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Abstract

Pre-trained vision-language models (VLMs) have ad-
vanced out-of-distribution (OOD) detection recently. How-
ever, existing CLIP-based methods often focus on learning
OOD-related knowledge to improve OOD detection, show-
ing limited generalization or reliance on external large-
scale auxiliary datasets. In this study, instead of delv-
ing into the intricate OOD-related knowledge, we pro-
pose an innovative CLIP-based framework based on Forced
prompt leArning (FA), designed to make full use of the In-
Distribution (ID) knowledge and ultimately boost the ef-
fectiveness of OOD detection. Our key insight is to learn
a prompt (i.e. forced prompt) that contains more diversi-
fied and richer descriptions of the ID classes beyond the
textual semantics of class labels. Specifically, it promotes
better discernment for ID images, by forcing more notable
semantic similarity between ID images and the learnable
forced prompt. Moreover, we introduce a forced coeffi-
cient, encouraging the forced prompt to learn more com-
prehensive and nuanced descriptions of the ID classes. In
this way, FA is capable of achieving notable improvements
in OOD detection, even when trained without any exter-
nal auxiliary datasets, while maintaining an identical num-
ber of trainable parameters as CoOp. Extensive empir-
ical evaluations confirm our method consistently outper-
forms current state-of-the-art methods. Code is available
at https://github.com/0xFAFA/FA.

1. Introduction

Al models often encounter Out-of-Distribution (OOD) sam-
ples [14, 25, 28, 38], which differ from the distribution of
the training data, when deployed in real-world applications.
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Figure 1. Comparison of CLIP-based OOD detection methods.
Existing methods focus on OOD-related knowledge to learn a
complex ID/OOD decision boundary as shown in the orange area
in (b). In contrast, our FA aims to fully exploit ID knowledge
by forcing the model to learn richer descriptions of the ID classes
beyond the textual semantics of class labels. These richer descrip-
tions of the ID classes compared to the reference text allow better
discernment of ID/OOD samples (orange vs. blue area in (a)).

Detecting OOD data is vital for the reliability of Al systems.
This problem becomes harder in fields like intelligent diag-
nosis, where only a small amount of labeled data is avail-
able, motivating the problem of few-shot OOD detection.
To tackle the OOD detection problem, previous single-
modal post-hoc methods [14, 16, 24,27, 41] achieve notable
success based on a model pre-trained on the ID dataset.
However, they come with limitations, such as requiring sub-
stantial computational resources and annotation costs for
training, which hinder the performance of few-shot OOD
detection. With the development of large pre-trained vision-
language models (VLMs) like CLIP [37], few-shot OOD
detection has achieved remarkable performance. Most of
the CLIP-based OOD detection methods [30, 32] focus on



leveraging the powerful generalization capability of CLIP
to improve OOD detection.

Recent CLIP-based OOD detection methods [1, 11, 23,
33, 34, 46, 48] aim to learn OOD-related knowledge to
improve OOD detection performance. For example, re-
cent CLIP-based works [11, 46] improve OOD detection
by relying on training on external large-scale auxiliary
datasets, which entails significant resource overhead. To
eliminate dependence on external datasets, existing meth-
ods [1, 33, 48] learn OOD-related knowledge from exposed
outliers based only on ID training data, such as background
regions in ID training images. However, these OOD fea-
tures extracted from specific regions are difficult to match
with infinite OOD data encountered in practice. More-
over, some methods [23, 34] aim to learn negative prompts
semantically opposite to the ID class labels, while these
limited negative prompts are often insufficient to capture
the distinctions between the diverse and numerous OOD
data and the ID data. Overall, improving OOD detection
by learning OOD-related knowledge shows inherent limita-
tions or requires significant computational resources as well
as labor costs. Inspired by the method [44] for open-set
recognition, which demonstrates that enhancing closed-set
accuracy can typically improve open-set recognition capa-
bilities, we are motivated to explore ways to improve the
identification of ID images, thereby enhancing OOD detec-
tion performance.

In this paper, rather than focusing on the intricate OOD-
related knowledge, we propose a novel CLIP-based frame-
work based on Forced prompt leArning (FA), which aims
to fully exploit the ID knowledge and ultimately improve
OOD detection. Our key insight is to learn a prompt that
contains richer knowledge beyond the textual semantics of
class labels. It facilitates advanced discernment for ID im-
ages, by forcing higher semantic similarity between ID im-
ages and the learnable prompt (i.e. forced prompt), which
provides more diversified and richer descriptions of the ID
classes. In this way, FA can achieve significant improve-
ments in OOD detection performance, even when trained
without any additional external data, while maintaining the
same number of learnable parameters as CoOp [54].

Specifically, we introduce a novel forced prompt along
with the original prompt, both of which are initialized iden-
tically. FA preserves the generalization capability of the
VLMs (i.e. CLIP) by freezing the original prompt and op-
timizing a trainable copy (i.e. forced prompt). In particu-
lar, the forced prompt treats the original prompt as a ref-
erence, while forcing the text features associated with the
forced prompt to be more salient compared to those asso-
ciated with the original prompt. In this way, it effectively
improves the OOD performance even without sacrificing
the ID classification capability of the model. Additionally,
we introduce a forced coefficient, encouraging the forced
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prompt to learn more comprehensive connotations. Exper-
imentally, FA achieves superior few-shot OOD detection
performance across diverse OOD benchmarks. Compared
to current SOTA methods [48] that focus on learning OOD-
related knowledge, our method significantly reduces the av-
erage FPR95 score from 31.62% to 27.81% and improves
the average AUROC from 92.01% to 93.26% even in 1-shot
OOD detection on ImageNet-1k. The main contributions
are summarized as follows:

We propose a simple yet effective framework, which fully
exploits the ID knowledge to improve OOD detection
without focusing on intricate OOD-related knowledge.

We present a Forced prompt leArning (FA) strategy to
exploit richer knowledge beyond the textual semantics of
class labels.

We evaluate our method on diverse OOD benchmarks,
showing that our model consistently outperforms current
state-of-the-art methods.

2. Related work

Prompt Learning. In recent years, pre-trained vision-
language models (VLMs) such as CLIP [37] have demon-
strated powerful few-shot learning capabilities in both vi-
sual and textual domains. However, the design of the
prompt greatly affects the performance of VLMs for down-
stream tasks, which may require manually crafting numer-
ous prompts. Inspired by prompt learning studies in natu-
ral language processing (NLP) [26], CoOp [54] uses a set
of learnable context vectors to transfer CLIP for specific
downstream tasks, becoming a pioneering method for sub-
sequent studies [4, 33, 53]. Currently, prompt learning is
widely used in OOD detection mainly to represent various
OOD-related knowledge. In this work, we learn the forced
prompt, which contains richer descriptions of the ID classes
to improve OOD detection.

Out-of-Distribution Detection. Conventional methods
explore OOD detection for single-modal models. One line
of studies designs score functions to differentiate ID and
OOD data based on output from the pre-trained models,
such as logit output [14, 16, 24, 27] or outputs from the
penultimate layer [22, 41, 42, 50]. These methods are called
post-hoc methods. Another line of studies [9, 10, 18, 31, 39,
43, 55] adopts various training strategies to learn a reliable
decision boundary between ID and OOD data.

Recently, the development of OOD detectors based on
VLMs, especially CLIP, has received much attention as
VLMs have demonstrated their remarkable generalization
capability in both visual and textual domains. Some stud-
ies leverage real outlier information from external auxiliary
OOD datasets [11, 46] or extensive corpora [5, 20] to pro-
mote OOD detection. However, this is impractical in real-
world scenarios, where outliers are infinite and agnostic.
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Figure 2. Overview of the proposed FA framework. Our framework includes the learnable forced prompt and the frozen original prompt,
both of which are initialized identically by a manual template “a photo of a [class-c]”. The learnable forced prompt treats the frozen
original prompt as a reference, forcing its text features to become more salient compared to those generated by the original prompt. The
richer and more diversified description of ID classes learned by FA can ultimately improve OOD detection.

To eliminate the dependence on external data, recent meth-
ods [1, 23, 32, 33, 48] were developed under the assumption
that only ID data are available. As a representative zero-shot
method that only uses available ID labels, MCM [30] em-
ploys softmax scaling to align visual features with ID text
concepts for OOD detection. GL-MCM [32] further intro-
duces a local maximum concept matching(L-MCM) score
to improve the separability of the local information. Com-
pared with zero-shot methods, which may undergo a do-
main gap with ID downstream data, prompt learning meth-
ods achieve better OOD detection performance with access
to few-shot ID samples. For prompt learning OOD detec-
tion methods, LoCoOp [33] and SCT [48] keep the textual
embeddings of ID classes away from ID-irrelevant local re-
gion embeddings in the multi-modal embedding space by
their proposed entropy maximization strategy, which en-
sures that OOD embeddings can be dissimilar to any tex-
tual embedding of ID classes. To detect challenging OOD
samples to improve OOD detection, ID-like [1] explores
the vicinity of ID samples to construct OOD samples cor-
related to the ID and refines the additional “ID-like” text
embeddings to fine-grained differences. In addition, Neg-
Prompt [23] and LSN [34] introduce the negative conno-
tations of ID categories which can be represented by addi-
tional negative prompts, enabling more accurate detection
of OOD samples. Overall, various OOD-related knowledge
is commonly adopted to address the model’s overconfidence
in current research. In this work, we focus on leveraging ID
knowledge to improve OOD detection, instead of exploring
complex OOD-related knowledge.
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3. Preliminaries

Prompt Learning with CLIP. CLIP contains an image en-
coder f(-) and a text encoder g(-), designed to extract fea-
tures from images and text descriptions respectively. Gen-
erally, for an ID dataset which contains C' categories, the
hand-crafted prompt . “a photo of a [class-c]” is de-
signed to match images, where class-c represents the class
name. Formally, these prompts are individually encoded in
t. = g(a.) e R ¢=1,...,C. Given an image x, it can
be encoded in z = f(x) € R¥*!. Because image features
and corresponding text features are aligned on the multi-
modal embedding space, the cosine similarity cos(z, t.) of
z and t, can represent the matching degree between the im-
age x and text description .. Therefore, if the text feature
t. of class c has the highest similarity to z, the image x will
be considered to be class c.

To effectively transfer CLIP to downstream image recog-
nition tasks, CoOp [54] sets a portion of tokens in the
text prompt as continuous learnable parameters. Con-
cretely, CoOp initializes the text prompts as u.
[Vi, -, v, w],c € {1,---,C}, where L is the length
of the prompt’s tokens, v; (¢ € {1, ..., L}) is the learnable
vector with the same dimension as the word embedding and
w, is the word embedding for the class name of class c.
The text prompt u. is encoded into features t. = g(u.).
Together with the image feature z, the probability for the
image x to be classified into class c is defined as

eCos (z,te) /T

c

2,

€

ply =clx) = 1)

cos (z,t5)/7

where 7 is a fixed temperature scaling hyper-parameter.



Overall, the prompt’s tokens can be trained to align with
training data by minimizing the cross-entropy loss with the
prediction probability from Eq. (1).

OOD Detection. In the OOD detection task, the model is
expected to determine whether a test image belongs to one
of the learned ID classes. Therefore, OOD detection can
be seen as a binary classification problem to distinguish ID
images from OOD images in a test set Dy, as follows

D(x) = {

where x € Dyeq, 1 and O respectively indicate that x is
classified as the ID class and the OOD class by the OOD
detector D(+), S(-) is certain score function, and p is a pre-
defined threshold constant.

L
0,

if S(x) > p

if S(x) <p’ @

4. Methodology

4.1. Overview

In this study, we propose a novel CLIP-based framework
based on Forced prompt leArning (FA), designed to fully
exploit the ID knowledge from few-shot ID samples by
forcing the prompt to learn richer knowledge beyond the
textual semantics of class labels. As shown in Fig. 2, we
introduce a forced prompt along with the original prompt,
both of which are initialized with the same semantics. By
freezing the original prompt and optimizing a trainable
copy, ID images will show higher semantic similarity to
the forced prompt compared to the original prompt. More-
over, to encourage descriptions of ID classes learned by the
forced prompt to become more detailed and comprehensive,
we also introduce a forced coefficient. During testing, the
model is capable of effectively distinguishing between 1D
data and OOD data, benefiting from the diversified descrip-
tions of the ID classes provided by the forced prompt.

4.2. Forced prompt learning

Merely the semantic information conveyed by class names
is insufficient to comprehensively encompass the discrimi-
native information of each class. In order to explore richer
semantic descriptions of the ID classes beyond the textual
semantics of class labels, a novel forced prompt along with
the original prompt is proposed. To implement the above
objective, we introduce a simple yet effective training strat-
egy using the forced cross-entropy (FCE) loss based on the
forced prompt as follows

esf/T

Zf:l es]f/f + Z?:l es;‘/ﬂ'
3)

consists of ID image-

£FCE = E(XJJC)NDID — log

train

ID
train

where the ID training dataset D

label pairs (x,y.), s/

— ! —
7 = cos(z,t;) and s7 = cos (z,t7)
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represent the similarity between the image feature and the
prompt feature corresponding to the forced prompt and the
original prompt, respectively.

Based on this loss function, the ID image features will
be forced to show higher cosine similarity to the learnable
forced prompt compared to the original text prompt. This
is because the cosine similarity between the ID image fea-
tures and the original text prompt is already high before any
further prompt learning. Consequently, the forced prompt
is forced to uncover richer discriminative information of ID
classes, so that the text features of the forced prompt achieve
a higher cosine similarity with the image features compared
to those of the original prompt. Benefiting from this in-
formation specific to the ID classes, the cosine similarity
between the image features of an OOD image and the text
features of both prompts may exhibit less distinction com-
pared to those of the ID data. Therefore, even when trained
without any reliance on external auxiliary datasets, the de-
tector will have a notable capability to distinguish ID data
from OOD data.

However, this naive FCE loss may not work effectively
because of its inherent limitations. Concretely, employing
random initialization for both prompts fails to fully leverage
the semantic information provided by CLIP’s prior knowl-
edge, resulting in limited performance. To solve this lim-
itation, we propose to initialize the forced prompt using
the manual template (i.e. “a photo of a [class-c]”) identi-
fied to the original prompt. In this way, both prompts with
manual initialization will have clear semantic information
compared to random initialization, thereby improving the
model’s generalization capability. Specifically, the class
labels are utilized in both prompts by concating with the
prompt embedding to provide foundational semantic infor-
mation related to the category names, based on CLIP’s prior
knowledge. In particular, for the forced prompt, we adopt
the shared learnable vector across all classes rather than the
independent learnable vector for each class. This choice
is inspired by CoOp [54], which demonstrates that using
an independent learnable vector mostly underperforms the
shared learnable vector in challenging low-data scenarios
since the former has more parameters and requires more
data for training. Formally, we utilize the embeddings of
the manual template to initialize the prompt’s embeddings
of both prompts, formulated as u, = [vy, -+ , vy, W¢|,c €
{1,---,C}, which will be fed to the text encoder to obtain
prompt feature t. (see Section 3). Here, L is the length
of the token (e.g., for the “a photo of a”’, L = 4). Then
we freeze the original prompt and the class label part of
both the prompts to preserve the generalization capability
of CLIP, while only making the forced prompt learnable.
Note that our method effectively improves OOD detection
performance while maintaining consistency with CoOp in
the number of learnable parameters without leveraging ad-



ditional learnable prompts, unlike existing work [1, 23, 34].

Although the above prompt design achieves moderate
performance, relying solely on a single original prompt as a
reference is somewhat insufficient to develop a comprehen-
sive capability, particularly with the limitations of ID data
(e.g., few-shot OOD). To encourage the forced prompt to
capture more comprehensive and nuanced descriptions of
the ID classes, we introduce a forced coefficient K (K >
0, K € N), which indicates the intensity with which the
model is compelled to learn from the data. Formally, we
first derive the original text features {t¢,--- ,t2} from the
original prompt and the image features z from the corre-
sponding image. Then, we compute the cosine similarity
between the original text features and the image features
for K iterations, which will be used in the subsequent com-
putation of the cross-entropy loss function. Notably, when
K = 0, no original prompt is used, and the model operates
equivalently to CoOp. Based on the forced coefficient, we
refine Eq. (3) as follows

esZ/T
c  so/r
TR e /
“4)
Based on this function, the cosine similarity between the ID

image features and the text features of the forced prompt
must become more salient as the coefficient X increases.

Lrop-k =By ~pin, |—10g

C st/
Zj:l €

4.3. Model inference

During model inference, for the downstream classification
task, we adopt the same strategy as CLIP, depending solely
on the forced prompt [1]. For the OOD detection task, our
method can be flexibly combined with different score func-
tions, such as the MCM [30] score and the GL-MCM [32]
score. The MCM score is defined as the maximum similar-
ity between the global image features z¢ (i.e. z) and all text
features t2 (i.e. the concatenation of text features t/ and t9)
after applying softmax with temperature 7y, i.e.,

£Cos (z9,£2) /70

Suem (X) = m?X

Zle £C0s (zy,tj.c)/'ro + KOs (29,£9)/70 ’

(%)
while the GL-MCM score simultaneously considers both
global and local features, which can be expressed as

Sarmem (X) = Suem (X) + Stem (X); (6)

ocos (2,£2) /o

Sy = ,
LMCM(X) Ir%’aéx ZC . ecos (zé,t;)/‘ro + KeCOS (Zé,t?)/‘f‘o
j:
(7
where zt(i € {1,---, N}) represents N extracted local fea-
tures generated by CLIP’s image encoder [32, 33]. We set

To = 1 during model inference.

1156

5. Experiments

5.1. Experimental details

Datasets. We use a popular benchmark for conven-
tional OOD detection [19, 30, 32, 33], where ImageNet-
1k [7] serves as the ID dataset, and the OOD datasets
are iNaturalist [17], SUN [47], Places [52], and Tex-
ture [6]. Moreover, inspired by existing studies [1, 2],
we use datasets like Openlmage-O [45], NINCO [2], and
ImageNet-O [15], which are cleaner and more realistic, to
simulate the more challenging OOD detection. Besides, we
also utilize other widely adopted datasets for few-shot set-
tings as ID datasets [49, 51, 54], which include Standford-
Cars [21], UCF101 [40],Caltech101 [12], Flowers102 [35],
EuroSAT [13], FGVCAircraft [29], OxfordPets [36], and
Food101 [3], considering factors such as image resolution
and the number of classes.

Setup. Following previous studies [33], we use the ViT-
B/16 [8] as the backbone model. For our model, when
using ImageNet-1k as the ID dataset, the epochs are re-
spectively set to 30 and 50 for the 1-shot and 16-shot set-
tings, while for other ID datasets, we set the epoch to 200
following CoOp [54]. The value of forced coefficient K
is uniformly set to 3, which will be further discussed in
the sensitivity study. Other hyperparameters are as fol-
lows: learning rate = 2e-3, batch size = 160, SGD (momen-
tum =0.9, weight decay = 5e-4) as the optimizer with a co-
sine scheduler, 7 = 1 in Eq. (3) and Eq. (4). All experi-
ments on our model can be conducted on a single Nvidia
A30 GPU. The average experiment results (including our
reproductions) over four runs are reported for comparison.
Comparison Methods. To validate the effectiveness of our
FA fairly, we mainly compare it with CLIP-based OOD de-
tection methods that do not use real outliers (e.g. OOD la-
bels). For previous post-hoc methods, including MSP [14],
ODIN [24], Energy [27], ReAct [41], and MaxLogit [16],
we adapt these methods with the CLIP image encoder as the
CLIP-based post-hoc methods. For zero-shot methods, we
select MCM [30], GL-MCM [32] and CLIPN [46] as base-
lines. For prompt learning methods, we adopt CoOp [54],
LoCoOp [33], IDLike [1], and SCT [48] as baselines.
Metrics. For evaluation, we adopt the following metrics:
(1) The False Positive Rate at 95% True Positive Rate for
in-distribution samples (FPR95); (2) The Area Under the
Receiver Operating Characteristic Curve (AUROC); (3) In-
distribution data classification Top-1 accuracy (ID ACC).

5.2. Main results

Conventional OOD Detection. Table | summarizes our
comparison results on the ImageNet-1k benchmarks, which
show that our FA achieves state-of-the-art OOD detection
performance among other CLIP-based methods under dif-
ferent few-shot settings (More details under the 4-shot set-
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Table 1. Comparison results on ImageNet-1k OOD benchmarks. All results using the same backbone ViT-B/16. The results marked with
are taken from [48]; the others are our reproductions. The prompt learning based methods are run under four trials, reporting the mean and
standard deviation of the performance. The subscripts mcm and g1, indicate the use of the MCM score and the GL-MCM score. The best

and second-best results are indicated in bold and underline. 7 indicates
values are percentages.

Method 1-shot 4-shot 16-shot

CoOp 67.447050 69 71+007 70, 99+0.14
LoCoOp  67.40%06% 69 55+010 7 53+0.17
IDLike 68.1750°7 6891014 69 46+002
SCT 68.63*013  69.93+022  71,78+0-05
FA(Ours) 68.67203°  69.96:004  71,02+009

Table 2. Comparison results in ID Top-1 accuracy on ImageNet-
1k under different few-shot settings. Other notations are the same
as Tab. 1.

ting are provided in the Appendix A). Specifically, in the
16-shot setting, FA with GL-MCM score (FA..) outper-
forms the best baseline SCT,, (average FPR95 of 25.68%
vs. 27.27%, and average AUROC of 93.82% vs. 93.31%).
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larger values are better; | indicates smaller values are better. All

Additionally, in the 1-shot setting, FA g, surpasses SCTq,,
by a large margin, showing improvements of at least 1.25%
and 3.81% on average AUROC and FPR95. More im-
portantly, even the average score of FA,;.,, has exceeded
SCTg, in the 1-shot setting. Moreover, our FA effectively
improves the OOD performance without sacrificing the ID
classification capability of the model, as shown in Tab. 2.
In particular, we can also observe that our method per-
forms not well on the SUN dataset, as shown in Tab. 1. This
is related to the presence of a significant number of samples
belonging to ID category in these datasets, as demonstrated
by recent studies [1]. In other words, the SUN dataset in the
popular OOD benchmark requires more thorough cleaning
to be effectively used as an OOD dataset.
Challenging OOD Detection. Recent studies [1, 2] have



Method Openlmage-O NINCO ImageNet-O ‘ Average

FPR95] AUROCT FPR95 AUROC?T FPR95) AUROC?T FPR95 AUROC?T
CoOpmewm 37.95+0-59 91.99+0-22 78.00+0-23 73.00+0-59 70.14+0-86 81.34+0-83 62.03+0-38 82.11+0-48
COOPGL 32_2311.00 92_221025 72.04t0.81 75.351088 67_35i1.19 78_44i0.94 57.211096 81.99i0'58
LoCoOpmcm 37.03+0-94 92.24+0-21 77.96+0-63 72.78+0-79 70.96+0-75 81.25+0-39 61.98+0-55 82.09+0-35
LoCoOpaL 33.87+1-23 92.53+0.07 75.16%0-92 72.97+0-39 68.061-92 81.19%0-25 59.03%1-27 82.23%0-17
IDLike 54.43%2-35 87.89+0-45 78.93+1.79 69.32+0-42 84.08+1-45 67.45+0-86 72.48+0-89 74.89+0-28
SCTuem 37.28*1-16 92.04+0-33 78.51+0-86 71.09+1-19 71.45+0-54 81.29+0-15 62.41+0-73 81.48+0-52
SCTGL 32_2410.34 92-751017 74.15i0.53 73.141094 68_35i0.62 80_84i0.45 58.25i0‘39 82.24i0'44
FAmcm(Ours) — 37.93%1:65 91.84+0-45 70.44+1-24 LA 63.84+1-36 82.71+0-30 57.40+1-34 84.08+0-47
FAgy(Ours) 32.10+0-89 92.39+0-28 65.61+1:32 79.01+0-71 63.13+0-98 80.39+0-21 53.61+0-89 83.93+0-31

Table 3. Challenging OOD detection results on cleaner OOD datasets in the 16-shot setting. We use the same notation as Tab. 1.

ID Dataset  Method iNaturalist SUN Places Textures Average
FPR95, AUROCT FPR95) AUROCT FPR95, AUROCtT FPR95, AUROCt FPR95) AUROCT
CoOpmcm  14.402681 9741136 37092394 93 142048 40072277 91 89+0.65 33942421 93 1g+1:22 31 9338 93912045
CoOpaL, 9.65t035 08182098 2854507 94512092 3 94+174 93 28+032  35096+265 9] 83142 26775322 9445042
LOCOOPMCM 2.38i0‘98 99.21i022 19.73:424 96.1 11078 22'571301 94.96i0‘77 15‘8913.12 96.12i0'67 15.1411,91 96.60iOA33
UCF101  LoCoOpg ~ 1.13*022 99 65009  1793+409 96512089  2) 342458 9503+1.06 g 174301  9525:071 1489249 g6 61038
IDLike 66.63+276 8975552 8788056 78 (4+6.14 g4 47121 76042853 49 07+112 9] 19:274 72 01+140 g3 76564
SCTmem 1.51#051  99.44#0-10 24 17554 9521088 96 44l 93 754081 15344384 9598+064 1691320 g6 9048
SCTGL 0.7910427 99.7510,04 18.69:2‘41 958610‘56 23.771247 93.98i0‘47 17.4412.62 94.5210.54 15‘1711.56 96.0310’25
FAycw(Ours)  0.124011  99.94:0.01 3 96133 99 342023  4,68+1.00 9908026 268051 9931043 2 ,63:058 99 42+0.22
FAg(Ours) %10.02 %t0.0Z wi 1.02 M10.22 miO.BS M10.27 mi().% Mio. 19 ﬁiom wio. 13
COOPMCM 99'14i0,73 31'9519,17 98.29:0'49 44.3614'19 97.28i0‘85 47.51i4463 86‘69i4'37 69.17i3'15 95'35i1,03 48.25i3'09
CoOpqL 9245426 57.59+104 9097349 6] 89483 88 69385  64.00:492 237+193  g3.58+231 g3 62:118 6774283
LoCoOpyey  96.51%333 5349806 93 57+5.68 55 59:9.19 g gg+405  57.89+519  7645+748 78 59+2:66 g9 g4+4.29 ] 39+3.90
EuroSAT  LoCoOpg.  86.13%122  72.68+797 87812037 858040 85093+415 6990340  5489+467 g7 00+1.01  78,69+405 74 54+3-59
IDLike 08.02:213  7332+583  9574+284 519680 9479367 0 44+506 3 342910 g 68298 g7 97421 73 66+5.04
SCTmem 99.79+0-22 33 9060.73 9836084  4430*341 9777086  4808+1.04 8398092 7325358  94.97:219 49 634239
SCTGL 96‘57i5'41 58.2]15'31 92.41:455 61 .541347 90.4915402 63.33i2‘71 55.29114,7 85.4813.68 83‘69i7'02 67.14i2'20
FAwcum(Ours) MiG.SS 78.62*3'18 36.24110‘8 92.1312444 28.17110'2 94.0511468 10.36*3‘97 MtO.GQ 39.99i7.79 90.63*1'91
FAqL(Ours) 77.82*7'28 86.881:2.15 M&&(B M12A26 wﬁ7.69 wil.‘@ 8.991251 97_7410.36 Miﬁl" mﬂAZ

Table 4. Representative OOD detection results with various ID datasets in the 16-shot setting. We use the same notation as Tab. 1.
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Figure 3. A portion of OOD detection average performance using
other ID datasets under the 16-shot setting. We report the mean
and standard deviation of the AUROC for our FA (blue) and CoOp
(orange) using the MCM score. More details can be found in the
Appendix B.

shown that some of the used OOD datasets contain more
or less images of objects that belong to ID classes in
ImageNet-1k [7]. Hence, probing the true performance of
OOD detectors for ImageNet-1k demands OOD datasets
that are both challenging and genuinely OOD. As shown
in Tab. 3, to fully substantiate the effectiveness of our
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FA, we leverage 3 additional cleaner and more challenging
OOD datasets, including Openlmage-O [45], NINCO [2],
and ImageNet-O [15], inspired by [2]. Notably, both our
FA,cn and FAg consistently outperform current SOTA
methods in terms of average FPR95 and AUROC under dif-
ferent few-shot settings (More details under the 1-shot and
4-shot settings are provided in the Appendix A).

Various ID Datasets. Considering factors like dataset va-
riety, image resolution, and the number of classes [30], we
also leverage 8 additional widely used datasets for few-
shot setting as ID datasets for comparison [30, 34, 54].
Overall, despite our model is simple, it achieves supe-
rior average OOD performance on these ID datasets com-
pared to other methods. We selected representative results
using UCF101 [40] and EuroSAT [13] as ID datasets in
the 16-shot setting, as shown in Tab. 4. Since using the
other datasets (i.e. Food101 [3], StandfordCars [21], Cal-
tech101 [12], FGVCAircraft [29], Flowers102 [35], and
OxfordPets [36]) as ID datasets for OOD detection presents
relatively lower difficulty as shown in Fig. 3, we leave more



50 90 85
95 —4&— FPRO5 AUROC —4— FPR95 AUROC

. 85 75,

40’? )

93 > =

Py 80 650

[} )]

305 5 L Ny

911 i 75 55 i

89 20 70 45

1 2 3 4 5 6 1 2 3 4 5 6

(a) Conventional OOD benchmark (b) Challenging OOD benchmark

Figure 4. Sensitivity study of hyperparameter K. We report the
average FPR95 (Blue) and AUROC (Orange) of our FA ¢y, on dif-
ferent OOD benchmarks using ImageNet-1k as the ID dataset un-
der 16-shot setting. Dashed lines represent the performance of the
best baseline (i.e. SCTqy).

experimental details in Appendix B.

In particular, for the ID dataset EuroSAT, FA ., sur-
passes the best-competing method LoCoOpg,, by 16.09%
in average AUROC and 38.7% in average FPR95, under-
scoring its effectiveness and versatility even when the ID
dataset is of low resolution (64x64 pixels).

5.3. Ablation study

Influence of the Lrcg_ k. Asshown in Tab. 5, we trained
the model FAc g and FApcp— i using the standard cross-
entropy loss Log and our Lpop— i, respectively. Our
FA pop— i significantly outperforms FA g under the same
inference setting, which demonstrate the effectiveness of
our £ FCE—-K-

Initialization of the forced and original prompt. As
shown in Tab. 6, we perform experiments comparing dif-
ferent initialization scenarios for both prompts. Manual
initialization uses the embeddings of “a photo of a [class-
c]” to initialize the prompt’s embeddings, while the ran-
dom initialization setting is based on CoOp [54]. The re-
sults show that employing consistent manual initialization
for both prompts enables the forced prompt to effectively
learn more specific descriptions of the ID classes.
Influence of the shared learnable vector. We also explore
the influence of the shared learnable vector and the indepen-
dent learnable vector for the forced prompts. As shown in
Tab. 7, we can observe that using the shared learnable vector
performs well in the few-shot setting since the independent
learnable vector for each class has more parameters and re-
quires more training data [54].

5.4. Sensitivity study

As shown in Fig. 4, we explore the influence of the hyper-
parameter K. Overall, with K ranging from 1 to 6, the
results indicate that our proposed framework is insensitive
to the choice of K. Concretely, our method is stable and
outperforms the best baseline SCT,, in average AUROC
and FPR95 on both conventional and challenging OOD de-
tection benchmarks. Specially, as K increases, the average
AUROC shows an upward trend and then tends to be sta-
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ble (see Fig. 4 (a)), showing a bottleneck in capturing more
comprehensive semantic representations of the ID classes.

Method MCM GL-MCM

FPR95 AUROC?T FPR95 AUROC?T
FAcr  41.43%311 91.01067 34.20%194 90.99+0-56
FArce — x 29.07+111 93.77+0-19 25.68+0-38 93.82+0-11

Table 5. Influence of the Lrcr_ k. MCM and GL-MCM refer to
the score functions used during model inference.

Forced-  Original- FAmem FAgL

M-Init ~ M-Init  Epro5|  AUROCt FPR95, AUROCY
_ _ 40715400 9] 0g+0.82 3488292 g [p+0.76
v N 40.81*2‘25 91'251064 3603*2‘84 91.62i1‘01
- v 31354134 9335034 9639+102 93 64+0.19
v v 2007111 93.77+019 25 ,68+0-58 93 82011

Table 6. Ablation study of different initialization scenarios for
the forced and original prompts. “M-Init” represents manual ini-
tialization. v" represents using manual initialization; - represents
using random initialization.

Shared- M-Init FAMCM FAGL

Vector FPR95, AUROCY FPR95| AUROCYT
N N 44.0212.24 90'1710.42 46.29il'33 88.24i0'41
v _ 40.714:00 91.28i0'82 34.88+292 92_1210.76
- v 34694062 92 57+012 29 274055 97 §2:+0-80
v v 29.07=11L 93774019 2568058 93,82+0.11

Table 7. Ablation study of the shared learnable vector. v/ - for
“Shared-vector” represents using the shared / independent learn-
able vector for the forced prompt; v'/ - for “M-Init” represents
using manual / random initialization for the forced prompt.

6. Conclusion

In this study, we propose a novel CLIP-based framework
for OOD detection based on Forced prompt leArning (FA),
which focus on fully exploiting the ID knowledge to effec-
tively improve OOD detection without exploring complex
OOD-related knowledge. We introduce a learnable forced
prompt in addition to the frozen original prompt, both of
which are using the same manual initialization. The forced
prompt treats the original prompt as a reference, forcing it-
self to learn more diversified semantic descriptions of the
ID classes rather than being limited to the textual semantics
of class labels. We also introduce a forced coefficient to fa-
cilitate the forced prompt in learning more nuanced descrip-
tions of the ID classes. Comprehensive experimental eval-
uations demonstrate that our method consistently surpasses
current state-of-the-art methods on diverse benchmarks. We
expect that our study can bring new insight on VLMs-based
OOD detection methods and inspire more future research.
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