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Please describe this image in detail

“_lfhe image depicts a cozy, vintage-style room
with a mix of traditional and rustic elements.
The room features a sloped ceiling with a
striped pattern in shades o
wkhite, and red. The walls are also
with sirnilar striped wallpaper.
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Figure 1: Attention vs. Saliency Maps for Correct and Hallucinated Tokens (Qwen2-VL-7B).
Left (correct token wallpaper): Attention maps show no distinctive pattern, while our LVLMs-
Saliency maps reveal strong, structured grounding to prior outputs. Right (hallucinated token blue):

Attention maps remain visually similar, but saliency maps collapse, signaling loss of contextual
dependency.
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Pattern: Hallucinations occur when prior output tokens shows low saliency to the next token.
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Figure 2: Output Token Saliency Patterns in Qwen2-VL-7B. When generating a correct token
(e.g., wallpaper), the current token assigns high saliency to recent output tokens, typically decaying
with distance. In contrast, when generating a hallucinated token (e.g., blue), saliency toward all prior
outputs collapses — signaling contextual disconnection.
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Algorithm 1 SGRS

Require: M, x, K, R,a, W, L, 5=35,1=576, H
Ensure: xp: accepted token at position P

|
2

2
4:
3

6:

11:
12
13:
14
15;
16:

17
18:

logits +— M (Xinpu, KV)[:, —1, ]
C + TopK(softmax(logits), K'), accepted <
False
forr =1to Rdo

c ~ Sample(C)

S(c) + SALIENCY(M, ¢, Luarger, P, S, I) b
Eq. (1)

Jp +— {j| S+ I <j < P} Output token
positions

Hep —{jeTp|(P-1)~-j<W} »
Recent W outputs

T O e Yo H] >Eq. (2)

if S(c) > 7 then

xp + ¢, H.append(S(c)), accepted

True, break

else

C+C\{c}

end if
end for
if not accepted then

Tp + arg MaXceorgnaic O(c) > Fallback:
best saliency
end if
return zp
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I LOCAL COHERENCE REINFORCEMENT (LOCORE)

Algorithm 2 LOCORE
Require:
1: APHD e RExepx{(PFUX(PHL).  gdention

2;

3:

weights for step P 4+ 1

S = 35,1 = 576: system and image token
lengths

ws: local window size, 5 > 0: gain strength

Ensure: AP+1): modified attention weights for step

4:

16:
| 4
18:

o0 1 O\ Lh

ol

P < current position
position
t«—P—(S+1)

if £ < 0 then return A(Z+1

end if > No output yet
Jp < {j| S+ 1 <j< P} Historical output
positions

> Last generated token

. if Jp = @ then return A (X1
10:
11
12
L3
14;
15:

end if
forall j € Jp do
d; < P — 7 » Distance to current position

vi < 14+ 6-1(d; < ws) > Eq. (3)
forallb € [B],h € [n] do
AP P+ 1,7] -
AP B, P+ 1,4] - >Eq. (4)
end for
end for

return A (F+1)
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| Experiments——HALLUCINATION BENCHMARKS ParN.C

Table 1: Compare results of LocoRE with other SOTA methods on POPE, CHAIR and MME
datasets. The best performances within each setting are bolded, baseline: LLaVA-1.5-7B.

POPE CHAIR MME
F1t Accl | Cs] C;|l Recallt length | Exist.f Countf Pos. Color{ Totalt

Beam Search - 854 84.0 | 51.0 15.2 752 102.2 | 175.67 124.67 114.00 151.00 565.34
Dola Chuang et al. (2023) ICLR 2024 .2 831 | 57.0 152 78.2 97.5 180.10  127.40 119.30 154.60 594.10

Method Venue

VCD Leng et al. (2024) CVPR 2024 853 850 | 51.0 149 712 101.9 184.66  137.33 128.67 153.00 603.66
OPERA Huang et al. (2024) CVPR 2024 842 852 | 470 14.6 78.5 95.3 180.67 133.33  111.67 123.33  549.00
DOPRA Wei & Zhang (2024) MM 2024 846 843 | 463 13.8 78.2 96.1 185.67 138.33  120.67 133.00 577.67
HALC Chen et al. (2024c¢) ICML 2024 839 840 | 502 124 78.4 97.2 190.00  143.30 128.30 160.00 621.60
CCA-LLaVA Xing et al. (2024)  NeurIPS 2024 || 86.4 86.5 | 43.0 11.5 80.4 96.6 190.00  148.33  128.33 153.00 641.66
RITUAL Woo et al. (2024) Arxiv 2024 852 843 | 452 132 78.3 99.2 187.50  139.58 125.00 164.17 616.25
EAH Zhang et al. (2024a) EMNLP 2025 857 860 | 364 99 74.9 97.7 190.00 108.33 145.00 160.66 603.99
SID Huo et al. (2025) ICLR 2025 86 838 |42 122 73.0 99.4 183.90 13220 127.80 15590 599.80
TAME Tang et al. (2025a) ICLR 2025 B4 857 (413 122 74.4 98.8 193.00 137.33 139.00 164.67 634.00
Vissink Kang et al. (2025) ICLR 2025 86.0 86.5 | 524 145 2.1 103.0 190.00  148.33  138.33 155.00 631.33
CausalLLM Zhou et al. (2025) ICLR 2025 86.0 86.5 - - - - 195.00 156.00 135.00 170.00 656.00
AGLA An et al. (2024) CVPR 2025 846 855 | 43.0 14.1 78.9 08.8 195.00 153.89 12944 161.67 640.00
FarsightTang et al. (2025b) CVPR 2025 - - 41.6 13.2 733 100.6 - - - - -
MemVR Zou et al. (2024) ICML 2025 871 874 | 46.6 13.0 80.8 99.6 190.00  155.00 133.33 170.60 648.30
ONLY Wan et al. (2025) KEN 2025 855 851 | 498 143 75.9 99.7 191.67 145.55 136.66 161.66  635.55
Reverse-VLM Wau et al. (2025b)  NeurIPS 2025 353 93 132 704

LocoRE - 86.9 873 | 38.4 II-.2 75.4 98.2 190.00 15833 133.33 175.00 656.66
SGRS + LocoRE - 870 875 | 356 82 75.4 08.2 195.00 158.33 140.00 175.00 668.33
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| Experiments——GENERATION BENCHMARK ParN.C

Table 2: Comparison of different LVLMs and LocoRE across all image benchmarks. Notably, in
the Hallucination Benchmark, lower scores on CHAIR; and CHAIR g indicate better performance,
while higher scores are preferable for other metrics.

eikod Comprehensive Benchmark General VQA Hallucination Benchmark

LLaVA"Y MM-Vett VizWizt SQAT | CHAIRs | CHAIR; | POPE-RT POPE-F11t POPE-AtT
LLaVA-1.5-7B 72.5 30.5 48.5 65.5 48.0 13.9 87.0 85.4 84.0
+ICD 69.7 30.4 46.9 62.8 47.7 13.6 87.9 84.9 84.0
+VCD 70.9 29.5 434 63.3 46.8 13.2 87.0 85.3 85.0
+OPERA 72.0 31.4 50.0 64.9 45.2 12.7 88.8 84.2 85.2
+SID 734 31.2 50.9 67.8 442 14.0 89.4 85.6 85.8
+TAME 739 30.5 51.6 66.0 413 12.2 88.9 85.4 85.7
+Vissink 74.1 33.5 538 67.0 524 14.5 87.7 84.9 85.8
+FarSight 74.7 325 50.8 67.4 41.6 13.2 90.5 85.5 85.8
+LocoRE 74.8 (+2.3) 33.8(+3.3) |54.8(+6.3) 67.5(+2.0)| 384 (+9.6) 10.2 (+3.7) 89.5(+2.5) 86.9(+1.5) 87.3(+3.3)
+SGRS+LocoRE | 76.7 (+4.2)  36.0 (+5.5) | 54.9 (+6.4) 67.8 (+2.3) |35.6 (+12.4) 8.2(+5.7) 89.8 (+2.8) 87.0(+1.6) 87.5(4+3.5)
LLaVA-1.5-13B 72.5 36.1 60.5 71.6 47.2 13.6 82.5 86.6 87.2
+ LocoRE 74.0 (+1.5) 384 (+2.3) |62.1(+1.6) 72.5(+0.9)| 43.8 (+3.4) 12.8 (+0.8) 87.8 (+5.3) 87.7(+1.1) 87.4(+0.2)
SGRS + LocoRE | 76.8 (+4.3) 42.0(+5.9) |64.0(+3.5) 755(+34)| 39.8(+74) 8.8(+4.8) 88.0(+55) 88.1(+1.5) 87.6(+0.4)
Intern-VL-7B 51.6 31.2 517 66.2 46.6 12.4 80.0 85.3 86.2
+ LocoRE 528 (+1.2) 33.7(+2.5) |54.5(+2.8) 66.4(+0.2)| 40.2 (+6.4) 10.5 (+1.9) 85.8 (+5.8) 87.2 (+1.9) 87.3 (+1.1)
SGRS + LocoRE | 55.5 (+3.9) 35.0(+5.0) | 56.2(+4.5) 67.9 (+1.7) |34.4(+12.2) 7.5(+3.9) 86.0(+6.0) 87.6 (+2.3) 87.7(+1.5)
Intern-VL-13B 532 357 474 70.1 454 12.7 82.8 86.4 86.9
+ LocoRE 54.1(+09) 354 (+1.7) |50.1(+2.7) 704 (+0.3)| 43.6 (+1.8) 12.5(+0.2) 86.3 (+3.5) 87.2(+0.8) 87.3(+04)
SGRS + LocoRE | 56.8 (+3.6)  37.3(+3.6) | 52.0 (+4.6) 71.0 (+0.9) | 45.2 (+3.4) 14.0 (+2.7) 87.0 (+4.2) 88.1 (+1.7) 88.8 (+1.9)
Qwen2-VL-7B 75.6 63.2 57.3 74.1 25.0 7.3 79.1 86.6 87.6
+ LocoRE 778 (+2.2) 648 (+1.6) |594(+2.1) 74.2(+0.1) | 23.5(+1.5) 6.8(+0.5) 81.3(+2.2) 87.5(+0.9) 88.2 (+0.6)
SGRS + LocoRE | 79.7 (+4.1)  67.7(+4.5) | 60.3 (+3.0) 753 (+1.2)| 19.3 (+5.7) 5.1(+2.2) 82.6(+3.5) 88.0(+1.4) 89.0 (+1.4)
Qwen2.5-VL-7B 76.8 62.2 60.9 79.0 202 9.0 80.4 87.4 88.4
+LocoRE 779 (+1.1) 648(+2.6) |61.6(+0.7) 80.8(+1.8)| 23.0(+4.2) 8.5(+0.5) 80.9 (+0.5) 87.8(+0.4) 88.7 (+0.3)
SGRS +LocoRE | 80.0 (+3.2)  66.2 (+4.0) |62.7 (+1.8) 82.1 (+3.1) | 21.0 (+6.2) 6.5 (+2.5) 81.5(+0.5) 88.3 (+0.9) 89.5 (+1.1)
Qwen2.5-VL-32B 81.2 722 70.8 89.0 43.6 9.5 79.1 86.7 87.8
+LocoRE 82.7(+0.5) 73.1(+09) |71.2(+0.4) 89.3(+0.3)| 41.8(+1.8) 8.5(+1.0) 79.5(+0.4) 86.9(+0.2) 88.0(+0.2)
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Figure 3: Effect of LocoRE on output token saliency map (Qwen2-VL-7B). Without LocoRE:
When generating an incorrect token(clock), saliency scores assigned to prior output tokens are
low — indicating weak contextual grounding. With LocoRE: The same position now generates
a correct token(watch), accompanied by significantly higher saliency scores to recent outputs —
demonstrating LocoRE’s ability to restore contextual coherence and prevent hallucination via attention
reinforcement.



| ABLATION STUDY
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Figure 4: Ablation study of a: trade-offs be-
tween hallucination rate, recall, and latency.
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LLaVA-1.5 Qwen2-VL-7B
CHAIR POPE CHAIR
S| 1 FIT Acct S| 1)
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50.2
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89.0
54.6

51 88.0
183 533

19.3

209 603 57.8 375

Table 3: Ablation study on o (SGRS) and
(LocoRE). Best in bold. 3: 0.15 (LLaVA-1.5),
0.20 (Qwen2-VL).
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