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et al., 2026) FI#EfE (Gao et al., 2025; Hu et al., 2026; Guo et al., 2026; Li et al., 2026; Yang
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(a) Visualization of codec weighted visual context allocati (b) Codec visualization - t16 views
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BLAE ) DA I A e A aT T AR AL 20, 38 AR RIS E AR, SE SR BB M AR S AR
H A 24 [A—47 8. VLNVerse (Lin et al., 2025) FJREI#HE . RoboCasa (Nasiriany
et al., 2024) ZEHAEE HHLEE N SHURTE, PANEIEdE (OpenScene Contributors, 2023;
Caesar et al., 2020), FF[E—4: 09 2 H2BULE . UARAIILECE . FEARIEREE Y, 9
%g%géﬁk%ﬂ&ﬁ%ﬁﬁ, AHAL T FE AT o AL A, PRt B — B VR 18 Tk o 2 P A%
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RxR-CE [H&H #5845 AT VLN RUEREHIEAERS 74, WA Qwen-Image-Edit (Wu
et al., 2025) JE {4 Habitat 7& 400, (80 E T B AHMLIEG o G S0 AR (A AR 56 I 152
B BB N, EARBUSH N EFEREKRL. MT%5, SRDF (Wang ct al., 2025) 2t
HMB3D 5% (Wang et al., 2023) FAGFES—HLEXT, Il sme T MP3D i) R2R i
X oo ASCDAWIR T B X S . woE, JRIRTE i AN HER, i Gemini
3.1 Pro (Google DeepMind, 2026) A A TB4E2 AR BURIEPRANN . W EH—H bR
[ e R B AR AN R AR 8 S TS « HaR, P IRGSE RS, RATIRE DAgger Hlilt It
T AR AR, (AR B . IR B R U5 PR S HR T N LT R B S
T, XA R AR RE AR B AR A SCHCR AN E U FPIRASHREE R A 24 1 i
B H AR BRI ] o EOFTAR TR AL SR T H b e S B AR A Y A AR I P e 5
AR, I HE R RE AR ARSI o« XIT3hAE, LAy RO HRAT: m] Dol S e L0 o 1
PEENIEE, PRmier A b S b (B9 3.2.3) 0 i FAREUIGE SO B RE IR 2 3l K
S 2SI B RRE R . FRdERl G EEZ) 0.25m, (RG24 R 0.1m, LA [R5
S AU, SREMG AR /NS 22 (Y it ] AL A PR BE o IS ) 18] 5K H A
BAEIA ST I X e U B AL AL, BINET Am. ZEfU 1ms BURREE 558 R 524
WIS, TR FEAR bR EIE H A5

PG SR . AERB S, MRS BEST A4, SR4 kL BAE
BUZATAL o AH T — Rl T A I 2R 5 B R 5 X — 4R, A S il
B, XEHIEIE LocateAnything-Data (Wang et al., 2026a), ZIERELE 12M IR K%
A 138M ZIE A ifIAl 785M AN BLAE . AR SCEEIY) 19 ST TR 2.31M A RGE
S, HEEERAEIEN 12.0%, FUEBOGR T IO EFE S B0EE0E . ENTmEmasi (5
SEILSRAY 40.0%, WFESE— AFR. TS ARSI ). 8RS EN (18.2%). S5
af ks (13.7%). EIEH P AE (Graphical User Interface, GUI) JeZEEN: (12.4%).
SCAGENL (11.0%) FISCRYA R (4.6%) o BEAFRASERRRE S Ao iS5 H A5 B0 10 FHHE 255 e
X, AIMNZRETMEFEE IR, 55— AFR. Plgs AN, BRI EG R, REriEmes 2R
FIMRALE . 3249852 SRSl H AR RIS, AL RRT SO MEE ST DUELR B JCIRR
zae 7, M I ERE T Sz sl SRR B AL E A e . s T I B g
LLaVA-OneVision-2 (An et al., 2026) {25 EIHEREE . SRS LRRZ 5%, PASE
FAMSEE T8 8dE: e T2 17l R B 3 )32 1 fg

RABIR. ROk E 83 MR, ok 11 MR (3R 1), FP %k

W& 19.28M ZA8005%. W 4 s, Hrp 65.6% T EshfERIE, 34.4% (L

Hél’gfy*iﬁjjﬁfﬁ?ﬂﬂo 25 (A HERAIA 0 E L B A 1T DTk 2y 18% Byc sk, i Wi 5 A
8.5%0.

(a) Supervision (b) Sampled training mixture
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LocateAnything grounding [NEEREEEEN 12.0%

VLN: single-view [ INERENEEGEGSM 11.0%

1928M Object-goal navigation [ NG 10.4%

effective records General vision-language [[INEGEEGG_ 8.5%

Outdoor driving | INEGEEEEG 8.3%

Embodied QA and dialogue [ INEEE 7.9%

Target tracking | NRERREEE 7.7%

W Action regression Spatial reasoning |GG 6.0%

65.6% - 12.65M Point-goal navigation [N 5.1%

B Next-token prediction VLN: SRDF [ 2.7%
34.4% - 6.63M 6 i 2‘ é 4‘1

Effective records (millions)
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RAEG . BRI SR, AT KRB 20t 7oR#F (£ 1): SRDF &
AR IEOREE 15%, 3T SRDF BYXHEEAIEIRE 10%, WIS B AL i 5 A5 I
TR 30%, K2R LocateAnything HURENRE 5% % 60%. XS na 5
g RARHHY sq € (0,1]. BEEWREL ra BBHEIR d, AROREL Na = nasara FniZBde 5
FRAETTBRAVFE AR SRR & HON A RO FIER A >° ) Nao A RGCRKE T YIZRAT:
AKYL, ARSI S e R SRR . DU S B R2R/RxR B TE G A ol £,
g2 AL €0 A2 1452 1Y )R A 2k, SRDF A HM3D sz b

% 1 NZRBi ey . IBOR BN R KA ROCRE, SO N T

285 B IEEL SRFE A B (E7)
e

VLN: POt 7 100% 3.938
VLN: 5 100% 2.113
VLN: SRDF 2 15% 0.516
RMHESM 5 100% 0.984
H e i 500 1 100% 2.000
H FrR B 6 100% 1.486
FroNE I 5 100% 1.608
T —iA AT

H 5 A2 5% 12 10-100% 1.532
W HMAEE 13 30-100% 1.640
23 A HEFE 8 25-100% 1.149
LocateAnything #L3 Ef7 19 5-100% 2.311
Jesan 83 ~19.28

3.2.3  FRAL PS5 I%k

ARG O T 2 BESAR S, s K84, A FEBFIIH- N\
Wl HAm. PURLIE Habitat UM% AT/ A7/ J5 /72 W0 PE S, A el Al 500 £ B9 i 1] AR AL
TR 5 2 UL AR AR B L HR e by S d 22 R BE 16 A2, Habitat EIRESIVEGOASL N 1k
0.25m, [ 15 FERURFEIE L, FFEAOE REIR R AR R P g RBUARAR, Hod (2,9,0)
Sl (1.0,0.433,2.094) 154k JUTEAEORFRES 1R aa prutgh (RS, JE3n%e m
AL BB S5, TS L AS AL 08 72 (A SR AR ] g Vel 10X it A
X, HAGHERDS, SO —iAIoH AR,

PRI I ) Qwen3-VL-Instruct ®IR1E, FHAE5ERIR A8 L UIG— e, BT
[ 4Rt/ UIZRTtRl . et o BRI S A 5 A S B S 2] 503 iy 5 x 1070
?ﬂﬁlf_?’ (% 2) T A.6F04.7 TR R SEIIATEZIR A B A B N R BT BBl T80
A

2% 2: WMy VLA YIZEidE . BS: 4 jmit& ks AH LR: #fEk2e3 %,

BT GPU # BS BB EIKEE LR AHLR
Qwen3-VL-4B 32 256 ~75.3k 8,192 5x107° 1073
Qwen3-VL-8B 32 256 ~75.3k 8,192 5x107° 1073
WB SHERD . IR R AR — A SN ZRRBC ., REAle Il ) [ W o o 5 R I A 25
= ((}}VOH Team, 2026b), MLP F{ELFMAL S /A (2, y,0) HiAH0 24 dEms. WP aE
A Buay B/, HAKN
8
- A —a |2 _
£nav - 24|Bnav| ie; ; ||az,7" az,T”Q ’ L= Lnav + £NTP- (5)

PRI R AL 1o A—Ab)s, (EE-SRla BRI FEACE, AR R S By
PTG AR o [ 5 /UL, H AR E B0 A i PR A 5 e IR, MLP AN



SRR AL . SATREA RS 5 F A, ML, MR G A R S a e
F4R, DOHPRRIERG I 25 T otk e SRl 3l yc S BOR R E AT AR . Has Bl F o7
LI, MRS REE AR SRR BRR, JOR AR K T h .

4 K

AP NAVvGPT-3 PUTHESE, H'5 VLA (E RS RS . B, = 4.1 R
ENGR R A 74 il 5 ki IH 5 3 ekdt, FF R PATHEZE T HMEHARE I 1R
3o B, T A2 PEATAR TR SEXTPIAEE fER TR 2 BRYOIMA VLA, M
Al T, ISR, ARSI . F97 4.3 A8 T HGR S50 2 A HLR 2%
W07, FEAY 4.4 W ML et VLA SATHIMIR . 55747 4.5 #£ R2R-CE Al RxR-CE |
Froes 2G50 L EITIRE, RIS A H bS5 B 5 g, =AY 4.6514.7
HUIEFE NavGPT VLA, QAR ie, DA S R R AR RS A ML . foe)
T 4.8 B RGHE S| Unitree Go2 Mg A L, FA7 4.9 RREEN & .

ST SAiMERE, A XHE R2R-CE fil RxR-CE 1J5€%& Val-Unseen ¥4y (Krantz et al., 2020;
Anderson et al., 2018; Ku et al., 2020), MP3D (Chang et al., 2017) 5 HM3D v2 (Ramakr-
ishnan et al., 2021) FRIPIARE S0 (Batra et al., 2020), PARE BHE (Ren et al., 2024;
Zhai et al., 2025; Jiang et al., 2025) F3EN NavGPT-3; JEEMF5E R EE R2R T4,
Ho 5ok B A4 MP3D $H#1) 100 Al (Qiao et al., 2025). 45 AR 4% s 25
(Success Rate, SR) . #I5EKJE M I Z (Success weighted by Path Length, SPL) .
H—4k3h 7SI E 1% (normalized Dynamic Time Warping, nDTW ). #i & #L{3% (Oracle
Success Rate, OSR) FISfiii%2: (Navigation Error, NE); [ZHF 4 WK 45 HERG R AT —
BE BRAESATE, PATHEZRBIRII M 8B NavGPT VLA, R ERET 17 H
PR T22: GPT-6 Astra {§iff] Codex, Claude Opus 5 {fi/f] Claude Code; T2
DT BT EHNE, S EHESGK E . NavGPT-3 B R4 ftn. TH. W
W, 2 ERPR AR LRI s PAMESE A 22 S L F545 Do

4.1 A A RSO A THERL

A PFTFHEZR R 36 )5 | Fe et (RSI) B4kl KDLoop KRR 22, 76 AT AT RYHE
BARRAZS Bl R Z (Zhou et al., 2026a) . BT ALEMRIAR RGN, THTHE., FiA
ZENAPIRAS, AR [ KR % 2 BV AN PATEE SR a4 2 B A FR — T8 7] . THINK
T AT AE SR B A ] A E PR s e CRITIC MRHEEE 11 23R 4G i 2 Mokt e b AT 4G
#r; EXPERIMENT SZEUIFPPAL 14 G ¥E A 7 325 DISTILL 10 EMIASE 18 . SR II& oAl i
KBS . 10 B R AR B N — IR TAESE ;s HE {5, REFLECT £ HHT
LB RO, WRAELEIF R B PRI D E , ARAELREHRIERE VLA AL
B, K 5(a) B8 TR | (b) BRME—HATHEZE ) O =288, B T
F. 08 B F SCRIPATES R s X2 28T I, ki AT — R A THESE .

KM Claude Opus 5 FEREER) 100 [7] 455 LIFIRIEIITHESL % 7H4RIEH R2R-
CE %45y, HIGFE Val-Unseen BEAES ., MRERUUNIFNEEGES, ARG
WGWIRI . B 5(c) RORTEAER 100 AEl& EIF FLIAE] SR > 50% ) 14 R HESLAL
B RN A YT A B R R R, B ORI AN AL Ty SRR AP RE T

K S B A) ) P ATHEZR IO T Ak B - AR I 5 R G 25 Rk Bl 66% SR {HH] 4B RIS 2%
IR VLA 53] 72%, f#f] 8B SKMENIAF| 76%; ¥ VLA $#f75 %5 m THEEE, BUSIT AR
B 81%. FUMAE B OAGAE| 54%, BN DRE] 77%. —IREZ LI, T
SRR T Rz, BRGIFREME TR JFEBITMAZT A, DM aR K
*ﬁe%;ﬂlmfﬂ%ﬁﬂﬁ% 512 MK i TH SRR il & 3FE 6, mA4THEN
P 4,

4.2 PUTHEZRS VLA JHE

% 3 AR THESR S A G Tk, A VLA FESLEEAE Ersias . 5 S BA R4
GPT-6 Astra fil Claude Opus 5 fEAH[A [E-&FREI T, ] [F— 8B NavGPT VLA BfjjifH[q]
) 100 4~ R2R-CE [u] 6, 472 AL [ R ) TH, AR5 P m i LA 4 T
H, THEHMGERMZRY @ RS L (FA7 4.1),



(a) Automated harness development

/o
A Think L Critic L Experiment L Distill
°\ / Propose revisions Check constraints =~ Evaluate candidates Record findings
o\—>
© T— Select best; Reflect when progress stalls Q

Candidates
(b) Candidate revisions . o o
Revision 1 Revision 2 Revision 3

Current ° o Select by SR
harness —

/ Tool interfaces \
o o o o
NPmmpts Next
o

o harness

Execution feedback . TS,
[Mlustrative revisions

(c) Harness development progress

Front view VLA delegation Local motion VLA + place graph
Primitive actions 4B — 8B Four 512-pixel views Local repair
/ 81 /@0 far: 81% (+15 pp)
_ 80 76 | .
S 72 //\ e, 77
5} L 74 75
s 70 1 73
—
2 R I e e T e N
(5] o’ -
31 66 Initial: 66%
;):{ 60 64
Place graph Map and visual recall
Graph navigation ~— Revised stopping rule
50 L T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Iteration
—e— Candidate SR —— Best so far ---- Measured drop ---- Initial baseline

Bl 5 b H ST A ATHERE . BESTIRER . BB T RS AR

HECE PRI AT . AR AU (55 4). AP ECERE A A A s T A
observe_forward fl observe_panorama il T-#x & 24 Hi JF #1155 , navigate_relative I T
Yo FERIBE B 54 m A5, terminate_episode HIF45iR A Ao UM FH LAl T A, #1
KI#S BATRE Sl Re A, R BLAE A EREE B VEAR R g o 3R o iR In A =4 T H.. VLA Ay
navigate_by_instruction RF5¢#EH5E 4 ol ¥ K 5E 40 2245 NavGPT VLA; VLA Z 5
HRER, AR AMFEIHGESEOARZIR BIR; FE, ALRIgs R 2\ A B ST I £ 5% Bt
LS ERPATIRGS . VLA AFIE HSE5RARZIR, HAHKIZ$)HH terninate_episode
FoghiRnl G, B HF ) observe_map i [A1H 2 24 {1 LI AL IR, S5 R
iR 905 . = 4LH 1Y) navigate_to_node Fll annotate_node ffHLKI#SRENS T Ak
%ﬁ@g%’fﬁéﬁ%ﬁﬁy I HAEZ AR R I NN B INFRZS , (S E AT 32, i8n]
140,

WIRME . RS B AP (E OB e A (RIE AR A) 54t ;
R UHERGE VI h BRIR R 15 B O LRI ey B 5 A S S L R A 5 E BN (7] g A0 S HE PR
B, ANEEE G HATHERT PR . S I S BRSEEh 1E 2 [l P39 (] Fa . A6 VLA i, B
PRI FEFERE BT VLA i, VLA 48460 (F97 D).

PUTHERL Y 15 SO SRR . U A A T H H D% A THEZE R, BRI 2%
PERERE 22, PR . GPT-6 Astra 5% 72 SR, &Fml&iH 325.0k 4MAEJG; Claude Opus
5 ik#| 66 SR, £[HIAMEH 721.0k /I\iﬁlfl? (F3). HEME. B R HIITHER A TiX
—gE I bR TR R R 2% B 8 A e 2 AL BT AR R A 2SR B S, [l )



% 3: R2R-CE 14 ER TR Y VLA {fi§hschs. ST RN & 9(E. Opus AR
JABERZRY SDK 45 ; Astra AT M BERIARO G5 HEFRIN (8] A S 15 -5 0T
HEQTT4H o SN FR PGBV Z [P S A FE . ANGE VLA W R Ry,
A VLA W42 VLA {EBRFER .

e LA Sl TR
VLA Hu[E [l NE| OSRt SRt SPLt ekt (k) | %% | miA (8) L HEHmE (s) | RE (s) 4

7 VLA v - - 423 78 71 66.14 - - - 44.1 0.78
;%J%S Astra 467 74 72 6226 3250 3204 0.593 105.7 3.3
%;?%S Astra -/ 255 87 83 69.04 1908 1071  0.460 66.8 6.2
%}aﬁ?: Astra 458 79 75 67.83  227.9  3.37 0469 84.4 0.78
g&é: Astra L 401 79 76 6735 2014 342 0.443 80.4 0.78
%ﬁz@g Astra 0/ 334 84 82 6902 155.0 388 0301 79.1 0.78
;&}%; ~  —  — 543 70 66 5524 721.0 4793  0.69 425.9 8.9
%%}S%; ~ VvV v 345 85 73 44.82 483.4 16.75  0.990 323.4 19.3
%ﬁ%&f’ V- - 378 80 76 6185 1998 1119 0.353 201.5 0.78
%&‘fg v v — 404 8 81 69.29 2118 896  0.393 199.4 0.78
%&‘@; v v vV 369 8 179 66.70  185.6 850  0.397 191.8 0.78
am T XHR A I BRI P

Hi observe_forvard() IR SR 24 3T ) RGB 4.

7o
observe_panorama () FOH IR E S, N DU AR S IE, EETT. EES  SERAR LAY
U MAEE.
navigate_relative() PATEIIER RS AR SEFRzdpRAS . Zni st BRI Ty i
terminate_episode () FREPRR AR A, BGEE (FRsGRBURAS %R 4R ] A ER AT .

1k

VLA ’llz‘s'ifiz:;:ib AT — W VLA B8 & TP e NSRS, 4 At e e
VLA fREHp & Wb e A TIRAS .

Hb & observe_map () EHTEOULIN SO, N A BRI DS R L L b DR S B A i R HE R
fii% R

A 9 navigate_to_node () R 2V S — K 2SR, B | 3R LRSS B R A A
T8 FETT H A5 *.

annotate_node () SEAT S R AR FRARES SR a1 s 3R

4 LISMRE M TR, pHTAE R 3 PRIERISE 2.

(O H AT DA @ O 12 b R 378l . — 3 JLIRRE )P w2 83 1 73 SR, [P IT
B AR 41% T 33%; Astra g4l T B E 2 2 P HER R R S —1T.

VLA BN TiESER, VLA SRegn/afiBiaer, (HHb RIS HEZR B IR
—ERTHERE. X Opus 15, VLA #iA B 8WEB 16.75 BFE 8.50-11.19, M I%H
M 73 $27F% 76-81 SR, A& HUAM $0.99 B ZE $0.35-0.40, Xf Astra WIS : AR EM
10.71 P& % 3.37, {HEIHRESE 75 SR, WMAZERFAE $0.469, A SHTE R H T
BHMEIE VLA $f7. P, HEHAGEGR, BRE A T4 h VLA $2tpilicat; izh
F R ATE SRR B oliE . YA E A 5500 BRARFREE A0 ST 4E HvERf s SN, Th A2
FRTHESSAEES), MAEED. o VLA B L mIETHESL, FFEH AL RISt
SWREE G, WA AR R ERK (Astra Sy 155.0k, Opus 24 185.6k), [i]
A BT R 4% E A (E

10



VLA YUEhRiR BT, RO VLA B, F8 N A S B st ral A
BORAN T ELRIR, T49% 3-10s 07—k, M VLA J5, $#6IiR3RE0l# VLA e
iAT; 8B BIECEAJR BRGNS 0.785, MW RO BEE ARG SRR (I (35 3), 2
LR VLA R, SRR KRR 1 s

4.3 PR R4IgUr

ﬁ;}%ﬁgg&gﬁu 1;?%‘[?5%1[‘?)%%% ke -O- Astra - Opus 5 [l SR (dark) [ SPL (light)
SE N E R s, 3 OO

BRIEMLPURFAS, % ID. B0 2 B s B Te T e e B i
e RETTTNINII
DU, B 6 DAIX—Af R ihpiE 2

2%l ks % H H H H H
*EF 5‘3}% %&% (%dﬁ D 5) : ﬁa% Caption ~ Heading-up  Absolute Compact Grounded
jc?*ji%;{%ﬁ ;{ﬁ:?f@ § *H /?\B j{z’g ; labels map bearings glyphs (reference)
B N = i

s ) by S E B RE R 2

Jige s Xy LU B E AR R L

T3 BRI R iR . NE 2 \

SRR AR 2

B RA TN e MR A map-ap S4°R

Hr, Astra [¥) SR {3454F 76-78%,
Opus 5 MHEERAE 73-77%.

AR e A ] AR JIr 5 ) 3 B e Al P Pyl
Ea ﬁﬁﬁ—‘%ﬁj‘z#%}\%ﬂii‘riﬁ External labels Integrated spatial marks
A X Aﬁﬁ%mxﬁ%@%é@

NPT 5t Astra ey I

¥, Opus Rl EAbREM S5 05 585 3 anl G- 3 RT3 s B il e 160-210k Al
139-173k Yl M. L, SRiEF RS ISE BN SC U BN R, 5 NI A
N AT

4.4 GRS A

%5 R ERIA VLA SUTHIIR, AR VLA fyi el Ol A
AR BN AN, HPATEE—A (F01Y 3.2.1) . AT AR, HAY VLA &
1EEGRE) 2R ER, MRS A S EOFHAEHIAG SRR G808 51, 90 7Kl 123,
FpRAG A, MAR SR LRI, 1 VLA GREEAT; OCSFR 21T B kB2
i, MRS A S P VLA, Sl TRAAE SRR —2) GPT-6 Astra.

BN A RS SRR, AR E . & 32 BRAE RN, BHEIGEZEE K,
ZERILTAAE (T8 vs. 7T SR) . 43 16 A t—k, RIMERIAL =K, K SR $#ET- % 83,
SPL M 67.51 $25+ % 77.36, -k NE M 3.82 fF % 2.01m, i TR EHTEER
U ER3C, AT R KO TR A ARl AR TR 179.2k 1Y 2 32 A AR IR
1,529.9k, JF7E 16 HAGAHAF] 2,319.5k. FHUL, AP E AR A O %, X
16 I IS8 R Bl e A

Map detail

%5 AR, KRR VLA 25
W NE| OSRt nDTWt SRt SPLt ddyckr (k) |
% 382 81 1674 77 6751 179.2

32 3.56 81 16.66 78  68.88 1,529.9
16 2.01 85 18.72 83 77.36 2,319.5
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%6 WL S S. E5E% R2R-CE #l RxR-CE Val-Unseen X4+ i 4E 8, TRxR
Val-Unseen BJ#ciE AJSERBEE (Ku et al., 2020), ¥£ DE Fill&. %4 NavGPT-3 &4
fif] 8B VLA,

R2R-CE Val-Unseen RxR-CE Val-Unseen

Jitk Y
NEJ] OSRt SRt SPLt NE| nDTW1 SRt SPLt
AT (Ku et al., 2020) - - - - - 132 717 904 —
NavFoM (Zhang et al., 2025a) 7B 4.61 72.1 61.7 553 4.74 65.8 64.4 56.2
ABot-NO (AMAP CV Lab, 2026) 4B 3.78 70.8 66.4 63.9 3.83 - 69.3 60.0
AstraNav-World (Chen et al., 2026) 3B+5B 386 739 67.9 654 3.82 - 72.9 615
OmniNav (Xue et al., 2025) 3B 3.74 746 69.5 66.1 3.77 - 73.6 62.0
Qwen-RobotNav (Qwen Team, 2026b) 4B 380 772 69.5 63.6 3.80 71.9 75.2  65.0
Qwen-RobotNav (Qwen Team, 2026b) 8B 3.3 785 721 66.6 3.58 725 76.5 65.7
Robostral Navigate izl (Mistral AL, 2026) 8B 3.20 81.3 774 T4.2 3.47 - 75.1 68.7
R TR
NavGPT VLA 4B 3.41 79.91 72.54 67.19 3.35 73.33 T76.77 67.77
NavGPT VLA 8B 3.29 80.19 74.51 68.54 3.05 74.85 78.19 68.98
AL REFARL
NavGPT-3 Opus 5 2.77 84.07 79.01 70.16 2.27 75.09 84.80 69.85
NavGPT-3 GPT-6 Astra 2.18 86.99 81.51 70.42 1.56 78.47 90.43 74.31
7T HbsWikSht. AMELE £ 8 HAR%E. 7 HM-EQA (Ren et al., 2024) F
ffif] HM3D v1, HAF¥EMH MT-HM3D (Zhai et al., 2025) FRy#ER= 51—k
HM3D v2, 1: 500 [a|&F4, R (Zhai et al., 2025); £ EXPRESS-Bench (Jiang et al.,
SRR LRI PR A . 10 B 2025) 1 LLM 3P0 SR ARACR. Bk HAMET
P uk AR YE. NAVGPT-3 %] GPT-6 Astra $FH]#%.
pm MP3D HM3D§/% HM-EQA MT-HM3D EXPRESS
SR1 SPL1 SRT SPLT 7 B 2 QR 147 1B S S 2 QRO £ 7 M S 9V E S

AAiks ik HM3D vl AR R IR
VLEM? 36.4 17.5 52.5 30.Explore—EQA (Ren et al., 2024) 58.4 0.52 36.2* 0.64 — —
SG-Navt 40.2 16.0 54.0 24 &‘.raph-EQA (Saxena et al., 2024) 63.5  0.20 45.6 0.45

P ’ ’ ’ ‘Memory-EQA (Zhai et al., 2025) 61.4 0.40 43.1 0.41 - -
WMNaVI R 172 2o 31'%‘ine-EQA (Jiang et al., 2025) 56.0 0.54 - -  63.95 25.58
Cog.gNaV . 46.6 16.1 72.5 26%D-Mem (Yang et al., 2025) 50.4 0.63 - - - -
Uni-NaVid -~ 737 3THAST EQA (Zhang et al., 2026)  69.2 0.65 50.5 0.52 687  29.25
Qwen-RobotNav 4B #i 52.2 16.0 75.6 30.6Qwen-RobotNav 8B #UiT %
Qwen-RobotNav 8B %l 48.8 17.7 71.2 33.WavMCP (Lei et al., 2026) 76.7  0.15 54.4  0.19 79.27 33.96
NavGPT-3f 59.2 25.2 75.3 40.8avGPT-3 77.38 0.16 55.27 0.18 80.43 34.26

4.5 BRIHMEEE

% 6 £ R2R-CE il RxR-CE [#)52% Val-Unseen %4 I, 5% NavGPT-3 £ 58 %
R EAT IR . BIMECA ARSI TAESE , NavGPT VLA £ RxR-CE _Eb ik %] 24 H]
K. BIAEFHE, #H GPT-6 Astra 1 R2R-CE IR M 74.51 #27+ % 81.51
SR; 7£ RxR-CE FIaa 8K R8T % R BB T 78.19 SR, SRR G845 Hilik |
84.80 F1 90.43 SR, nDTW 45 & 78.47. RxR 84K, WL WHIART ik, H
BEIR E] g B 2R AIEAR R[] E D SR B A R s IE A K LS H] . NavGPT-3 fERI)%
(90.43 vs. 90.4 SR) FIFKAREELSE (78.47 vs. 77.7 nDTW) ¥yik%| RxR AKIRBEE K F,
BUAZIEAME R B NSOKER B /R (Ku et al., 2020).

Yotk el RS, % 7 4 MP3D 5 HM3D v2 BikXil sy 500 [a] & 14 E Pl
NAvGPT-3, 50 Kk RA 58 8R40 H HAG R REAACE I 25 13 (P9 T 1) H st 1
AR PIBTESAL 55 F5E397E Claude Opus 5 FLXIAS F i/ 8B NavGPT VLA. 4>
BRI TN BT 7 5K A . MP3D A0 21 KHAR, Hoo VR 2 RT3 40

12



--0-- w/o codec —&— w/ codec

R2R-CE RxR-CE
SR (%) 1 SPL (%) 1 SR (%) 1 SPL (%) 1
80 1 70 80 4 704
66.5
65 1 65 ~o
==} 70 69.2 70 60.3 60.9 ’f” 64.9
= 653 o= 601 60 —=4"
27 . 68.1 o-=""7603
604636 . Plqo 604 3570

80

8B

70

T T T T T T 60 L T T T T T T
VLN + Nav. QA + Cross- VLN + Nav. QA + Cross- VLN + Nav. QA + Cross- VLN + Nav. QA + Cross-
embod. embod. embod. embod.

Training scope

B 7 ANIIZRTE R Sy 25 % bl o

(FEg, B, BR), WMIEITENIIZER T HM3D v2 NSRS RS I AEE
RS, CARRGEAN 2 =B GERERLT), B a BRI B AEACR b 7
HBEEF (F£38), NavGPT-3 5iltHiHRIE RS Qwen-RobotNav (Lei et al., 2026) FH24:
TEH— PR, HAEP N RS EiEmR i (F597 D.3).

4.6 ARV R T (14 2 ffE A% 73 i

BT X T Ak g A o B S AR R G AR AL o B R O R . BT E R A SCE TS Qwen-
RobotNav Y 1T (Qwen Team, 2026b) B R MIOLE DAL, J5E @A SCHE H B8 LR
L. 4B 5 8B KMo HlHE = EFEERTEE _LiIlZE, #Ridh VLN, + Nav. QA (JImAK
SRR Ml + Cross-embod. (#E—B M AEEH B 31) . i K IYE S R2R-CE Fl
RxR-CE Val-Unseen %143 _F it ~7 3730 .

PRI ECAE TG 8B B A, 7 RxR-CE XAt 5%, % 8B
B, BE=ANEEEERE 56 R2R-CE SR #5 1.7, 5.7 fil 2.1 A4, K RxR-CE
SR #25 1.6. 2.6 Fl 2.6 DNEA A IMASMURAEERIE S, T T 28GR iR
SR E A ECEZ . X T 4B B, B RxR-CE SR 435l$& 3.7, 0.5 Al 1.4 ANH 45
1E£ R2R-CE I, B EEiiE ng SR A4 A#ET 1 A4 (—0.1 At —0.8), XA
AR GBI G A AT (+1.1). B R GHIRET, 9S4 Bore o PR KA R ]
NEE EYREFE Y SR 5 SPL.

X PR REG AR -, MEGTESAE YR IIWTER (pvis <1, 55 3.2.1), %
RSl N E 2L, RxR-CE &K, I8MRMNTEHARE £, FIIE 2B B 5¢
B AR AL AT R E RIS, X SRR E RxR-CE 35—
B S, AR AN RE U FRE LS 2 FEER S i Tt 7E VLN S, 45
A Er AR IR, O DO A @ A AURL— Rz 2l RUBE, PRI ] AR A B ) R AL A
AT AR AR, (7 ¥R D0 8 422 30T 2 AR B IU) 5 o S e 285 LR A R (] [ s o )
B, NG AHIIEA . 2R BRI ASALELE | 12 S HudhEs) . Rl F AR,
BEAUFMLE 5003, PAR P ANE B R [ B IR A i le) A AL R B 22 S 2. [ (67 B N
TCYEE VX S5 GRS 4 ) & BR B AR MR A P AR b . BB =, SRR AT TE DAAS [) 20
FEMEMR, BB, 8B BAERE AR T Bl LI REA X 45, 1M 4B %
AR B ISR 4L R s SRR B 5, A fEfE R2R-CE _3k3k.
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R2R-CE Val-Unseen RxR-CE Val-Unseen

|/ 6======= Pk —e—4BSR =8B SR
-0~ 4BSPL =A- 8BSPL

T T T T T T T T
VLN +Nav. QA+ Cross-embod. + Grounding VLN +Nav. QA+ Cross-embod. + Grounding
1.70M 2.57M 11.57M 19.28M 1.70M 2.57M 11.57M 19.28M

Bl 8: BB Bl LB i .

4.7 B SHEY R

B8 2zl 1 ] g S oy BC N R 4B 1 8B S, AEPUAS R RIZRIE B ERY5E % Val-
Unseen £ /i = NG ED Y. & 7 T4k A % it o Bl 4 500G I AL SE &
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Instruction. Go through the door on the right, then turn left and walk down the hallway. Walk just past the table and then stop.

Environment

Trajectory and tool-call positions

Recorded trajectory

— VLA —return e repair
1-8: sampled views. Contours: observed
coverage.

Position after each tool call

@ Robot position - dark line: path so far
T1-T7 match the tool calls.

Start T1 Observe
. .
T2 Annotate T3 VLA rollout

: a

T4 Return T5 Amnotate
e e
. .
- — " —
T6 Local move T7 Stop
L {
& &

o - M

Kitchen refrigerator ~ Hallway table appears
n=0/00m n=9/Llm

Passing the console  Hallway junction

n=28/50m
n=19/30m

Narrow picture-lined  Bedroom archway

corridor ahead
n=38/65m n=47/82m

Approaching the Inside the bedroom
bedroom n=66/11.8m
n=57/104m
Eight sampled views returned as one batch.

Recovery and endpoint

Table beside the return point

Table now behind the robot

Main task thread

NavGPT Planner / NavGPT VLA
Planner VLA

Planner active
Observe and orient
T1| observe_panorama
Look around
Four views returned
T2| annotate_node
Name start
Start node annotated

Delegate full instruction

O | VL4 active
Execute the route

T3| navigate_by_instruction
Delegate full instruction

Visual observation
Action prediction

Environment step

11.8 m - 67 steps

Evidence returns to the Planner.

Planner
Return to a recorded
node

T4| navigate to_node
Return to node 1
8.54 m retraced

T5| annotate_node
Name hallway table
Node 1 annotated

) Planner

Correct 1.2 m and stop
T6| navigate_relative

Turn 180° - 1.2 m

1.20 m walked

T7| terminate_episode

Stop here

Episode ended

NavGPT Planner

Recorded reasoning and narration

Initial delegation

Recorded Planner reasoning and narration; excerpts

“I'll start by looking around, then hand the full instruction
to the specialist.”

“I notice there's a doorway to the right that leads into a
hallway with tiled flooring, so I should hand this off to the
specialist and start by naming where we are.”

Return to the table T4, TS

Detect and reverse the overshoot

The bedroom is beyond the instructed hallway endpoint. Return
to recorded node 1: 8.54 m.

Recorded Planner reasoning and narration; excerpts
“The instructions clearly state the table should be passed
while still in the hallway, and the endpoint should be in a
hallway, not a bedroom — so the specialist's path into the
bedroom looks like an overshoot. The most identifiable
table on the route is the console table in the first hallway,
which appears in the waypoint data and aligns with
stopping just past it rather than continuing into another
room.”

“That is positive evidence the route carried on past the last
clause's landmark. Place 1 sits right at the table. Let me
walk back and confirm.”

Pass the table and stop T6, 17

Verify the local correction

Advance 1.2 m; the rear view confirms that the table is behind
the agent before STOP.

Recorded Planner narration; excerpts

“I'm at place 1, standing level with the hallway console
table (visible close on my left; my current heading faces
back toward the door). The route's direction of travel was
south past this table, so "just past the table" is about a
metre further along.”

“The behind view now shows the console table clearly
behind me, with the hallway I came down and the
doorway beyond it — I am just past the table, still in the
hallway, facing the way the route was travelling.”

K 10: MIEEARRZ L. Claude Opus 5 7 R2R-CE L5 144 ANl 65, AR5 H
?lglé FERMEAS I AT A R T, 1) 8.54m ZAY A 1, IFFEMEIEATEAE 1.2m 15
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Instruction. You begin facing a walkway, turn to your left and go towards the staircase and then turn to your left again and circle around the
dining table, keeping the cabinets to your left, stand in front of the stove, turn to your right, the staircase should now be to your right, walk
forward, keeping the doors to your left, couches to your right, turn to your right when you get to the pool table, and walk towards the gray
cabinet at the very opposite end of the room, and then once you're there, turn to your left and go towards the open door, next to the study once
you're standing right beside the open door, looking at a staircase going up, you are done.

Environment

Trajectory and tool-call positions

Recorded trajectory

— VLA —return = repair
1-8:
coverage

pled views. Contours: observed

Position after each tool call

@ Robot position - dark line: path so far
T1-T6 match the tool calls.

Start T1 VLA rollout
L]
) q—y
T2 Map T3 Return

7]

-

T5 Local move

CT.
=

T4 Local move

7]

T6 Stop

© (0]

i I

Window-side walkway ~ Dining table

n=0/00m n=19/33m

o

® @ gl
-

Kitchen stove
n=58/1L1m

©)

Along the dining table
n=39/7

Couches beside the
walkway table
n=78/152m n=97/193m

Past the pool table Bench and cue-rack
n=117/21.6m nool

Eight sampled views returned as one batch.
Recovery and endpoint

Cabinet direction from node 8

Staircase through the open
doorway

K 11: #h e sKE&L 74, Claude Opus 5 7€ RxR-CE 45 2523 Nl 4. FLRIZEAM
558, Bl A AHE S Bk K A AT AT LA TR

FEBIH] v iR 1ol

Approaching the pool

Main task thread

NavGPT Planner / NavGPT VLA
Planner VLA

Planner active
Interpret the task

Delegate full instruction

VLA active

Execute the route

T1 navigate by_instruction
Delegate full instruction

8.9k tokens

Visual observation
Action prediction
Environment step

24.19 m - 137 steps

Evidence returns to the Planner.
O Planner

Review returned

evidence

T2| observe map
Inspect map and nodes
Find the missed branch

15.1k tokens

D] Planner

Return to a recorded
node

T3 | navigate_to_node
Return to node 8

2.62 m retraced

19.3k tokens

0} Planner
Correct the route
T4| navigate_relative
Turn +90° - 6 m
6.198 m walked

23.9k tokens

5| navigate_relative
Turn +90° - 4 m
3.053 m walked

26.1k tokens

) Planner

Verify and stop
T6| terminate_episode

Stop here

Episode ended

28.2k tokens

18

NavGPT Planner

Recorded reasoning and narration

Initial delegation
Recorded Planner narration; excerpts

“I'll start by handing the full instruction to the driver.”

Find the missed turn 2
Recorded Planner reasoning and narration; excerpts

“the instructions mention a gray cabinet, then an open
door beside a staircase going up, but the robot's final

position looks like a small alcove with a bench and pool
cues, which doesn't match.”

Back out of the nook T3
Recorded Planner reasoning and narration; excerpts

“The instruction mentions turning right at the pool table
and walking toward a gray cabinet at the opposite end of
the room, but the robot's path just continued east past the
pool table without that turn. So it seems the gray cabinet
and open door with staircase clauses were never actually
fulfilled — the room likely extends south into the large
explored area with furniture, and the cabinet could be
along that south wall.”

“Let me back up to the pool-table node and look south.”

Finish cabinet and doorway clauses L2, 11
Recorded Planner reasoning and narration; excerpts

“Actually, the gray cabinet might be that tall grayish
armoire visible in the south-facing view from node 8, near
the fireplace area — that's likely the "gray cabinet at the
opposite end." So the path is to head south from node 8
toward that cabinet, which sits at the far end of the great
room.”

“I've reached the gray cabinet at the far end, satisfying that
part of the instructions. Now I need to turn left toward the
open door near the study, so I'm checking what's visible
when facing east.”

Verify the staircase and stop T6
Recorded Planner reasoning and narration; excerpts

“The left view reveals a narrow staircase going up just 0.9
m away, and I'm standing right beside an open doorway
with that staircase — matching the final clause exactly. At
position (10.4, 2.3), right at the door opening, this satisfies
the description, so I can stop here.”




Instruction. Go into the kitchen area. Turn left. Take the first right into the dining area. Walk past the dining table. Stop left of the tall lamp

with a white lampshade.

Environment

Trajectory and tool-call positions

Recorded trajectory

— VLA —return = repair
1-8: sampled views. Contours: observed
coverage. Views 5-8 coincide; HUD-rounded
poses.

Position after each tool call

@ Robot position - dark line: path so far
T1-T7 match the tool calls

Start T1 VLA rollout
. (\
.
T2 Map T3 VLA rollout
L\. L\.
T4 Local move TS Return
(\. ’
T6 Local move T7 Stop

S
o ] o

Arched kitchen Entering the kitchen

approach n=14/2.6m
n=0/00m

® @

i

Dining-room archway Beside the dining table
view 4

view

- (i

71N

Same narrow aisle
view 6

Narrow furniture-lined

view 5
@ © e
7 1
Still beside the table ~ Unchanged aisle view
view 7 view 8

Eight sampled views returned as one batch.
Recovery and endpoint

Open route after returning

® Lamp to the right after passing
the table

Main task thread

NavGPT Planner / NavGPT VLA
Planner VLA

o Planner active
Interpret the task

Delegate full instruction

VLA active

Execute the route

T1| navigate_by_instruction
Delegate full instruction

7.9k tokens

Visual observation

Action prediction

Environment step

9.01 m - 100 steps - 52
blocked

Evidence returns to the Planner:

Planner
Review returned
evidence

T2| observe_map

Inspect map and nodes
No earlier node passes the table

15.5k tokens

VLA takes control

Retry VLA execution
T3| navigate by _instruction
Delegate full instruction
again

0.00 m - 7 blocked steps

17.3k tokens

Planner

Test aisle and return
T4| navigate_relative

Turn +15°-2.5m
Blocked - 0.00 m walked

22.3k tokens

T5| navigate_to_node
Return to node 3

1.09 m retraced

24.0k tokens

) Planner
Take the other aisle
and stop

T6| navigate_relative
Turn —80° - 3.5 m
3.50 m walked

28.0k tokens

T7| terminate_episode
Stop here
Episode ended

29.9k tokens

NavGPT Planner

Recorded reasoning and narration

Initial delegation
Recorded Planner narration; excerpts

“I’m starting with “Go into the kitchen area” and handing
over the complete instruction unchanged.”

Check the unfinished clause T2
Recorded Planner narration; excerpts

“The kitchen entry, left turn, and first right into the dining
area are shown at waypoints 2—4. I’'m checking “Walk past
the dining table” and the final lamp clause: the robot
stopped alongside the table, so I'll compare its position
with the route’s nodes.”

Retry the VLA; motion stalls T3
Recorded Planner narration; excerpts

“No earlier node is beyond the dining table. That clause
remains unfinished, so I’'m asking NavGPT to continue
with the complete instruction.”

Escape the blocked aisle T4,T5
Recorded Planner narration; excerpis

“NavGPT made no progress. I'm still on “Walk past the
dining table,” moving along the visible aisle at about
+15°.7

“The aisle is blocked. To finish passing the table, I’1l
return to node 3 at its near end and go around the chairs.”

Take the other aisle and stop 16, T7
Recorded Planner narration; excerpts

“Continuing “Walk past the dining table,” I'll take the
open aisle on its other side, at roughly —80°.”

“The dining table is now behind me, and the tall white-
shaded lamp is to my right beside the sofa. I’m stopping
here, just beyond node 4: this satisfies “Stop left of the tall
lamp with a white lampshade,” unlike the earlier nodes
alongside the table.”

“Stopped past the dining table, left of the tall lamp with
the white lampshade.”

B 12: MLl SZRl ks, GPT-6 Astra £ R2R-CE _EAY4S 43 AN[ul &y, ®E 4T VLA
AEPGa A G, ALIARR IR 3, sy —Acadil, JHEErT 55 5 90—l
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Instruction. You are standing in a room facing towards the glass window, turn back, to the right you have a pool table, walk straight, slightly
turn right, walk straight, slightly turn left, in-front of you you can see a brown chair, walk to the chair, to left you have a fire place, walk
straight, slightly turn right, walk straight and stand in-front of the close door, walk straight and in-front of you you can see a table with chairs
around it, walk to the table, in-front of you you can see a cupboard, walk to the cupboard, turn right, to the right you have a table with chairs
around it, walk straight, till end of the table, slightly turn right, in-front of you there is a stove, stand in-front of the stove, turn right, in-front of
you there is a staircase, walk to the staircase and climb the staircase completely. Turn right, in-front of you there is a bed, walk to the bed, turn
right, in-front of you there is a open door, walk to door and enter the room and stand in-front of the toilet pan, that is your end point.

Environment

Trajectory and tool-call positions

Recorded trajectory

—VLA —return — repair
1-8: sampled views. Contours: observed
coverage. Floors share this projection.

Position after each tool call

@ Robot position - dark line: path so far
T1-T7 match the tool calls.

Main task thread
NavGPT Planner / NavGPT VLA

Planner VLA

Planner active
Interpret the task

Delegate full instruction

VLA active

Execute the route

T1| navigate by _instruction
Delegate full instruction

9.2k tokens

Visual observation

NavGPT Planner

Recorded reasoning and narration

Initial delegation

Recorded Planner narration; excerpts

“I'll start by handing the full instruction to the driver.”
Locate the unfinished stair clause T2, T3
Recorded Planner reasoning and narration; excerpls

“The route ran out before reaching the stairs — the robot
wandered back into the living room instead of climbing up
to the bed, door, and toilet.”

“The stairs seem to be located near the top-left of the map,

Start T1 VLA ollout Action prediction close to nodes 9 and 10. I should head back to node 10 to
® Q B locate the staircase and start climbing it.”
L5
34.54 m - 200-step budget
T2 Map T3 Return reached Local stair attempts miss the climb W1

0.5 || &5

Evidence returns to the Planner:

Recorded Planner reasoning and narration; excerpts

© Planner “The instruction wants me to turn right from the stove to
Inspect and return to face the staircase. Looking at the behind view, I can see a
T4 Local move TS Local move iodelil wooden balustrade climbing upward — that's likely the
+ ’b 12| ey staircase, positioned roughly 180 degrees from my current
Inspect map and nodes 5 5 3 . .
B ) ) heading with about 1.93m of clearance. I'm considering
Stair clause remains unfinished . i
= - P whether to attempt a relative turn and walk toward it,
T6 VLA rollout T7 Stop 14.5k tokens ; ! ; ! !
. while also checking the right view for confirmation of the
T3 | navigate_to_node 9 f ”»
. . Return o node 10 stair structure near the room's wooden posts.
SIS “I could try navigating into the staircase to see if
LSt displacement happens, or hand control to the VLA again
© | N o ) frm— to attempt the climb, though it drifted off-course last time.
Window-side starting ~ Through the living Attempt local stair I think I'll try climbing it myself first before relying on the
point room R D
n=0/0.0m n=28/41m correction VLA.
T4 | navigate_relative
® ® Turn ~150° - 3 m . o
5 VLA resumes from the kitchen
it benide h g 3.745 m walked; no climb
“ a"{re;f;cz' ¢ Open walkvay 203k tokens Recorded Planner reasoning and narration; excerpis
o | EEEnme “T ended up in the kitchen instead of finding the stairs.”
° - . . . . . .
® ® UKD 2 Sim “Since navigating stairs likely requires the navmesh to
5.661 m walked; returns to = ’ ) .
3 Kitchen support them, I'll just give the VLA the full instruction
Dining table and Kitchen sove : . L .
cabinets n=142 /288 m 22.4k tokens again — being near the stove now, it might pick up the cue
n=114/192m

@E

Staircase beside the Back in the living
kitchen room
n=171/295m n=199/344m

Eight sampled views returned as one batch.

VLA takes control
Delegate again
76| navigate_by_instruction

Delegate full instruction
again

23.31'm - 126 steps - re
upstairs

to turn right toward the staircase and climb, which
matches step 6 of the guidance.”

Verify the upstairs endpoint g
Recorded Planner reasoning and narration; excerpts

“The driver went up the stairs, reached the bed, then

Recovery and endpoint 24,8k tokens entered the bathroom and is now standing right in front of
the toilet, about 0.6 m away — every condition is now
Back near the kitchen stove Ty ®
" met, so I can stop here.
Verify and stop

Final bathroom endpoint

T7| terminate_episode
Stop here
Episode ended

30.1k tokens

Pl 13: i E R AL Z k. Claude Opus 5 7F RxR-CE FAYES 5782 Ml fy. B
i’@%%%ﬁfc, RIS PR IR E G Lo 88 B RT3 50 Bt s, MRS SR S {5
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M (Défossez et al., 2024; Huang et al., 2026a), Zisf7 T RFM R 287 VLA 42
PAT I B A S HPRASH R E PR, SO H A RO B IR S & A W . B VLA BB
WA FHPATEE A ZFEM TN R E AT AL IRE. 75 Go2 bl &
WA (B 4.8). FHHBHRKIES Pyoa, B F 2R aE—), W FPyoa HIKE
B AT R 5 SRR R 455 A o A T R A I ]

B.6 L5 ReacHems

IBATIAEQUEE SN A FE RS, i EURAR YO - GRIP PR L1 5 1 I BRI [ul
BRI RAETE A S B LA AR s SR FEEEA XTI A BURACAS I () AT 7
55 LSEPM R SRR AU AL B . i B e R S BT, FER R — AR
HREAEERS G FAEEIR . PRap k(s Ik 57 IR IS SR I S A 5 3
B PAAREE , (HE IR B 18 (AR b7 A0 HEBA P AT AT TR SE TR AR ARSI L AR N . DS B
EAWE ), ETHEECHILIHHALR o 17165 FR A [ RE 2 s s AR s TE A B
T, BTSSR T RN 2R e . A A VPR YT 2, WIGRE VLA
DSty AFREBIE, WIeErF A anash PR, i,

MR TSSO T B IR AR AR SE B A AL B AT s
PR, FFLIRAK A, A TS MR e S . SRR BT AR, AR VLA
Dy S LREEAAT o ML E A AR R o5 S BN P AE Go2 Rl (FE7Y 4.8).

B.7 A HIEAL

FofeE B BL5 i X ARSI RO AL . VLA, U5, TH. %
SRR SRS RE, FERE VLA Jiss e il DUTVRM RIRA R AL, T ATE R 30
1. IUFT IRFTD e e ST E Z It i AR s BORHER 78 T UCE R e
w; VLA AR, RAmERSME, ISR A S R &, kAR
RS ARSI SR 65 A SRR Gz Rl , AT 2 VLA AisshvFal . A
ST L RIS RR I AR 55 VLA AT I de kSR I 4 A 22 12
SAGE T A LR S AT DA BT

120 YT IRTIN 25 P RT SRAT A BRAE
el M A% VLA 5 8l AT 7
PIBIEAEATEY VLA - FRIERTHRIGOR  seiCaai b Pa ik s fTi: s sh iR

Bk

ORISR A AREREGR ALEhAT %gﬂﬂ“ s RRRSRHEA B
PR AT 2 Ve n I TR PATHRZIR gflﬂé sl TR Tis
AL
S BARS E B LR TOIR B L PRV W dTsd; ATHE
s 2 HHT DR
SRl AR R e 1L HAZ I BRARAEEAY  a AT SRl T 1k 5 ]
HIZE)R £ B

TEAAESS VLA [t (USRS DURBIZSHACIRES S aafrmh: Ednl e T
ZiRE AL HEZR: M bR

C e LR 30T BLan =y

K2R AR o B . 7 ERAHGETSCH T Qwen-RobotNav (LI 1 (Qwen Team,
2026b) : AL AR R AEOR B B 2 18] > Bo L S fi0R., 45 PMR 4k 22 20 T 21 £
R H5 I TR TR, T AP BN 565 ¢ AL R I [ A exp (vt /(T — 1)),
PRI v > O il [ I i REBE o 4 i 70 iE. (Codec Allocation) MIA Y A3 (4) &
S RGB ZSAL L, (Al P AN A A 20 B -5 PR Tk AT . i Bl S LSEAE L,
HPLZ B IRG R AL EREA R A IR LR AT, ARG -
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% 130 S BeHum . Bl A SR RS W .
Ry P |AD|

Bvis N is Nview max vis ¥ = B

pis b P gy (D)
TEiFe X

0.0

3072 2 1 196 7.84 0/2 WA
3072 8 1 196 1.96 0/8 0.0
3072 15 1 196 1.04 0/15 0.0
4096 4 4 256 1.00 0/16 0.0
3072 16 1 196 0.98 3/16 8.0
3072 8 4 196 0.49 30/32 47.3
1024 16 1 196 0.33 14 /16 314
2048 8 4 196 0.33 31/32 18.9
1024 16 4 196 0.08 57 /64 7.9

BBy, CRFOREE D SLHRI RIS A/ A 5 /2RI T X T M = Nhis Nyiew 1A
1%3 4%%%@1%5"]?‘)]?3%@6&% bmina #%j\z Mbmin S Bvisc ﬂ%ﬁ%*ﬁﬁﬂ%é*ﬂiﬁitt
BT, KA TR, KRB E R BITE bmax, FHENRE 07> 8770 45 14 AR A2 ERR
WIENR . fo e IR EOR AU 0 s SR — IR R B R R A &, R R TR, L
FEAE S, B EHRE AT R A FCH ORI SOt R A 24 Buis > Mbax
W, BT EBIIPAT bnax, ZRTEATMEN . FIRGHBIRFFIERLL, T8RS A 25
T R H /SIS, RIS B PR T BT REAR T2 T ERR .

PEAGECYEL.  PRAGES, PUPLA VLA i) Bus = 3072, v =2, Hi/H /)G /ZEAPDUCERUCH
(2a 170'5a 1)7 E— bmin =4, bmax = 196, %%%g%%’ 16 /]\XJHLA?])-!Uy ﬁﬁ\%{@?ﬁﬁ/l\ﬂﬁgﬁﬁiﬁ
s HARZRG A E] Py S A S S T RERAE, HARINTRIG P HRS . AEX R T, ANt =
AR J 1 5 R B B G R AP, A Bisz S R ] . X S8 SO
[ TR T, WAET R E A E .

13 BMIA AR, R buin =4, v =2, FIAHHBGEE (R ARECER—),
PAR R AT E R FAAN LR AL - SR B E BEALRT - R A [0.05, 1) 3951 RAE, LM
B PR B R 0o — o Rl TR R 2 FO s RN [ i MG R, DA SRR
BRI T3 |Ab|, Hodr Ab = beodec — pPos - R R TN 4 i i B 356 I 295 HE
PRI BE R, — B PO T, g R o AR . FARE A B . A Ieas R AT
Ui, XLERAMITE, FFIEPMER; kel K 7 thitlh.

D #hsEscusgny
D.1  JPAhE

14 PATHERFIBCE

WE BUH

RGB 4y 512 1%

AHHLI . AL B A

5% [ 4 s 48 5% e g &% 8 Wi, VRIITHLTYY S REE
[ml &/ R BR 500/200 4NFfiE A

FK R E L BR FF[H] 4 200 %

] & B s 2,400s

FLUE B bR A AR (B B PP AR BT
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D.2 RxXR-CE R AZHEH

RxR ZRE BEIRUT I A S RIAEZ N . NFRBURE A SR, S w02 12 ) Fl kR
RxR-CE N3#dEL B3 E M0 (Ku et al., 2020; Krantz et al., 2020), RELEMEFES
AR T A M A, ASCARIRY 90.43 BT (Success Rate, SR) il 78.47 nDTW 1/}
55 NRIRIE R  (90.4 SR 1 77.7 nDTW ).

D.3 B I

LB A0% FFRA IR BLECBUIL. SIRIORH Quen Team (20261) 197 4. h T
BRSSO HACE LA G, IR MP3D 402 RIZ5 5 o 0] 2 H8 5 R
Qwen Team (2026b) 13 7; PAfE EXPRESS-Bench 43#4{#i 1 7 ELE 7 H 1Y GPT-40-mini
A

D.4 HAIHMFR S50 01

ASCREAS T A BOMT 55 3 i B 4o NavGPT-3 S, Jaidblae A, 15
2 THIaEhFAE (L, RO i TR . BFF5E SAL 55 S il AN A
JIA it 0 R e 4 R FR A E D T 28 a2 4 1Y NAVGPT-3 PATHESR A . P2 54l
PRI LR SCHE O, AR BRI AT AT AT B B A . AT HE SR s A sl
PEALRR, o WRLEULI . B AR AN 2 RS HEA X B R . Ik, B eSS fm il A &
fili Codex 5 Claude Code SR : “HMAGES . NWE TR T AZRMEA) T
NI AN HILR i A 4 3 il S ] TSR ANBR 1]) 5 B LR e S LR A 2 e B R
RE-FR A, ARSI R R

) ICH (Tokens, k) SEiTprA K PO ALY AT (BLAEZAFmA) 5 A I i i 37
TEZAN, FRERPA 1,000, EVREGETE di PRIR R0 W A R e i 1, B35 B e B 2
W IR R SCAS . HER AT THIAN GV — o AR 2l ] & AT R
BRI, PAFEICI, @AEE R MZAFIE. VLA SER MRS, R AN . Opus AR
MFAE)T SDK SR mBUE s Astra BANIZC A IR T BEABR TS . SEBRT A S8
RS MATHEZRIT Y . 3% 3 "REZIVERUHTIRG , FEAGEH VLA WU A FLAE IR, 6
VLA a6 VLA R E]; HApoAR S sh il (55 2 5 0L A sibLads Al 2h Br =g it a) .

D.5  Hlus s el AR &

B RIS RRAIN /A TR ML, B, BOZERse. 47 1D ARvE. Ol
JUAZERIRI LAY . LY ZH0r% (Grounded Reference) A 5x 7 1G5 e @ -2
IR, A 4 M P A kR ML 1, 4 th A Sk SRR R P 5%
IR Gk AL AR R, AL iy BRI R 5 R AN LRI 35
(R F BT 001 P (R R RO S TR ATEC B 40687 0 B8 A DA e A )
IR I R GBS e B G b 22 5 TR T A PR P A B

B S i
E.1 R2R jHf 74

8 100 A [E] A TH RS R AT OpenNav 4 (Qiao et al., 2025), A IEFTHIETD
100 AN EISTE R EARIEAE . fa2 RS S0 &AM FE 30 B EEHIELSIR. 5
5. BIGNE . SH MM B 1S R2R-CE v1.3 Val-Unseen filiA—3, % 15 FF
XLl &R S 1,839 N E AW ERER #HT T . BUEWZS HIIE + R, 4
SRR Y225 (Standardized Mean Difference, SMD) WRiZTHE S5HAEAES. U5
1,739 IS AME ﬁ\%ﬂﬂiﬁ%ﬂﬁ§%$ﬁﬁ3 D Fnin T4 5B AR R
BUMEZ A K2 o 7 )i i R K BGET 1eft, right il turn 5 MIER; S50
adg 20 30° KT AR, T HESE PR AT E B3 ok ) . X SEHE AR 2 AT R R AT:
FEAERI, HHEEEmE LT .

FEARIE BRI iRl R B I 2 RN TARTIIR SR, KB E gt . %1
Al 11 AEPRY 10 A, Sl se e B o h s 18 ANmla; TSR
Z IS SR SR IR N 0.097, BRI, HA5 G T4Rm 3%, MTEse s+
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% 15: R2R JHh AR B S 1 005 001

Giit SERE T4  |SMD| D
[m] 444 1,839 100 - -
Vs 11 10 _ _
ME—Z Z LT 613 97 - -
MHEEES (m) 8.90+2.67 899+3.06 0.033 0.072
YAk pE () 26.65+11.48 24.68 £8.28 0.207 0.103
T Ty ] BV 2 2.144+1.80 220+1.75 0.034 0.040

SEBAEERE 1.56+1.08 1.46+1.21  0.095 0.100

1 9.63%. THEHFIRE Pearson x? Giil&y 8.14; LETLHLIHEAY 10,000 4~BEHL 100
mEFEY, 56.7% MG EACTRE. B, WIS AR e BT [R] SE U ) R AL T
i LA (X ANREIEZ TR AR LN, FRaRiZ FELH T ALk AJF
OpenNav L5 v1.3 SCHFERTEEAER 100 ARG EBAFEZES, AR SCHETEAL
P PMEIE. R, it B BB T 51 e 1L 1 2 S Y LML, N BEIE I 52 B IR T 1AL
BCPERE SR o FEEXT LUATY DA SEBE R - S5 5 Al A

E.2 [PLEgfA OBJECTNAV $PA4k

16 PR AR D R S B 72 e Y 500 [l 1247 Qwen-RobotNav 8B Al
NavGPT-3 , ZFERINHFERAFIRAS  JABLE, ssh B, a8 A K (5 11 / il
P, X e REEE WA s 58 B R GERAAME T FEE MR & . TEMEALE— R G451
oI, FrikllGRICEE. SR Ml SPL HPAH 7 &7 . ASR vs. full 4§ 500 [o]& SR g%
Qwen-RobotNav 8B B, Kl 5ei&%]4r SR, PAE AT (MP3D 2 —1.0, HM3D v2 |
N +1.2) 5 ZAEAR TR M & 5 S R O EGE AR . NavGPT-3 35f 58 BRI 7 is 1745
R, PR IR AR R o

=% 16: M4 FF) ObjectNav X E .

Hmse RE N SR SPL #Ixtsgi&sEfy ASR
MP3D Qwen-RobotNav 8B 500 47.8 17.5 —-1.0
MP3D NavGPT-3 500 59.2 25.2 -
HM3D v2 Qwen-RobotNav 8B 500 72.4 33.1 +1.2
HMS3D v2 NavGPT-3 500 75.3 40.8 -

E.3 EXPRESS jJH#60F

ASCHER A B EARAF B N 2L, K GPT-6 Astra 1¥1|255 PAfE EXPRESS-Bench
gEERT K GPT-4do-mini PERIZIEATILERS, HPAN T HIWO MHETEor . 3R 17 45 T 57
50 A~ N THRZEZ R B —30E L. Astra F 46 N5 N TAHRZE—2, GPT-40-mini f5 36
A—EL, 2 20.0 NE N AEUDZETIEHE R, K McNemar p (HEPEFHATTHIZR
AR E SN W EAR MR, HIEE Y 0.002 & 0.031. % W)EE T EXPRESS 171
WA RISy HM-EQA Fl MT-HM3D (1550 i 2R R Fi 2 3 0 K58 .

# 17: EXPRESS P15 N TR —EE.

PRI WHH N —3HE (%)
GPT-40-mini 50 72.0
GPT-6 Astra 50 92.0
Astra — 4o-mini +20.0
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