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Abstract: 

As the evolution of systems functionality and system complexity increased in aircrafts and was found difficult to incorporate  all the 

interfaces in Flight Data Recorder called Black Box Recorder. So, this paper introduces the system like DAQ to collect the data from 

old legacy systems of old standard links, frame it, and send to recorded data to Black Box Recorder through a new standard link like 

A717. The data size has to be reduced without compromising on the information content. So methods like packing and framing are 

used to decrease the data size, retain ing the informat ion and increasing the throughput. This Paper involves the development of 

Optimal mechanis m for Packing of data in DAQ to increase throughput, the development Transmission Core of A717 in FPGA for 

secure transmission through Harvard Bi-phase Coding with embedded clock and the reception Core of A717 in FPGA through 

embedded clock recovery for jitter control and ppm error.  

Keywords: ARINC (Aeronautical Radio Incorporated), Cockpit Voice Recorder (CVR), Digital Flight Data Acquisition Unit 

(DFDAU), Digital Flight Data Recorder (DFDR),  Flight Data Acquisition Management Systems (FDAMS), First in First Order 

(FIFO),HarvardBi-PhaseCoding.  

I.  INTRODUCTIO N  

 Aircraft though runs in open atmosphere is the most dynamic, 
unstable vehicle of all, prone to major failures. In early days, 

aircraft accidents were very common and it was required to 

understand the reason of failures at utmost precision. For this 
reason, a flight data recorder was conceived to record all the data, 

pilot voice, sensor data, functional data and algorithm data 
collected from various systems in aircraft. As the evolution of 

systems functionality and system complexity increased it was 
found difficult to incorporate all the interfaces in flight data 

recorder. So a system which takes all the data in their raw format, 
pack them and send the data over a secured link to a recorder was 

envisaged. The system is called as Data Acquisition System.  

 Consequently, the need came for interfacing the DAQ with 
flight data recorder. The choice of link was very important as the 

link shall contain the total packed data and any failure in that 
single link shall jeopardize the investigation in case of failures as 

no data shall be recorded.  

Avionics run at a much faster speed hence the data throughput 

is to be enhanced. Since, it cannot increase speed of data to 

Gigabit speeds because of increased EMI /  EMC and also 
increasing meaningful data content is the only way. The data size 

has to be reduced without compromising on the information 
content. So methods like packing and framing are used to 

decrease the data size, retaining the information and increasing 
the throughput. 

The link shall be h igh speed, secure and very stable. ARINC 

717 is the link invented for this purpose. The advantages of A717 

link are as fo llows: (1) Traditional links like UART has an 

overhead of 3 bits for every 8 bits of data. So information content 

is only 72.7%. (2) A717 links increases the data throughput to 
99.9511 % by increasing the content of meaningful data. (3) Since 

DAQ has to collect the bulk data of aircraft from all sources, 
frame it and transfer to recorder, A717 is the best choice with 

least EMI/EMC and increased throughput. 

 The objective of this paper is  to implement A717 protocol for 

a fighter aircraft data recorder and optimize the packing algorithm 

for the DAQ. The purpose of designing various protocols is to 
transfer a set of informat ion (data)from one place to another. 

Often, serial data communication is used to transmit the data at a 
high speed. At the receiver end, the transmitted data has to be 

retrieved without losing its integrity with the accompanied timing 
information. This process is called Clock and Data recovery 

which is used as the main objective in this paper, so that no 

information will be lost while transmitting.  

II.  DES IGN 

 In the proposed design, there are three major constituents. The 
proposed design is as shown in figure 1. The proposed design 

describes that the digital flight data acquisition unit receives 
various information from different parameters of the aircraft. The 

received information may be analog, discrete or digital. The 
collected data incudes information about the condition of the 

devices. This data can also provide information regarding the 

altitude, the current, the average velocity and the position of the 
rudder. Each individual fraction is verified through an 8-bit 

identifier and additionally, it also contains a payload between 18 
bits and 19 bits. 
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 The digital flight data acquisition unit buffers the data, thus 

converting them to frames and sub-frames. A recording of four 
seconds of the life of an aircraft is called a frame. The sub-frames 

then are the subdivisions of this frame. A frame has a total of four 

sub-frames, which are then assigned each second of the four 
seconds of recorded life t ime. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Now ARINC 717 has a set of parameters which is considered 

as having to be transmitted completely when one frame, i.e. all 
four seconds of the recorded life time of an aircraft has been 

transmitted. As a rule, a whole 25 hours of the life time of an 
aircraft are recorded and stored. Each individual parameter of the 

set to be transmitted holds 12 bits of stored payload. At this point 
of the ARINC 717 protocol, the bits which regulate identification 

and synchronization are no longer needed, as the sub-frames 

always have the same construction. This makes it possible to 
determine an element just by its position in the frame, and the 

parameters can transmit data in their chronological order without 
any interrupts and separations. However, not every parameter is 

actually needed in each transmission, so that the parameters 
considered as less important in the system are only used and 

transmitted in each second or fourth parameter. The sub-frames 
also always differ in their first parameter, which is used for the 

purpose of identification. The remain ing parameters then can be 

installed according to a scheme defined by a specified pattern. 
The ARINC 717 encoder accesses data from a 32-word x 12 bit 

Transmit FIFO, encodes it into HBP data stream at the selected 
data rate, and converts the digital data stream to ARINC 717 bus 

compatible outputs. The input to the encoder is from the DFDAU, 
the data from this unit consists of a snapshot of the many avionics 

subsystems on the aircraft. The data is serially transmitted to the 

module. The encoder compares the data with 0’s and 1’s and 
encodes it in Harvard Bi-Phase format. Then the decoder recovers 

the clock and resynchronizes each valid one or zero to the 
transition bit period. The Harvard Bi-phase decoder confirms that 

sampler provided only a valid One or Zero, not both, then detects 
the presence or absence of an edge in the data bit period. The 

output of the decoder is a “1” if there was a transition, otherwise a 

“0”.  

The ARINC 717-line receiver gives the data to the encoder 

whereas the ARINC 717 decoder decodes the data and stores the 
data in 32*12 receive FIFO. The data from the receive FIFO is 

output data taken for recording in DFDR. In DFDR, two 

mechanisms of clock recovery are used and they are frequency 

detection and phase alignment. 

A. DAQ (Data Acquisition Unit) 

  The DAQ is selected as FDAMS DFDAU design and it 
includes up to 16 independent flight data recorder frame formats 

stored in the unit as separate databases. Which database is active 
is determined by the aircraft strapping at the connector on the 

back of the unit. Strapping is defined by the aircraft type and is 

checked at each power up of the unit. The ability to recognize 
different aircraft types allows the same unit to operate on multiple 

aircraft configurations.  

The DFDAU hardware and software are designed to interface 

with ARINC 429 data buses and standard ARINC 717 analog 
sensor input signals. The F3000 FDAU converts digital and 

analog aircrafts inputs into a standard ARINC 717 data stream 
that is compatible with all ARINC 717 flight data recorders. 

 The key features are: 

1. Tailored to unique aircraft requirements for data input in 
ARINC 429, analog, strain gauge and discrete. 

2. Data output in ARINC 717 format.  

3. Specifically suited for business jet and unique mission 

aircraft programs where supplemental flight data 
parameters must be monitored. 

4. Standard ARINC 717 interface to L-3 and other ARINC 

573/717/747 FDRs. 

5. Lightweight (7.5 lbs nominal) with 5 MCU form-factor 

and standard ARINC 600 mounting tray/rack. 
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 The Data Inputs are: 

1. Digital: ARINC 429/717 or MIL- STD- 1553 

2. Analog: Potentiometer, Synchro, RVDT, LVDT, AC 

Ratio and Strain Gauge. 

3. Discrete: Series and Shunt (28VDC)  

The Data output is the standard output commonly known as 
ARINC 717. 

The DFDAU aircraft interfaces is shown in figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: DFDAU Aircraft Interfaces 

An extra output is provided by the FDAMS DFDAU for 

primarily  transmitting the analog data being input to the unit. This 

additional ARINC 429 formatted output is intended for use by 

other LRUs and is commonly referred to as the Broadcast ARINC 

429 data stream (BC429). It is  available at the rear connector and 

is typically transmitted at high speed. The DFDR and ARINC 429 

Broadcast (BC429) data output databases are loadable via an 

ARINC 615 Portable Data Loader (PDL). 

B. ARINC 717 Link 

The problem that avionics faced with the use of the ARINC 429 

was the relatively low data security. However, this shortcoming 

can be overcome by use of the refined ARINC 717 protocol, as 

here the security of the collected data can be increased thanks to a 

bi-phase signal with a DC-free voltage of +/- 5 V. With this, a 

procedure is used for coding as a basis. Known as the Harvard II 

Bi-phase, it provides a logical ZERO as the voltage value. This 

value can be obtained over the entire bit width. However, when 

the voltage value is at logical ONE, this value is converted during 

the bit width. 

 There are various ASICs in the market which acts as ARINC 

717 protocol IC as well as transceivers.  

But there are several disadvantages with the ASIC design.  

1. The ASIC comes in a separate package, which requires 
soldering, hence board area is used up. 

2. The clock of ASIC is fixed, hence there was a constraint 
to use a clock of the ASIC choice and not the user choice.  

3. The power consumption of the ASIC is high. 

4. The FIFO size and the operation of ASIC is fixed by 
manufacturer hence not customizable . 

5. This is developed to address the advancements in FPGA 
technology and to replace the ASICs with FPGA IP core. 

The FPGA IP core  has the advantage of low power, easy 
modification and modularity. With FPGA IP core it will be 

easier to interface different memory with FPGA for storing 
data. 

 

Figure 3: FSM of the top level module 

The events for the FSM are reset, START_TX, START_RX. 

When reset event occurs, reset state transitions to idle state or to 

reset state itself depending upon the event. If reset is 0, the state 

transitions to itself or if reset is 1, the state transitions to idle state. 

The transition from the idle state to transmit state or receive state 

occurs depending on which of the event occurred. If 

START_TX=1 event had occurred, the idle state transitions to 

transmit state, else if START_RX=1 had occurred, the transition 

will be to receive state and the state transitions to itself. In 

transmit or receive state the configuration will be set to 0. During 

no transmission or reception of data the START_TX=0 or 

START_RX=0 event goes to 0 and the current state transitions to 

the idle state. The process repeats when the event is set to 0. 
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 To overcome the disadvantages of ASIC, designers 

resort to IP Core design IN FPGA.  

1. Though the FPGA footprint is larger than ASIC footprint, but 
much other functionality can be clubbed along with the IP core 

which would have been otherwise taken by ASIC. Hence 
effectively the design per area is more economical in FPGA than 

in ASIC. 

2. There are no constraints on selection of clock, because any 

clock can be generated inside the FPGA through clock dividers. 

3. The power consumption of the IP core in FPGA is low.  

4. The FIFO size and the operation of FPGA can be changed 

anytime by coder hence customizab le.  

The block diagram of the ARINC 717 IP core and the various 

modules is described in figure 4. The purpose of the top level 
design of the ARINC 717 describes about the inputs to FPGA, 

outputs from FPGA, Logic and the design involved in FPGA for 
the development of ARINC-717 IP core. The scope of the ARINC 

717 is to provide details of the inputs and outputs of FPGA with 

the state machine designs and methodologies that assisted in the 
development of complete logic. The brief overview of an ARINC 

717 data bus uses two signal wires to transmit 32 bit or one word. 
The ARINC  717 specification defines the communication 

protocol used by the DFDAU and the DFDR.  The DFDAU 
accumulates data from the aircraft systems and transmits it to the 

DFDR on a Harvard bi-phase ARINC 717 data bus. A similar 

bipolar ARINC  717 data bus can connect to a QAR.  ARINC 717 
data is organized by words, sub-frames and frames. A sub-frame 

is a collection of received data words in one second interval. 

There are four sub-frames in a frame. The basic unit of 

information defined by the ARINC 717 protocol is a 12-bit word.  
There are two types of words: sync words and data words. The 

sync (or synch) word is always the first word in a sub-frame used 
for synchronization.  Data words contain the information 

collected by the DFDAU and transmitted to the DFDR. The 
composite signal state may be one of three levels: HI, NULL,  LO. 

The features are: 

1.  Operates from a single +3.3V supply with on-chip converters 
to provide proper voltages for both Harvard Bi-Phase (HPB) and 

Bi-Polar Return-to-Zero (BPRZ) Outputs. 

2. One selectable receive channel as HBP or BPRZ with 

integrated analog line receiver. 

3. Both HBP and BPRZ transmitters have integrated line drivers 

as well as digital outputs . 

4. 32-word by 12-bit FIFOs for both the receive and the transmit 

channel. 

5. Programmable slew rates on transmit channels: 1.5 s, 7.5 s or 
10 s. 

6. Digital transmitter outputs available for use with external line 
drivers. 

7. Programmable bit rates: 384, 768, 1536, 3072, 6144, 12288, 
24576, 49152 and 98304 bits/sec (32, 64, 128, 256, 512, 1024, 

2048, 4096 and 8192 words/sec). 
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8.  Enhanced Sync detection allows multiple false sync marks in 

user data while still synchronizing within 8 seconds. 

9. Fast SPI transmitter write and receiver read modes, Match pin 

flags when preprogrammed word count /sub frame is received. 

10. Frame / sub frame word count indicator. 

11. Industrial and Extended temperature ranges. 

12. Burn-in available  

 The ARINC 717 specification requires the following detection 

levels for the HBP inputs: 

  

 The auxiliary BPRZ input detection levels are the same as 
standard ARINC 429 levels: 

Sl. No. STATE DIFFERENTIAL VOLTAGE 

1 HI  +6.5 Volts to   +13 Volts  

2 NULL +2.5 Volts   to   -2.5 Volts 

3 O -6.5 Volts   to   -13 Volts 

C. Black Box Recorders 

An aircraft ’s flight recorders are an invaluable tool fo r 

investigators in identifying the factors behind an accident. 

Recorders usually comprise two indiv idual boxes: The Cockpit 

Voice Recorder (CVR) and the Flight Data Recorder (FDR). 

Popularly known as ‘black boxes’, these flight recorders are in 

fact painted orange to help in their recovery fo llowing an 

accident. 

 
1. The Cockpit Voice Recorder (CVR)  

The CVR would be better named the ‘cockpit  audio recorder’ 

as it provides far more than just the voices of the pilots. In fact, it 

creates a record of the total audio environment in the cockpit 

area. This includes crew conversation, radio transmissions, aural 

alarms, control movements, switch activations, engine noise and 

airflow noise.  

Older CVRs retain the last 30 minutes of an aircraft’s flight. A 

modern CVR retains the last 2 hours of information. The newest 

data records over the oldest data. A typical traditional CVR is 16 

cm (6.3 in ) in height, 12.7 cm (5.0 in) in width and 32 cm (12.6 

in) in depth. It weighs 4.5 kg (10 lbs).  

Around 80 per cent of aircraft accidents involve human factors, 

which means that crew performance may have contributed to the 

events. As a result, the CVR often provides accident 

investigators with invaluable insights into why an accident 

occurred. 
2. The Flight Data Recorder (FDR) 

The FDR records flight parameters. The data recorded varies 
widely, depending upon the age and size of the aircraft. The 

minimum requirement, however, is to record a basic group of five 

parameters: pressure altitude, indicated airspeed, magnetic 
heading, normal acceleration and microphone keying. 

Microphone keying (the time radio transmissions were made by 
the crew) is recorded to correlate FDR data with CVR 

information. The FDR retains the last 25 hours of aircraft 
operation and, like the CVR, operates on the endless -loop 

principle. As FDRs have a longer recording duration than CVRs, 

they are very useful for investigating incidents and accidents. 

A typical FDR is 16 cm (6.3 in) in height, 12.7 cm (5.0 in) in 

width and 50 cm (19.6 in) in depth. It weighs 4.8 kg (10.6 lbs). 
The FDR often tells accident investigators what happened during 

an accident sequence and the events leading up to it.  

The Clock Recovery is done in Black Box Recorder with two 

mechanisms namely: Frequency detection and Phase alignment. 
Since most of the high speed serial interfaces do not have any 

accompanying clock, the receiver needs to recover the clock in 

order to sample the data on serial lines. To recover the sampling 
clock, receiver needs a reference a clock of approximately stream. 

This is called as Clock recovery. 

 Sampling of that incoming data signal with recovered clock to 

generate a bit stream is  called as Data recovery. Together, this is 
called Clock Data Recovery, or CDR. CDR is required to recover 

data from incoming data stream in the absence of any 

accompanying clock signal, without any bit errors due to 
over/under sampling. The two main functions for performing 

CDR are- frequency detection and phase alignment. 

a) Frequency Detection 

It is a process of locking on a frequency that is retrieved from 
incoming data stream. This is done by detecting the time 

difference between two consecutive edges on data stream. This 

locked frequency is used in regenerating the transmitted data bit 
stream. 

b) Phase Alignment 

Phase alignment is a process of matching the phase of a signal 

with another signal. Here it is matching the phase of clock 
recovered in frequency detection with the incoming data bit 

stream. 

III. SIMULATION AND SYNTHES IS 

1. Effective Packing of Data in DAQ 

 

This shall be done in software in C code and shall reside in the 

Dig ital Acquisition Computer in the avionics. The C code shall 

follow the avionics standards and shall aim at reducing the bulk 

data content keeping informat ion content intact. Operations like 

Bit fields and masking shall be used to pack the data in frames. 

The C code shall be written in Soft Console software which is 

from the eclipse environment and compiler used shall be arm 

compiler. The software shall run in ARM –Cortex M3 processor 

of Smart Fusion FPGA.  

 
2. ARINC 717 transmitter 

This development shall be done in Smart Fusion FPGA (Actel) 

written in VHDL code. IT shall have a configurable baud rate for 

Sl. No. STATE DIFFERENTIAL VOLTAGE 

1 HI +2 Volts   to   +8 Volts 

2 NULL  NA 

3 LO -2 Volts   to   -8 Volts 
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various transmission rates. The simulation shall be done in 

MODEL SIM and the synthesis shall be done in Libero Software 

(Simplify ). The transmitter shall have the encoder and the 

transmitter FIFO for storing the data to be transmitted.  

 

3. ARINC 717 Receiver 

This development shall be done in FPGA (Actel) written in 

VHDL code. IT shall have a configurable baud rate for various 

reception rates. The simulat ion shall be done in MODEL SIM 

and the synthesis shall be done in Libero Software (Simplify). 

The receiver shall have the decoder with clock recovery feature 

for jitter and ppm control and the receiver FIFO for storing the 

received data. 

 

 
 

Figure 5: Output of the receiver FIFO state machine  

                                   

IV. Conclusion 
The thesis presents the successful FPGA(ACTEL) 

implementation of the ‘Acquisition and framing of avionics data 

in DAQ for transmission to black box recorder through a secured 

A717 link with embedded clock recovery mechanism. The 

ARINC 717 protocol is a significant protocol which has been 

successfully implemented and simulated in VHDL for different 

bit rates ranging from 32 words/sec to 8192 words/sec. HBP 

encoding method eliminates the need of extra bits for 

synchronization by self-clocking. Here clock recovery 

mechanis ms like frequency detection and phase alignment is 

used. In this implementation, A717 links increases the data 

throughput to 99.9511 % by increasing the content of meaningful 

data. 
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