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Abstract—Currently, Ugandan refugees at the Imvepi Camp
transport goods by manually pushing locally developed metal
wheel carts. User assessments reveal that pushing wheel carts,
especially with heavy loads over long distances and rough ter-
rains, is extremely physically demanding. Additionally, wheel cart
pushers that provide their services to customers would greatly
benefit from improved methods for weighing loads to assist
with accurate pricing. Motorizing the carts and incorporating
a weighing mechanism would not only reduce the physical strain
of transporting goods, but also empower Ugandan refugees to use
the carts more effectively for business purposes. Collaborating
with local community stakeholders, our team designed a wheel
cart prototype featuring two additions: (1) a streamlined mo-
torized wheel extension to ease pushing and (2) a cost-effective
textile-based pressure sensing system for weighing goods. The
team will travel to Uganda to demonstrate the solution, integrate
it with a locally used wheel cart, and carry out a user evaluation
to gather observations and feedback on the design.

Index Terms—

I. INTRODUCTION

Established in February 2017 in Uganda’s Terego District,
the Imvepi Refugee Settlement was created to accommodate
South Sudanese asylum seekers fleeing conflict in their home-
land after the nearby Palorinya refugee settlement reached
capacity. The settlement houses thousands of refugees and
has developed substantial infrastructure, including multiple
primary schools, two secondary schools with over 5,800 com-
bined students, and several early childhood development cen-
ters. Healthcare is provided through facilities like the Imvepi
Health Center II and Yinga Health Centre III, while water
and sanitation services have been implemented, with UNICEF
reporting that 70% of refugees have access to latrines.

The settlement benefits from its strategic proximity to
Arua, a major commercial center in Uganda’s northern re-
gion that serves as an important base for non-governmental
organizations working in the West Nile sub-region. Arua’s
position as a hub for organizations serving both South Sudan
and northeastern Democratic Republic of the Congo makes
it a vital support center for settlements like Imvepi. With
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Arua’s population of over 72,000 and its role as a regional
transport nexus with regular connections to major cities like
Kampala and Gulu, the city provides critical economic and
logistical support to the refugee settlement’s operations and
development.

Transportation within the settlement presents a significant
challenge for residents, who currently rely on manually-
operated metal wheel carts to move goods across the camp’s
terrain, shown in Figure 1. These carts, while functional,
place considerable physical strain on operators, particularly
when carrying heavy loads over long distances and rough
terrain. The situation is particularly relevant for cart operators
who provide transportation services to other residents, as they
lack efficient means to weigh loads for accurate pricing. This
transportation challenge intersects with other infrastructure
issues in the camp, such as the reported long walking distances
to access educational facilities and water sources, especially
during dry spells.

Fig. 1. Original wheelcart constructed in Uganda.

II. STAKEHOLDER ASSESSMENT
A. Stakeholder Groups

Stakeholders in the wheel cart transportation system can
be categorized into three main groups: direct users, service
providers, and supporting organizations. Direct users include
refugee families transporting personal goods, small business
owners moving inventory, and individuals carrying water or
supplies over long distances within the settlement. Cart oper-
ators who provide transportation services represent a distinct
stakeholder group with more specialized needs, as they rely on
the carts for their livelihood and require features that support



business operations, such as accurate weight measurements
for fair pricing. Supporting stakeholders include NGOs based
in Arua that facilitate settlement operations, creative capacity
builders and their teams who build and maintain carts, and
settlement administrators who oversee transportation infras-
tructure.

The needs and impacts vary significantly across these
stakeholder groups. For refugee families and individual users,
the primary concerns are accessibility, ease of use, and re-
duced physical strain when transporting essential goods. Cart
operators prioritize durability, load capacity, and business-
enabling features that allow them to provide reliable services
while maintaining sustainable income levels. Supporting orga-
nizations focus on the broader implications of transportation
efficiency for settlement operations, including how improved
mobility could affect access to education, healthcare, and water
resources.

B. Customer Journey Map

A customer journey map allows users to document their
experience using product from start to finish. It helps designers
visualize and identify key moments in the user’s journey,
enabling them to tailor the design to user needs. We gathered
customer journey maps from four Ugandan wheel cart users
and compiled their responses in Table I. The stages of the
journey include: 1) finding a customer, 2) loading items
into the cart, 3) pushing the cart to the destination, and 4)
offloading the items. Users indicated whether they felt a)
happy, b) fine, or c¢) unhappy during each stage, while also
providing details about their experiences and aspects that could
be improved.

The customer journey maps revealed that users are frustrated
by the significant effort required to load and push heavy
items over rough terrain. We aim to address the challenge
of pushing carts, as this involves long durations and distances.
Specifically, we ask: how can we design a modular motorized
addition that helps move the cart, reducing the energy users
must exert and meeting their desire for a more efficient
solution?

Additionally, the customer journey maps highlighted dissat-
isfaction with finding customers for wheel cart services. A key
part of using the carts for business involves pricing services
based on the load’s weight. However, current pricing methods
are inconsistent and often fail to scale accurately with weight.
To improve the process of securing business and interacting
with potential customers, we ask: how can we design a simple,
accurate weighing system that allows wheel cart pushers to
easily weigh goods for transport and integrate this into their
pricing model?

C. Design Constraints

Resource constraints at Imvepi appear to manifest in both
technical and economic dimensions. From a technical per-
spective, the current reliance on manually-operated metal carts
suggests limited access to more advanced transportation tech-
nologies, possibly due to constraints in local manufacturing

TABLE I
AGGREGATED CUSTOMER JOURNEY MAP RESPONSES

Stages of Journey Finding customer Loading Pushing Offloading

Pushing the wheel cart
to the customer’s
destination

Looking for customers | Putting the goods
in the market into the wheel cart

Remove the goods

Activities from the wheel cart

Happy XX
Feelings | Fine XX XXX X
Unhappy | XXXX XX X X

+ Simple to push
« Ittake a lot of energy to
push heavy objects in

« Itis difficult to find
customers who need
to transport goods

* Inconsistent pricing
system

« Ittakes a lot of energy
to liftitems into cart

* Ittakes time and
experience to load

* Takes less energy to
offload
+ Cantakealongtime

Experiences the cart

« Itcan be challenging to
push over rough terrain

Find customers quickly
and easily

Load quickly with less
energy

Use less energy for

Customer Wants
pushing

Offload quickly

capabilities, maintenance infrastructure, and technical exper-
tise. The proposed motorization and sensing systems must be
designed within these technical limitations, considering factors
such as the availability of spare parts, local repair capabilities,
and the durability requirements of rough terrain and frequent
use. Additionally, any electrical components would need to
account for potential power supply limitations within the
settlement.

Economic constraints likely influence both the initial imple-
mentation and long-term sustainability of cart improvements.
The settlement’s reliance on NGO support and the business
model of cart operators suggest limited financial resources for
significant technological investments. Any enhancements to
the cart system must balance increased functionality with cost-
effectiveness, considering both the initial investment required
from operators or supporting organizations and the ongoing
operational costs. The proximity to Arua’s commercial center
could potentially provide some economic advantages through
access to materials and maintenance services, but the overall
resource limitations of a refugee settlement context remain a
significant consideration.

III. APPROACH

A. Wheel Cart Prototyping

The MIT-based team initially developed a local prototype of
the cart to facilitate testing of new designs and features. The
Uganda-based team provided approximate cart dimensions,
depicted in Figure 2.
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Fig. 2. Approximate wheel cart dimensions.






