Steer Where It Matters: Token-Level Visual-Sensitivity
Eo Steering for LVLMs Hallucination Mitigation a"

D - SAIL Ruipeng Zhang!-3, Zhihao Lit.2.3, C.L. Philip Chen!.2.3, Tong Zhang!.2.3*
BIERS S A\ T E8Ese s 1Guangdong Provincial Key Laboratory of Computational AT Models and Cognitive Intelligence, School of Computer Science & Engineering, South China University of Technology

Data Science and Artificial Intelligence Laboratory ZPazhou Lab, GuangzhOUI Ch|na
2Engineering Research Center of the Ministry of Education on Health Intelligent Perception and Paralleled Digital-Human, Guangzhou, China

ICML

International Conference
On Machine Learning

Motivation Method Partial Experimental Results

I
: !
(a) LLaVA-1 5-7B (b) Qwen2.5-VL-7B-Instruct i : B ook wernitin bt tolr () Steering veciee I Table 1. Main results. TLVS consistently improves hallucination-related metrics across POPE, HallusionBench, CHAIR (COCO), and
0.35 - : | : N(kept)=37,179 - : | : N(kept)=32,367 I Image Prompt _Output token Log p of output token |! | @ ity sursitive cctvation oy Triaring I AMBER on both LLaVA-1.5-7B and Qwen2.5-VL-7B. 1/} indicate that higher/lower is better; bold/underline mark the best/second-best
v . ?I(iir?{-langle(])TBOT:OlS(i} _ i Lultiipn{-lzangleo)ralozizzﬁs 0 A DD v D Mé”‘ | I Gy ettt st oy Sl e : within each backbone; gray highlights TLVS, with + / | showing absolute gains over the vanilla baseline.
c 0. 1 : : > =0, o . H | > =(). o 1 J
- 3 - . % : 1 . = . 9% E> E> i isually insensitive activation
E 0:25 - at%igg; g:ggéo ] ,&55_.%:383 g:g?;o I g DD e |:| : @ Vil e cciet I - POPE HallusionBench CHAIR (COCO) AMBER
b, il imbi i Sk ! . Image Prompt Vi<t MLLMs  Logits | Advt  Popt  Randt  Avgt  gAcct  fAcet  aAcct CHAIRs| CHAIRi| Recallt CHAIR| Covert Hall Cogl FI-Ef Fl-AT FL.Rt Fit
N 0204 I . . . . . . Calculate A, for each token ! s
T il : : { AAAAA A ! -— | LLaVA-1.5-7TB £1.80 84.36 g9.12 #5.09 1319 16.18 45.70 46.0 12.8 789 12.0 50.3 36.4 4.6 832 65.6 62.4 747
£ I : | ! AN = +VCD £1.33 85.06 27.16 84.52 12.75 19.08 46.41 47.8 14.1 827 10.1 51.2 436 43 B4.1 63.6 66.4 T4.8
i BA B el
6 0.15+ i : ] i ETE [ Transformer LC'Y‘-‘"' ! E = I +SPARC 81.03 86.05 89.00 85.36 13.19 17.34 35.25 434 16.8 61.1 14.5 44.6 23.1 24 B85 667 655 719
£ I : ST Token ! = +ASD — — — 87.87 — — — 40.0 113 820 - — - — — — -
2 0.10 4 i : : | P . . .0. . . labeling ' 5 g @ = % = |n'=' I +SHARP 79.00 83.20 85.30 82.50 — — — 34.8 10.6 59.7 8.5 521 392 48 — — — —
= I : I - : — | +VTI 80.43 85.53 25.50 84.82 13.19 15.90 44.11 35.8 11.1 T6.8 4.7 472 27.0 18 B5.8 67.5 683 711
& 0.05 - : : : | o ..... . ; + VISTA 80.98 88.87 89.25 86.37 14.29 19.36 45.82 44.6 13.4 77.0 6.0 39.9 27.1 24 876 613 559 716
| : : : I ~ A Output token : A, « KL(ZzY12]) I +DPO (RLHE-V) 8403 8594 89.12 8636 1670 2081 51.31 432 11.9 76.4 57 497 2713 26 907 726 646 809
a 0.00 - : : I N\ 4 1 H u ‘\ i & I + TLVS (ours) 87.85 toos B9.42 ts0c 92008 12 B0T8 tass 1585 taes 1995 ta 46.50 tom  IN2 L 971 82213 3Blea 518tis 197 Ler 15 (a0 915 1as TR0 5 69.7 175 B2 135
: . I : I N i uman i
: : : : : : ‘ ' : : : 3 : ' ' ' : i o A : |[ | Qwen2.5-VL-7B 8492 8678  89.01 8690 2374 3121 5554 24.0 7.0 86.7 54 5.6 290 19 973 838 726 894
=10.0 -=7.5 =5.0 —Z.5 0.0 2.5 5.0 7.5 10.0 -10.0 =75 =520 ~2.5 0.0 2.5 5.0 7.5 10.0 ] i Image Prompt | efine answe - i ‘ / x A, | +VCD £3.92 85.80 88.41 86.04 31.43 35.26 61.82 29.8 9.7 58.0 6.2 50.3 36.5 2.1 91.6 78.6 68.0 838
| @ —) l 0 r see |:> g c=¢ . +DPO (RLHF-V)  B4.99 86.81 39.72 87.17 34.95 39.60 62.62 134 35 62.7 3a 50.7 21.9 L1 08.5 82.5 65.9 28.3
Al | (img) — | (noima) 0 a @ Divaction ! ad +BC NLL ﬂ | + TLV'S (ours) 8510 o B7.01 fnzs 89.88 torn 8733 fow 3308 t=w 3719 tsos 6323 7 12040 52 Lie B3912s 3FBLis 51200 1671025 1040s 873  B2T 101 TI0fo: 808 tou
ogp = logp(img) — logp(noimg : ectio /‘ i e KL i
J stimation i ' ; ° = |
I \ ® = © i /o\/\ es e |':> % +¥ prox . PVal @ E> g |:> |EI
. . . \ - ! = ; E : _ — _ |
Our motivation comes from three observations. | ; MLLMs Final Logits |
! (1) Token-level extraction of steering vectors (2) Supervised refinement of steering vectors (3) Token-level adaptive steering | LLave 15 78 Gwenz s v 78 Table 2. Ablation on refinement and token-level adaptive steering.
| I 1 / | indicate higher/lower is better; green/red arrows show abso-
O First, visual information only affects a small number of tokens during generation. | Step 1: Token-level extraction of steering vectors. : lute gains over the vanilla baseline within each backbone.
O Second, traditional activation steering averages visual signals across all tokens, : We compare token probabilities with and without the image: I _ PR S—— MBER
. I I - . I s = I ’ Refine Ad: A CHAIR] C Hal Fl1
Wh.ICh weake.ns the important image related information. ] A, = log po(ds | 5,1, Ges) — logpo(is | 5,8,4s). T = ToraUAdNer), s T1+| > HO- 7‘1—| S A0, | fine Adapt.  Avr L Covert Hall FIf
O Third, applying the same steering signal to every token may change many tokens that | T~ = BoTToM, ({|A[ }ie7). veTe veT- | Rl oo 1o s0s w4 9an
. . age R - danilla — — 3 . b . .
do not need adjustment, so a token-level adaptive method is needed. : Tokens with large (| At |) are treated as visually sensitive tokens (T+), while tokens with small (| At |) are | TLVS-nit X x 8683 1i% T4 bis 4544 35940 75.0 10s
i i i i - 1 TLVS-Refine »  B871tisee 411w 445 ss 281 1s3 BO.8 T
: trgatgd as v!guiellly mgensoll’gve t.okens (T-). For each layer, we contrast their normalized hidden states to : T A S8 < Ll b oh el ol el
. . I obtain an initial steering direction: =
Problem discussion | e 1w f " | P e m am om
: d® = T > B - 7 3 wl =PCA1({d§ )}é‘;l), AR ———WE;‘)‘ . I Figure 7. MMHal-Bench performance across question categories ~ TLVS-nit  x  x 8683 .00 5010: 50.8ios 268122 87.6 41
| teT+ teT- [Winic ll2 I (attributes, adversarial objects, comparisons, counting, spatial, %:g'hﬁ"" j > g;.ggwm R
i . : : H . N 33 tos 3.8 512 Jos 16.7 Liza 89.8 tas
Observation 1 : Step 2: Supervised refinement of steering vectors | environmental, holistic, and others).
We design a token-level diagnosis using teacher forcing with and without the image. For We then keep the LVLM frozen and only optimize the steering vectors (W(£)) using correction data: |
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