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Sentient Environment Engine

Ladybug-Based Solar Optimizer + Slicer

Restaurant Mapper

Behavioral Topology Optimization 

Developed for Wicked Puppies

Undergraduate Emerging Technologies Studio 7

SCI_Arc 2GAX Site Research

Experimental Development

The Sentient Environment Engine is 
the three-part system that simulates 
occupant behavior, tracks it against 
real behavior, and using Bayesian 
Optimization and AI, trains the 
simulation off the custom Computer 
Vision algorithm.  This observe, 
calibrate, simulate workflow creates 
a specific digital twin of the exact user 
typology unlike any other agentic 
behavior system available.  Presented 
at Parametric Architecture’s Design 
Tech Talk 6.

Based on a panelized surface developed in 
Lunchbox, I developed variable panels based 
on net solar gain over the year to create 
uniquely shaped panels for a new facade.  The 
openings and radii of fillets react to solar gain, 
program, and structure.  Then, I developed a 
custom slicer to print these panels on custom 
bases using a Kuka robot arm.  As each panel 
is unique, the slicer is meant to adapt to the 
changing geometry and the failures of earlier 
prints to create multiple walls and central 
bracing for stability. 

A lightweight urban intelligence tool developed 
in Python, the Restaurant Mapper visualizes 
restaurant data around any input address, 
filtering by cuisine and rating. Built during a 
5-day food systems research sprint, this tool 
became a scalable prototype for user-defined 
POI analysis.  Built using Python, Folium, 
Google Maps API, and the OpenStreetMap 
API, it can be rerun anytime and give insights 
into the evolving culinary landscape of an area.

After developing and exploring agentic 
simulation for behavioral analysis, I am 
developing a system to use topology 
optimization in Fusion 360 to “grow” structure 
through depopulated zones.  This uses simpler 
behavioral simulation early in the design phase 
to create unique structural designs that can 
reduce impedance for passengers circulating 
through large open spaces in typologies like 
airports, malls, transit hubs, and plazas.  The 
workflow will output meshes that can be rebuilt 
in GH.

Base Building Create Surface and 
Subdivide with Circles

Analyze Surface with 
Ladybug for Context

Change Radius According 
to Solar Radiation

Develop Programmatic 
Relationships

Re-shape Openings with 
Programmatic Responses

Custom Workflows

SEE
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Computer Vision  & AI Trained 
Agentic Behavior Simulation
Braintree, MA, 2025 (Permitted)

Front Elevation

Aggregated Agentic-Driven Heatmap

When tasked to design a doggy daycare, we 
focused on two questions.  How can we design 
using natural materials, and with a new user 
typology, how can we get real data to understand 
behavior patterns?  Through this process, we 
investigated local materials that can reduce 
noise, smells, and sounds.  I also developed the 
Sentient Environment Engine.  This system uses 
Computer Vision to train an Agent Based Model 
using Bayesian Optimization to help us better 
understand behavior patterns in dog daycare 
spaces.  I am currently working to expand this 
system with more complex users and locations.  

Design Lead, R&D Lead: Jacob Lehrer
Interior Designer: Jennifer Medina
Architect of Record: SHED Architects
MEP: Design Learned, Inc.
Contractor: Vantage Builders
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Outdoor Playspace AdditionSurrounding Context

Floor 2Floor 1
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Simulation Factors

Final Simulation Pass for Planning Board

How Do Dogs Move?
I developed a custom python system to simulate dogs randomly walking around an enclosed space to understand this unique user typology.  
By simulating the space digitally using real data, we are better able to adapt to the dog’s true movement and reactions to space, allowing my 
client to earn an 80% increase in permitted capacity from the Braintree Planning Department.  The concept is to create a basic simulant for 
dog behavior, analyze real dogs using computer vision, then train the simulation on the real data.  This algorithm gets better every day, leading 
to an eventual goal of having this system running live in the operating daycare to provide real-time insights into the behavioral patterns of the 
dogs in my client’s care.  Then, in future franchises, we can customize layouts to the specific dogs in the area.
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Custom Computer Vision Workflow

Real-Time Tracking

Grab  Angled Camera View

Single Location Nine Locations Simultaneously

Approximate Plan and Camera in 3D Space

Apply Homography Algorithm for 2D Tracking 7/12/25 Ballantyne Playroom 8am-6pm

Computer Vision Data Processing
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AI Calibration and Aggregation

24 Runs

Pre-Optimization Post-Optimization

Presented at Design Tech Talk 
6 by Parametric Architecture

Presented at Gateway Office 
at Boston Arch. College

In Preparation for Submission 
to ACADIA 2026
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AUTOMATA

Grasshopper Structure

Sketches

Top Ring 
Height

Base Supports Extra Support

Gears

Orient Outer Lights

Orient Inner Lights Inner Lighting Animations Inner Rotation + LasersWheels + Gears

Outer Ring Map Outer Lights Outer Lighting Animations

Time Animation Slider Outer Rotation + Lasers

Inner Ring

Inspired by my personal practice of DJing and a fascination with the mechanical 
synchronization found in concert lighting, AUTOMATA is an exploration of 
algorithmic kinematics and procedural lighting design. I sought to recreate the 
complexity of stage production through a strictly mathematical lens, rather than 
using standard DMX software. To achieve this, I developed a custom motion 
engine solely within Grasshopper to drive a dual-ring armature as a way to 
get better at the program. By layering sine waves and polar coordinates, the 
system generates complex, undulating interference patterns from fundamental 
mathematical inputs, creating a self-sustaining visual cycle.

Presented at CDNEXT 15
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Rendering

Exploded Axon

One Angle

Two Angle

Four Angle

Stagger

Dual 
Stagger

Random

Point Track
(Interior Only)

All lights are fed 
the same angle 
and are pointing 
the same way

Alternate lights are 
fed a +/- angle and 
create two focal 
points

Lights are fed a 
+/- angle then 
alternating are half 
the angle

Using a sine 
function, angles 
are staggered on 
a frequency

Based on a 
pattern of +/-, the 
sine wave 
staggers twice

Random angles 
are moved 
between over 
thirty frames

Using polar 
coordinates, a 
point is tracked in 
a central zone
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Lincoln Heights Jail
SCI_Arc 2GAX, 2025 
The Lincoln Heights Jail is currently abandoned, my teammate and I were tasked 
to turn it into a multi-use space with a hotel, office space, event spaces, and we 
added research areas for environmental remediation and street food markets  
to increase community engagement.  We used two conflicting systems, an 
irregularly regulated grid, and angularly cut moulding pieces disrupting the 
grid.  Our final concept uses layers of porosity to invite the community in, and 
the off-grid infrastructure to construct space and dictate the architectural 
aesthetic.  We also used simulation and computational tools to inform our

design, like the restaurant scraper pushing restaurant spaces 
south and CFD wind analysis to create systems to break 
strong winds and divert them to cool the interior spaces.  Our 
final presentation included a large detailed chunk model that 
we fabricated from 3D printed pieces.

Design Partner: Jonathan Kadau

Custom Mapping Algorithm

$ $$$$

22sqft 63sqft
McDonalds

Burger King

MG Tofu House Bavel

Sushi Gen

Girl & The Goat

Manuela Eleven Madison ParkUrth Cafe
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System & Program Diagram

Initial Concept Model

REGULATE

DISRUPT

MASS TIMBER + RECLAIMED STEEL

EXISTING BUILDING PIECES

DISRUPTING MODULE 1

DISRUPTING MODULE 2

DISRUPTING MODULE 3

DISRUPTING MODULE 4

3D Printed Building Model
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Structure Systems

Section

Forma Wind Analysis

Material Construction Details
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Cinema4D + AI Rendering
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Chunk Model
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ARCH 7800-03, 2023
Based on the Thallus Patern by ZHA CODE, We developed a system to print 
clay using robotics and simulate multiple curves at a time on a complex surface 
using Grasshopper and Maya.  Separate panels are simulated based on the 
height of the panels to reduce weight on the roof and increase denisty on the 
base by adding or removing initial curves.

Simulation, Slicing, Rendering: Jacob Lehrer
Surface Modeling: Dante Egizi
Maintenance Tech: Coleman Connor
Printing Assistant: Skylar Chardon

Thallus Pavilion



17



18

Solar Decathalon
Studio 8, 2023 (Finalist)
Boston has some of the most expensive housing in the country, so our 
challenge for the 2023 Solar Decathalon was to build an affordable, 
sustainable multi-family housing project.  Our solution used shipping 
containers from the nearby port to accentuate reuse and reduction of virgin 
material extraction.  The key systems strategy was to separate airchanges 
from heating and cooling, using Energy Recovery Ventilators and Heat 
Pumps.  We also used a solar pavillion on the roof to offset electricity use.

Concept + Team Lead: Antoni Kareklas
Sustainability, Systems, Simulations: Jacob Lehrer
Structure: Nanh Trinh
Interiors: Madison Goldfarb
Exterior + Graphics: Jenna Gormley

Stale Air

Fresh Air

ERV

E
R

V

E
R

V

ERV

$

CONSTRUCTION & MATERIALS

$
Parapet

Shipping container corrugated roof

Glue laminated beam

Roof Joist 

Chase wall

Ram Earth Wall

Subfloor

Wall Stud

Exisitng Shipment container Frame

Corrugated Wall

Shipment Container Joist 

Foundation wall 

Footing

LockUnlock

Shipping Container 
Manual Twist Lock

LockUnlock LockUnlock

Exploded AxonGround Floor Plan

Airflow Simulation
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Mitrex Clear 
Solar Panel

Mitrex Clear 
Solar Panel

Heat
 Pump 

Mechanical 
Penthouse

DualSun Solar 
Hot Water 

Rainwater 
Collection Path

Enclosed 
Greenhouse 
Patio Space

Expandable 
Public Space

Shipping 
Container Walls

Pile Stilts for 
Flooding 

Rainwater 
Collection Tank

Local Wood 
Framing Core

System Diagram



20

Terrablocks
MIT 4.325, 2024
Throughout housing projects in New York City, healthy food 
is either unavailable or extremely expensive. By focusing on 
a ground-up approach from residents, we can build on the 
successes of groups like the Green Guerillas to build community 
around growing food to get more people access to healthier 
options through the act of constructing growing spaces.  This 
research was done before my 2GAX Lincoln Heights project, 
providing me a unique perspective on food inequity and 
accessibility needs in large cities.

Puerto Rico Dominican Republic Mexico Ghana

Sugarcane

Corn

Plantain

Potato Cucumber
Agave Bitter Melon

Lemon

Guava

Sugarcane Tomato Lemongrass

Chilies

Herbs

Sweet Potato
Mango

Cassava

Cassava

By allowing impermanence and reconstructability, as communities shift priorities 
their surroundings can mimic that shift without heavy investment.  Remove a roof 
here and combine two boxes there, and suddenly the potential growing options 
change to fit the evolving needs of the community.  Below, the diversity of Mott 
Haven is shown in these different varieties of produce grown.  By focusing on 
common foods from the most common diaspora in the community, not only can 
members learn about new culinary traditions, but they can also learn about the 
commonalities between their cultures.  For example, Cassava is common in both 
Mexico and Ghana, but is used differently in each context.  This unique culinary 
binder can create opportunities for connection through food in a new way.  Plus, 
by growing nutrient-dense foods that are hearty, it can increase the reliability of 
finding fresh, organic, healthy food where there are food deserts like Mott Haven.

Hispanic AncestryNutrient-Dense Foods 
Growing in NYC Zone (Cfa) Country of Birth

43.7%

9.3%

24.6%

35.3%

6.3%

4.1%

3.1%

23.2%

18.0%

Dominican Republic

Mexico

Ecuador

Honduras

Guatemala

Ghana

Kale Spinach Potato Lettuce

Beans Broccoli Tomato Beets

WHAT: How to help 
low-income families in NYC get 
cheap, healthy and fresh food 

while building community

ISSUE: Food Insecurity

Low Nutrition

Done by 
November 30.

Food Deserts

High Prices

Worse Outcomes
Without Healthy 

Food

HOW?: Develop 
intervention on Patterson 

Homes in NYC

Community 
Involvement with 

Residents Associations

Residents Background
Informs Plant Choices

Community 
Farms Low-Impact 

Farming

Cheap 
Construction

Design Across 
Scales

Window
Box

Greenhouse Large Public 
Gardens

Drawings and 
Mockups

Evaluate Costs 
and Output

Could this be 
implemented on 

a large scale?

Benefits of 
Healthy Food 
on Students

Green 
Gorillas

Helps Spread 
Across NYC

Inform Best 
Practices

Same 
Structural 
Elements

Wood ETFE

80x20
Community 

Garden 
Extensions

Boston 
Food 

Program

Nutritionally
Dense Foods

Guerilla Greenhouses

Mind Map

Throughout housing projects in New York City, healthy food is either unavailable or 
extremely expensive.  By focusing on a ground-up approach from residents, we can 
build on the successes of groups like the Green Guerillas to build community around 
growing food to get more people access to healthier options. through the act of 
constructing growing spaces.

Patterson Homes

March 8, 1950

Built in 1950
15 Buildings
1,791 Units
Considered 
one of the most 
dangerous 
developments 
in the NYCHA

1000 Ft

Western Beef

CTown Supermarkets

SuperFresh

Borinquen

Shop Fair 
Mott Haven

MK African 
American Market

Pioneer of Willis

Yun’s Market

BiteSize
Greens

West African

Puerto Rican

Common reviews of rotten produce

Local Grocery Stores
Average household 
income is $25,605
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People’s
Park

Brook
Park

Willis
Playground

Saw Mill
Playground

Pulaski
Park

Lozada
Playground Ranaqua

Playground
Milbrook

Playground

United We
Stand Garden

Padre
Plaza

Golden Lady
Skatepark

St. Mary’s Park

Mott Haven
Library

Kreate Hub

Mitchel
Community
Center

NYC Health +
Hospitals/Lincoln

Randall’s Island
Park

St. Ann’s Episcopal 
Church and Graveyard

°0 0.08 0.16 Miles

Home to a population of more than 41,000, Mott Haven’s residents 
identify as 68% Hispanic/Latinx, 27% African American, 3% white, and 
2% some other race. 29% of residents are foreignborn, with the majority 
coming from the Dominican Republic and Central America, in addition 
to a small but growing West African immigrant population. Spanish and 
English are the most common languages spoken in the area

Storefront & Retail Mix

121/396 
Storefronts

30%

Hotels, Event Spaces, & Caterers

Florists & Photography Studios

Self Storage Facilities, Warehouses, & Parking Lots

Other Professional Services

Liquor Stores, Smoke Shops, & Tattoo Parlors

Furniture, Antiques, Bikes, & Hardware Stores

Check Cashing, Money Transfer Services, & Pawn Shops

Pharmacies & Health Stores

Tax Services, Insurance, & Travel Agencies

Supermarkets, Grocery Stores, & Specialty Food Stores

Clothing & Shoe Stores

Laundromats & Dry Cleaners

Co ee Shops, Cafes, Bakeries, & Bookstores

Government Agencies, Nonprofits, & Houses of Worship

Doctors, Dentists, & Medical Services

Schools & Day Care Centers

Construction, Shipping, & Wholesale Businesses

Automotive Businesses, Car/Truck Rental, & Gas Stations

Cell Phone, Electronics, & General Merchandise Stores

Limited Service Restaurants

Beauty / Nail Salons & Barbershops

Vacant

Full Service Restaurants & Bars

Delis / Bodegas

33
33

26
23

22
21

20
19

14
13

12
11

10
9
9
9

7
6

5
5

18
17

15

38

  Clothing stores & general retail   

  Supermarkets & grocery stores 

  Co ee shops & cafes  

  Restaurants  

  Entertainment & nightlife   

  Pharmacies   +

Residents Poll: What additional types of 
businesses would you like to see in Mott Haven?

Mott Haven, The Bronx Commercial District Needs Assessment by the NYC Small Business Services

Local Community Gardens Community Garden

Local Collaborators

The Green Guerillas are a network of local New Yorkers dedicated to public green 
space.  This started in 1970, and has continued to expand into providing local services 
like seed banks, tool rentals, and more.  This group would help me implement this 
system within existing gardens, and also give historical insight on previous e�orts.

Network of gardeners with local programs

Local ownership of Bronx area gardens

Manages local gardens and coordinates programs

Grows food at a large scale with youth programs

Residents association for Patterson Houses

The Bronx Land Trust can help get permission for implementing this system on 
existing green spaces, while facilitating connections to local organizers.  The Land 
Trust also retains ownership of a lot of smaller parks, so their group can provide 
information on undermaintained smaller parks.

The NYC Parks department coordinates between the city of New York and these 
smaller community organizations.  By coordinating with their e�orts, the gardens can 
get funding that is available for local interventions in green spaces.  This can provide 
funding and the opportunity to scale beyond the Bronx and beyond NYC.

The food project is a local Boston charity that runs large-scale community gardens 
that can give data on the details of deployment, maintenance, and logistics of 
community gardens with the intent to feed a lot of people.  They can also help deploy 
within Boston to give more people opportunities for growing in small spaces.

The Residents Association at Patterson can give detailed demographics, icome data, 
and community outreach though the existing community center to help get local 
involvement like Tomas Hirchorn’s Gramasci Monument.

Resident Survey

What produce do you want too cook with but is 
unavailable or price prohibitive near you?
I would like to cook more with fresh herbs, however it is di�cult to justify something 
with little to no nutritional value just for flavor.  However, I like cooking with fresh herbs 
and citrus to vary basic dishes.

I add fresh produce to very few meals as it can be expensive, and it is easier to add 
frozen produce.  On average, I use fresh fruits more as it is something my roommate 
and I both like, so we can splurge.

I have a small balcony where i have some small plants, including a few herb plants, a 
pot of mint and chilies, and a jasmine plant.  This space can help me grow a few 
things, but it cannot feed me much besides for a few herbs here and there.

Besides rent, food is my largest expenditure.  I spend about $40 - $60 a week on 
food, including shared groceries.  The most common thing I buy is frozen chicken or 
fish, so I can add sauces to make quick, easy weekday meals.

If I could grow anything, I would probably want to grow more leafy greens to 
incorporate more salad into my diet, along with a larger variety of herbs.  With the 
expanded options, I would be more motivated and excited to cook new foods.

How many meals a week do you incorporate fresh and  
organic fruit or vegetables into?

Do you currently have access to space where you can 
grow your own food?

What percentage of your household income is spent 
on food, and what is most commonly purchased?

If you were given the opportunity to grow fresh 
produce, what produce would you want to grow? Why?

Mockup PhotosPricing for Pieces

80x20 Aluminum Channels

$2.70/Meter

1 Meter Cube - $33

$0.43/Meter

1 Meter Cube - $2.15

<$0.50 Each

1 Meter Cube - $2.00

<$50/Meter

1 Meter Cube - $50

ETFE Plastic Sheeting

Channel Connectors

Compost + Dirt

80x20 Aluminum

ETFE Sheet

Channel Bolts

Soil and Compost
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Distillate
Independent, June 2024
“Distillate” is a physical and metaphorical investigation into the extraction and blending of data sources with no regard for their origin or 
context.  By presenting data collection as an eroding fountain inspired by six separate interviews, This project delves into shifting architectural 
methodologies in the new era of ubiquitous AI by harnessing research from construction projects, white papers, and extensive data archives. 
The resulting fountain connects viewers to diverse perspectives worldwide through six pathways, each crafted from local materials. As these 
fountains erode, they blend into a collective distillation—a fluid history of architecture across continents. This project unveils the intrinsic 
chemical and societal secrets that underpin our diverse design languages.

Interviews

Video
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Parametric Architecture
2024 - Present
Since presenting AUTOMATA at CDNEXT 15, I have worked to produce two 
workshops, a chapter in their publication Future[Tectonics], and presented the 
Sentient Environment Engine at the Design Tech Talk 6.0.  Expanding my own 
pedagogical practice has allowed me to better understand the tools I use.  For 
example, through teaching Ladybug, I discussed the ethical implications of AI 
and the mathematical frameworks behind systems like ChatGPT.

Beginner Bundle

Future[Tectonics]PAACADEMY Page

Plugins 101

Tech Talk 6 Env. React. Comp.


