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ABSTRACT
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2 S HEPR
21 B

AT LIS B IER AT B =AM E . (1) TTUNGRgaHER SR A H T RoRa A, (2) FRATHER
B RIERERI AT JEPE, DAJe (3) FMTWUK R Ry WIPEFI T RedE . BRI . T 16 Qwen2.5-14B [36]
VERgmHEr i tilas LLM, R4 AR A 748, f998 Qwen2.5-VL 544 (7B, 32B, 72B) [B7, B8] ,
Qwen-VL-Max [BY9] . Qwen2.5-Omni-7B [4(] ., LLaVA-Video [41] . InternLM-XComposer2.5-OmniLiveand [47]
. M2-omni [23] . LLaVA-OV #iZ [44] . KA1 SRR E£3#iTH®, 35 Claude 3.5 Sonnet [43] .
Gemini-1.5-Pro [I¥] . GPT-4V [46] Fl GPT-4o [I7] . | T AW KL HEBSEMENETMAES, AT
LS FEA ] Qwen2 5-VL SAIT L [ AL B, FRAMERSHE T Bk E iR 30, PEAGEE. AT
ZHI ZBESAT S5 DI T AL . R BSIR (MME [27] , MMBench [28] ) . W9z HEf# (MMStar [49]
, LVBench [50] , Video-MME [51] ). KfE#E# (MMMU [57] ). %2#4E¥ (MathVision [53] ). CASiH T
(CC-OCR [b4] ) FIE|FEFEf# (AI2D [65] , InfoVQA [B6] ).

22 S ArreRiglbe

FATE SR TEINZRR LLM giHE S5 SRS E a0t omni LLM JEATHCES, VAIERAFRATI AR A RLE. 2 0 5450
ey 2SR T T AT R . FRATH O EAE 2 AR BIR AL T I 5e g 4t F . ¥ MMBench-EN |, 3§
11353 T 88.54 % MUERGR, #id T GPT-40 (83.10 %) 5.44 %, #83d T Qwen2.5-Omni (81.80 %) 6.74 %, DA
J VITA (71.80 %) 16.74 %. 7 MMStar (AL HR -, FRATABALAR] T 69.37 %, #it T GPT-40 (64.70
%) 4.67 %, #8327 Qwen2.5-Omni (64.00 %) 5.37 %, PAK M2-omni (60.50 %) 8.87 %. #% o2 M), TENF
[ (MMMU) L, FRAIAHELGLES] T 70.04 %, FHEE GPT-4o Fll Qwen2.5-Omni (34 59.20 %) 425 T
10.84 %, HH VITA (4730 %) #2557 22.74 %, F5% GPT-40 £ Video-MME 4RE (71.90 %) 46, HF
I YE (65.58 %) AR T HiAth & F ZHES RS

Model H General Multimodal ‘ Vision ‘ Temporal ‘ Efficiency
| MMBench-EN Video-MME | MMStar | MMMU | Resp. Time (s)

GPT-40 83.10 71.90 64.70 59.20 1.2
Qwen2.5-Omni 81.80 64.30 64.00 59.20 6.0
VITA 71.80 59.20 46.40 47.30 3.7
IXC2.5-OL - 60.60 - - -
M2-omni 80.70 60.40 60.50 51.20 -

Ours 88.54 65.58 69.37 70.04 32

Table 1: e, BAOE. I RIEBAIECR AR T -5 9T C ) SRS I T LR

Finding 1: Training-free LLM orchestration strategy can effectively combine specialized
models, with capabilities approaching or exceeding commercial and open-source alternatives.

FATHE— BRI ATH IR S 2 P A S BOSHRIET IR, DA UEHAE A )37 5 R Ak -

(O RS E S, TelIAR T ¥ MMBenchEN I T 88.54 % HOERI, %) T ey kT,
i T Qwen2.5-VL-72B 1k FEM T KU, ZEMLSE BT %5 1, #f17E MMStar (6937 %) Al LVBench
(5027 %) 1-Joms T FFLEra RS, Bl 1 TR VA0S 1 5 RERLSE R BIA 5 b A (AR RO 2, T
60 Ve T SPBT s, fEScBrelt, 30B BERZL b EHEWTTATI A0 60 %, HCA MMM 5 ok oM fe Ho A ]
B ], ok 5 (BT AR H TR 7 P R A 5 0 5 VDR S 24 i 1
B, 28 1 RECR 45 PO RCR L3

Finding 2: Cross-modal memory pooling for context integration can enhance performance in
complex visual tasks that require context awareness.
6
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Model
| MME MMBench-EN MMBench-CN | MMStar LVBench Video-MME

Qwen2.5-VL-7B 1673 84.45 84.98 59.94 45.30 56.62
Qwen2.5-VL-32B 1915 85.55 88.77 66.43 49.00 62.39
Qwen2.5-VL-72B 1980 86.61 90.44 68.22 4730 65.74
Qwen-VL-Max 2281 77.60 76.40 - - 5130
Qwen2.5-Omni 2340 81.80 - 64.0 - 64.30
VITA 2006.5 71.80 - 46.40 - 59.20
LLaVA-OV-7B - 80.80 - 61.70 - 58.20
LLaVA-OV-72B - 85.90 - 66.10 26.90 66.20
InternVL-2-8B - 81.70 - 59.40 - -
InternVL-2-26B - 83.40 - 60.40 - -
Claude 3.5 Sonnet - - - - - -
Gemini-1.5-Pro - - 70.90 - 33.10 75.00
GPT-4V 517/1409 75.00 74.30 57.10 - 59.90
GPT-4o 23103 83.10 - 64.70 34.70 71.90
Ours 1922 88.54 89.35 69.37 50.27 65.58

Table 2: 7F— it Z ARSI BRI 55 LM RE LA, FRAT11 735 4E MMBench-EN (88.54 % ). MMStar (69.37
%) F1LVBench (50.27 %) _bRIMALT HAl ).

2.3 PSR R fE

B TS EIBAES 240, BATEH L T IHATH A HAER AN TG s oL, 1R — BT R O Y
G N R R, FATRHEZAE A A TR R R D0 T SC L T — B et .l R T RO TR
B AR AR 2SR A, AT STE A WK E A BB 003 T, X Qwen2-VL, 5 RAfiFAL
(75.0 %, 63.3 %, 56.3 %) ML, AT IEAER . . KO A 5BUS T +1.7 %, +6.6 % Fl +12.9 % 1y
B, BEREREET +7.0% (649 % 719 %), ZFH, XFF LLaVA-Video, 5REAFAL (78.8 %, 68.5 %,
58.7 %) ML, AT ERRT +3.3 %, +6.2 % Fl +13.9 % MUtHE, HASCIT 76.4 % W5 Jeibm =ik
i (M 68.6 % $Eim T +7.8 %) . iXLLLERFH , FRATAGFE Tl SAE S HELZ BS AL BRI Bl A ok A AR ARSI 15 B
J7 I BE ) e G sR TUREEARRE T, FR AR TR B R S A s

Finding 3: Our framework integrates an additional text modality into inference through
a controller LLM, enhancing model inference performance and demonstrating that effective
multimodal fusion can be achieved without training.

24 LIUESAIU

W T ATE 95 2 Ah, FRATEAE TR 22 AR i R € GO PP AR R AT HESE . FRATT R HE ZRAE 77 22 L Ik iR
FEEESy BRI THRRMEE ) (Ft% B) . FERCHER T, AT A ETE MathVision FSE2EL T 39.11
%, BT Qwen2.5-VL HIF GPT-4o (30.39 % ). FESCAFGN T, FATHE CC-OCR _LikF| 7 79.11 %, 5
Qwen2.5-VL-72B (79.80 %) #HY4, [Fi i3t Claude 3.5 Sonnet (60.63 %) F1 GPT-4o0 (65.72 %) .

Finding 4: The controller LLM effectively leverages different specialized models based on
task requirements, allowing for targeted processing without requiring dedicated training for
each specialized domain.
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Figure 2: f& Video-MME Bl EAYPERE LLBE . FRATAY G HEHL H A R0 ] H 3085 R BRI TR 5
B SCARRY AR A e 2SR A, TEAN AU B sl T — Bl . W TR, St h 23,
HFRATT A ) A A B A B N BE RS ORI ) iy BRI, TR B e R A %5

Model | MathVision | CC-OCR | AI2D | InfoVQA
Qwen2.5-VL-32B 38.40 77.10 | 72.26 83.40
Qwen2.5-VL-72B 38.10 79.80 | 76.25 87.30
LLaVA-OV-72B - - 85.60 | 74.90
Claude 3.5 Sonnet - 60.63 |94.70 | 49.70
GPT-40 30.39 65.72 | 94.20 -
Ours 39.11 79.11 | 78.98 88.14

Table 3: {E75 2L I IHRENY R E 155 LITERBECES . FMTM I iR R 1B (MathVision) . SCARHG] (CC-
OCR) FFEIZIEM (InfoVQA) JFriiius T3 S45 A .

2.5 SORSNEFTARBIECR

VERBATHY S ORI, FN10AT T F4T TTS ALPRA AR, aEl B s, AT TP T4
BT VAT ROV T RCR AN o o Gl SRR SO HGE 2 R/ NRAE U, FRATHRE-F- I A BRI R] AL 0.204
i/ E) 0.183 Fb (b1 103 %), [AlidEm TRGENE (J72250 0.056 FF& %% 0.013 70).

Finding 5: The parallel batch execution strategy enhanced stability maintains consistent
voice quality and natural speech rhythm, with the batch based method proving superior for
longer text sequences where natural prosody is essential.

2.6 JeArtEEw)

(HAREERE, XHEAE MR AR THER R IR, Oy E N A RE T A N S smARE AR
BT AAVFAEA DA T A I DL T, AR OB IS AT S B3 K 10 & AR . XSRS 1 F AT T
NGRS 2 G HE D7 Yk g A T B ORI 7 P B 5 ) 2 S N R R R G4 Bt T — A BT sR i8 7 1w)

www.xueshuxiangzi.com



Sequential Parallel Batch(ours) Parallel Pip

Average (sec) Per-Char
0.20 - 1.6 1
z S
£ 0.188 =
> 0.183 > 15
E 0.18 E 1.438
= = v
1.4
0.16 \ \
. ) - S)
\‘e‘\&\‘l‘ @& .Qe\\\\ oe‘\&\‘l‘ @0\1
o < \& o &
S ) 3 S b
$§$ ¢§@ “§$
Q2 2 A Q2 2
Per-Sent (sec) 0.06 0656 Stability
0.185 . U. U0
0.18 -
;=: 0.171 % 0.04 1
> 0.166 >
£ £
= 016 = 0.02-
0.013
N \I Q) 5 el AN gl
\‘e‘\\\‘b \0\“ \Qe\\“ oe‘\\\‘b Ko\y‘
o™ AN .@8 o™ P
N4 N N4
v N4

Figure 3: jiiid LBE TTS ALHZEH, /R R FRATHIFHATHEAL BT ¥R AR H B AR E P TR A S22 5

3 e

FEASCH, FATRM 7 M EIHT %Il 98 MLLM gRRHER, Sy B R0 0 S S AL H AR T 655
Py HEG I IRT R E NI TR AL R G AN A, F T AAE SR i SR HF LB T B HE Y
UHERE G . BT EREATRER TIRAERE LML iz ihlas LLM, FEASHH @ 3 IR0 = B
REJ), RERE H SR AEST, Tl R AriCER I A DAY T SR . TORD 2235 1) % Eh L AN (L RERS ¢
—AEPE RS, IBSEHL T ETAL IS AR R REAT IS AN SIS R . AEARBRA RIS BT AT I, 3]
AU BT 7R TS AL TTS ALH, B B8 HATEBMEIR G, BFfem 1 ARG AL
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K, (ERERRRE, NG —NFBRGEERRARCERE, Bk TSR Z RS A P
R PRAK, BIATBES AR BEN AL . BB ANESBAS . TAOUA R TS SRR (R D]
AR, i HAE R e SRR SE L T BT H AR 2 TR, O RO TR LT 5 R TE T
B (LLM) EB . N THESL DN E R L G ] DAYEAT AT RS S s/, 1 o
ARG EHNN G, ARG R D REAN TR ISR AR RGP JRATHIGR, X FhEET LLM gl ik
AL REAN E SR ML B AR GETT R n] e .
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A. MLLM i vk

AATE T HATH) MLLM Orchestration HEZUAYSERETIA, PEANULN] T 2RSS HAMIRE S 100, iEE
AL PR 5 2 3 A

Algorithm 1 R ) B G HEIRA
Require: User speech input s; , Cross-modal memory M;_;

Ensure: Speech response a;
1: procedure ORCHESTRATIONPIPELINE( ¢, M;_1 )

2: Gt < fasr(St) > Speech recognition
3: Y < fow(qe, My—1) > Controller LLM reasoning
4: Cy, S + SplitTokens(Y;) > Split content and control tokens
5: if [S.stop] € S; then
6: CLEARTTSQUEUE
7 M; + M;_1 U{qy, interrupt_flag}
8: return
9: if [S.listen] € S; then
10: M; + M;_1 U {q;, await_completion}
11: return
12: M 4 dmodatity (St) > Modality selection
13: D, 0 > Initialize multimodal data collection
14: for m; € M do
15: if m; = vision then
16: (e hvision(Qta Mtfl)
17: Dy +— D, U {’Ut}
18: else if m; = reasoning then
19: Ty < hreasoning(‘]tv Mt—l)
20: D+ D; U {Tt}
21: Y; « I(Yy, Dy) > Multimodal response fusion
22: T « segment(Y}) > Semantic segmentation, see Appendix E
23: for ¢ < 1to |T| parallel do
24: ar; < 9(T;) > Parallel TTS synthesis
25: ay < stream_concat(as,1, ..., a 7)) > Stream concatenation
26: M, < heompress(Mi—1 U{q:, D¢, Y:}) > Memory compression
27: return a;
28: function Syopariry (St )
29: return {m;|[S.need_m;] € S;,m; € M} > M is set of available modalities

30: function SPLITTOKENS( Y; )

31: Cy < {yi|ly: € Yz, y; is content token}
32: St < {yily: € Yz, is control token }
33: return Cy, S;
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A2
B. L5

ARITEAN A T MLLM G HHEZR A O R 5, Ml LLM A1l AR 2 ()i ARl 5 . %4
AR =AFEH bR

o THSCIHIT: BRI HA BB O] S AT

o ShASHIR: SCELEE AN ST 55 3 ‘

o QMR AR AR SR TS Y Te AR S A

Table 4: SR H AR O Fe 54

Instruction Functionality and Usage Context
[S.stop] Immediate process termination and resource release
[S.need_vision] Activates visual processing pipeline (object detection, scene parsing)
[S.need_reasoning] Invokes logical inference and causal analysis modules
[S.speak] Generates verbal response with prosody control
[S.1listen] Enters passive listening mode for continuous input
[S.need_x] Extensible pattern for future modality integration
A3

C. B4R 3Lt
PR R G I A ST RN SE B A SR AL

s MEOLT ML RGETHULRINI D T
o WNLOEAL P (e R B Gl A
o BISH BT AT REVTE I

Controller LLM prompt : You are an AI assistant responsible for coordinating specialized
models. Your primary functions include:

(1) BRZESBALMAF EHE,

WRAPRATZERTER S EF, URLFAREHFS [S.listen]
WRAPITE T, WG AFAREH IR [S.stop] .
LERGHE LN, BHFRERFS [S.speak]

(2) FAMEES B BB E LWL HXEE,

1 F [S.need_vision] AT % EH .
# Jf| [S.need_reasoning] #ATAHHHEES.

\é)%ﬁ@%%ﬁﬁﬁ“%%%ﬁﬁﬁﬂ-@&ﬁﬁ”%%ﬁ;ﬁ%%ﬁﬁﬁﬁﬁﬁﬁﬁo

A4

D. W%

PSR IAL R GR M LA DL FAFAERI BT JSON Aot
« SRR BRSO S HURFT

o RRR: MBI R i 0%

o BRSO KIS

KRR -
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MR SR T
O e
« BTG 3
o BUAE IR T I

{

}
N

Memory JSON:

n idll 3 lluuid4ll .
"modality": "vision|audio|text|reasoning",
"content": {
"type": "mime_type",
"data": "encrypted_blob",
"embedding": "float_vector",
"metadata": {
"source": "input_device",
"timestamp": "iso8601",
"context": "semantic_tags"
}
} s
"turn_id": "sequential_counter",
"references": ["related_uuids"],
"priority": "0.0-1.0",
"compression": {
"algorithm": "zstd|1lz4",
"ratio": "float"

A5

E. TTS 73 H0

R SCAETEB ORI B TR 73 Beskms S O ik

Iy, SEEHFATALHL. DATR 2R o BOw ] -

EEG

JRFR TR AN AE o 73 BELI 5 AEORFFTE SC— 2k

Rule 1:
Rule 2:
Rule 3:

Natural punctuation boundaries —e.g., periods, commas, semicolons

Discourse markers and conjunctions —e.g., "however", "therefore", "and"

Syntactic boundaries —e.g., subject-predicate splits, subordinate clauses

HAFBOEEAAS 7 3] 15 AN, DUOPS A BT R A TRCR . iXASRLEE BER AR T SRR AT E SR
FER, R T ERCE. Flhn, 47 “The cat sat on the mat, while the dog slept peacefully” 2> %Il

A RPN R BL: “The cat sat on the mat” Fil “while the dog slept peacefully”.
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