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EXECUTIVE SUMMARY 

 

The aim of Plus 1, Inc. is to identify and tackle global issues through their practice of ex-
ceeding expectations while generating environmentally friendly concepts. The latest project of 
the team has been to develop an innovative product whose internet-ready aspect allows the 
existence of a closed-loop economy. 

Plus 1 is dealing with the the so-called “last mile” problem. International parcel delivery 
services are characterized by rapid market expansion, but as public sector inefficiencies are 
perpetuating, private parcel services must adopt low-cost models in order to remain competi-
tive. Typical cost distributions indicate that final delivery costs make up about 45% of carrier 
costs, causing many major carriers to focus attention on the “last mile” problem, which is 
composed by unattended households and high costs of delivery to multiple locations. 

Plus1’s solution would be a Fully-Operational Network with an Automated Package Re-
ceiver (Aupare): Aupare enables people that are not at home during the day to receive pack-
ages using a network with delivery companies and an eclectic mix of retailers. 

Delivery to Aupare is available as an option during checkout from a store in the retailer 
network. The customer has three choices: delivery with inspection & validation, delivery with 
notification, delivery without notification. The network checks for compartment availability 
of the customer-specific Aupare system. Upon confirmation of compartment availability, a 
specific compartment is assigned to that delivery for an estimated delivery date, and a unique, 
one-time-use code is generated for access to the specific Aupare system. The package is deli-
vered to the specific Aupare system and the recipient can get it out when arriving at home. 

Compared to earlier solutions by other companies, Aupare’s uniqueness lies in combining 
its functions with using internet readiness and serving it to urban households. 

The identified main customer will be office workers at the developed East Asian (primary) 
and European markets (secondary market), who live in apartment buildings. But by building a 
network and offering advantages to more than only the recipient of a package also delivery 
companies, retailers and companies/landlords that run apartment buildings are customers. 
Having several parties who benefit from the product gives the possibility to establish a 
sophisticated pricing model. 

The Market size is 1.88 million on our primary market and 8.7 million for secondary mar-
ket. After considering all factors the set target is 0.25% for the first one year, which is 4700 
for the primary market. Risks although unavoidable when entering a new market, but because 
of the planned cooperations and subsidies, the financial risk is contained. 
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1. INTRODUCTION 

1.1 Company Background & Core Competencies 
Plus 1, Inc. is a team of six engineers from three countries that was formed by World In-

novative Technologies (WIT) to identify and tackle global issues through the generation of 
environmentally friendly concepts. The team’s latest task is to develop an innovative product 
whose internet-ready aspect enables a closed-loop economy. The composition of Plus 1 is as 
follows: Woon-Yong Choi (M.E.) and Youngil Shin (M.E.) from Seoul National University; 
Soraa Kim (I.E.) and Marius Klippel (I.E.) from the Technical University of Berlin; and David 
Hsu (M.E.) and Swarup Patra (I.E.) from the University of Michigan.  

Plus 1 will divide tasks according to each member’s core competencies. Internet-ready 
aspects will be led by Marius, a computer science specialist; market research and needs ana-
lyses will be conducted by Soraa and Swarup, with their I.E. backgrounds; and, mechanical 
design and structural analysis will be performed by Woon-Yong, Youngil, and David due to 
their backgrounds in mechanics, materials, and design. 

 
1.2 Project Overview 

Several project ideas were proposed and analyzed as Plus 1 considered various corporate 
and consumer needs. Professional consultation at a conference in Seoul, Korea then helped the 
team converge their ideas to one final concept.  

The chosen project aims to increase efficiency in the parcel/package delivery industry. 
Within this industry, a significant portion of recipients are absent during first delivery attempt, 
and many packages must therefore be re-delivered. This scenario is not only inconvenient for 
recipients, but is also expensive and time-consuming for delivery companies. Hence, Plus 1 
proposes an automated parcel acceptance system that targets recipients living in private 
apartment towers containing at least 50 households. 
 

 
2.  NEEDS IDENTIFICATION & PROBLEM STATEMENT 

2.1 Ideas Considered – Reaching a Consensus 
Plus 1 identified various consumer needs before reaching a consensus on its project idea, 

and considered multiple solutions were before settling upon a final design. The team’s other 
leading ideas are briefly described below in Fig. 2.1. (Detailed data given in Appendix A)The 
Package Receiver, chosen by group consensus, has the added advantage of addressing cus-
tomer requirements on two fronts: parcel delivery and package receipt.  
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Weight 3 4 3 5 5 4   
                

Smart Parking 11 20 23 18 22 21 466 
Crib for babies 26 16 15 14 20 18 429 
Package receiver 20 22 27 27 25 21 573 
Alarm Clock 10 20 23 17 15 18 411 
Pet Feeder 19 16 19 11 20 11 377 

Figure 2.1 – Needs Identification based on collective consensus 
 
2.2 Problem Statement1 

International parcel delivery services are characterized by fierce competition and rapid 
market expansion. Protectionist policies for public carriers, however, have perpetuated public 
sector inefficiencies while retarding private sector growth. As a result, private parcel services 
are forced to adopt low-cost models in order to remain competitive.   

Typical cost distributions indicate that final delivery costs make up 45% of carrier costs, 
causing many major carriers to focus attention on the “last mile” problem. While some of 
these measures, such as the 2004 UPS initiative to saving fuel by minimizing left turns in de-
livery routes, have met with reasonable success, they do not directly address two main issues 
of the “last mile” problem: 1) unattended households (requiring re-delivery) and 2) high costs 
of delivery to multiple locations. 

Public data on re-delivery costs indicates that 30% of home deliveries require multiple 
delivery attempts. Shippers leave another 30% of packages at the door in the absence of reci-
pients, where they are subject to theft and weather damage, and up to 30% of mail-order 
packages are returned. In addition, a 10% increase in package delivery volume raises costs by 
approximately 8%, a percentage that will only continue to rise with fuel costs. Estimating that 
a third of re-deliveries require a third attempt, these numbers indicate that 32 % of final deli-
very costs are due to re-delivery. If we assume that 30% of final delivery costs are due to fuel 
costs, delivery companies can save 4.5% of total delivery costs from fuel savings alone. 

In brief, the problem statement can be summarized as follows: To minimize inconve-
nience for recipients and final delivery costs for delivery companies by using internet ready 
                                            
1 All data in this section has been cited from the Roundtable on International Parcel Delivery held in Paris on 

October 6th, 1996 by the Committee on Consumer Policy. Organization for Economic Cooperation and Devel-

opment (OECD), http://www.oecd.org/LongAbstract/0,3425,en_2649_33703_2385269_1_1_1_1,00.html 



Design Review 3  Global Product Development Team 7 

 David Hsu, Marius Klippel, Soraa Kim, Swarup Patra, Woon-Yong Choi, Youngil Shin  
6 

features to enable automated, around-the-clock parcel acceptance capability. 
 
2.3 Internet ready aspects enabling a closed loop economy 

Plus 1’s Automated Package Receiver, to be marketed as Aupare, utilizes its internet-
ready functions to allow receipt of packages regardless of the intended recipient’s location or 
availability. This allows parcel delivery companies to reduce delivery volume by up to 40%, 
and “closes the loop” through delivery truck fuel savings. Thus, Aupare clearly satisfies the 
project’s internet-ready and closed-loop requirements.    

 

 
3.  MARKET ANALYSIS 

Although final delivery costs are a relatively recent issue, over 20 companies already 
offer solutions to the “last mile” problem. These solutions fall into three categories: indepen-
dent package receivers (IPR), which are package-receivers built for individual households; 
retail aggregators (RA), which are essentially designated retail outlets that collect parcels for 
delayed pickup; and automated aggregators (AA), which are specialized, automated accep-
tance centers serving entire neighborhoods. (See Appendix B for patent search results) 

Aupare attempts to combine the best features of all three categories while minimizing 
their flaws and weaknesses. Consumers are first given the option of sending to Aupare during 
checkout at participating merchants. Upon selection of an Aupare delivery, consumers select 
the service they require (delivery with inspection and validation, with merely notification, or 
without any action at all). Then, the system estimates package size, and checks the target sys-
tem for available spaces on the anticipated delivery date. Upon system receipt of a package, 
recipient retrieval will be allowed for the next 48 hours without penalty. This concept provides 
the convenience and advanced functionality of an IPR, but avoids its higher installation and 
operating costs. It provides the storage space flexibility and modularity of an RA/AA, but 
provides greater privacy and security than the RA design, eliminates the traffic congestion and 
distance inconveniences of both, and mitigates potential logistical problems inherent in any 
large-scale aggregator design. 

Since the Asia-Pacific region sees the largest number of parcel shipments in market 
pieces per day, densely-populated, highly developed East Asian cities will be Aupare’s prima-
ry market. And Europe, with its population of well over 320 million, has been chosen as the 
secondary market because of its potential to become the world’s biggest parcel delivery mar-
ket in the coming decade.  

Aupare’s target markets are characterized by dense populations residing in apartment 
blocks (defined as multi-unit, high-rise apartment buildings), high-speed internet connections, 
and large commercial retail chains. The East Asian market is distinguished by larger apart-
ment blocks, faster internet speeds, smaller average parcel sizes, and a cultural fondness for 
complex, hi-tech gadgets; the Western European market by somewhat slower broadband 
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speeds, larger average parcel sizes, and a need for simpler user-system interaction. Before 
large-scale introduction of the Aupare concept, however, the Banpo region of Seoul, South 
Korea will be used as a pilot market. This region, centrally situated in Seoul, contains smaller, 
older “matchbox” buildings that are due to be demolished and replaced by large, new apart-
ment blocks in the near future. Sitting next to affluent neighborhoods and close to business 
and commercial centers, a revitalized Banpo is likely to attract wealthy professionals willing 
and capable of making full use of Aupare’s services.  

Based on data from a consumer behavior database, it is estimated that two-thirds of 
households are unable to accept parcels during the first delivery attempt. Since over 60% of 
the densely populated, East Asian urban population lives in apartment blocks, Aupare’s prima-
ry market size is estimated at 40% of the developed, East Asian metropolitan community. The 
number of unattended households, weighted by demographics and annual parcel numbers, 
yields 0.06 parcels per household, per day. Combining this average with a policy of allowing 
parcels to remain in the system for up to 48 hours without penalty and a factor of 2 to account 
for peaks in demand, each system will be designed for 0.24 boxes per household, per day. 
Thus, a 50-household apartment block would require 12 boxes, which is around the minimum 
size necessary to merit installation of Aupare.  

Development of the Aupare concept would ideally be a joint venture between WIT, a 
major private parcel carrier, and several large retail chains. Use of the system would concen-
trate demand for participating retailers while saving costs for parcel carriers, and subsidies 
from their profits could allow basic Aupare shipping costs to be cheaper than ground shipping. 
Subsidized deals and public demonstrations could be arranged to promote the product and 
kick-start market demand, but eventually Aupare will sell through its convenient, secure, user-
friendly features and cost-saving concept. 
 

 
4.  PRODUCT ENGINEERING 

4.1 Task Clarification & Requirements List 
After identifying functions and requirements for Aupare, Plus 1 established the follow-

ing product tasks: 1) establishing a connection between Aupare and the recipient 2) enabling 
video and audio communication 3) receiving the package 4) securing and storing the package 
and 5) enabling validation of package receipt and generating secure data linking the package 
to the recipient. Using these requirements, Plus 1 identified primary product requirements 
(Figure 4.1) for Aupare’s final design.  
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Figure 4.1 – Requirements list for Aupare 

4.2 Functional Analysis 
Having established a requirements list, Plus 1 created the following four functional modules: 

Communication: When a courier dials an apartment number, Aupare will establish an in-
ternet connection with the recipient, allowing audio and video communication between the 
courier and recipient. Sub-modules will consist of a camera and microphone, and the Au-
pare-courier interface will include a keypad and screen for inputs and instructions.  
Inspection: Before accepting a package, Aupare will allow the recipient to inspect the 
package. This module achieves its functionality through real-time video and a broadband 
connection. It will be enabled by a custom software package with a friendly user-interface.  
Acceptance: When the courier places a package into Aupare, the system must accept, 
store, and secure the package. This module receives and stores packages with a mechani-
cal forklift design, and uniquely identifies the storage chamber with the recipient’s apart-
ment number. Once the parcel is accepted, security features will protect the package until 
retrieval by its intended recipient.  
Validation: After securing a parcel, Aupare notifies the recipient and requests an electron-
ic signature for the courier. The recipient will then validate the transaction and sign off. 
Upon validation, the system grants the recipient access to the package chamber with 
his/her unique PIN for package retrieval. 
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Figure 4.2 – Functional Analysis 

Figure 4.2 above illustrates the functional analysis in pictorial form, identifying key 
elements and the relationships that exist between them. Appendix C contains a storyboard of 
how the Aupare concept would succeed in a real-life situation. 
 
4.3 Design Alternatives 

Plus 1 developed three design alternatives with the same basic functionalities before set-
tling upon a final concept. The team considered different package acceptance methods, and 
debated the relative merits of serving single homes vs. apartment complexes. Security was 
also a key concern. (Refer to Appendix D for detailed working principles and morphological 
selection. Refer to Figures 4-6 in Appendix E for design alternative sketches.)  

Design Alternatives 1 & 2 targeted single houses, common in towns and suburbs, and 
involved freestanding structures mounted outside the main door of the house (Figure 4, Ap-
pendix E) or mounted inside and accessible from the outside through a window (Figure 5, Ap-
pendix E). The team had qualms about the price and security of such a product, and therefore 
scaled up the product to serve multiple households instead. As a result, Design Alternative 3 
was created to target apartment blocks in developed, urban environments. It would allow mul-
tiple homeowners to receive packages using the same system, and its underground design and 
random chamber selection would ensure package security. However, the system was deemed 
overly complex, and was refined step-by-step to increase feasibility and marketability. 
 
Final Design Selection: At the end of DR1, Plus 1 selected Design Alternative 3 using a 
morphological method that considered multiple solutions for the required functions (Appendix 
D). After more detailed market and engineering analyses for DR2, the team simplified ease of 
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installation through use of a modular, ground-level system, and simplified receipt and dis-
pensing of parcels by utilizing a forklift and cabinet system.  
 
4.4 Internet ready features enabling closed loop economy 

Aupare’s internet-ready aspects allow the recipient to remotely accept a package from 
any location. This, in turn, enables a closed-loop economy by allowing the delivery company 
to save on fuel and processing costs. 

 
Figure 4.2 – Cabinet system 

4.5 Platform Product Structure 
Aupare’s core element can be divided into three main units: the cabinet (Figure 4.3), the 

forklift (Figure 4.4), and the motion system (Appendix I). The cabinet is a completely mod-
ular frame whose total size can be adjusted for different buildings, and whose compartment 
sizes can be varied for different package sizes and different markets. Each parcel storage 
compartment has adjustable rails designed to hold a removable metal plate on which packages 
will be stored. The forklift is a lightweight system designed to move the cabinet’s metal plates 
to and from each compartment. And, the motion system moves the forklift and packages be-
tween the cabinet and the user-access panel. It utilizes pulleys to move between the matrix of 
compartments, and uses gears connected to a rack-and-pinion system to move parcels into and 
out of each compartment.   
 



Design Review 3  Global Product Development Team 7 

 David Hsu, Marius Klippel, Soraa Kim, Swarup Patra, Woon-Yong Choi, Youngil Shin  
11

 
Figure 4.4 – Forklift system 

Aupare’s varying elements will customize the system for each specific market. For in-
stance, in different markets the compartment size will be determined by average parcel sizes, 
the user-interface will be customized for convenience, the video quality will be scaled up or 
down due to network capability, and the retailer network will be selected based on local prefe-
rences. As a result, Plus 1 believes that Aupare’s basic capabilities will be welcome and suc-
cessful in all of its target markets.   

 
4.6 Embodiment Design 

Aupare’s mechanical operation begins when the access door is opened to allow a courier 
to deposit a package. Once the package is placed on a metal storage plate held by the forklift, 
the access door is closed, and the forklift moves on two axes until it sits in front of the in-
tended storage compartment. At the compartment, the fork extends forward and lowers the 
storage plate onto the compartment rails, then retracts and moves back to a central location. 
When the recipient retrieves the package, a similar mechanical is implemented to move the 
package from its storage compartment to the access door. (See Appendix H, for complete part 
models, assembly drawings, and exploded views of the mechanical system) 

The mechanical aspects of Aupare, while straightforward, have many design complexi-
ties to allow for smooth, reliable, and secure operation. The access door will be of heavy steel 
for security, and is driven by a strong motor which locks when not in operation to guard 
against vandalism. A frame is chosen for the cabinet in order to maximize modularity while 
keeping the design strong and lightweight. The fork is designed with grooves and supports for 
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lightweight strength, and is fitted with a rim to secure the metal plates it carries. Pulley-cable 
systems will be fitted for vertical and horizontal movement in order to simplify design of dif-
ferently sized systems, reliable operation, ease of maintenance, quietness of operation, and 
cost efficiency. The pulleys will be of the same size as the drums attached to the motors to 
better control motion speed, and the mounting plates moving along the vertical and horizontal 
axes will ride on pairs of round, hardened rods with replaceable bronze bushings. Gears are 
chosen for in-and-out access of parcel compartments to allow for smooth, precise, and steady 
movement of a potentially top-heavy system. Forklift location will be tracked by the control 
software, and distances will be calculated from the number of drum revolutions, which are 
measured using optical sensors mounted on and next to each drum. In case the forklift be-
comes stuck at a compartment and loses track of its precise location, the system will zero it-
self by moving to a preset cabinet corner marked by optical sensors. The zeroing process will 
also be performed periodically to rectify cable stretch.  
 
4.7  Engineering Analysis 

Smoothness of operation and reliability is of paramount importance to Aupare, be-
cause the system must not lose or damage the packages it handles. As a result, Plus 1 paid 
much attention to important design parameters that affect the system’s feasibility, mechanical 
stability, and reliability. 

Aupare is designed for a total system load of 90 kg (60 kg load, 30 kg counter-mass), 
with a factor of safety of 2. Thrust/braking load is specified at 1000 N, with a factor of safety 
of 3. A gear ratio of 30 is chosen to allow for adequate system velocity, and the resulting gear 
and coupling inertia is estimated at 5.0005 x 10-5 kg•m2 while the gear efficiency is calculated 
at 90%. The selected pulley has a diameter of 0.06 m and an inertia of 0.001 kg•m2, giving us 
a total system efficiency of 70% and a mean system speed of 6 m/min for the specified 3000 
rpm motor (see Appendix J for motor details). And, the selected wire rope has a diameter of 
10 mm and a breaking strength of 11,200 pounds, which is more than five times the system 
load. 

In Aupare’s estimated velocity profile, normal acceleration is conservatively esti-
mated at 0.5 seconds, regular operation at 1 second, normal deceleration at 0.5 seconds, nor-
mal positioning at 2 seconds, normal peak speed at 0.2 m/s, and normal cycle time at 4 
seconds (Figure X). Using a corresponding profile for reverse operation, Plus 1 input the ve-
locity profile and other system characteristics (see above) into a motor selection program, 
choosing a DC motor for price and commercial availability, a holding brake for precise posi-
tioning, and an oil seal for easy maintenance. The resulting motor, a YASKAWA SGMA J-
03E*A, is a 24 volt DC motor with 0.955 N•m of torque, 0.300 kW power, 3000 max rpm, 
1.91 N•m peak torque, and 8.492 inertia ratio.   
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Finally, the structural load-bearing capabilities of the cabinet, forklift, and motion 
system were checked using FEM (Appendix I), and then modified to allow for a factor of safe-
ty of 2. As a result, Aupare is expected to operate smoothly and reliably.   

 
5.  PRODUCT MANUFACTURING 

5.1  Bill of Materials 
The detailed bill of materials is as follows: 

Item Sub Assembly 
Sub 
Item 

Name Unit 
Price($) 

Each Total
1 Cover 1 Al Plate 3600X1200X5(mm) 2   233.3

    2 Al Plate 3600X2000X5(mm) 2   388.8
    3 Al Plate 2000X1200X5(mm) 2   129.6

2 Slide_Cover 4 Al Plate 900X600X5(mm) 1   14.58
    5 LM_Guide (1000mm) 2 224.5 449

3 Bottom_Rail 6 30mm Square Section (3600mm) 4   69.98
    7 60mm Square Section (100mm) 2   3.888
    8 Φ60 Pully 4 4.98 19.92
    9 Φ10 Steel Wire (10m) 2 14.52 29.04
    10 SGMAJ-03E*A  1 150 150

4 Bottom_Plate 11 Al Plate 800X600X10(mm) 2   51.84
    12 Al Plate 600X200X5(mm) 2   6.48
    13 30mm Square Section (100mm) 2   0.108
    14 Φ50 Wheel 4 2.2 8.8
    15 LM_Guide (400mm) 2 120 240
    16 SGMAJ-03E*A 1 150 150

5 Upper_Plate 17 Al Plate 800X600X5(mm) 2   25.92
    18 30mm Square Section (100mm) 2   0.108
    19 Al Plate 600X400X10(mm) 2   25.92
    20 Φ50 Pully 2 4.98 9.96
    21 Φ20 Circle Section (100mm) 2   0.324
    22 SGMAJ-03E*A 1 150 150

6 Carriage_Pipe 23 
Φ30 Hollow_Circle_Section T5 
(2000mm) 

2   8.532

7 Carriage_Pillar 24 
Φ30 Hollow_Circle_Section T5 
(2000mm) 

4   17.06

8 Folk_Lift 25 Al Plate 600X400X20(mm) 1   25.92
    26 Al Plate 400X400X10(mm) 1   8.64
    27 60mm Square Section (100mm) 1   1.944
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    28 
Φ30Hollow_Circle_Section T5 
(400mm) 

2   2.052

9 Storage_Pillar 29 
140mm Hollow Square Section 
(1800mm) 

8   210

    30 Al Plate 300X300X10(mm) 8   38.88
10 Storage_Support 31 Al Plate 2000X300X10(mm) 3   97.2
11 Storage_L_Bracket 32 Al L Section(440mm) 18   17.5
12 Inspection_Device 33 KLP-303 1 150 100
13 Plate_Parcel_400 34 Al Plate 500X500X5(mm) 6   40.5

    35 20mm Square Section (500mm) 6   6.48
14 Plate_Parcel_600 36 Al Plate 700X500X5(mm) 6   56.7

    37 20mm Square Section (500mm) 6   6.48
15 Plate_Parcel_800 38 Al Plate 900X500X5(mm) 6   58.32

    39 20mm Square Section (500mm) 6   6.48
         Total 2860

One reason Korea was chosen as the pilot market and as part of the primary market is 
that country’s inexpensive, high-quality materials and competitive labor costs. As a result, ma-
terial procurement and manufacturing processes for the local Korean market will both be 
sourced locally, enabling Plus 1 to maintain a short supply chain and avoid logistical night-
mares as it tries to break into its primary market 
 
5.2 Production Processes 

Aupare’s production process will use metal cutting to create custom-sized modular com-
ponents, and a CNC lathe can be used for drilling operations during early batch production of 
the forklift. The storage chamber, being highly modular, will be manufactured entirely of cut 
metal. Two other salient features of the forklift are the motor assembly and motor housings; 
the former is to be constructed manually, and the latter will be stamped metal.  

Wiring and mounting of the optical sensors will be completed by technicians, and upon 
completion the system will be ready for software interfacing and calibration. Once an order is 
received, cabinet components will be assembled on-site according to customer specifications 
while a software interface is prepared for that specific system. Next, the motion elements and 
forklift will be installed, and upon final assembly of the mechanical system a technician will 
arrive on-site software interfacing, motor and sensor tests, and system calibration. 
 

 
6.  PROTOTYPE 

6.1  Prototype as Deliverable 
  In its prototype, Plus 1 wished to build a proof of concept capable of performing all of 
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the essential functions described above. Due to time and monetary constraints, these functions 
were limited to biaxial motion control, storage, and internet capabilities.  

Motion Control: The prototype only demonstrates motion con-
trol along the Y- and Z-axes. Demonstration of tri-axial motion 
was precluded by the limited number of ports in the WIT-
provided internet kit, but successful biaxial motion in the sys-
tem logically proves the feasibility of adding a third axis. (See Figure 6.2 for motion axes in 
the actual prototype) In addition, the prototype uses on-off contact switches to begin and end 
axial motion instead of measuring distance with revolutions because the switches make it eas-
ier to demonstrate starting and stopping points of forklift motion. 
Storage: The storage cabinet in the final product will consist of at least a dozen variably-sized 
chambers. The prototype, however, only displays four chambers and accesses one. This limi-
tation was due to the elimination of X-axis motion as well the need for ease of manufactura-
bility. The ability to access one chamber, however, logically demonstrates the system’s ability 
to access any chamber in the final product. Finally, use of off-the-shelf aluminum profiles in-
stead of custom cabinet components has allowed Plus 1 to keep down prototype costs. 
 
6.2  Bill of Materials and Sourcing Strategies 

Time, monetary, and transportation concerns guided component sourcing decisions for the 
Aupare prototype. As a result, after the team established general guidelines and dimensions 
for the prototype, storage chamber components were sourced to Korea, forklift components to 
the U.S.A. because of the Americans’ greater machining experience, and motors, sensors, and 
internet components to Germany because of their responsibility for the product’s internet con-
nectivity capabilities. The prototype Bill of Materials is as follows: 

Bill of Materials - Prototype 
Item No. Sub-Assembly Purchased Items Units Location

1 Forklift Aluminum profile 4 Korea
    Steel rib 1 USA 

Figure 6.1 – Motion axes of Actual 

Figure 6.2 – Motion axes of Prototype



Design Review 3  Global Product Development Team 7 

 David Hsu, Marius Klippel, Soraa Kim, Swarup Patra, Woon-Yong Choi, Youngil Shin  
16

    Polymer plastic sheets 2 USA 
    Switches 6 Germany
    Steel mounts for switches 6 Germany
    Motors - 12 Volt DC, 5 kg-cm torque @ 52 rpm 2 Germany
    Steel L-section fastners   Korea
    Steel L-section II 3 Germany
    Chain for chain drive 1.5 m Germany
    Steel Sprockets 2 Germany
    Aluminum L-section for motor mounting 2 Germany
    Steel circular section for motor mounting 2 Germany
    Spring and rod for locking mechanism to arrest vertical motion 1 Germany
    Mount for spring and rod 1 Germany
    Control plate for motion control 1 Germany
          
2 Cabinet Aluminum profile 12 Korea
    Steel L-section fastners 32 Korea
    Wooden plates 4 Germany

 

6.3   Manufacturing and Assembly 
The Korean team members purchased modular aluminum profiles to allow 3-D flexibility 

in cabinet construction, the Americans purchased pulleys, metal cable, music wires (for ver-
tical motion) and model railway tracks (for horizontal motion), and the Germans purchased 
high-torque, low-rpm motors and physical switches for the control system. Upon arrival in 
Berlin, however, extensive consultation with local experts persuaded the team to change the 
prototype’s physical design and drive system. Pulley-driven plastic bushings on steel rods 
were replaced by a gear-driven plate gliding along grooves in the aluminum profiles for ver-
tical motion, and a wheel-driven track-on-track system was replaced by a similar gear-driven 
plate-groove system for horizontal motion. As a result of these changes, the Aupare prototype 
improved in functionality as well as aesthetic appeal. 

Figure 6.3 shows the motor and sprocket as-
sembly. Figure 6.4 shows the horizontal and the 
vertical aluminum profiles that form the frame, the 
diagonal steel rib that was added for support, the 
frame-mounted motors, various connecting wires, 
horizontal and vertical plastic plates, and L-shaped 
mounting brackets for mounting various mutually-
perpendicular components. 

Figure 6.3 – Motor and sprocket assembly 
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Figure 6.5 shows the switches used for 
starting and stopping the motors. Each 
switch has three pins, and six switches are 
mounted onto the prototype for positioning 
the forks, with two being used for horizon-
tal motion and four for vertical motion.  

The motors and the switches are con-
nected through a software program, which 
also monitors the state of each chamber 
and decides which chamber to place a 
package into. For instance, in order to de-
posit a package into the top left chamber 
of the cabinet will occur: 
• First, the base plate of an empty com-

partment will be retrieved. The pro-
gram will create horizontal motion un-
til the point where the forward switch 
is triggered, vertical motion until the 
top switch is triggered, and inward mo-
tion until the rear switch is triggered. 
(The forward and rear switches are il-
lustrated in Figure 6.5 with the for-
ward switch being away from the 
reader) 

• Once the package is placed on the 
plate and validation is complete, vertic-
al motion will occur until the topmost 

switch is triggered.  
• Inward motion occurs until the forward switch is triggered.  
• Downward motion occurs until the switch just below the topmost is triggered. This 

will place the package in the storage.  
• Finally, outward motion occurs until the rear switch is triggered.  

All of the logic in the prototype will be of this nature. In the actual product, however, 
linear location will be determined through revolution counting, and only a few optical switch-
es will be present to allow the system to zero itself. 
 

Figure 6.4 – Forklift assembly 
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Figure 6.5 – Switches mounted on the horizontal profiles and control plate mounted on the vertical profile 
 

 
7. BUSINESS PLAN 

 Target Sales Volume and Price 
Ideal Characteristics of a Fully-Operational Aupare Network: 

 Aupare network to partner with delivery companies and an eclectic mix of retailers 
 Delivery to Aupare available as an option during checkout (online or in-store) from a 

store in the retailer network. Upon selection of an Aupare delivery, the customer has the 
following choices: 

‐ Delivery with inspection & validation. 
‐ Delivery with notification. 
‐ Delivery without notification. 

 The network checks for compartment availability of the customer-specific Aupare system 
 Upon confirmation of compartment availability, a specific compartment of appropriate 

size is assigned to that delivery for an estimated delivery date, and a unique, one-time-use 
code is generated for accessing the specific Aupare system 

 The package is delivered to the specific Aupare system 
 Apart from the above use of Aupare, it can also be used, depending on compartmentn 

availability, for day to day deliveries in the absence of the recipient.  
 The consumer has a 48-hr time slot to retrieve the package once it is delivered 

 
Primary Market – S. Korea: 
Data Source for primary and secondary market data: “The world fact book” 
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https://www.cia.gov/library/publications/the-world-factbook/print/ee.html 
 

Population of Korea 400 Million
Average family size 4   
Average number of families 100 Million
Approximate percentage people living in apartments 80 % 
Approximate number of families living in apartments 80 Million
Average number of apartments per building  50   
Approximate number of buildings 1.6 Million
Factor for families owning more than one apartment 1.2   
Normalized number of buildings 1.92 Million
Approximate percentage of apartments equipped with internet 98 % 
Average Internet speed 80 Mbps 
Market for Aupare 1.8816 Million

Figure 7.1 – Market sizing for primary market 

The primary market size for Aupare is 1.88 million.  

Secondary Market – Germany 
The market sizing for the secondary market has been done in a similar manner and is 

attached in Appendix G. The secondary market size is 8.7 million. 

 In order to estimate the target sales volume, the next step is to establish the number of 
units that can be sold in the market size as described previously. Plus 1 plans on starting with 
the primary market for two reasons: First, broadband speeds are much higher in S. Korea than 
in Western Europe (data given for EU for sake of convenience). Moreover, higher population 
densities in East Asian cities and higher percentages of people living in apartments will allow 
for easier market penetration. Keeping all factors in mind, Plus 1 has set Aupare a nominal 
target of 0.25% in the primary market for the first year. This yields a volumetric sale of ap-
proximately 4600 units. The rationale for setting this target is the limited marketing resources 
that Plus 1 has at its disposal and the nature of the market. Although Aupare differs from the 
past products in terms of internet readiness and functional design, few customers would ac-
tually take the initiative to acquire one for their own building. Hence, a target of 1 in 400 
buildings is reasonable.   

Pricing (Primary and secondary markets) 
The price based costing method will be used to establish a price that Aupare would be 

sold for. As a background, the price based costing method establishes how much a customer 
would be willing to pay for such a service and uses this to mark the price of the product rather 
than pricing the product based on how much it costs to manufacture it and then marking it up 
by margins. 
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Addressing the recipient as a customer, their advantage along with psychological re-
lief, is saving time and costs (by avoiding the drive to the package delivery center in case of 
missed deliveries in all attempts). The customer could pay a surcharge on normal delivery 
price and higher rent for the apartment, justified by providing the possibility of using Aupare. 
The additional fee, which will be about 2000 won per normal use and more for advanced use, 
benefits Plus1. 

The first aim is market entry, but the long-term pricing strategy is to raise the price 
when a strong position is reached because worth grows when people get used to the service 
Aupare offers. Plus 1 will attempt to have several companies subsidizing Aupare: 
The company/landlord that runs the apartment building: The device will be installed and then 
added to the rent - to the price of the apartment as an additional service like it is done with 
elevators, central heating systems, etc. The amount depends on what the renter is willing to 
pay for the option to use Aupare. This could be about 5000 won per month. If the costs should 
be recovered in one years, that gives 5000*12months*50apartments= 300,000 won per Au-
pare1. This of course could be more for an advanced version of Aupare. 
The delivery company: Fuel savings through elimination of redeliveries and reduction of deli-
very to multiple locations, convenient package pickup option and potential for greater delivery 
volume due to partnership in a system providing convenient delivery options and services will 
encourage them to subsidize Aupare. The amount a company might be willing to pay can easi-
ly be calculated. The delivery company will be willing to pay as much as it looses by doing 
multiple delivery attempts. Consider Germany as an example2: the average price of sending a 
parcel is for instance 3.90€3, final distribution is 15% of the cost. 50% of the parcels need 
multiple attempts, the 2nd one is free but the total costs are approximately double as high as 
for the first attempt, because the parcel needs to be taken back to the companys’ storage and 
then out again. So 10% of the fee is wasted for multiple attempts. Lets say the company´s in-
terest is 12%, then the total saving per package is 3.90€ * 0,10/1,12 = 0.35€ (500 won for Ko-
rea). In Germany about 0.7 Mrd4 parcels are delivered in one year (to private households). 
The average person receives 0.7Mrd/82Mio=8.5 packages a year. 45Mio people live in circa 
0,9Mio apartment buildings and can be served by Aupare. So the total saving per year is: 
8.5*45Mio*0.35€=134Mio€ and according to this, the delivery company will pay 
8.5*45Mio*0.35/0.9Mio€≈1.60€ (2000 won) 
The retailers: Additional customer loyalty and potential for greater order volume due to part-
                                            
1 Calculation is done with the average size of Aupere, which provides an average apartment building with 50 

apartments Product manufacturing costs described in the next section. 
2 Calculations with Germany as an example are done here to signify cost calculations for this country as well. 

However, when deciding price for the product in the secondary market, a premium might be charged 
3 This is the price for the most frequently delivered package size. 
4 Number of parcels delivered to private households per year is not published by German delivery companies.  
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nership in a system providing convenient delivery options and services as well as significant 
reduction of delivery costs for retailers who provide their own delivery services by eliminat-
ing the constraint of delivery time slots, the expense of dealing with peak deliveries, the need 
for redeliveries will encourage the retailers supporting Aupare. Retailers who cooperate with 
delivery companies will support Aupare in marketing; retailers will be charged the same 
amount i.e. 1.60€ or 2000 won per Aupare per year. 
 The above subsidizations show that retailers, delivery companies and apartment land-
lords must be approached and a balance must be attained. Although it is difficult to summarize 
the cost of an Aupare, the initial price of the product will be about 300,000 won charged to the 
apartment complexes. Delivery companies that chose to be linked with the Aupare network 
will be charged a one time fee of 200,000 won and 2000 won per Aupare year. In addition, 
retailers who chose to be linked with the Aupare network will be charged the same price of 
one time fee of 200,000 won and 2000 won per Aupare year. However, negotiations will be 
permitted whereby delivery companies and retailers might get the option of paying one time 
amount upfront for 10 year contracts on all Aupares. 
 The sales volume and the pricing for the secondary will largely depend on the success 
of the strategies in the primary market. Reactions to different marketing campaigns will be 
taken into account along with the difference in the market behaviour itself. Initially, the target 
will remain at 0.25% of market yielding approximately 21000 units in sales in the first one 
year of launch.  
 Marketing campaigns will focus mainly on the benefits of the product and also its ret-
rofitting abilities. Aupares being highly modular will be able to sustain this marketing feature 
as it would be having the provision to fit into any kind of space available on the premises of 
the building. 

 Product Manufacturing Costs 

 See Section 5 for details 

 Marketing and Distribution Strategies 
 Since this product would enter a market where somewhat similar products exist, Plus 1 
would have to market using the following strategies: 

Product: The first and foremost, the marketing strategy would target the benefits that Aupare 
has compared to its competitors. Infact, if all of its features were marketed, then the competi-
tors would be irrelevant as currently, there is no product that has all of the features as Aupare. 
The internet ready features would and the resulting economical benefits yielded to all seg-
ments, the delivery companies, the end customers (residents) and to the retailers will be mar-
keted. It would be more of an awareness of the product rather than a gimmick. 

Promotion: The promotion channels that would initially be used include articles in magazines. 
Other channels of outreach would be mail-ins sent out to retailers which would make them 
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aware of the benefits Aupare would have on their sales and growth. For mass retailers that 
have net sales of over 10 million dollars per year and for large delivery companies such as 
DHL, personalized sales staff would be sent out and presentations would be made. These 
presentations would include metrics and quantitative data on the net savings Aupare could po-
tentially create for them. They would also be given the option to purchase Aupares if they 
chose to install them at their own convenient locations, perhaps somewhere in the central re-
gion of downtown to serve as a distribution center for their redeliveries. 

Recipients as targets: As our product is a service for the customer, there is no need to worry 
about distribution to them. The customer just has to be canvassed. This will be eased because 
our main customer is clearly defined as an office worker. They will be reached through public-
ity, which will be placed in order to avoid wastage. For example posters can be put next to 
post-offices, inside office-buildings or shops, which provide the service. Also flyers can be 
offered on seminars and courses our customers take part in. Effective are also pop-ups or ban-
ners on specific websites (retailers and online-shops). In cooperation with delivery and retailer 
companies it is also possible to get in touch with customers directly via email. 

 Aupares will be sold solely through the company’s network because of the flexibility 
of the product’s demand. Moreover, the modularity of the product would require Plus 1 to 
manufacture to requirements. These factors would also account a great deal when negotiating 
and deciding a price that might be charged for an Aupare. 

 Product Changes for the Secondary Market 
For launch in the secondary market, a few changes have to be made. Dimensions will change 
because average parcel-sizes are bigger and number of boxes in an average Aupare will be 
smaller. Arrangement of numbers on the pin-pad needs to be changed as well as the look of 
control elements because market research identified Western European people’s wish for sim-
pler and less technical looking control elements.  

These changes are mostly aesthetic or concerning dimensions and easy to achieve. 
Furthermore we expect a stronger need of oversized boxes and lower need of fridge/frozen-
boxes. But these differences do not need to be considered as Aupares with advanced functions 
are manufactured for individual wishes, anyway. 

 Secondary Market Launch 
Secondary market launch is planned not more than a year after the primary launch. 

The problem to get seed capital is not grave because sources of providing subsidization are 
existing. Market research shows that the mood for saving fuel because of raising oil-prices 
and protection of the environment as well as rising rates of online shopping support fast mar-
ket launch also in Western Europe. The timing of the secondary market launch is also depend-
ant on the available labor resources and the time required to support the demand. The per-
formance in the primary market might also influence the timing and the marketing strategies.  
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8. PROJECT SUMMARY 

Concluding the project, it may be rightfully said that the team realized the objectives it set 
out to attain. The product design satisfies all of the conditions necessary to perform. The skills 
that the team possessed were put to good use in the design and prototyping phase. Structural 
analysis, material selection, prototype definition and configuration, its manufacture in a dis-
persed environment were completed successfully. 

 Aupare satisfies the requirements of enabling closed-loop economy by being internet 
ready. A few of the market needs and their satisfaction by being internet ready are described 
below: 
• Communication between the recipient and the delivery person in order to enable remote 

inspection of a package before accepting it 
• The closed loop economy formed by savings in fuel wasted in redelivering packages 
• Other economies include savings in package handling, inventory and labor involved asso-

ciated with re-deliveries 
• Packages received by recipients early combined with the previous benefits would lead to 

growth of the package delivery industry.  
 

 
9.  LESSONS LEARNED 

9.1 Objectives Achieved 
Objectives that were identified at the start of the project both in terms of the group as a 

whole, and the project itself in particular and the completion of the same are as follows: 
• Identifying a realistic need in the market, one that might have even been experienced by 

one or more of the team members: This objective, as perceived by the team was achieved 
in totality. The requirement of a system that would accept packages in the absence of resi-
dents was definitely needed and had been experienced by all of the team members. Al-
though, not all of them believed that they would invest in a product like this, there were 
none that were averse to the idea of having one in their apartment complex. 

• Establishing a rationale for the requirement and marketability of the product in a global 
market: Analysis of global markets revealed that the product could be marketed in several 
countries. However, Aupare would have to be greatly modified to be compatible with sin-
gle owned houses. Moreover, the economics would not permit the installation of the sys-
tem in these houses with the exception of the elite segment of the market. Nevertheless, 
the team believed that this objective was achieved around 75%. This is because apartment 
complexes equipped with internet are common in the metropolitans of all developed coun-
tries and also some developing countries. Market sizing as described in an earlier segment 
also supports this hypothesis.  

• Internet readiness enabling a closed loop economy: This objective is believed to be 
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achieved 100%. The reason being that all of the savings that this product generates for 
both, the residents and for the delivery cos. is owed to the internet readiness of the product. 
An initial study had revealed that although similar products were launched in the past, 
they failed because validation on delivery was a key aspect delivery cos. required which 
was difficult to dynamically implement in the absence of internet. 

• Understanding the global nature of markets: An understanding of the global nature of 
markets was attained by all members of the team. This objective may be quantified as 
80% achieved as a lot of the understanding was limited to developed countries only.  

 
9.2 Lessons Learned and Communication modes used 

Salient points of the project, apart from the engineering aspects, also included a learning 
experience. This was from two perspectives, learning from others’ expertise, and learning how 
to interact in a dispersed environment. We learned that to make the best of the team, and to 
bring out the best in others, camaraderie is foremost important. It is only when each member 
knows the other at an informal level that they can function effectively. Some of our recom-
mendations for future teams include: making friends with all teammates early, identifying 
strengths and weakness, making sure each member knows at the beginning, the time commit-
ments everyone can make during the course of the project, prioritizing correctly and most im-
portantly to have a positive outlook and having fun. 

The communication modes used in our team included emails, voice conferencing and 
video conferencing. Files that were completed were stored on the course website from where 
other members could download or view.  
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12. APPENDICES 

Appendix A – Details of Needs Identification Consensus 
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Weight  3  4  3  5  5  4    

Smart Parking  11 20 23 18 22 21 466 
Crib for Babies  26 16 15 14 20 18 429 
Package Delivery  20 22 27 27 25 21 573 
Alarm Clock  10 20 23 17 15 18 411 
Pet Feeder  19 16 19 11 20 11 377 

 
Appendix B – Patent Search 
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Appendix C – Concept - Storyboard 

 

 



 
Appendix D – Chart showing Working Principle and Sub-Functions – Concept Design 3 – DR1 Consensus 
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Appendix E – Design Alternatives 
 

      Figure 4 - Design Alternative 1             Figure 5 - Design Alternative 2       Figure 6 - Design Alternative 3
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Appendix F – Model of Frame forming the chambers of storage  
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Appendix G – Secondary Market Sizing 

Population of Germany  82.4 million
Average family size 2.5   
Average number of families 32.96 million
Approximate percentage people living in apartments  74 % 
Approximate number of families living in apartments 24.39 million
Average number of apartments per building 20   
Approximate number of apartment buildings 1.2195 million
Approximate percentage people living in row houses 8.5 % 
Approximate number of families living in row houses 2.8016 million
Average number of houses in a row houses (combining neighboring row houses) 10   
Approximate number of row houses' units 0.2802 million
Total of apartment buildings and row house units 1.4997 million
Factor for families owning more than one apartment/row house 1.3   
Normalized Total based on above factor 1.9496 million
Approximate percentage of apartments and row houses equipped with internet (Aug 
2006) 75 % 
Total considering above internet 1.4622 million
Average Internet speed = 6 Mbps 6 Mbps 
Population of European Union (27 states of the EU) = 490.5 million (July 2007) 490.5 million
Assuming direct relation between Germany and rest of EU, Market for Aupare 8.7039 million
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Appendix H – Aupare Production Drawings 
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Storage PillarD#03  
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Appendix I – Structural Analysis 
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Appendix J – Motor Selection 
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