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Implementation of a Real-Time Video Captioning System based on
Scene Graphs and Templates for Construction Safety Monitoring

Seokhee Lee*, Daesik Ko**, and Seokil Song***
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Abstract

Large-scale vision - language models and Transformer-based video captioners deliver strong accuracy but remain
ill-suited to industrial use due to limited interpretability, hallucination risks, and inference latency. We address these
limitations with a lightweight captioning framework that employs a transparent rules-and-templates reasoning path and
end-to-end operability logs—spanning detection, scene-graph construction, template selection, and caption generation—
to provide rigorous explainability and reliable post-hoc auditability.

Keywords
captioning, scene graph, VLM, video, template
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Table 1. Log by captioning stage

Stage Log
{
“frame": {
"id": "frame_eeeee",
“image": "vision/InstanceSegmentationData/fra
Frame "json": "vision/InstanceSegmentationData/fram
metadata "started_at": "2825-09-30T16:30:59",
"W": 1920,
"H": 1e80,
"finished_at": "2025-89-38T16:36:59"
s
"ko_terms_alias_size": 2531,
"class_alias": {
Hazard "person": "ZE2A}",
map "worker": "TEA}",
"scaffold": "H|A",
"horse_scaffolding": "ZH|A",
"graph": { "edges": [
"nodes": [ {
{ "src": @,
Scene "id": e, "dst": 1,
"name": "support”, "rel": "touching”,
graph “label": "SHt2|", "dist_px": 9.8,
“confidence": ©.96¢ "dist_m": @.036084¢
"poly": [ "iou": @.005444734;
"selection": {
"selected": {
"situation": {
"template_id": "DOM_4be2fababl5b",
"src_type": "domain",
Templ.ate "hazard_type": "FZ",
selection .
"risk": {
”template_id": "RISK_eab3319ce24a”,
"src_type": "risk"
"hazard_type": ?:.”S ,
£ uw. A a
"r‘ender‘ed : {
.. ”situation": "[ex] HE £H, HEH/SHR2| EY QIX|. XA
Captioning|  ricke: “[od] BE AFE Qo n. BE R Atz A
}
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Table 2. Measured latency of the proposed method

Mean delay| Std. delay | Ratio

Phase (ms) (ms) (%)
Instance segmentation

(YOLOVB-Seg) /02 85 8
Scene graph, Template

selection, KOBART 93 27 12
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