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impetus	for	this	endeavor	was	sparked	by	a	confluence	
of multiple streams of exploratory research, experimen-
tation, and inquiry throughout a constellation of interests 
and operational developments, fueled through a unique 
opportunity	to	both	cast	and	amplify	the	possible	reach	
of	a	focused	collaborative	dragnet.
Significant	momentum	was	built	up	towards	the	con-

ception	of	DRONOPOD	through	a	project	titled	TN-01	
(fig.	1),	which	was	the	first	collaboration	between	KBAS	
and Branch Technology, a specialized start-up company 
launched	in	2015	that	has	been	operating	at	the	leading	
edge	of	large-scale	robotic,	cellular	freeform	3D-printing	
with their patented processes and techniques. 1 Soon 
after	having	established	itself	as	open	for	business	
in Chattanooga, Tennessee, Branch Technology was 
invited	by	the	Museum	of	Design	Atlanta	(MoDA)	to	
contribute	a	large	piece	for	the	exhibition	that	focused	
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Projecting	into	a	seemingly	inevitable	future	when	small	
unmanned aerial systems (sUAS) constitute various 
forms	of	ubiquitous	utility,	many	of	which	reside	beyond	
the scope of current predictions, DRONOPOD is an 
experiment in the advanced production, operational, 
and	interactive	potentialities	which	may	be	designed	and	
built	into	such	an	infrastructural	system.	Conceived	and	
developed as a prime component within an expansive 
field	of	urban	deployment,	DRONOPOD	incorporates	
large-scale,	free-form	robotic	3D-printing,	drones,	and	
augmented reality (AR) into a spatial, material, and 
experiential demonstration, and serves as an invita-
tion	to	both	consider	this	future	fabric	in	a	proactive	
manner, and launch new research and experimental 
trajectories	in	advanced	production.	As	is	the	case	with	
many advanced material and spatial productions, the 
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on state-of-the-art 3D-printing.2 In turn, Branch Tech-
nology	invited	KBAS	to	design	a	“very	large”	object	for	
this installation, thus initiating a rapid and intensive 
collaborative	burst	of	design	iteration	and	production	
in a compressed timeline of four weeks from the start of 
design	to	finished	installation.	The	approach	taken	was	
that KBAS would serve as a test pilot of sorts, pushing 
and pulling the geometric and dimensional envelopes 
afforded	by	the	tools	and	techniques	recently	rolled	out	
by	Branch	Technology	in	order	to	discover	key	provi-
sional	limitations,	performance	boundaries,	and	design	
opportunities	built	into	their	overall	process.	As	such,	
the	resultant	spatial	construct	was	pushed	through	five	
key	maneuvers,	including	a	minimally	tapered	fillet,	the	
sharpest	achievable	continuous	corner,	and	the	tightest	
possible	fillet	given	the	constant	cell-depth	of	the	print	
matrix	at	that	time	(fig.	2).	Consolidating	these	base	
configurations	into	a	unified	construct	with	a	total	height	
of	18	feet,	TN-01	both	records	and	demonstrates	the	
technological performance envelope with which Branch 
Technology	entered	the	field.

In early 2016, the University of Tennessee Knoxville 
School of Architecture granted special funding to the 
author of this paper as a prompt to produce material 
work	at	a	high	digital	caliber	as	a	pilot	demonstration	
for the promise of cultivating a new regional channel 
of such experimentation and research. Coupling this 
opportunity	with	ongoing	dialogue	between	KBAS	and	
Branch	Technology	about	a	second	joint	endeavor,	
and	sparked	by	KBAS	research	focused	on	sUAS	
airspace	regulations	and	industry	projections,3 the 
Knoxville Bureau of Air and Space was formed as the 
proxy	entity	and	collaborative	channel	through	which	
DRONOPOD was ultimately coordinated, developed, 
deployed,	and	broadcast.4 

DRONOPOD MEGA-PRINT
While	the	core	intent	behind	the	conception	of	DRO-
NOPOD was that it would serve as a research vehicle 
through	which	technical	advancements	may	be	devel-
oped,	publicly	demonstrated,	analyzed,	and	positioned	
for further development, it is designed as a functioning 
drone	landing	and	take-off	station	that	is	perched	on	
the	side	of	a	historic	warehouse	building	in	the	Old	City	
district	of	Knoxville,	Tennessee	(fig.	3).	At	the	same	time,	
DRONOPOD is a prototype in relation to its own design 
development as a spatial utility type, incorporating 
dimensional and volumetric articulations in anticipation 
of	multiple	functionalities	to	be	incorporated	in	future	
versions.	DRONOPOD	also	works	as	a	large-scale	urban	
marker upon which dynamic information is overlaid and 
animated through a working AR application that was 
designed and developed as an integral component of 
the	project	(fig.	4).
DRONOPOD	is	a	composite	assembly	that	integrates	

custom	CNC-fabricated	thin-gauge	stainless	steel	(fig.	5)	

and	polycarbonate	parts	(fig.	6)	plus	an	extensive	array	
of hardware along with its most prominent elements, 
which are two large, singular 3D-printed components 
(fig.	7).	With	an	overall	bounding	box	measuring	approx-
imately nine feet wide, seven feet deep, and 12 feet high, 
it is the incorporation of these large 3D-prints and the 
methods	by	which	they	were	produced	that	affords	a	
notably	efficient	volume-to-weight	ratio	for	the	overall	
construct. Exploiting the momentum gained through 
significant	technical	advancements	that	continued	to	
progress	at	Branch	Technology	beyond	the	completion	
of	TN-01,	the	production	breakthrough	that	DRONPOD	
both	prompted	and	relied	upon	was	a	fundamental	
shift	in	print	capability.	Whereas	the	current	state	of	the	
art utilized for TN-01 was constrained to a 3D-printed 
shell consistently three cells deep, DRONOPOD pro-
vided	the	opportunity	to	develop	an	approach	to	fill	up	
a much thicker volumetric envelope with an extensive 
and	variably	deep	matrix	of	cells	and	nodes.	The	drive	to	
achieve this technical feat served as the launching point 
for	what	proved	to	be	an	intensive	burst	of	collaborative	
development	between	KBAS	and	Branch	Technology	
over the course of several months, as the challenges at 
hand	were	both	intricate	and	manifold.

Printing a three-dimensional freeform cellular 
matrix	within	a	variably	thick	volumetric	control	enve-
lope implies the requirement for numerous steps in 
the overall cell count per layer at strategic moments 
during the printing process. This is tied to a dimensional 
spectrum that controls the range of cell sizes and den-
sities	achievable	within	the	matrix	itself.	At	one	end,	the	
smallest	possible	cell	is	limited	by	the	density	built	up	
through the thickness of extruded material as it travels 
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along the edges and diagonals of each cell in relation to 
the	coordination	of	the	extruding	end-effector	attached	
to	the	robotic	arm	and	its	motion	along	the	print	path.	At	
the	other	end,	the	maximum	achievable	cellular	dimen-
sions	are	primarily	controlled	by	the	bridging	capacity,	
the maximum distance through which an unsupported 
extrusion of material can retain its integrity in space 
through	its	localized	cooling	process	and	before	mak-
ing	contact	with	a	support	feature.	If	any	bridging	dis-
tance is too great for the operations at hand, the printed 
member	will	bend	or	otherwise	deform,	thus	potentially	
compounding	a	host	of	other	configurational	failures	
throughout the overall system. Backing away from 
each end of this spectrum towards an optimal range of 
cellular densities relatively early in the design process 
provided the first layer of essential parameters with 
which the volumetric print envelopes were controlled 
and	iteratively	refined.

Working with these quantitative constraints and 
qualitative comprehension of the processes required 
to	translate	a	complex	envelope	into	a	printable	matrix,	
the	author	of	this	paper	was	responsible	for	the	design	
and	iterative	refinement	of	the	volumetric	digital	mod-
els through which potential print paths were developed 
and	analyzed	by	Branch	Technology.	While	the	methods	
exercised to construct these new types of print paths 
and the degrees to which these processes were oper-
ational innovations remained respectfully protected 
as proprietary to Branch Technology, a typical round 
of	collaborative	iteration	would	result	in	the	identifica-
tion of configurational or operational conflicts at key 
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transitional zones within that version of the volumetric 
envelope	model.	In	turn,	the	control	geometry	would	be	
adjusted	accordingly	and	then	pushed	back	through	
such	analysis.	While	this	back-and-forth	working	mode	
may	appear	to	be	quite	straightforward,	every	round	of	
geometric	refinement	required	meticulous	adjustments	
to	the	volumetric	control	models	at	hand,	each	defined	
by	closed	polysurfaces	constructed	with	planar	quadri-
lateral	faces	of	varying	sizes	and	proportions,	the	major-
ity of which are non-coplanar with respect to each other. 
This	configurational	type	is	highly	provisional,	meaning	
that any dimensional change to an edge sets forth a 
ripple of associative geometric operations to resolve 
the	adjustments	at	play	into	a	newly	configured	closed	
polysurface with planar faces. Of course, such opera-
tions ultimately impact other localized edge and volu-
metric	configurations,	thus	creating	new	conditions	that	
required	special	attention	by	Branch	Technology	and	
iteratively reordered dimensional priorities towards the 
final	configuration	of	each	control	volume.	This	process	
played itself out through many rounds over the course 
of approximately two months, with focus and resolution 
fully achieved for one of the printed components such 
that	the	knowledge	gained	could	serve	as	a	baseline	for	
the	refined	development	of	the	other.

Another key constraint was directly tied to the total 
print	volume	of	both	components	combined.	While	the	
number	of	hours	it	would	ultimately	take	to	develop	the	
finalized	geometry	and	the	associated	print	paths	as	
outlined	above	was	completely	unknown	at	the	outset	
of this endeavor, and all participants were fully commit-
ted to whatever that might entail, the amount of time 
it	would	take	to	3D-print	a	specific	volume	was	readily	

calculable	by	Branch	Technology.	The	logistics	of	fitting	
this	experimental	production	into	their	ongoing	workflow	
of	other	professional	projects	drove	the	starting	date	and	
duration	for	each	print.	Working	backwards	out	of	the	
projected	schedule,	it	was	determined	early	on	that	the	
maximum total print volume for DRONOPOD was set 
at	44	cubic	feet.	Coupling	this	parameter	with	the	goal	
of fully exploiting the vertical reach of Branch Technol-
ogy’s	large	KUKA	robotic	arm	and	customized	3D-print	
extruder in one of the components, and the maximum 
horizontal	reach	from	its	base	for	both	components,	led	
to	a	design	strategy	that	significantly	differentiates	the	
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printing	configuration	operations	for	each	component.	
One element was printed vertically and upside down 
(fig.	8),	while	the	other	was	printed	on	its	side	utilizing	
a	folded	print	bed.	The	net	result	of	this	overall	process	
was the production of two very large and voluminous 
singular freeform 3D-printed components, the larger of 
which	weighs	only	70	pounds	(fig.	9).	Notably,	through	
iterative	developments	initiated	by	DRONOPOD,	Branch	
Technology has developed practices that now fluidly 
automate	the	processes	by	which	variably	thick	control	
volumes	can	be	optimized	with	respect	to	stepped	cell	
counts,	refined	printing	paths,	and	kinematic	precision	
from	initiation	geometry	through	finalized	production.	

COMPOSITE	CONSTRUCT	
As	both	elements	were	printed	with	carbon	microfiber	
infused	ABS	plastic,	which	is	susceptible	to	UV	damage	
with alarmingly little exposure to the sun, several coats 
of	industrial-grade	enamel	were	applied	as	a	durable	
protective finish (fig. 10). The next set of challenges 
involved dialing in dimensional parameters for the 

design	and	fabrication	of	customized	stainless	steel	
components and developing a connection system to 
integrate all components into a composite construct. 
As	the	two	DRONOPOD	mega-prints	were	the	first	to	be	
printed in such a manner at Branch Technology, local-
ized and cumulative dimensional tolerance levels were 
not	fully	assessable	until	after	finalized	production.	While	
a	digital	version	of	the	printed	matrix	was	available	as	a	
preview in the form of a mesh model that thickened the 
centerlines of the print paths, the actual prints are inher-
ently	imbued	with	localized	anomalies	that	are	tied	to	the	
orientation	of	each	print	in	conjunction	with	the	com-
binations	of	heat	and	speed	settings	utilized	through	
the	process,	along	with	specific	kinematic	sequencing	
that	allows	for	building	up	the	system	of	nodes	at	any	
moment within the matrix. 
For	all	of	these	reasons,	the	anticipated	predictive	

capacity of the digital model with respect to connec-
tion sequencing, orientation, and placement ultimately 
proved	to	require	a	meticulous	prototyping	and	verifi-
cation	process	for	the	refinement	of	the	stainless	steel	
components	prior	to	their	finalized	fabrication	(fig.	11).	
As the nodes are the strongest points within the print 
matrix and structural integrity is attained through the 
quantity of nodes, the connection strategy developed 
for integrating the stainless steel and printed compo-
nents exploits the sheer redundancy at hand. A system 
of	“keyholes”	was	distributed	along	the	planar	faces	of	
each stainless steel component, such that threaded 
zinc-plated	steel	hooks	could	reach	in,	grab	a	node,	
and	be	tightened	against	a	rubber	pad	and	washers,	
relatively perpendicular to the operative plane of the 
stainless	steel	component	(fig.	12).	Variable	in	length,	
these	hooks	grab	as	many	nodes	as	possible	at	different	
depths throughout the print matrices. After numerous 
rounds	of	prototyping	with	clear	polycarbonate	sheet	
material,	the	final	dimensions,	orientation,	and	distri-
bution	of	the	keyholes	were	established	and	ultimately	
validated,	thus	initiating	final	fabrication	for	the	stain-
less	steel	components.	While	a	number	of	keyholes	
remained	empty	upon	final	assembly,	every	node	that	
could	possibly	be	encompassed	by	a	threaded	hook	
within the overall system was utilized.

Each of the stainless steel components serves sev-
eral	purposes,	from	affording	self-registering	alignment	
in	the	sequential	and	cumulative	assembly	of	all	parts	
into a composite whole, to providing rigidity in key zones 
within each printed component and setting up the 
means	by	which	DRONOPOD	was	ultimately	installed	
on	the	building.	A	large	steel	lever-armature,	outfitted	
with a concrete counterweight, was designed to lightly 
sit	on	the	roof	membrane	and	reach	up	and	over	the	
parapet to provide the primary interface upon which 
DRONOPOD	hangs	(fig.	13).	Upon	final	pre-assembly,	
which	included	hardware	verification	and	disassembly	
into	staged	components	inside	the	space	adjacent	to	
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the outdoor location for its final installation (fig. 14), 
DRONOPOD	was	moved	outside,	reassembled,	rigged	
with temporary stays, and lifted into place via crane 
in	April	2017	(fig.	15).	Once	all	of	the	top	bolts	were	
installed in the primary hanging armature, the stain-
less	steel	“boots,”	located	at	the	bottom	of	each	printed	
component,	were	then	used	as	jigs	to	locate	the	optimal	
placement	and	drill	for	threaded	rods	to	bolt	through	
the	brick	wall,	thus	locking	DRONOPOD	into	place.	With	
all of the stainless steel components, hardware, and 
the	perforated	polycarbonate	landing	pad	integrated	
with the mega-prints, the total weight of DRONOPOD 
is approximately 425 pounds.

AUGMENTED	REALITY
Our team developed three separate augmented reality 
applications	through	this	project,	the	most	significant	
of which provides a freestanding interactive experience 
that	transforms	DRONOPOD	into	a	new	type	of	urban	
instrument. By superimposing dynamic information 
and effects onto live views through personal smart 
phones	and	tablets,	a	viewer	sees	an	animated	display	
of	objects	navigating	along	curves	that	delineate	spatial	
flows	through	DRONOPOD,	thereby	rendering	the	idea	
that	variable	operative	scales	of	interest	are	embedded	
within	the	project	(fig.	16).	Ultimately,	the	intent	of	this	
applied demonstration was primarily two-fold.
First,	the	notion	that	such	a	customized	interface	

can	transform	the	public	reading	of	a	specialized	object	
within	the	urban	fabric	holds	immense	promise	for	inno-
vative	design	and	broadcast	strategies	(fig.	17).	Second,	
upon	realizing	the	many	challenges	embedded	within	
such an endeavor, the successful implementation of this 
augmented reality application was a goal in and of itself. 
In	close	collaboration	with	Jason	Anderson	(Studio	Ana-
molous / Associate Professor of Architecture, CCA), the 
AR application was developed over the course of several 
months,	in	an	intricate	workflow	that	utilized	Grasshopper,	
Excel, Unity, Vuforia and Android SDK. Spatially registering 
the dynamic model with the oversized graphic AR marker 
(fig.	18)	such	that	animated	views	align	with	DRONOPOD	
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Figure 17 from up to 150 feet away from the physical construct day 
or night, and also in close proximity (without requiring 
the marker to remain within the camera view) required 
extensive	troubleshooting	and	customized	collaborative	
protocols through every stage of development. 

FUTURE	RESEARCH
All	of	the	work	set	in	motion	by	DRONOPOD	served	
as a launching point for extensive research at Georgia 
Institute of Technology School of Architecture, where 
two interwoven exploratory tracks are currently in play. 
One is specifically geared to thoroughly expand the 
investigation	into	an	array	of	projected	sUAS	futures	
and interrelated utility components, operative systems, 
architectural	typologies,	and	urban	scenarios.	This	track	
is	set	to	be	bolstered	by	the	initiation	of	Atlanta Bureau 
of Air and Space,	a	long-term	project	to	be	carried	out	
through successive Georgia Tech Design and Research 
Studios, which are specialized graduate-level studios 
directly tied to faculty research, advanced design, and 
interdisciplinary	collaboration.	
Another	research	trajectory	places	prime	focus	on	

advanced production. Experimental spatial constructs 

and	composite	material	assemblies	will	be	developed	
with the same operational attitude set forth through 
DRONOPOD, wherein customized integrations of 
advanced production techniques, materials, and tech-
nologies	require	procedural	innovation	and	collaborative	
agility. While conversations with Branch Technology are 
ongoing	specifically	with	respect	to	elevating	our	col-
laborative	momentum	into	new	rounds	of	research	and	
development, this track also seeks to fold an expanded 
arsenal of advanced design and production technologies 
into its operational thrust. 
Research	sparked	by	all	of	the	above	has	recently	

been	initiated	to	integrate	sUAS,	AR,	and	robotics	into	
multi-system	design	and	production	workflows,	pro-
tocols, and environments. While each of these strains 
was	effectively	developed	and	demonstrated	under	the	
unifying	arc	of	the	project,	they	remain	parallel	opera-
tives within DRONOPOD. With the unique opportunity 
to	potentially	boost	momentum,	reach,	and	impact	
through interdisciplinary partnerships at Georgia 
Institute of Technology, a primary goal at hand is to 
operate	within	and	contribute	to	this	promising	field	
of research.

Figure 18
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