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Background – Challenges

➢ USMC’s immersive training initiative

◼ Enterprise Ground Maintenance Training Simulator (EGMTS)

◼ AR/VR for improved readiness of warfighting equipment

◼ Enhancing technician skills and abilities 

➢ Challenges in generation of immersive environments 

◼ Lack of readily available 3D models

◼ Need for CAD and graphics software

◼ Need for specialized, expensive hardware

➢ Need for a 3D model repository

◼ Use generative AI to create 3D models from 2D pictures of USMC equipment

◼ Reduces program costs and accelerates student training
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➢ Enterprise training 
platform
◼ 3D scans from 

2D pictures 
using 
photogrammetry 
on cellphones 
cameras

◼ Vision-based 
generative AI 
techniques for 
2D-to-3D 
conversion
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◼ Reusable 3D object libraries for use in schoolhouse

Immersive Content Generation - 
Approach
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➢ State-of-the-Art Zero-1-

to-3

◼ Predecessor NeRFs 

and GNNs lacked 

critical features such 

as fidelity and realism

◼ 2D image to 3D model

◼ Zero-1-to-3 leverages 

geometric priors from 

large-scale diffusion 

models to convert 2D 

images to 3D models 

and retain original 

textures
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Immersive Content Generation - 
The Framework
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➢ Automated content transformation with updateable 3D content

◼ Immersive content hosted on LMS such as Moodle

➢ 3D model training challenges

◼ Models not pre-trained for USMC electromechanical domain

❖ E.g., Marine engines at MCES, combat vehicles at MCCSSS, combat radio equipment at MCCES, etc. 

❖ Need for domain-specific fine training using human-in-the-loop

◼ Classified material taught at schoolhouses

❖ Using cloud-based generative AI for 3D object creation violates USMC cybersecurity policies

❖ Utilize local server hardware for on-prem generative AI
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Immersive Content Generation - 
USMC Schoolhouse Considerations
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Concept of Operations (CONOPS)

➢ Data curation 

for target 

domain

◼ Convert 

relevant 3D 

objects for 

training and 

fine-tuning 

Zero-1-to-3
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➢ Model fine-tuning for target domain

◼ Using curated dataset

➢ 3D object generation from domain-trained model

◼ Converts 2D image to 3D object
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Experimental Setup

➢ Tailored Zero-1-to-3 for use in 

USMC schoolhouse 

environments, modifying 

model size, efficiency, and 

target domain

➢ Training requirements lowered 

from eight A100 80GB GPUs 

to one A100 40GB GPU

◼ After adjustments, model 

training cost is lowered to $25K 

7

GPUs

Large
General
Dataset

High Cost

GPU

Small
Domain
Dataset

Low Cost

➢ Research team fine-tuned three popular pre-trained model weights for Zero-1-to-3

◼ Zero123-Base: original author weights, fine-tuned to Zero123-Base_USMC

◼ Zero123-XL: updated weights with larger non-USMC dataset, fine-tuned to Zero123-XL_USMC

◼ Zero123-Stable: StabilityAI improved weights, fine-tuned to Zero123-Stable_USMC
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Experimental Setup (Cont.)

➢ Performance analysis of different models for generating 3D content

➢ Benchmarking study includes model performance metrics

◼ Comparison shows the model training methodology and required training conditions
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➢ Fine-tuning through iterative adjustments to learning rate, batch size, training steps, etc. 

➢ Evaluated model’s convergence, performance, and loss reduction using three different 

pretrained weights benchmarks

Experimental Results
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➢ Fine-tuning 

process led 

to 

improvement 

in loss 

reduction 

across all 

three 

benchmarks
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Experimental Results

➢ Progression from original image to 3D reconstruction using six different models

◼ Fine-tuned models show improved quality, textures, and detail in the target domain
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Integration of 3D Models with the 
Immersive Content Creation Pipeline 

➢ AR/VR Designer

◼ Supports PNG, 

JPEG, SVG file 

formats

◼ Reusable library 

◼ No specialized 

software/hardware

◼ Supports 

animations, 

component 

identification tests 

and practical 

applications 

◼ Moodle compliant
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Cost Benefit Analysis of 3D Model 
Creation Pipelines

➢ Cost benefit analyses 

of 3D model creation 

pipelines

◼ Generative AI

◼ Photogrammetry

◼ Vendor-sourced
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Current Limitations and Future 
Enhancements

➢ Model training limited to single objects against plain backgrounds

◼ Scenes with complex backgrounds not supported

➢ One-shot conversion of 2D photos

◼ Multiple photos from different angles not supported

➢ Future enhancements in 3D object generation 

◼ Support for “multi-shot” 2D to 3D conversion

◼ Support for scenes with complex backgrounds 

◼ Combine text-to-image conversion diffusion models with image-to-3D models, to enable Text-

to-3D model using “prompts”
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Conclusions

➢ Automated web-based 3D content-generation pipeline

◼ Zero-1-to-3 model fine-tuned with minimal domain training rapidly produces 3D models

◼ 3D scanning using photogrammetry

◼ Integrates with AR/VR content library for generation of immersive content

➢ Provides time savings from manual creating 3D creation 

➢ Does not require 3D modeling or graphical design skills

➢ Saves expenses on professional CAD modeling licenses and contracting services

➢ Minimizes physical training assets and saves schoolhouse instructors’ time
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