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Abstract

Upgrading broadband networks from copper to
fibre is a major focus for many developed coun-
tries. Despite their resilience, the underground
pipes that house network cables are susceptible
to degradation and build-up of foreign mate-
rial, inhibiting the installation of new cables.
The traditional methods for installing new ca-
bles remain outdated and inefficient, and can
have health and safety implications for the field
technicians involved. Our solution, the Cable
Rover, addresses the urgent need for a safer
and faster method of installing new cables by
leveraging the adaptive growth capabilities of
a vine robot to navigate complex conduit envi-
ronments. The prototype developed has been
tested on numerous occasions in a variety of
laboratory and field conditions, with success-
ful results demonstrating the device’s ability to
significantly enhance the cable installation pro-
cess for field technicians.

1 Introduction

1.1 Broadband Network Infrastructure

Broadband networks play a crucial role in delivering con-
sistent, high-speed internet access across diverse geo-
graphic contexts, from densely populated urban centres
to remote rural communities. In Australia, this respon-
sibility is delivered by NBN Co, which owns and oper-
ates the nbn® network—a wholesale broadband access
network for Australia. To meet growing demand, nbn
is phasing out some of its copper-based fixed-line tech-
nologies, namely Fibre to the Node (FTTN) and Fibre
to the Curb (FTTC). In January 2025, the organisation
announced upgrade options for approximately 622,000
end-users still reliant on copper, with over 95% of those
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Figure 1: The Cable Rover enables safer and more effi-
cient cable installation in telecommunications pipes.

premises having the option to upgrade to full fibre via
FTTP [NBN Co, 2025b]. As of July 2025, 12.58 mil-
lion homes and businesses were able to connect to the
nbn access network, and 4.68 million homes and busi-
nesses have either upgraded or are eligible to upgrade
from FTTN and FTTC copper networks to full fibre
[NBN Co, 2025a].

The physical infrastructure that houses fixed-line
broadband services predominantly consists of buried
pipes, helping to protect existing cables from environ-
mental factors and facilitate the installation of new ca-
bles without expensive civil works.

In newer residential developments, referred to as
“Greenfields” areas, nbn typically employs polyvinyl
chloride (PVC) conduits in three standard sizes, with
internal diameters of 104.9mm (P100), 53.0mm (P50),
and 23.3mm (P20). In contrast, more established
“Brownfields” areas may contain legacy conduit mate-
rials such as terracotta, earthenware, or iron, with di-
ameters including 39.65mm (P35) and 14.65mm (P10).
Conduit runs are generally classified into two categories:
network conduits, which connect pits along the street
(sometimes extending over 100m) and typically carry



multiple thick cables to service entire neighbourhoods;
and lead-in conduits, which run from pits in the street
to individual premises and usually carry a single cable
over a distance of about 20m. Network conduits are usu-
ally P35 or larger, while lead-in conduits are commonly
no larger than P20. Both types of conduit runs may
incorporate pre-fabricated 90° bends to navigate around
local geographical features and built infrastructure like
roads, buildings, and other buried assets.

Environmental factors can significantly impact the
structural integrity of buried pipes. Earthworks or nat-
ural shifts in soil structure may cause conduit segments
to crack or become disjointed, allowing foreign material
such as dirt, mud, water, tree roots, or even animals to
enter the conduit and cause blockages. Foreign material
can also enter from either end of the conduit, further
contributing to blockages.

Although nbn specifies a maximum fill ratio of 60%
for P20 conduits and 70% for P50 and P100 conduits,
pipes in the field may in reality be overfilled, especially in
legacy conduits and “Brownfields” areas. Consequently,
heavily congested conduits pose challenges for network
expansion and new connections due to the space con-
straints.

1.2 Existing Methods for Cable
Installation

For pipe continuity inspection and cable installation,
field technicians of broadband service providers world-
wide typically use a semi-rigid fibreglass rod. This rod
is manually pushed into the conduit in an attempt to
reach the exit point, allowing a new cable or drawline to
be attached and hauled back through the conduit. Re-
ports from international telecommunications companies
document the traditional use of rods for cable hauling
and blockage detection within pipe networks [Asumu and
Mellis, 1998] [Hayashi et al., 1986] [Davies et al., 2001].

Despite their widespread use, rodding techniques
present several limitations. Manual operation of the rod
is often inefficient, frequently requiring excessive force
to advance. The propelled rod can damage existing ca-
bles within the pipe [Griffioen et al., 2002], and when
encountering bends, it often becomes stuck as it hits the
lips of conduit and bend joints. This impedes forward
movement which usually triggers a range of alternative
methods including different rod sizes and tips, rodding
from the other direction, or flushing the conduit with
water. In some instances, field crews may incorrectly as-
sume a blockage, prompting unnecessary excavation at
end-user premises or in public spaces such as roads and
footpaths.

Heavily congested pipe conditions further increase the
likelihood of rods becoming stuck. Even in longer, un-
congested network conduit runs exceeding tens of me-

tres, the manual force required to push the rod tends
to increase significantly as it gets tangled with cables.
The rod may also begin to spiral within the conduit cav-
ity, causing a concertina effect which increases friction
and mechanical resistance, demanding greater physical
effort from technicians. This not only exacerbates oper-
ational delays but also raises health and safety concerns,
including incidents where technicians have reported up-
per body injuries and longer-term body stress injuries.
Challenging pipe conditions often necessitate the use of
specialist equipment and may require multiple techni-
cian visits, prolonging job completion times, increasing
costs, and causing frustration for affected end-users.

These limitations underscore the urgent need for more
advanced and efficient methodologies for pipe inspection
and cable installation within the telecommunications in-
dustry. Such approaches should aim to improve oper-
ational efficiency, reduce unnecessary costs, and better
safeguard the wellbeing of field technicians. Currently,
no commercially available products adequately address
these limitations. A novel pipe inspection technique for
buried broadband infrastructure is explored in our prior
work [Rees et al., 2025]. Complementing this innova-
tion, this paper presents the development of a novel tool
designed to overcome the limitations of existing rodding
methods and enhance the effectiveness of cable installa-
tion in buried telecommunications conduits.

2 Related Work

2.1 In-Pipe Robotics

Numerous publications in the literature explore robotic
solutions for in-pipe condition assessment and payload
transportation. Several wheel-based robotic designs
have been proposed [Gunatilake et al., 2021] [Gunatilake
et al., 2022a] [Gunatilake et al., 2022b], but their physi-
cal dimensions often exceed the constraints of broadband
infrastructure. Even when scaled down, these robots
struggle to navigate tight bends and vertical segments
commonly found in telecommunications pipes. [Kazem-
inasab and Banks, 2022] present a fast-moving robot
equipped with wall-pressing wheel modules that enable
vertical climbing. Yet, like other wheeled systems, its
locomotion depends on unobstructed contact with the
pipe wall—a condition rarely met in buried telecommu-
nications pipes, which are frequently congested with ca-
bles and organic debris. [Li et al., 2022] introduce a
tracked robot capable of transporting payloads up to
30 kg within 110mm-diameter pipes, while [Park et al.,
2024] demonstrate a robot that can traverse vertical
and curved pipes with diameters of 150mm. Although
promising, these designs remain too large for widespread
deployment in nbn’s pipe infrastructure. Soft robotic
approaches, such as the untethered design proposed by



[Wang et al., 2024], offer potential for navigating smaller-
diameter pipes. However, this particular solution lacks
the capability to haul cables over long distances, limit-
ing its applicability for installation tasks. [Kodagoda et
al., 2024] present a tethered, floatable robot designed for
inspecting concrete pipe infrastructure. While effective
in large-diameter pipes, its dependence on in-pipe wa-
ter flow for locomotion renders it unsuitable for broad-
band pipes, even when miniaturised. The bio-inspired
iCrawl robot by [Khan et al., 2020] demonstrates strong
adaptability across complex surfaces, a desirable trait
for broadband conduit inspection. However, its reliance
on electromagnetic feet for crawling on metallic surfaces
limits its compatibility with nbn’s predominantly non-
metallic conduit assets.

2.2 Vine Robots

In addition to the soft robotics approaches previously
discussed, a specific class of soft robots known as “vine
robots” has been explored in the literature for navigating
challenging environments [Hawkes et al., 2017] [Girerd et
al., 2024] [Kübler et al., 2024]. Although existing designs
are not tailored for small-diameter pipe applications of
lengths upwards of 100m, they present promising poten-
tial for adaptation to the requirements of telecommuni-
cations infrastructure.

This study builds upon principles introduced by
[Hawkes et al., 2017], which describe a tip-based exten-
sion mechanism achieved through the eversion of a thin-
walled, inverted vessel when pressurised. By applying
this concept to the confined and variable conditions of
buried telecommunications pipes, we aimed to address
the limitations of traditional cable installation methods.

A key advantage of vine robots is that only the tip
moves during growth, resulting in no relative motion
between the robot body and its surroundings [Blumen-
schein et al., 2020]. This characteristic is particularly
beneficial in buried telecommunications conduits, where
movement while in constant contact with cables, pipe
walls, and foreign material can generate friction that im-
pedes mobility. Additionally, vine robots can manoeu-
vre through spaces narrower than their own body di-
ameter [Blumenschein et al., 2020], enabling navigation
around congested cables and partial blockages. Another
notable feature is the internal movement of the tubing
layer within the outer body, which offers the potential
to attach and transport a payload through the robot’s
main structure. These principles served as the basis for
designing a custom vine robot tailored to telecommuni-
cations. The remainder of this paper is structured as
follows: we first describe the engineering development of
the Cable Rover device, followed by a detailed account of
the experimental methodology used to validate its per-
formance. We then present results from both lab-based

Figure 2: Cable Rover deployment process.

experiments and field deployments, and conclude with a
summary of our findings and directions for future work.

3 Development of the Cable Rover

Building on the known principles of vine robots, we de-
veloped a custom tool named the Cable Rover to address
the challenges of cable installation in telecommunica-
tions pipe networks. The system is designed to operate
in two configurations: one for growing (deploying the soft
body through the pipe) and one for hauling (retrieving
a cable or drawline through the pipe). It comprises four
key components: an air compressor, a pressure chamber
with interchangeable fittings, a remote monitoring sys-
tem for real-time performance feedback, and the flexible
tubing that forms the everting body.

As illustrated in Fig. 2, the Cable Rover is initially
deployed in its growing configuration from a convenient
location outside a pit. Once the air compressor is acti-
vated, pressure builds within the chamber, causing the
flexible tubing to evert and extend forward. The tubing
is manually guided into the conduit entry, after which
the conduit itself constrains and directs the growth pro-
cess. When the tubing emerges from the conduit exit,
the compressor is turned off and the tubing is cut at
its extremity. This allows the user to attach a cable or
drawline to the inner tubing layer, switch the system to
its hauling configuration, and retrieve the payload back
through the conduit. This is achieved by attaching a drill
with appropriate socket size onto the backnut fitting on
the haul cap. The user can then mechanically wind the



Figure 3: Transparent isometric and top views of pres-
sure chamber with key fittings.

spool such that the tubing (and cable or drawline) is
pulled back through the conduit.

3.1 Pressure Chamber and Fittings

To facilitate the growth of the soft tubing, it must be
stored within a pressure chamber that enables controlled
eversion through an outlet port [Hawkes et al., 2017].
The chamber is constructed from readily available PVC
plumbing components to ensure ease of fabrication, cost
minimisation, and future scalability. Inside, the tubing
is wound onto a spool that spins freely on a steel shaft
supported by bearings during the growing configuration,
as shown in Fig. 3. The spool, coupling block, and
bearing housings are all 3D-printed using polylactic acid
(PLA) material.

The chamber design includes three interchangeable
end caps: the grow cap, the haul cap, and the outlet
cap, as illustrated in Fig. 4. The outlet cap can re-
main fixed in place to allow the tubing to unspool and
pass directly through the outlet port, also 3D-printed in
PLA, where it is everted and secured using a custom
clamp made from thermoplastic polyurethane (TPU).
The grow cap is mounted on the opposite end, allowing
the shaft to slide into a second bearing for support dur-
ing deployment. For retraction, the grow cap is replaced
with the haul cap which comprises an additional shaft
fitted with backnuts on either end, which interfaces with
the spool internally and a drill socket externally. This
configuration enables the user to rewind the inner tub-
ing layer back through the outer layer using a handheld
drill. The grow cap also integrates a pressure module,
which includes a pressure gauge, a safety relief valve set
to 15PSI (≈100 kPa), and an air valve for connecting an
external air compressor.

3.2 Remote Monitoring System

To support real-time deployment monitoring of the
Cable Rover, a custom-built remote monitoring sys-
tem, referred to as the Cable Rover Monitoring System
(CRMS), was developed. The CRMS is a compact, Wi-
Fi-enabled attachment that provides live feedback on

Figure 4: Isometric views of caps with key fittings.

tubing growth metrics, including distance, speed, and
internal pressure.

The system is powered by a Beetle ESP32-C6 micro-
controller, chosen for its small form factor and wireless
capabilities. Tubing growth is measured using an IR
break beam sensor mounted inside the CRMS housing,
which detects pre-marked intervals on the tubing. Pres-
sure readings are captured using a BMP180 digital pres-
sure sensor, and battery status is indicated via onboard
LEDs. All components are mounted on a custom perf-
board and housed within a 3D-printed PLA enclosure
that sits inside the pressure chamber’s outlet cap to read
the tubing as it exits the outlet.

Users interact with the CRMS via a smartphone-
accessible web interface, hosted locally on the device.
Upon powering the unit, users connect to the CRMS Wi-
Fi network and access the interface through a browser
or NFC scan. The interface provides controls to start,
pause, and reset monitoring sessions, as well as view live
metrics such as pressure, tubing speed, elapsed time, and
total distance everted. A settings page allows users to
calibrate ambient pressure, enable sound alerts for pres-
sure thresholds, and adjust tubing mark spacing.

The CRMS is designed for ease of use in the field.
It automatically enters sleep mode after 30 minutes of
inactivity and can be recharged via USB-C. During de-

Figure 5: The remote monitoring system displays read-
ings in real-time on the web-app user interface.



ployment, the system enables technicians to monitor per-
formance without manual intervention, improving accu-
racy and reducing the likelihood of over-pressurisation
or mismeasurement. While the current prototype uses
off-the-shelf components, the design is modular and can
be adapted for future PCB integration or enclosure re-
finement.

3.3 Flexible Tubing

Most vine robots utilise low-density polyethylene
(LDPE) to form the main flexible body tube [Coad et
al., 2020]. Although LDPE is appealing due to its avail-
ability and partial recyclability, initial prototyping re-
vealed drawbacks for our application, most notably its
tendency to rip or tear in the harsh conditions of pit and
pipe infrastructure.

As a result, we investigated alternative tubing mate-
rials to identify a more durable solution. [Blumenschein
et al., 2020] explore a range of potentially suitable alter-
natives, while [Naclerio and Hawkes, 2020] demonstrate
the viability of coated ripstop nylon as a tubing mate-
rial. Based on these findings, lengths of this nylon tubing
up to approximately 7m were fabricated in the labora-
tory using an impulse heat sealing machine to bond the
polyurethane (PU) coating.

Lab and field testing showed a significant increase in
robustness, allowing the same tubing to be reused mul-
tiple times without failure. However, the manual fabri-
cation process proved tedious and prone to defects, of-
ten resulting in imperfect seals and leakage. Addition-
ally, the material is not commercially available in tubing
form, but rather as flat sheets, necessitating the manual
fabrication process described above.

Consequently, this material was abandoned, and the
Cable Rover now uses recyclable LDPE as its flexible
tubing. For deployments involving the CRMS, LDPE
tubing with solid black markings at regular, predeter-
mined intervals is used to enable accurate growth sens-
ing. LDPE tubing is available in various flat widths and
thickness gauges, some of which were explored during
experimentation.

4 Experimental Methodology

Controlled laboratory experiments were conducted to
evaluate the performance of the Cable Rover ’s growth
under various pipe conditions. All tests were performed
using a 6m-long P50 conduit laid in a straight config-
uration without bends to isolate the effects of internal
congestion and blockages. The chamber was pressurised
using an Ozito handheld air compressor with a flow-rate
of 12 L/min.

Tests were conducted using two sizes of LDPE tub-
ing; flat width of 60mm and 75mm, both with a thick-
ness of 75 microns. To simulate cable congestion, up

Figure 6: Laboratory experimental setup. Cutaway view
of P50 conduit, showing two cables and two blockages.

to two 10mm-diameter telecommunications cables were
used in some tests. Up to two identical partial block-
ages were also introduced using plastic bags filled with
dirt, each taking up approximately 15% of the conduit’s
cross-sectional area and placed at 2m and 4m from the
start of the conduit, as seen in Fig. 6. These blockages
were designed to mimic common in-field obstructions.

The Cable Rover was set up in its growing configu-
ration. As the air compressor was turned on and the
tubing began to evert, it was manually guided into the
conduit. Data was collected regarding the pressure in-
side the chamber, growth distance, and time. The tubing
was considered to have successfully traversed the conduit
when it emerged from the conduit exit. Test conditions
varied across three main categories: no congestion (base-
line tests with no cables or blockages), cable congestion
(tests with one or two cables pre-installed in the con-
duit), and partial blockage congestion (tests with one or
two artificial blockages placed at 2m and 4m).

The following equations can be used to calculate the
expected growth rate of the LDPE tubing in uncongested
conduit conditions. It is important to remember that the
conduits into which the Cable Rover will be deployed
are constrained environments, meaning the real-world
growth rates will likely be impacted based on the varying
degree of constraint in each unique situation.

VL =
FW 2 l

1000π
(1)

VL,1m =
FW 2

1000π
(2)

Using (1) we can calculate the volume VL in litres of a
given length of tubing l, based on its flat width FW in
millimetres. To determine the volume in litres of a 1m
length of tubing, we can use (2).

v =
Q

60VL,1m
(3)

v =
1000π

60

Q

FW 2
(4)

Using (3) we can calculate the growth rate v in metres
per second, based on the volume per metre VL,1m of a
given tubing and flow rate Q in litres per minute of the
air compressor being used. Combining all variables, we



Tubing
Flat Width

(mm)

Air
Compressor
Flow Rate
(L/min)

Growth
Rate
(m/s)

Time to
Grow 10m
(min:sec)

60

10 0.145 1:09

12 (Ozito) 0.175 0:57

20 0.291 0:34

30 0.436 0:23

40 0.582 0:17

75

10 0.093 1:47

12 (Ozito) 0.112 1:30

20 0.186 0:54

30 0.279 0:36

40 0.372 0:27

Table 1: LDPE tubing growth rates calculated based on
common handheld air compressor flow rates.

can use (4) to easily determine the growth rate of a given
tubing flat width.

Table 1 presents calculated growth rates based on flow
rates of air compressors commonly found on the market,
including the Ozito air compressor used when conduct-
ing lab experiments. We sought to validate these calcu-
lations as part of the experimental methodology.

5 Results

5.1 Baseline Performance

Baseline tests were conducted using the laboratory P50
conduit with no cables or blockages to evaluate the pres-
sure and growth characteristics of the Cable Rover with
two tubing sizes: 60mm and 75mm flat width LDPE.
Figure 7 shows the pressure profiles over four tests; each
tubing size deployed in the conduit with no congestion
(baseline test, denoted by the blue traces), as well as the
maximum tested congestion of two cables and two par-
tial blockages (denoted by the green traces) over the 6m
deployment distance. The naming convention is as fol-
lows: tubing size–number of cables–number of blockages.
The results of each test are captured in Table 2.

The 60mm tubing’s baseline profile exhibited a grad-
ual pressure increase to approximately 6.6 kPa within the
first 1.6m, where the pressure remained stable for the re-
mainder of the conduit. In contrast, the 75mm tubing
showed a steeper initial pressure rise, reaching 5.0 kPa by
1.0m, and continued to fluctuate, peaking at 6.2 kPa at
2.5m. This indicates that while the larger tubing doesn’t
necessarily require more pressure to maintain eversion,
the pressure instability may lead to unpredictable growth
patterns. This is likely due to its greater internal volume
and surface contact area with the environment.

Figure 7: Pressure vs. distance for 60mm and 75mm
tubing across baseline (blue) and highest congestion
(green) tests.

Figure 8: Average pressure vs. distance for 60mm and
75mm tubing across all test conditions. Shaded regions
represent pressure variance across trials.

Growth rate calculations based on (3) predicted higher
rates for the 60mm tubing under ideal conditions. Ex-
perimental results confirmed this trend, with the 60mm
tubing achieving an average growth rate of 0.148m/s
compared to 0.119m/s for the 75mm tubing. These
findings validate the theoretical model and highlight the
trade-off between tubing size and pressure efficiency in
uncongested environments.

5.2 Effects of Congestion

Figure 8 presents the average pressure profiles for both
tubing sizes across all test conditions. The shaded re-
gions represent the pressure variance, defined as one
standard deviation from the mean, indicating the degree
of fluctuation across different congestion scenarios. Ver-
tical markers at 2m and 4m correspond to the locations
of artificial blockages.



For the 60mm tubing, congestion resulted in moderate
increases in pressure and slight reductions in growth rate.
The most congested configuration (two cables and two
partial blockages) showed a peak pressure of 10.3 kPa
and an average of 7.3 kPa, with a corresponding growth
rate of 0.128m/s. Compared to the baseline (5.4 kPa
average, 0.148m/s), this represents a 35% increase in
average pressure and a 13.5% decrease in growth rate.
The pressure profile remained relatively stable across the
conduit length, with variance increasing slightly near the
blockage locations, suggesting localised resistance and
variability in tubing behaviour under congestion.

The 75mm tubing was more sensitive to congestion.
Under full congestion, peak pressure reached 17.9 kPa
and average pressure rose to 13.7 kPa, with a growth
rate dropping to 0.068m/s, a 234% increase in average
pressure and a 43% decrease in growth rate compared to
the baseline (4.1 kPa average, 0.119m/s). The pressure
trace showed a more pronounced rise and greater vari-
ance near the blockage locations, indicating increased re-
sistance and inconsistency in eversion performance under
constrained conditions.

Qualitatively, the 60mm tubing demonstrated greater
resilience in navigating congested conduits, maintaining
more consistent pressure and growth performance. It
required less manual intervention and exhibited fewer
stalls. In contrast, the 75mm tubing, while capable
of completing the traversal, showed higher pressure de-
mands and more frequent interruptions, suggesting re-
duced adaptability in the presence of obstructions.

5.3 Field Deployments and Learnings

A series of field trials were conducted with nbn field
technicians and engineers to evaluate the performance,
robustness, and usability of the Cable Rover prototype.
These trials spanned a variety of conduit sizes (P35, P50,
P100) and environmental conditions across both active
“Brownfields” and “Greenfields” areas, with examples
illustrated in Fig. 9.

One of the most successful deployments occurred in
Lindfield, NSW, where the Cable Rover traversed a 62m
P50 conduit containing two cables. Despite muddy and
waterlogged conditions, the system reached the target
pit in just 16 minutes. The tubing displaced a signifi-
cant volume of water during inflation, and by the time
it emerged at the exit pit, it was fully submerged (Fig.
10b). A drawline was then attached and hauled back
using a drill and haul cap, demonstrating the system’s
effectiveness in long-distance hauling and resilience in
wet environments.

However, a subsequent deployment at the same site
into a shorter 28m P50 conduit revealed limitations.
Reused tubing failed to reach the target pit, likely due
to punctures or tears that prevented proper inflation.

Tubing
Flat Width

(mm)

Cables
Present

Blockages
Present

Pressure
(kPa)

Growth
Rate
(m/s)Max Avg

60

None
None 6.6 5.4 0.148

1 13.8 9.9 0.130

2 9.7 6.9 0.126

1
None 6.9 4.8 0.137

1 11.7 6.7 0.121

2 7.6 5.5 0.120

2
None 7.6 5.9 0.121

1 13.8 9.9 0.130

2 10.3 7.3 0.128

75

None
None 6.2 4.1 0.119

1 6.9 6.0 0.130

2 8.3 6.6 0.094

1
None 6.9 5.9 0.091

1 13.8 8.9 0.104

2 9.7 7.6 0.115

2
None 6.9 6.0 0.092

1 27.6 15.9 0.085

2 17.9 13.7 0.068

Table 2: Pressure measurements and growth rates during
Cable Rover deployment across various pipe configura-
tions.

During retrieval, the LDPE tubing snapped under ex-
cessive force, possibly caused by bunching or a blockage.
This highlighted the risks associated with reusing tubing
and the importance of assessing tubing integrity before
redeployment.

At another site in Lindfield, the Cable Rover success-
fully traversed a 52m P50 conduit in 11 minutes. In con-
trast, an attempt to deploy the same 60mm flat-width
tubing into a congested P35 conduit in nearby Killara
failed due to spatial constraints. The tubing could not
enter the conduit, underscoring the need to match tubing
dimensions to conduit size and cable congestion levels.

Further trials in Albion Park, NSW, introduced a
high-flow Milwaukee air compressor with a flow rate
of 40 L/min, significantly improving deployment speed.
In a P100 conduit with high cable congestion (ap-
proximately 50% of the cross-sectional area), the tub-
ing reached 60m before bursting, likely due to pres-
sure buildup from a substantial blockage. Conversely, a
nearby deployment in a less congested P100 conduit was
successful, allowing technicians to haul drawline through
the conduit, as seen in Fig. 11.

Following these joint trials with UTS researchers and
nbn personnel, five Cable Rover prototypes were dis-
tributed to nbn field technicians across New South
Wales, Queensland, and Victoria for use in active jobs
over a three-month period. One notable success occurred
in Victoria, where technicians faced a short 5m con-



(a) (b)

Figure 9: Examples of deployments in active nbn con-
duits of size (a) P100, and (b) P50.

(a) (b)

Figure 10: The Cable Rover successfully grew through
(a) P100 earthenware conduits, and (b) waterlogged P50
conduits and pits.

duit with two bends forming a “U-bend”. Initial rod-
ding methods failed and would have triggered the need
to source specialised equipment, but the Cable Rover
enabled rapid deployment and drawline hauling. An-
other job in New South Wales involved a 92m P100 con-
duit that previously required specialised equipment and
significant manual effort. The Cable Rover traversed
the conduit in minutes, substantially reducing technician
strain and improving operational efficiency.

Technician feedback across trials indicated that while
the Cable Rover was less preferred for simple jobs due
to setup time, it consistently outperformed manual rod-
ding in complex scenarios involving long runs, bends,
or partial blockages. Its air-powered deployment and
drill-assisted hauling reduced physical strain and demon-
strated clear operational advantages in challenging envi-
ronments.

Figure 11: Field technicians successfully hauled drawline
through conduits.

6 Conclusion and Future Work

This paper presented the development and evaluation
of the Cable Rover—a vine robot-inspired tool designed
to improve cable installation in underground broadband
conduits. By addressing the limitations of traditional
rodding methods, the Cable Rover offers a safer, more
efficient alternative for field technicians working in com-
plex and congested pipe environments.

We reviewed existing technologies in in-pipe robotics
and soft robotic systems, identifying vine robots as a
promising foundation for our design. Building on these
principles, we developed a modular system comprising a
pressure chamber, flexible tubing, and a remote monitor-
ing system. Laboratory experiments validated the the-
oretical growth models and demonstrated the system’s
adaptability across varying congestion levels. Field de-
ployments further confirmed the Cable Rover ’s robust-
ness and usability, with successful traversals in conduits
up to 92m long under challenging conditions.

Future work will focus on transforming the Cable
Rover into a fully autonomous robotic platform. This
includes integrating sensing capabilities, such as tip-
mounted sensors or embedded modules, to enable real-
time perception of internal conduit conditions. Tech-
niques like acoustic reflectometry may be incorporated
to enhance blockage detection, classification, and local-
isation. These advancements will support the develop-
ment of a comprehensive mapping and inspection tool,
empowering broadband service providers to perform in-
stallations and diagnostics with greater precision, safety,
and efficiency.
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