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- | . “ When dose the baby physically touch the man?
\

______________________________________________________________________

_______________________________________________________________________

I

' 4 Gemini-2.5-Pro: <think> Observe the video focusing on the interactions
1 between the baby and the man. Identify instances where the baby's body parts /-l
. make contact with the man Specifically, the baby is seen touching the man's

1 face with its hand multiple times. No other direct physical contact is observed
1
1
1
1

between the baby and the man. The baby is held by the man, but the query asks for
direct physical touch, which is primarily the hand on the face.<think>.
<time>[6.0, 64.0]</time>"

TVG
Coldstart
13K

Group
Computation

Data Source

Fig. 1: Prffe il UL ) I SRR (VTG-R1) o WOHERE B Jo 1) 22 e i LR 11 80 v J 3l Kt
PEAT B0 (SFT) DARMGALEERIRTAY, RIS @A) (RL) BE—2P 45t 7 Ak
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Task # Original Samples Source Datasets # Coldstart Samples # RL Samples

HIiREST [17] (4K),
QuerYD [32] (33K),
40K TACoS [ 1] (10K), 10K 13K
DiDeMo [!] (33K),
InternVid-VTime [13] (54K)

Query Grounding 16K Grounded-VLLM [!1] (16K) 3K 5K
Total 56K - 13K 18K

Instance Grounding
(Moment Retrieval)

Table 1: JAHEE ARG IS Y2 BRI RL BREN ST EE .

3. BmERig

HEARAT R, FATEL— I B G RAR R R VIG-R1 Al fe, GiREdmlics . Sk
2R 9K -

3.1, Bl Rl

T B VR TR B RIS AL 25 ST B ST TR T SRS R ALE S B4 (MLLMs) A B OAT 2 L fE 1 &
FEI, XH, AR T RAVSERESE ¥, Hohsatb2E I 45K T TVG-RL-18K ##i4E,
SRR BRI R s K] T TVG-Coldstart-13K £k .

AT T R B4R A BRI B, S35 H T i 2 R A ) AT 55 R EE 4, (TFandmke
R FEMN LB . TVG-RL-18K Fl TVG-Coldstart-13K ) B A TERHE A AT T4 R0
ER 1

CoT il RBdhdd. v T SLBARM R E R (SFT) Esh, AN Gemini-2.5-Pro ikt
AL BEBUEYE (CoT) HfERE, CoT RSB P REANT, F7E SET Fl RL B BefffF—EUV .
RGNV A I (ToU) 28 EEREREA: ToU > e WIREARPAL s i, AR B
i CoT M T3, B TVG-Coldstart-13K 4. #, IoU N < e HITEFEABAIL N KR
B ilE R i T T RS R D——IFFE RL BrBagidklR . FARHEAM R TVG-RL-18K 4.

Prompt Template for TVG-R1

system  You MUST reason based on the temporal changes and visual evidence in the video
to determine the precise time period related to the query. The reasoning MUST reflect how the
content evolves over time, not general logic. The reasoning process MUST BE enclosed within
( think ) ( /think ) tags. The specific time period MUST BE in the format [start time, end
time] in seconds enclosed within ( time ) ( /time ) tags.

user { query / instance }

3.2, WERLMEBE

TERATHINZRRARAE — BB, AR E RO (SFT) AR — A m s i grantl, g
R IRBIHT BEe XA R R —IT IR0 R A 98 R I 2SR S A AL HERRRE T, e gt
) B BEBEE T R SE R AR
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Model NExTGQA RexTime

R@0.3 R@0.5 R@0.7 mloU | R@0.3 R@0.5 R@0.7 mloU
Qwen2.5-VL-7B thinking | 25.81  14.73 8.72 17.74 | 12.16 717 2.71  10.17
Qwen2.5-VL-7B 31.60  18.06 7.46  20.87 | 10.31 6.08 3.04 8.10
Qwen2.5-VL-32B 37.96  22.26 9.98  25.35 | 16.83 9.99 5.10  13.02
VTimeLLM 37.90  20.20 9.71 2440 | 28.84 17.41 7.19  20.14
TimeChat 34.10  17.90 6.24  20.60 | 14.42 7.61 3.06 11.65
VideoChat-TPO 41.20  23.40 8.15  27.70 | 34.53 19.26 9.81 25.23
TVG-ColdStart 21.74  11.54 524  15.09 | 13.57 7.82 4.34 10.18
TVG-R1 41.65  20.78 10.01 29.25 | 41.04 24.54 11.07 28.20

Table 2: #£ NExTGQA il RexTime #:if EfPERE A WSS, VTG-R1 (8T G H R MUER I 2504
Bt SFT Fiks
3.3. Sfty>] (RL) BB

3.3.1. Rk

i ri ARG SRR ] HARAESR A . oy 1l B aCHEB e A by i R 67, BATEN 1
— A PSRRI F IR S G i R A ToU KAl roou FIHERAR I 7form o

Inf I ToU i) reou (1) 7E TVGALS, BIAIEL [t t] BT FEM MR (TIoU) B
PTG, IR R R O B LB [t ] Z AR ER . ToU TR

It
1 U [ 1)

Horp N AN U SRS B SC K ) ) A A4

HEPRS RN Teorm (1) A T BRI 7 BT A BB A G5 AR A M B, FRATTS A T —Fp T =K
HIRIN Torm » TR IES R TS IE U A HEREAS 0. ARG, FRATE SR AR M HLT AR L35
JE <think>...</think> FRZ N, H A B LZMHELE <ansvwer>. . .</answer> Fr& N . EilE X Hh:

Tform = ]l{<think>,</think>,<answer>,</answer>}goutput

Hrp 1. FORIERR R %L

ZeINh ri BN v B CORWAS LAEA IACRD -
i = AtloU * Tt1oU + Aform * Tform

) ;H\:qj /\tIoU iﬁ] /\form %ﬁ%ﬁo

AR AU ik (GRPO)  [37] #EA754b% T, i —Fhim g ik (PPO)  [30] iy
Ak, ST BIRIEE R PPO AR, GRPO B B —Aaemi i, kR 7 RHHEF R
AR, AT T8
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XF—AHEMNEN g , GRPO MM G ASARIRIETR. 0 = {o01,...,06} « FFAMILY
HISAIAN Sec.  3.3.1 HARBIIREEBC, 7L {1, ... re} o XSRS WA TR EML, AR
Wi 2 A 95 7 SR

g

—u 1 G
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Fig. 2: HRCTA & B E SR B3R RL JIZkiiZk. TVG-RL HA S BEQEZ, WEIE R 2>
B, XIS FE B S A AT AR S 2R P g S S LR R, T A ZR AT TR A R AT o

Model Filter NExTG. RexT. Charad. Model Filter NExTG. RexT. Charad.
TVG-Coldstart-13k Dataset TVG-RL-18k Dataset

Qwen2.5-VL-7B - 20.87 8.10 46.14 Qwen2.5-VL-7B - 20.87 8.10 46.14
TVG-ColdStart - 26.14 26.26 42.19 TVG-R1 X 27.88 25.91 46.96
TVG-R1-U X 23.92 29.14 29.57 TVG-R1 v 30.41 26.38 48.78
TVG-R1 v 30.41 26.38 48.78 TVG-R1-Zero X 5.49 24.18 20.32
TVG-R1-Zero - 27.76 26.00 48.75 TVG-R1-Zero v 27.76 26.00 48.75

Table 3: il i BB BEAA %M. TVG-R1-U  Table 4: ik RL #ilif 2. TVG-R1-Zero #5)2

R R TEAR R FaE TR /sl . 45 RERW], TVG- Bkid SFT %53, H#EET RL %, 48R 8K, RL
RI {6+ TVG-R1-U, R 7 mBiE SFT i 2l Bomdugiem 7GR, TUHRAEBUA @R B
P T
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4. I
4.1 SHBEE

BTAVE=AFME LT AL, DUTASTRAT ER A R . Bk, A4 7 7E ReXTime [27]
, NEXT-GQA [2] , fil Charades-STA [21] Fdlade FAZER . AT HATIPAL, FRATRA T HF B 1a il
e, (TVG) ) R1Qm $5F5. R1Qm FRfERMAET 1 B, I (IoU) KFHME m 1)5LH)
HeBl, Hortm € 03,0507 o pboh, AT THEAREARRF IoU  (mloU) /£ TVG HERMER
HEARFEAT o

FA TR RA T T IE S USRS R T HU A, A3 G 45 - SR B i) 2 A28, 40 VTimeLLM 2]
, TimeChat [7] , 1 VideoChat-TPO [17] , DAJ%E £ K BBA . 41 Qwen2.5-VL 7B il
32B [7] o X FHRf “thinking” pRZ, FRATRA TVG-R1 BERBHORASE G a] 2 07 -

P SEIGHEAE 16 > NVIDIA H100 (80GB) GPU _FgbfTHy. FEIIZRAnERt g, FoA 00 45 i
KRR G N 64 i, BEWALFEAYPERN 128 x 28 x 28 1 E ., L THAN Qwen2.5-VL-7TB [)] . #
SR er Al e A HIBEE R 0.8 fil 0.4, FRATTE5EHE TVG-Coldstart-13K $dia s b ibfT—58 1) B oA
(SFT), PATRAS TVG W¥)Fahial, Tk, IATE TVG-RL-18K #dfade I W Hsgfk=:> (RL) PA
PAFRZN TVG-R1 #8, Hop KL §UEWH GRPO BERESE B WEHR 0.0, F kKR K B
HoR 2048 MHRIC, BRAE Avou Al Aform 23 BIBEEHN 0.9 Al 0.1, TR EHEMBRE, RL 1%
BEFRHIAE 600 5. L2407 v DATEM e 33

Model R@0.3 R@0.5 R@0.7 mloU
Base 68.98 48.18 22.87 46.14
Base thinking 36.48  21.83 9.76  23.48
VTimeLLM 55.3 34.3 14.7 34.6

TimeChat 51.5 32.2 13.4

VideoChat-TPO 58.3 40.2 18.4 38.1

TVG-ColdStart  42.23  29.38 14.95 28.91
TVG-R1 70.75  50.46  23.92 46.73

Table 5: Charades Z(JEEE EHTERE LI

4.2. FUGR

e 2 M5 PR, BAHE=AFE R EE EIEATR S8R VIG-R1 FERUR I )€ (1A 55 _ERIARL
Yo W AR A AL AR A 2R
VTG-R1 AL VIG-R1 FER SR EN P iR A 00T DARTEOBL, S 1 e LIS
7] (A AT BB HE R T P X B G R — 2P 5] 9 Ay ) RS s P RE 5 TR S 0 o
SRALSE ST E AN BT SFT (A TVG-ColdStart FEPERESRTF EHA—5, AR EAE SFT
JRR BRI, XA R T A B R WAL BE A IR s, MHEE 2T, VIG-R1 #E
Zad s ) RS T BRI, X R ZUERN] RL 4T IF KR A ROz AR AR (R B AE ) 2 R E

4.3. 5Pt

N T HERAM T AR RN, AT RS TEHAMECE FSERER . Bk, #Nathr 7S
IR A RL BR e A] A 14
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Max Length NExTGQA RexTime Charades

2048 30.41 26.38 48.78
1024 21.80 25.71 41.38
012 24.09 2491 46.31

Table 6: /QJH B KEXERERIE M. RL YIRS RGN, TRV S S AR i < E R A2 ) AL S
o

R 1 SRR RSB R . A 2 PR, AT T TVG-R1 il TVG-R1-Zero 1 RL
Zkithgk, Hrp TVG-R1-Zero $51Y2Bkid SFT 3 BT RL Ik, ATRAMLEER], Tt
SR E Y SR R MR R, TVG-R1 ARSI e i 0 5, XL m PR B 8 A B T
RL Br BB A5 1y Besh, A 2 (b) B, ¥R sl an A AR AR TT ik b 25 B H g g i [
KB, HAAERAINGRd AR s oy B2 . RS R shigin TR AR HERERE /(R REfS
TR R 5 HH IR A R 55

FeM1dE— i g R Gemini-2.5-Pro Ay KA th K E, SRAGA VS JE B B BERH LR AR 521 -
FAMTEFARE TR Jadne, HAERME 6 hildy 7 RL IIGRa R mAEER . 49K, 158
JE BT BUBCK AR I FER AR A A A

BeAh, W 3 FR, BATER T TVG-R1 fl TVG-R1-U, Hi TVG-R1-U FR il R L8
56K Bt A e )ash, RIGHAT RL. iR, Frf RL #4E57E TVG-RL-18K Huladk Eikfr. 45
Rirn TVG-RI RAET TVG-RI-U, X FRH e B 1978 Jo sh &l L B e g il R i i Ko
AT 2 ) R A HERE fE

e P RL YIZRBn e S0t 6 B0 . A5k 4 P, AT THE TVG-RL Al TVG-R1-Zero
BCE T, Aednidign RL IZ4giR. #E, TVG-RL Zillid TVG-Coldstart-13K HilsfEwin e
W GPREW], EBCAWREIIEL T, BAER AR B TR AR~ I g
W& wER . 1A, X B s, g RL Bdlidt— 2 A M TR A X
YO RN, AR R A Bod T IR e AR, AT AT BEARME S ) IR B8

TEXI AR, FATER T — Mo B W BOGRAE 2L T R E AL (VTG), PASE R R AU
TR E BT . X BRI KIRARN, mBCR IS R SR AT R Y RL JIZR% TR
PR REAIZ AL RE R 2. AT T IR 2 n iR, HAESC PRl ha k.

5.

JRIFRTE

JEFA TR B HERAERURINT R E 2 (VTG) Triess T B igeldt, PR —2R . |k,
IR AR TR . G DR A R Sh B, PR R 2R Ul B R B = R 85 ] REXE DA
AT HR, a2 B BEG I TS RTS8, X T AE S IR 9T U5 FRAY LA sl AR P i ]
VITITE. AR TAR N ZIR R S BRI Tk, TEHRA RAGEREE s b2z ~] , - R Fh
NGRS E H I 2R 2 AL A RS AT 55 B 2 A
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i '@ Prompt: You FIRST think about the reasoning process in the mind and 3 E:a Prompt: You FIRST think about the reasoning process in the mind and
| finally determine the precise time period (in seconds) related to the query. ] $

ey : . finally determine the precise time period (in seconds) related to the query.

' i Query: Person starts undressing out of their outdoor clothes.

P”EJWUW

@ Response: <think>Getting down on all fours, the person begins to crawl s
] forward, their movements slow and deliberate. After a moment, they pause, then : H @’ Response: <think>Person starts opens the door, pauses for a moment,
i carefully turn around and start crawling backward. Suddenly, they push . and then walks into the room. Person starts undressing from the moment he

i themselves up, rising cleanly to stand tall. Without hesitation, they break intoa ! | enters the room until he finishes removing his shirt.</think>
i run back toward the room, their pace quickening as they go.</think> ' i <time>[21.4, 34.0]</time>

| <time>[100,230]</time> b SHEEEMASRASAme

(a) Case Study 1: Find the time period when the little girl (b) Case Study 2: Find the time period when the person takes
runs back. off his coat.

Fig. 3: TVG-R1 P4 26,

B.1. TVG-Coldstart ¥t &4l

FATAER 4 Pt T TVG-Coldstart Flaefy e MR Bl X L% E SRR AR A R B 20 B 7 3k
AT AR AE IS 18] 7 DEAT S5 Pt R . K 7 OUUR B P B sEANS PR R iR, 4
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c@j Prompt: You FIRST think about the reasoning process in the mind and
. finally determine the precise time period (in seconds) related to the query.
' Query: A boy in a burgundy shirt climbs the steps.

00:26

@ Response: <think>1. The video starts with a boy in a burgundy shirt at

the top of a slide.\n2. From 0:00 to 0:02, the boy is sitting at the top of the
slide.\n3. At 0:02, a girl in a purple shirt starts climbing the stairs next to the
slide, and she is visible until 0:06.\n4. From 0:06 to 0:12, the boy slides down

the slide.\n5. At 0:12, the boy reaches the bottom of the slide.\n6. From 0:16 to
0:25, the boy runs around in the sand and then approaches a set of stairs.\n7. At |

0:19, the boy, still in the burgundy shirt, starts to climb a different set of
stairs.\n8. The boy continues climbing these stairs until the end of the video at
0:25.\nThe query asks for the time period when the boy in the burgundy shirt
climbs the steps. This occurs after he slides down and runs in the
sand.\nTherefore, the relevant time period is when he is actively climbing the
second set of stairs.</think>

<time>[19.0, 25.0]</time>

(a) Case Study 1: Find the time period the boy climbs the steps.

@ Prompt: You FIRST think about the reasoning process in the mind and
! finally determine the precise time period (in seconds) related to the query.
© Query: A hand in a Korean newspaper writing in a cash register.

@ Response: <think>The user is asking for a specific action: a hand
! writing in a cash register.\n1. The video starts with a news anchor from |
: 0:00.\n2. Around 0:06, a graphic of a hooded figure appears.\n3. Around 0:17, :
© a graphic of a bank book with a question mark appears.\n4. At 0:28, the scene ;
i changes to a smartphone displaying a product listing.\n5. At 0:38, the scene
3 changes to a security camera footage.\n6. At 0:48, the scene changes to the
3 inside of a bank, with blurred people.\n7. From 0:51 to 0:54, a close-up shot
. shows a hand (presumably a bank teller\'s) handling a bank book. It looks like
they are making entries or stamping something in the bank book, which
i resembles a cash register in function for recording transactions. The term
i "Korean newspaper" is likely a misinterpretation by the user; the context is a
f Korean news report, and the object being written in is a bank book, not a
: newspaper, and it\'s not a cash register in the traditional sense, but the action is !
3 similar to making an entry.\n8. The hand is clearly visible handling the bank
i book and appearing to write or stamp in it during this time.\n\nBased on this,
3 the relevant time period is when the hand is interacting with the bank book ina
f way that could be interpreted as "writing in a cash register".</think>
| <time>[51.0, 54.0]</time>

(b) Case Study 2: Find the time period writing cash registers.

Fig. 4: TVG-Coldstart 3R,
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FHIAWFR A, Gl AR B sRika4>) (RLHF) n] DUARCHAE R ELE S (LLMs) fF6 A3

s, 2R PR B RLEE R R A E [, 10, 11, 55,

| o SRATHIBTFTHE I T

AT RAWE B EAAE SR IR AR (2=~ (RLVR) - [13, 50, 10] .
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