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

Robot “foundation model” 16n cé that su tot
hon? Cau tra 16i can than: co, vira phai — va
nhiéu nghién citu kho phan biét dugc

Toyota Research Institute hudn luyén “large behavior models” trén ~1.700 gio' thao tdc
robot da dang va so vdi chinh sach mot nhiém vu hudn luyén tie dau bdang thit nghiém mil,
ngau nhién héa, c& mau lon (~1.800 lug't that, >47.000 moé phdong) va thong ké diing. Sau
fine-tune theo nhiém vu, mo hinh lén té6t hon trung binh, can it hon khodng 3-5x dit liéu
ddc thit va bén hon khi diéu kién doi; hiéu nang tang tron tru theo dit liéu. Nhung khong
fine-tune chiing khong nhdt qudn thdang baseline, nhiéu hiéu itng rdt nhé, va chudn héa
dit liéu tam thuong con quan trong hon kién triuc. Pay la ung ho vira phdi cho huéng
robot foundation model — khong phdi robot da dung, generalist zero-shot hay “cti nhdy
emergent” — cting cdnh bdo rdang nhiéu nghién cttu robot cé thé dang do nhiéu.
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Mot bai bao robot ma chu dé that sy la sy trung
thuc

Robot hoc dang & gitta mot1an song “foundation model”. Y tuéng, muon tit Al ngdn ngit va hinh
anh, rat hdp dan: thay vi hudn luyén robot tirng nhiém vu mot, hdy hudn luyén mot “large
behavior model” (LBM) 16n trén mot kho trinh dién khong 16 va da dang, roi thu dugc hé
thong c6 nang lyc rong va thich nghi nhanh. Sy hao hitng — cuing tién dau tuw —la rat16n. Tiéu
dé ty viét: b6 ndo robot da dung da dén.

Bai bdo tlr Toyota Research Institute nay thu vi chinh vi ti choi viét tiéu dé dé. béng gép that
sw khong phai mot robot hao nhoang hon. N6 la cai nhin nghiém tic vao cau héi tuédng don
gian — cdch tiép cdn mo hinh lén co that sy tot hon khong, va lam sao chiing ta biét? — véi mic
can than thong ké ma theo chinh téc gid 1a hiém trong linh vyc. K&t qua 1a mot cu “cé, nhung”
rat hitu ich, cing cdnh bao rdng nhiéu cong trinh robot c6 thé chi dang do nhiéu.

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

~1,700 hours diverse demonstrations

one task dataset

finetune on target task
more task-specific data needed

3-5x data-efficiency gain

| |

Same blind test rig

randomized A/B trials + statistics
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Hai cach tiép can déu di vao cung mét danh gia mu va ngiu nhién héa. Bai bao khéng tuyén bé robot
foundation model & hé tdng quéat zero-shot, ma rang tién huan luyén cé thé cai thién hiéu qua d{ liéu va do bén
khi dugc do can than.
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Cac tac gia da lam gi

Ho xay LBM theo nghia cu thé: chinh sach thi gidc-vin dong dwa trén diffusion (mot
Diffusion Transformer doc dnh camera, chi din ngén ngir ngan va vi tri kKhdp cla robot, roi
phat ra cac cum lénh van dong ngan ¢ 10 Hz). Cac mo hinh dugc tién huan luyén trén khoang
1.700 gi® trinh dién robot — hon 500 nhiém vu khdc nhau thu ndi bo cong dit liéu cong khai —
roi fine-tune theo tirng nhiém vu. Péi chirng xuyén suodt la chinh sach mét nhiém vu huan
luyén tir dau chi trén di liéu cta nhiém vu dé.

Nhung trai tim bai bao 1a ddnh gid, thi tac gia xem nhu két qua chinh. D€ tranh ty ltra minh,
ho dung:

Thir A/B mu, ngau nhién héa ngoai doi that — ngwoi van hanh robot khong biét chinh
sach nao dang dugc thi, va thit ty dugc xdo ngau nhién.

Piéu kién ban dau kiém soat va lap lai dwoc — trudc moi lugt, nguoi van hanh cin
canh vat theo 16p dnh phu chuan.

S6 lwot 16n — 50 rollout that cho moi nhiém vy, méi chinh sach, moi diéu kién; 200 moi
nhiém vu trong moé phdng. Tong cong khoang 1.800 rollout that mut va hon 47.000 rollout
mo6 phong.

Thong ké diung nghia — uwdc lugng Bayesian xdc suat thanh cong va kiém dinh gia thuyét
tirng cap cé hiéu chinh so sdnh nhiéu lan, thay vi nhin bang mat cac thanh sai s6 chong
nhau. Ho con kiém tra chat lwgng mot phan tw cac trial do ngwoi chdm dé do sai s6 cham.

[video pending]

So sanh canh nhau cac mé hinh chuén bi ban &n sang: bén trai 13 baseline mét nhiém vu, bén phai la LBM. Ca
hai video chay téc dd 1x. Day la mét nhiém vu dudc danh gia, khdng phai bang chiing vé tu chu da dung.

B0 may danh gia nay chinh la diém c6t 16i. Toan bai 1ap luan rang néu thiéu no, ta khong thé
phan biét cai thién that véi may man.

Ho tim thay gi

Mo hinh 16n sau fine-tune thang mé hinh mét nhiém vu huin luyén ti¥ dau — trung
binh. Gop qua cac nhiém vy, LBM duogc tién hudn luyén roi fine-tune dang tin cay hon chinh
sach huan luyén tir dau trén cung di liéu nhiém vy, cd mo phéng va thé gigi that, vdi khac biét
c6 v nghia thong ké. O tirng nhiém vy, LBM fine-tune bing hodc tét hon baseline theo thong
ké trong gan moi treong hop (3/3 nhiém vy that, 15/16 mo6 phéng).

Lgiich 16n va ro nhat 1a hiéu qua dir liéu. LBM fine-tune dat hiéu nang twong dwong huan
luyén t dau vdéi it hon khoang 3-5 lan dir liéu dac thu nhiém vu. Trong mot nhiém vu
that — bay ban dn sdng — LBM fine-tune chi v4i 15% s6 trinh dién van thang chinh sdch huin
luyén tlr dau bang 100% dir liéu.
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Tién huin luyén giup nhat khi diéu kién thay doi. Khi moi treong kiém tra c6 y 1éch khéi
diéu kién huan luyén (“distribution shift”), 1gi thé cia LBM fine-tune tdng. Trong mot bd mo
phéng, né thang baseline c¢6 y nghia ¢ 3/16 nhiém vu trong diéu kién binh thwong nhung 10/16
Kkhi 1éch phan phdi. Vi trién khai that luén troi khoi diéu kién hudn luyén, dé bén nay c6 thé
la phat hién thyc dung quan trong nhat.

Thém dit liéu tién huan luyén gitip mot cach tron tru. Hiéu nang tang déu khi thém dir
liéu — khong c6 ca nhay dot ngdt hay “emergent leap” & quy mo da thi. Hitu ich, dy doan
duoc va khong kich tinh.

Nhwng cau chuyén “generalist khong can fine-tune” khong diwng virng. LBM tién huan
luyén dung zero-shot — khong fine-tune cho nhiém vu — khéng nhat quan thang chinh sach
mot nhiém vy. M6t mang c6 thé lam nhiéu nhiém vy, nhung gidc mo “chi can ra 1énh bang
prompt” khong dugc chirng minh & day; tac gid cho rang mdt phan do bé ma héa ngén ngir
nhé cta ho con gion.

Va lgi ich nhé dén mirc rat dé b6 1& — hodc vo tinh tao gia. Nhiéu hiéu wng chi hién ra
vGi c& miu 16n hon théng thwong va kiém dinh cin than. Cac tac gid néi thang rang véi kich
thudc hiéu &ng va mic nhiéu, ¢é rui ro dang ké nhiéu bai robot dang do nhiéu thong keé.
Ho ciling thdy mot lya chon rat tam thuong — cach chudn héa dit liéu — dnh hwdng két qua
nhiéu hon thay do6i kién truc, va mot bug chuin héa trong tién huén luyén chi 16 ra sau khi
danh gia da xong.

Diéu nay cé thé c6 y nghia gi

Cach doc c6 thé bdo vé duogc: tién huan luyén quy mé 1én trén dit liéu robot da dang 1a mot
thanh phan that va dang gia — no gidm dit liéu can cho moéi nhiém vu mai va khién chinh sach
vitng hon khi thé gidi khong giong tdp huan luyén. biéu dé thuc sy ing ho huwéng ma linh vye
dang dat cugc. Nhung loi ich vira phdi va co diéu kién (chu yéu sau fine-tune, rd nhat khi gop
va dudi stress), khong phai sy xudt hién ctia robot téng quat “cam vao la chay”.

Y nghia yén tinh nhung quan trong hon 1a phuong phép. Bai bao vé thyc chit 1a mot thudc do:
cho thdy can bao nhiéu bang chirng dé dwa ra tuyén b6 dang tin vé chinh sach robot, va ngam
noi rang rat nhiéu hao hirng da xuat ban dua trén qua it di liéu. Linh vyc can sy chinh stta
nay hon thém mot model mai.

biéu nay khong chitng minh gi

bay khong phai robot da dung. Cac lgi ich dugc chitng minh cho mét kién tric cu thé
(diffusion policies), fine-tune tirng nhiém vy, trong diéu kién kiém soat va tir trinh dién
teleoperation — khong phai robot ty tri nhan moi viéc méi theo 1énh.

N6 khong xdc nhan dung zero-shot. Khong fine-tune, mo hinh 16n khong nhat quan thang
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baseline m6t nhiém vu.

bay khong phai bang chirng vé “ci nhay emergent”. Scaling cai thién tron tru; khong co
diém gian doan ho trg cAu chuyén “roi bong nhién no biét lam”.

Cac con s6 twong doi va bi gi¢i han trong lab. Ty 1é thanh cong tuyét doi dugc co y diéu
chinh quanh ~50% dé nhay vé&i so sanh; chung khong do dé tin cay trién khai that, va day
la mot kién truc tir mot lab.

N6 khong giai thich vi sao tirng chinh sach thanh céng hay that bai; mot sé6 nhiém vu cu
thé noi m6 hinh 16n lam té hon dugc bao nhung chwa giai thich.

N6 khong noi gi vé an toan, tw cha hay trién khai ngoai gian danh gia.

Bang chitng manh dén dau?

V6i cac khang dinh so sanh trung tim — LBM fine-tune thang baseline tir dau khi gop, can it
di liéu hon nhiéu va bén hon dudi distribution shift — bang chirng manh va dugc kiém soat
bat thwong tot: mu, ngdu nhién hda, cd mau 16n, kiém dinh théng ké, keém QA chdm diém. Day
la treong hgp hiém phuwong phap da virng dé 1ay két luan chinh gan vdi gia tri bé mat.

Céc canh bao trung thyc chinh 14 nhitng th tac gid tw néu. Thanh sai s6 cta ho bt d6 ngau
nhién cda ddnh gid nhung khéng bat do ngau nhién cia hudn luyén — huin luyén cuing model
hailan cé thé cho chinh sdch khac dang ké, va bién thién &y khong ndm trong thong ké. Nhiém
vu that c6 50 trial, @0 bat hiéu ng trung binh nhung cé thé bé 16 hiéu tng nho. biéu kién ngén
ngtt dung encoder khiém t6n, nén tuyén bé kiéu “chi néi robot lam gi” cé thé khac & hé 16n
hon. Va con viéc cong khai mot bug chuan héa phat hién hau nghiém. Khéng diém nao danh
chim két qua chinh; ngugc lai, dé chinh la loai van dé bai bdo néi linh vy thuong bé qua.

Mot ghi cht nguon: bai giai thich nay dwa trén preprint cia tac gid. Chung t6i khong lay duoc
phién ban da xuat ban & tap chi, nén chwa kiém tra c6 thay doi gi gitta preprint va ban xuat
ban hay khong.

Vi sao diéu nay quan trong

“Robot foundation model” 1a cum tir sinh ra dé bi th6i phong, va nghién ctru nhw vay dé bi doc
léch theo cd hai huéng — “né hoat dong!” day chién thang hodc “toan hype” day bac bé. Cach
doc chinh xac httu ich hon: tién huan luyén trén dit liéu da dang mang lai 1gi ich that, do duogc
nhung vira phai — chi yéu it dir liéu moéi nhiém vu hon va bén hon — va cai thién c6 thé dy
doan theo quy mo.

Ly do sau hon la bai bdo quay sy nghiém khac vao chinh linh vire cia minh. Bang cach cho
thay hiéu @ng that nhé dén mitc bién mat dudi danh gia cau tha, va mot lva chon nham chan
nhu chudn hoa dit liéu c6 thé quan trong hon kién tric thong minh, né 1ap ludn rang nhiéu
tién bo robot-learning can phép do chac hon trudce khi dang tin. Mot bai bado dung uy tin cia
minh dé canh ranh gidi gitta két qua va mong wéc dang lam diéu hiém va c6 gia tri hon viéc
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ding dau leaderboard.

Tém tat gon

Cacnha nghién cttu tai Toyota Research Institute hudn luyén “large behavior models” — chinh
sach robot diffusion duwgc tién huan luyén trén ~1.700 gi¢ di liéu thao tdc da dang — roi so
v6i chinh sdch mdt nhiém vu huan luyén tir dau bang giao thic bat thuong nghiém ngat: mu,
ngau nhién héa, ¢ mau 16n (~1.800 trial that va >47.000 mo phéng), c6 thong ké ding. Sau
fine-tune trng nhiém vy, mo hinh 16n dang tin cay t6t hon khi gép, can it hon khoang 3-5 x
dit liéu nhiém vu va bén hon khi diéu kién thay doéi, con hiéu nang tang tron tru khi di
liéu tién huan luyén ting. Nhung khong fine-tune ching khong nhat quan thang mo hinh
mot nhiém vy, nhiéu hiéu tng nhé dén murc chi ¢ miu 16n madi thay, va lya chon chudn hoa
d@ liéu tam thuwong con quan trong hon kién tric. Pay 1a ing ho do lwong can than cho hudng
robot foundation model — khong phai robot da dung, khong phai generalist zero-shot, khong
phai “emergent leap” — cung cdnh bao thidng rang nhiéu bai robot cé thé dang do nhiéu.

banh gia thang than

Bai bao cho thay gi: V6i danh gid nghiém ngat, mu va du lyc thong ké (~1.800 rollout that +
>47.000 md phoéng), diffusion policies dugc tién huadn luyén da nhiém réi fine-tune (LBM) tot
hon chinh sdch mdt nhiém vy tir dau khi gdp, dat hiéu nang twong dwong véi ~3-5x it dit liéu
nhiém vy hon, bén hon dudi distribution shift; hiéu nang tang tron tru theo dit liéu tién huan
luyén.

Diéu hop Iy nhwng chwa dwgc chiwvng minh: Cac loi ich nay chuyén sang vision-language-
action model 16n hon nhiéu (encoder ngoén ngir & day nhd); scaling tron tru tiép tuc ngoai
pham vi dit liéu da thi.

Piéu né khong cho thay: Robot da dung hay zero-shot (khong fine-tune — khong c6 lgi thé
nhat quan); bat ky cd nhay “emergent” nao; 1oi giai thich cho that bai & trng nhiém vuy; dé tin
cdy tuyét d6i ngoai doi (ty 1é thanh céng dugc diéu chinh gan 50% dé tang do nhay); bat c
diéu gi vé an toan hay trién khai tu tri.

Han ché chinh: Thong ké phdn danh ngdu nhién ctua danh gia nhwng khong phai cua tirng lan
hudn luyén; 50 trial that moi nhiém vu c6 thé bé 1§ hiéu &ng nhd; mot kién truc va mot lab;
encoder ngon ngtt khiém ton; bug chuin hoa dit liéu chi phat hién sau danh gia; phén tich dua
trén preprint (chwa kiém ban xuat ban).

Mot doc gia pho thong nén tw tin dén mivc nao? Ty tin cao rang tién huan luyén da nhiém +
fine-tune mang lgi ich that nhung vira phai — dac biét vé hiéu qud dirliéu va do bén — va dugc
do bat thwong can than. Ty tin cao rang day khéng phai robot da dung/zero-shot va khong
phai ci nhdy emergent. Ty tin vira vé muc lgi ich khi scale 1én model 16n hon. Va dang nghiém
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tic véi cAnh béo cda chinh tac gia: hiéu &ng trong linh virc nhé dén mitc nghién cttu thiéu lyc
thong ké c6 thé dang bdo cdo nhiéu. Thai do phu hgp: lac quan cé chitng muc v6i hudng tiép
can va hoai nghi lanh manh véi két qua robot-Al thiéu nén théng ké kiéu nay.

Nguon
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