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A Quick Primer on 
Intelligent Search Management





Painting a 
Picture





We are the sum total of our 
experiences and 

connections to others that 
made you who you are.



Intelligence as a Process

◆ Planning and direction 
◆ Collection 
◆ Processing and exploitation 
◆ Analysis and production 
◆ Dissemination and integration 

(take action) 
◆ Evaluation and feedback



Intelligent Evaluation Requires Data

“Data! Data! Data!” he 
cried impatiently. “I can’t 
make bricks without clay.”

- Sherlock Holmes: The 
Adventure of the Copper 
Beeches



IntelliSAR Project Introduction

Gary Bloom



Project Overview

A collaborative effort with California Polytechnic State 
University (Cal Poly) Computer Science and Software 
Engineering Department and experienced SAR leaders

◆ Professor Dr. Franz Kurfess, undergraduate and graduate students
◆ Experienced SAR leaders and Cal Poly Alumnus Gary Bloom and 

Dr. Chris Young

Started in the summer of 2021 through private funding, 
leading to student led research, senior projects and 
master’s theses.



The “Art of What’s Possible”

Collect search data in 
real-time and apply next 
generation AI technologies 
to a search operation in 
progress to predict where 
to look and to improve the 
time and probability of  
locating the missing 
subject. 



The “Art of What’s Possible”

Put more simply - - find 
the missing faster!!



Today’s Reality: SAR is mostly a 
paper-based system



From Check-in to Investigations



This Reality Makes 
Analysis of the Data 

Very Difficult and 
Real-Time Analysis 

Impossible



The Solution – IntelliSAR 
(Step One)

Move the entire search operation to an online 
system where information is collected in a 
database in real-time - -  improving productivity, 
the flow of information and ultimately, search 
outcomes



Enrich the Real-Time Data with External 
Data Sources
 (Step Two)

◆ Dr. Robert Koester’s historical data set (ISRID)
◆ Public data sets

•New York
•Yosemite…

◆ Mapping data – Google Maps™, Terrain maps, 
CalTopo™ data, ESRI ArcGIS™



Apply AI to the Enriched Data to 
Improve Search Outcomes and Predict 
in Real-Time Where the Missing Will be 

Located
(Step 3)



Step One:  
Real-Time Electronic 

Collection of Search Data



Demonstration of Step 1: Real Time Data 
Collection and Search Management 

Platform

Logan Barker



http://drive.google.com/file/d/1q4hwHUdYhX50a_xVT88ZwudHygJxULCF/view


http://drive.google.com/file/d/1F1ZBODkkHEevl9YhjwujOpYgS7gfkStl/view


http://drive.google.com/file/d/1UgLi346ksIIfwd7ent3vN8-xIdISoC3_/view


http://drive.google.com/file/d/1W-DTDQQFQZCgnOsJkA6jwoYuIPX8psm4/view




















http://drive.google.com/file/d/1RygBaY91UHLps2mDVGsIPx4xTnTrJh28/view


https://docs.google.com/file/d/1BvSvaMGFSTnwgELJ74XiQI7LCrr72uYO/preview


Current Status
◆ Integrated search for full text and semantic search
◆ Dashboard complete and populating automatically 

as data is entered
◆ Mobile applications moving to App Stores
◆ BASARC and ICS forms field tested with Contra 

Costa County (California) SAR mock search
◆ AI Insights linked to dashboard



Applying AI Technology

Dr. Franz Kurfess



Aspect Generative AI SAR AI Insights
Foundation Shallow: Correlations extracted 

from large sets of documents
Deep: Information from SAR-specific 
sources

Interpretation Implied from statistical similarities Based on domain knowledge

Context Very broad, general knowledge Focused on SAR

Interaction Separate tool (browser window) IntelliSAR dashboard integration

Timeliness Static repository of documents, 
possibly augmented by generic 
Web search

Direct integration of ongoing search 
information

Explainability Recent attempts at exposing 
"reasoning" steps

Use of decision trees derived from 
historical data (in addition to those 
created by domain experts)



Find missing persons faster: Support SAR personnel through a digital platform with AI technologies
Goal Approach Technology AI Methods Buzzwords

Reduce cognitive 
load

capture information digitally mobile forms, dictation, 
photos

speech transcription, image 
processing

Intelligent Assistant, Deep 
Learning

extract and filter information database, information 
retrieval

natural language processing, 
machine learning

Deep Learning

assemble knowledge repository database ontology, knowledge graph Knowledge Graphs, LLMs

unearth connections graph analysis LLM, multimodal 
representation

LLMs, Deep Learning

prioritize clues database recommendation system machine learning

Support 
decision-making

access to historical cases ISRID, previous cases ontology, knowledge graph Knowledge Graphs, LLMs

specialized knowledge, skills (e.g., 
medical)

access to external systems decision trees, expert systems

what-if scenarios case repository simulation, decision trees, 
planning systems

LLMs, Agents, Agentic 
Design, Generative AI

Utilize resources 
effectively

catalog of resources (capabilities, 
availability)

database

planning and coordination database planning, constraint reasoning, 
agents

Agents, Reasoning

Information sharing communication agents Agents, MCP



Limitations

◆ Lack of data
• gaps and quality issues in most historical data
• some data may also be outdated

◆ Limited experience with technologies
• LLMs, GenAI are only a few years old

◆ Over-reliance on technology
• lack of experience
• suspension of common sense



Our Primary Approaches After 
Experimenting with Multiple Emerging 

AI Technologies
◆ Machine Learning
◆ Deep learning
◆ Explainable AI
◆ Knowledge Graphs and Large Language Models
◆ Agentic Design (the newest trend)



Machine Learning Models

Vasanth Pugalenthi



Data ML Training Pattern Analysis

Train machine learning models on SAR 
datasets to predict, reduce and analyze 

costs, resources, and time



Expected Outcome

● Enhance the efficiency of search and rescue 
missions 

● Direct searchers to high probability areas
● This approach will reduce both the time and 

financial costs associated with search efforts



Data Sources

● Digital and scanned physical reports
● Datasets include ISRID 2, ISRID 3, etc
● Close to 62k observations recorded
● Features span from broad categories such as 

age to more precise details like latitude.



Machine Learning Beats Standard 
Checklists
● Predicts actual survival risk by 

learning from past cases, not just 
scores.

● Finds deeper patterns in terrain, 
time, age, and activity.

● Improves with more data and 
handles missing info well.

Priority Score Model



Subject Profile
• Age 35
• Physical 

Fitness: 
Good

• Experience: 
Experienced

• Environment: 
Forest



How Elevation Influences Subject Situation and Discovery

Elevation(Feet)
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K-Nearest-Neighbors Wander Status 
Prediction Model
Model Overview:
● Input Features: Group size and ages of 

people in group

How It Works:
● Trained on historical missing person 

data
● Uses K-Nearest Neighbors to identify 

patterns in group behavior

Predicts if a group is likely 
to "Wander" or "Stay Put"



Relationship between 
age, group size, and 
wandering behavior

● Individuals aged 
75-85, in groups 
of 1-3, show a 
higher tendency 
to wander, 
consistent with 
prior 
dementia-related 
findings.



Deep Learning 

Brandon Kim



Training process:

Inference process:

Process SARFormer Architecture



Text:
Mammoth Cave National Park (Southeast Region, Kentucky)
Start: 2019-05-10, 11:43:00
Due to: inattention, judgment error, physical condition
4 subjects, boating:

- 31 yo female, poor physical condition
- 21 yo female, poor physical condition
- 21 yo female, poor physical condition
- 21 yo female, poor physical condition

IPP: (-86.11017551, 37.20051619)

Tabular:

Images:



SuccSARNet
◆ Predicts success rate 

of search and rescue 
case

◆ Statistical analysis 
approach, rather 
than predictive 
modeling

◆ Data split: 14% 
unsuccessful

Metric Score

Recall 86%

Precision 75%

Accuracy 74%



Explainable AI 

Brandon Kim (again)



What is Explainable AI
◆ Explaining “black box” models, 

which are inherently 

uninterpretable

◆ Utilizes statistical analysis 

techniques, which are 

interpretable

◆ Developed a new explainer 

technique:

Rule-based Explanations for 

Generated neighborhoods 

Around Localized cases 

(REGAL)



Decision 
Trees 
Explainers
◆ Localized 

decision trees

◆ Based on Young 
(2021) 



Feature Importance + Heat Map

Initial Split Candidates
Mapping Embeddings 

Via Grad-CAM



Knowledge Graphs and 
Large Language Models

Yayun Tan



What is a Knowledge Graph?
● A knowledge graph is a semantic network 

composed of nodes (entities) and edges 
(relationships).

● Two Common Types – Resource Description 
Framework (RDF) and Labeled Property Graph 
(LPG)

LPG exampleRDF example

      



How to Build a Knowledge Graph



Application: SAR Knowledge Graph
● Dataset: ISRID (Koester)

(Person)

(Incident)

(Location)

PARTICIPATED_IN

OCCURRED_AT

Demographic info: Age, Gender, Category

Incident info: Type, Total_Hours, Area_Type, 
How_Found

Geographical info: Latitude, Longitude



Application: Query Example
Find people older than 70 years who were involved in 
incidents classified as "Alzheimers/Dementia"



Application: KG-Augmented LLM

Method: KG-enhanced 
Inference

Knowledge Graph 
Construction: Neo4j

LLM Integration: Gemini 1.5 
Flash

User Interface: Gradio

Query Capability: Complex 
KG-enhanced Queries



Agentic Design

Brandon Eng, Antonio Chen



What is Agentic Design?
● Agentic design focuses on creating AI agents that can act 

autonomously toward goals
● These agents follow user instructions, make decisions, and 

take actions on their own
● Involves combining learning, planning, and reasoning 

capabilities
● Useful for building systems that adapt and operate with 

minimal human input

User Request

Agents process and execute request

Agent output 
for request



Expected Outcomes
● Improved coordination and workflow efficiency 

across SAR teams through more intelligent task 
management

● Reduce manual burden through task automation
● Faster and more informed decision-making
● Offer greater operational support through adaptable, 

goal-driven AI agents in dynamic environments



SAR Example Agents
● Incident Commander - Oversee entire operation

● Logistics Chief - Manage equipment and supplies

● Operations Sections Chief - Manages all field operations

● Safety Officer - Ensure safety protocols are followed

● Planning Section Chief - Develop Search strategies

● Search Team Lead - Lead search team in field operations

● Medical Team Lead - Provide medical care to injured personnel

● Rescue Team Lead - Lead rescue team in technical operations





AutoGen
● AutoGen is Microsoft's open-source 

framework for building multi-agent systems 

Why Autogen?

● On demand code generation and execution
● Asynchronous, event-driven architecture
● Context aware agent selection
● Greater customizability options
● Human-agent collaboration



Future Work

● Adaptive agents that learn from missions
● Real-time collaboration between multiple agents
● Context-aware decision support in crises
● Personalize agents for different SAR roles and 

environments



Usability Testing

Emi Dinh, Brian Mai



Usability Testing

● Understand how real users interact with a system
● Identify pain points 
● Improve the experience before it's too late
● Ensure platform is working as intended and free from 

bugs

Please Stop By Our Booth and Give Us Your Feedback!!



Other Research and Wrap-up

Chris Young



US Air Force – locating downed pilots
● Air Force funded project in 

Virginia, Dr. Roy Hayes, 
System Engineering, Inc.

● Based off of same 
underlying research that our 
deep learning team is using

● Predicts search areas and 
generates a heat map

● Based primarily on 
geospatial data and the 
“missing pilot” profile 



SAR Technology, Inc

● Canada based 
company supporting 
SAR missions

● Similar management 
platform

● Familiar NIMS and 
Canada based search 
models and forms

https://sartechnology.ca/

https://sartechnology.ca/sartechnology/ST_ICPro7_Overview.htm
https://sartechnology.ca/


Additional Projects…..
● New Zealand, Terrian-Based Probability Modelling 

for Advanced SAR Operations in Autearoa New 
Zealand

● Evaluation of terrain characteristics 
influencing the likelihood of locating 
the missing person



Acknowledgments

● Computing Resources provided by National Center 
for Supercomputing Applications (NCSA)
○  NCSA ACCESS through project “Artificial 

Intelligence in Search and Rescue” (CIS240458)
● Microsoft Azure Educational & Research Grant
● International Search & Rescue Incident Database 

(ISRID) ISRID Dataset access courtesy of Dr. 
Robert Koester

https://www.ncsa.illinois.edu/research/project-highlights/access/
https://azure.microsoft.com/
https://www.dbs-sar.com/SAR_Research/ISRID.htm


Moving IntelliSAR from Research to 
Production

● Move from private funding to production funding
● Move from donated capacity to production capacity
● Commercial ownership required for 24-hour support, 

long term development, marketing and distribution



Question and Answer

● After Hour Discussion and Q&A
● Time: 5:15 - 6:15 PM this evening
● Location: Melrose 3
● Also, posters and developers at our booth



Questions ?


