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This paper presents the design of a frequency measurement device using ADC, EP2AGX
FPGA and STM32 processor to accurately measure the frequency of a broadband high frequency signal.
The ADC device used in this paper has a sampling frequency of 250 MSPS and a processing frequency
bandwidth of 100 MHz. Due to its high sampling frequency, it is difficult to process in ordinary computers
or processors, so we implemented the frequency measurement algorithm using the Altra EP2ZAGX FPGA.
The measured frequency is sent to the direction detection controller in real time and fused with the phase
signal to calculate the incident azimuth angle of the high frequency signal. The designed frequency
measurement device is about 0.2 Mhz in frequency measurement error and 30% less than Anaren DFD-x,
which is considered to contribute greatly to the design of radio monitoring and direction detection device.
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[Fig. 1] Linear interferometer direction finding system
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[Fig. 2] Antenna Array of interferometer direction finding
system
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[Fig. 3] Functional diagram of FPGA board
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[Fig. 4] Block diagram of FPGA board

3.1 EP2AGX FPGA HE=

FPGA K= AlAtel] ARg-¥ =2 5552 STMB32F407
Processor, Arria EP2AGX, CP2102 Regulator,
ADSA2LB69 ADC “sol™, [Table 1]ell ZAlleHA 7] 55
o] Qi) L3t [Fig. 5= EP2AGX65 FPGAS] 13| =
AAxo| 1, [Fig. 61 STM32 MCU 132 dAE=
Al dlelH HE XES dd=o] glom [Fig. 7]
ADS421.B69 ADCe] ddxo|t).

<Table 1> Main Components of Designed FPGA Board

Function Model MFR
FPGA Arria EP2AGX65 altera
Configuration ROM EPCS64 altera
Regulator(power) CP2102 Enpirion
MCU STM32 ST-micro

[Fig. 5] Connection of EP2AGX65 FPGA

[Fig. 7] Connection of ADS421.B69 ADC
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[Fig. 8] STM32F407 Processor
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<Table 2> Features of STM32F407 Processor

Feature
Sitara AM3358BZCZ100
Processor 1GHz, 2000 MIPS
Graphics Engine $GX530 3D, 20M Polygons/S
SDRAM Memory 512MB DDR3L 800MHZ
Onboard Flash 4GB, 8bit Embedded MMC
PMIC TPS65217C PMIC regulator and ene additional LDO.
Debug Support Optional Onboard 20-pin CTIJTAG. Serial Header
Power Source muniUSB USB or DC 5VDC External Via Expansion
Jack Header
PCB IRl 6 layers

Indicators
HS USB 2.0 Client Port

1-Power. 2-Ethernet. 4-User Conirollable LEDs

Access to USBO, Client mode via miniUSB

HS USB 2.0 Host Port Access to USB1. Type A Socket. 500mA LS/FS/HS
Serial Port UARTO access via 6 pin 33V TTL Header. Header is populated
Ethernet 10/100.RJ45
SD/MMC Connector microSD . 33V
Reset Button
User Input Boot Button
Power Button
16b HDMI, 1280x1024 (MAX))
Video Out 1024x768.1280x720.1440x900 .1920x1080 24Hz
w/EDID Support
Audio Via HDMI Interface. Stereo

Power 5V.33V_ VDD_ADC(18V)
3.3V IO on all signals
McASPO0. SPI1, I2C. GPIO(69 max). LCD. GPMC. MMC1. MMC2. 7
ATN(L.8V MAX). 4 Timers, 4 Sertal Ports, CANO.
EHRPWM(0.2). XDMA Interrupt. Power button. Expansion Board ID
(Up to 4 can be stacked)

Expansion Connectors

140z (39.68 zrams)

Refer to Section 6.1.7
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[Fig. 9] GUI of Digital DF System
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[Fig. 12] Frequency Error of FPGA Frequency Measurement
Board
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