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ABSTRACT This paper proposes an enhanced ORB-SLAM3 model that integrates six-layer quadtree
feature management, Farneck depth optical flow velocity compensation and second-order spherical
harmonic function dynamic lighting estimation to solve the problems of spatial registration sensitivity
caused by lighting and fast moving in virtual visual system, insufficient frame rate in high precision
3D asset rendering and high rate of accidental touches occurring during gesture interaction. To alleviate
rendering load it uses a progressive mesh hierarchy detailing with a quadratic error metric, ASTC 6x6
hardware compression, and a Vulkan streaming loading strategy with lightweight screen-space ambient
occlusion. A long short-term memory network 1SVM recognition model of temporal gesture recognition
is built at the interaction layer and an adaptive touch magnification and anti-accidental touch latency
mechanism is used based on dynamic Fitts’s law. The million-facet model is rendered at 60.1 fps with a
16.3ms end-to-end latency, an accidental touch rate of 2.1% and a task completion time of 8.9 seconds.

INDEX TERMS Augmented Reality; Visual Communication Design; Spatial Registration; Progressive
Mesh Simplification; Temporal Gesture Recognition

I. INTRODUCTION
THROUGH Augmented Reality (AR) technology, visual
communication design works can be displayed in a new
form that overlays virtual information into the real physical
environment. AR space can give traditional flat posters,
packaging structures and brand visual identities three-
dimensional, dynamic features and real-time interactive ca-
pabilities, which can further improve the audience’s im-
mersion and information decoding efficiency. But there are
still three major problems in deploying high-precision visual
communication design assets on mobile AR platforms: First,
the complex lighting changes and rapid camera panning in
the exhibition environment easily cause spatial registration
failures, resulting in the virtual content drifting or jittering;
second, the design model with millions of triangular faces
puts a heavy burden on the mobile graphics rendering
pipeline causing the frame rate and interaction latency
to drop sharply, seriously affecting the naturalness and
accuracy of the operation; third, in the case of bare-hand
interaction, the random movement of the human hand may
be mistaken for a command, and the rapid glancing and
shaking of the human hand are examples of unconscious
actions that can easily cause the accuracy of the operation
to drop.

This paper attempts to present an augmented reality
interaction optimization scheme for visual communication
design and presentation. The management hierarchy of
quadtree is raised to 6 layers based on the improved ORB-
SLAM3 framework for obtaining uniform distribution of
feature points. To overcome the camera rapid translation,
a Farneback depth optical flow construction velocity com-
pensation module is introduced, and the dynamic illumina-
tion estimation algorithm based on second-order spherical
harmonics is embedded to correct the illumination abrupt
changes in real time to get sub-pixel-level tracking and rapid
relocalization in a noisy scene. Adopted is a progressive
mesh detail hierarchy algorithm based on quadratic error
metric (QEM), and the differentiated simplified weights are
set for the poster upscaling model and packaging materials.
This is in addition to the ASTC 6x6 hardware compression,
Vulkan streaming data loading, and lightweight screen space
ambient occlusion (SSAO). The 105 dimensional temporal
features of 21 hand keypoints are used to build a Long Short-
Term Memory Network Support Vector Machine (LSTM
SVM) classification model to identify dynamic gesture
intentions. A dynamic Fitts law velocity decay trigger-
ing mechanism and adaptive touch field magnification are
added, along with a 200ms anti-mistouch delay, which has
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a significant effect on improving the naturalness of the
interaction and task completion efficiency.

This paper is organized as follows: it reviews the rele-
vant work on visual communication design and augmented
reality interaction; it elaborates on the proposed spatial
registration, rendering optimization and gesture interaction
methods; it compares and analyzes various performance
indicators through experiments and discusses them; and it
summarizes the whole paper and looks forward to future
research directions.

II. RELATED WODR
With the iteration of digital media technology, the display
medium of visual communication design has expanded from
static planes to dynamic, immersive and interactive spaces.
Hwang and Wu [1] proposed a phased design process
that integrates generative adversarial networks (GANs) and
diffusion models, including four modules: demand analysis,
semantic mapping, image generation and manual screening
feedback. Yudhanto et al. [2] designed a series of visual
communication works that integrate local cultural elements,
and evaluated the audience’s understanding accuracy and
emotional resonance through focus group interviews and
communication effect tests. Karnadi et al. [3] aimed to
systematically identify the interdisciplinary characteristics
and integration path of visual communication design in
the context of new media. Angelia and Firmansyah [4]
focused on the user’s perspective and studied the visual
communication strategies in sustainable graphic design and
their impact on user attitudes and behaviors. Martadireja and
Hafizah [5] analyzed common aesthetic defects in graphic
design and proposed targeted improvement solutions.

Karaman [6] explored sustainable visual coding for build-
ing a green image in packaging design from the perspective
of visual communication design. In the information explo-
sion era, visual communication needs to transmit coded in-
formation quickly and accurately. Vorobchuk and Skliarenko
[7] refined the basic principles of visual communication
signal design to improve information decoding efficiency.
Iswanto [8] adopted a qualitative research method, including
in-depth interviews with 15 senior designers engaged in
brand design, illustration, UI/UX work, and analyzed five
real design cases that caused controversy due to the use
of AI-generated content. Xu [9] explored the collaborative
innovation mechanism between AIGC and visual commu-
nication design. Shen and He [10] proposed an anima-
tion character generation method based on the improved
SFLA algorithm to improve generation efficiency and visual
quality. The above work provides a useful exploration for
the creation and user perception of visual communication
design, but lacks a system-level optimization scheme for
the three-dimensional display scenario of design elements.
To this end, this paper proposes an interactive optimiza-
tion method that integrates improved spatial positioning,
progressive rendering and temporal gesture recognition, and
is committed to improving the immersion and naturalness

of operation of visual communication design in augmented
reality display.

III. METHOD
A. ROBUST SPATIAL REGISTRATION MECHANISM
BASED ON IMPROVED ORB-SLAM3 AND DEPTH
OPTICAL FLOW
At the spatial registration level, the system achieves high-
precision positioning by integrating visual and inertial data.
The underlying algorithm is based on the improved ORB-
SLAM3 framework. In the initialization phase, the quadtree
management level is increased from the traditional 4 layers
to 6 layers to ensure that feature points are still evenly dis-
tributed throughout the entire image field of view when local
features are clustered or the illumination changes abruptly.
To address the frame-to-frame matching failure caused by
rapid camera translation, a velocity compensation module is
constructed using the Farneback deep optical flow algorithm.
When the built-in IMU (Inertial Measurement Unit) detects
an angular velocity exceeding 2.5 rad/s or an acceleration
change greater than 1.2 g, the system automatically activates
the deep optical flow thread. This thread uses the grayscale
pyramid downsampling data of the current frame and the
previous keyframe (with a scaling factor of 0.5 and a total
of 3 pyramid layers) to iteratively calculate the displacement
vector of each pixel, thereby providing accurate pixel-level
initial value predictions for the ORB feature points extracted
in the next frame in the forward prediction, skipping the
traditional blind search of optical flow [11-12]. The second-
order Taylor expansion of the optical flow displacement field
can be approximated as:

d(x) = argmin
∆x

∑
x

∥It(x)− It−1(x+∆x)∥2+λ ∥∇∆x∥2

(1)
d(x) is the displacement vector located at pixel coor-

dinates x; ∆x is the pixel offset to be solved; It(x) and
It−1(x+∆x) are the gray values at corresponding positions
in the current frame and the previous frame, respectively; λ
is the regularization coefficient, which controls the smooth-
ness of the optical flow field.

To address the abrupt changes in lighting in the exhibition
hall environment, the system embeds a dynamic lighting
estimation algorithm based on second-order spherical har-
monics during the initial grayscale processing stage. This
algorithm extracts the low-frequency primary color com-
ponents of the image, calculates nine spherical harmonic
coefficients in real time, and then uses an inverse lighting
compensation matrix to apply back to the pixel brightness
of the current input frame. The spherical harmonic coeffi-
cients are obtained by integrating the lighting direction and
multiplying by the basis functions.

Lm
l =

∫
Ω

L(ω)Y m
l (ω) dω, l = 0, 1, 2; m = −l, . . . , l

(2)
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Lm
l is the spherical harmonic coefficient of order l and

degree m; Ω is the solid angle integral domain on a
unit sphere; L(ω) is the incident light intensity along the
direction ω; Y m

l (ω) is the spherical harmonic basis function;
l and m are the order and degree indices of the spherical
harmonic function, respectively.

This pixel-level dynamic normalization correction elim-
inates the interference of sudden changes in shadows and
highlights on feature descriptor calculation, keeping the
false matching rate of Hamming distance in feature match-
ing at an extremely low level and ensuring the continuity of
the tracking thread.

B. OPTIMIZATION OF MOBILE ASSET RENDERING FOR
VISUAL COMMUNICATION DESIGN ELEMENTS
Asset rendering performs multi-level lightweight adjust-
ments for high-resolution 3D design assets. The mesh re-
construction stage employs a progressive mesh detail level
algorithm based on Quadratic Error Metric (QEM), estab-
lishing differentiated simplification weights for upscaling
flat poster models and complex packaging structures. The
quadratic error function for edge folding cost is:

∆(p1, p2) = pT (Q1 +Q2)p, Qi =
∑

p∈planes(pi)

(pT p)

(3)
∆(p1, p2) is the cost of merging vertices; p is the position

vector (3D column vector) of the new vertex after folding;
Qi is the quadratic error matrix of vertex pi; p is the equa-
tion (coefficient vector) of the plane containing a triangle;
planes(pi) is the set of all planes associated with vertex pi.

In the preprocessing stage, the flat edges of the poster
upgrade model and the normal convex edges of the packag-
ing material are given a high edge weight of 1.8, while
ordinary vertices are given a weight of 1.0, so as to
force the core visual contour of visual communication to
be preserved during the mesh simplification process. The
system calculates the current LOD level in real time based
on the Euclidean distance between the camera and the model
anchor point: when the distance is less than 1 meter, it
is updated to a full-precision model; when the distance
is between 1 and 3 meters, 50% mesh simplification is
triggered; and when the distance is greater than 3 meters, it
switches to 20% mesh simplification. In order to enhance the
shadow rendering depth, the system customizes an improved
SSAO mechanism for mobile GPU parallel architecture [13].
This mechanism reduces the number of traditional sampling
points from 16 to 8 and constrains the sampling radius
within 0.05 units of virtual space. The approximate integral
of ambient occlusion is estimated using hemispherical kernel
sampling:

A(p) =
1

π

∫
Ω

V (p, ω)max(0, n · ω) dω ≈ 1

N

N∑
i=1

V (p, ωi)

(4)

A(p) is the ambient light occlusion factor at the spatial
point p; Ω is the hemispherical direction integration domain;
V (p, ω) is the visibility function in direction ω (1 indicates
no occlusion, 0 indicates occlusion); n is the unit normal
vector at point p; N is the total number of sampling
directions; ωi is the i-th sampling direction.

Random rotation of sampling coordinates is achieved
using noisy textures, while a single-channel Gaussian blur
filter (with a bilateral filter kernel set to 3x3 pixels) is
applied in the fragment shader to simulate realistic and
delicate shadows at packaging wrinkles and seams with low
hardware overhead. All texture assets are compressed using
the ASTC 6x6 format with full hardware acceleration. For
HDR textures and normal maps, a streaming vertex data
loading strategy is employed, constructing a circular FIFO
(First-In-First-Out) buffer in 16KB blocks. Combined with
the Vulkan-driven texture streaming update mechanism,
seamless dynamic resident memory switching of 3D data
is achieved. The relationship between buffer capacity and
frame rate satisfies:

Bsize =

⌈
DavgRmax

Mblock

⌉
Mblock, Rmax = 60Hz (5)

Bsize is the total buffer capacity; Davg is the average
amount of geometry data to be loaded per frame; Rmax is
the target maximum rendering frame rate; Mblock is the size
of the data block in a single streaming transmission.

C. TIMING-BASED GESTURE INTERACTION CONTROL
BASED ON LSTM-SVM AND DYNAMIC FITTS’ LAW
Interactive control is based on accurate recognition and anti-
mistouch filtering of multimodal gestures. The underlying
layer relies on a mobile camera to capture the 3D coordinate
sequence of 21 key points on the hand, with the sampling
frequency locked at 30Hz. During feature extraction, the
relative displacement of key points, joint bending angles,
and palm normal vectors from five consecutive frames are
concatenated into a 105-dimensional temporal feature vector
[14-15]. A single-layer Long Short-Term Memory (LSTM)
network with 64 hidden units is constructed to specifically
capture the temporal dynamic trajectory trend of the user
waving or approaching the target asset within the field of
view. The hidden state output of the LSTM is directly fed
into the radial basis function (RBF) kernel of a multi-class
support vector machine (SVM). The kernel function penalty
parameter C is set to 1.5, and the Gamma value is set to
0.1, to classify gesture intentions in real time and eliminate
unconscious swaying. To finely tune the interactive response
threshold, the classic Fitts rule is extended to a dynamic
form. When the SVM determines that the user’s gesture has
a selection tendency, the system calculates the current palm
velocity vector in real time.
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MT = a+ b log2

(
D(t)

W (t)
+ 1

)
,

W (t) = W0

(
1 + αe−β∥v(t)∥2

) (6)

MT is the average time required to complete the selection
operation; a and b are empirical constants; D(t) is the
Euclidean distance between the current position of the hand
and the center of the target virtual control at time t; W (t)
is the dynamic target width at time t; W0 is the static
physical width of the target; α and β are adaptive adjustment
coefficients; v(t) is the velocity vector of the hand at time
t; ∥v(t)∥ is its magnitude; e is a natural constant.

When the system detects that the hand is approaching
the target model and the velocity is decreasing from its
peak, it activates an adaptive touch feedback mechanism,
dynamically enlarging the radius of its virtual touch field
by 1.2 to 1.5 times based on the original 3D bounding box
size of the target asset. The algorithm expands the "effective
interaction area" of the target in the touch space, com-
pensating for click inaccuracies caused by mobile inertial
drift, and sets the activation threshold delay for accidental
gesture triggers to 200 milliseconds, ensuring that scaling,
disassembly, or color switching commands are triggered
only after the gesture is clearly established.

IV. RESULTS AND DISCUSSION
A. EXPERIMENTAL SETUP
The experiment was conducted on a mobile device equipped
with a Qualcomm Snapdragon 8 Gen 3 chip and an in-
tegrated AR engine, simulating an indoor exhibition hall
environment with dynamic lighting changes. Test subjects
included a planar poster model with millions of triangular
facets and a complex packaging material model. The ex-
periment used the Vicon optical capture system to obtain
the device’s actual pose as a benchmark. Key evaluation
metrics included reprojection error (in pixels), spatial reg-
istration stability (i.e., continuous tracking duration and
loss recovery time), rendering frame rate (FPS), end-to-
end latency (ms), gesture mis-touch rate based on 21-point
hand keypoint recognition, and the average task completion
time for users to complete specific 3D asset interactions
(such as scaling and disassembly) along a specified path. To
verify the effectiveness of the method, the proposed scheme
was compared with traditional discrete LOD and full-
precision models without preprocessing at different facet
sizes (500,000, 1,000,000, and 2,000,000 facets) to ensure
that all technical metrics were sufficiently comparable and
statistically significant in scenarios with complex lighting
changes and rapid camera translation.

B. SPACE REGISTRATION PERFORMANCE ANALYSIS
Five typical interference scenarios were designed: S1 (uni-
form lighting, slow camera translation, angular velocity
<1.0 rad/s), S2 (sudden change in local spotlight, grayscale

change ±40%, camera stationary), S3 (rapid camera trans-
lation, instantaneous angular velocity up to 3.0 rad/s, ac-
celeration 1.5 g, normal lighting), S4 (sudden change in
lighting and rapid translation superimposed, grayscale jump
±50% and angular velocity 2.8 rad/s), and S5 (handheld
shaking occlusion, short-term defocusing for 2 seconds
every 10 seconds, normal ambient light). Valid trajectories
were repeatedly collected 30 times for each scenario, each
lasting 60 seconds. The system sampling frame rate was
30 Hz, the ORB feature extraction count was set to 1500,
the quadtree depth was 6 layers, the Farneback optical flow
pyramid had 3 layers, and the scaling factor was 0.5. The
reprojection error is calculated as the root mean square pixel
difference between the matched feature points and the actual
pose projection; the continuous tracking duration is defined
as the longest continuous time during which the system
does not trigger relocalization; the loss recovery time is the
interval from tracking failure to successful relocalization.
The average values of the three indicators are recorded for
each scenario, and the results are shown in Table 1.

As shown in Table 1, in the baseline scene S1, the
system achieved sub-pixel level reprojection error (0.43
px) and continuous tracking without loss, indicating that
the improved ORB-SLAM3 and quadtree deep management
have extremely high positioning accuracy under stable illu-
mination. When only the illumination abrupt change (S2) is
introduced, the reprojection error increases to 0.67 px, the
continuous tracking time decreases slightly but still remains
at 58.2 s, and the loss recovery time is only 125 ms, proving
that the second-order spherical harmonic function dynamic
illumination compensation effectively suppresses the inter-
ference of drastic grayscale changes on feature matching,
and the mismatch rate is controlled at an extremely low
level. Fast translation (S3) resulted in a reprojection error
of 0.58 px, slightly lower than in the illumination change
scenario, indicating that the Farneback depth optical flow ve-
locity compensation module can provide accurate pixel-level
initial value predictions for ORB feature points, maintaining
tracking continuity even when the angular velocity exceeds
2.5 rad/s. The continuous tracking duration of 54.6 s and
recovery time of 142 ms are both superior to the common
performance of traditional SLAM systems without optical
flow assistance (typically recovery time exceeds 300 ms).
The most stringent S4 scenario superimposed illumination
change and fast translation, increasing the reprojection error
to 0.91 px, decreasing the continuous tracking duration
to 49.5 s, and extending the loss recovery time to 198
ms, but all indicators remained within usable ranges (re-
projection error <1 px, recovery time <200 ms), verifying
the collaborative anti-interference capability of the optical
flow and illumination estimation algorithms. For short-term
occlusion (S5), the system utilizes IMU pre-integration and
optical flow prediction to maintain pose estimation during
defocusing, and relocalization after recovery takes only
163 ms, a significant improvement over traditional pure
visual SLAM (which often requires more than 500 ms).
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TABLE 1. Spatial Registration Performance under Different Interference Scenarios

Test Scenario
Reprojection

Error (px)
Continuous Tracking

Duration (s)
Lost Recovery

Time (ms)

S1 Uniform illumination, slow panning 0.43 60.00 No loss
S2 Local illumination mutation 0.67 58.20 125
S3 Fast panning without illumination mutation 0.58 54.60 142
S4 Combined illumination mutation and fast panning 0.91 49.50 198
S5 Short-term occlusion 0.72 52.10 163

In summary, the proposed spatial registration mechanism
exhibits high robustness in complex and dynamic exhibi-
tion hall environments, supporting continuous and accurate
augmented reality display of visual communication design
assets.

C. RENDERING PERFORMANCE ANALYSIS
Figure 1 compares the frame rate and end-to-end latency of
the original LOD-free high-poly model, the traditional dis-
crete LOD model, and the progressive LOD model proposed
in this paper combined with ASTC hardware compression
and streaming loading method:

As shown in Figure 1(a), the original high-poly model
(without LOD) suffers from a massive geometric overload,
resulting in an average frame rate of only 30.2 fps with
significant frame rate fluctuations (standard deviation 2.1
fps), failing to meet the requirements for smooth augmented
reality interaction. Traditional discrete LOD improves the
frame rate to 44.6 fps by pre-setting multi-level meshes.
The proposed solution combines progressive QEM edge
folding simplification, ASTC 6×6 hardware compression,
and Vulkan streaming buffers, achieving a stable 60.1 fps
with a standard deviation of only 1.1 fps under millions
of polygons, enabling continuous smooth display of visual
communication design assets under high-intensity rendering
pressure. Regarding latency (Figure 1(b)), the rendering
bottleneck of the model without LOD results in an end-to-
end latency as high as 42.5 ms, severely weakening the real-
time performance of gesture interaction. Traditional LOD
reduces the latency to 27.8 ms, but a noticeable lag is still
present. This solution reduces end-to-end latency to 16.3
ms by using asynchronous texture streaming, an adaptive
SSAO simplified kernel, and dynamic switching of mesh
LOD. This completely eliminates ghosting and click lag,
providing designers and viewers with a near-natural virtual-
real fusion manipulation experience.

D. INTERACTION EFFICIENCY AND USER EXPERIENCE
ANALYSIS
To comprehensively evaluate the effectiveness of the pro-
posed interaction optimization scheme, three representative
interaction schemes were selected for comparative experi-
ments:
Solution A (Traditional Gesture Recognition): Based solely
on rule matching of key hand points in a single frame,

without temporal analysis, dynamic Fitts’ rule, or touch
extensions.
Scheme B (LSTM -SVM temporal recognition): It adopts
the same 21-point temporal features as in this paper + LSTM
-SVM classification, but does not enable the adaptive touch
magnification and speed decay triggering mechanism in the
dynamic Fitts rule.
Solution C (complete method in this paper): LSTM -SVM +
Dynamic Fitts Law (speed decay trigger) + Adaptive touch
field amplification (1.2~1.5 times) + 200 ms anti-mistouch
delay.

The experiment was conducted in the same exhibition hall
environment, recruiting 20 designers with AR interaction
experience and ordinary users (half male and half female).
Each participant sequentially used three different methods
to complete three consecutive tasks: scaling, rotating, and
disassembling a 3D packaging model. Each task was re-
peated 5 times, with sequential Latin square balance. The
following key metrics were recorded:
Gesture mis-touch rate (%): Number of mis-triggered com-
mands / Total number of interaction attempts.
Average task completion time (s): The total time from the
start of the gesture (palm entering the virtual control area)
to the successful completion of the three operations (scaling
+ rotation + disassembly).
User immersion rating: based on VR/AR immersion ques-
tionnaire (1–10 points, 10 points for complete immersion).
Subjective usability rating: converted to 1–10 points based
on the System Usability Scale (SUS).
All metrics were recorded and their mean and standard
deviation were calculated after each participant completed
all tasks. The results are shown in Figure 2.

As shown in Figure 2(a), the gesture mis-touch rate of
scheme C is only 2.1%, which is 88.6% lower than that of
scheme A (18.5%) and 74.4% lower than that of scheme
B (8.2%). This significant improvement is attributed to -the
accurate modeling of the temporal dynamic trajectory of 5
consecutive frames by LSTM SVM, and the combined effect
of the velocity decay triggering mechanism in the dynamic
Fitts law and the 200 ms anti-mis-touch delay—effectively
eliminating the user’s unconscious hand shaking and false
intentions when quickly passing over the target.

Figure 2(b) shows the task completion time comparison,
where Scheme C has an average time of 8.9 s, which is
64.8% shorter than Scheme A (25.3 s) and 43.3% shorter
than Scheme B (15.7 s). This acceleration effect stems
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FIGURE 1. Frame Rate and End-to-End Latency

FIGURE 2. Comparison of User Experience Metrics under Different Interaction Schemes

from adaptive touch feedback: when the palm speed is
detected to decrease from its peak, the system dynamically
expands the radius of the virtual touch field according to
the size of the target asset’s 3D bounding box, mitigating
the click inaccuracy caused by mobile inertial drift. Users
can quickly complete zooming and disassembly without
repeatedly calibrating the gesture position.

In Figure 2(c), the user immersion score for Option C
is 9.3 out of 10, significantly higher than Option B’s 7.1

and Option A’s 4.2. Testers generally reported in post-
experiment interviews that "when using Option C, there
was almost no noticeable interaction delay; gestures felt as
natural as directly touching a real model." This high level
of immersion also benefits from the visual aspect—the pro-
gressive LOD and optimized SSAO proposed in this paper
ensure a high frame rate (60 fps) and detailed shadow ren-
dering, avoiding the "out-of-immersion" experience caused
by low frame rates or stuttering.
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The usability scores in Figure 2(d) also validate the
superiority of the proposed solution (9.2 vs 7.5 vs 3.8).
Many users pointed out that gesture misjudgments occurred
frequently in Solution A, forcing them to deliberately slow
down their movements; while Solution C’s gesture recog-
nition "intelligently" understood their intentions, accurately
triggering zoom commands even after a sudden stop fol-
lowing a rapid wave. In terms of dynamic visual perfor-
mance, Solution C utilizes ASTC hardware compression and
streaming texture loading, resulting in smooth and realistic
shadow transitions at packaging folds and smooth, flicker-
free seams, further enhancing the visual credibility of the
virtual-real fusion.

V. CONCLUSION
This paper addresses key challenges in visual communi-
cation design and display within augmented reality en-
vironments, including susceptibility to spatial registration
interference, mobile rendering performance bottlenecks, and
frequent misjudgments in gesture interaction. It proposes
a fusion of an improved ORB -SLAM3 and depth optical
flow velocity compensation mechanism, a dynamic lighting
correction algorithm based on spherical harmonics, a render-
ing optimization strategy combining progressive mesh detail
levels and streaming loading, and -an interaction control
method integrating LSTM SVM temporal gesture recog-
nition and dynamic Fitts’s law. Experiments validate the
robustness, fluency, and naturalness of the proposed scheme
in complex exhibition hall environments. A limitation of this
research is that the current method primarily targets single-
user, single-device display scenarios, and does not fully
explore multi-user collaborative interaction and real-time
cloud asset update mechanisms. Future work will focus on
cross-device spatial coordinate alignment, real-time design
content generation based on generative AI, and a more
lightweight edge-side inference model to further improve
the system’s versatility and intelligence.
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