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Data Selection Hierarchical Cross-Modal Preference Optimization

-.‘ %”. , ”.%%

T -« 7 i
: Promp: & ——{_ Vasked @ |
N - rompt: T : asked T . g
NS AN D8, = S 2
Mantici-eve Ref Model A o

@ Gap Video y?ap State Vide
V4 !“! > )

Reality Selector

Dynamic Score: S4

\ Instance Level ] State Level
;Physical Fidelity Selector % §
vy L Policy Video Diffusion Model 6 N
\\t Reference Video Diffusion Model ‘%]

Figure 2: FEATHEHY (Z0) Bl ¥ A (4)PhysHPO fEZUARIA .

TR TR AR . R R, HE R B e IR R Y
e HARZHE RN m T8, DA RS IIGRATERE :

NS E SIS 2 PHBE R B B35, (BRATHY H A @ (i ad AR n] R B AR %
AR, mE D () FoR. #RRIATHEA U ITZE R .

4.1 Bl Pkt

25 3 A IO 7 o ) SCAR- A B 4 D (FEaxX I TAEH, FRATR A 13838 1 5
Z511) OpenVidHD-0.4M [87] ), 525 5 R E 5L LT 8 2] — AN se B D7 . B
kPt , 2 R ) B S FABRURT R SO0 2 [B) ) S N A 25 S, FRATTSR A1 AR A
(VLMs) (Bl Qwen2.5-VL [A] ) SRABT LS V; 275 @ LA A, JA1E—D &4t
%e;r?g;g-%’g (79] #EATRCE ARG A AR R ERf 1. 324% 22 B/R TN D FfibLAhERR 1,000 4
PRSI TR 2%

WRLEEEE AT S5 PAER TAEXSY, AR TR BT WISA [I5] 0y = EE2E 51 17
PWHBIS: O g))i2e (Wikizg. R, Widkizsh. [kzdh. witkzs). BE). e i)
Ol BER. 94k Wifk. BABE. HRIE) A1 @St (UG, FTAT. BB, TR
NELRIR) . STz EHNET B EX RS RE E (EE s b FE A HAR
BAREMENSE) AN, FATEIFRATH LLM-as-a-Judge iz [83, 26, T02] {fi ] LLMs #17
H 2 Pl .

N T BMEIEERE, IATEFHEZHIITIRE. He—DTHR C , — DR 2L
—ARABEFHA (LLM) BB AR A1 2 o s Wy B e T 004 . SR, Tt
=z %%, LLM W e B K2 EHEEA D BRI 208K (B2] « AT fdeX A, A4 %
FITRAGHASHE R [BA] SRIG5R T 4E . 5HCRHTH T AF (53, 84) fEsp—24ER (Bildn, SZo%iE) Hham
BRI, FARRZAYEE . BACRYL, a0 Frs, 018566 o i sha st
AFILLM (B, Qwen2.5 [86] ) RIam T, 5®iF “Zh87 KR -LFy RS i —
Fite AT B TR SRS I > i 2 T 2257, SRBRANRLIEIFA) . SRS AT 24K LLM Xt
RXCEAIATHIE M P2, 2N T 74 Cs B “SIS” DB sa o FIRE, ATRAGRAS “#h
%J?é%ﬁjgﬁ( s¢ FCHE2ET B so o X IRIEERAL T XY B G W R AN B X 4. A
W= §B .

BB s = sax 50 x 5 . WG, D PHIGTHREAKEE s SATHERE, T
S = a2y al} ool R RS MR

42 EFELRE

Iy THR— A R B AL B A I PR, LER T, AR R
RE R, ORI, BUSCHER A I TU AR . A, FRATEIA T — R (E vk, i
{1 Deita ({716, B A o2 00 B9 I LA P A 2 BV, (2, B R A A,
W R, AT AR S PR ORI, A e IS Bt k. 7
21, AR X T AR, A2 REPERREN S, . i LLaMA-1 13B,
SR T AR AR, NI P PR A B VR 5 H T SR 2 0 A B . SR
SN, W AREAR T AT SR

www.xueshuxiangzi.com



FEATT A 7] K04 e 456 SR 1) M RE 55 J5U A ) DPO [I22] AT ELA,  [R] I Jm 1 3RAT Ty O 3k
PhysHPO, #II[&A 22 JfroR. E&5 7 LA RIS WA @ M e £ i (i, JATH %L
i (21K) , PRISE Bt N B MR R 48, O i B LA SR M SE O I T B, A T
Gr. BERLESE, HLERE T En EuE 4 WISA-32K [I75] FA SR 4G %0E (433K) .
"Our Data (21K)+DP0" f[-F "Direct Scoring (21K)+DP0" . "Random Selection (21K)+DPQ"
. "WISA-32K+DPO" #{l "Raw Data (433K)+DP0" , Z&H} T IRNTIEFMIARLIE. W @ FiEL
FEVERFEZEE . "Our Data (21K)+DP0" 4 "Ours w/o diversity (59K)+DP0" |1 HLIRHRIE T £
FEVEAE BRI A E T o SRR D, SRR BRI TR RS, RNZ
FEPEIG IR TR RE ST . WEEE @ MU B A AL i PRIV E T . FeA T FEn £iis 5 PhysHPO
( "Our Data (21K)+PhysHPO" ) MZNASEEL T i PERE, Won T MISEUER S MLz
[ SRR IAE o SETRAR A A ILRA SR §B o B2 FORATIFEAI N4 FA TR PhysHPO HE

773'5

5 Jjikik

Ny TR EA PR PO YR AT (5 05U B, B4R T PhysHPO, B EPIAYEK 1563
TARREAL (0 ) (i) SERIZOR R, JRRB s DA (R R R (S50
) (i) RASIH FREFHAL, TETF R RWTHE IR S DR R E (SB2 )5 (i)
SENR A IREFIAL, AR B MESERR Frmah#en (853 )5 (iv) i LBtk
fRFOEAL, BRALA S A Sk Sk (S5 ).

5.1 SepIgeEAkmar it

55 AT BRI AT i i Xt BT (v, ) HEATDEAGHY VideoDPO [51] AfA], &A1
(7 R A A T e e P R e 18 A A I B U o SOHSCAREROR o X AR
GOy, Rl A (002, 04 3 5 6 B A BT o 2R K e, IF g7 e (B)
PER H breR B8 SR, A DR T A9 52 Z O AR 2 o e, RO Al e 12
R O AEM BT ARG SR, Blazsh; @ JEiheaRbinifF e, Blangidns
o ML, BAHEVCACIIRE P |7 PRS2 ) A i der DA

pg(yw|1',t) pg(yl|x,t) >
Linstance = —E (2., )~ lOg T log ———* — flog ————=* |, 4)
o (@0 )~D 108 (ﬂ 8 et (] ) Prer(u1[ 1)
Hrp
t ot
log p0(yl|x7 ) — Z ﬁq, log p@(yl|x? ) (5)

Dres(yi2, 1) Pref(yi|z,t)

i€{err,gap}

TEU, e FOR S AFREAEE S IR 005) th SR S AR Ut WU, o7 (L
SR REAEE APt IR O, LR, Oy Rk of , Bl Tf AR
A @ =AU, JEE DU 0 R Oy, BRI fE T A
yeT o KTy | ARG R SR o g ABELAERD, DLRIEES g, 1iF XI5

5.2 REGAFHar L

IR LI GRS FEATHE 1 REAR N, (RO A 5550 T A U B A BEAY DL R 28 oK
S, T VAR J5 3 R 2 10X — o AEIRAL BT, MRS T IR S SR RS — 2 Y
FHUBR SO0 T DR B S A B P b R T A0 o ) A IURT] e 2 TR ol B, DR BT
TR BIRGE . Sk, A5 RSO RRFT, SAEE RSSO ia A 45 AN
PIPLRASHY e . AR, AT e v IR N WiflES N Wi, DAMERRES
AR REAS yytete o RESGH AR BRET LAE SN

ACState ~ IOg g (uState (ﬂf, Yw, ylstate, t)) . (6)

5.3 igahZshasmir it

IRV A58 SIS T ik 2 G TR, (EL 8 O Y AU T R 2 i AL 5 B A5 1y
5o AT P — PO EEA SIS R (igh) 12E], BATEBN T yo FIE
Hity (A g™ ) SUBTHERIRES SR (BIADEH) . X SEZE R EE 3 T 4015 1 5
RUAAE B (83, 02, T00) , AP s B R e f AR s e re A Z R P LS S 22 5. AR
23 (B), BRI EFREE Lytotion I Uotion (T, Yo — Yo"y — y 00" 1) iy, H
Hoyotion il yretion S RIZRR M yu 1y TRERII A1 B

5

www.xueshuxiangzi.com



Table 1: 7Y BLER)BHE_ EIEATPEAL, Rl VideoPhy [6] . PhyGenBench [54] 5 DA% JH Jit
fAEE, B VBench [34] , J54A1K) DPO Sk FATRER O BAR SL B FRATRLIA s e (4%
R, T FORBUE B BT

Method VideoPhy [B] PhyGenBench [54] VBench [B4]
SS1 SF1 FF1 Over. T Mechanics 1 Optics T Thermal T Materials T Overall T Total 1 Quality T Semantic 1
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A RO 28R

KT IR UEFR AT 1 PhysHPO FE PE , #EA5 v, FRATTHE—25 4 PhysHPO [ il T
rhy FastVideo [97] SZ¥1 /Y HunyuanVideo-540p [3Y] .

Method VideoPhy [H] PhyGenBench [54] VBench [B4]

SS1T SF?T FF1 Over. T Mechanics T Optics T Thermal T Materials 1 Overall T Total 1 Quality T Semantic 1
HunyuanVideo [BY] 19.7 432 429 334 375 58.0 36.7 45.0 45.6 81.4 83.1 74.9
+ PhyT2V [RS] 21.1 459 50.0 363 40.0 58.0 333 47.5 46.3 80.5 82.0 74.5
+ PhysHPO (Ours) 26.8 50.7 554 41.6 47.5 62.0 433 60.0 54.4 81.9 83.5 75.7

Table 2: ¥£ HunyuanVideo [39] _|#f{4 PhysHPO.

EAPR K O J&/R 1 PhysHPO 7 HunyuanVideo LRYSRALZER . —SFAEEE N
AL @ , PhysHPO eS8 Y s FLE AR RIS ST TR B (. X Leg Rt —
Bk 7 AR -

FATER B PR TER . XT AEEERE Z 48R ER1ES §O Y.

+ PhysHPO 7

- AR e e
S\ N VSR
- I "

"Multiple candles of varying heights and widths are blown out simultaneously by a single breath, som
flames extinguishing faster than others."

"An apple submerging into a water."

14K 7 A

| T = = - gz ==~
A volleyball is spiked, hitting the wooden floor of the court and producing
its slight dip and subsequent rebound."

Figure 6: 7£ HunyuanVideo [BY] _| %} PhysHPO /1 E @R .

i F ==
a soundless bounce visible by
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WABCERR T S0 B9t SIS HE I8 B R AR RE 1T 48, SRR TIRAN
AR R [84] o X Py VR H TR B R A SR R E B ILR . FAT BT AL
SR RBINE D s,

Evolving Dynamic Prompt

prompt: '''You are an expert in physics and natural language processing, specializing in analyzing and enhancing textual
descriptions based on physical phenomena. Your task is to process a given {caption} and perform the following steps.

### Step 1: Enhance the caption based on six physical phenomena

For the given {caption}, enhance it to emphasize each of the following six dynamic phenomena. The enhancement must strictly be
based on the original caption's content. Do not invent new events, objects, or scenarios. Instead, focus on rephrasing and
elaborating on the existing information in the caption to highlight the specific characteristics of each phenomenon. Ensure
that the enhanced captions are vivid, precise, and aligned with the corresponding physical behavior:

1. Rigid body motion: Focus on the movement of solid objects that maintain their shape and structure, such as rotation or
translation.

2. Collision: Emphasize interactions where two or more objects come into contact and exchange momentum or energy.

3. Liquid motion: Highlight any aspects of the caption that involve fluid-like behaviors, such as flow, splashing, or other
liquid characteristics.

4. Gas motion: If the caption involves air or gas, describe behaviors such as diffusion, expansion, or turbulence. If no gas
motion is mentioned, rephrase the caption to make any relevant gaseous interactions clearer without adding new elements.

5. Elastic motion: Focus on stretching, compressing, or oscillatory motion of elastic materials if present in the caption.
Elaborate on any such motions to make them more vivid.

6. Deformation: Highlight changes in shape or structure of materials under stress, such as bending, twisting, or breaking.

Output six enhanced captions, each tailored to one of the above phenomena. Ensure that all enhancements remain faithful to the
original caption's content.

### Step 2: Score the enhanced captions

After generating the six enhanced captions, evaluate each caption based on how well it represents the corresponding dynamic
phenomenon. Provide a score from 1 to 5 (1 = poor, 5 = excellent) for each caption. Additionally, provide a brief reason for
the score, explaining why the caption is effective or where it could be improved.

### Final Output Format:

Your output should follow this exact format:

Caption of rigid body motion: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].
Caption of collision: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].
Caption of liquid motion: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].
Caption of gas motion: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].
Caption of elastic motion: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].
Caption of deformation: [Enhanced caption]; Score: [1-5]; Reason: [Explanation].

##4# Example:

Figure 7: }§ D SIS BRI RS -
[IRE, AT 2 AR A A SR AR AR (R R 25

BRlE 27 o RORBYHETE M B PE 2 RO TERE LLEE SN, FRATTIETE R 227 it T AE A A SR
NHATEHPE RG] BARGE, JATHA T DEiSserareg () 55—l
PLTAES S PR RO REAS (ITR) o ANFI7R , B PT 20 SR X X ISR AN (] i LA
TR 5, TTEATAYHEAC TP S Bt 1 S AR ) DX FIERA B PP A o

AW B PR AR T, A TE Sl T 7 BT I e AR PR LSS, AR AT T
TR T e DK S ) PIUE FE R S AR TR, FRATEE— IR T AT T A ik

% AR RR (s
¥ JRCRANAE B
Video Video
pased _ " basud_ e
15403 Caption 870 +27.6% Caption . +$674.00
based based

14000 15000 16000 17000 18000 19000 800 850 900 950 1000 1050 1100 2600 2700 2800 2000 3000 3100 3200 3300 3400
GPU Memory Consumption (GiB) H100 GPU Hours (hrs) Cost (USD)

Figure 8: LT WLAI ) B % 15 TRAT B0 B T e O e O RUR L. (Z2) GPU INAFIH 4G
(GiB). (#) H100 GPU /NEEL (V). CFr) 1A (3£50).

Kl B e T RA T T AR S BT R RBCR LR . BACRE, @ GPU A
AR () BT RS2 /A0 GPU Wiy, SHE ISR, 61 &
AT 18.1 % (15,403 GiB XfLL 18,741 GiB) o X8/ T HA VI IEAE N AF 5 M7 THIRY
VAR . @ HI00 GPU /N (1) = BT USRI N T 27.6 % fgi 15 mEa) (3,410 /)
BPXTEE 2, 736 /i) SRR S i [B] B AR, B E G TR, ©
WA ) FEJBIROLR , BT AR AR A T3 i TAEAR 2t $ 674.00 11
JRAS X SRR T BRI IR A b

N T BRI R T PR R BRI AR A R, FRATASEBT B 0 i b o AL A
T 100 G ST AN TiF0r . AR5, AT FF N TP 4585 =R T A5 T LRk
SIMTPEERR L BBy . BT R E R AR IRA TR T A .
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Y S I B AR A T e L R BRI B, FRATHER 22 PRI T A Jﬁﬁé‘iﬁl
PEELHE K H T OpenVidHD-0.4M [87] . FE4% R TAER, FRATE-6 I 0B du ki
%é%%%%ﬁﬂ@%)ﬁ%ﬁ(ﬂi-%ﬂﬁﬁﬁ% (N, MiraData [37] , InternVid [76] ), U\ﬁljk
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Figure 9: WFk {1 HE56 (0 $CHE 5 1 B R 7 1.

C WHEEBEM P
C1 SR BERINE 2401

AV WA 12 R AP B G A B R TAL A AU RO M B B . VideoPhy [ICLR25]
[6] 1 PhyGenBench [ICMI1°25] [54] . #R4E WISA [75] A 2B A P, T AT VideoPhy
[6] i VideoCon-Physics e 3¥Aili A= ARSI P A~ e S H A - W BE i —EetE (PC) Al X
HEBE (SA). BRI, FAEHRE VideoPhy [ 344 4-K5.L 3] 14 7~ Fll PhyGenBench
[ 160 MR/R , X LEHRIR Y B 7R R M2 BRI P P R U A 5

BT EARERE, BTG EUES SO A PR BRI . XF T VideoPhy Al PhyGenBench
Hevt, FATH PC F SA{H KT BEET 0.5 WL PC=1 1 SA =1, WEE/NT 0.5 1)
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PR AR A S TR g [ B — ek
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PR R TEAY .
AR 1CML 25 (8] 9JF %, FATIE— ]k § IPV-TXT [8] 4275 K 1Tk PhysHPO
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User Study: Physically Plausible Video Generation

Thank you for participating in our user study! Please follow these steps to complete your
evaluation:

1. Video Generation: Carefully read the target prompt provided, and then view the provided
videos.

2. Scoring Criteria: Assign a score to each generated video based on the following aspects (
1 being the lowest, 5 being the highest):

o BEORfwGE: WAL U BB R R A T e PR, BRTE L. PR . WAE
J B A iz 2 o S TH

o XA MBS ARTE A BOCAIR S MY G2 .

'@%ﬁﬁ¢MﬁW§%§ﬁé%$%%ﬂﬁﬁ,%w@ﬂﬁﬁ‘%WQEﬂEﬁ
TN

o MSERE: PURRILIESNL, BIEHER. W . GRRIMBERAT.

o sBfE: TSR B AR, BRSO R BB A AR AL

3. Submission: Click the "Submit Scores" button to submit your scores.

Notations:

1. We observe that the edge browser is not fully compatible with our interface. Chrome is
recommended.

2. Remember to click the "Submit Scores" button after your evaluation.

3. If you see that videos and the score sliders are not aligned, shrinking your page usually
works.

4. If the video seems to be stuck, usually waiting for a few seconds will sovle this.

5. If the page is not responsive for a long time, please try to refresh it.

6. If you have any questions, please directly contact us. Thank you for your time and effort!

C2 Wi

A N p N ll’ N %"f/ﬂwg

a5 a5 a5 s
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1 L ! . i ! ! ! ) ! ; sl 1 ! L |
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Figure 10: ¥£ VideoPhy [6] _I= PhysHPO HJ#8 S50 .

BB 16 I AT 745 R S H0 PhysHPO £ VideoPhy [6] e BB
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PTG b)) FRE, 55 SRR RE S GHR R AR (p ) 7R T RBIHEY, PERETE
p = 0.3 KE A, XRE T HTEssh s S E ey, HWRmmE 17 s X — 75 i e
B o) BEIKEH TIEXGHRRAE (1), MEFIEREE o mmdes, B2 p =02,
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+ PhysHPO

“A black pen is used to write on the smooth, white surface of a notebook, showcasing the interaction
between the pen and the notebook surface.”

“A vibrant, elastic beach ball is thrown forcefully towards the ground, capturing its dynamic interaction
with the surface upon impact.”

Figure 12: B2 5EAM LR RS .
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"A swimmer glides through the calm ocean waves."

ﬁ T --‘_
+ PhysHPO »r F " ]
o sl

"An curplane zooms through a pa‘rch of fluffy clouds.”

A French fry duppmg into tangy ke‘rchup

+ PhysHPO

“Knife slices The tomato.”

Figure 13: 4R/ K H VideoPhy [6] (7R .
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“A runner stretching their legs before starting a race."

Figure 14: W2 /R 4505 N8 1Az sl R s .
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“A person swimming underwater in a clear blue pool."
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“A chuld flymg a k:'re ona wmdy beach "
Figure 15: 82 5T AR EAz 318 H R R 45 R 1R .
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