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Action : right
Navigation text : Turn right at the next intersection and follow the orange car.

X 3. I — v B L 72BN D)
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Transformer Turn left at the intersection,
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Text Decoder Output navigation text

X 4: R—=2F 4 VFEOME

5 FHMSEER

AETE, FHESEERZE U CIREFEO BN MEE
$ 5. RERTE, BEG) S ERNEE 2T 2 F
BEER=ZA 74 Y FEE L, BREFELOHEZITS.
I, ETAANDANTZL—aBES5 7L —4, 10 7
L—24, 15 7LV —ARRREL, Rixb 7L —LRNR
WX DESEEICE R 2B OWTHTT 5. &ET
NTHARSNRAX OISR ZFHli 3 2 B¢, BLEU[21],
METEOR/[22], ROUGE[23] Z#FHilifsE & L THW 3.
51 N—=XFq04VFEK

N—=RF7 A4 YFEe UTH G & EERHEZ
Wy 3FEEHVSE. R—X54 U FFE LTRAT
27 —%77F v OWMERN 4 1TRF. REBRTIZ,
Video Encoder & LT, CNN X—2® 3DCNN][10] &
3DResNet[24], BIHE§D% 7 L — A% CNN TUUH
LRGN % Transformer TfT 9 Video Transformer
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(a) MEFE
Module ‘ Model ‘ Hyperparam. ‘ Value
Action Embedding ‘ Embedding ‘ Output dim ‘ 128
Feature Fusion ‘ Linear ‘ Output dim ‘ 256
Hidden dim 256
Output dim 1024
Graph Encoder ST-GAT heads 4
layers 3
Transformer FEFN dim 2048
Text Decoder anstorme heads 8
Decoder 1
ayers 6
(b) R—RF 4 ¥ Fik
Module ‘ Model ‘ Hyperparam. ‘ Value
Action Embedding ‘ Embedding ‘ Output dim ‘ 1024
@ 3DCNN
. @ 3DResNet .
Video Encoder 3 VIN Output dim 1024
@ ViviT
Feature Fusion ‘ Linear ‘ Output dim ‘ 1024
Transf FFN dim 2048
Text Decoder ranstormer heads 8
Decoder
layers 6

T 5. ¥EoREI7 LY X L121E AdamW & v
5. ITNOORER, BEFEBIUR-ZAF74 VF
EOLETODETINTH—T 5.
5.3 TEEMFTE
RBEFEBIUOR—2F7 4 Y FIEOZEET NV TER
ENTRBNLDIBEICOWTERGHIEIC X - Ttz
75, FHMiiFSEREZR 2 1R T. £2IBT3FLICOWV
T, Method IZR—XZ A UIZHWTIX Video Encoder
THWEETLVLHE TS, 72, Aa7RKEBCBVT
i, KFRZE 7L — 2BV TR EREERDD, 7
VR =74 VFIERTRLIEFERDDERT

%7, [EkFETH % 3DCNN, 3DResNet, VIN IZ
BOVTIE, 7V —28DHEMNT 21 ONTHEEMKT
T BEADDH 5. FFZ, 3DCNN ¥ VIN X 15 7L —
LIRFICRA a7 SEF IR LTE D, RENREREE
WA T2 Z e ARHEETH 2 Z e IR E NG, —
77T, ViVIT 137 L — 28D L CTHEENM LT
ZMEMNICH . ViViT I&, Transformer R— 2D 7 —
T FYERHALTED, 71— 2BoRMRIKE
B % Self-Attention HHEIZ & - THEYNCNBETE 3.
ZAUTED, 7L —2EDEMLIZ5EICBVWTY, K
RINBEMERZ T L, ZE LIRNERDATRE
oTwdeEzZoN3., T2, £2FE (Ours) &
R2TO7 L —2BUBWTOFEZ LR 2 FEE %%
MLTED, 7L =80T 2138 & D BEZFITHEE
DPELLTWE Z e DSERTE 5. KT, 15 71— A4
RICIZETORa 7 TREDHEELZERLTWVWS. Z
N, BEBS -7 708X, 71— 4
DA 7Yz FEMREEYNCH 2, EERERE R
TRZENTERDEZLNS.
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BETNTHERS NI RN DREEERE R

Method 5 frame 10 frame 15 frame
B-1 B-4 M R B-1 B-4 M B-1 B-4 M R
3DCNN 0.568 0.322 0.575 0.643 | 0.551 0.292 0.538 0.617 | 0.519 0.268 0.515 0.601
3DResNet | 0.459 0.197 0.446 0.559 | 0.448 0.173 0.439 0.547 | 0.457 0.180 0.449 0.534
VTN 0.583 0.337 0.578 0.565 | 0.412 0.142 0.378 0.537 | 0.379 0.099 0.377 0.471
ViViT 0.524 0.266 0.538 0.592 | 0.540 0.285 0.551 0.603 | 0.549 0.274 0.559 0.611
Ours 0.610 0.363 0.635 0.668 | 0.617 0.382 0.646 0.675 | 0.631 0.388 0.649 0.677

Input image (t = 1) Input image (t = 5) Input image (¢ = 1)

% B-1:BLEU-1, B-4 : BLEU-4, M : METEOR, R : ROUGE

Input image (t = 15)

Input image (¢t = 1)

Action : left

Action : right

Action : straight

Ground truth: Ground truth: Ground truth:
Turn left at the intersection where the black car just passed. Turn right at this intersection, following the black car in front. Straight ahead following the yellow car.
3DCNN : 3DCNN : 3DCNN :

Turn left following the black car ahead.

3DResNet :
Turn left following the black car in front.

3DResNet :
8 VTN :
Turn left at the intersection that the silver car in front.

ViViT
Turn left at the intersection where the black car is located.

ViViT :

Ours : Ours @

Turn left at the intersection where the black car is located.

Turn right at the intersection where the yellow car passed.

Turn right at the intersection just before the black car.

Turn right following the same person.

Turn right at the intersection where the black car in front.

Turn right at this intersection, following the black car in front.

Straight ahead following the black car.

3DResNet :
Straight at the intersection, following the white car.

VTN :
Straight ahead, following the red car currently.
ViViT :
Straight at the intersection where the black car is located.

Ours :
Straight ahead in the direction where the yellow car is heading.

(a) AhH7Lv—2n¥:5

(b) Afi7v—2%:10

() A7 v —28: 15

5: HE T VDR RUE R

5.4 EMBIFTE
REFEBIUOR=—2F7 4 Y FEROZETVTERK
S NFRBNT OV TERINCEHE 2TV, WFEEE
LS 2 2 e THREDOMEER 1T S
BETNVORNXAERFERZK 5 RS, A7 —
B35 DS (M 5(a)), VIN 2R 2 THETBWL
T “black car” ZIFH YL LE=RBAXEEKLTED, #
UIREHEI T TWA Z e DR TE 5. VINIZBEWT
FIEENRD Ssilver car” ¥ 7o TW\W5 73, HEOERHY
B3 “black car” LWz L ERINS. AS17L—
285310 0%E (K 5(b)), 3SDCNN B XU VINIZE
WTIEANEBRNICEELZWA TV 27 b EHLE
LR EERLTED, #7922 b 6NT
WRWZ EHERTE 5. —J T, 3DResNet, ViViT,
BRFEICBWTIE Groud Truth & [FEED “black car”
EHLE LR EERTETWED, IBREFED
ROHEYIRHHE L TWB I MR TES. A7
L— 285 15 O%E (K 5(c)), Groud Truth ¥ [Alf#
D “yellow car” ZHLY LRBAXEZERTETWNWS
S DIIREFEDOATHD, mOEYIRFIHL o T
W3, R—Z254 YFRIZBWTZ, HHEOZL
DR EW “Dblack car” d L IFERNICIFELRWA T
Pz bPEEBLTED, TEUZRHAE RoTVWS.
EHO 7L — 2BV TIEREFEDIENNTH S Z

EERELTWS.

iz, BEFECBIZ2RZAER BT, #m
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Input images Visualization of Graph Attention (¢t = 0~9) Close-up of Graph Attention Visualization (t = 7~9)
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