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Abstract. Existing 3D human object interaction (HOI) datasets and
models simply align global descriptions with the long HOI sequence,
while lacking a detailed understanding of intermediate states and the
transitions between states. In this paper, we argue that fine-grained se-
mantic alignment, which utilizes state-level descriptions, offers a promis-
ing paradigm for learning semantically rich HOI representations. To
achieve this, we introduce Semantic-HOI, a new dataset comprising over
20K paired HOI states with fine-grained descriptions for each HOI state
and the body movements that happen between two consecutive states.
Leveraging the proposed dataset, we design three state-level HOI tasks
to accomplish fine-grained semantic alignment within the HOI sequence.
Additionally, we propose a unified model called F-HOI, designed to lever-
age multimodal instructions and empower the Multi-modal Large Lan-
guage Model to efficiently handle diverse HOI tasks. F-HOI offers multi-
ple advantages: (1) It employs a unified task formulation that supports
the use of versatile multimodal inputs. (2) It maintains consistency in
HOI across 2D, 3D, and linguistic spaces. (3) It utilizes fine-grained tex-
tual supervision for direct optimization, avoiding intricate modeling of
HOI states. Extensive experiments reveal that F-HOI effectively aligns
HOI states with fine-grained semantic descriptions, adeptly tackling un-
derstanding, reasoning, generation, and reconstruction tasks.
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1 Introduction

Modeling human-object interaction (HOI) in 3D space is critical for various
downstream applications, such as computer animation, virtual reality, and em-
bodied AI [15,43,54,63,76]. The HOI process involves a sequence of continuous
state transitions, which contains intricate changes in body parts, object trajecto-
ries, and interaction contacts. However, existing models [2, 47, 56, 64] only align
global descriptions with such processes, making them struggle to comprehend
each HOI state and the transitions between states in the fine-grained semantic
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There are the next potential state 

descriptions: Walking forward, head slightly 

downward, left foot forward, right foot behind, 

carrying a rolled yoga mat under left arm, 

right leg slightly forward

Describe the next HOI 

state with goal: pick 

up the yoga mat 

There are the current state 

descriptions: Bending at waist, holding 

yoga mat with both hands, preparing to 

unroll or pick up mat on floor.

Describe this HOI Transformation Descriptions: Whole body 

movement: a bent-over posture to an upright stance; 

Arms movement: The right arm goes from being 

bent …; Object trajectory: The object goes from a 

potential stationary …; Human-object contact: 

Contact with the object shifts from a more distributed 

and active manipulation using both hands…

Generate the next HOI state with 

fine-grained transformation 

descriptions

Fig. 1: Illustration of three state-level tasks to achieve fine-grained semantic alignment.

space. In the literature, how to achieve fine-grained semantic-aligned 3D HOI is
still a challenging yet under-explored issue due to the following difficulties:

1. Dataset Gap. Existing HOI datasets only provide coarse-grained goal de-
scriptions (e.g., “a person picks up a backpack”) to depict a long HOI se-
quence. Thus, the absence of fine-grained semantic descriptions significantly
hampers progress in the related field.

2. Model Capacity. Aligning the fine-grained semantic descriptions with HOIs
is non-trivial. It requires a model that can establish alignments from a limited
dataset, possesses powerful semantic comprehension skills to handle exten-
sive textual descriptions, and has prior knowledge of real-world actions.

To address the first issue, we reconstruct a new dataset named Semantic-HOI
from three existing datasets, bridging the semantic gap in current datasets by
furnishing fine-grained descriptions for HOI states and detailing the movements
between two consecutive HOI states. Based on the proposed dataset, we de-
sign three state-level tasks to achieve fine-grained HOI modeling from different
perspectives: (1) Understanding: None of the current tasks explicitly involve
understanding an HOI state (i.e., human pose with object pose) via textual de-
scriptions. Thus, we are motivated to propose such a task and aim to achieve
fine-grained understanding, as shown in Fig. 1-(a). (2) Reasoning: Building
upon the understanding task, we further increase the level of difficulty by de-
scribing the next HOI state given the current HOI state and the overall HOI
goal, as shown in Fig. 1-(b). (3) Generation: Beyond the understanding and
reasoning tasks, we further explore the fine-grained action control, which aims
to leverage the transformation descriptions to generate the next state from the
current one, as shown in Fig. 1-(c).

To address the second problem, we introduce F-HOI, a novel unified frame-
work to tackle diverse 3D HOI tasks. Specifically, F-HOI first integrates var-
ious input modalities, including 2D images, 3D object meshes, 3D HOI-Pose
(comprising human and object poses), and textual descriptions, into a unified
architecture. By employing different task instructions in the training phase, it
progressively learns consistent HOI representations across 2D, 3D, and linguistic
spaces, and realizes the mutual enhancement of different tasks. Once the model



F-HOI 3

is optimized, it can leverage the powerful language understanding capabilities
inherent in the multi-modal large language model to adeptly execute diverse
HOI tasks with flexible inputs.

Through extensive experiments, we demonstrate that F-HOI can effectively
align HOI states of sequences with fine-grained semantic descriptions, adeptly
tackling understanding, reasoning, and generation tasks, along with the tra-
ditional reconstruction task. In addition, our ablation studies reveal that our
model designs, coupled with the proposed dataset and training strategies, could
improve fine-grained 3D HOI modeling. Finally, as a pioneering work, we provide
a comprehensive discussion to inspire future research in the related field.

In summary, the contributions of this work are three-fold:

– As far as we know, this is the first work to explore the problem of fine-grained
semantic-aligned 3D HOI modeling. To tackle such a problem, we introduce
a new dataset named Semantic-HOI to bridge the annotation gap present in
current datasets by providing fine-grained descriptions for HOI states and
the body movement between two consecutive states.

– To learn and evaluate the fine-grained HOI representation, we define three
new state-level HOI tasks from the perspectives of understanding, reasoning,
and generation. Furthermore, we present F-HOI, which empowers the MLLM
to execute the above HOI tasks with flexible inputs.

– Extensive experiments show F-HOI can effectively align HOI states with fine-
grained semantic descriptions. We hope our proposed dataset and tasks can
bring in new perspectives to fine-grained semantic-aligned HOI modeling.

2 Related Work

2.1 Human-Object Interaction

Research in Human-Object Interaction (HOI) has traditionally focused on iden-
tifying interactions from images [4,16,22,31,74,75,81], 3D interaction reconstruc-
tion [6,17,52,62,66,73,83,88] and generation [12,18,19,25,60,64,67,71,89]. Some
noteworthy contributions include Phosa [87], which geometrically reconstructs
HOIs by utilizing contact priors from different body regions, and GOAL [55],
which employs a conditional variational autoencoder (cVAE) to generate full-
body motions for object grasping by estimating the grasping pose for the entire
body. CHOIS [28] further extends the field by synthesizing HOI motions us-
ing a conditional diffusion model based on language descriptions and the initial
state of the object and the human involved. On the other hand, the advent of
3D HOI assets [87] and datasets, which include visual recordings [17, 24, 25, 73],
text annotations [29, 56] or both [2, 64], have promoted effective HOI model-
ing across various applications. However, existing models and datasets typically
rely on coarse-grained descriptions for interactions, making it challenging to
learn fine-grained semantic alignment. Our work represents the first attempt to
address this limitation by constructing a new dataset with rich descriptions for
body parts, objects, and their interactions, and proposing three new fine-grained
state-level HOI tasks from different perspectives.
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Table 1: Statistics of Semantic-HOI collected from three existing datasets.

Datasets 2D Image 3D HOI Text Descriptions # Unified HOI Pairs
# 3D Object 3D Human Pose Goal Descriptions Fine-grained Descriptions

GRAB [56] ✗ ✓ ✓ ✓ ✗ 1187
CHAIRS [24] ✓ ✓ ✓ ✓ ✗ 3368
BEHAVE [2] ✓ ✓ ✓ ✓ ✗ 15886
Semantic-HOI ✓ ✓ ✓ ✓ ✓ 20441

2.2 Multimodal Large Language Models

Large Language Models (LLMs) are rapidly emerging as powerful tools across
various domains. While leading models like OpenAI’s ChatGPT [44] and GPT-
4 [45] remain proprietary, the availability of open-source LLMs such as Vi-
cuna [8], LLaMA [59], and Alpaca [57] is enabling researchers to engage in
multimodal research. In general, there are two technical paradigms to lever-
age the LLMs to solve multi-modality tasks: Firstly, LLMs can serve as effective
decision-making agents by interfacing with task-specific models through API
calls [21,40,48,53,61,79,80]. Through carefully designed prompt engineering or
instruction tuning, LLMs can generate API calls to address multi-modal tasks.
However, this approach may not fully comprehend the intricacies of task-specific
modalities, leading to potential failures when dealing with complex scenes. Sec-
ondly, an advanced approach is to map modality-specific representations into
the language embedding space of the LLM. Recent works like LLaVA [37, 38]
and MiniGPT-4 [94] incorporate pre-trained visual encoders to obtain image
features and train projection layers to align visual representations with the lan-
guage space of LLM. This approach can also be extended to speech genera-
tion [84], image generation [23, 91], video understanding [30, 85], and other per-
ception tasks [13, 27, 49, 70, 86], providing a more comprehensive understanding
of multi-modal data. Among these, ChatPose [14] is most relevant to our work,
as it explores the use of 3D body pose as a new modality for LLMs to process.
However, our work goes further by comprehensively considering humans, objects,
and their interactions. More importantly, we emphasize exploring the problem of
fine-grained semantic-aligned HOI modeling. To achieve this, we leverage multi-
modal instructions to empower MLLMs to complete fine-grained HOI tasks,
thereby demonstrating significant potential.

3 Dataset

3.1 Motivation

As illustrated in Tab. 1, existing datasets focus on different subsets of objects
and interactions, while providing only goal descriptions for long-term interaction
processes. These limitations restrict the effectiveness of models in handling di-
verse scenes and achieving fine-grained semantic alignments for HOIs. To address
these dataset gaps, we introduce a novel dataset called Semantic-HOI, charac-
terized by two primary features: (1) Diverse objects. We aggregate and unify
data from three established datasets to incorporate a wider range of objects;
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2D Space 

State-1 State-2

3D Space 

State-1 State-2 Object Mesh

Language Space

1. Goal Description: pick up yoga mat

2. Fine-grained Description for State-1: Bending at waist, holding yoga mat with both hands, 

preparing to unroll or pick up mat on floor

3. Fine-grained Description for State-2: Walking forward, head slightly downward, carrying a 

rolled yoga mat under left arm, right leg slightly forward.

4. Transformation Description between State-1 and State-2: Whole body movement: a

bent-over posture to an upright stance; Head movement: a shift from looking down at the

object to facing forward; Arms movement: The right arm goes from being bent and

engaged in activity to hanging straight down, and the left arm now supports the object's

weight; Hands movement: The hands change from possibly gripping or unrolling the mat to

holding the object while walking; Legs movement: The legs' movement transforms from a

static position, providing stability for bending over, to dynamic walking, with one leg forward,

indicating motion; Feet movement: There's a change from the feet being planted on the

ground for balance to one foot being in mid-step; Object trajectory: The object goes from a

potential stationary or unrolling phase on the ground to being lifted and carried alongside

the body; Human-object interaction difference: Contact with the object shifts from a more

distributed and active manipulation using both hands and potentially the body to a more

passive but secure holding pattern as the person walks.

Fig. 2: Illustration of the annotations in Semantic-HOI for a paired HOI sample.

(2) Detailed descriptions. Instead of directly describing long-term HOI se-
quences, which demand extensive language to capture various redundant action
changes, we provide detailed descriptions for each HOI state and highlight the
body movements between consecutive HOI states.

3.2 Data Collection

We collect data from 3 existing datasets (GRAB [56], CHAIRS [24] and BE-
HAVE [2]), while carefully considering the following data balancing principles:
Balanced Data for Interaction Diversity: Each dataset in Tab. 1 is video-
based and each video contains a single interaction process. To ensure diversity
in interaction, we randomly sample a subset of state pairs from these videos.
Balance Data for Images Discrepancies and Object Categories: Since
the GRAB dataset lacks natural images, we need to render 3D HOIs into 2D
images. Additionally, the CHAIRS dataset predominantly features interactions
with a diverse range of chairs. To address the variations in data distribution
between rendered and natural images, and to ensure the super-category diversity
of the interactive objects, we have restricted the number of samples drawn from
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Table 2: Comparison with related works about linking textual descriptions and human
pose. Our dataset and annotation strategy are the first to explore the problem of fine-
grained semantic-aligned 3D human-object interaction modeling.

Method Human Object Contact State Transition Fine-grained

PoseScript [10] ✓ × × ✓ × ×
PoseFix [11] ✓ × × × ✓ ✓
Ours ✓ ✓ ✓ ✓ ✓ ✓

both the GRAB and CHAIRS datasets to maintain balance. In contrast, we have
included an increased number of samples from the BEHAVE dataset.

3.3 Dataset Construction

Annotations. As depicted in Fig. 2, the annotations of an HOI pair comprises
the following components:

1. 2D images for the current state and the next state.
2. HOI poses for the current state and the next state, along with object mesh.
3. Goal description for the action.
4. Fine-grained descriptions for both the current state and the next state.
5. Transformation descriptions detailing the changes between the current state

and the next state.

where components 1-3 can be derived from the original datasets. For components
4-5, we prompt GPT-4V [45] using the given 2D images for annotations. During
this process, we meticulously design the formats for fine-grained descriptions as
follows: (a) decoupled human pose descriptions, including whole-body, head, two
arms, two hands, two legs, and two feet; (b) object state descriptions; (c) interac-
tion state descriptions. Based on the above prompts, we can offer both part-level
state descriptions and part-level movement descriptions. We also provide action
descriptions to supplement ambiguous and incomplete goal descriptions.
Statistics Analysis. Considering the potential for response errors in GPT-4V,
we conduct manual verification to filter out improperly formatted fine-grained
descriptions. In total, our Semantic-HOI comprises 20, 441 pairs, with 1, 187
from GRAB, 3, 368 from CHAIRS, and 15, 886 from BEHAVE. Furthermore,
following BEHAVE, we split Semantic-HOI into about 70% for training and
30% for testing to show the potential of fine-grained semantic-aligned HOI.

3.4 Discussion

There are several related works worth discussing, which focus on linking textual
descriptions to human poses. We have summarized key differences in Tab. 2: (1)
PoseScript [10] utilizes generic rules to annotate textual descriptions from state-
level 3D keypoints. In contrast, utilizing GPT-4V with well-designed prompts
for annotation is more simple and fine-grained. Additionally, our annotation in-
troduces state-to-state human and object transitions, as well as interactions,
which PoseScript overlooks. (2) Although PoseFix [11] annotates text descrip-
tions of human state transitions, it similarly overlooks object state transitions
and interaction transitions, which are critical and unique for the HOI problem.
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Fig. 3: Input and output definitions for each task.

4 Fine-grained 3D HOI Tasks

Motivation. Building on Semantic-HOI introduced in Sec. 3, we propose three
novel tasks to showcase fine-grained semantic-aligned HOI, motivated by varying
objectives: (1) Understanding: The task of captioning an HOI state (i.e., the
poses of both the human and the object) with textual descriptions serve as
the most straightforward method for demonstrating alignment. This approach
addresses a gap often overlooked in existing tasks. (2) Reasoning: Building
upon the understanding task, the depth of the problem can be extended to
reason about the next HOI state via textual descriptions, when knowing the
action goal. (3) Generation: Moving forward, beyond simply considering the
current or next state, comprehending the fine-grained movement descriptions to
generate the next state based on the current one is promising.
Problem Definitions. As shown in Fig. 3, conditioned by the object mesh and
each task instruction, the proposed three tasks, along with the traditional recon-
struction task, can be formulated as follows: (1) Understanding. Given the t-th
HOI state st, the model aims to produce the corresponding fine-grained textual
descriptions pt. Specifically, the HOI state st can be formulated as (M(θ, β), O).
M(θ, β) is the human state obtained by a parametric human body model SMPL
M [41]. θ and β are pose and shape parameters, respectively. Following [14], β is
by default set to zeros, corresponding to the average body shape. O is the object
state represented by 6 degrees of freedom (6DoF) object pose (i.e., translations
and rotations). (2) Reasoning. Given the goal descriptions pg (e.g., a person
picks up a backup) and the t-th HOI state st, we expect the model to reason the
next state’s text descriptions pt+1. (3) Generation. Given the t-th HOI state
st and the movement descriptions p∆, the model needs to generate the next
HOI state st+1. (4) Reconstruction. Given the 2D image It at t-th state, the
model output the HOI state st. However, directly outputting the object pose is
challenging. We perform object-conditioned human reconstruction, which inputs
the object pose at t-th state and outputs the human pose at t-th state.

5 Model

5.1 Motivation

As defined in Sec. 4, the consistency across the four tasks essentially involves
learning fine-grained alignments across 2D, 3D, and language spaces. Therefore,
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assistant for 3D 

HOI Analysis.

Tokenizer 2D Encoder 3D Encoder

System 

Message
2D HOI Image 3D Object Mesh 3D HOI-Pose

Embedding
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User: Please 
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Task Instruction
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state descriptions: ...
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possible description 

for the next state: …
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This is the next HOI.

Assistant:
This is the current HOI.

Fig. 4: Overview of our F-HOI framework, which contains the three components: multi-
modal encoders, a large language model, and task-specific projectors. Based on different
task instructions, F-HOI could support multi-modal inputs and complete diverse HOI
tasks, covering understanding, reasoning, generation, and reconstruction tasks.

it is crucial to use a single model to unify the formulations of these four tasks
and stimulate potential mutual benefits among them, which is demonstrated
in our ablation study. On the other hand, due to the complexity of new tasks,
previous technical paradigms [6,17,64,66,73,88,89] cannot meet the requirements
of tasks, which necessitate semantic comprehension and cognition capabilities
for handling lengthy sentences in fine-grained descriptions. Based on the above
motivations, we propose to empower the Multi-modal Large Language Model to
complete the proposed HOI tasks with flexible inputs.

5.2 Architecture

As illustrated in Fig. 4, based on different task instructions, F-HOI could sup-
port multi-modal inputs and complete diverse HOI tasks containing the three
components: multi-modal encoders, LLM Backbone, and task-specific projectors.
Multi-modal Encoders. We leverage different modality encoders to project
each input modality into tokens that align together within the language space of
the LLM backbone. Specifically, (1) We utilize the SentencePiece tokenizer [26]
to encode textual descriptions, including task instructions, goal descriptions pg
in the reasoning task, and fine-grained movement descriptions p∆ in the gener-
ation task, as in Fig. 3; (2) We employ the frozen CLIP image encoder and one
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additional projection layer to encode 2D HOI images; (3) We utilize the frozen
3D point encoder in Uni3D [93] with a trainable projection layer to encode 3D
object meshes; (4) For HOI-Pose, we use separate projection layers to project
the human pose and object pose into the hidden space of the LLM backbone.
LLM Backbone. We utilize Vicuna-7B [92] as the LLM backbone and employ
LoRA [20], which initializes a trainable matrix for fine-tuning the LLM.
De-tokenlization. (1) For text response, we also utilize the SentencePiece deto-
kenizer to decode all the text tokens into textual descriptions; (2) For HOI-Pose
response, we utilize a trainable human-pose projection layer to decode the special
token <Human> into human pose, while employing another trainable object-pose
projection layer to decode the special token <Object> into object pose.

5.3 Training Pipeline

Pretraining for Alignments. Thanks to the versatility of our model in han-
dling various input and output formats, we are able to utilize multiple related
datasets for pretraining, thereby improving alignments across different modali-
ties. Specifically, acknowledging the critical role of human pose diversity in HOI
tasks, we engage with extensive pose estimation and description datasets to fa-
cilitate alignment between images and human poses, as well as text and human
poses. To this end, we employ the COCO [36] and Posescript [10] datasets, re-
spectively. We convert these two datasets into different question-answer formats
and optimize the model using the following loss functions:

L = Ltext + Lpose

where Ltext is the cross-entropy loss typically applied for prefix language model-
ing such as GPT. Lpose = ∥θgt−θpred∥ is the L1 loss computed between predicted
human pose parameters and ground-truth ones.
Multi-Task Instruction Tuning. In this stage, we convert the proposed dataset
into task-specific instruction-following format, including understanding, reason-
ing, generation, and reconstruction tasks. By joint training these tasks, we op-
timize the model using the following loss functions:

L = Ltext + Lhoi

where Lhoi = ∥∆θgt−∆θpred∥+∥∆Ogt−∆Opred∥ is the L1 loss to minimize the
translation difference between predicted and ground-truth human and object
pose parameters from the start state to the next state, which only applies to
the generation (current state as start state) and reconstruction (default state
as start state). Therefore, Lhoi is computed as the offset. This approach could
benefit the generation task, which we refer to as offset regression.

6 Experiment

6.1 Experimental Setup

Evaluation Metric. Since the output of understanding and reasoning tasks
are textual descriptions, we employ two commonly used metrics from the NLP
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field for evaluations: (1) BLUE-4 [46] analyzes the co-occurrences of 4-grams
between the predicted and ground-truth sentences. (2) ROUGH [33] examines
the adequacy and fidelity of the predicted sentences based on recall rate. In
contrast, for evaluating generation and reconstruction tasks, we follow previous
works [2, 69, 87] to utilize the Chamfer distance for both humans and objects.
Specifically, we decouple the human pose into different body parts for evaluation,
including the head, two arms, two hands, and two legs, to better demonstrate
the performance guided by fine-grained semantic descriptions.
Baseline. Since this work focuses on entirely new HOI tasks that existing mod-
els have not been able to tackle, we choose the base multi-modal large lan-
guage model in F-HOI for comparison. Specifically, we use our Semantic-HOI to
finetune LLaVA-1.5V-7B [38] as our baseline model, which incorporates Vicuna-
7B [92] as the LLM backbone with a CLIP image encoder [51] for visual encoding.
Considering the original LLaVA only takes images and textual descriptions as
inputs, we further incorporate 3D HOI-Pose embedding to process HOI poses,
enabling the completion of our tasks. In contrast, we do not input the object
mesh and instead output the HOI-Pose as a textual response. To obtain a com-
plete and precise HOI-Pose, we decouple the human pose parameters and the
object pose, and then perform multi-turn conversation for training and the batch
inference to query them separately.
Implementation Details. We employ LLaVA-1.5V-7B to initialize the model
weight. During training, we freeze the CLIP image encoder while fine-tuning the
LLM using LoRA [20]. Additionally, we train projection layers to adapt the LLM
to our proposed HOI tasks. For fine-tuning with LoRA, we set the rank to 128
and the alpha to 256. We employ AdamW [42] for network optimization, with
a learning rate of 2e − 4 and weight decay of 0. During training, we utilize 8
Nvidia A100 GPUs, each with 80G of memory. We set the batch size to 16 for
each GPU and configure a gradient accumulation step of 1.

6.2 Main Results

For quantitative results, as illustrated in Tab. 3, Tab. 4, Tab. 5, and Tab. 6, we
conduct a comprehensive comparative analysis of our proposed model, F-HOI,
across all four tasks against the established baseline, utilizing our Semantic-HOI
dataset. F-HOI significantly and consistently outperforms its baseline, demon-
strating its effectiveness in achieving fine-grained semantic alignment. Moreover,
we provide the qualitative results as shown in Fig. 5 for the generation task.
Overall, F-HOI can learn rich semantic representations at the state level, adeptly
tackling our proposed understanding, reasoning, and generation tasks.

Table 3: Understanding Task.

Method BLEU-4↑ [46] ROUGE↑ [33]

Baseline 20.09 35.20
F-HOI 26.78 45.29

Table 4: Reasoning Task.

Method BLEU-4↑ [46] ROUGE↑ [33]

Baseline 19.51 35.69
F-HOI 25.56 41.84
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Table 5: Generation Task.

Method Head Left Arm Right Arm Left Hand Right Hand Left leg Right Leg Object Averaged↓

Baseline 36.8 28.1 34.0 55.1 73.7 23.4 30.9 72.9 44.4
F-HOI 16.8 13.5 16.2 35.2 42.3 10.6 14.1 34.8 22.9

Table 6: Object-conditioned Reconstruction Task.

Method Head Left Arm Right Arm Left Hand Right Hand Left leg Right Leg Averaged↓

Baseline 45.8 37.3 42.8 62.5 79.4 32.9 39.4 48.6
F-HOI 20.8 15.1 19.5 38.7 50.4 11.6 16.9 24.7

6.3 Ablation Study

Offset Regression. For the generation task, F-HOI designs an offset-based
regression method, which expects the model to predict offsets from the input
HOI-Pose, thereby supervising the HOI-Pose offsets to achieve better alignment
with movement descriptions. The results in Tab. 7 indicate that this regres-
sion approach can notably enhance the generation task by achieving improved
alignment with movement descriptions.

Table 7: Effect of offset regression on different HOI tasks. We adopt the BLUE-4 to
evaluate understanding and reasoning tasks and use the averaged Chamfer distance for
generation and reconstruction tasks.

Offset Understanding↑ Reasoning↑ Generation↓ Reconstruction↓

✗ 26.91 24.73 27.9 25.5
✓ 26.78 25.56 22.9 24.7

Image-to-Pose Alignment. Thanks to the input and output flexibility of our
model, we can use large-scale image-pose paired dataset COCO [36] to per-
form image-to-pose alignment. The results in Tab. 8, #1 vs. #2, demonstrate
significant improvements in both the reconstruction and generation tasks. The
enhanced human pose diversity is crucial for effective HOI, thereby contributing
to the observed improvements.
Text-to-Pose Alignment. We utilize the text-pose paired dataset PoseScript [10]
to achieve text-to-pose alignment. The results in Tab. 8, comparing methods #2
and #3, demonstrate notable benefits for understanding and reasoning tasks.
This approach effectively aligns poses with diverse descriptions, contributing to
improved performance.
Multi-task Joint Training. In the previous ablation studies, a consistent phe-
nomenon is observed: an improvement in one task’s performance often leads to
improvements in other tasks as well. Furthermore, we conduct ablations focus-
ing on single tasks. The results in Tab. 9 demonstrate the presence of mutual
benefits across different tasks in multi-task training, significantly outperforming
single-task training. In addition, training with multiple modalities input of the
same sample (e.g., images, HOI-Pose, and textual descriptions) can also provide
more information to improve performance.
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USER: 

Predict the next HOI state with fine-grained transformation descriptions. 

Transformation description: 

Whole body movement: Transition from a fully upright to a forward leaning position.

Head movement: Head tilts downward following the movement of the arms and box.

Arm movement: Arms move from fully extended overhead to lowered 

in front of the body.

Object trajectory: The box moves from an overhead position to in front of the body.

Human object interaction: Maintaining grip the box while transitioning poses.

Assistant:.

USER: 

Predict the next HOI state with fine-grained transformation descriptions. 

Transformation description: 

Arm movement: The right arm bends at the elbow and lifts the backpack from a

lowered position to abdomen height. The left arm remains largely stationary.

Hands movement: The right hand maintains its grip on the backpack 

handle, adjusting to lift the object, while the left hand remains passive by the side.

Object trajectory: The backpack is lifted upwards.

Assistant:

USER: 

Predict the next HOI state with fine-grained transformation descriptions. 

Transformation description: 

Whole body movement: The body transitions from an upright standing position

to a forward bend.

Head movement: Tilts downward following the bending motion of the body.

Arm movement: Arms move from an elevated position to a downward position.

Hands movement: Maintain contact with the yoga ball throughout.

Object trajectory: The yoga ball moves in a downward from above head height to near 

floor level.

Assistant:.

USER: 

Predict the next HOI state with fine-grained transformation descriptions. 

Transformation description: 

Whole body movement: Transition from bent over to upright stance.

Head movement: From looking down and forward to looking straight ahead.

Arm movement: Right arm moves from extended downward to bent position, left arm 

bends to assist in lifting.

Legs movement: Legs straighten to support lifting motion and body rotation.

Assistant:

Fig. 5: Qualitative results of F-HOI on generation task.

Table 8: Effect of image-to-pose and text-to-pose alignment on different HOI tasks.

No. Image-to-Pose Text-to-Pose Understanding↑ Reasoning↑ Generation↓ Reconstruction↓

#1 ✗ ✗ 21.21 20.98 32.7 33.9
#2 ✓ ✗ 23.76 23.43 24.8 25.8
#3 ✓ ✓ 26.78 25.56 22.9 24.7

7 Discussion

State-by-state Generation for an HOI process. Although the primary
focus of this work is to align fine-grained semantic details with HOI at the state
level, we demonstrate the potential of this paradigm to generate long sequences
for the interaction process while maintaining a detailed understanding of each
intermediate state and the transitions between states, as shown in Fig 6.
Failure Case Analysis. We show three types of failure cases in our method, as
shown in Fig. 7. (1) Interpenetration: F-HOI employs fine-grained textual su-
pervision (e.g., body part with contact) for implicit human-object optimization.
Compared with previous methods [6, 17, 62, 64, 66, 73, 73, 88, 89], it is conceptu-
ally simple by eliminating complex structured HOI modeling and explicit contact
supervision [12, 67]. However, in cases where there are conflicts between human
actions and objects, the interpenetration still persists, as illustrated in Fig. 7-
(a). (2) Physics Gap: Since F-HOI does not explicitly incorporate the physical
laws [63, 67, 68, 72, 82], the generation of the next HOI state merely aligns with
linguistic descriptions without constraints imposed by physical reality. For in-
stance, as depicted in Fig. 7-(b), without contact, the “keyboard” would actually
fall to the ground due to gravity. (3) Difficulty with Complex Movements:
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Table 9: Effect of joint training across multiple tasks on each HOI task.

Task Understanding↑ Reasoning↑ Generation↓ Reconstruction↓

Understanding 24.67 - - -
Reasoning - 23.89 - -
Generation - - 24.0 -
Reconstruction - - - 26.8
All 26.78 25.56 22.9 24.7

… Arm straighten slightly; 

The basketball is in the 

subject's hand …

… Right arm bending; The 

basketball moves slightly to 

the left of the subject …

… Head from forward facing  

to a downward gaze; Arms 

move from an elevated 

position to a downward 

position …

… Arms move downward; 

Legs extended while 

standing …

Fig. 6: We show that F-HOI has the potential to utilize fine-grained descriptions at
the state level for performing sequence generation state-by-state.

F-HOI fails to generate the next HOI state when the trajectory of object states
between the current and next states is complex or highly variable, as exemplified
in Fig. 7-(c). This is primarily due to our dataset lacking sufficient examples of
long-term and complex movements. One direct solution to address this issue is
to decompose the description of movements into multiple fine-grained stages.
Limitations. Overall, our work serves as a pioneering work that provides the
community with a new perspective for fine-grained semantic-aligned 3D human-
object interaction modeling. However, as an early-stage effort, our work leaves
ample room for further exploration in this field. Here, we discuss several limi-
tations to inspire future research: (1) As shown in Fig. 3, our proposed tasks
require inputs including a 3D object mesh, 3D HOI-Pose, and textual descrip-
tions. These input requirements significantly hurt the convenience of inference.
Reducing the strict requirements of input modalities is an area worth exploring.
(2) Our work only evaluates the effectiveness of fine-grained textual descriptions
and HOI-Pose alignment in closed-set scenarios within existing datasets. How-
ever, such a model lacks generalization to open-set scenarios, which is limited
by interaction diversity and unseen object meshes. (3) Based on our task and
problem definitions, F-HOI can only perform long sequence generation state-by-
state through fine-grained textual descriptions for addressing the HOI motion
generation task. This approach introduces complexity and error accumulation,
and it does not address the issue of smooth transitions between states. (4) The
design of F-HOI follows a simple and intuitive principle and could be consid-
ered as a baseline model. It may perform poorly compared to previous meth-
ods [12, 69, 87, 89] in generation and reconstruction tasks. (5) We expect our
model to predict hand parameters to better demonstrate the alignment between
fine-grained textual descriptions and HOIs. However, our preliminary results in-
dicate that our model underperforms in capturing the details of the hands. (6)
For understanding and reasoning tasks, F-HOI heavily relies on the priors of
large language models. Despite showing significant potential, we still identify
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… Rotation and elevation 

from seated to standing 

position … Chair is 

stationary with a slight 

possible backward 

motion

… The human’s hands 

are free and no longer in 

contact with the 

object …

... Vertically lifted 

from ground and 

rotated to upside 

down …

(a) Interpenetration (b) Physics Gap (c) Difficulty with Complex Movements

Fig. 7: We show three types of failure cases in our method.

several understanding and reasoning errors, such as inaccurate judgments of in-
teractions and incorrect assessments of the spatial relationships between body
parts. These limitations arise from the restricted data volume used to align HOI-
Pose with fine-grained descriptions, while the richness and quality of the textual
descriptions also affect performance [5].
Future Directions. (1) Flexiable Input Modality. As discussed in the lim-
itations above, reducing the required input modalities is worth considering. For
instance, the object mesh could potentially be obtained through a text-to-3D
approach [7,32,50]. Furthermore, the initial HOI-Pose could be directly derived
from image input, as the human SMPL parameters and object 6DoF pose can
be obtained by other powerful models [3,9,34,35,65,77,78]. (2) Increase Data
Scale. Our Semantic-HOI currently covers only three datasets with a limited
number of samples. Merging more HOI datasets [39, 90], scaling up the num-
ber of samples, and enriching the textual descriptions are also worth exploring.
Moreover, exploring the hierarchy of human body part states, object states, and
actions are promising and meaningful [1]. (3) Diverse Model Architectures.
Due to the complexity of new tasks and the limited data samples, our model is
built on the Multi-modal Large Language Model, which brings semantic compre-
hension and cognitive capabilities for handling lengthy sentences in fine-grained
descriptions. However, compared to previous HOI models, our model has a sig-
nificantly larger amount of parameters, making it less lightweight for addressing
HOI tasks. Thus, as data scales up, exploring other model architectures [58] also
becomes an important consideration.

8 Conclusion

This paper proposes the overlooked challenge of fine-grained semantic-aligned
3D human-object interaction (HOI), which is inadequately addressed by current
HOI datasets and models. To bridge this gap, we introduce Semantic-HOI, a
new dataset featuring over 20K meticulously annotated HOI state pairs, each
equipped with detailed descriptions and corresponding body movements between
consecutive states. Leveraging this dataset, we formulate three state-level HOI
tasks aimed at achieving fine-grained semantic alignment within the HOI se-
quence. Moreover, we present F-HOI, which empowers the MLLM to proficiently
tackle the proposed HOI tasks. Extensive experiments showcase F-HOI’s prowess
in aligning HOI states with fine-grained semantic descriptions.
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