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1. Hardware Description 
 
 
1.1 Introduction 
 
PMA (Power Measurement Adaptor) is a kind of smart plug that is connected to the 
outlet of home electricity AC220V to measure the power consumption through the 
plug. The measured statistics can be transferred to PCAP(Power Control Access 
Point) via ZigBee wireless protocol and stores the polled statistics into internal 
storage device until it was retrieved by the remote smart phone user. A registered 
user can retrieve the statistics or control the AC line connectivity by using smart 
phone application. A user can also directly access PMA to read real time power 
consumption information. 
. 
 
1.2 Overall System Configuration  

 
 

 

Figure 1 Overall System Configuration 
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1.3 PMA Introduction  
 
1.3.1. Front View  
 

 
 

Figure 2 PMA Front View 

 

No. Description 

①  LED(ZigBee Transmit Status, Active= LED ON 

②  AC 220V Connection Plug 

 
1.3.2. Rear View 
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Figure 3 PMA Rear View 
 
 

1.4 Block Description 
 
1.4.1. Overall Block 
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Figure 4 Overall Block Configuration 

 
 
DC power required for PMA is DC 5.0V is converted from home electricity AC220 to 
DC +5.0V using AC/DC adaptor. The +5.0V is used for both BLUEBIRD-XP206 and 
SPS-PMA-ZBB-PS206 which are the composed of PMA. BLUEBIRD-XP206 is 
carrier board for SPS-PMA-ZBB-PS206 and its function is to measure AC power 
consumption and maintain connection with PCAP through ZigBee protocol. 
 
1.4.3. BlueBird-XP206  
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Figure 5 BlueBird-XP206 

 
 
BLUEBIRD-XP206 is carrier board for SPS-PMA-ZBB-PS206 and its function is to 
measure AC power consumption and maintains connection with PCAP through 
ZigBee protocol. The core of the board is microcontroller, MSP430. It measures AC 
input voltage and current to calculate power consumption and controls relay to block 
AC electricity for the electrical goods which power was supplied through PMA. The 
core microcontroller communicates with PCAP by using ZigBee wireless protocol. 
The ZigBee protocol is handled by ZBM, a ZigBee module on SPS-PMA-ZBB-206. 
 
1.4.2 GT-ZBM(ZigBee)  
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Figure 6 GT-ZBM Block Diagram 

 
ZBM(ZigBee Module) is a module with ZigBee controller that is used to communicate 
with PCAP.  
 
1.4.3 SPS-PMA-ZBB-PS206   

 

 
Figure 7 SPS-PMA-ZBB-PS206 

 
 
SPS-PMA-ZBB-PS206 is a module which can be assembled with SPS-PBLUEBIRD-
XP206. Two main circuits are ZigBee wireless communication and PIR sensor 
circuit. . SPS-PMA-ZBB-PS206 communicates with PCAP through UART serial 
interface but PIR sensor is controlled directly by microcontroller on carrier board. It 
has its own storage device to store measured sensor data and can be retrieved by 
PCAP when it was accessed. ZigBee controller MG2455 has real time clock so it 
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store sensor data with time information.  SPS-PMA-ZBB-PS206 board an ability to 
upgrade firmware to improve or modify its functions. 
 
 
1.5 Schematics 
1.5.1 BLUEBIRD-XP206 

 
Figure8 BLUEBIRD-XP206 Schematic 1 of 2 
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Figure 9 BLUEBIRD-XP206 Schematic 2 of 2 

 
1.5.2 SPS-PMA-ZBB-PS206 

 
Figure 10 SPS-PMA-ZBB Schematic 1 of 2 
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Figure 11 SPS-PMA-ZBB Schematic 2 of 2 
 
1.5.3 GT-ZBM  

 
Figure 12 GT-ZBM Schematic 1 of 1 
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1.6 Part List   
1.6.1 BLUEBIRD-XP206  
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1.6.2 SPS-PMA-ZBB-PS206    
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1.6.3 ZBM(ZigBee)   
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1.7 Circuits Description 
 
1.7.1 Power Supply 

 

 
Figure 10 +5V Power Supply 

 
AC/DC converter PWR1 inputs AC power through AC_L and AC_N terminals and 
outputs DC+5.0V for the PMA power. 
 
 
 

 
 

Figure 14 +3.3V Power Supply 
 
U5 is a DC/DC regulator that converts DC+5V to DC +3.3V for the DC circuits 
installed on PMA. 
 
 



 

 

1.7.2 ZigBee    

 
Figure 15 Zigbee



 

 

 
 

ZBM(ZigBee Module) uses a dedicated chip, MG2455 RadioPulse's ZigBee (Zigbee) for 
ZigBee wireless protocol handling. It accepts DC +3.3V for Digital interface logic and 
+1.5V for RF interface logic such as internal RF logic and external impedance matching 
circuits. The +1.5V is generated by internal regulator in MG2455, ZigBee wireless 
controller. Both 16Mhz and 32.768KHz are used for digital and RF circuit operation and for 
real time calendar operation. The MG2455 pin 4 is an output to the output matching circuit 
and the 2.4GHz frequency band antenna matching circuit. The radiated data is received by 
antena and input to MG2455 through impedance matching circuits.  

 
 

1.7.3 MCU    

 
Figure 16 MCU



 

 

 
The MSP430FE4272 is used for the main controller of PMA and it incorporates a 16-bit 
RISC CPU, peripherals, and a flexible clock system that interconnect using a von 
Neumann common memory address bus (MAB) and memory data bus (MDB). Partnering 
a modern CPU with modular memory-mapped analog and digital peripherals, the MSP430 
offers solutions for demanding mixed-signal applications.  
It inputs AC power through Analog interface circuits to measure AC input voltage and 
current and measured data can transfer to PCAP by using ZigBee wireless communication. 
It communicates with ZigBee controller using UART serial interface. Firmware can be 
upgraded through connector CN1. 
 
1.7.4 Serial Flash EEPROM    

 
Figure 17 MCU Serial Flash
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The measured power consumption, body sensing information can be stored in the storage 
device shown in Figure 17.  
 
1.8 RF MODEM Specification 
 
1.8.1 ZigBee  
 

 
 
 
RF Transceiver  

-chip 2.4GHz RF Transceiver  

 

 

–98dBm@1.5V  

 

-chip VCO, LNA, and PA  

 

 

-QPSK Modulation  

 Rate: 250Kbps for ZigBee 

 

 
 
128-byte CPU dedicated Memory  

 



 

21 

 

 

-byte FIFOs  

-Speed UARTs with Two 16-byte FIFOs (up to 1Mbps)  

 

-chip Power-on-Reset  

 

 
Clock Inputs  

Hz Crystal for System Clock  

 
 
Power  

-chip Regulators for Analog and Digital Circuitry.  

Power Supply Range for Internal Regulator(1.9V(Min) ~ 3.6V(Max))  
 



 

31 - 28 

 

 
 
 
 
 
 

 
 

Sequence Contents 

1 Select “Overwrite with hardware information” 

2 Select image path  

3 Read current hardware status alarm    

4 Select if Hardware setting is modified  

5 Compare setting value to Figure 

6 Reserved-0 Current board’s address information 
Check if ZB MAC labeled in the board is same as read 

7 Select when new image is to be upgraded 

8 Program termination 
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1.8.2  ZigBee Antenna Specification and Characteristic 
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2. How to setup PM 
2.1 ZigBee  
 
2.1.1. Zigbee Channel Setup 
 
2.1.1.1. UART Connection 
 

1) Using serial cable or USB serial cable, connect serial cable to PCAP J6 header 
pins. 

A) Connects “Serial Connecting Cable” between PC’s USB connect and PCAP J6 
connector. 
 

 
Figure Serial Connection Cable 
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        B) CN4 Head Pin Configuration  

  

No. Pin Name Descriptions 

1 +3.3 V Connect to No. 5 pin 
during ISP programming 

2 GND  

3 TXD( PCAP  UART2)  

4 RXD( PCAP  UART2)  

5 ISP Enable Connect to No. 1 pin 
during ISP programming 

6 Reset*  

 
 
 
 

    
     2) Execute Windows Application 

-Execute “Device-Programmer 3.50” program in PC  

 
 

 
 

- If connection fail messages is output, connect No. 6 pin to No. 2 reset pin to reset 
chip. 
 

연결 선택 
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- Select right serial port number in PC 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

31 - 29 

 

 
2.1.2. Un-modulated signal output 

1) Terminate “Device-Programmer 3.50” 
2) Starts any serial emulation program such as “TOKEN 2” and set appropriate serial 

port number and speed etc. 
3) Input H, then Menu window will pop-up 

 

 
 

4) Select U  “[U] : TEST_TXOUT : Unmodulated Carrier”, then check waveform by 
using spectrum analyzer. 
. 
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2.1.3. Continuous Signal Output 
1) Starts any serial emulation program such as “TOKEN 2” and set appropriate serial 

port number and speed etc. 
 

2) Input H, then Menu window will pop-up 
 

 
 

3) Input “M, [M] : TEST_TXOUT : Modulation with IFS””, check signal waveform by 
using instruments such as spectrum analyzer. 

 

 
 

 
 




