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Abstract. Hallucination of large vision-language models (LVLMs) is a
persistent challenge towards understanding and reasoning about an im-
age. Prior remedies relied on contrastive decoding that compares mul-
tiple forward passes to improve the grounding. However, LVLMs can
often look at the right image regions, and yet still produce text that is
weakly grounded, which reveals a decoding-time failure mode that re-
mains unaddressed. In this paper, we push this frontier forward through
the new lens of Visual Flow Leakage (VFL), which quantifies the part
of attention budget that is routed to visual tokens without contribut-
ing useful evidence for language completions. Based on this, we propose
Flow Variance Reliability (FVR), a training-free decoder that preserves
the generation efficiency while explicitly targeting VFL. Specifically, this
decoder computes a per-head score from attention weights and projected
value magnitudes to estimate visual value delivery. We then perform a
reliability-guided intervention that mutes low-FVR heads in a layer and
decode with the standard forward pass. Large-scale experiments across
standard hallucination benchmarks show that the proposed method con-
sistently reduces hallucination compared to existing training-free meth-
ods. We also hope our work could give insights to improve hallucination
benchmarking with finer granularity.

Keywords: Large Vision-Language Models - Visual Flow Leakage - Hal-
lucination Mitigation

1 Introduction

"I neither know nor think I know" — (in Plato, Apology 21d)

Large vision-language models (LVLMs) extend the reasoning ability of large
language models (LLMSs) to the visual domain [2,28})36], pushing the state of the
art on diverse perception |45/(52,56], understanding [251/43./48/53//58] and reason-
ing [21}/32,42,|441|45] tasks. Despite these advances, LVLMs frequently produce
hallucinations, referring to general scenarios when the text it generates does not
align with the content of the input image [34,/60]. Hallucination undermines the
LVLM’s reliability in real-world deployments [7.|{14}|15}{41L|50L(59].
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Fig. 1: Attention weights (in orange matrix) are not sufficient to quantify the object
contributions in an image. Such visual evidence can travel through different value paths
(in green matrix) without injecting useful information when producing the logits. For
all four matrices, the x- and y-axes denote token and layer dimensions, respectively.
As shown in the token activation map , this phenomenon may result in a case that
a LVLM ‘sees’ something, but yet is not ‘aware’ of the object and its contribution,
causing a hallucination. We term this interesting phenomenon Visual Flow Leakage.

Recent works address hallucinations in LVLMs without additional training or
multiple queries. A prominent paradigm is contrastive decoding, which compares
outputs under perturbed inputs (e.g., masked or noised images) to suppress
language priors during inference . While effective, such
methods typically require two or more forward passes, amplifying both latency
and memory costs [9[16/27]. More recently, stronger efficiency methods have been
explored , better suited for real-time use. In either training-free paradigm,
the hallucination mitigation hinges on how the perturbation is chosen and where
the contrast is applied. As a result, these methods contrast the distributions
but could not discern whether the attended visual information actually injects
usable evidence, yielding failures where the model “sees” something relevant to
the output, but loses this information somewhere in the process.

As shown in Fig.[l] the failure persists even when attention looks at relevant
image tokens. The issue is not merely routing the probability mass, but how
much usable visual evidence travels from the attention weight (in orange matriz)
to the value (in green matriz) that produces the logits. As a result, there may be
cases that lead to information leakage and hallucination, despite seemingly good
attention deployment . We term this pathology Visual Flow Leakage
(VFL): attention is routed to visual tokens, but the routed value paths provide
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weak or inconsistent evidence to the residual stream. This framing prioritizes
flow over raw weights, and prompts us to formulate our research question: Can
we measure and correct the visual evidence flow, while preventing its leakage and
incorrect language-prior completions?

To push this frontier, we propose Flow Variance Reliability (FVR), a per-head
score that favors heads whose visual value paths are aligned with the attention
weights. Unlike conventional entropy-ratio head selection, this criterion is value-
aware, marking heads whose visual values are dominated by brittle spikes as
having higher risk of visual flow leakage. We subsequently apply a reliability-
guided intervention. Heads with low FVR are muted in a layer, and the decoding
proceeds with lightweight safety. A training-free method is accordingly proposed,
which retains the speed of the fast decoders, while directly addressing VFL.

Notably, our work introduces the novel Visual Flow Leakage mechanism,
which explains why “seen” areas can coexist with weak grounding. The pro-
posed FVR can increase the weights of heads whose visual contributions are
more coherent, but less variance-dominated. In contrast to entropy heuristics or
multi-query contrastive families [10}/11,{20,57], FVR is value-aware and quanti-
fies the attention flows better than raw weights. We argue this design is more
rational, as the attention output depends on not only the weights, but also the
transformed values. Besides, it also aligns with the recent evidence that some
highly attended visual tokens contribute negligibly to classification |1,{24]. This
combination remains training-free with low decoding overhead while directly
targeting VFL.

Large-scale experiments are 62
conducted on three representa-
tive LVLMs, namely, LLaVA-
1.5 135, InstructBLIP [12], and
Qwen-VL |2|, and across multi-
ple hallucination benchmarks, in- QO"ERA
cluding POPE [31], CHAIR [42), o @
and MME-Hallucination [17]. FVR i i
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age) and achieves a lower CHAIRs between the proposed method and existing
of 49.6 versus 49.8. Our work also methods. Y-axis: CHAIR score (lower is bet-
gives insights to improve hallucina- ter; plotted descending); X-axis: Avg. Latency

tion benchmarking by more gran- (s); Bubble size corresponds to GPU memory.
All data are collected on a single RTX A6000

Ada GPU for fair evaluation [49]. Numerical
computation outcomes are reported in Supple-
mentary Material.
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ularities, e.g., finer-grained hallu-
cinations and diversified distribu-
tions.

Our contributions can be sum-
marized as follows.

— We propose Visual Flow Leakage, a novel value-path and flow view of hallu-
cination, which explains why raw attention can “see” without grounding.
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— We propose Flow Variance Reliability (FVR), a simple yet effective reliability
score that measures gain-weighted visual value delivery for reliable head
selection.

— We propose a reliability-guided intervention method to alleviate hallucina-
tions in LVLMSs, outperforming existing training-free methods while main-
taining efficiency.

2 Related Work

2.1 LVLM and Hallucinations

Modern LVLMs [2l{121/28]135] significantly boost the performance of various down-
stream computer vision tasks [4}5,[25]/48,[52}/53,[58]. However, LVLMs still en-
counter hallucination, referring to the cases when the generated text does not
align with the content in the image [34]. Their inherently dominant language
priors can override image evidence under distribution shift, yielding object- and
attribute-level hallucinations [8L{10L|{11}[29].

2.2 Hallucination Mitigation

Prior works address the hallucination problems by instruction-tuning on cu-
rated data, adapting alignment strategies, and via preference optimization |12
161,135,411 /59], but require substantial computing power and curation. Variants
include additional grounding losses [47}/51] or direct preference optimization |40}
55|, which are costly and model-specific. To alleviate the computational cost,
training-free, one-query route methods have drawn increasing attention. One
research line follows the contrastive decoding paradigm, which intervenes at in-
ference level, without weight updates [8}(161/19,20,23//57]. Newer variants contrast
instructions or language priors [14},|15/37./50,/51L[59]. Still, these approaches often
require multiple model passes and increase latency. Recently, a one-layer inter-
vention during decoding has been proposed to address these issues efficiently [49)].
Our work follows this line, but different from existing approaches, proposes a
flow-aware reliability measure that directly scores visual contributions along the
value paths.

2.3 Attention & Information Transport

Attention weights in a Transformer alone are insufficient to quantify contribu-
tions to the target task. Prior analysis formalizes the attention transport across
layers via vector norms along value paths [1], gradient-style signals [6] and head
compositions [38]. Among the many aspects of LLMs and LVLMs, one research
line studies the observation of attention sinks, where some highly attended to-
kens contribute little to the final prediction but link to massive activation in
specific hidden-state dimensions [13}/18,22,[54]. Other related works associate
layer-localization with attention budget misallocation [46]. The proposed visual
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flow leakage (VFL) concept is fundamentally different from an attention sink. It
is defined by mismatches between the attention route probability mass and the
corresponding value-to-logit flow, which is dimension-agnostic and value-aware.
VFL can pinpoint to cases with discrepancies in attention and logit contribu-
tions.

3 Preliminaries: Visual Flow Leakage

3.1 Notation & Definition

To reduce hallucinations in LVLMs, we focus on the case where the attention
deployment is reasonable but information does not reach next-token logits. This
failure mode arises because—even under high attention weights—the routed sig-
nal traverses heterogeneous value paths, and only a fraction of that routed mass
converts into an effective update at the output. To quantify this Visual Flow
Leakage (VFL) phenomenon, we adopt a mechanistic lens coupled with a com-
putable reliability indicator.

Let 7, 7, h and ¢ denote the indices of the text position, visual position,
head and layer of a IVLM (e.g., LLaVA-1.5 [35]). Let V(" ¢ RT*% and
wQ (0 h) € R%*do denote the pre-projection values and per-head value-to-output
projection, where T is the context length and dy/d,/d, is the key/value/output
head dimension. Also let q((Z M e Rde and KM € RT*dk form the attention

logits. Define ’U(Z M— V(Z h)W([ n) €R9. The attention weight w(i " eRT is

(1)

(&,h) (£, h)T
(¢,h) q; K
wi,, ),

= Softmax( T

and the head output is oz(é M= =2, w(éjh) ](g M e Rdo,

We say Visual Flow Leakage (VFL) occurs at (¢, h,i) when the routed atten-
tion mass does not translate into an effective value update in the stream. Two
ingredients govern this translation:

— the routing weights w(e h) , which decide where the probability mass flows;

— the path gain G(L] A || (e h)Hg, which decides how much visual information
actually propagates into the stream.

3.2 Norm-aware Reliability Indicator

Our objective is to quantify VFL within the forward pass. The value in vj(e’h) can

be composed as vj(e h) — G(-e’h) A(-Z’h) where G(-z’ ||U(e h)” and ||@(£’h)|| =1

Then, the computation of y(e ") is re-formulated as a(é h) =D, w; (Z h) G (£:R) f )

We measure the visual flow reliability by an indicator Ni( ’ ), which aggre-
gates gain-weighted routing mass as a norm, defined as

N — \/Z (P GLUMY?, @)
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Fig. 3: Overview of the proposed Flow Variance Reliability (FVR) framework. Based
on the FVR score (in Sec. that models the visual flow leakage, it consists of two key
components, namely, Flow Variance Selection (FVS, in Sec. and Flow-Reliability
Decoding (FRD, in Sec., enabling training-free and computationally efficient LVLM
hallucination mitigation.
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where a high N, i(e’h) indicates a strong and high-energy routed signal for that head

at position i. In contrast, a low Ni(g’h) indicates a weak and uncertain routed
value, flagging instability and susceptibility condition for VFL. This indicator N
will serve as our value-aware surrogate to identify VFL-prone heads and guide
decoding in later sections.

4 Method

4.1 Flow Variance Reliability

Existing training-free hallucination mitigation methods can contrast the original
distribution and the perturbed distribution well, which already allows a LVLM
to focus on the key visual evidence (e.g., object, landmark). However, how much
trustworthy visual evidence reaches the stream when decoding remains to be
an open question. Our observation of visual flow leakage (VFL) also raises this
issue. The Norm-aware Reliability Indicator N (in Sec. provides a feasible
path to quantify the reliability of the attention in the transformer layers, but
how to standardize it to select the reliable heads remains to be handled.

Based on the above discussion, the head selection in the proposed method
relies on the Norm-aware Reliability Indicator N (Eq. . We say a head is
reliable / unreliable when exhibiting high / low N value. We therefore define

Flow Variance Reliability (FVR) sg\’/}g, a per-head reliability score, given by

0,h 0,h
S%VR), = ]E’iezt [N( ):| ) (3)

K3

where Z; = {t} denotes the current decoding position in our default setting.
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A higher S(FZ\’,};% indicates robust value delivery while a lower sg\’,h}){ indicates

higher leakage risk. We therefore consider keeping the heads with higher sg\’,hf){

while muting the heads with lower sg\’,}g to reduce hallucinations. Fig. Visualizes
the FVR score distributions, while Fig. [j] reports the corresponding N-value

statistics and intervention effect.

4.2 Flow Variance Selection

Recent works have made significant progress on the selection of attention heads
to address hallucination problems. Based on the distribution distortion, it be-
comes possible to select the heads . While efficient, how much trustworthy
visual evidence reaches the stream when decoding remains unaddressed. There-
fore, our work aims to maintain the efficiency while further selecting the attention
heads that substantially contribute to the subsequent stream and the decoding.

Let H C {1,..., H} denote the head index within a single layer (. We use

sg{,}g to identify and mute the bottom-K % heads with the weakest value-path
delivery. In other words, these heads are divided into two groups. The first group,
Glrisky, comprises the heads from the lowest K% FVR score distribution. The
second group, G reliabie, comprises the heads from the highest (1-K)% FVR score
distribution. By default we set K to be 20. This selection forms a masking matrix

GO , defined as

GO = diag(m V1, ..., mD1,) € {0, 1} 743, (4)
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where I; denotes the identity matrix, and the per-head mask m,(f) is defined as

(5)

) 1, h € Gretiables
my’ =
07 he Grisky'
Let H{ be the layer input and let a&h) denote the output of head h before
masking. The FVR-edited output is

Al = [a®,....atMaOwo, (6)

where low-FVR heads are masked before the edited representation is propagated
through the remaining layers. Here, [+, ] denotes the concatenation operation. We
observe that after muting and channel concatenation, the embedding remains
dense, and the muting does not add many zeros. Besides, there is a residual
connection in the Transformer layer followed by a layer norm and MLP. This
compensation prevents the feature to collapse into zeros and reduces the redun-
dancy in attention heads, ensuring numerical stability in practice (also see [39]
for additional justification).

4.3 Flow-Reliability Decoding

Even when an LVLM looks at the right visual tokens, the routed attention mass
may fail to materialize as aligned value contributions in the stream, creating
Visual Flow Leakage (VFL). Our key idea is to make decoding flow-aware: we
modulate the contribution of the edited logits by a reliability signal derived from
FVR. We use the Hellinger discrepancy [3,33] as a bounded and stable measure
of disagreement between the base and edited token distributions, allowing FRD
to back off when the edit is unreliable.

At the ¢-th decoding step, let S denote the vocabulary, and let fg, fo € RIS!
denote the base and FVR-edited logits, respectively (Sec. . The correspond-
ing distributions can be computed as p; = Softmax(fy) and p; = Softmax(fy),
respectively. Then, we devise a scaled Hellinger discrepancy to compare next-
token probability distributions on FVR, given by

Ap(t) = 2(1- Z V) e(y) |, (7)

yeS

and we define Ay to normalize the gap to [0,1] so it can act as a soft confidence
estimator, computed as Ay (t) = 3 Ag(t). Then, let {sg{,}g | be per-head
reliability on the chosen layer (. We compress them into a single reliability scalar,
given by
S(&N)

- _ °FVR
Tt = H (Z,h) € (05 1)7 (8)

2 h—15pvR T €
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where ¢ is a numerical stability hyper-parameter and by default set to be 10712,
A higher r; indicates a more reliable flow that has lower risk of visual flow
leakage, and vice versa.

Finally, to devise a threshold-free blending, we form a convex weight that
increases with reliability and decreases with discrepancy, given by

wy = Clip(rt (1 - Ag(t)), 0, 1)7
el = (1—wi) fo + wy fo,
where clip(r; (1—Ag(t)), 0, 1) = min{max{r, (1—Ax(t)),0},1} clamps to [0,1],

and y; ~ Softmax( ftﬁ“al). In this implementation, the edits are trusted when
visual flow is reliable and consistent with the base (r; high, Ay low).

(9)

4.4 Training-Free Design & Framework Overview

Fig. |3| gives an overview of the proposed framework. Given a frozen LVLM,

we insert a single reliability-guided edit at layer /: compute Sg{,}g on-the-fly,

mute low-reliability heads via Eq. [} and propagate the edited multi-head out-
put through the unchanged stack to obtain fg (Eq. @) FVR favors heads with
stronger gain-weighted value delivery, directly targeting Visual Flow Leakage.
The blend in Eq. [J] then dynamically trusts the edited logits only when the
measured flow is reliable and distributionally consistent, yielding training-free
hallucination mitigation with computational efficiency. Specifically, it requires

only quantities in an attention layer, namely per-head value norms Gg.é’h), unit

directions @](-Z’h), and attention weights wi?h).

5 Experiments

5.1 Datasets & Baselines

Datasets. POPE |[31] is a yes/no question benchmark to quantify object-level
hallucinations. It consists of 27,000 query-answer pairs, and involves three sam-
pling strategies, namely, random, popular, and adversarial. CHAIR [42] is an
open-ended image captioning benchmark. It comprises 500 MS COCO validation
images, focusing on object hallucination rates in generated captions. MME-
Hallucination |17] is a comprehensive suite with four subsets evaluating object
existence, object count, position, and color hallucinations.

Baselines. We compare the proposed FVR (denoted as Ours) with the state-
of-the-art training-free hallucination mitigation methods, including VCD [27],
M3ID [16], Woodpecker [57], HALC [10], DoLa [11], OPERA [19], ONLY [49],
INTER |14], ICT [8], and fuzzycd [23]. Unless otherwise specified, the compared
results are taken from [49]. For fair evaluation, we follow the default configuration
and impose the proposed FVR on the first layer [49] unless otherwise specified.
Besides, the responses are generated using stochastic sampling unless otherwise
specified. INTER [14], fuzzycd [23] and ICT |[8] are re-implemented by us with



10 Q. Bi et al.

Table 1: Results on the POPE [31] benchmark (object presence queries). Evaluation
metrics are Accuracy and Fl-score. Higher (1) is better. Top three results are high-

lighted as best , second and third , respectively.

MS-COCO A-OKVQA GQA

LLaVA-1.5 [InstructBLIP| Qwen-VL | LLaVA-1.5 |InstructBLIP| Qwen-VL | LLaVA-1.5 [InstructBLIP| Qwen-VL

Ac F1 | Acc F1 Acc  F1 | Acc  F1 | Acc F1 Acc F1 [ Acc F1 | Acc F1 Acc  F1

Regular 83.13 83.44|83.07 83.08 [85.23 83.09 [81.90 83.53|80.63 81.92 |86.40 85.07|82.23 84.03|79.67 80.99 |85.10 83.87
VCD [27] 87.00 87.15|86.23 85.88 87.03 85.45|83.83 85.34|84.20 85.00 | 87.93 86.96 | 83.23 85.05|82.83 83.56 | 87.00 86.16
Random  |M3ID |16} 87.50 87.52|86.67 86.41 ‘86.40 84.50 84.67 85.97(85.43 86.23 |87.50 86.32|84.20 85.77 83.07 83.87 |87.07 86.16
ONLY 49| 89.70 89.10|89.23 88.89 88.90 87.85 86.07 87.14|88.57 88.94|89.47 89.22|86.70 87.83 86.17 86.63 | 88.03 87.80
Ours (FVR)|89.87 89.90|87.10 87.24 89.33 88.57 85.77 86.99 |85.50 86.10 |89.90 89.70|86.10 87.47 86.23 87.00 |88.87 89.18
Regular 81.17 82.08[77.00 78.44 [84.53 82.58[75.07 78.77|75.17 77.91 |85.77 84.49|73.47 77.84]73.33 76.26 |80.87 80.33
VCD [27] 83.10 83.94|80.07 80.89 |85.87 84.27|76.63 80.19|78.63 80.72 | 87.33 86.34|72.37 77.58 76.13 78.68 |82.53 82.27
Popular MB3ID |16} 84.30 84.95|80.97 81.85 86.07 84.30 77.80 80.91|78.80 81.00 |87.37 86.15|73.87 78.49‘75.17 78.04 | 82.68 82.27
ONLY 49| 86.00 86.31|83.27 83.73 87.47 86.81 79.00 81.80|80.83 82.75 |89.47 89.30|74.03 78.71 77.20 79.72 | 82.87 83.21
Ours (FVR)|85.17 85.57 |83.67 84.34 87.33 86.71 79.10 82.05|81.03 83.15 |89.23 89.12 |74.17 79.06 78.27 81.17 |84.07 84.43
Regular 77.43 79.26[74.60 76.45 [83.37 81.57[67.23 73.70|69.87 74.54 [80.37 79.68|68.60 74.84[68.60 73.10 [78.77 78.56
VCD [27] TT.A7 79.47|77.20 78.49 83.73 82.38 |67.40 74.21|71.00 75.45 |81.90 81.57 [68.83 75.43|71.00 75.14 |81.17 81.07
Adversarial [ M3ID |16} 78.23 80.22|77.47 79.14 ‘83.37 81.62 68.60 75.11|70.10 75.16 |81.90 81.26|68.67 75.28 71.17 75.36 |81.90 81.57
ONLY 49| 79.40 81.07|80.10 81.22 83.80 83.46 68.70 75.70|72.47 76.94 |82.07 83.01|69.23 75.70 71.93 75.84 |81.33 81.94
Ours (FVR)|82.87 83.95|81.07 82.64 83.70 83.51 69.70 76.27|72.57 77.24 |83.27 83.24|69.33 75.90 72.03 76.90 |82.47 83.12

the official source code following this configuration, which we mark with { in
the tables. Following [49], we assess our method on three open-source LVLMs,
namely, LLaVA-1.5 |35, InstructBLIP [12], and Qwen-VL [2].

For all LVLM backbones, we adopt their default input prompting formats
and parameters to ensure consistency with prior work. Following [27./49], we also
incorporate adaptive plausibility constraints [29] during decoding with g = 0.1
across all tasks to further discourage implausible generations. Following [49], the
intervention layer { defaults to the first cross-attention layer. All the experiments
were conducted on a single NVIDIA RTX A6000 GPU.

5.2 Comparison with State-of-the-Art

Results on POPE. Following [49|, we evaluate each method under three set-
tings derived from POPE, namely, querying random MS COCO images, querying
popular MS COCO images, and an adversarial setting where questions are de-
signed to induce mistakes. An extended evaluation that combines A-OKVQA and
GQA samples is also evaluated following [31]. Table [1| reports the results. The
proposed FVR consistently achieves the highest accuracy and F1 score across
most setups and backbone models. For instance, on the A-OKVQA (Adversarial)
subset with Qwen-VL, our method attains an accuracy of 83.27%, outperform-
ing the second-best method by 1.20%. Even under the challenging Adversarial
scenario with LLaVa-1.5 and InstructBLIP, FVR maintains a similar accuracy
improvement over ONLY [49], indicating its effectiveness.

Results on CHAIR. Following its protocol, two metrics are used to evaluate
each method on 500 images from MS COCO, namely, CHAIRs (object halluci-
nation frequency per sentence) and CHAIR; (object hallucination per ground-
truth object, measuring how often an image leads to hallucinated objects). Lower
values indicate fewer hallucinations. Both the generation length settings of 64
tokens and 128 tokens are evaluated. The results in Table [2| show that, the pro-
posed method yields the lowest hallucination rates across all three LVLM back-
bones. For example, with Qwen-VL and a 64-token maximum, FVR achieves
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Table 2: Object hallucination rates on CHAIR [42]. We report CHAIRs and CHAIR;
(lower is better) for captions truncated at 64 tokens and 128 tokens. Our method
consistently yields the lowest hallucination frequency across models and generation
lengths.

Method LLaVA-1.5 |35] InstructBLIP |12] Qwen-VL |2]

Max Token 64 Max Token 128 Max Token 64 Max Token 128 Max Token 64 Max Token 128

CHAIRs| CHAIR;||CHAIRs| CHAIR;||CHAIRs| CHAIR;||CHAIRs| CHAIR;||CHAIRs| CHAIR;||CHAIRs| CHAIR ]

Regular 26.2 9.4 55.0 16.3 31.2 11.1 57.0 17.6 33.6 12.9 52.0 16.5
VCD |27, 24.4 7.9 54.4 16.6 30.0 10.1 60.4 17.8 33.0 12.8 50.2 16.8
MB3ID |16] 214 6.3 56.6 15.7 30.8 10.4 62.2 18.1 32.2 11.5 49.5 17.2
Woodpecker |57] 24.9 7.5 57.6 16.7 31.2 10.8 60.8 17.6 31.1 12.3 51.8 16.3
HALC [10] 21.7 7.1 51.0 14.8 24.5 8.0 53.8 15.7 28.2 9.1 49.6 15.4
ONLY 49| 20.0 6.2 49.8 14.3 23.5 8.2 52.2 15.5 27.3 8.4 48.0 14.3
fuzzyed |23|t 20.8 6.5 50.4 14.7 19.8 7.9 51.3 15.2 19.4 8.2 27.6 13.2
INTER |14] 19.0 6.3 51.01 15.2¢ 18.4 7.9 | 574 16.9¢ 25.7¢ 11.0f 20.7¢ 11.5¢
Ours (FVR) 19.6 6.2 49.6 14.1 16.8 7.2 48.0 14.1 15.0 7.0 20.2 9.1

Table 3: Results on MME-Hallucination |17] using LLaVA-1.5. Higher scores are better
for each test. Our method achieves the highest scores on all sub-categories (object
existence, counting, and attribute-based evaluations), yielding the best overall score.

Method Existence Count Position Color | Total
Regular 173.75 121.67 117.92 149.17|562.50
DoLa |11] 176.67 113.33 90.55 141.67 | 522.22
OPERA |19| 183.33 137.22 122.78 155.00 | 598.33
VCD |27 186.67 125.56 128.89 139.45 | 580.56
M3ID [16] 186.67 128.33 131.67 151.67 | 598.11
Woodpecker |57|| 187.50 125.00 126.66 149.17|588.33
HALC |10 183.33 133.33 107.92 155.00 | 579.58
ONLY |49 191.67 145.55 136.66 161.66 | 635.55
fuzzycd |23| 195  163.33 123.33 160 |641.66
INTER [14] { 184.32 126.19 131.83 150.26 | 592.6
ICT |8] 1 188.74 130.07 129.86 151.45|600.12
Ours (FVR) 196.26 142.71 139.39 167.39|645.75

CHAIRg = 15.0 and CHAIR; = 7.0, substantially lower than the second-best
with 4.4 and 1.2, respectively. Consistent improvements are observed on Instruct-
BLIP and LLaVA-1.5. These outcomes indicate that the proposed method helps
the model refrain from introducing nonexistent objects in its descriptions.
Results on MME-Hallucination. Following its evaluation protocol, all the
experiments use LLaVA-1.5 as the backbone. Table [3] reports the scores for ob-
ject existence, object count, attribute position, and attribute color hallucina-
tion tests, respectively. Higher scores indicate better performance. The proposed
method yields a total MME score of 645.75, surpassing the second-best by 4.09
points. In particular, on the Color subset, it scores 167.39, which is 5.73 points
higher than the second-best. Similarly, on the Position subset, FVR reaches
139.39, 2.73 points higher than the second-best.

5.3 Ablation Studies

All the experiments are conducted on both POPE and CHAIR benchmarks.
Specifically, the experiments on POPE use all 9,000 samples from MS-COCO.

Effect of Individual Components. The proposed method comprises two main
components, namely, the FVR metric that guides the model’s attention to ver-
ified image evidence; and the Flow-Reliability Decoding that adjusts or filters
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Table 4: Ablation of each component Taple 5: Comparison of different inter-

on POPE and CHAIR. w/o FVR: with-  yention strategies on POPE and CHAIR.
out Flow Variance Reliability, w/o FRD:

without Flow-Reliability Decoding. TR o - e
- o e ety | D s s mu—
FVR me‘i“t POPE Acc. T}P?T:f Rec.  T1 CHAIR?J‘. CHAIR; [ D:ubx::ljlf}(,% 8;1:3; 32_3; 87.55 84:96‘ 216 68
Wortn | S WIS nm TR seweenEE) owm oamsas] s
Baseline 80.42 78.20 8459 81.27| 26.2 9.4 FVR (Ours) B5Y07A8 3* 5518 9 5516 653 DINNL9%C] 6:2

the model’s output based on the grounded information. Table [ breaks down the
impact of each component. As expected, the full model performs best, indicat-
ing fewest hallucinations. Ablating the FVR guided head selection (“w/o FVR”)
leads to a drop in POPE accuracy (down to 84.08%) and a higher hallucina-
tion rate (CHAIR rises to 23.5). Ablating the Flow-Reliability Decoding (“w/o
FRD”), POPE accuracy falls to 83.86% and CHAIRg increases to 24.0. In this
case, lacking the final check allows some hallucinated phrases to slip through.
These results validate that both components of FVR are necessary.

Effect of Alternative Strategies. Table[5]summarizes some comparisons. Set-
ting all visual attention aXi to zero or adding noise to visual features yields only
moderate gains in POPE accuracy and modest reductions in CHAIR g. Doubling
the textual attention azi had a similarly limited effect. Selecting attention heads
based on the ratio of text-to-visual attention also underperforms, leading to a
1.77% drop in POPE accuracy and a 3.5 higher CHAIR,g. These results further
show the superiority of the proposed method, which enhances the influence of
visual information while diminishing unsupported signals.

Impact of Ratio K. The pro- %

posed Flow Variance Selection com- 86 ot i A A A A
ponent selects the top K% heads "]

o 84
measured by FVR that may con- & _|
tribute to the flow leakage of the * ]
visual information. Table [f] studies 1 {7 -
how K impacts the overall perfor- = ———=—— = o r 5% s
mance on both POPE and CHAIR. Layer Index

—e— Ours (by layer) ---- VCD(FI=8338)  —'— Ours (mean, F1=85.50)

We Observe that a K Value Of 20% ONI,Yi};»ylyaycr) ===+ M3ID (F1=84.05) ONLY (mean, F1=84.86)
achieves the optimal performance. A 7 Regular (FI781.27)

too small K may result in insuf- Fig.6: FVR outperforms all the compared
ficient discrimination between the methods when integrated into each of the 32
flow paths that contribute or do not transformer layers of LLaVA-1.5, indicating

contribute to the visual information its effectiveness and stability. Results of Reg-
leakage. In contrast, a too large K ular, VCD and M3ID are cited from [49].

may mask out some paths that con- The per-layer outcome (.)f ONLY [49] is re-
tribute to the final logit prediction implemented by the official code.

and therefore degrade the performance.

Effect of Distance Metric. In the decoding stage, the proposed method uses
the scaled Hellinger discrepancy basing on a scaled Hellinger gap. To validate if
it is the optimal, we compare with four simpler discrepancy metrics, namely, I-1,
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Table 6: Impact of the K value on POPE Table 7: Effect of the distance metric on

and CHAIR results. POPE and CHAIR results.
K% [POPE Acc. T Prec. T Rec. T F1 1 [CHAIRs | CHAIR; | Metric POPE Acc. T Prec. T Rec. T F1 T [CHAIRg | CHAIR; |
W mmGmowml meo et L | bnommosauwone o
mooth - 5. . . X .
20% 85.97 83.55/189.58(86.39 19:6 62 1-2 85.62 83.18 88.93 85.92 20.4 6.5
30% 85.92 83.45 89.40 86.32)  19.9 6.4 K-L 85.79 8336 89.12 86.12| 20.1 6.4
40%|  85.55 83.10 88.90 85.93|  20.1 6.5 Hellinger (Ours)|  85.97  83.55 89.58 86.39| 19.6 6.2

Text Query:
Whai-n—the_left_p_art of the fridge?

~

N
Baseline Answer: ~~ _

Two types of fruit in the Iepra\rt of the
fridge strawberries and blueberties.

Ours Answer:

In the left part of the fridge, there is a
plastic box of strawberries.

Input & Output Text

Text Query:
Is the lamp on the left side of theofaX.
S~

. \
Baseline Answer: \

\
No, the lamp is on the right side of the \‘
sofa.
Ours Answer:

Yes, the lamp is on the right side of the
blue sofa.

Input Image Input & Output Text Attention Map
Fig. 7: Qualitative examples from LLaVA-Bench. We compare answers produced by
regular decoding (baseline) and our FVR method using LLaVA-1.5. We also show token
attention maps of the key words in query. Hallucinated content is marked in teal,
while accurate content is in magenta. In these examples, visual flow leakage to irrelevant
regions leads the baseline to “misread” the object’s spatial relations. In contrast, our
method focuses on the query-relevant key objects, yielding accurate comprehension.

smooth [-1, [-2 and K-L divergence. Table [7] shows that the proposed scaled
Hellinger discrepancy clearly outperforms the rest four alternatives on both
benchmarks, indicating its effectiveness for stable flow-reliability decoding.

Robustness to Integration Layer. We further examine the robustness of
the proposed FVR when embedded into different layers in the LLaVA-1.5 base
model. The experiments are conducted on the full 9,000 samples of POPE
MS COCO. Asin the per-layer numerical performance is not reported, we re-
implement the experiments based on the official code. The results in Fig. [6] show
that the proposed method outperforms all the compared methods on each of the
32 transformer layers, indicating its superiority, robustness and stability.



14 Q. Bi et al.
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Fig. 8: Statistics of true/false positives and negatives.

5.4 Further Analysis

Case Study. We present a qualitative example from LLaVA-Bench to illustrate
how FVR mitigates hallucination. For the same image and question, Fig. [7]shows
the response generated by the baseline LLaVA-1.5 model (using regular greedy
decoding) and the response generated by our method. While the baseline’s an-
swer includes a hallucinated object, our method’s answer remains faithful to the
visual content. The visualization of the token activation map also confirms
the observation. Compared with the baseline, the proposed method can more
precisely activate the key objects that are grounded in the text query. While the
cases in Fig. [3|show that FVR steers the model to be faithful to the object count,
this example shows that FVR steers the model to describe only what it truly
“sees” on object existence and spatial position. These examples overall demon-
strate its effectiveness to eliminate the hallucinated content that the baseline
would otherwise produce.

Model Behavior & Limitation. The proposed method reduces the halluci-
nation by muting some heads with low FVR, which allows the model to focus
more on positive samples that have high FVR. However, this approach can be
confused on some negative samples that have higher FVR, therefore introducing
more false positives. This pattern is clearly revealed in Fig. [§] where MS-COCO
Random setting is conducted using Qwen-VL as the base model. The proposed
method selects the most amount of true positive samples but also introduces
some false positives. Both reduction in false negatives and increase in true pos-
itives are stronger effects, leading to a good overall hallucination alleviation.
We note that this problem can be more intriguing if the positive and negative
samples hold different distributions. The proposed FVR paves a way to measure
the visual flow leakage, which may play an important role in analyzing the addi-
tive vs. subtractive hallucinations and inspiring hallucination benchmarks with
higher granularity.

6 Conclusion

We revisited LVLM hallucination through Visual Flow Leakage (VFL), where
attended visual tokens provide weak value-path delivery during decoding. We
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proposed Flow Variance Reliability (FVR), a per-head score that measures gain-
weighted visual value delivery and guides reliability-aware head intervention. The
proposed method preserves the simplicity of training-free decoding while directly
targeting the mechanism that fosters hallucination. The approach consistently
improves grounding across standard LVLMs and benchmarks with negligible
overhead. Beyond alleviating hallucinations, this work encourages future LVLM
research to focus on measuring the quality of visual value paths, rather than
only looking at where attention points.
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