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1. Introduction

As the world strives to reduce its energy dependence, smart meters alone are not
enough to give us the information we need to change our habits. Electricity
measurements need to be available everywhere and in everything. With the EM773,
NXP is the first to integrate flash based ARM Cortex MO MCUs with metrology
functionality into a single IC with focus on emerging energy monitoring markets outside of
traditional billing meters. Developers can now integrate metrology into any type of
product without significant software development and metrology knowledge required.

Included with the EM773 is an SDK (software development kit) designed for the purpose
of enabling developers with access to the metrology capabilities of the EM773 with an
easy to use API and software examples. The SDK also includes open source wireless
M-Bus example code for using the OL2381 as a wireless M-Bus transceiver. The goal of
this document is to help users get started.

2. Required tools for the EM773 SDK

2.1 Required Hardware

EM773

e PC running Windows XP or 7 (Windows Vista may also work, but not supported)
e EM773 Plug Meter Development Kit

- OM13005: US Plug Version

- OM13006: EU Plug Version

Fig 1. EM773 Plug Meter (OM13006 on left, OM13005 on right)

Fig 2. LPC1343 USB Dongle (Ships with both OM13005 and OM13006 kits)
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2.2 Required Software

e Microsoft .NET Framework 4

e EM773 SDK 2.0

¢ |AR Embedded Workbench for ARM v6.20 or newer *
e |LPCXpresso v4.1 or newer *

e Microsoft Visual Studio C# Express 2010 *

* Tools needed only for development. To run the demonstration application, only
Microsoft .NET Framework 4 and the EM773 SDK 2.0 are required.

3. Whatis included in the SDK?

3.1 EM773 SDK 2.0 Directory Structure

@n\‘/-v| . v Computer » AWS Systern (C:) » nxp » smartmetering » em773_sdk_v2.0 »

File Edit View Tools Help
Organize + Include in library « Share with + New folder
40 nxp it MName . Date modified Type Size
“ 1 smartmetering | APP 12/30/201110:07 AM File folder
T TEES S | CMsIS 12/23/201110:58 AM  File folder
> APP | Documentation 12/30/201111:06 AM  File folder
J L | DRIVERS 12/21/2011 5:38 PM File folder
jUocumentation | GUI 12/30/201110:57 AM  File folder
> i DRIVERS | LB 12/22/2011 4:47 PM File folder
J@ll | 05 12/21/2011 5:41 PM File folder
JOE | pC 12/30/201111:03AM  File folder
> 05 | SYSTEM 12/23/20111105AM  File folder
R 4] NXP eMetering.eww  1/6/2011 6:50 P IAR IDE Workspace 1KB
| SYSTEM

Fig 3. EM773 SDK 2.0 Directory Structure

3.2 EM773 SDK Applications

EM773

Inside the “APP” directory, there is the source code for the IAR EWARM and
LPCXpresso application projects for the EM773 based plug meter, and the following two
IAR EWARM firmware projects for the LPC1343 based USB dongle:

e LPC1343 0OL2381_dongle (legacy since SDK1.0)
¢ MBUS_dongle (new in SDK2.0)

The PlugMeterControl GUI v2.0.0.0 works together with both firmware versions. The
firmware from the MBUS_dongle project is more generic and more flexible than that of
the LPC1343 _0L2381_dongle project. The MBUS_dongle firmware can be used to
receive and transmit (almost) any MBUS messages, since the payload data of the MBUS
message must be passed by the PC application to the dongle.
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The MBUS_dongle firmware will add the MBUS header and the needed CRCs over the
payload data. So the MBUS_dongle firmware can be used to control the NXP plugmeter
and also other MBUS hardware (e.g. the valve in a MBUS gas meter).

GU-

/v Computer » AWS_Systemn (C:) » nxp » smartmetering » em773_sdk_v20 » APP »

File Edit View Tools Help

> | switchable_plugmeter

Organize * Include in library = Share with MNew folder
4 | em773 sdk_v2.0 Mame Date modified Type
4 | APP . )
; COMMON 12/21/2011 5:49 PM  File folder
, COMMON . _ )
J LPC1343 012381 dongle  12/23/2011 5:07 PM  File folder
> 1 LPC1343_0L2381_dongle . ~ )
, MBUS_dengle 12/30/2011 10:46 ...  File folder
> ) MBUS_dengle . . .
J switchable_plugmeter 12/30/2011 11:00 ...  File folder

> CMSIS
, Documentation
> |, DRIVERS
, GUI
. LIB
> 0 05
> | PC
> | Ju SYSTEM

Fig 4. EM773 SDK 2.0 APP Directory

3.3 Plug Meter / USB Dongle Hardware Documentation

Hardware documentation is also included in the “APP” directory. There is a “hardware
design” sub-directory for each application containing the schematic, gerber and BOM
files for both the plug meter and the USB dongle. The other sub-directories for each
application are described below.

=) em773_sdk_wz

=) arp
) COMMON
=03 LPC1343_0L2381_dongle Pre-built Binaries
b- -=_ . .
g d::c — JTAG Re-programming Guide

O DERTEEREE «——— Schematic. BOM and Gerber Files

) sre
) UsB h— Application Source Code

Fig 5. EM773 SDK 2.0 Hardware Design Files
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3.4 EM773 SDK CMSIS and Peripheral Drivers

For both the EM773 ARM Cortex MO and LPC1343 ARM Cortex M3, the SDK includes
CMSIS peripheral drivers and system memory map configuration files that are used by
the example applications and available for additional application development.

=7 em77a_sdk_vz
) AP _
oEEg — ARM CMSIS Drivers

{3 Documentation

|3 DRIVERS h\
) GUI Feripheral Drivers

) Lk
S ___— EM773andLPC1343 Corfig Headers

|5 SYSTEM

Fig 6. EM773 SDK 2.0 Peripheral Driver Files

3.5 EM773 Silicon Documentation

EM773 hardware documentation including this SDK Getting Started Guide can be found
within the “Documentation” directory.

=) em77a_sdk_vz
) aPP
[ CmsIs
o } [ ocumentation
|C2) DRIVERS
[ aUr
[ LB
=hos
= PC
[T 5¥STEM

ErT T2 Hardware and S0k
etting Started Guide

Fig 7. EM773 SDK 2.0 Documentation
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3.6 EM773 SDK Remaining Directories

The remaining directories contain the PC demo, the metrology engine driver library, the
FreeRTOS source code for both the EM773 and LPC1343, and the source code for the
PC demo GUI developed with Microsoft Visual Studio C# Express 2010 and Microsoft
.NET Framework 4.

=) em7 73 _sdk_wZ
) 4PP
) CMsIs
() Documentation

[C5) DRIVERS Pz Application

ﬁ — EMTT3 Metrology Engine Driver Library

) 05
) e T FreeRTOS Source Code

o SVSTE‘N

Fig 8. EM773 SDK 2.0 Remaining Directories

FC Application Source Code

4. Running the EM773 SDK Demonstration

4.1 Microsoft .NET Framework 4

The EM773 SDK 2.0 demonstration requires a PC running Microsoft Windows XP or
Windows 7 and an installation of Microsoft .NET Framework 4. As a first step for running
the demo, download Microsoft .NET Framework 4 from the link below, if it is not already
installed on the demonstration PC.

[1] Microsoft .NET Framework 4 Client Profile:
http://www.microsoft.com/downloads/en/details.aspx?FamilylD=5765d7a8-7722-4888-
a970-ac39b33fd8ab&displaylang=en

4.2 EM773 SDK 2.0

Download and install the EM773 SDK 2.0 from the EM773 product page link below.
When installing the SDK, the default install directory will be
“C:\nxp\SmartMetering\em773_sdk_v2.0”. This directory can be changed to any
directory on the PC. All install files will go into this directory including the registration of
the SDK with the Windows registry.

[2] EM773 Product Page:
http://ics.nxp.com/support/design/microcontrollers/smart.metering/
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4.3 LPC1343 USB Dongle

Only after the EM773 SDK 2.0 is installed, connect the USB dongle that is included with
the development kit to a USB port of the PC. There will be a prompt for a new driver
installation. The driver file is called “LPC1343 OL2381_dongle_vcom.inf’ (the
MBUS_dongle firmware uses the same driver) and is located in the “GUI” sub-directory
of the SDK installation. Please follow the steps shown in the images below when
installing the USB driver.

Found Mew Har dware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helps wou inztall software for:

Me<F LPC1343 USE COC

f\'JI If your hardware came with an installation CD
= or floppy disk, insert it now.

YWhat da you want the wizard ta do’?

3 Install the software automatically [Recommended]
(%) Install from a list ar specific location [Advanced)

Click Mewst to continue.

M emt > ][ Cancel

Fig 9. LPC1343 USB Driver Installation Step #1/4
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Found Mew Hardware Wizard

Pleasze choose your search and installation options.

(%) Search for the best driver in theze locations.

I1ze the check bowes belove to limit or expand the default zearch, which includes local
pathz and removable media. The best diver found will be installed.

[ ] 5earch removable media [floppy, CO-ROM...]

|nzlude this lozation in the search:

C:hrwphSmarthd eteringherny? 7 3_sdk_w2WG1UI w

3 Don't zearch. | will chooze the driver ta install

Chooze this option to zelect the device driver from a lizt. Windows does not guarantes that
the driver you choosze will be the best match for your hardware.

< Back ” Memnt » l[ Cancel

Fig 10. LPC1343 USB Driver Installation Step #2/4

Hardware Installation

L ] E The software wou are inztalling far this hardware;
L
MNP LPC1343 USE COC

has not pazzed Windows Logao testing ta wverify itz compatibilitg
with "Windaws =P, [Tell me why this testing iz impartant. |

Continuing your installation of this software may impair
or destabilize the correct operation of your system
either immediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and
contact the hardware vendor for zoftware that has
passed Windows Logo testing.

(I-Eu:untinue .ﬂ.nywayj)[ STAF Inztallation

Fig 11. LPC1343 USB Driver Installation Step #3/4
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Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard haz finizhed installing the software for:

(3 MNP LPC1343 USE COC

Click Finish to cloze the wizard,

—_—

o)

——————

Fig 12. LPC1343 USB Driver Installation Step #4/4
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4.4 LPC1343 USB Virtual COM Port

This driver will install the LPC1343 based USB dongle as a virtual COM port on the host
PC (same for both USB dongle firmware projects). As this dongle receives wireless M-
Bus consumption data from the EM773 based plug meter, it will send this data to the host
PC demo application via this virtual COM port.

o B
gy Device Manager E@g
File Action View Help
@ || &

a = NXW00361
- {M Computer

» g Disk drives

B Display adapters

-y DVD/CD-ROM drives

>-l:ﬁ Human Interface Devices

ZZ Keyboards

--B Mice and other pointing devices
lafy Monitors

> -F Metwork adapters

475 Ports (COM & LPT)

f? Communications Port (COML)

: IS0 ECP Pri Dot (10711
MNxP LPC1343 USB CDC (COMT) >
>-n Process

-& Sound, video and game controllers
4% Storage controllers

e~ B~ 2EE - 2

C

e~

w

M System devices
s i Universal Senal Bus controllers

Fig 13. LPC1343 USB Virtual COM Port Driver
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4.5 Plug Meter Control Application

Run the EM773 “PlugMeterControl.exe” demo application located in the same “GUI”
directory of the SDK.

@uv| . » Computer » AWS System (C:) » nxp » smartmetering » em773_sdk_ w20 » GUI

File Edit View Tools Help
Organize ~ Include in library « Share with + Mew folder
L. GUI i MName . Date modified Type Size
, LB

= - | 7] Flash.mac 2/24/2011 3:16 PM MAC File 1KB

- - 4| LPC1343_0L2381_dongle_vcom.inf  2/24/2011 3:16 PM Setup Information 4 KB

- N TENY =4 nxpede.cat 2/24/2011 3:15 PM Security Catalog 0KB

. b | PlugMeterControl.exe 12/30/2011 10:56 AM  Application 2,183 KB
= PlugMeterControlxml 12/12/20119:35 AM XML Document 1KB

Fig 14. EM773 SDK 2.0 PlugMeterControl Application
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4.6 LPC1343 USB Dongle Connect Status

In the bottom left of the GUI, there is an indicator showing connection to the USB dongle.
For now, it should indicate “Port: closed” showing that the demo application is not yet
connected to the USB dongle.

LogFile Setup Help

_
A S

Fig 15. EM773 SDK 2.0 PlugMeterControl Application Main Window
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4.7 Plug Meter Control Version Information

Verify that the GUI version is correct for SDK 2.0 by running the “Help” -> “About” option
from the GUI menu at the top.

r B
About PlugMeterContral u

PlugMeterCantrol

Version 2.0.0.0
Copyright © NXP Semiconductors 2010-2011

N¥P Semiconductaors

Demonstration program for monitoring and cortrolling =
up to 50 MXP RF plugmeters, build around the MxFP
EM773 (E-metering chip) and NXP OL2381 (RF
transceiver chip). The NXP RF dongle is build

around the NXF LPC1343 (ARM Cortex-M3) and an
QL2381

-

Fig 16. EM773 SDK 2.0 PlugMeterControl Application Help Window
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4.8 Connect LPC1343 USB Dongle

To connect the LPC1343 USB dongle to the PC demo GUI application, select “Setup” ->
“Open com port...” from the menu as shown below.

-
a5l PlugMeterControl

Close com port
Cost

Fig 17. EM773 SDK 2.0 PlugMeterControl Application COM Port Setup #1/2

EM773 © NXP B.V. 2012. All rights reserved.
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4.9 Select LPC1343 Virtual COM Port

In the “Open communication port” dialog select the port with the name corresponding to
the “NXP LPC1343 USB CDC” virtual COM port.

# =
g5 Cpen communication port u

Port name NxP LPC1343 USB COC {COM7) -
| ok | | cancel |
-
Fig 18. EM773 SDK 2.0 PlugMeterControl Application COM Port Setup #2/2
EM773 © NXP B.V. 2012. All rights reserved.
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4.10 Successful Demonstration

EM773

Congratulations! If you have reached this step, the demo is now running as can be seen
in the lower left hand corner of the GUI showing that the COM port is open and the RF
dongle (firmware from LPC1343_0L2381_dongle project) is connected, or that the
MBUS dongle (firmware from MBUS_dongle project) is connected.

o PlugMeterControl

LogFile Setup Help

Fig 20. EM773 SDK 2.0 PlugMeterControl App MBUS_dongle Connected

Getting Started Guide
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il PlugheterControl SE=)
LogFile Setup  Help
[Stantab | View al [ Pagmeler view | Graph view | Cortrol | Maintenanca | Calbration | Snffe | Cortac]
Plug  \ome Onair V[V] 1 [A] P [W] +T [kWh]
meter
1 Microwave oven Yes 237.643 | 0.034 0.987 3.720
2 PC corner Yes 235.584 | 0.351 64.171 282.594
3 Heater Yes 230.126 | 4.193 | 965.074 |0.121
4 Sidetable light | Yes 229.146 | 0.364 | 26.537 0.021
5 charger Yes 233.882 | 0.020 0.432 0.257
6 Yes 237.181 | 0.000 | 0.000 0.068
7 Yes 236.970 | 0.000 | 0.000 0.000
8 TV Yes 228.162 | 0.000 | 0.000 126.140
9 LED lamp Yes 239.256 | 0.101 | 9.193 7.606
Total 9 1066.394 | 420.527
Port COMT open  RF donglecomnected

Fig 21. EM773 SDK 2.0 PlugMeterControl Application View all Tab

5. Additional Information

EM773

The EM773 SDK 2.0 demonstration application is designed to communicate with up to 50
plug meters at the same time.

From the “View all” tab, it is possible for the user to enter labels for what is connected to
each of the plug meters in the system. These labels are persistently stored to make the
application very user friendly.

From the “Plugmeter view” tab, users can see all of the metrology values calculated by
the EM773, and even send messages to each of the 50 plug meters individually with the
communications options shown in the upper right corner of the screen shot below. For
an explanation of all of these metrology calculations, please refer to the chapter of the
EM773 user manual covering the metrology engine in detail.

The “Relay” option is for turning on and off the control of the load connected to the plug
meter and the “Transmit interval” option is for telling the plug meter how often it should
send new data communications message to the USB dongle.

The OL2381 based wireless communication between the plug meters and the USB
dongle is compliant with wireless M-Bus T2 mode at both the 32kcps and 100kcps data

© NXP B.V. 2012. All rights reserved.
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rates. The messages from the plug meters to the USB dongle operate at the 100kcps
data rate, while the messages from the USB dongle to the plug meters operate at the
32kcps data rate.

PlugMeterControl
3

- - s 2 —eEw
LogFile  Setup Help

Start tab | View all | Plugmeter view | Graph view | Control | Maintenance | Calibration | Sniffer | Contact

Fig 22. EM773 SDK 2.0 PlugMeterControl Application Plug Meter View Tab
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EM773

Please be aware of the “Maintenance” and “Calibration” tabs of the PlugMeterControl
GUI application. With these tabs, it is possible to reconfigure the calibration settings of a
plug meter. By entering incorrect values, the accuracy of the EM773 metrology engine
will be significantly reduced.

The purpose of these tabs is to make it easier for users to go through the EM773
calibration routine without having to actually write any software or reprogram the plug

meter via JTAG.

85 PlugMeterControl .

LegFile  Setup

Help

T e

Fig 23. EM773 Plug Meter Control Application Maintenance Tab
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6.1 Calibrating the EM773 Metrology Engine

Please refer to the EM773 user manual chapter covering the metrology engine for the
steps required to determine the correct calibration values for a specific plug meter. Using
the calibration window of the EM773 plug meter control application, the calibration
procedure may be followed without writing a single line of code or reprogramming the
software in the plug meter itself. Once the plug meter is calibrated the settings are
persistent and will remain. Calibration can be done at any time and as often as a user
wishes while the plug meter is in operation.

= e
LogFile  Setup  Help
[ Start tab | View all | Plugmeter view | Graph view [ Control | Maintenance | Calibration | Sniffer [ Cotact |
Plugmeter Measurement values
@00 © 10 © 20 © 30 © 40 v V]
@1 020304050607 08 29 ©10
I [A]
Microwave oven P wi]
Configuration values at
Vpp \Y
1pp [A]
I2pp [Al
deltaPhi1
deltaPhi2
Port: COM7 open _RF dongle connected |7 |-
Fig 24. EM773 Plug Meter Control Application Calibration Tab
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6.2 Reconfiguring Factory Calibration Settings

Should incorrect calibration values be configured into a plug meter, factory calibration
settings may be restored by following the steps below.

6.2.1 Maintenance Tab

Inside the “Maintenance” tab, make sure the correct plug meter that needs to be
reconfigured is selected by selecting the correct number from 01 — 50 on the top option.

6.2.2 Factory Default Values

Enter the following factory default values for the calibration settings depending on
whether the plug meter is connected to a 50 Hz power grid or a 60 Hz power grid.

50 Hz Settings 60 Hz Settings
Vpp 945.4793636 944.3160455
I11pp 2.546045455 2.569045455
12pp 39.98545455 39.90036364
deltaPhil -0.020022045 -0.0117395
deltaPhi2 -0.016616318 -0.012733636
Fig 25. EM773 Plug Meter Factory Default Settings

6.2.3 Set and Store

Once the above values have been entered for the appropriate net frequency of the
electricity grid that the plug meter is connected to, select “Set” followed by “Store” to
overwrite the calibration settings of the plug meter. The plug meter should now be
restored to factory settings, and the values will be kept persistently.

6.2.4 Verification of Re-calibration

Unplug the plug meter and plug it back in. Wait for it to be listed as “ON AIR” again.
Once it is up and running again, go to the “Maintenance” tab, select the re-calibrated plug
meter, and then press the “Get” option. The re-calibrated configuration settings should
once again appear showing that they are now persistently programmed.

7. Conclusion

Using this EM773 SDK 2.0 Getting Started Guide, users of the EM773 should now be
familiar with where to find all the software included within the development kit. Users
should also be able to successfully run the EM773 SDK 2.0 demonstration GUI, and see
the EM773 metrology engine in action. The next step for EM773 developers is to get
started with application development and creating energy metering products and
solutions. NXP is very excited to see the innovative products created with the EM773.

EM773 © NXP B.V. 2012. All rights reserved.
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8.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

8.2 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations
or warranties, expressed or implied, as to the accuracy or completeness of
such information and shall have no liability for the consequences of use of
such information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of a NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of

EM773

NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is for the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

8.3 Licenses

Purchase of NXP EM773 components

Please note that the metrology engine driver library included in the
"LIB" directory of the SDK may not be modified. All other open
source example code included in the SDK is free for users to modify
and distribute with their own EM773 based products. Please carefully
review the license agreement included with the EM773 SDK for
details.
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