








JointLab

Computational Design Thesis

Year: Fall 2023 - Spring 2025
Type: Academic Work

Advisors: Joshua Bard, Daragh Byrne,
Vernelle A. A. Noel

JointLab addresses the critical accessibility gap in architectural robotics educa-
tion where the high cost of equipment and significant safety risks often restrict
direct practical learning. Traditional teaching models create a steep learning curve
that separates digital simulation from physical operation which leaves students
unprepared for hardware complexities. To resolve this I developed a compre-
hensive Virtual Reality framework that functions as a precise digital twin for
the ABB IRB 120 robotic arm. This project serves as a pedagogical bridge that
allows students to build essential kinematic intuition and spatial understand-
ing in a completely safe environment before they ever step into the physical lab.

The system visualized in the interface screenshots on this page is built on a
custom Unity application that communicates directly with the robot con-
troller. By integrating Externally Guided Motion and Robot Web Services
the framework ensures that the virtual robot mirrors the exact constraints and
physics of the actual hardware used in the CMU dFab Lab. The user inter-
face shown here was specifically designed to visualize complex robotic data
like axis limits and singularities in an intuitive and gamified format. This al-
lows users to manipulate the robot tool utilizing standard VR controllers and
transforms abstract programming tasks into embodied physical interactions.

Beyond simple simulation the workflow demonstrated here generates valid R AP-
ID code which validates the tool as a practical manufacturing resource. As the
user study data indicates participants with no prior robotics experience were able
to successfully plan complex paths and execute tasks solely through this immersive
environment. By providing immediate visual feedback on potential errors Joint-
Lab effectively lowers the entry barrier for computational fabrication and shifts
the focus from technical troubleshooting to creative design exploration.
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The operational workflow concludes with the Waypoint Panel and Camera Views which enable users to plot precise spatial

targets and visually verify their safety from multiple angles before execution. To rigorously evaluate this framework I con- :
ducted a structured user study where participants utilized these tools to navigate complex path-planning scenarios. The sta-
tistical data presented in the charts on this page summarizes the findings by correlating task completion times with collision :
frequency and precision metrics. This analysis reveals a significant reduction in errors and a rapid acquisition of kinematic
intuition among novice users. These results validate the project’s core thesis that embodied VR interaction serves as a power-
ful accelerator for robotics education. Ultimately JointLab demonstrates that removing the physical risks of hardware allows :

students to master the logic of fabrication faster and more creatively than traditional methods which effectively democratizes
access to advanced manufacturing.
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The signature function of Wasp++ is a translation of the Python Turtle graph-
ics library into a deterministic aggregation function. Like a traditional Turtle,
which moves a point incrementally in 2D or 3D space to draw lines, shapes,
and complex patterns, the Turtle Aggregation component treats each dis-
crete element of the aggregation as a point, which the turtle adds incremen-
tally according to a series of instructions. Since aggregations are already de-
fined with a pool of rules for possible connections, the instruction grammar is
a stack structure that references the rules by index, with additional symbols
for branching and moving the cursor. Calling a rule implements that con-
nection-to-connection addition to the aggregation at the cursor location.

With a deterministic control in place, the instruction set can be created with an
L-system generator to create complex recursive structures with a minimal set of
inputs. These aggregations can imitate well-known L-systems patterns or generate
unique 3D geometries.

Understanding Aggregations, Planes, Connections, and Grammer

Simple Geometry to Complex Geometry I

Simple Geometry to Complex Geometry III Hierarchical Aggregation III Asynchronous Fluid Communities

In addition to new modes of managing clusters, several supplemental methods were built that augment or add functionality to the existing Wasp !
Stochastic Aggregation component. I was in charge of writing the Pseudocode, Testing the code, and creating an example file for Ratio Aggre- :
gation, which uses the basic framework of the utterly random aggregation method, but controls for the proportions of each part in the aggre- :
gations. The part with a count farthest below the target number based on the ratio is added next. This gives more control over the aggregation
randomness by controlling which part is added next and determining where it is added. I also looked primarily into daylight analysis and finite element
analysis; both methods proved too slow and cumbersome to adjust an aggregation shape iteratively. A single iteration for daylight analysis with Grass- :

hopper plug-in Ladybug, even with low-resolution information, could take several seconds. When aggregations have parts in the hundreds or thou-
sands, such approaches become quickly untenable. Potential areas of further study have been described above but again include performance opti-
mization, dynamic part clustering, aggregation tiling, and sequencing. Future uses of the plugin were analyzed to understand further implementations.
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Robotics

Carnegie Mellon Computation

Year: Fall 2023

Type: Academic Work

Team: Myles Sampson, Sanchit Agrawal &
Sejal Jain

Tutor: Joshua Bard € Jingyang Liu

The course offered a hands-on introduction to integrating industrial robots into
architecture and construction practices, providing practical insights into various
aspects such as online programming, offline programming, simulation, end-of-
arm tool development, workcell development, and interfacing with peripheral
SENsors.

In our project, we chose to concentrate on color-detected assembly tasks. Initially,
we designed three distinct module types with differing cuts for assembly and vari-
ous colors, while maintaining consistent overall dimensions. Leveraging OpenCV
integrated into Grasshopper through GhHowl, we successfully detected the col-
ors of each module. Subsequently, each color was assigned a specific organiza-
tional pattern, dictating a unique stacking method. The stacking logic was then
implemented within RobotStudio, establishing a seamless connection between
OpenCV, Grasshopper, and RobotStudio.

Red Color Assembly

Color: Blue

Assembly 01

Color: Red

Assembly 02

Color: Yellow

Assembly 03
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0Enable Joint Configuratfon Control

Labsolute Joint Movement (pos_home\wob3d)

2Disable Joint Configuration Control
IWait Time (1 sec.)

45et Digital Output (do_tool gripper_close\False)

58at Digital Output (do_tool gripper open\True)

GWalt Time (2 sec.)

Tdoint Movesent (\wobid)

8 Linear Movement (pick up_1\wobjf)
S¥ait Time (1 sec.)

108et Digital Cutput (do_tool_grippec_cloae\True)

11 5et Digital Output (do_tool gripper cpen\False)

12wWalt Time (2 sec.)
13 Joint Movement (\wobj0)
14 Linear Movement (placement _objects_clearance f\wobin)

15linear Movement (placement_objects_O\wobi0)

16Waic Time (1 ses.)

17 8ot Digital Outpur (do_tool gripper close\False)

18 Set Digital Output (do_tool gripper opon\True)

19%ait Tima (2 sec.)

20 Linear Movement (placement objects_clearance O\webiO)
21 Enable Joint Configuration Contrel

22 Absolute Joint Movement (poa_home'\wobiQ)

23pisable Joint Configuration Control
24Wait Time (1 sec.)

255et Digital Cutput (do_tool gripper cloas\False)
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269et Digital Output [do_tool gripper_cpen\True)
ITWale Tima (2 sec.)

28 Joint Movement (\wobjd)

20 Linear Movement (pick up_1\wobi0)

30 Wait Time (1 sec.)

31 Set Digital Output [do_tool gqripper close\True}

32 Set Digital Cutput (do_tool gripper ocpen\False)
3Wait Time (2 sec.)

34 Jeint Movesent (\wobjf)

35 Linear Movement (placemant objects_clearance_l\wobjl}

j6linear Movement (placement objects liwabio)

37Walt Time (1 sec.)

3830t Digital Output (do _tool gripper close\False)

Robotic Workﬂow 39 ser Digital Output (do_tool gripper_open\True) .) ; :h'\. __5’ Detcction 01

End Tool - Pneumatic Point Gripper

Pick and Place
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Yellow Color Operation Simulation Work Station

Blue Color Operation
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Adhesive towards the edges

Balloon sealed with iron

Human-Balloon Model
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.begin (960
= (xPin, IN
= (yPin, IN
2 (ZPin, IM

sde (buzzerPi

void loop() |(

int xRaw ana

Assembled Arduino System

) ;

PUT ) ;

PUT)

PUT ) ;

n, OUTPUT );

d (xFin) ;

int yRaw = a d {yPin);
int zRaw analogRead {zPin) ;
z = (xRaw zeroG) / scale;

Arduino Code

» Sensor

{yRaw - zeroG) / scale;

> = (zRaw zeroG) / scale;

float gForce sqri{xG * xG + yG * yG + 26 * 26 );

[F]..

Balloon with Arduino taped inside

float toneValue;

if (gForce < 3.6) {

toneValua = map (gForce, 2.4, 3.6, 10, 40):
1} else if (3.61 <= gForce && gForce < 4.3) {
toneValue = map(gFores, 3.61, 4.3, minTone, maxTone )}

toneValue = maxTone;

if (millisz {(} - lastToneTime >= tonelnterval ) {
lastToneTima millis{);
tone (buzzerPin, toneValue };

2y (S00)

: (buzzerPin});

if (toneValue > highToneThreshold ) |

highToneCount++;

1

if {toneValue < highToneThresheld ) |

LowToneCount++;
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DRAWING WITH SAND

Lo-TEK Architecture in the Desert
Year: Fall 2022

Program: Resting Stop ————— ) ‘

Type: Academic Work . - —
Location: Vilarejo Betania, Lencois Maranhenses | \

Team: Olena Prysiaszhniuk
Tutor: Gustavo Utrabo €3 Brianda Mireles

Drawing on Sand proposes creating a Resting Stop within the desert of Lencois
Maranhensas, Brazil, near Vilarejo Betania. The program served as a meeting point
between the community and tourists for exchanging ideas. When combined with
different bonding agents, we researched the basic composition of Sand to use as
our aggregate for the Retaining Wall. Using bamboo and joinery techniques, we
created a space within the desert that blended with this unique landscape by cre-
ating a structure suspended from this retaining wall. Building construction and
experimentation were an integral part of our design process, mainly since this low-
tech architecture is to be built by the community quickly without introducing
foreign resources. By studying water flow in the area, we could calculate a span
that would create a better connection with the change in water levels during the
wet and dry seasons.

Connections to Vilarejo Betania
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Shandon Jude Herft

2018-2024 |

Portfolio

g
=
&~

-

9
=
=

Drawing with Sand

—

Overall Site Plan

1te

Seasonal Changes at S

10N

Method of Construct



Section




Wall De

Ry
tail

iy

Model Pictures

aopy ?P?’fj szw %

pus qim Surmesq

I ’&Z'UZ-((‘) {0E'

0_1"?' f{?f}'{aqr

(-
[}




ARRIVAL

The Chicago Studio

Year: Spring 2023

Program: Transportation Hub

Type: Academic Work

Location: Clark/Lake Station, Chicago, IL
Team: Self

Tutor: Joel Putnam & Philip Enquist
Link to Booklet: https://bit.ly/3YffMdn

The Clark/Lake CTA station in Chicago is a vital transportation hub in the heart
of the city’s Loop district. As one of the busiest stations in the city, it serves as a
critical link for commuters and tourists alike. However, with its current design
and layout, the station can feel congested and confined, creating a less than opti-
mal experience for those passing through it.

To address this issue, a new architecture project is being proposed to reimagine the
Clark/Lake station, with the goal of creating a more open, lively, and functional
transportation hub. The project involves setting a boundary for the station within
the street itself, preventing it from spilling over into the neighboring Thompson
Center and 203 North LaSalle station. Additionally, a new highline, called the
Chi-Line, will be created on top of the existing L station, running the Loop.

Logistics
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FISK GENERATING STATION

Year: Fall 2021 - Spring 2022

Program: Adaptive Reuse - Food Commons
Type: Academic Work

Location: 1111 W. Cermak Rd, Chicago, IL

Teammate: Julian Go
Tutor: Andy Tinucci &€ Kindon Mills

The Fisk Generating Station has had a significant impact on the West Loop. The
factory went into service on October 2, 1903. It was built by the Chicago Edison
Company and designed by Shepley, Rutan, and Coolidge. The original design
featured two significant buildings constructed of load-bearing masonry walls with
steel truss supports. In 1929, an additional Switch House was added to the site
and was designed to mimic the previous two designs. The station, which once em-
ployed hundreds of community members, was shut down in 2012 due to a strike,
several deaths, and one of the most significant carbon emissions in the city. Our
goal is to preserve the original historic building through adaptive reuse to once
again serve the community of Pilsen. Our network begins at the station but, over
time, can start to spread across the community.

The now since abandoned Station stands as a reminder to the community of its
History and Troubled past.




Existing Building Footprint

New Structural Intervention

New Landscape Modifications

Site Program

We followed the scar along the river to the lower West
Loop, a primarily residential area. Nearly half of the
existing infrastructure that needs to be in use is cur-
rently abandoned. Pilsen became the center of our
exploration. With a rich Hispanic history, the neigh-
borhood has quickly gentrified over the last several
years as younger residents have begun to buy cheap-
er property and force previous generations out. Our
building could serve as an urban food commons and a
rehabilitation center. Our site was selected based on its
accessibility from West Cermak and the river. In addi-
tion, it is within a walkable distance for both members
of the community and local schools.

Teacher
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CORE Projects i

Professional e

Year: July 2025-Current

Type: Non-Academic Work

Team: Nick Mundell, Viktoria Henriksson, €
Danny Karas

Firm: Core studio at Thornton Tomasetti

Jeddah Tower Lincoln Center Damrosch Park

As a Computational Designer anchored in the global CORE Studio Modeling
Group, my professional practice is defined by high-level technical collaboration
with distributed teams across New York, Chicago, Philadelphia, London, Los An-
geles, Mumbai, and Stockholm. I contribute to the realization of ambitious archi-
tectural typologies ranging from the aerodynamic verticality of the Jeddah Tower
and 30 Hudson Yards to the complex, non-standard envelopes of the A’s Las Vegas
Ballpark and Qiddiya City Esports district. My technical workflow relies heav-
ily on orchestrating seamless interoperability between geometric modeling and
structural performance; I utilize Rhino.Inside.Revit and Grasshopper as primary
drivers to synchronize data with analytical platforms like ETABS, SAP2000, and
Tekla. This process is further augmented by the rigorous application of propri-
etary CORE Studio toolsets, enabling the rationalization of intricate forms that
standard software cannot address. Beyond project delivery, I actively foster inter-
nal growth by developing training materials and leading bi-weekly “office hours”
sessions to mentor colleagues on emerging workflows. This dedication to indus-
try innovation extends to the wider community, where I have played a dual role
in organizing logistics and competing in hackathons at both AECTech Boston
2025 and AECTech NYC 2025, consistently helping to shape the future of digital
practice. 30 Hudson Yards
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KPF Plugins

Professional

Year: Summer 2024
Type: Non-Academic Work

Team: Joe Brennan, Madeleine Eggers €

Hazel Villena
Firm: Kobn Pederson Fox Associates PC
Link to Documentation: bttps://bit.ly/4hb5bsK

Added Colinear Point?

Conflicted Surfaces

At KPF, I was part of the Computation Team, where I developed a suite of
tools to address common issues encountered in project workflows. These tools
were initially built using ghPython, then converted to C# to improve runtime
performance and efficiency. Testing was conducted on a sample cloud project,
which presented unique challenges, particularly with facade surface issues.

The plugins I created included several targeted functions. For instance, Sort
Colinear Points corrected inaccuracies in surface point alignment by using a
specified angle to improve accuracy. Another tool, Sort Sides, took a tree of
surfaces and used Sort Colinear Points to arrange the surfaces by their colinear
points. This plugin organized points and sides clockwise, positioning the top
side as the first side and the top-left corner as the starting point for doubly
curved surfaces. Additionally, I worked on Sort UV, a tool to align UVs of
surfaces either to a base surface or along specified axes.
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for curve in joi
exploded_cury

_curves:

s.extend(curve .DuplicateSegments()) 1i
W " equality_t

# Get endpoints of each segment

end_points = []

__author__ = for curve in exploded curves: filtered_merged_tree = DataTree|[
__version__ = end_points.append(curve.PointatEnd)

import rhinoscriptsyntax as rs £ Cal s be v

import ghpythonlib.components as ghe angles [)

import Rhino.Geometry as rg for 1 in range(len{exploded_curves)):

import math Vec_a = gentAtEnd

vec_b = exploded_cur i + 1) % len(exploded_curves)].Tan
newAngle = rg.Vector3d.VectorAngle(vec_a, vec_b)

|z def meshEdges(surface, angle):
| 2 angles.append{newingle )

Convert surface to mesh

mesh = rg.Hesh.CreateFromBrep(surface)[8]

edges radian_limit

€.Radians(angle)

# Get naked

ed B!
naked_edges = mesh.GetNakedEdges()

& Sepller Than
£ Convert naked edges 10 curves smaller_than = ghc.SmallerThan(radian_limit, angles)[@]
curves = [] .

for edge in naked_sdges: # Cull Pattern

cull_list = ghe.CullPattern{end_points, smaller_than)

if iszinstance(edge, rg.Polyline):

-curves . append(edge. ToPolylineCurve())
else:

curves.append(edge)

merged_tree . Add(item,
return cull_list
merged_tree
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POKE POKE & LOWCOUNTY CHINATOWN

Professional

Year: Summer 2021

Type: Non-Academic Work

Team: Kiery Calica, Paige Candelaria, Kee
Chan, and Kinga Felker

Firm: Keyconcept

Poke Poke was a project that I worked on at KeyConcept. Key elements of the
project included measuring and creating a 3D space of the pre-existing space, un-
derstanding what Poke Poke was and what the owner wanted in our representa-
tion of the area. I specifically worked on the dining space’s plans, interior decora-
tions, and wallpaper laminations.
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Our process for designing the space at Lowcountry Chinatown started by under- ““w

standing the context from prior Lowcounty’s designs in Chicago. By familiarizing ssss
ourselves with the space’s interior, I produced iterations of my envisionment of
the area, by mapping out the space in SketchUp to create a digital twin we could

refer to during the construction phase.
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