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1. Introduction 
1.1. Abstract 

 In the following proposal we will be discussing our design of a two-way, non-
contact video link which will communicate effectively between a home-based senior and a nurse 
practitioner.  The purpose of this device is to provide reliable, in-home medical assistance that 
will lower health care costs and help avoid unnecessary emergency room visits.  We will be 
focused on making the monitoring system both simple and user friendly to minimize actions 
required by the senior.  The design will utilize infrared motion sensors to determine gestures 
made by the senior and will communicate via Wi-Fi.   A detailed description of our design 
methodology and project management will be outlined in the pages that follow. 
1.2. Project Description 

 In today’s society, the population of seniors is growing at a fast rate, leading to 
increased hospital visits and medical costs.  The goal of this project is to minimize health care 
costs and limit frequent health care visits to the hospital for seniors. Rather than requiring 
monitoring and follow-up assessments by visiting a health care facility, basic care for seniors can 
be provided at the comfort of home via the NOVAScreen. We are going to create a non-contact 
two-way video link for the senior and his or her nurse practitioner.  The senior will have a video 
screen at their home while the nurse practitioner shall be able to communicate via a PC, notepad, 
or similar device.  This video communication will monitor the senior’s health at home while 
providing them with a human connection as well.  To further assist the nurse, other compatible 
medical devices can be configured to the NOVAScreen via Bluetooth. 

To begin with, we will be using a seventeen-inch LCD screen (LG. Philips LCD LP171WX2) 
for our monitoring system.  The screen will be connected to the heart of the project known as the 
single board computer through LVDS connection.  The single board computer to be used is called 
the UDOO Quad.  Some of its features are that it has 76 fully available GPIO (62 digital and 14 
digital/analog), HDMI and LVDS plus touch, USB ports, analog audio and mic, CSI camera 
connection, Ethernet, Wi-Fi, and other capabilities.  It has a power input socket of a 
recommended 6-15V.   

Since the project description requires no external controls, research on sensors was 
made to determine which will best suit our needs.  By default, The senior will have the option to 
call four different nurse practitioners or family members.  A picture of each nurse will show up on 
the senior’s screen.  In order for the senior to decide on which nurse to call, we will implement a 
program gesture and motion control.  One option would be to use one of the SparkFun RGB and 
Gesture Sensor APDS-9960.  This sensor has an operational voltage of 3.3V with an operating 
range of 4-8 inches (10-20 centimeters) and I2C Interface capability.  The APDS-9960 is capable of 
detecting gesture movement swipes of up, down, left, right, near to far, and far to near.  If we 
decided to implement this sensor into our design project we would use four different gesture 
swipes for the four different nurse practitioners.  Another option is to use four proximity sensors 
placed on each corner of the screen representing each of the nurse practitioners.  In order to 
select a nurse to make a call, the user would place their hand over the desired sensor.  These are 
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two options that are going to be experimented with to determine which best accommodates our 
project.  

The video calling software that will be used on this project is called Linphone.  Linphone is 
an open source Voice Over IP phone (or SIP phone) that makes it possible to communicate freely 
with people over the Internet using voice, video, and instant messaging.  In our case we are going 
to be using the HD video feature.  Linphone is available in the iOS, Android, and WP8 markets and 
can be downloaded on OS X, Windows, and Linux desktops.  We have Linphone up and running 
on Android based mobile phones with sample pictures of four nurses that the user can select to 
video call.  This has been a huge step of progress towards our goal to implement video calling on 
our system.  The next challenge that needs to be configured is to have Linphone running through 
the UDOO Quad single board computer.  Components that still need to be applied are the CSI 
camera, analog microphone, and speakers for audio out.  Additional items that we will be 
incorporating are devices to measure the health of the senior by using a Bluetooth Smart weight 
scale and/or Bluetooth Smart wristband. These external devices can determines blood pressure, 
heart rate, and body temperature for example.  The items for this option will be thoroughly 
researched.  In the coming weeks, all the parts and components ordered will be experimented 
with our applications.  We want to create the best user-friendly experience for the seniors while 
achieving our goal of monitoring their health while avoiding routine emergency room visits. 

2. Design 
2.1. Block Diagram 

Below is a detailed description of the proposed block diagram: 
Power Supply - The system that provides the required power to the microcontroller is 

made up of four separate blocks. The AC/DC converter will be a simple 5V wall mount.  The 
battery charging PCB will use a slow charge method to charge a single cell lithium ion battery to 
4.2 V.  When the battery is fully charged, the current available to the battery will be minimized 
and power will continue to be delivered to the system via a separate path.  When main power is 
disconnected, the battery will take over and deliver the output.  The battery chargers output will 
then be fed through a 12V boost converter in order to deliver the required load. 

Bluetooth - We will be using a 5V USB Bluetooth Smart dongle to communicate with 
external devices.  A Bluetooth connection will also be helpful in troubleshooting. 

Audio - The UDOO QUAD comes with a built in 3.5 mm jack for audio output.  We will be 
utilizing a class D amplifier to provide the desired gain.  Also available is a built in input for an 
analog microphone. 

Camera - A MIPI 5MP camera is available for purchase by UDOO.  We will be utilizing this 
camera because of its quality and CSI-2 compatibility.  The camera will provide a means of video 
communication as well as capture images to monitor a patients health. 

LCD Monitor - A 17’ TFT- LCD monitor seems appropriate for our application given its 
quality and size.  The LG Philips LP171WX2 runs on only 4 V and is of LVDS input.   

Sensors - We will either be utilizing a single IR sensor for gesture recognition or four 
separate sensors. This will be decided after thoroughly testing both options and comparing 
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results.  A single IR sensor which may be able to provide us the flexibility we need is the APDS-
9960.  This sensor runs on 3.3V and will communicate through I2C. 

 

 
2.2. Mock-Up Illustration 

 Using Solidworks, We have developed a preliminary drawing of the device to be 
designed.  Figure-1 below shows a standard casing that will house all internal components as well 
as a 17 inch LCD monitor. 

 
Figure 1 
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This case can contain a 17.1” wide screen, a camera, an UDOO microntroller, battery, and 

has room for other required components. It also provides 4 holes that we designed to install 
some gesture sensors. As can be seen in Figure-2 below, we also designed the device with a wall 
mount, allowing it to hang on any vertical surface.  

 
Figure 2 

The only external port on the device will be allocated for main power input. For cooling 
purposes, we have included 14 rectangular gaps on the rear of the device. Finally, we designed a 
hole on the left side of the device for the Audio sound output as can be seen in Figure-3 below.   
This design will later be refined for appearance and to minimize empty space inside the casing. 
2.3. Performance Requirements 

The device’s performance requirements can be defined in general and technical terms. 
The general performance requirements are as follows: The device must be able to capture and 
stream high definition video to a remote location. The video and audio quality must be as high 
definition as possible to allow the remote nurse practitioner to analyze the state of the senior. 
The uplink will provide high definition data while the downlink only needs to be at least standard 
definition. The video compression performed via software or hardware will enable a fast and 
reliable transmission of this data. The device will be powered from an external power supply that 
can be plugged into the wall (AKA wall wart). This means that the device can be powered off of 
110V AC power converted to the necessary DC voltage to power the internal CPU board. The 
device will be able to run for at least 30 minutes on battery power and notify the user/nurse if 
line power is lost. The device must be able to be awaken by hand gestures and sense close range 
motion. High speed WiFi connectivity is a must to enable the high quality audio and video 
transmission. 

The technical terms are as follows: The device will be powered via an AC/DC transformer 
(wall wart) that will provide 5 V to a battery charging circuit. This will enable charging of the single 
cell battery so that it will always be charged and ready to drive the device’s load. A DC/DC boost 
converter must provide the required 12 volts to the UDOO CPU board. The power circuit must be 
able to handle the high running side of 1.5 A and also be run off of the battery power. The board 
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will go into a low power mode while the device is not in use. Sensors used to interact with the 
device will be powered by 3.3 V and connect via I2C. The screen will be driven off of a similar 
voltage, likely with a voltage closer to 4 V. Bluetooth Smart connectivity will be achieved via 5 V 
USB dongle. An audio amplifier will be used between 2.5 and 5.5 V to enable the speakers to 
drive a loud enough signal for the seniors to hear. An analog microphone will be plugged directly 
into the UDOO hardware to allow the ADC to effectively manipulate the signal. The camera will 
connect via CSI and be capable of providing high definition video. All of these performance 
requirements will be tested and benchmarked in the following sections. 

3. Testing and Verification 
3.1. Benchmarks 

The project is operating satisfactorily when: 
•      There is a back-up battery for the device in case of a power outage that will allow 

operation for up to 30 minutes. 
•      The only way to make a video call or accept the incoming video call is by hand 

gesture. 
•      The device goes to standby mode after a specific period of time. 
•      The device can make and receive video calls from cell phones or computers. 
•      There is a connection between the device and an external interface to modify the 

settings of the device such as Wi-Fi, and contacts information. 
•      Users of the device are able to accept incoming video calls, and video call up to four 

different people. 
•      A power disconnected message appears in case the device was unplugged. 
•      The Screen, camera, sensors, battery and chips are covered in a fashionably 

designed casing. 
•      The device can be hung on a wall and can stand on a flat surface. 

3.2. Testing Procedures 
Power: 

Function   Test Procedure Pass/Fail Criteria 

Regular Power/ Wall Outlet Plug power supply into 
multiple outlets and observe 
voltage delivered to the 
computer. Also Check current 
draw from computer with a 
shunt resistor. 

Voltage provided and current 
draw fall within desired specs. 
Ex. 12V, 1.5A 

Reserve Power/Back up 
Battery 

Disconnect mains 
power and see how long the 
device remains functional.  

Remains Functional for 30 
minutes. Power disconnected 
message displays. 
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Sensors: 

Function   Test Procedure Pass/Fail Criteria 

Gesture recognition Test hand gesture at various 
vertical distances from device. 
Start close and repeat rising in 
1 inch iterations until gesture 
is not detected. Note accuracy 
of gesture recognition during 
the previous process. 

  

Practiced users have virtually 
perfect accuracy in gesture 
commands. 

Patient Detection Start back and wave at device, 
move closer until it activates 

Activation by uncoordinated 
gesture 

 
Transmit and Receive Data: 

Function   Test Procedure Pass/Fail Criteria 

Video in quality  Observe video on screen Standard - 1080p 

Video out quality Observe transmitted video 1080p 

Sound quality in/out Listen to  device audio 
and transmitted audio 

Clear and audible both ways 

 
User Cloud Interactions: 

Function   Test Procedure Pass/Fail Criteria 

External Interface Use external interface to 
configure Wi-Fi and internal 
contacts 

Device configured via external 
interface 

Calls In Call device from approved 
contacts 

Answer call when appropriate 
gesture is detected. Allow for 
select users to override an 
answer call.  

Calls Out Wake up device by 
approaching. Perform required 
gesture to call a contact. 

Contact must be able to 
answer call. 
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4. Project Management 
4.1. Project Plan 

There are 8 team members, with 6 electrical engineers and 2 computer engineers. Due to 
the high level of software development necessary for this project, a large amount of time will be 
allocated to the software work. 2-3 people will be working on a given category or meta task at a 
time in order to facilitate delegation. The project timeline has been broken down into 3 main 
stages: Design, Build, Test. Within each of these stages there are the following categories: 
Sensors, CPU, Video Capture, Audio, Power, Video Call, Interface, CAD Design, and Project 
Management.  The Design stage will take longer than the Build or Test sections due to the large 
amount of research and learning required to get acquainted with software development and 
software technology. Design will take 4 weeks, Build will take 3 weeks, and Test will take 2 weeks. 
The details and allocations are provided in detail in the Gantt Chart at the end of the proposal.  
4.2. Milestones 

See Gantt Chart at end of proposal for milestone and resource breakdown. 

5. Budget 
5.1. Cost Analysis 

The budget for this project is $1000.00; this budget will be managed by dividing 
expenditures into categories, which will each have projected costs assigned accordingly based on 
importance and needs. As the project requires, funds may be reallocated to different categories 
should the need arise. 
 

 Description of Work Anticipated Costs 

Research & 
Development 

Includes all expenditures involved in the 
design of the project, such as programs, tools, 
kits and development boards. 

$200 

Mainboards 
Cost of mainboard platforms to order for 
development: Raspberry Pi and UDOO. 

$200 

Peripherals & 
Parts 

Expenses accrued from the purchase of all 
parts and consumables such as IC’s, power 
supplies, passive components and hardware; 
regardless of their incorporation into the final 
product 

$300 

Machining & 
Manufacturing 

Cost of product chassis integration: stand-
offs, screws, paint, silk-screening etc. 

$100 

Presentation & 
Branding 

Costs of ordering the materials for the final 
presentation; posters, flyers, signage, textiles 

$100 

Miscellaneous 
All other expenses that may arise during 
development 

$100 

 Total $   1000.00 
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ID Task
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Task Name Duration

1 Design   34 days
2 Sensors 20 days
3 Research methods 1 wk
4 Research sensor options 1 wk
5 Order sensors 4 days
6 Download datasheets 2 days

7 Design sensor interface 
schematics

2 wks

8 CPU 23 days
9 Research boards 3 wks
10 Order board 4 days
11 Download datasheets 2 days
12 Video Capture 13 days
13 Research camera options 1 wk
14 Research video 

compression
1 wk

15 Order camera 4 days
16 Download datasheet 2 days
17 Audio 24 days
18 Research audio output 

amplification
2 wks

19 Order microphone 4 days
20 Order audio amp 

components
4 days

21 Order speakers 4 days
22 Download datasheets 2 days
23 Design audio amp 

schematic
2 wks

24 Power 19 days
25 Research battery charging 

and UPS
1 wk

26 Order battery 4 days
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27 Order UPS components 4 days

28 Download datasheet 2 days
29 Design power PCB 

schematic
2 wks

30 Video Call 20 days
31 Research open source 

options
2 wks

32 Design GUI 1 wk
33 Figure out entering 

contacts
2 wks

34 Interface 25 days
35 Research options (phone, 

webportal)
1 wk

36 Develop demo app 1 wk

37 BT Smart connectivity 3 wks

38 CAD Design 30 days
39 Learn CAD 2 wks
40 Design draft CAD model 1 wk

41 Model internal hardware 1 wk

42 Project Management 10 days
43 Draft Proposal 4 days
44 Draft Oral Presentation 6 days
45 Build 20 days
46 Sensors 15 days
47 Build sensor PCB 2 wks
48 Build mounts for sensor 

board
1 wk

49 CPU 14 days
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B,N

F,A,J,R

F
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W

W
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Task Name Duration

50 Build mount for board 2 wks

51 Connect all parts 4 days
52 Video Capture 3 days
53 Connect camera 3 days

54 Audio 15 days
55 Build audio PCB 2 wks
56 Build mounts for audio PCB 1 wk

57 Power 15 days
58 Build power PCB 2 wks
59 Build mounts for power 

PCB
1 wk

60 Video Call 10 days
61 Install custom app on board 1 wk

62 Build GUI 2 wks
63 Interface 5 days
64 Install external interface 1 wk

65 Install BT Smart 
connectivity software

1 wk

66 CAD Design 20 days
67 3D print case 1 wk
68 3D print mounts 1 wk
69 Fabricate various hardware 

parts
2 wks

70 Test 15 days
71  Sensors 1 day
72 Test sensors individually 1 day

73 Test sensors with different 
configurations

1 day

N,K
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J
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74 CPU 15 days
75 Test different 

configurations
3 wks

76  Video Capture 15 days
77 Test recording video 1 wk
78 Test compressing video 2 wks

79  Audio 15 days
80 Test recording audio 2 wks
81 Test outputting audio 2 wks

82 Test compressing audio 1 wk

83  Power 10 days
84 Test UPS 2 wks
85  Video Call 15 days
86 Test streaming audio 1 wk
87 Test streaming video 1 wk
88 Test 2 way video call 2 wks
89  Interface 10 days
90 Test Bluetooth connectivity 2 wks

91 Test adding contacts 2 wks
92 CAD Design 10 days
93 Test opening and closing 

device
2 wks

94 Test hanging and standing 
device

2 wks

95 Milestones 68 days
96 Weekly Reports 60 days
110 Design Proposals Due 0 days
111 Oral Presentation #1 0 days
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112 Mini Project Demo & Report 
Due

0 days

113 Oral Presentation #2 0 days
114 Preliminary Website Online 0 days
115 Engineering Ethics Report Due 0 days

116 Practice Final Oral 
Presentation

0 days

117 Final Report Outline & Section
Assignment

0 days

118 Final Website Due 0 days
119 Design Day 0 days
120 Final Report Due 0 days
121 Device Hardware Selected 0 days
122 Device Hardware Built 0 days
123 Device Software Completed 0 days

124 Device Case Built 0 days
125 Device Complete 0 days
126 Device Tested 0 days
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