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@ e Problem <=

* Large penetration of PHEV causes problem
* Potential threats & anxiety

* Grid instabilities and disruptions

* Number of PHEVs are increasing
* Stable charging station in need
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A Solution in Need

* Network Enabled Battery Health Monitoring

 Effective control, better solve problem

* Grid stabilities

* Can handle more PHEVs
* No worry about charging anymore
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Sample in-situ measurements
Battery Voltage, Load Current, Operating Temperature.

Transmit data to client

Report to server for further processing
State-of-Charging, State-of-Health, Optimal Power

Distribution, etc.
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Project Objective

Network Enabled Battery Health Monitoring System
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* Demo Circuit Design
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Demo Circuit
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* Discharge PHEV Li-ion battery
* Use voltage divider
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Extra pins on chip allow space for connections
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* Integrated Temperature Sensor

* Easy to use
» Offset error can be large
Need to be calibrated

Micro-

ntroller
o T emperature o

; Sensor

1.000
ADC Module

; 0.900

¥ Vreme=0.00355(TEMP)+0.986
0800 —

(CD]
0.700 —4—'———'—__'—
Celsius
=50 o 50 100

Typical Temperature Sensor Transfer Function
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N Voltage Sensor <

* Integrated ADC Module

* Successive Approximation ADC
|, EOC
Clock ——] SAR Accuracy
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Current Sensor

* NT-5- Magneto-Resistive Current Sensor

OPANMP
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The MR Effect

Electrical resistance changes when
external magnetic field applied

Voltage proportional to current
Wide measurement range

High accuracy

Micro-Controller
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Network Enabled Battery Health Monitoring System
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Dongle Battery Node

W#i3 TEXAS INSTRUMENTS
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FREEM  ZigBee Accelerator Sample Application
@ rree (ZAsA) =

Runs on MSP430, Interfaces to CC2480 device via SPI
* Makes use of CC2480 device easier
* Possible to integrate functions

e = e Application
[cczesn -] .
i BE * Hardware Abstraction Layer
B (J SampleApp - CC2480 v * Monitor-Test
gﬁi‘ﬁ e Simple Application Programming Interface
CaMT * ZigBee Accelerator
CI3API
[ ZAccel * Output
[ Output

#3 TEXAS INSTRUMENTS
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State Machine
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Build ZigBee Network | ADAC

]
ter

Plug Dongle to USB port, and configurate it as a Coordinator
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* Configurate Battery Node as Router or End Device
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» Different topologies in different situation
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* Data Packet Re-design
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‘ FREE® Data Packet Redesign <<

* Data packet is in 16-byte: {control field, data field}
* Analysis and extraction

Control Field

P —

P ——
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: H

Data Field

NCSU-ZJU Summer Research Program 2010

13



‘FREE@_ Data Packet Analysis

8/6/2010

Different parts of data packet

Data precision consideration: 5 effective digits

Control Field

__________________________________________________________________________

4 \
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* Useful information (unshadowed)

Control Field
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* LabVIEW GUI Design

NCSU-ZJU Summer Research Program 2010

FREE®H

systemscenter

* LabVIEW GUI Design

— Graphic User Interface

NCSU-ZJU Summer Research Program 2010

8/6/2010

16



8/6/2010

FREEBHM

systemscenter

Features of LabVIEW

— Convenient to make graphic display and operation interface
v Matlab

— Virtual Instrument between software and hardware
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Graphic User Interface

L ADRG

Network Enabled Battery Health Monitoring System Server ‘
User Panel
Result Table
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Direct, Vivid and Multi-Angle expression
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MNetwork Enabled Battery Health Monktoring System Client g™

Graphic User Interface
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Network Enabled Battery Health Monitoring System Server

User Panel

Server
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LabVIEW GUI Design

— Data Transmission
— Data Display
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* LabVIEW GUI Design

— Data Transmission

NCSU-ZJU Summer Research Program 2010
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* ZigBee/USB - VISA

Sensor B Client R P Server

_____

’

! Measurements - !
= N LabVIEW GUI !
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Extracted Data Extracted Data
R
Client Disk

£
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* eZ430 Demo Kit

Dongle Battery Node

NCSU-ZJU Summer Research Program 2010

FREEBH ZigBee - VISA L ApAc

* VISA: The Virtual Instrument Software Architecture

* Read and Write
- PC:

C . ‘ Develop Environment
Application
Programs

l

Instrument Drivers
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‘FRS— ZigBee - VISA <

* Many Parameters to be Configured
* Data Packet: Hexadecimal String

cows | s |
] Poso s Hene |
timeout (10sec) : — — e —
10000
Cocal USE Pord f— 10 | {— None

FEOS 4687 0100 0100 0200 1C1B CC |

EET

Flow Control

Configure Serial port (baud rate,
data hits, parity, stop bits and flow control].

20296
24

@ e Data Transmission <

» ZigBee - VISA
* TCP/IP

Client Server

Internet

LabVIEW GUI

UData Packet\'t LabVIEW GUI l
1

Extracted Data Extracted Data

) Client Disk
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* Server — Client model
— Passive - Active
— Connection Oriented
— Reliable Data Transmission

Remote IP Addr

Server Client

NCSU-ZJU Summer Research Program 2010

FREE®H TCP/IP System Network L AoAc J

Application

Transportation

Network

MAC

Physical
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TCP/IP System Network
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* Structure of internet

Sending

Receiving o
Process

Process
Application | B‘ B‘ B‘ B‘ B‘ [5| % B‘ B‘ ‘5‘ I5| ‘5‘
: oL :
Transportatlo CP Protocol DP Protoco i TCP Protocol DP Protoco
UbP |
TTCP Packet T Packet | TTCP Packet Tpgazet
: v : \% v :
Network I‘\ \ IP Protocol / ,,' I\\ \ IP Protocol /
IP Packet IP Packet™
NCSU-ZJU Summer Research Program 2010
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* Unique identification of process in computer

| 192.168.0.10

2000

Socket ’

192.168.0.10,

2000 |

Es

|169.1‘34.84.103 42000
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LabVIEW GUI Design

— Data Display

NCSU

-ZJU Summer Research Program 2010
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FEOB 4687 0100 0100 0500 1CO5 0861 46F3

32226000 3371088
257356000 31372084

In-situ
Data

Time | Current (mA) | Voltage (V)
2010/8/4 101224 3374602 |80
2010/8/41012:27 3374602

2000/8/4101313 | 26366000 | 3374602
2010/8/4101316 | 20296000 | 3374602
2010/8/410:13:20 | 29296000 | 3374602
2000/8/4101323 | 26366000 | 3374602
2010/8/4101326 | 23438000 | 3366748
2010/8/410:13:29 29296000 | 3374602
2010/8/410:1332 | 29296000 | 3374602
2010/8/4104335 | 26366000 | 3374602

NCSU-ZJU Summer Research Program 2010
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* Numerically

Temperature (*F)

FEOB 4687 0100 0100 0500 1C05 0861 46F3

NCSU-ZJU Summer Research Program 2010
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* Graphically

TR
U I IUI IJIJ Iul
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20.00-4 I
10:12:15 10:18:27

«| I~

I

-+

NCSU-ZJU Summer Research Program 2010
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* Save data in document

™| testdat - Notepad a ‘ Y [E=mECa T
File Path File Edit Format View Help
%Fﬁ“eﬂ.dﬂ 2010/8/3 16:48:16 32.226000 3.371984 22.000000 -
2010/8/3 16:48:19 29. 296000 3.371984 23. 000000
2010/8/3 16:48:22 32.226000 3.371984 23. 000000
2010/8/3 16:48:25 29. 296000 3.371084 22. 000000
2010/8/3 16:48:16 32.226000 3.371084 22. 000000
append to file 2010/8/3 16:48:19 29. 296000 3.371984 232. 000000
2010/8/3 16:48:22 32.226000 3.371984 23. 000000
2010/8/3 16:48:25 29. 296000 3.371984 22. 000000
2010/8/3 16:48:28 32.226000 3.371084 22. 000000
m 2010/8/3 16:48:16 32.226000 3.371084 22. 000000 =
2010/8/3 16:48:19 29. 296000 3.371984 232. 000000
2010/8/3 16:48:22 32.226000 3.371984 23. 000000
2010/8/3 16:48:25 29. 296000 3.371984 22. 000000
2010/8/3 16:48:28 32.226000 3.371084 22. 000000
2010/8/3 16:48:32 29. 296000 3.374602 23. 000000
2010/8/3 16:48:16 32.226000 3.371984 22. 000000
2010/8/3 16:48:19 29. 296000 3.371984 23. 000000
faralelt 12laninn A Salann ERE S %3

NCSU-ZJU Summer Research Program 2010
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Sensor
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* Test and Validation

NCSU-ZJU Summer Research Program 2010
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Test and Validation
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Summary

Hardware: eZ430 Demo Kit & NT-5
Data Transmission: ZigBee & internet
Data Display: LabVIEW GUI

&

FREE®BM

systemscenter
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Features

Portability

— Small and light
Convenient for user
Easy Expandability
5 available GPIO Pins
Two independent cells

At most four cells in series

Multiplexer

P3
BL_31_886U
)%—er’ 4.4
HP 4.5
»—oP. 22
o P_ 23
HP 2.4
m—o MADY
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FREEDH Demo Video <=

* View a 3-minute demo video

* http://www.adac.ncsu.edu/Project folder/Project home_page.htm#Future

2010 Summer Intern Projects vew:
(1) Network Enabled Battery Health Monitoring and Management System

Fan Yang and Zhengyang Liu, junior students from Zhejiang University, Hangzhou, China

This project aims at building online instruments that can transmit sampled voltage. load current and temperature of a PHEV Li-
ion battery to laptop via ZigBee wireless network, and to Manicipal Parking Lot Charging Station via Internet.

Please click here for a detailed project description, or click here for a demo vedio.
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Thank you for your listening!
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Challenges

— Magneto-Resistive Current Sensor

* Data Rate VS. Sample Rate
TCP/IP

R?= 0.9;99
2 e
ol

4

Voltage Output
h

Intersection and non-linearity of current sensor

Table1. Measurements of output voltage towards input current

Voltage
Output/mV

31

25.2

Current
Input/mA

34.96

23.40

Voltage
Output/mV

4.9

-40. uoa&iwoaa—g,am—m.oaw—mooo

Input Current

Current
Input/mA

-17. 56

-34.96
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