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ABSTRACT

Following the gaze of other people and analyzing the target they are looking at can
help us understand what they are thinking, and doing, and predict the actions that
may follow. Existing methods for gaze following primarily focus on gaze points
or heatmaps rather than objects, making it difficult to deliver clear semantics and
an accurate scope of the gaze-at targets. To address this shortcoming, we pro-
pose a novel gaze target prediction method named PixelGaze, that can effectively
leverage the spatial visual field of the person as guidance, enabling a progres-
sive coarse-to-fine process for gaze target segmentation and recognition. Specifi-
cally, a prompt-based visual foundation model serves as the encoder, working in
conjunction with three distinct decoding modules (e.g., FoV perception, heatmap
generation, and segmentation) to form the framework for gaze target prediction.
Then, with the head bounding box performed as an initial prompt, PixelGaze ob-
tains the FoV map, heatmap, and segmentation map progressively, leading to a
unified framework for multiple tasks (e.g., direction estimation, gaze target seg-
mentation, and recognition). In particular, to facilitate this research, we construct
and release a new dataset, comprising 72k images with pixel-level annotations
and 270 categories of gaze targets, built upon the GazeFollow dataset. The quan-
titative evaluation shows that our approach achieves the mIoU of 34.9% in gaze
target segmentation and 45.1% recognition accuracy. Meanwhile, our approach
also achieves state-of-the-art performance on the gaze-following task.

1 INTRODUCTION

Even though human beings have a remarkable capability to decode the gaze behavior of others in
many scenarios, realizing this task automatically remains a challenging problem (Madhusanka et al.,
2022; Zhang et al., 2020a). A key step in this direction was the work by (Recasens et al., 2015),
which defined the task as predicting where in an image the target person is looking. This prediction
is represented as a heatmap, where the intensity at each point indicates the likelihood of it being the
gaze point, with the maximum value marking the exact gaze coordinate. (Chong et al., 2020) further
extended the task to handle out-of-frame gaze targets and developed methods that could track human
gaze in the video. Subsequently, (Bao et al., 2022; Tu et al., 2022) use more modal information
(e.g., depth, pose) to enrich the model’s interpretive capacity and refine gaze prediction accuracy.
Meanwhile, with the development of general segmentation models (Kirillov et al., 2023), we believe
that gaze analysis systems can further improve their ability to conduct gaze target prediction.

However, due to the limitations of available datasets and the complexity of the task, pixel-level gaze
target prediction in natural scenes has not yet been explored. Recently, (Tomas et al., 2021; Wang
et al., 2022) made efforts to predict the target by inferring the bounding box of the gaze-at object
to eliminate ambiguity. While the box is a more intuitive final output and provides an approximate
object location, it still includes extraneous background details. Although limited, some studies have
investigated pixel-level semantic information to conduct gaze following. For instance, the GOO
dataset (Tomas et al., 2021) provides the category and mask of the gaze-at object in retail environ-
ments. (Jin et al., 2024) proposes a gaze target prediction method to identify the exact grocery item.
While these methods have shown promising results in pixel-level prediction, they remain confined
to a few specific objects in retail scenarios.
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Figure 1: Overview of the proposed GazeSeg benchmark. (a) shows sample images from our bench-
mark, which includes various scenes and diverse targets. (b) shows the annotations in our dataset,
including pixel-level localization and object recognition. (c) presents the distribution of the dataset,
including 270 different categories.

Taking inspiration from the abovementioned challenge, we pose a critical query: How to conduct
gaze target prediction in natural scenes and investigate the novel issue of segmenting the gaze-
at object. This entails us creating a unified model capable of gaze following, segmenting, and
classifying at the same time.

To tackle the shortage of datasets specifically designed for gaze target segmentation, we augmented
the existing GazeFollow dataset (Recasens et al., 2015) with pixel-level annotations. As shown in
Fig. 1, we carried out pixel-level annotation and classification of gaze targets, thereby preparing
comprehensive data for gaze target prediction. It is the first pixel-level gaze target segmentation
dataset for natural scenes in the third-person perspective.

Based on the dataset, we propose a unified multi-task framework named PixelGaze to achieve more
precise gaze target prediction. Specifically, we design a novel progressive gaze target prediction
framework with three distinct modules that conduct multiple gaze tasks (e.g., direction estimation,
gaze target segmentation, and recognition) for pixel-level gaze-following. Firstly, we propose a 3D
Field of View (FoV) Perception module that uses the head bounding box coordinates as prompts
and builds the corresponding 3D spatial field of view without inputting additional RGB head images.
To leverage both image features and depth information (simply extracted from original images), this
module generates a 3D gaze cone direction, providing a precise and reliable foundation for gaze
target prediction. Secondly, we propose a FoV-aware Heatmap Generation module designed to
predict the gaze-at locations. This module encodes the spatial FoV information, which is com-
bined element-wise with the entire scene context in a dense prompt embedding. The integrated
data is then fed into a heatmap decoder, which produces the gaze heatmap. This helps the model
to locate accurate gaze following points. Finally, we propose a Segmentation and Recognition
module to effectively leverage the mask prompt with the heatmap cues for pixel-level prediction,
which obtains foreground probability masks for each position in the image. To bridge the gap be-
tween heatmap and pixel-level prediction, we adopt a differentiable numerical coordinate regression
method to transform the gaze point to the mask prompt. Besides, except for task-specific losses,
we propose two novel loss terms for FoV supervision and mask-heatmap matching to optimize gaze
target prediction. Our contributions can be summarized as follows:

• We design a prompt-based unified framework named PixelGaze for multiple gaze-
following tasks (e.g., direction estimation, gaze target segmentation and recognition). This
framework optimizes pixel-level prediction through a progressive localization process.

• In our solution, we propose 3D FoV perception, heatmap generation, and segmentation
modules. We introduce the gaze prompt and mask prompt design, and new gaze FoV and
mask-heatmap matching loss terms to improve the gaze target prediction performance.

• We extend the annotation of the Gazefollow dataset and propose PixelGaze, featuring pixel-
level mask annotations of the gaze-at object across diverse natural scenes and object cate-
gories. This dataset presents novel challenges in gaze prediction research.
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• We conduct extensive experiments and validate the effectiveness of our method in the gaze
target prediction task, as well as to consider the benefits of pixel-level semantic information
for gaze following.

2 RELATED WORK

Gaze Following. (Recasens et al., 2015) pioneered gaze following and constructed the GazeFollow
dataset, which is a large-scale image dataset labeled with the locations in the image that people
are looking at. Based on this, (Chong et al., 2018) further solved the out-of-frame problem by si-
multaneously predicting saliency maps and learning gaze angles. Meanwhile, the performance of
gaze following is improved by utilizing other different auxiliary information such as body pose (Bao
et al., 2022), line of sight (Lian et al., 2018; Li et al., 2019), and depth (Miao et al., 2023). In addition
to detecting gaze in images, (Chong et al., 2020) proposed a new framework to understand human
gaze in videos and released a video dataset called VideoAttentionTarget that contains dynamic pat-
terns of real-world gaze behavior. Since Transformer shows excellent potential in vision tasks, (Tu
et al., 2022; Tonini et al., 2023) leverages the target detection feature of the DETR architecture (Car-
ion et al., 2020) to aid in predicting gaze position. citepwang2022gatector proposed a gaze target
detection method GaTector, which utilizes an additional object detector (YOLOV4 (Bochkovskiy
et al., 2020)) to identify target objects. Furthermore, (Tu et al., 2023a) proposed a unified frame-
work to detect gaze location and gaze object bounding-boxes jointly. Although ingenious, existing
gaze-following methods that rely on predicting fixed points or bounding boxes lack semantic under-
standing of objects, making gaze-at-objects supervision ambiguous.

Gaze-related Datasets. Gaze is a nonverbal cue that provides a wealth of information about peo-
ple. Here, we briefly introduce the Gaze-related datasets in the visual community. For example,
Gaze360 (Kellnhofer et al., 2019) and ETH-XGaze (Zhang et al., 2020b) datasets are widely used
for eye’ gaze estimation. However, these datasets are unsuitable for tasks involving gazing at targets.
For gaze following in the third-person perspective, researchers typically use the GazeFollow (Re-
casens et al., 2015), VideoAttentionTarget (Chong et al., 2020), Childplay (Tafasca et al., 2023), and
GOO (Tomas et al., 2021) datasets. The GazeFollow dataset includes both indoor and outdoor hu-
man activities, while the VideoAttentionTarget dataset consists of TV programs. Childplay provides
a curated collection of clips with rich children’s gaze information for diagnosing developmental
disorders. However, these datasets lack pixel-level annotations. The GOO dataset further provides
bounding boxes and pixel-level labels, but is limited to retail environments with a few objects shar-
ing similar shapes. Existing datasets inevitably suffer from different issues for fine-grained gaze
target following and recognition. To overcome this, this paper introduces a new dataset for gaze
target prediction to bridge the gap between gaze information and pixel-level semantics.

3 METHOD: PIXELGAZE

Our goal is to automatically recognize and segment the gaze target of the designated person in a
given scene and to integrate traditional gaze following tasks. Formally, given an image x and the
bounding box for a particular person’s head b, the proposed PixelGaze is required to predict gaze-at
instance mask and category.

Overview. The overview of our approach is shown in Figure 2. We solve the gaze target prediction
task in a progressive manner. We adopt the mobileSAM Zhang et al. (2023) to encode the image
and use the head bounding box b as initial prompt, and three sequential module to obtain the gaze
vector Vg = (ex, ey, ez), heatmap H , in/out of picture cin, mask M , category c.

3.1 FIELD-OF-VIEW PERCEPTION MODULE

We aim to estimate a person’s visible space in 3D—their field of view (FoV)—as the first step in a
progressive gaze target prediction framework. This representation describes the person’s potential
visual interactions with their surroundings and serves as an important cue for downstream reasoning.

Depth-Aware 3D FoV Perception. Our approach consists of two main components: a gaze
prompt encoder and a lightweight gaze decoder. Given the head bounding box b ∈ R2×2
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Figure 2: Overview of the PixelGaze framework: 1) We build a unified multi-task gaze target predic-
tion network; 2) The progressive gaze target prediction procedure includes 3 steps: FoV perception,
heatmap generation, segmentation, and recognition. 3) We adopt the lightweight design in SAM by
using the prompt encoder and decoder architecture for this task.

(top-left and bottom-right coordinates), we encode its spatial location into a pair of embeddings
P init
w ∈ R2×256 using positional encoding combined with learnable embeddings, following Fourier

feature mappings (Tancik et al., 2020). This results in a gaze prompt that embeds both geometric
and learnable contextual cues.

The gaze decoder receives two inputs: (1) the image embedding E ∈ R256×64×64 from the image
encoder, providing holistic scene context; (2) a gaze token Qinit

g ∈ R1×256, formed by concate-
nating the gaze prompt with a learnable embedding. A stack of cross-attention layers and MLPs
enables interaction between the gaze token and image features, refining the token into a gaze-aware
representation. Finally, the updated gaze token is mapped through an MLP to predict the 3D gaze
vector in spherical coordinates:

Vg = (ϑ, φ, ρ), (1)

where ϑ is the polar angle, φ is the azimuthal angle, and ρ is the magnitude of the gaze vector.

Person-Specific FoV Generation. Given the predicted spherical gaze vector Vg , we first convert
it to Cartesian coordinates:

V ′
g = (ex, ey, ez) =

 ρ · cosϑ · cosφ
ρ · sinϑ · cosφ

ρ · sinφ

 , (2)

where ez encodes gaze depth; omitting ez yields a 2D FoV implementation.

We then construct a spatial FoV map Ifov ∈ R1×H′×W ′
. For each pixel (i, j), let M(i,j)

g denote the
unit direction vector from the face center to that pixel. The FoV map is computed as:

I
(i,j)
fov =

{
V ′
g · M(i,j)

g , ∠(V ′
g ,M

(i,j)
g ) ≤ α,

0, otherwise,
(3)

where α is the maximum angular deviation for visibility. Pixels outside this cone are treated as blind
spots. Following (Horanyi et al., 2023), we also set the values inside the head bounding box B to
zero to remove self-occlusion. Then, we supervise FoV generation in both spherical and Cartesian
coordinate systems:

Lfov = α1Lf1 + α2Lf2 = α1 |Vg − V sc
gt |2︸ ︷︷ ︸

MSE in spherical coords

+α2

(
1−

V ′
g · V cc

gt

∥V ′
g∥2 · ∥V cc

gt ∥2

)
︸ ︷︷ ︸
Angular loss in Cartesian coords

, (4)

where V sc
gt is the normalized spherical ground-truth gaze vector, V cc

gt is the normalized Cartesian
ground-truth gaze vector, and α1, α2 are balancing weights. The first term enforces accuracy in
gaze direction and magnitude in spherical space, while the second encourages precise orientation
alignment in Cartesian space.
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Figure 3: Illustration of the module architecture and loss function design.

3.2 FOV-AWARE HEATMAP GENERATION

To jointly model 3D gaze geometry and scene context, we design a FoV-Aware Heatmap Generation
Module that predicts the coarse location of the gaze target (gaze following) before performing fine-
grained segmentation and recognition. This intermediate heatmap provides a spatial prior, enabling
a progressive coarse-to-fine prediction pipeline.

FoV-aware heatmap decoder. The spatial FoV map Ifov is first processed by a 3D cone encoder
composed of: two 2 × 2 convolutional layers with stride 2 (output channels 4 and 16, respectively)
to match the spatial scale with the image embedding, followed by a 1 × 1 convolution mapping
the channel dimension to 256. We then fuse FoV geometry and scene context through element-
wise addition between the FoV features and the image embedding, producing FoV-aware image
embeddings Efov ∈ R256×64×64.

For the heatmap decoding, we follow the SAM lightweight decoder design and the process consists
of Nh transformer decoder layers (Kirillov et al., 2023). As shown in the Fig. 3 (b), the decoder
takes as input FoV-aware image embedding Efov , and a learnable heatmap token Qinit

h ∈ R2×256.
Feature interaction is realized via cross-attention between Efov and the heatmap token.

Heatmap Prediction head. After Nh decoding layers, we obtain the final FoV-aware embedding
Efinal

fov and updated heatmap token Qfinal
h . Qfinal

h is passed through an MLP to predict whether
the gaze target lies inside or outside the image frame. The decoded feature is processed by a Trans-
Convolutional layer to output a heatmap Iheat ∈ R1×H0×W0 .

Loss for Gaze Following. We supervise the I/O head for in and out of picture prediction with
binary cross-entropy loss Lio and the heatmap with MSE loss. The gaze-following loss is:

Lgaze = Lfov + β1Lio + β2∥Iheat − Igtheat∥
2
2, (5)

where Lfov is defined, and β1, β2 are weighting factors.

3.3 PROGRESSIVE GAZE TARGET PREDICTION

The model produced by the above method is referred to as PixelGaze w/o Seg. Based on this model,
we further design a segmentation module and a heatmap-mask loss to achieve pixel-level prediction
of the gaze target. Specifically, we conducted a two-step training process on the GazeSeg dataset.
First, we trained the PixelGaze w/o Seg model using segmentation labels to produce more precise
heatmap regression. Then, we froze the model and trained an additional segmentation module to
achieve pixel-level prediction. Next, we will introduce each step in detail.
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Heatmap-Mask Loss In the first step, since the features of the heatmap are used as the input to the
segmentation module, the overall performance improves when the response range of the heatmap
better aligns with the segmentation labels. Therefore, before the training of the segmentation mod-
ule, we designed a mask loss to constrain the range of the heatmap as shown in Fig. 3 (d):

Lmask = 1−
∑H0

i=0

∑W0

j=0(M
i,j
gt · Ii,jheat)∑H0

i=0

∑W0

j=0 M
i,j
gt

, (6)

where Mgt is the ground-truth mask. Therefore, in the first step, training uses both the Lgaze and
Lmask losses to jointly optimize the original PixelGaze w/o Seg model.

Segmentation module. Building upon the coarse localization provided by the heatmap, we design
a Segmentation Module based on a lightweight SAM-style decoder (Kirillov et al., 2023), which
consists of a series of cross-attention and MLP layers. To prompt the decoder, we convert the
predicted heatmap into a differentiable point representation using the DSNT layer (Nibali et al.,
2018). This produces a point prompt that preserves spatial gradients and generalizes well to unseen
layouts. The point prompt is concatenated with learnable embeddings to form the mask token, which
is passed into the SAM decoder together with the FoV-aware image embedding from the heatmap
stage.

Pixel-Level Prediction. The SAM decoder outputs two predictions: (1) a segmentation mask for
pixel-accurate gaze target localization, and (2) a category label for gaze target recognition. The
segmentation head uses focal loss (Lin et al., 2020) and Dice loss (Milletari et al., 2016) to form
Lseg . The objective for gaze target prediction is:

Lpred = λ1Lseg + λ2Lcls, (7)

where λ1, λ2 balance the terms. We jointly optimize the complete PixelGaze framework using
Lgaze (Eq. 5) and Lpred (Eq. 7), enabling a coarse-to-fine prediction pipeline from FoV geometry
to pixel-level segmentation and categorical recognition. The recognition head is supervised with
cross-entropy loss Lcls.

4 EXPERIMENTS AND RESULTS

4.1 EXPERIMENTAL SETUP

Datasets. Experiments are conducted on the Gazefollow (Recasens et al., 2015) and the proposed
GazeSeg benchmark to evaluate the pixel-level gaze target prediction performance. Moreover, we
use the VideoAttentionTarget (Chong et al., 2020) and Childplay datasets (Tafasca et al., 2023) to
test gaze following performance.

Evaluation Metrics. We use totally six metrics to evaluate the performance (Chong et al., 2020;
Chen et al., 2023). (1) For gaze following, we adopt the commonly used AUC, which calculates the
area under the TPR vs. FPR curve. Distance (Dist.) denotes the L2 distance between the predicted
and the ground truth coordinates of the gaze target. we examine the average distances and minimum
distances when more than one annotation is available. Also, Average Precision (AP) is used to
evaluate the performance of intra-frame and extra-frame classification in the VideoAttentionTarget
datatset (Chong et al., 2020). (2) For segmentation, we adopt the mIoU and AP50 to evaluate
segmentation performance. (3) For recognition, we adopt Accuracy to measure the accuracy of
whether the true category is in one of the top 1 category of its prediction.

Implementation Details. We train for 50 epochs on the GazeFollow for PixelGaze w/o Seg, and
10 epochs on the GazeSeg for PixelGaze model. The model is implemented in PyTorch (Paszke
et al., 2019). For 3D cone, we downsample the depth map and the image feature map to a quarter
of the original image size and construct the 3D cone, and empirically set the constraint angle α
to 90◦. For the image encoder and masking module setups, we adopt MobileSAM (Zhang et al.,
2023) as the backbone. The loss hyperparameters are empirically set as α1, α2 = {1000, 100},
β1, β2 = {20, 10000}, and λ1, λ2 = {100, 10}. For model training, we use AdamW (Loshchilov &
Hutter, 2017) optimizer with a weight decay 0.1 and an initial learning rate of 1e-4 on the PixelGaze
and GazeFollow, and 5e-5 on the VideoAttentionTarget. The batch size is 16 on all datasets.
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Table 1: Main comparison on the GazeFollow (Recasens et al., 2015) and VideoAttentionTar-
get (Chong et al., 2020). The best and the second-best results are marked in bold and underline.

Method Venue
GazeFollow VideoAttentionTarget

Params ↓Localization Estimation Localization
AUC ↑ Avg Dist. ↓ Min Dist. ↓ Ang◦ ↓ AUC ↑ Dist. ↓ AP ↑

Random (Chong et al., 2020) CVPR’20 0.504 0.484 0.391 69.0 0.505 0.458 0.621 -
Fixed bias (Chong et al., 2020) CVPR’20 0.674 0.306 0.219 48.0 0.728 0.326 0.624 -
(Chong et al., 2018) ECCV’18 0.896 0.187 0.112 - 0.830 0.193 0.705 -
(Lian et al., 2018) ACCV’18 0.906 0.145 0.081 17.6 0.837 0.165 - 55.7M
Chong et al. (2020) CVPR’20 0.921 0.137 0.077 - 0.854 0.147 0.848 61.4M
Jin et al. (2021) FG’21 0.919 0.126 0.076 - 0.881 0.134 0.880 60.7M
(Fang et al., 2021) CVPR’21 0.922 0.124 0.067 14.9 0.905 0.108 0.896 68.8M
(Tonini et al., 2022) ICMI’22 0.927 0.141 - - 0.940 0.129 - -
(Bao et al., 2022) CVPR’22 0.928 0.126 - 15.3 0.885 0.120 0.869 -
(Gupta et al., 2022) CVPRW’22 0.943 0.114 0.056 - 0.913 0.110 0.879 -
(Jin et al., 2022) EAAI’22 0.923 0.120 0.064 14.8 0.882 0.113 0.897 -
(Hu et al., 2022) TCSVT’2022 0.923 0.128 0.069 - 0.880 0.118 0.881 -
(Miao et al., 2023) WACV’23 0.934 0.123 0.065 - 0.917 0.109 0.908 62.0M
(Tu et al., 2022) CVPR’22 0.917 0.133 0.069 - 0.904 0.126 0.854 43.0M
(Tu et al., 2023b) TCSVT’23 0.921 0.121 0.068 - 0.931 0.105 0.914 -
(Tonini et al., 2023) ICCV’23 0.922 0.069 0.029 - 0.933 0.104 0.934 53.8M
(Tafasca et al., 2023) ICCV’23 0.936 0.125 0.064 - 0.914 0.109 0.107 -
(Tafasca et al., 2024) CVPR’24 0.944 0.113 0.057 - - 0.107 0.891 -
(Song et al., 2024) Arxiv’24 0.949 0.105 0.047 - 0.938 0.102 0.905 22.0M
(Ryan et al., 2024) CVPR’25 0.958 0.099 0.041 - 0.937 0.103 0.903 -

Human (Recasens et al., 2015) - 0.924 0.096 0.040 11.0 0.921 0.051 0.925 -
Ours ( w/o Seg) - 0.947 0.110 0.053 14.0 - - - 26.5M
Ours - 0.953 0.092 0.043 10.8 0.943 0.090 0.930 30.6M

4.2 MAIN RESULTS ON GAZE FOLLOWING DATASETS

To conduct comprehensive experiments for gaze following, we compare with state-of-the-art meth-
ods on both GazeFollow (image) and the VideoAttentionTarget (video) datasets. We report the
latest methods’ performance and model size in Table 1. Several key observations are summarized
as follows: Firstly, 3D gaze cone construction and pixel-level semantic segmentation modules are
beneficial for the task. Our method achieves superb gaze localization results, outperforming exist-
ing methods across multiple metrics, including AUC, distance, Angle, and AP. For example, our
method achieves desirable results on the VideoAttentionTarget dataset in terms of AUC (0.943)
and AP(0.930), demonstrating the adaptability of the proposed framework. Secondly, the pro-
posed method is more efficient and accurate than existing methods. Our model builds on Mobile-
SAM (Zhang et al., 2023) combined with the new design of the FoV Perception module, heatmap
generation and segmentation and recognition modules. Even this, the full model efficiently accom-
plishes the gaze estimation task with a relatively small number of parameters, demonstrating the
effectiveness. Thirdly, the proposed method closely approximates human performance. Table 1 re-
ports the results of human gaze localization. It can be observed that humans still have an advantage
in the distance (Dist) metric. Nevertheless, our method surpasses human observers in metrics such
as AUC and AP, indicating that our approach has achieved a level comparable to humans.

4.3 MAIN RESULTS ON GAZESEG BENCHMARK

4.3.1 QUANTITATIVE ANALYSIS

Here, we focus on the pixel-level gaze target prediction. We primarily compare two categories
of approaches on the PixelGaze benchmark: gaze-following methods and combine them with the
mobileSAM and the CLIP model. For gaze-following methods, we threshold their heatmaps to serve
as segmentation results. Moreover, we compare with a gaze object detection method (Wang et al.,
2024) only applicable to retail scenes, which can predict object categories but cannot provide pixel-
level segmentation results. From Table 2, we observe that using the heatmap directly as segmentation
results cannot properly represent the object of interest. In contrast, our method can better highlight
the object of interest and provide semantic information to pixel-level masks through prediction. To
fairly compare to these methods, we utilize the gaze point from sota methods as prompt to segment
the gaze target the mobileSAM model. Moreover, we use CLIP model to recognize the gaze target.
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Table 2: Gaze target prediction results in terms of Localization, Segmentation and Recognition on
the PixelGaze Benchmark.

Method Venue
Localization Segmentation Recognition

Params ↓
AUC↑ Avg Dist↓ Min Dist↓ mIoU↑ AP ↑ Acc↑

Gaze Following Methods
(Chong et al., 2020) CVPR’20 0.921 0.137 0.077 11.9 - - 61.4M
(Miao et al., 2023) WACV’23 0.934 0.123 0.065 12.7 - - 62.0M
(Song et al., 2024) VI’24 0.949 0.105 0.047 15.6 - - 22.0M

Gaze Following Methods + SAM + CLIP
(Chong et al., 2020)+SAM+CLIP CVPR’20 0.921 0.137 0.077 23.39 10.62 33.60 -
(Tonini et al., 2023)+SAM+CLIP ICCV’23 0.922 0.069 0.029 34.35 13.40 41.26 -
(Tafasca et al., 2024)+SAM+CLIP CVPR’24 0.944 0.113 0.057 25.92 10.67 35.71 -
(Song et al., 2024)+SAM+CLIP VI’24 0.949 0.105 0.047 34.19 13.22 37.08 -

(ViT-B) (Ryan et al., 2024)+SAM+CLIP CVPR’25 0.956 0.104 0.045 33.51 13.38 37.38 -
(ViT-L) (Ryan et al., 2024)+SAM+CLIP CVPR’25 0.958 0.099 0.041 34.24 13.41 38.97 -
Ours - 0.953 0.092 0.043 34.86 14.03 45.10 30.57M
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Figure 4: Visualization of the Gaze target prediction results for the proposed method.

From Table 2 again, even with the provision of real gaze information, our method still outperforms
the methods across the board in terms of segmentation ability for gaze targets. We believe that
the unified implementation of gaze target prediction is a challenging task. Nevertheless, even with
a small parameter count, we have successfully achieved effective localization, segmentation, and
recognition of gaze targets while achieving optimal performance.

4.3.2 VISUALIZATION ANALYSIS

Table 3: Results on the ChildPlay dataset.

Method Venue AUC↑ L2↓ P.Head↑

Gupta et al. (2022) CVPRW’22 0.919 0.113 0.694
Tafasca et al. (2023) ICCV’23 0.935 0.107 0.663
Tafasca et al. (2024) CVPR’24 - 0.106 0.600
Ryan et al. (2024)(ViT-B) CVPR’25 0.949 0.106 0.715
Ryan et al. (2024)(ViT-L) CVPR’25 0.951 0.101 0.662
Ours - 0.956 0.099 0.698

We present some quantitative results in Fig. 4.
The scenarios include indoor and outdoor, and
the subject include children and adults. We
can observe that in the 2nd column, the method
prompted by facial cues can generate the in-
dividual’s specific FoV, enabling preliminary
gaze analysis. Subsequently, the 3rd column il-
lustrates the heatmap generated using the FoV
prompt for prediction, which closely approxi-
mates the ground-truth heatmap shown in the
4th column. Finally, the last three columns in
the figure illustrate the segmentation and recognition results. It can be observed that, based on
reliable FoV perception and heatmap generation, the model can conduct gaze target prediction suc-
cessfully.

4.3.3 PERFORMANCE ON CHILDPLAY

We evaluated our approach in the ChildPlay dataset (Tafasca et al., 2023) to explore its potential
in autism screening applications. This is an autism screening collection of carefully curated video
clips of children playing and interacting with adults in uncontrolled environments. We describe
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performance using the Looking At Head Precision metric (P.Head). From Table 3, in both scenarios
our method outperforms existing methods, indicating its potential value.

4.4 ABLATION STUDIES

4.4.1 INFLUENCE OF THE MAIN MODULES

As shown in Table 4, when removing the total FoV perception module (w/o FoV module) and using
only image embedding to execute subsequent heatmap and mask modules, the model’s performance
degrades on the GazeSeg dataset. Similarly, retaining the gaze module without 3D FoV construction
and 3D cone encoder (w/o 3D cone, directly inputting the image embedding into heatmap decoder)
faces significant performance degradation. Furthermore, we estimate the 3D gaze of the to-be-
detected person directly through the global context without using the gaze prompt encoder (w/o
GPrompt) to provide the corresponding head bounding box, and the model performance decreases.
For constructing the FoV maps, the lack of spatial information of the depth map (w/o Depth, i.e., 2D
FoV) brings the performance decay too. We also conduct ablation studies by directly using the im-
age embedding output by the image encoder (w/o Heatmap) and using a non-differentiable argmax
function to obtain point cues from the heatmap instead of the DSNT layer on the segmentation phase
(w/o DSTN). In the absence of either of the two above cases, the performance degrades. Overall, to
achieve optimal performance, the key modules in our model are essential.

Table 4: Ablation studies of the main modules
on the PixelGaze.

Method
Segmentation Recognition Localization

mIoU↑ Acc↑ AUC ↑ Avg Dist. ↓
w/o FoV 19.7 39.5 0.923 0.168
w/o 3D Cone 19.9 39.5 0.924 0.167
w/o GPrompt 24.2 41.2 0.939 0.124
w/o Depth 31.1 42.6 0.942 0.102
w/o Heatmap 22.5 38.6 0.947 0.103
w/o DSTN 32.1 42.9 0.950 0.093
Full Model 34.9 45.1 0.953 0.092

Table 5: Ablation studies of loss objective
terms.

Lf1 Lf2 Lmask
Segmentation Recognition Localization

IoU↑ Acc↑ AUC ↑ Min Dist. ↓
29.6 34.0 0.942 0.062

✓ 30.6 37.7 0.944 0.053
✓ 30.8 38.7 0.943 0.052

✓ ✓ 30.8 38.8 0.947 0.053
✓ ✓ 32.1 43.2 0.949 0.046

✓ ✓ 32.3 43.4 0.951 0.044
✓ ✓ ✓ 34.9 45.1 0.953 0.043

4.4.2 INFLUENCE OF THE OBJECTIVE TERMS

We also conduct ablation studies to analyze the new loss functions. Since Lseg,Lio,Lcls are task-
specific loss terms, we primarily discuss Lfov (include Lf1 and Lf2 in Eq.4) and Lmask. From
Table 5, we find that modeling accurate gaze direction and FoV map brings significant performance
improvements for localization, segmentation, and recognition. The loss of the supervised gaze an-
gle difference in the Cartesian coordinate system brings a more stable performance improvement
compared to the MSE loss in spherical coordinates. In addition, the mask loss effectively limits the
prediction range to the center region of the target object, which greatly enhances the localization
ability of the heatmap regression increases in Min.Dist and directly benefits the segmentation and
recognition tasks.

5 CONCLUSION

In this paper, we present PixelGaze, a challenging benchmark for pixel-level gaze target predic-
tion in variant scenes. The unique challenges presented by PixelGaze position it as a noteworthy
benchmark in this field. We propose a novel solution, which is a unified multi-task framework for
progressive pixel-level gaze segmentation and category prediction. Extensive comparative experi-
ments and ablation studies validate that the proposed method achieves SOTA performance. We aim
to encourage continued research in pixel-level gaze target prediction, with a focus on advancing the
development of models that improve the performance of both segmentation and recognition. These
improvements can help achieve a deeper understanding and interpretation of human behavior.
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Nora Horanyi, Linfang Zheng, Eunji Chong, Aleš Leonardis, and Hyung Jin Chang. Where are they
looking in the 3d space? In Proceedings of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, pp. 2677–2686, 2023.

Zhengxi Hu, Kunxu Zhao, Bohan Zhou, Hang Guo, Shichao Wu, Yuxue Yang, and Jingtai Liu. Gaze
target estimation inspired by interactive attention. IEEE Transactions on Circuits and Systems for
Video Technology, 32(12):8524–8536, 2022.

Tianlei Jin, Zheyuan Lin, Shiqiang Zhu, Wen Wang, and Shunda Hu. Multi-person gaze-following
with numerical coordinate regression. In Proceedings of the IEEE International Conference on
Automatic Face and Gesture Recognition, pp. 01–08, 2021.

Tianlei Jin, Qizhi Yu, Shiqiang Zhu, Zheyuan Lin, Jie Ren, Yuanhai Zhou, and Wei Song. Depth-
aware gaze-following via auxiliary networks for robotics. Engineering Applications of Artificial
Intelligence, 113:104924, 2022.

Yang Jin, Lei Zhang, Shi Yan, Bin Fan, and Binglu Wang. Boosting gaze object prediction via pixel-
level supervision from vision foundation model. In Proceedings of the European Conference on
Computer Vision, 2024.

Petr Kellnhofer, Adria Recasens, Simon Stent, Wojciech Matusik, and Antonio Torralba. Gaze360:
Physically unconstrained gaze estimation in the wild. In Proceedings of the IEEE/CVF Interna-
tional Conference on Computer Vision, pp. 6912–6921, 2019.

Alexander Kirillov, Eric Mintun, Nikhila Ravi, Hanzi Mao, Chloe Rolland, Laura Gustafson, Tete
Xiao, Spencer Whitehead, Alexander C Berg, Wan-Yen Lo, et al. Segment anything. In Proceed-
ings of the IEEE/CVF International Conference on Computer Vision, pp. 4015–4026, 2023.

10



540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593

Under review as a conference paper at ICLR 2026

Zhengqi Li, Tali Dekel, Forrester Cole, Richard Tucker, Noah Snavely, Ce Liu, and William T
Freeman. Learning the depths of moving people by watching frozen people. In Proceedings of
the IEEE Conference on Computer Vision and Pattern Recognition, pp. 4521–4530, 2019.

Dongze Lian, Zehao Yu, and Shenghua Gao. Believe it or not, we know what you are looking at! In
Proceedings of the Asian Conference on Computer Vision, pp. 35–50, 2018.

Tsung-Yi Lin, Priya Goyal, Ross B. Girshick, Kaiming He, and Piotr Dollár. Focal loss for dense
object detection. IEEE Trans. Pattern Anal. Mach. Intell., 42(2):318–327, 2020. doi: 10.1109/
TPAMI.2018.2858826.

Ilya Loshchilov and Frank Hutter. Decoupled weight decay regularization. arXiv preprint
arXiv:1711.05101, 2017.

BGDA Madhusanka, Sureswaran Ramadass, Premkumar Rajagopal, and HMKKMB Herath.
Biofeedback method for human–computer interaction to improve elder caring: Eye-gaze tracking.
In Predictive Modeling in Biomedical Data Mining and Analysis, pp. 137–156. Elsevier, 2022.

Qiaomu Miao, Minh Hoai, and Dimitris Samaras. Patch-level gaze distribution prediction for gaze
following. In Proceedings of the IEEE/CVF Winter Conference on Applications of Computer
Vision, pp. 880–889, 2023.

Fausto Milletari, Nassir Navab, and Seyed-Ahmad Ahmadi. V-net: Fully convolutional neural net-
works for volumetric medical image segmentation. In Fourth International Conference on 3D
Vision, 3DV 2016, Stanford, CA, USA, October 25-28, 2016, pp. 565–571. IEEE Computer Soci-
ety, 2016. doi: 10.1109/3DV.2016.79. URL https://doi.org/10.1109/3DV.2016.79.

Aiden Nibali, Zhen He, Stuart Morgan, and Luke Prendergast. Numerical coordinate regression
with convolutional neural networks. arXiv preprint arXiv:1801.07372, 2018.

Adam Paszke, Sam Gross, Francisco Massa, Adam Lerer, James Bradbury, Gregory Chanan, Trevor
Killeen, Zeming Lin, Natalia Gimelshein, Luca Antiga, et al. Pytorch: An imperative style,
high-performance deep learning library. Advances in Neural Information Processing Systems, 32,
2019.

Adria Recasens, Aditya Khosla, Carl Vondrick, and Antonio Torralba. Where are they looking?
Advances in Neural Information Processing Systems, pp. 1–9, 2015.

Fiona Ryan, Ajay Bati, Sangmin Lee, Daniel Bolya, Judy Hoffman, and James M Rehg. Gaze-lle:
Gaze target estimation via large-scale learned encoders. arXiv preprint arXiv:2412.09586, 2024.

Yuehao Song, Xinggang Wang, Jingfeng Yao, Wenyu Liu, Jinglin Zhang, and Xiangmin Xu.
Vitgaze: gaze following with interaction features in vision transformers. Visual Intelligence, 2
(1):1–15, 2024.

Samy Tafasca, Anshul Gupta, and Jean-Marc Odobez. Childplay: A new benchmark for under-
standing children’s gaze behaviour. In Proceedings of the IEEE/CVF International Conference
on Computer Vision, pp. 20935–20946, 2023.

Samy Tafasca, Anshul Gupta, and Jean-Marc Odobez. Sharingan: A transformer architecture for
multi-person gaze following. In Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition (CVPR), pp. 2008–2017, June 2024.

Matthew Tancik, Pratul Srinivasan, Ben Mildenhall, Sara Fridovich-Keil, Nithin Raghavan, Utkarsh
Singhal, Ravi Ramamoorthi, Jonathan Barron, and Ren Ng. Fourier features let networks learn
high frequency functions in low dimensional domains. Advances in Neural Information Process-
ing Systems, 33:7537–7547, 2020.

Henri Tomas, Marcus Reyes, Raimarc Dionido, Mark Ty, Jonric Mirando, Joel Casimiro, Rowel
Atienza, and Richard Guinto. Goo: A dataset for gaze object prediction in retail environments.
In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, pp. 3125–
3133, 2021.

11

https://doi.org/10.1109/3DV.2016.79


594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647

Under review as a conference paper at ICLR 2026

Francesco Tonini, Cigdem Beyan, and Elisa Ricci. Multimodal across domains gaze target detection.
In Proceedings of the 2022 International Conference on Multimodal Interaction, pp. 420–431,
2022.

Francesco Tonini, Nicola Dall’Asen, Cigdem Beyan, and Elisa Ricci. Object-aware gaze target
detection. In Proceedings of the IEEE/CVF International Conference on Computer Vision, pp.
21860–21869, 2023.

Danyang Tu, Xiongkuo Min, Huiyu Duan, Guodong Guo, Guangtao Zhai, and Wei Shen. End-to-
end human-gaze-target detection with transformers. In 2022 IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 2192–2200, 2022.

Danyang Tu, Wei Shen, Wei Sun, Xiongkuo Min, and Guangtao Zhai. Joint gaze-location and
gaze-object detection. arXiv preprint arXiv:2308.13857, 2023a.

Danyang Tu, Wei Shen, Wei Sun, Xiongkuo Min, Guangtao Zhai, and Changwen Chen. Un-gaze:
a unified transformer for joint gaze-location and gaze-object detection. IEEE Transactions on
Circuits and Systems for Video Technology, pp. 1–1, 2023b. doi: 10.1109/TCSVT.2023.3318839.

Binglu Wang, Tao Hu, Baoshan Li, Xiaojuan Chen, and Zhijie Zhang. Gatector: A unified frame-
work for gaze object prediction. In Proceedings of the IEEE/CVF Conference on Computer Vision
and Pattern Recognition, pp. 19588–19597, 2022.

Binglu Wang, Chenxi Guo, Yang Jin, Haisheng Xia, and Nian Liu. Transgop: Transformer-based
gaze object prediction. arXiv preprint arXiv:2402.13578, 2024.

Chaoning Zhang, Dongshen Han, Yu Qiao, Jung Uk Kim, Sung-Ho Bae, Seungkyu Lee, and
Choong Seon Hong. Faster segment anything: Towards lightweight sam for mobile applications.
arXiv preprint arXiv:2306.14289, 2023.

Ruohan Zhang, Akanksha Saran, Bo Liu, Yifeng Zhu, Sihang Guo, Scott Niekum, Dana Ballard,
and Mary Hayhoe. Human gaze assisted artificial intelligence: A review. In IJCAI: Proceedings
of the Conference, volume 2020, pp. 4951. NIH Public Access, 2020a.

Xucong Zhang, Seonwook Park, Thabo Beeler, Derek Bradley, Siyu Tang, and Otmar Hilliges. Eth-
xgaze: A large scale dataset for gaze estimation under extreme head pose and gaze variation. In
Computer Vision–ECCV 2020: 16th European Conference, Glasgow, UK, August 23–28, 2020,
Proceedings, Part V 16, pp. 365–381. Springer, 2020b.

12


	Introduction
	Related Work
	Method: PixelGaze
	Field-of-View Perception Module
	FoV-Aware Heatmap Generation
	Progressive Gaze Target Prediction

	Experiments and Results
	Experimental Setup
	Main Results on Gaze Following Datasets
	Main Results on GazeSeg Benchmark
	Quantitative Analysis
	Visualization Analysis
	Performance on Childplay

	Ablation Studies
	Influence of the Main Modules
	Influence of the Objective Terms


	Conclusion

