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Coding agent @ Codex 3 Claude Code ASENA Embodied agent system Physical robot
Plan through an opening condensed P
VAl = pleEEEles & reaem, 21 call Sensor and navigation interfaces
counts, _ = np.histogram(wall[:,0], bins) — ASENA-VLN (optional) - geometry - sensors

floor = p[floor mask & beyond wall]

Supervised execution

Inspect map + plan Inside passage Clearance - Motion checks - Operator gate 360° camera

> \//. - Body IMU
e A R -l Persistent workspace Joint state
2 \ &mening ‘:Sp—ec REQ?II writel%rogrsmls, notes and reujable skills Odometry
by skills/world_model.py + notes.m Mic (optional)
i SONIC whole-body control + speaker
f Navigation skills Examples across recordings —

[l Follow corridors

B Negotiate passages [E) Seek useful views

~ I~y
4 1
| | .

g - Camera view : Opening view =
Traverse Align Turn into a gap Pass through Orient Reorient

[

Estimate geometry; command waypoints Reason over free space; traverse openings Change viewpoint to inspect the scene
@ Find and verify objects B Remember and return @ synthesize gestures
~ - ]

l MuJoCo checks

AR, o Re-observ . .
Approach area Observe nearby Head back Wave Gesture yes

Code Online SONIC
— . —
synthesis sim checks whole-body control

Found item

Compare a target with visual evidence Store a place; return and re-observe
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g N\
ASENA Embodied agent system
Coding agent Physical robot
@) codex 3 Claude Code n Workspace + feedback )
Programs - Retained notes + skills cense ® 360° camera
Task + context " )
calls «— e LiDAR
Program robot interaction =~ T > Sensors + callable motion tools BTl
_ e Body
ASENA-VLN (optional) - Geometric motion
b « e Joint state
ite - o . . act
et a Supervised execution — e Odometry
i Clearance - Sim checks - Limits - Human gate 2
/\/\/ Read artifacts 9 prS ! Micl(optional)
Repair code ) @1
" Execution record MCAP bag
inspec Sensors + state SONIC whole-body control
——~T

Fixed model weights Speaker: spoken responses

Actions + feedback - = s s

-

Code + figures 8 8

| J

Recorded evidence + task feedback — Reflect with motion disabled — Retain notes + skills

2: ASENA i ft W RE MR EH RPN . ZARGHLMILA NEH . FEAMTAERX ., WA A KT 2 > 5
JLSKMS . BRUGBA TIPS MCAP JL5% [24], KA SHLE ARSI SIE . BB R, AU HATEAL SR 5, DA
PGS . Plas NzshEERMIE, etk & SR s R B In S B e

3. Jitk

ASENA S #i 2B RS Bt sc Al ds NP FAL DT RE ) (I 2) . ZARGERESN. 5. "Tdlfe. iEmMS)
FREHR— MR G-I R T . BT ZERIPHUE 2R, FHgacs ToRABL S Sa 1
BRI . B RERIL PTAE ] 3% 1 P > U A o ml gk TR

3.1. DIBLES A B e
P 7 AR B B G B0 AR % . 7E G1 I+, ASENA JFFjik 360 FEAHHL. LiDAR. BT, MLk IMU FIHy
WA WA B AL P i A S A, AT LTSS . iAot i T . s i, &
BEMR TR AL SR BIE R B SRR -

P R KA AT PR 93 ASENA RGBT, 3 th SONIC £ Uil [25) BUdT, RIS ik
E OB . EUE ok, TG AU TR, SRR A, TR 12
AT A 2.

ASENA g, $EHIAN 224 BRI HRE, BIanEaa iR, il o, SR . BE
PR L B S AN 2 M S, MBI R A AT A2 I RE s EOR BRI BRI T4 LR IRI IR, %
1195 AL P UEAT IR o

R SR EER L, OB A2 Bash K5I iz 4 S Pl AL 2 Bl )
AL BRI AR . b T A R e RE R R ASX AP TR, AR SOR A SE TR P 2L o R 22 4
PRAPALHI P RAAT . 8 S MuJoCo HELRIRIE AN T4, KA RIS, XA 5 s RO A SRAE
FUREE . AR SRIE e, WRFE SR 205 0R [ 0 8 B R EA T AL . e, AEMTE Sk s ff:h SONIC [25]
PATHL, VARG ERAE SR

TESHUH, ARSCHEATEET LiDAR £ o5 e ] R T A KK AN s i Fo) A A, SR Ik S 22 4 PRAp L i St iz
R 2 AR TR I e B AR, AL SR A S DB A RN TR S k2R
PEAT 224, XML R F A (T ERUE. N TR AT, 2L e iRy,

3.2. BrPUTHAL IR RS
ASENA PA MCAP #%3 [24] iC5isfTad e, R Bas S NS Zh . Bkt AR g R
XEFF . I X S, B RE B E LA T B B 2 AL, HESRAN A .
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Metric motion

Fine alignment

Instruction Front RGB history

Goal + quality

Optional end-pose anchors ; X
Stop after you take 4 steps Sidestep right toward the
forward. bathroom exhaust fan.

Room goal Door traversal

=< 8 frames - recency weighting

Text tokens Visual tokens

111 11 111 11]]
\ /

Qwen3-VL-4B-Instruct oo, R

.....

Shared autoregressive decoder

v v v
OoDoE Dooc o]

Stop there once you find a Step into the kitchen
bedroom. through the door.

Corridor following Floor change

660 trajectory tokens 683 pixel-goal tokens Base text tokens jr— !
A v v | |
/"- Waypoints Pixel goal Visual QA 8
< 8 cumulative poses (u, v, B, is_last) Text answer

Head down the corridor and  Head upstairs.
stop at the end.

1,343 added tokens; visual QA retains text tokens

Pel 3: SRUSRI A S I T-INZRons Bl 2o WE SRR E P S I A G52 8 SRR ES . A [l e B A L RIR R
FAws BLAE I & BN SCARIA TG asshial e LA AR bR R LR . SRR AR TE . A A 15 R st i I 25
WLIHCS s BB ARG B RALEGE . E2mBI0L 14 6.

BRI S, ASENA W] fR B k7 S ABY S SRS B . RHETIUAR & B TAER IR N Wi = (Nk, Sk), H
N BRI, Sk W R PETRAE . [EE I SR AR A E AR AT 5 IR B AR . IIRIBTT 2 18], sz H
AOUEE i 5 P Rt e 8 AT T MBS e SECR TARIXC:

Wit1 = Io(Wi, Ti, f)- 1)

RN A AR FR I E - FEF L, A TARBERE AIEA R Z A TAR K, MRgs i s S A .
e Gl L, PATICSRAIR] ER B 53R SRR R BE AT . B M T JE O PP e W B AT w5 A o 5722 4
RfE, RIS,

3.3. S IS R BLAE SR

ASENA-VLN s/ REAAE S R 28 BB A TR . 3% n] 08 T R AR 0 5 R 20 390 50 1 UL 00 900 Ay SR g AL e Al
PRAPL . ZifE AEIR P E MIRR % TR . b, FRr S i T RS/ . SRS GRSt
TN T e

RS, ANERINER. A SO R RS Qwen3-VL-4B-Instruct [39] 7J& TP 5B R HAr & MiAciE
(F 3) . BEBIBzE 2/ WUHT 00 R A — 4 25744k JSON #54, % ks &) TAE R vl i TR . AT
SE NG I ar S, BT S B LS R YR BGE B $OF AR BE AU A58 1 O AE PR
I A] R SCAY AT 28 H R R o 3t 52 [l DR AR R 2 T e 22/ \ A B ARHLIAR AR AR U, B LR A
(2,y,0). AL mEE AR RO W Aas s H AR, Jof B gLk . R A s 5]
SRZAE PR E LTI F AR U B R, e A R R I SO R . TR R AR E
EPAT, ETHEBOMNAZ SIS, B E O S AR RS DR AR SO A 8 SR B i) o Fsiy
[ESCESELTE

KRR BB, AT AU BEAURR B B 4, AT B 0 R dn . IR, AR SCHE MP3D
A1 HM3D HAgE UM T SE S5 . s el . e 22 B st . G E 5 ik . 5 H AR
7 BEABRE. S TTA . UHE AT RELABAR R AR B S AT R o AU S I R I B g . AT LRI L
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#* 1: g7 H VLN-CE SERSAF R2R fil RxR [ val_unseen %4> FA945 R . 50 LIEM L, ASENA-VLN-4B A% 24 /i fx
fEMERE, SAREEEEAL, nDTW .

R2R RxR
Fr ik NE | OSR 1 SR 4 SPL 1 NE | nDTW 1 SR+ SPL 1
Navid [3] 5.72 49.2 41.9 36.5 5.72 - 45.7 38.2
Uni-Navid [26] 5.58 53.3 47.0 42.7 6.24 - 48.7 40.9
NaVILA [4] 5.22 62.5 54.0 49.0 6.77 58.8 49.3 44.0
StreamVLN [5] 4.98 64.2 56.9 51.9 6.22 61.9 52.9 46.0
NaVIDA [27] 4.32 69.5 61.4 54.7 5.23 67.0 57.4 49.6
JanusVLN [28] 4.78 65.2 60.5 56.8 6.06 62.1 56.2 47.5
DecoVLN [29] 5.01 63.5 56.3 50.5 5.73 63.5 54.2 46.3
ActiveVLN [30] 5.31 58.3 50.1 43.7 5.84 58.1 50.7 41.2
Qwen-VLA-Instruct [31] 5.10 69.0 57.5 51.2 5.80 57.1 59.6 47.8
InternVLA-N1 (S2, SPF) [32] 4.25 68.3 60.9 55.2 5.71 46.8 63.5 55.0
RynnBrain-Nav-8B (SPF) [33] 4.92 71.6 58.6 49.6 6.20 59.6 56.1 49.6
DualVLN [16] 4.05 70.7 64.3 58.5 4.58 70.0 61.4 51.8
InternVLA-N1 [32] 4.83 63.3 58.2 54.0 5.91 65.3 53.5 46.1
Qwen-RobotNav-4B [17] 4.22 73.6 66.9 60.5 4.15 68.6 71.3 61.5
ASENA-VLN-4B 3.52 72.6 68.7 64.2 3.90 73.1 70.2 59.7

20 YR AAR SN MRS SR/SPL (%, PR 1). F 3% HM3D vl 455, S8 BRmf AT A X455

HM3D HM3D-OVON

Hik v2 BiiEsE g2 B EI/
VLFM 63.6/32.5 35.2/18.6 32.4/17.3 35.2/19.6
OpenFMNav? 52.5/24.1 - - -
SG-Nav 49.6/25.5 - - -
TriHelpert 56.5/25.3 - - -
WMNav# 58.1/31.2 - - -
CogNav? 72.5/26.2 - - -
Uni-Navid# 73.7/37.1 41.3/21.1 43.9/21.8 39.5/19.8
DAgRL+0OD - 38.5/21.1 39.0/21.4 37.1/19.8
MTU3D - 55.0/23.6 45.0/14.7 40.8/12.1
NavFoM - 40.1/27.1 45.4/32.6 45.2/31.9
ABot-NO - 55.3/32.1 55.4/33.2 54.0/30.5
ApexNav 76.2/38.0 - - -
Qwen-RobotNav-4B 75.6/30.6 57.7/24.4 60.1/25.1 53.1/20.9
Qwen-RobotNav-8B 71.2/33.0 56.1/28.5 57.8/28.8 51.2/24.0
ASENA 80.8/38.1 60.5/33.5 65.8/37.9 64.9/38.4

LA T IRIIE , R AR S A AT Rz gl . B3R A WA BRI B R = H Fr i
X SR B R BORAT 55 A e T AN A B T S T 0L E #Ae

AR X B T 4. e ObjectNav, DA% H R2R. RxR, ScaleVLN fil SRDF [1; 2; 40; 41] AIALHE
BE SRR G2k ASENA-VLN . Shi&ic rl 8 s 0, AR SCHEH GPT5.5 [42] KX LUl 4 i) i
1o TATHIA S5 (L JSON Fist, Forh @ @it e &, I1Ed MR A 2 LS M e AZ 3124
W YGEILNAZE VOA Eidli [43], PAMGHRBIAY R 23 [RI3HARRE J7 . YNGR B T 430 T R4S,
BT 5 23 [H) VQA FTE A B A 3:1.

4. VAL S

T 5EF ASENA-VLN 5 57 i 45 2 BREE SRS AEA T PRGBS TE H AR (R SUAE 55 B PPA 52 8819 ASENA &
Gto AT FE R, 2] sURHURNE 5 TAEX F i Or B 250 an o) S w2 e RE IR PERE . #3005
TEPTEASE PSR B, JFAE Unitree G1 #lgi N LR IZ RS
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#¢ 3: 7E R2R #ll RxR Agentic Split [ 347 A LI ML R . NE 195307 4K, OSR/SR/SPL PAF 43 R . A %/ [ml
A4 100 A~ [l A3 TR 8. 2R (7 U A T[] — J5 s AN () VLN B e 0

R2R Agentic Split RxR Agentic Split
T/ SRR R VLN TH NE| OSRt SRt SPLt {iH#/Il4 ] NE| SRT SPLt HH%V/IFE |
R RO ART ik
InstructNav [15] - 6.89 47.0 31.0 24.0 - - - - -
Open-Nav [34] - 6.70 23.0 19.0 16.1 - - - - -
CA-Nav [35] - 7.58 48.0 25.3 10.8 - 104 19.0 6.0 -
GC-VLN [36] - 7.30 41.8 33.6 16.3 - 8.80 33.8 1338 -
Three-Step Nav [37] - 5.87 39.0 34.0 29.1 - 9.21 22.0 16.1 -
Uni-LaViRA [18] - 3.66 73.7 60.7 47.7 - 6.48 51.3 34.0 -
Minimal (Claude Sonnet 5, SDK) [38] - 580 61.3 51.3 37.8 - - - - -
ASENA w5537 THE R % Ak 1k
ASENA-VLN-4B - 3.16 82.0 78.0 70.7 - 454 62.0 529 -
ASENA (Claude Sonnet 5) X 5.23 70.0 61.0 34.2 83.32 5.80 50.0 31.9 103.83
ASENA (Claude Sonnet 5) v 3.31 83.0 72.0 54.9 33.96 |[59.2% 4.94 61.0 45.5 38.91 |62.5%
ASENA (GPT-6 Astra) X 1.84 90.0 87.0 724 26.37 0.82 93.0 78.0 40.80
ASENA (GPT-6 Astra) v 2.18 89.0 88.0 72.8 14.00 | 46.9% 1.65 86.0 64.0 19.98 |51.0%
SR (%) 1 OSR (%) T SPL (%) T Logged cost ($/ep.)
100 - 100 - 75 -
3 -
o 75 /.’.—"._.—‘_._. iy
g /’-—4" 75+ : 50 - /—I—-—H—' ]
50-
. . - 50 : .25 : . 0- . .
100 - 1
100 75 - 3-
-4
75 1 ] 2-
= 7""& 7 W 0 ::—;.:.c::ﬁ: N
50-
. . . 50 . . 251, . . 0 . .
1 5 10 1 5 10 1 5 10 1 5 10
Workspace evolution pass —8— GT+VLN —#— GT,noVLN

4: PHLLAEXI L. BEEUEL R YR, A 4548 (SR, OSR Ml SPL) A FreTt, i A Bk .
BEH VLN T HAERFEER T SPL, (8 AE MRS ot 2135 H b .

4.1. Altyy. VLN 5%

 VEARR MR BRI RO, 2036 R2R AR TS 4 DA S RxR A BETRAA A B A i a7 PP A
ASENA-VLN,

HIHE KR 0.25m, JEFEE KN 15 . FiiR2E (Navigation Error, NE) 7R UK A B e 2 H 17
PEES, Fii= sh#® (Oracle Success Rate, OSR) fH & G 25 HE A H AR, 1 i{3h# (Success Rate, SR)
BERB RRAARAE H AR KI5 Ik . BRAR K BEIAUS I3 (Success Weighted by Path Length, SPL) i & P& 244
R, H— S RH#E (Normalized Dynamic Time Warping, nDTW) i s #3852 % A AAHMLE . 3%
PUTREAR I DA 43 e FoR o« (h ELan i % 2B BE#S (Simulator Shortest-Path Follower, SPF) fi4% 32 H 457 vk
i,

4.2. Hb=PrikSni

e 2RFIPAL AT AR 8 Bk AT HEY R B IR R AR P BEA W LB K . 1§ ASENA-VLN 2 BB 147>
M AFAE FARR AT IS, AR S ML R LSEIE F AL (Vision-Language Model, VLM)  [44] #5457, /G
BRI R A, FHA O 2 e SOFr T . 7E HM3D-v2 71 HM3D-OVON _E, X P4 R R i 5
2] R AURES AT 58, ARBET SOk [17; 45] e ARRY T RS 1 i g R . XHFE . [FX
FIZKR LI OVON W {R251, HAERESIIRIFIEE , RUNL AR GRS WA W (AR5 DA K - He W (A i 5 B 2 ) AS A«
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4 ROHE. RREHREE NERE (%) S57H— P8,

HM-EQA MT-HM3D

T HERRA 1 BH AR 1 BHL
Explore-EQA [19] 58.4 .52 35.1 .64
3D-Mem [20] 50.4 .63 - -
Fine-EQA [46] 56.0 .54 - -
GraphEQA [21] 63.5 .20 45.6 45
MemoryEQA (Qwen2VL-7B) [22] - - 51.2 .40
MemoryEQA (GPT-40) [22] 63.4 .40 55.1 41
FAST-EQA [23] 69.2 .65 50.5 .52
Qwen-RobotNav [17] 76.7 .15 54.4 .19
ASENA base (low effort) 70.9 .15 64.8 .10
ASENA hand-designed (efficient) 72.2 11 63.8 11
ASENA hand-designed (quality) 78.8 .22 67.1 .24
ASENA self-evolved 17 (low) 74.8 .13 64.9 .08
ASENA self-evolved 17 (high) 81.2 .25 65.5 .22

4 5: RS EQA TAEIX: MERR (%) SRS H. IR FRRA TAEX.

HM-EQA MT-HM3D
FoUk HfERGR R 1 23 HER A 1 LA
L K 70.9 153 64.8 101
4 K 73.4 136 66.5 .091
9 MK 75.8 147 65.5 116
11 f% 75.4 152 65.3 114
17 A% 74.8 127 64.9 .076
17 W& 81.2 .253 65.5 224

4.3. BRI L Ab e

* SWHFC AR BEIR 5 ASENA-VLN 2 A SRR BTk . FATHAE AR ZRAT A ML) ASENA-
VLN, PAKOR PR iR 5 i 55 Bl {9 ASENA. {5 Jf] Uni-LaViRA F1 Open-Nav [18; 34] B 4sidE il 75X,
R2R 5 RxR (A7 it th Xl o (Agentic Splits) 4-H5 100 AMESF . FEfE MMM+ N5, B sk 58 6
PRAS AL IAIRAYALSS ID, B R A TAEX I iR Claude Sonnet SRR
81T, GPT-6 AstraR iRl iz 7. P4 RxR 477 T A HRAY NE 5 SPL {H; 15 SR IR
WAZRM, NE 55 SPL MIEETHA 96 Al 4115

ot 2t P B 1A 0 5 27 >0 X USRS e e A R . DU LA 5 252 T H,, GPT-6 AstraffHUiS 2 HifR (£
fg, JHE AT ASENA-VIN, 7£ R2R I, HARBEr T s m AR, B 90% SR. S K
BRES), B RERTCHT MBI ) TR, BITBEARAE & MHR AR WPt AR PR . X2
REW], PR REAAR SR TR SRS

2 AR TR S5 SR B PEfiE. ASENA-VLN XfClaude Sonnet SHYHSHITE NHIR. INAZHEIE)E, M
DR G AR AT, R2R Al RxR R SR #9485 11 ANE 40l Bk, % RS REAS TR AT
AR, (RS I AR 5 i ot UE 24555 . MR, GPT-6 Astral[ Sl 1% Rms A SR 2= 2,
T ERERRD: 8 RxR b, e %R L R R AR R . (R, 2 2] i o B T e f s
DA Ji o S5 s 19 00 o AR X P9 A 2R

22 LD T R REAR S 1. BRI ASENA-VLN i i W P AT 2 Mz s sk, M s/ 352 iy il 5 5l
YRR XM amAERE, P TREHREISAEI N (£ 3): GPT-6 Astraff R2R/RxR 43 jI K
% 46.9%/51.0%, Claude Sonnet 545 R 59.2%/62.5%, K, HIff IR K, %I HLAER
FMRE AL XS R B TR, 22 N SMER AR e imtE Be g Wi, ol B Re ke B, 5
SR BRI B R g AR I B Kb
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A “Could you find the restroom and then come back and tell me where it is?”

Map built online 158 m 1 Remember user restroom gt
total distance '

x|

*

Restroom
——Search == Return

o - o ;"

— “ 2
“I found the restrooms! When you exit this room, turn right and follow the corridor down past the hallway toward the elevators; the restrooms are
right next to the elevator lobby.”

B “Go to the pantry and count the coffee machines. Wait there.”
' 2 Digital dispenser

Map built online 58 m n Search corridor
N~ rmiles

total distance

o
— Search

T

“Reached the pantry, visually counted 2 coffee machines (a large Emblem digital coffee dispenser and a dual-hopper commercial coffee brewer),
and waiting here.”

C “Pmin a meeting, so don’t speak. Find the vending machine and check if it has the snack on my desk. Come back and answer
with body language.”

Map built online 70m 1 5 Read desk snack
. |

total distance 3 -
n iy

3| Return & gesture yes [
\ DR -

— Search == Return ) P iF M == i:\ ﬁ N
The desk snack is a red SunChips (Harvest Cheddar) bag. The same bag is in row 3, slot 3 of the vending machine in the pantry. Returned to the
desk, waved, and gestured YES.

5: G1 PLZF A ERELSE LS PRS2 T — T M BT 55 R e Sl BRI C SR ) a8 -5 0L 0 B i 7o B b e i (0 S5 20
B RE T AR R AR A B BRI T B LRI T 7R 5 i B 2K (A )5 s

4.4. RYLERETH RS SS P RE

W AR R LS. 5. 52 SRR NI AR TAEXEL. &3, 16 AR E B
ffJClaude Sonnet 5 LAERAEMAIATIES, H AIHERS HWFA LAEK P RERT . Bl 5 EmmsifETFsl.
WHE 2 (8], — AR E R AR A I P 3ok S8 B (AR I 5 B B3 BRI TAE X . 7€ R2R Fll RxR |, 4351 it
FAFIAE FH ASENA-VLN (1555, R HESCR, AR ira B, SRS S5 hlaeiE

WE 4FR, PUASCIRAY R Ih RIS KT, 7 R2R b, (5 Rl ASENA-VLN f 75 (i 2¢ ) 2 % A
I RTHEARKE RxR 154, RIS R R0 Em R b, BoAs THA TAE X AR R 3 0
SPL, RWIRIMERZA NI F BT —5, ASENA-VLN {iRESE M ARRCR. BEE TARXEAL, 1050 TARR BE
SR RN A BREZ T, XLERRN], R ERRAGE, R L8R ST AR AL S R PERE I
RBAS , 2] ST BB R AR T

4.5. Ry W%

A 5% (Embodied Question Answering, EQA) ZIRE REMRIFRIATE . WA XA EIEYS, I AR W seb
Mz 32 . HM-EQA Fil MT-HM3D % 11 (0] 46 i £ T4 ASENA [19; 22], #ZH# Explore-EQA 1]
WERS MY, W TR A W35, S 0S4 SCERTE N 3VA. IREERERRSH—LIRRER, 5
HE SRR REAR IS AL B 224 SCIUE L

F LS EACE. EQA B REMAALG N THl. Witkd . WRRER. AL S BERAERT . 7w
AP LTI EAE NS A 2 B O el RS AT [l 5 D, FLASBMSUAT Aoy Bl 2R i
PRRITES . A RCE NS RR RSB A REHR, A R . £ HM-EQA £, i
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RO BEMRBLEAN 2 T 44 IS 30% B HARTIEL, [l Iy 7 ol 5 £ B A ) F) 0 LB L PR S SETRC 45 1
TN LA HER R SRR AL, IR B PRS2 R R SR

TAEXBALEM L. HE DT R RET L B S AR R s X — A . A e i, Hoh sl g
Hi1 398 A~ HM-EQA [IiAl 1,183 4~ MT-HM3D [/l &—f2, 16 N TAER e MAa SRR 50 4>
WA, AL TAER AT S BB SR . IS e e AR B LS 580, DASERTRLIE TARIX . Br
AR E IR A PRAFE E . ARPCTAER BEAIEUY U T ds, HC S g R th 2 fe (A ol R ae A .

AR BRSO -EFRAL. UREE TAEXS, 56 17 %76 HM-EQA FHUSaEmERF (81.2%), 5 4 i
MYE MT-HM3D ERIRAE (66.5%) (£ 5). FEARMEMMEE T, HALER TAEXAE T T3 iy i e
FHIT I BOBS TS Edi R (R 4). BE ARSI e A 185, AEMETT AR i etEig B Ay
FEAL, TE AN R A HER 5 SRR AL .

)R SHLIR A, (5 132 4 MTHMSD i BEAH C i, ASENAVIN (- 1LHg 450 o oz
B 19%, TMERE LT A7E. Sk R2R Al RXR 45550, 2330 S0l B 18 R T
STARBE A

4.6. KIS

{1} Unitree G1 7E =T L 55 EiFAl ASENA (1 5). FIUELSSH, Bl AHRT EAEBL AR UL HL30A Tl
Mo RS R AR A T WL H AR ALas AAELUEEIAE S LIS, H A IE IR 2SS B 5E iU
K.

TEVEF MRS H, HLas N E LB TR 1], BT E SRR AR P L8 A SRR 4, iR [l 4
LR AE T TEAOKEMES H, Hlas A3RB 5, A& yokyLS kb Eol, FFRSAmEmHEIL. St
BALS BRI NG ST 6. RE AERIL. AW S AMER M. BE S8, HA MBS
SR I . AT 55 s T OT IO SR R bdalide . SEER iCIZ S SHEE, BRI, B
VERITELAR P AT AT S UE SRR, IF ST RS BB AR 5 P A,

B LR TSRS LR AR, % AUSKF LIDAR JUAT(E SO A, R pE thfiss o (B ) . il Z4a
B PAFERAE UHLHE S, PATIERRR BIAIHUOLI , (OSSR . AR B 25 h /17E d SONIC $A4THiZiiE
e EAG A -

5. gk

ASENA 5 — TS BERARL. AT SRAANCHERE, AERURATIR & ML TR RSB S5 HOPERE. T
Hy 4Bt H ASENAVLN HEMeSE THEGHIA T FAUHUR IS , DAS B B S T4 ROR/RR EIRIF4E
(A, ASENA WL T GUEN BQA MR, {5 G1 b, AEAMRF ALY ALK, Kt 547, Hrb
EUFRAE SRR E) 2 SRR 20

BOS AR5 7 10-20 b6, POV MBI S S ATHIE. AR T A F LT (B SR B0 % 2B,
S TARE 47 20 20 AW T

B

J&%i5f Jarred Travers, Amanpreet Singh. Peter Pham, Jinhyung (David) Park, Xiangchen Tian Fil Tingwu
Wang % LS g ARl Bt b2 o HE 1) .
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A. b B
AL JETIRA RS IR B

L Hy
BOAYPE  categorystext  FIRABISACAR. T GHICT M DA BI04 55 R R T4 4 5 e
8o%- oo RBERE. KR, AL BEALA

route steps  fIFFIE  MFRERHIH R

constraints 413 W RO A 25K

endpose  HiAIE  RUREILTIESOEE. KRR, A, SIS

quality 15 TR 2R P BRI BV f . ROR/RR PPARIUELN 5.

A 6: FRAHITATPRYE . SO HRISE ARSOAS . BEDA AT BRI 4 R ALl AL (52 10) o BETABRRAY AL H ARR AL AR

A

Bk Vs USRI (ET7) B2 81
R2R [1] Mk, 182, CoT 1.502 MP3D
R2R (H5i) Pk, B& 3.290 MP3D
FGR2R [47] Bk, %% 0.704 MP3D
RxR [2] i, 4%, CoT 4.191 MP3D
RxR (#45) Bk, BE 4.836 MP3D
ScaleVLN [40] i, %%, CoT 3.120 HM3D
SRDF [41] Y, g% 3.916 HM3D
ObjectNav MP3D v3 Wk, B 0.707 MP3D
ObjectNav HM3D v3 [48] i, 5% 2.888 HM3D
Nav-atoms (&%, MP3D)  #iils, %2 1.443 MP3D
Nav-atoms (&%, HM3D) #ii, %% 1.825 HM3D
VLN-MME & H Al ] VOA  VQA 0.964 ZFh
SenseNova-SI [43] VOQA 8.164 £ Fh
PLids B 28.422

VQA it 9.128

4 7: ASENA-VLN FyYI Rt . B /T AR 55 a8 . B fUilA . JB4EgE (CoT) ARfk. HRAYPLILLS
W H DA SCRAEALTE . W0 TR o, B S EEARAS; IR A I Ba W U, T {1 R0 1) 5 B Gl 1 AR AR 2
REEAIATILT AL,

VI RRE. VNG 64 G4, AR EK/N R 512, 66 W50 4 40 B = A BB REAR F1— S0 58 17 25
(Visual Question Answering, VQA) 4%, WAL ZBHE . JIZ 25 8,400 i HE4lHL 4,300,800 M4
(BEEFA), BEIH 0.1178 4. VOA Hdfiih s —it e S0k 71,309 YR Hi. M THUEdRhE K, MY
R —ER5r . ARRAAE AT, WG R PSS R v TN Ty B il 60 S 2 A A
JE 4% (Chain-of-Thought, CoT) A8 AN E 4 WM .

A.2. Jetson Thor H:4t 5817 fiE

MAE G1 |y Jetson AGX Thor _Fizf71i%5img, {#i ] NVIDIA ModelOpt #:47i)I|%: 5 FP8 &4k, I/ TensorRT-
Edge-LLM #y @ BR5 | 4%, x4 &R 125 2 45 8,400 A1 L0 ASENA-VLN ##5 ff, 54 Tl e
W& T4 FP8 AR fR I B AVIEZ R FRic N “BF16 M” MAR A4 4.15 {2555 Jn o 2ot 4354
BF16. By 28k AJZ Ak 3 2 A &AL .

SO T- AR5 TH ERMZ 3o, mARE SR, ik, R a2 152,596 Tides 2 768 1, [
PREE4EB 660 MHLRTC. t B MRS TR R i B )= PRSI 3.887 ALZ 4K
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BISEN Sih Mg BN RS (32%) Bk midile
(GiB) &R (ms)

PyTorch BF16 9.01 167.3  363.4 2,275.5 2,806 1.00x

FP8, BF16 M4t 4finss 5.63 73.3  128.7 847.4 1,050 2.67x

FP8, BF16 Mliismidss, 4iia#R 4.91 78.3 125.5 694.1 898 3.13x

FP8, #iykinl 4.53 64.9 129.1 683.4 877 3.20x

#¢ 8: Unitree G1 () Jetson AGX Thor I fySHEHERR . XL &R F -5 H e SRS A [A] (9 LA AT o . Tl AR g it R/
W1, AR ABIEGPERE L, HIET 32 £ 000 . B =AM R s b ARYE AR B BRI
BF16 5n#|umsLil AEiR A 2,735 ms, S K/NEXT I, ONNX U R/IN. BF16 RN 5 5 8.28 GiB 4)fit N4, LK
IR BT AT . BF16 455 A IR W HGE TR A28 TR o B 45 o 1 o HE 3R IS R Jm D s IR) A U 4%
T 31 AN JCHFERT 4 E 32 4. TensorRT-Edge-LLM A L5 4 B A FIE FEAL(EL A 10 YRGB T3, MRS E i h Hikiz
TP ALE

Bk ES—SE R — 8k
FP8 90.23% 75.39%
FP8, BF16 tlit4mides 91.41% 82.81%

2 9: FLIRALBI L BF16 UASTE 256 4~ i A L i Bl —BeR . s —ECORE — Al (z,y, 0) J41Ieie;
FER PRSI — BCEOREESANPUE VTS . X SeSR ARyt 1 — Bk, ARSI,

52 SJEIR T AR BERERS . R 4RI FP8 J5, A AMFIER 2RI 2,806 ms [ % 877 ms; FEAH[H]
HIABLE T, M PyTorch BF16 Mk 3.20x . f#RS45 2 a5 KINPT B, #EAT 683.4ms, 5 FP8 FiH AL
78% . I WO AL G T B TR e VAT PR AR T - AESR ) BF16 S B as 78 (e, i) e [ A i #E
B 847.4 &% 694.1ms (R 18.1%), H AWK BEARAS,

¢ O BAL IAE B A5 BF16 BZMAG W) SRR . DLSES i PRAF BF16 Ml iy i ML M S8 B L
g —BeR . X AGI AT 2, U RO AR TR S PRl . B s S BN T AR T ID
AR, B HIA% IR -
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A3, P DUBR SR A

EEEH fREHER B

RS, mEERR-

e 7 BB %]

f

KEENEREEFET. FEITHNEE-

RETR 7 fEHERt B4R

EREH, ERLET. e

EEIEH 2]

BRI H) 0.5 K. HENERS.

Pl 6: BT RUNZERFEA . 5 ULIHR 5 — 25 0 MBI . BBl AR B RARILECE . AEATIA R iz 8]
T RIXTEAR. XI5F. B EAR. 1T ERAE R .
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A4 RUARA SR A
# 10BN T AR MR A A A o G5 AL S FARSORRT R B . ATIE0 2 1 (3 2 A
BEARAEYIIR . PR SR AR (TR LA T

A 10: SRR LIRMEHIA . 451> JSON i A& AR SCARMT R BCE, BT E HE @l ae N 1L AL A 2 11 B A

SRS s A (JSON)
Route fOllOW‘iIlg {"goal": "Descend down the stairs. Turn left and stop in
Descend down the stairs. Turn left and stop in the  the room. ",
room "quality": 5}
Metric motion {"goal": "Could you move forward 1 meters for me?",
Could you move forward 1 meters for me? "quality": 5,

"end_pose": [{

"target": "agent_start",

"relation": "forward",

"distance_m": 1.0

3}
Relative object goal {"goal": "Walk over to the built-in dishwasher off to your
Walk over to the built-in dishwasher off to your left. left.",

"quality": 5,

"end_pose": [{

"target": "built-in dishwasher",

"relation": "near",

"distance_m": 0.55

313
Room goal {"goal": "Stop there once you find a bedroom.",
Stop there once you find a bedroom. "quality": 5,

"end_pose": [{

"target": "bedroom",

"relation": "inside",

"distance_m": 0.0

3}
Floor change {"goal": "Make your way downstairs to the hallway.",
Make your way downstairs to the hallway. "quality": 5,

"end_pose": [{
"target": "hallway",
"relation": "inside",
"distance_m": 0.0

1}

Jila) . G RMAR R AR SO T . AR DAKITR,, HUE A S/NEUUE WAL, B3 IE H A5
XA inside, HIESN 0.0, TLAFEARBTEIBN 5. RIS FEI GG M A ST L.
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A.5. G1 Wik 5 AL E

G Fit s B EAGHT L1 & SEMIMLAIE T Livox Mid-360 Wtk (1% 7). Jetson AGX Thor 2777 4 gk
S EEIRS . HIVLEE AR S % Insta360 X5 Al Ricoh Theta X, 7 11 1 {£RE RAS I, 2 1200
S FIHE A

A IEWME B DR
Vi ]
360° FHHL
SLERANTE Y
? :
;j [ ,}

7: G1 fLREAR AN . IR L A s A RS AE M LA A _ERO O

A6 11: fLRRET IR 11 o FRFRAUAR ST B AR o ORI R T A 7 S SCA 7 Tl o

HF R A N/ Rk Jic B4

Insta360 X5 USB panorama: 2880 x 1440; 30 fps [49] 6Hz JPEG; 180° i 1E

Livox Mid-360 200,000 ;5/s; #3g: 7K 360°, dEEH —7° &  SLAM #f#%: 10Hz; &lb#HZ 20,000 A1
52° [50]

GIRES S 29 AN KATAIE/ B, IMU, BRI,  20Hz

A 12: PR R AR A8 AT A A PR A i o AR BEAA R . Rp it (RS R

2 ¢z 28 PYCEN

54 R 10Hz AR BT S 0.40m
TR S R 0.12-0.35m/s  flZhiEFiHT A 0.60s
IEHRHEE (<0.5m) 0.25m/s R FR A 20N 2.0s
FihgE 2 0.10m; 4° TGRS Lo B 3.0s
R ah/ 5 5 4 BRI 2.0m; 180° A4 BRI 6.0m; 16 4~
T 45 25s HARAT 45 HR I 45s

AT E W B Hs g L . IR 2 R IR, WAs TR RERRMMI T ES S,
ARV I BERE A5 I 7KF-J5 i) o BILAS A KBS B 1R 2 7070 345 5 O G Rk i L7
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