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Fig. 1. Our Energy Management-as-a-Service Over Fog Computing Platform.
The Dashed and Highlighted Parts are Our Novel Contributions.
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Fig. 2. The Hardware Architecture of the Fog Computing Platform for HEM.
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Fig. 3. Demonstration of the Software Architecture Implemented by SOA.
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Fig. 4. Communication Architecture used in the Fog Computing Platform.
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Fig. 5. HEM Prototype Demonstrating the Fog Computing Platform.
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Router

Product Name

NETGEAR

Product Number

WNR3500L

WiFi Performance

300 Mbps

WiFi Band

2.4 GHz

Security

WPA/WPA2-PSK

SPI NAT Firewall

DoS Attack Prevention

Processor

480 MHz MIPS 74K

Memory

128 MB NAND Flash

Ports

4x Ethernet

1x USB 2.0

Sensor

Product Name

TelosB Mote

Product Number

TPR2420CA

Processor

16-bit

Program Memory

Flash 48 KB

RAM

10 KB

Communication

Serial UART

RF 2.4 to 2.4835 GHz

USB

Sensors

Light 320 to 730 nm

IR 320 to 1100 nm

Humidity 0 to 100% RH

Temperature -40 to 123.8°C

Gateway

Product Name

Raspberry Pie

Madel

B

Processor

700 MHz

RAM

512 MB

Communication

1x Ethernet

2x USB 2.0

HDMI




Algorithm 1: Smart HVAC Control-as-a-Service

Input: Set Points T,., T},

Input: DR Signal DR

Input: Room Temperature T

Input: HVAC Mode mode

Output: Set Points T,., T},

Output: HVAC Status stafus

// define threshold for turning on/off the HVAC
Threshold = 1

// limit set points when DR signal is triggered
if DR == true then

T.=79

T, = 65

n on/off the HVAC based on temperature, set
1ts, and operation mode */
== heater then

if T, — Ty > Threshold then

|_ status = on

else
if T, > T}, 4+ Threshold then
L status = of f
if mode == cooler then
if T — T. > Threshold then

status = on

else
if T < T. — Threshold then
L status = of f

return status, T, T},
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Algorithm 2: Smart EV Charger Control-as-a-Service

Input: Departure Time ¢4

Input: Current Time £,

Inmput: Battery Status SoC’

Qutput: Charge Rate [

'/ define the battery total capacity
Capacity = 60K Wh

'/ define start and end time for off-peak hours
!.;,, = 22

fm = J.J.

'/ define the maximum charge rate possible
maxy = 4KW

// evaluate capacity remaining to charge
s Capacityrem = (100 — SoC’) /100 * Capacity
// the time interval when there is off-peak hours
Timeggy = (min(toe. tq) — maz(tys, te))%24
// the charge rate during off-peak hours
loff = min(mazy, Capacityrem _,'*Te'u.'{:,,_f_f}

the charged capacity during off-peak hours

f.';Fa:rr'g;e.'(I,,ff = I 55+ Duration, ¢ ¢

f+ evaluate capacity remaining after charging
during off-peak hours

Capacityrem = Capacityrem — ('.'J'urrg(.'d,,ff

/* the time interval remaining to charge
subtracting the cff-peak hours

Timerem = (tg — te — Time, g ¢)7%24

'/ the charge rate during eon-peak hours

lon = min(maz, Capacitypemaining/ T1Me Remaining)

' deciding the current charge rate based on time
if t. € Duration,ff_ e then

I_ I'=1,¢¢
else

L I'=Ign

return [/

e el 5 S o b 5 s ol i gl 5 5 S e 4585 ol ) e
Bl Uyl oals gilwosly 3 ;0 G Srae Cupie g Ol gl Heileysandl 5wy by S
S S s Dledlbl cpl olaly oS oo )i 1) gile 5l 5 lad Condg 5 S5 5o L 55le 90l 5 s
ke Sy 4 093 Gy Sras GRS jslieay Wl e gl HEM @ oljgins Jlo)l a4 el cosl (S0e Sy
a5l i (RSl 0 K coge Sl S Gp Bpae jo malS sl axils DR oL o4 ol
a9 F9y o 50 Hgle sl s iy 58 aiSe e 1) e ok g (650 e el (5 oS Al 95l j9huil 5

Sl 0l 1> (6 o) 500 g, G 50 ool (6 5lwducd dieddigr sbrolliws b o 4l




Transformer | Router designated | Router emulating smart
| Control Panel devices inside home

Fig. 6. Microgrid-Level Energy Management Prototype.
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Algorithm 3: Smart Transformer Control-as-a-Service

Input: Homes Connected to the Transformer H

Input: Current Transformer Load load,.

Output: Overload Status stafuws

// define transformer rating load
loadymar = 20KW

// define threshold for each home
homemazr = 4K W

/! assume no overloading in transformer

3 status = false

/{ check whether the transformer is overloading
if load. = loady,, o+ then
for h € H do
if higed = homemaz then
/+ trigger DR signal for the home with
higher consumption than threshold =/

Trigger_DR(h)

status = true

return status
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Fig. 7. HEM Control Panel for Monitoring and Controlling Smart Devices.
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Temperature: 25 €
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HVAC Control Panel
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Current Power
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Settings:
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Apply user-
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30°C
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and
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Unige ID for
HVAC device g Last 100 Minutes

UUID: a4
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Fig. 9. HVAC Control Panel for Monitoring and Controlling HVAC Power.
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Remaining time: 273 s
Current charging: 20 A (= 4.80 kW)

wuin-as < EV Charger
Unique ID

Manual override settings
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accessing EV
control panel

Drive Profile

Time to Departure: 5
Estimated Drive Mileage:

Type of Car:  TeslaMode S »

EPA Rated

Combined 38 KWh / 100 miles
Fuel Economy

Manual override ? #
Overwrite charging Amperage: Status Update
Charging: yes A
Set driving
information for
EV charger
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Manual Control controlling of EV charger
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Fig. 10. EV Control Panel for Monitoring and Controlling Battery Charging.
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CONNECTED controlling the
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Home ID: 2d Last 100 Minutes

CONNECTED Transformer Status: CONNECTED
Threshold Power : 25.00 kW
Available Power: 19.00 kW
Used Power: 6.00 kW
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Fig. 11. Transformer Control Panel for Monitoring and Controlling Power.
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Feature Used Technology

WS-Addressing and WS-Transfer enable the

Interoperabili
P ty devices to communicate with each other.

WS-Eventing and W5-Metadata Exchange enable

Interactivii
ty devices to synchronize each other periodically.

Open hardware/software used for implementing
any application or adding new devices.

Multiple devices can be connected in a shared
network with their own unigue IDs.

Control panel web pages leverage HTML, AJAX,
and Java scripting in order to provide user-friendly
interfaces.

Flexibility

Scalability

Ease of
Deployment

Raspberry Pi is used as gateway and Linux-based
routers and Tiny O5-based TelosB mote sensors
are used for connecting and computing.
SOAP-over-UDP is used for discovery and

Open
Architecture

Plug-n-Play

authentication of new devices added to network.

Local/Remote
Access

IP addresses are designated for each device and
they are also connected to the Internet.

Heterogeneity
Abstraction

Service-Oriented Architecture is used to abstract
the hardware and communication differences.
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