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Human Comfort in EMS

Motivation

« Effective EMS operation requires a balance between system efficiency
and occupant comfort.

* While system efficiency can be improved using information from
collected sensor data, optimization of human comfort can be more
difficult due to the lack available feedback.

* In addition, even when human comfort data is available, it is still
difficult to define meaningful metrics for optimization due to the
subjective nature of the feedback.

Objective e
—{—
 Augment the subjective feedback with —a—
temporospatially correlated objective sensor g |
data in order to define more meaningful I
metrics of human comfort. ‘ /i \._L‘—’ C}
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Temporospatially Correlated Data
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¥) Mozilla Firefox =I|x|
Fle Edt View Hstory Bookmarks Tools Help
https/ fioelhewlet..UserFeedback php | = | [~
Database Qutput —
Timestamp Building | Room | Temperature | Lighting | General Comfort

2012-01-12 15:27:03.064 |CAES | 102 |03 0.4 2.0

2012-01-12 15:26:49.831 | CAES | C120 |-0.34 0.5 35 |
2012-01-12 15:11:45.211 | CAES | 100 |-0.46 0.32 2.0
2012-01-12 15:09:27.987 | CAES | 100 |-0.46 0.32 2.0
2012-01-12 14:42:54 643 | CAES | 100 |-0.52 0 4.0
2012-01-12 14:37-50.715 | CAES | 201 -0.32 0 1.5
2012-01-12 14:17:52.451 |CAES | 104 |08 0.66 5.0
2012-01-12 14:17:10.808 | CAES | C230 |-0.52 0.34 4.0
2012-01-12 11:45:45.365 | CAES | C120 |-0.94 0.38 35
2012-01-12 11:02:34.253 | CAES | 100 |0 0 25
2012-01-12 10:22:11.897 | CAES | 102 |-0.74 0.26 335

2012-01-11 16:40:09.486 | CAES | 201 1.0 1.0 50 =

SUBJECTIVE DATA

COLLECTION
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Subjective Data

« Android app allows subjective comfort data to be collected.

T Bl & 3:25¢em
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Subjective Data
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» Feedback reports are written to a SQL database using PHP.

-5l x| =]
File Edit View History Bookmarks Tools Help File Edit View History Bockmarks Tools Help
| biips/ fjoehewiet...Userfeedback.php | - | [-| | nttm://iocthewlet...UserFeedback php | - | [-
Database Output — Database Output =
Timestamp Building | Room | Temperature | Lighting | General Comfort Timestamp Building | Room | Temperature | Lighting | General Comfort

2012-01-12 15:27:03.064 | CAES 102 |03 0.4 20 2012-01-12 15:32:12.371 | CAES | C230 |-0.18 0.84 1.5

2012-01-12 15:26:49.831 | CAES | C120 |-0.34 0.5 35 || 2012-01-12 15:27:03.064 | CAES |102 |03 04 20 L
2012-01-12 15:1145.211 | CAES 100 |-0.46 0.32 20 2012-01-12 15:26:49.831 | CAES | C120 |-0.34 0.5 35
2012-01-12 15:09:27.987 | CAES 100 |-0.46 0.32 20 2012-01-1215:1145211 | CAES | 100 |-0.46 0.32 2.0
2012-01-12 14:42:54.643 | CAES 100 |-0.52 0 4.0 2012-01-12 15:09:27.987 | CAES | 100 |-0.46 0.32 2.0
2012-01-12 14:37:50.715 | CAES | 201 -0.32 0 15 2012-01-12 14:42:54.643 | CAES | 100 |-0.52 0 4.0
2012-01-12 14:17:52.451 | CAES 104 |08 0.66 5.0 2012-01-12 14:37:50.715 | CAES | 201 -0.32 0 15
2012-01-12 14:17:10.808 | CAES | C230 |-0.52 0.34 4.0 2012-01-12 14:17:52.451 | CAES |104 |08 0.66 5.0
2012-01-12 11:4545.365 | CAES | C120 |-0.94 0.38 35 2012-01-12 14:17:10.808 | CAES | C230 |-0.52 0.34 4.0
2012-01-12 11:02:34.253 | CAES 100 |0 0 235 2012-01-12 114545365 | CAES | C120 |-0.94 0.38 35
2012-01-12 10:22:11.897 | CAES 102 |-0.74 0.26 35 2012-01-12 11:02:34.253 | CAES  [100 |0 0 25

2012-01-11 16:40:09.486 | CAES | 201 1.0 1.0 5.0 = 2012-01-12 10:22:11.897 | CAES |102 |-0.74 0.26 35 =
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Modular Wireless Sensor Design

Design Goals

» Modular design
— Use common interface for all peripherals

— Allow sensors to be added or removed without
changing the base hardware/software

— Allow wireless protocol to be changed without affecting
the existing system (Bluetooth, ZigBee, IEEE 802.11,
etc.)

« Simple physical interface.
— Offer easy reconfiguration of the hardware

« Minimize the footprint of the system

Uniyersity of ldahg
UIIECS Gratuate Proygam)
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System Layout
» Peripheral devices use a common bus for power and communication
» Specific sensors are polled using device addressing

. | Light Module
Device I
Programmer | Sensor/
I Device I
———————— \ l
l Primary Device l l
I Board Firmware l l
Update I Low-cost |
| Port | MCU
I — 1)
A I )
A Central l 1°C Bus
/ \ I UsB o 6 I
/’\\ Host PC/ Interface ) Controller ! - —
’ - Device | Mcv) I Power
(7 77 Wieless wodue) | i I (T
l Antenna l l I l . l l L l
1 ow-cost ow-cost
Low-cost System |
| MCU : | uarT Power | MCU | | MCU |
| T I Terminal | | | I
o 6 o
| ﬁ — | — ) | | | :
I Wireless I l__| I %Zr:/sisg l | %Zf\llsig;/
I Transceiver | S w l | |
T -
k Bluetooth, 802.11,ZigBee, etc J % ;f % L er&gzru&:t;re ) Humidity Module l
_______ 2 oaue — . —
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Modular Hardware Interface

Inherent Flexibility
* interchangeable Peripheral modules

« System can be easily expanded or
reconfigured

« Common pinout allows larger
modules to span full board length

* Modules share a common power
and communication bus

« Common pinout enables modules to
be stacked vertically

» Header pin interface allows fast and
easy reconfiguration

University off ldaho
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SmartBlock wvi1.1
:G:HORI Joel 2Heu1e1t UOI NHRG

PART No.: SB-BROv:
DESCRIPTION: Primary board for the SmartBlack
modular embedded uireless sensor platform
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Proof of Concept

To test the idea, a bread-boarded prototype was assembled. The
prototype was used to demonstrate the following functionality:

» Take sensor readings for humidity, temperature and light.
* Read and process data using a PIC microcontroller.

« Transmit data from the PIC using both UART Bluetooth and
USB.

» Connect directly to Android phone via Bluetooth.

University of ldaho
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Proof of Concept
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CAD Design

« Schematics based on the bread-boarded circuit where laid out using
CADsoft Eagle

University of ldaho
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SmartBlock vi1.1

DATE: 4-25-2012

AUTHOR: Joel D. Heulett

PART No.: SB-BROvi.1

Uol MHRG

DESCRIPTION: Primavg board for the SmartBlock
modular embedded uwireless sensor platform
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CAD Design

- The prototype PCBs were
ted from the schematic
d arranged to form a single
10cmx10cm board.
SmartBlock vi1.1
DATE: 4-25-2012
PART No.: SB-BROvL.1
DESCRIPTION: Primary board for the SmartBlock
modular embedded uireless sensor platform
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Finished Prototype
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Finished Prototype

« Central processing board
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Finished Prototype
« Central processing board
* Bluetooth module
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Finished Prototype
« Central processing board
* Bluetooth module

 Light module

University of ldaho
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Finished Prototype
« Central processing board
* Bluetooth module
 Light module

« Temperature module

University of ldaho
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Finished Prototype
« Central processing board
Bluetooth module
Light module
Temperature module
battery

University of ldaho

MODERNHEURISTICS GROUR 24



“_ISRCS 2012

Next Steps

* Reduce cost via integration of surface mount technology
Contract third party manufacturer
Deploy sensors and distribute Android app

Collect data
Analyze/mine data and formulate correlated comfort metrics

University of ldaho
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Summary

The WESBES system is a versatile environmental sensing platform that
offers a modular design that can be easily reconfigured/customized,
and allows direct temporospatial correlation between sensor data
and subjective user comfort reports.

The system also offers

* A choice of wireless protocol based on application (Bluetooth, ZigBee,
IEEE 802.11, etc.)

« Flash programmable MCUs for customized software and onboard
processing.

« Smartphone and PC connectivity via Bluetooth or USB.

University of ldaho
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Questions?

Center for Advanced
Energy Studies

Idaho National Laboratory

nstrumentation Control
@ Intelligent Systems
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