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1 System Hardware Components

The over all system consists of two basic devices Data Logging Device (DLD) and Data Routing
System (DRS), and one supporting device called Coverage Extending Device (CED).

1.1 DLD Model No. (Y5010-A)

1.1.1 Device Wiring and Operating Modes

The DLD is installed inside the vehicle and needs a three-wire connection (Power or PRW,
Ground or GND, and Ignition or IGN) with two operational modes depending on the ignition
status:

1- GPS data logging mode which operates only when the vehicle ignition is ON
(high)
2- ZigBee function mode which operates only when the ignition is OFF (low)

When the car ignition is ON, the DLD is in the GPS data logging mode collecting data and storing
them in the built-in SD memory. When the car ignition is OFF, the DLD switches to the ZigBee
function mode listening to the DRS messages; if a DRS is detected, the DLD will start transmitting
the new GPS logs to the DRS.

1.1.2 DLD Block Diagram

ZigBee
Internal
External SOC ZigBee CC2430 Antenna
Memory
RF PA/LNA
IGN pcontroller
Power
PWR
Supply GPS
GND Internal
| Antenna
SD GPS Module
Memory

Figure 1: DLD Block Diagram
1.1.2.1 Power Supply
The power supply block consists of three functions inside:

e DC-DC converter - input voltage of 8-32 Volts and output of 3.3 Volts.
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e Supervisory circuit to give an input voltage window from 8-32 Volts for protecting the
device from voltage faults. In case of a fault occurrence, this will instruct the
microcontroller to hold till the fault disappears.

¢ Ignition indicator connected to the microcontroller via an optocoupler for controlling the
DLD mode of operation: “high” for GPS mode and “low” for ZigBee mode.

1.1.2.2 SOC ZigBee
It is System-on-Chip IC with the following built-in functions:

e Microcontroller with flash running the ZigBee protocol and the Device Application that
controls the device state machine.

e RF Transceiver with transmitter output power controlled from -25 dBm to 0 dBm, the
device operates on time duplex mode.

1.1.2.3 RF PAZ/LNA

Front End RF IC which contains fixed amplification PA of 20 dB gain with LNA and RF switches
for duplexing function.

1.1.2.4 SD Memory
Removable 2G microSD memory for storing the GPS Data.

1.1.2.5 External Memory
Used during over-the-air firmware upgrade.

1.1.2.6 GPS Module

High sensitivity GPS Receiver that decodes the GPS signal and sends it to the microSD memory
serially through the microcontroller.

1.1.3 Specifications

1.1.3.1 Modulation

The device uses FHSS over 15 frequency channels with 5 MHz spacing and a dwell time of 300
ms over each channel. On each channel the modem uses the DSSS, in other words, the DSSS
signal is hopping over 15 frequency channels.

1.1.3.2 Operating Frequency
The frequency range is from 2400 to 2483.5 MHz.

1.1.3.3 Operation Conditions

Temperature: -10 to 80°C.
Supply: 8-32 Volts.
Ignition: 8-32 Volts.

1.1.3.4 Antenna Used
e GPS Square 3 dBi. Datasheet is provided (see Appendix 1 - GPS Antenna).

e ZigBee PCB Antenna maximum Gain 3.3 dBi. Datasheet is provided (see Appendix 2 -
2.4 GHz Inverted F Antenna).
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1.1.3.5 Maximum Output Power
16 dBm.

1.2 DRS Model No. (Y5030-C)

1.2.1 Device Wiring and Operating Modes

The DRS is permanently placed in the parking lots and needs power source and Ethernet
connection to operate. It has two main functions working simultaneously:

1- ZigBee function, it is always ON serving the DLDs in its wireless range (see below).
2- Ethernet communication with the Application Server.

DRS always looks for the DLDs in vehicles by sending broadcasting messages on regular basis,
every 20 seconds, and waits for a reply from any DLD in the range. Once the wireless connection
is established, it starts to receive data from the DLD (one DLD at a time), and transfers the data
through Ethernet to the Application Server for to be processed.

1.2.2 Block diagram

i External
External SOC ZigBee CC2430 Antenna
Memory
RF PA/LNA
pcontroller
PWR Power
Suppl
GND PPY
|
SD Ethernet
Memory

Figure 2: DRS Block Diagram

1.2.2.1 Power Supply

e DC-DC converter - input voltage of 8-32 Volts and output of 3.3 Volts.

e Supervisory circuit to give an input voltage window from 8-32 Volts for protecting the
device from voltage faults. In case of a fault occurrence, this will instruct microcontroller
to hold till the fault disappears.
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1.2.2.2 SOC ZigBee
It is System-on-Chip IC with the following built-in functions:

e Microcontroller with flash running the ZigBee protocol and the Device Application that
control the device state machine.

e RF Transceiver with transmitter output power controlled from -25 dBm to 0 dBm, the
device operates on time duplex mode.

1.2.2.3 RF PAZ/LNA

Front End RF IC which contains fixed amplification PA of 20 dB gain with LNA and RF switches
for duplexing function.

1.2.2.4 SD Memory
Contains the DLD Firmware to enable the system for over-the-air firmware upgrade for the DLDs.

1.2.2.5 External Memory
Stores the DRS firmware and is used during firmware upgrade.

1.2.2.6 Ethernet Module
Serial to Ethernet module connects the DRS to the LAN (targeting the Application Server).

1.2.3 Specifications

1.2.3.1 Modulation

The device uses FHSS over 15 frequencies channels with 5 MHz spacing and a dwell time of 300
ms over each channel. On each channel the modem uses the DSSS. (The DSSS signal is
hopping over 15 frequency channels).

1.2.3.2 Operating Frequency
The frequency range is from 2400 to 2483.5 MHz.

1.2.3.3 Operating Condition

Temperature: -10 to 80°C.
Supply: 8-32 Volts.

1.2.3.4 Antenna Used
External Antenna 3.2 dBi. Datasheet is provided (see Appendix 3 - Wireless External Antenna).

1.2.3.5 Maximum Output Power
16 dBm.

1.3 CED Model No. (Y5031-C)

1.3.1 Device Wiring and Operating Modes

The CED is a Repeater Device used to extend the coverage area of the DRS and works as a
bridge between the DRS and the far-located DLDs that are outside of the DRS coverage. It
requires power to operate and works in the ZigBee routing mode.
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1.3.2 Block Diagram

External SOC ZigBee iﬁieeLnna;
Memory CC2430
RF PA/LNA
PWR Power CPU
GND Supply

Figure 3: CED Block Diagram

1.3.2.1 Power Supply

e DC-DC converter - input voltage of 8-32 Volts and output of 3.3 Volts.

e Supervisory circuit to give an input voltage window from 8-32 Volts for protecting the
device from voltage faults. In case of a fault occurrence, this will instruct microcontroller
to hold till the fault disappears.

1.3.2.2 SOC ZigBee
It is System-on-Chip IC that has the following built-in functions:

e Microcontroller with flash running the ZigBee protocol and the Device Application that
control the device state machine.

e RF Transceiver with transmitter output power controlled from -25 dBm to 0 dBm, the
device operates on time duplex mode.

1.3.2.3 RF PAZ/LNA

Front End RF IC which contains fixed amplification PA of 20 dB gain with LNA and RF switches
for duplexing function.

1.3.2.4 External Memory
Used during over-the-air firmware upgrade.

1.3.3 Specifications

1.3.3.1 Modulation

The device uses FHSS over 15 frequency channels with 5 MHz spacing with a dwell time of 300
ms over each channel On each channel the modem use the DSSS. (The DSSS signal is hopping
over 15 frequency channels).

1.3.3.2 Operating Frequency
The frequency range is from 2400 to 2483.5 MHz.
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1.3.3.3 Operating Condition

Temperature: -10 to 80°C.
Supply: 8-32 Volts.

1.3.3.4 Antenna Used
External Antenna 3.2 dBi. Datasheet is provided (see Appendix 3 - Wireless External Antenna).

1.3.3.5 Maximum output power
16 dBm.

2 Testing Tools and Operation

2.1 Tools List
Younivate will provide the following tools and software for CE and FCC testing and verification:

1- Tl Development Kit

2- Smart RF software

3- USB type B cable

4- REF cable for ZigBee

5- RF SMA-RP to SMA Adapter
6- RF SMA to SMA Adapter

7- Server Application demo

8- Ethernet cross cable

9- A DLD plastic (if needed)

10- Two JTAG cables (if needed)

2.2 Function Testing
The following functions can be tested by one or more of the tools listed above in section 2.1:

2.2.1 ZigBee Function Mode Testing

In order to control the operation mode of the ZigBee functionality, Rx, Tx, continuous and packet,
modulated and un-modulated transmission, and the frequency of operation, you need to operate
the device through the smart RF application with TI Development Kit to communicate with the
devices through JTAG cable. We have prepared the DLD and the DRS sample with JTAG cable
drawn out to ease the process.

2.2.1.1 JTAG Cable Connection
Find the following connection to install:
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Table 1: List of Connections

Wire Number On Board Location

1-GND

2-33V

3-CLK

4- Data

7- Reset

2.2.1.2 How to Use “Smart RF”

Once you install the Smart RF application, connect the Tl Development Kit to the PC with USB
cable, then open the application, and select tab “Smart 04DK”; then press the ON button on the
T1 Development Kit, the application will show the following:

' SmartRF®@ Studio [g|
{,} SmartFiF® 01 DK | SmartRF® 02 DK | SmartRF® 02 DK, | SmartRF® 04 DK ) SmatRF® 05 DK | MSP430 ]
TEXAS : -
[ETITET St == L a1 1
] NSTRUMENTS Mo c:hip_- new_device 0<131E 00400 (00042 I

Calculation Window - CC1101

Calculation Window| Dievice fist.

EE"CL"E"!U” W!ndow Connected devices will be shown with the Chip 1D to the left.

Caloulation wWindow) 4 supported chips will be given with one line starting with "Calculation..."

Ealculation Window The "Calculation' window can only be uzed for regizter calculation.
Calculation Window - TCzg30

Calculation Window - CC2431
Calculation “Window - CC2500
Calculation “Window - CC2510
Calculation w/indow - CC2511
Calculation “Window - CC2550

Productinfo: SmartRF® productline

Start

File versions. .. I

Figure 4: SmartRF Window
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Now, connect the 12/24 Volt supply to the Device Under Test (DUT) and connect the JTAG cable
of the device to the cable coming out of the Tl Development Kit, then press the Red Reset Button.
The application should show that new chip is detected.

martRFE Studio [g]

i SmatRF® 01 DK | SmartRF@ 02 DK | SmarRF® 02 DK -rnartFlF® 04 DK J| SmartRF® 05 DK | M3P430 |
‘U TEXAS

I
] NSTRUMENTS Eggjgtlft:::vi device

T
Connected devices will be shown with the Chip 1D to the Bt
1Dz vl | | | ] jth 'Calculation..."
alculation” window can only be used tar register caleulation.

Coadnn

Calculation window - CC1101
Calculation ‘window - CC1100E
Calculation ‘Window - CC1110
Calculation window - CC1111
Calculation ‘Window - CC1150
Calculation ‘Window - CC2430
Calculation window - CC2431
Calculation ‘Window - CC2500
Calculation ‘Window - CC2510
Calculation Window - CC2511
Calculation ‘Window - CC2550

Productinfo: SmartRF® productling

Start

Figure 5: SmartRF showing “Device Detected”

Select the new device and press START to go to the window to configure the operation as
follows:

Each time you want to make a test you have to set the frequency, the power, and then select the
test function Tx mode or Rx /Tx packet mode.
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L0 3ME - CE2430 - SmartRF®

Fle Settings Help

Dalde®

Current chip values:

+- MOMCTRLOM [0-DFO2], Ox0A, ~
MDMCTRLOL [0xDFO3]: 0 2
MDMCTRLTH (04D F04]: 0530
MDMCTRLIL [04DFOS) 0400
RSSIH [0-DFOR} D:E0

RSSIL [0:DF07): 0480
SYNCWORDH [0:DFOS]: Oxt?
SYNCWORDL [D:DF0S} 00F
THCTRLH [04DFO&] 0x41
THCTRLL [0xDFOB): 047F
FCTRLON [0xDFOC): 012
FCTRLOL [0<DFOD} 0E5 .
RCTRLTH [0xDFOE): 0x24
PCTRLIL [0DFOF 056
FSCTALH [0:DF10): O
FSCTALL [0+DF11] 0465
5P [0x0F12]: 000

C5PY [0x0F13]: w00

C5FZ [0xDF14]: 000
CSPCTAL [0:DF15) 0:00
C5PT [0xDF16]: 0x00

RFF [0:DF17): 010
FSMTCH [0sDF20} 0474
FSMTCL [0-DF21T: 0x54
MAMANDH [04DF22]: OxFF
MANANDL [0:DF23]: 0s7F
MAMORH [0xDF 24} 000
MANORL [0xDF25]: 0x00
AGCCTRLH [040F26): Ox7F

+

3 O 3 = R O = = O = R 3 S = e e R E e

ARCCTEN [RRESTL fune %
FSM state:
(1) IDLE I~ FIFD
[~ dBm RSSI: MY [~ FIFOP
[~ CCA [~ LOCK

MOMCTRLOH Register

Normal View ] Register iew | Notes |

L

Register values:

Fadio / Modem
RF frequency: 2405 MHz |EEE 802.15.4 RF channel  0x [JIB
Range extender
0y " g
RF output power: |14« RdBm s CEzED gg
i1 ™ floe
All other settings 05 H Sutomaticaly in each tzst mode oF
[T test and Pacf{ 03 10
0z Al
The registers thak f 0.1 odfed after reset in a microcontroller program 12
ate dizplaped tofjhd 0.4 the test tabs below, 13
RUk:] 14
1.5 F 15
Wnp settings ta Register View i
-40 7
£7 esft CC2430 and wiite settings
74
Tie Test modes

Urmodulated Carier =

' Unmodulated Carrier

_Mdu\aled Spectum
de

DANRTSTH = 0x18

ch DAC averride -» DAC_|_D[1:0]
5 DAC_0_0=0
> DAC 0 0=0

odulated carrier - DAC_SRC[2:0] =1

FSCTRLH = 0x41
RF frequency -» FREQ[2:8] =1
FSCTRLL = 0:65
RF frequency <> FREQ[F.0] = 101
THCTRLL = 0x5F
RF Dutput power -» P&_LEVEL = 31
RFFW/R = 0204
AD| power state -» ADI_RADIO_PD =0
WREG power state -» WREG_RADIO_PD =0
VREG power-on delay -+ VREG_DELAY[2:0] = 4
FIDIR = 002
F1 =069

[ Manual init

=0

\ frequency control

Power control

Tx
modulation

Tx Continuous Mode

Start TH best

Figure 6: Configuration Settings

1- Frequency Channel
The device operates on a frequency from channel 0x0B to 0x19.

2- Power Level

The device always operates at a power -2.7 dB.

3- Continuous Transmission Modulated
From the three tabs, select Tx Test modes, and from the list select Modulated Spectrum.

4- Continuous Transmission Un-modulated “CW”"
From the three tabs, select test mode Tx Continuous, and from the list select Un-modulated

Carrier.
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. 0x131E - CC2430 - SmariRFE Studio
File Settings Help

=

Current chip values:

e &

]

MDMCTRLOH [0xDF02]: 008
MDMCTRLOL [0xDFO3) 0:E2
MDMCTRLTH [0xDF04]: 0x30
MOMCTRLIL [0xDFOS) 0x00
RSSIH [0xDFO6]: 0<E0
RSSIL [0xDFO7] 050

STNCWORDH [0xDFO3): 0xs7

SYNCWORDL [0<DF03]: 0x0F
THCTRLH [0xDFOAL Dxéd
TACTRLL [0xDFOB]: 07F
RCTRLOH [0xDFOCE 0x12
R=CTRLOL [0<DFOD] 0<E5
AXCTALTH [04DFOE] D24

FCTRLIL [0:DFOF]: Ox56
FSCTRLH [04DF 10} 0xd1
FSCTRLL [0+DF11}: 0365
5P [0DF1 2] 0400
CSPY [0:DF13} 0400
C5FZ [0DF14] 0400
CSPCTRL [0DF15) 0400
CSPT [0DF16] 0x00
RFPWR [0:DF17]. 0410
FSMTCH [0-DF20] 0474
FSMTCL [0xDF21]: 034
MAMANDH [IxDF22]: DFF
MAMANDL [0-DF 23} Dx7F
MAMORH [0-DF24] 0:00
MAMORL [0xDF25]: 0+00
AGCCTRLH [(<DF26} 0x7F

ACCCTON INWAEATL L

e 3 = 3 e O = R s e e 3 e e

FSM state:

[1IDLE I~ FIFD
[~ dBm RSSL Ny I~ FFOP
[~ CCA [~ LacK

MCMCTRLOH Register

Hormal Yiew I Fegister V\EW] Notes ]

Radio / Modem

RF frequency: 2405 MHz

AF output power: [{EIE ~| dBm

IEEE 802.15.4 RF channel: 0w |0B A

" Mone " CC2530 & CC2591

Register values:

FSCTRLH = 0x41

RF frequency -» FREQ[3:8] =1
FSCTRLL = 0x65

RF frequency -» FREQ[7:0] = 101

W High Gain M{ The range extendsr mode is o

If needed, High Gain Mode cal

Al other settings are configured auto

applicable with 3 CC2530-91 combo board.
be switched off to reduce LMA gain

[TH test and Packst RxdTx)

The registers that need ta be madified after reset in a microcontroller program,
are displayed to the right and in the test tabs below

Copy settings to Register Yiew |

Reset CC2430 and write settings |

T Test modss [Packet A | Packet To |
IMak packet papload size: [123 Evpected packet court: [100 I

‘iewing format: |Hexadecimal -

P = =
YREG power state > YREG_RADIO_PD =0
WREG power-on delap -» YREG_DELAY[2:0] = 4

F1DIR = 0282

F1 = 0:EB

I Manual init

MOMCTRLOH = Ox02 A~
> PAN_COORDIMATOR =0

Dump data ta file: |

> ADF_DECODE =0

> CCA_HYST[2:0]=2
MDMCTRLOL = 02

> CCA_MODE[:0] =3

> AUTOCRC =1

> AUTOACK = D

> PREAMELE_LENGTH[Z0] =2
MDMCTRLIH = 0x30

> CORR_THR[40]= 16
MDMCTRLIL = 0400

> DEMOD_AVG_MODE = 0

> MODULATION_MODE =0

- T_MODE[1:0]=0
FsCTALOH = 0632

> FMIXBUF_CUR[:0] = 3

| | > HIGH_LNTGAINTT0] -0 v

I Start packet R

Figure 7: Configuration Settings

5- Packet Rx “Receiving Mode”
From the range extender block select CC2591 and select High Gain Mode. This is the normal
operation mode for the Receiver operation.

From the three tabs select Packet Rx, you can define the payload and number of packet to

be received.

6- Packet Tx Transmission
From the three tabs select Packet Tx, you can define the payload and the number of packet

to transmit.

2.2.2 GPS Function Mode Testing (DLD Only)
To test the GPS you have to go to the normal operational mode as follows:

1- Connect the device to the Power 12/24 V; wait for the green LED to blink three times.

2- Place the Jumper between pins 3 and 2 to simulate ignition ON.

3- The device now is in the GPS logging mode, it will start searching for GPS signal if
available, then it will log the location and write it to the internal SD memory.
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2.2.3 Ethernet Function

In the DRS, the Ethernet will be activated at power up. All the DRSs are programmed to a fixed IP

address that has to be configured on the Windows TCP/IP protocol. See “System Normal
Operation” below in section 2.2.4.1 for more details.

2.2.4 Overall System Operation

2.2.4.1 System Normal Operation “Minimum Criteria to Test the Devices”

To test the DLD and the DRS in the normal mode of operation:

1- Install Younivate YouniVu Demo.
2- In the Network Connections, right-click the connection associated with the network
interface card to which the YouniVu Data Routing System (DRS) device will be

connected using the crossover cable. Select Properties, in the General tab, select

“Internet Protocol (TCP/IP)” and then click Properties. After making the following settings,
click OK on both dialog boxes:

= Select “Use the following IP address”.

= Set the IP address to: 169.254.0.1.
= Set the subnet mask to: 255.255.0.0.

Internet Protocol (TCP/IP) Properties @@

General

*You can get IP settings assigned automatically if your network supports
this capability. Otherwise, you need to ask your network. admiristrator for
the appropriate P settings.

(O Dbtain an IP addiess automatically

(@ Use the following IP address

1P address: 169.254 . 0 . 1
Subnet mask: EEE.255. 0 .0

Default gateway:

(® Use the following DNS server addiesses:
Freferred DNS server:

Alternate DNS server.

Figure 8: Network Configurations

3- Connect the DRS using the crossover cable, run the demo and click Initiate.

4- Wait until the Application detects the DRS, showing the message “Searching for
Devices”.
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Youni¥u™ Coorndinators Demo E|E|@

Coordinator Statuz
169.254.240116:10001  Searching for devices

Events:

Coordinator [169.254, 240.116] connected.
Status of coordinatar [169.254. 240,116} Searching for devices.

Terminate

Figure 9: Coordinator Status

5- The files received from the Data Logging Devices (DLDs) will be stored in a folder named
“Uploaded” inside the installation folder of the demo.

6- If the devices has successfully sent the GPS Data files to the Uploaded folder, then the
overall system (DRS, DLD, and CED if used) are within specs.

7- Note that each DLD should be used with the Corresponding DRS that operates on the
same frequency channel.

3 SAMPLE DETAILS

3.1 DLD (Y5010-A)

Three samples have been prepared, each of them with some variation to give flexibility for testing
and a control over the device operation mode.

1- DLD ID (00000001)
Frequency is fixed on the lower-edge frequency 2405 MHz; the following is done over this
sample:

a- A hole on the DLD back to give a conductive access to the ZigBee RF Port.

b- The GPS Antenna is disconnected and a 50 Q probe is connected to give an access to
the GPS RF port.

c- Jumper is placed on the terminal block to switch to GPS mode.

d- A GPS Data file is installed in the microSD for System Normal Operation.

2- DLD ID (00000002)
Frequency is fixed on the middle frequency 2440 MHz; and a GPS Data file is installed in the
microSD for System Normal Operation.
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3- DLD ID (00000003)
Frequency is fixed on the higher-edge frequency 2475 MHz, the following is done over this

sample:

a- A hole is made on the DLD rear-side to give a conductive access to the ZigBee RF
Port.

b- A Data cable is drawn out to control the device through ZigBee functions using the

Windows Application provided “Smart RF”.
c- A GPS Data file is installed in the microSD for System Normal Operation.

3.2 DRS (Y5030-C)

Three samples have been prepared each with some variation to give flexibility for testing and a
control over the device operation mode.

1- DRS ID (00080001)
Frequency is fixed on the lower-edge frequency 2405 MHz, no changes are made on this
device.

2- DRS ID (00080002)
Frequency is fixed on the middle frequency 2440 MHz, no changes are made on this device.

3- DRS ID (00080003)

Frequency is fixed on the higher-edge frequency 2475 MHz, and a data cable is drawn out to
control the Device through ZigBee functions using the Windows Application provided
“SmartRF”.

3.3 CED (Y5031-C)

A single sample is prepared (CED ID 00000004); the device has the same function as the DRS
but without the Ethernet capability and is fixed on the middle frequency 2440 MHz.
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