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Motivation

https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Hallucinations Stem from Visual Encoders:

q Statistical bias: encoder overemphasizes frequent visual patterns, distorting fine-grained perception. 

q Inherent bias: encoder produces erroneous representations of dominant objects in the pretraining 

data, regardless of input. 

q Vulnerability: encoder is sensitive to minor perturbations, yielding unreliable features.
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Hallucinations Stem from Visual Encoders

https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Dominant Object Error:
Hallucination occurrences under 
meaningless inputs. Dominant 
objects are more likely to be 
falsely perceived as present. 

Token Overemphasis: 
Stronger overemphasis leads to 
higher hallucination rates.
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Perturbation Vulnerability: 
Even small perturbations can 
increase hallucinations and 
degrade performance.



Overall Framework

https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

q Token Re-weighting redistributes attention to more ground-truth-object relevant tokens to alleviate overemphasis.
q Token Subtraction estimates and removes erroneous representations via noise-derived tokens.
q Contrastive Decoding exposes inaccurate features using attacked images and suppresses corresponding outputs by 

contrasting them with those from the natural image.
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https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Token Re-weighting & Subtraction
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Reducing Inherent Bias:
K noise inputs are used to estimate erroneous 
representations of dominant objects in the pre-
training data, which are then removed from 
visual tokens via feature subtraction.

Mitigating Statistical Bias: 
Visual tokens are re-weighted via a similarity matrix 
between visual tokens and naive caption tokens, 
emphasizing more ground-truth-object relevant 
tokens and reducing overemphasis.



https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Address Vulnerability

Addressing Vulnerability: 
An attack tensor constructed from the input image and its naive caption via adversarial learning is applied 
to reveal objects likely to be hallucinated, followed by contrastive decoding to suppress their generation.
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https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Results on Hallucination Benchmarks



https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Results on General Benchmark



https://www.diyphotography.net/reverse-prisma-ai-turns-paintings-photos-turns-winter-summer/

Ablation Studies

ca
r

ch
ai

r
di

ni
ng

 ta
bl

e
pe

rs
on

la
pt

op
sk

is
pi

zz
a

tra
in

fri
sb

ee
si

nk
co

uc
h

fir
e 

hy
dr

an
t

ca
t

su
itc

as
e

ba
na

na
sn

ow
bo

ar
d

bi
cy

cl
e

st
op

 s
ig

n
ba

ck
pa

ck
re

fri
ge

ra
to

r
re

m
ot

e
be

nc
h

ho
t d

og
be

ar
do

nu
t

bi
rd

to
ot

hb
ru

sh

H
al
lu
ci
na
tio
n
Ti
m
es

Categories

Vanilla
Ours

Vanilla Ours

78.5
76.6

72.7
70.2

66.9
64.2

62.8 61.8 62 61.6

82.9 81.6

78.2
76.5

73.8
72.1

70.4 69.7 69.9 69.7

F1
 S

co
re

Attack Steps

Vanilla
Ours

Token Re-weighting Erroneous Representation Removal Address Vulnerability



Thank You!
Please contact: huang.yiyan@northeastern.edu for more questions.


