdua1anaze g deanudaariresnsiana

wmyuenamataglunyoud “Tueaiiugin” twidaiidunnn AT amnnuasmmlagiidegasn: unuiiazilniu
guafiaznn fidn “lanaangdnssuuuialnal” (large behavior model; LBM) dlaonnnd1adumyasnaiuim
ammanaziainiany uamisinaglassouimanlanianassidrnuaulndlasy anuduian — uvazinamu —
AN AumaInlendiesin aveviuguia mmaNaNua)

A Toyota Research Institute #uiwranlaaseditljiasmaruimnnii wanuardnlilaagiviuenaiigniannn
AN uaagiimimumamisunedmasndiedlaneinni uwamnldlaalunaidninazmiala wasisiag
slasgnlsndninag gisuasuaismyesanuuumslsadiniisanunuaifesndalndamsinims  waawsdon
aouwuy “lg uafidouls” Afilszlomiase wasandonnumyuanaiinlinegsaran1adiatiesNuEiEIUT
103)a

Large behavior models: what is being compared?

The important figure is not a robot glamour shot; it is the evaluation pipeline.

Single-task baseline Large behavior model
train from scratch on one task pretrain many tasks, then finetune one

one task dataset

~1,700 hours diverse demonstrations

finetune on target task

more task-specific data needed

3-5x data-efficiency gain

| |

Same blind test rig

randomized A/B trials + statistics

WHAT THIS DOES NOT SHOW

1
1
1
1 * not zero-shot; not a general-purpose robot; not an emergent leap
]
1
1

_______________________________________________________________

Wdgaawmagnuningmylsadininnindauasguansifidodnu geaonnesnulilinlueaiingmamsuiuonaiussu
awmlyzasaunn zero-shot uademsinaremiiutaygauwiminnannyadiismlyzdninmnmisliteyauazanumumudadaning
aonwlilla mataeiiessinye

Original The Clean Paper diagram CC BY 4.0

TREIRGHA S

(330a3e LBM luanumingiamangaann de wlamaarvaumsiadanlmamnmuuuy diffusion lasld
Diffusion Transformer fiamnmmannaas Mdanman o uagauniafodaneaiusua uardsgaadnatnasdu 9 i
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AN 10 Hz

Tueamarign dnaramiisigdeyamsardamsmnusaaiuanailszna 1,700 33139 aseuaanaiuinnni
500 wiuy Matayaditiutewasatoyadsros NNUKAY Usuauuiatdanamspuaasanu uarulsouisunuulong
AMVANLUVNUAIIAANNNGUIAIITIYALRMEHDIIUIY

uay lamesamagil 3dussudin innnned luea guisuiodniiiluwadnsaian tlondnidsenmnasndates winim

14:

- msunaaay A/B unmlnilauazgnlulanazs — garuquinsualizinulomslamaignnaden uazaraimsy
NAADNAN

- ammdnaniiadvanuazmdila — neuudazyon il finusaninliarannime1eds

. MMINIBUNAasBn — 50 7aululanaTaaenilanu asuitanlony uagaenitadanly; 200 souaenilsnulu
MIaad PHLanlsznm 1,800 saululanasauvuilnida wazannnii 47,000 savulunisanass

- addianzan — linslanauanuinaziinadnFannns vasmsnadevansdgywuuunlsonisuiiugnion
untfymnmsulsaniisumarssams unumsgiuaumeaaedewiininia Lidram wennaddiasatmitalu
dnoamsliasunulasauuudiiioinanuaaaiadonnerilysin

[video pending]

ulFsmdiouTaeadesununmzaalagemsii: Hode liaanudeiilnnngus 1nde LBM niaasialatauaisanusy 1 o
uiuuiisanitanuiilmlszdin ldldndnguiniusnadianuansada luitiotwmlyasa
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Taaalnapidsvanuaimladnneanudsnidnnngus — Tagiads Wemuiasnu LBM ilmmsy
Anaremihuanlsiuamsinuams  meanudninulsnsavguidnnaguanwaudenediniede il
myNaoaazlanaiy anuuananlagsninsaiagmuada Tussaunuuaaziu LBM lasgniasimnunioed
nmnieunnnsal: 3/3 aimlulanasa wag 15/16 amlumsaiaes

tosusiganiaadelideyatamsnuiasas LBM ilsuauuammuanulaiisnunluaaiidnnngualaslitdeya
Wz wagndszanm 3-5 i luaulanasanitenu — myvalaganiiin — LBM fil#neyaasaiios 15%
gamladni lueanuidediilddoya 100%

msfdnaramidisnmigauisanuwinasnuldon  legipaalamlndenlamadeuanngeyaidn  wiatia
mstldguulasnisnszanoussdeya (distribution shift) folaufounres LBM dudatin lugamsviaewmnile i
#ug Tuaaiidnnngudegniinbaraguios 3 M 16 vwmluammilng uauiadu 10 nin 16 auiodenluaou
tiosnnmislinuazedenaes 9 tisseannngeyadn anumumuuunieniiunaiiardiigalumal jiic

dayailnaraminnniugigesnassuiluasgly Ussdninmuininesnaianatiiodinteyaidnarnii Tay la
NuM3sNsE laaralnnansautuRinainia “emergent leap” luinnmiatoyaiinadon wadfiogase uatiiu
Tiegndatitowazmaiala
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uat3as “lataaatunilszasan bidenlsvan” galaiadin LBM inunmsinaremiarin /14w zero-shot
TagLisuuamean lilamladninlueanuidsregnainans wismoiommuaisnula udanudiu “ua
voniuNdesmezly” gelaigndudulunui giieudandrwniiormnmndiisianmiidentdnuasilng

uasmadnargagdnwaiaznaalang — wisquuiandiviailaisi vansnadnsuiudaunglidesianani
auiusuaiy hluagnageumeaifesnesniossia gilsunense 9 1 afisuawiananienukiiuretoya i
AMMNAVIZINURUIUATIUININNNATIALIBY  noise  NMNERA  WINMEIMUNAINFINTITHMBIIFIN
normalization nevfayafinadenaansnnMstlasudanfasnsy waswutiodanaingiu normalization Tuduin
aNmhmaImalsiinasanad

A UINERNIYANINIBYN LS

teaylilevnulade mydnaremhmmalnajuuteyaiusuaiinainians sildsslaniaze mlideldzeyainmsnu
Twirtosas uagmlnulomsarugumudalanitliasesnuseyainladdu nadadiaunianeiimsmaiamuagas

ualsglomiainan siawiathunanuaziitianly dmlngiiunainmylsiauamesann uasdaiigaioruaisau
wionadeuluannegiiiisanngoyain ddililimnndreainsuaaunlysasaiingumldniaulnilaini

ada

anumngidsunuadiduniegmuising awidmmhiimienwlivania uaashdedldnanyuannualuuiaag
onlasgaindatonulomsauguinonanitadnndnuun  waginannduwanlunudininmuinnenadiagum
goyavasinlil dordlunmsuaiainimsaesmsnaninsuinTaaalnidnnitae

deiiail gomganlnla

whilsvnouasiunilssasa nadgnuaasluaanfasnysmams de diffusion policy fidavlsiauuanamuam Tu
anmaugu uasissunnmyasafinuedaiugn Lilsiueuasa lui@fsiaulnteslsflanmands
Taladudunislduuy zero-shot inlainlsuau Taaaluarlalasus luaanuidsregnainane
lildnangmvaanmisnsslaaanuannsauvuaunan nstinmnateyamlndduediesndu Lifiaaitany
annyn “Tuatiuin” viui

aaadignnuvavljrdimsuasulumsulisuisudining  dananuauialasduysoigmilsulilna 50%
wialiihasanuuana Adhildgmytaenuundeiensajusualulaniia
gilsiagmanmlunaaznuansaniaanmar inavauiluealngmusni udliilasiareminedanaln
livenazlsizasarnlasans anailuan lusid wianslinuuangailsodin

wany i ndodoatiiosla

amsuteonulFouitsmdn — LBM filsinuuaimladninlueanuiderlassm lideyaiasniniansim uasnu
domyuldsnannladnin — nanpuaenmauiwusaasaanddalnd: imalniateyanan mydgn @I

adaga a

NN ManadounNaid vasnmilznnaamunmyliasuun fiilunsaliizinendwelisueannanlaaoutnasema
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toninaitadanuiiudilgiionssyies voumeamadonasnenanugures msidszuin ualilanuanugunes ms
dnlaaa winilnTuaatdnasasionalanadnniann wazanuulssmiliogluaid vimlanasedl 50 youdeniia
N waAHaTIAnaNuagIaNaanatan dmsiammniawmalilng Adlipssiilnaininaglinasily uag
gaimaiiamsase 9 Nuudedawainaiu normalization hadmyisatfintaiauad

dntadanamuunasiona: UNANNOFNBIREINN  unanunaudinnvaion 1 lismnsademiimsmyiid
fiuaseniiion fegdlilaasmanimsuasuulasssiivaesniioniola

R NGRGTY

A7 “robot foundation model” gnlétiuasalaiie vuunuiisgnemialavaesiia — ludvsusn wulsla
ua?!” wyegmlan ‘duanszuaiinaze” myswmiwiugriilsslominnmtaeauwnn: madnarmiudeyanannansli
Uselomiasa Jala uafismahunan Tasmmesmsaadoyailneslideniesnuuaziinanumumuiioamwuinass
wagu

mauafidanninikde MmiluaNmEnnanaNimMsreies Memsuaasuaszadnneasmglimnilydiv
PUNMYN UALANGONTITHADYN normalization wevteyaadfinannnnaanfasnssulmifigaaia uiamaiven
N ANNNMNUINA8881 1 robot learning Aavriumaiaiuiwusannitnenisasde nuitldanuundedienesds
LONLHDUINIARTZUIN “Waals” N “annuda” damnnnmytinduauuinuumINaguuwdsdn

Gsl

UN338n Toyota Research Institute fln large behavior models atilunlomnsarnguiusuauin diffusion firiiu
nadnanmmidsteyamynduiiuasiadendionannanslyzaing 1,700 Hlae uaruFoumisuniluaanuwde)
idnnnguameitlsafiniiiannedalnd: Unilageyanan dn lidregmnn (sznm 1,800 saululandde uag
NN 47,000 seulumanaey) wagldaddaze naasiquuenaman Tuaaluaiinladnilasmuegiindadoe
lineyarnmznu waaninlszanm 3-5 v uas nuasannziulasulilladni Tasssaninmmuintinedieyu
Fudoviintoyainarmir ualiels Taglidsvan inlilasusluaanuidmeinaians nanaagdnauaey
Taeag1enmInnIniagiin uagis normalization #evtioyasyynm 9 fuamnnnmsuldsuaanfasnysn iiflunan
ymiufeuranazinegesiassaileauiauuuuinia robot foundation model — laila usnaomwmlssasa ild
zero-shot generalist uaglaild “emergent leap” — wionandoudarannnuiusnamnlinesaramasioio

noise

Uverfinuuy L finasy

awddguansesls: dlelimalsadinuunindauasduitiidhedmnnuazimaineaidvisames  wlonsaiuguun
diffusion iirunsinarimimarsauuanlsiawamsnu mladnhlueanuwdmiidnnngudlasra ldteya
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wingnunesnIszinm 3-5 vihie i lananuiisnun wasnuaemsuldsuulasimsnsgngnesteyaladni

azlsnvlnlilauagalaivigan: 1sslomimarnionaaonealildalauaa vision-language-action lwainin wag
uwr Tuniidduagnynsuaraindatingndoyaiinadon

inlalavansasls: lulauansuonaeiumissasaniossun zero-shot ilaulsoulaslilsiau lalawaaemsnsg
Taaanuansouny emergent Lilassinsanuanianluuaazau liladaanaindedeTanasauuudiyyol uagl
lavanazlasesanuasansnionislanuan Iuaidas

davnanan: addsmanudunnmytssiin ualismanuulsirnunanmsidnlueaudasaid nulanazadl 50 o
donitanuisonuaanadn ldaanfenssmilannmaienl jrdnsuilais diswanniowabilvnal woteiia
Wa1aM % normalization WaaMyUsgtiin uazmaitansiitdsnnumanunendimiigsiilaennuniiunsas

gamnmiliarsiulaualun? sinlagennsdnarmimasnuuanisiummsaulnldsslosiazesaihunan
Tagmzamumslizeyatasanumumu wasnuianamaiednsonuidalnd dulagadunuini galailas vuoua
auwniszananio zero-shot uag laild mynszlananuaunsauuy emergent @ruarannilssloswazaosllnaua
Tnwidiold luaaitlugiingsiianuainlahunarn
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arXiv:2507.05331
https://arxiv.org/abs/2507.05331

Peer-reviewed version (not retrieved) — Science Robotics, 10.1126/scirobotics.aeca6201
https://doi.org/10.1126/scirobotics.aea6201

Project page
https://toyotaresearchinstitute.github.io/lbml/
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