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INTRODUCTION 
The AHD100-SDR BPSK Software Demodulator 
is a complete, C-language demodulator for 
single-carrier BPSK signals.  It will run on nearly 
any Linux platform and provides real-time 
demodulation of BPSK signals using a number of 
available low-cost USB RF tuners.   The AHD100-
SDR is a field-proven system that provides high-
reliability in performance and stability. 

FEATURES 
 Coherent BPSK demodulation 

 Selectable pulse filter shapes 

 Programmable center frequency 

 Programmable symbol rate (1Hz steps) 

 IESS-308 Descrambler 

 Soft-decision R = ½ Viterbi decoder FEC 

 Fast signal acquisition 

 Internal AGC and frequency tracking 

 Data packet deframer with CRC check 

 Real-time Status and diagnostic display 

 Antenna pointing mode 

 Definable data socket output 

DESCRIPTION 
The availability of ultra-low-cost computing 
platforms combined with low-cost USB RF 
tuners enables the creation of very-low-cost 
digital receiver systems for point-to-point or 
point-to-multipoint wireless communication 
systems. The AHD100-SDR software 
demodulator is a complete BPSK demodulator 
including an IESS-308 descrambler, R = ½ Viterbi 
decoder, packet deframer and software socket 
output for easy downstream interfacing.  The 
demodulator interfaces with common low-cost 
USB RF receiver systems and manages all 
control, tuning and tracking functions 
automatically. 

Developed to run on the Linux operating 
system, the demodulator can be targeted to 
nearly any Linux platform including ARM, IA-64 
and IA-32 processors.   
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Figure 1. Example AHD100-SDR Application 

The use of low-cost computing platforms and an 
established operating system like Linux allows a 
broad base of existing software resources to be 
leveraged for client applications.  Complete 
client receivers can be constructed from off-
the-shelf parts for less than the cost of an 
oscilloscope probe.  Figure 1 shows the basic 
diagram of a typical system, where an 
inexpensive USB rf tuner is used as the Analog 
Front End (AFE) and signal digitizer, followed by 
the AHD100-SDR software demodulator.  The 
demodulator output then supplies transport 
data to any sort of client application requiring a 
data feed.  Applications may include news 
feeds, weather or telemetry data, internet edge 
caching, or audio or music service. 

A complete L-band geosynchronous satellite 
receiver is shown in Figure 2.  A low-cost patch 
antenna and LNA precede an economical RTL-
SDR-compatible USB tuner connected to a CHIP 
(1) board with an ARM CPU.   The AHD100-SDR 
automatically acquires, demodulates, and 
tracks the signal, providing output transport 
data to a software socket where it is retrieved 
by a client application.  The receiver hardware 
as shown in Fig. 2 retails for less than $80.  
Some example alternate tuner and platform 
configurations are shown in Figure 3.  

The AHD100-SDR is configurable through 
command-line variables and switches at 
invocation.   Status and signal metrics, such as 
acquisition state, SNR, an RSSI, are available to 
the user via a display console and to the client 
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application via status packets delivered to the 
software socket with the transport data.  The 

user status console can be suppressed with a 
command-line switch.                                                     

 

 
 

Figure 2.  Shown above is a complete L-band geosynchronous satellite receiver using the AHD100-SDR.   The 
patch antenna feeds an LNA followed by an off-the-shelf USB tuner.   The Next Thing CHIP board with ARM CPU 
running an instance of the AHD100-SDR allows client software to serve data to users or other target devices via 

the built-in WiFi. 

 
CONFIGURATION 
Configuration of the AHD100-SDR is easily 
achieved via command-line arguments. The 
demodulator can be configured for a variety of 
different conditions and operating modes.  
Configurable settings include tuning frequency, 
symbol rate, acquisition window size, sample 
rate, pulse filter shape, output socket 
destination, and a number of other 
characteristics and features.  A Command Line 
Control section later in this document describes 
the general control functions and parameters 
that are available in the demodulator. 
 
 

 

STATUS and MONITORING 
Status and Monitoring functions are provided in 
status packets which are sent to the output 
socket destination specified on the command 
line.  A real-time status and debug display is 
also provided which includes a simple 
constellation diagram as well as a message 
window which provides alerts on packet status 
as well as signal events such as loss of lock or 
signal acquisition.  Figure 5 shows an example 
of the real-time status display.   A general list of 
the reported parameters appears in the Status 
and Monitoring Parameters section below. 
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Figure 3.  Example USB tuners and ARM platforms on which the AHD100-SDR has been demonstrated 
include (top to bottom), a BeagleBone Black with a NooElec RTL-SDR nano, a Raspberry Pi 3 with a 

generic low-cost RTL-SDR, and a Next Thing CHIP with an RTL-SDR.com device. 
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Performance 
 
While the performance of the AHD100-SDR demodulator depends on the quality of the AFE Tuner used, 

the signal processing in the AHD100-SDR assures that even a moderate, consumer-grade tuner will 

provide good performance. 

 

Due to its advanced signal acquisition algorithms, signal acquisition times, even at low SNR with a 

symbol rate as low as two kilohertz, on average runs from a small fraction of a second to a few seconds.  

Since the AHD100-SDR was initially developed for very narrow carriers with low symbol rates, significant 

attention was given to optimizing signal acquisition.   Statistics for a given system will depend on the 

characteristics of that system, but experience has shown that in most conditions signal acquisition with 

the AHD100-SDR occurs within a second or two and often within a fraction of a second.  The AHD100-

SDR can typically acquire and demodulate signals down to around 2dB SNR. 

 

The AHD100-SDR uses convolutional coding with a constraint length of k=7 and a code rate of R = ½.  

This allows good performance while keeping CPU use low.  Careful management of the signal processing 

allows optimization of the soft-decision metrics supplied to the decoder which provides a performance 

increase compared to other systems.  Figure 4 shows the Bit Error Rate (BER) performance of the 

AHD100-SDR in an AWGN channel.   The performance of the demodulator is shown in the BER curve and 

the performance of the Symbol Error Rate (SER) estimator is also shown on top of the theoretical raw-

error-rate curve.   The reference data shown with the blue squares is a well-known legacy soft-decision 

decoder using three-bit soft decision decoding.  In order to avoid the associated performance loss, the 

AHD100-SDR automatically detects the signal polarity so that differential encoding of the signal is not 

necessary.   This allows the AHD100-SDR to provide the performance of a fully-coherent system without 

the overhead associated with a periodic framing scheme. 

 

Many of the widely-available low-cost USB RF Tuner devices, such as used with the AHD100-SDR, are 

based on chipsets that were originally designed for European digital television receivers using the DVB-T 

standard.   These tuners require low phase noise performance in order to support the OFDM modulation 

used in DVB-T.   As a result, phase noise performance for systems using USB tuners with the AHD100-

SDR is excellent.   Field performance for satellite systems, such as shown in Fig. 2, using the AHD100-SDR 

with symbol rates down to a few kiloHertz has shown no loss of performance or impairments due to 

phase noise. 

 

 

 

 

 

 



  

5 www.anchorhill.com Product Description 

AHD100DS  V1.0 Jan., 2017 

 

BPSK Software Demodulator 
AHD100-SDR 

EQ 

 

 

 

 

 

 

 
 

Figure 3.   Bit Error Rate (BER) performance of the AHD100-SDR demodulator.   The R = ½ Viterbi decoder 
performs better than the reference decoder due to an improved soft-decision process.  The Symbol Error Rate 

(SER) estimator is also shown to perform reliably compared to the theoretical raw-error-rate curve. 
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Command Line Controls 
 
The following command line options can be used for configuration and control of the demodulator. 

 

1.  –f, Tuning Frequency 

 

The tuning frequency is used to set the desired carrier frequency at the input to the AFE tuner, 

in MHz.   For example, if the carrier at the input to the tuner is at 1539.8725 MHz, then the 

console command: 

 

./ahd100 –f 1539.8725 

 

will start the ahd100 tuned to that frequency.   The tuning range is limited by the RF tuner, 

which in the case of RTL-SDR compatible tuners is roughly 20-1800 MHz. 

 

2.  –u, Frequency Uncertainty 

 

Initial signal acquisition and tracking can be restricted to a window around the tuned frequency 

using the –u option.   In order to restrict acquisition and tracking to +/- 4000 Hz, for an 8kHz 

overall window, the –u option can be used to specify the uncertainty, in Hz, as follows: 

 

./ahd100 –u 4000 

 

3.  –r, Symbol Rate 

 

The demodulator symbol rate is programmable and restricted only by the sample rate 

limitations of the tuner and the available CPU processing power.  An example setting of 8500 

symbols/sec may be selected using the following command: 

 

./ahd100 –r 8500 

 

4.  –a, Antenna Pointing Mode 

 

While fine antenna pointing is facilitated using either the reported SNR or RSSI power level after 

signal acquisition is achieved, a special antenna pointing mode is provided for cases where 

signal acquisition cannot be achieved until the antenna is properly pointed.   For these cases the 

–a option can be used, which forces the demodulator to constantly run the signal acquisition 

algorithms.   One metric reported by the demodulator from the acquisition algorithms, aPkmn, 

provides an exaggerated measure of signal strength which can be used prior to signal 

acquisition while the algorithms are running.   This metric, aPkmn, is a peak-to-mean ratio 
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estimate, in dB, of the total squared signal power to noise ratio within the acquisition window.   

Antenna pointing can be optimized by maximizing the reported aPkmn value once it reaches a 

reported value above about 12dB.   Values below 12dB may not reflect measurement of an 

actual signal or a signal compatible with the ahd100. 

 

Antenna pointing mode should be selected with the program properly configured for the 

desired signal.   For example, to engage antenna pointing mode for a signal at 1539.8725 MHz 

with a symbol rate of 8500 symbols/sec, an appropriate command would be: 

 

./ahd100 –f 1539.8725 –r 8500 –a 

 

Full signal acquisition and demodulation is not achieved in antenna pointing mode, so once the 

antenna is pointed properly the program should be terminated and restarted without the –a 

option. 

 

5.  –s, RTL-SDR Sample Rate 

 

The –s option selects the output sample rate of the USB tuner dongle.   Increasing the sample 

rate increases the processing load on the CPU, and decreasing it may increase aliasing 

interference in the demodulator.  Configuration of this parameter depends on the filtering 

capabilities of the tuner as well as other system characteristics and requirements.  Generally 

this parameter is determined during system development and is left constant at a default value. 

 

6.  –d, Tuner Device Index 

 

When more than one compatible tuner device is connected to the platform, ahd100 will report 

the assigned device numbers and which device it is connecting to on the console display.   The 

demodulator can be forced to select a different connected tuner device using the reported 

indices.   For example, if two devices are connected and have been previously identified by the 

demodulator (or another program compatible with the tuner type) as Device 0 and Device 1, 

the demodulator can be forced to use Device 1 with the command: 

 

./ahd100 –d 1 

 

7.  –b, Raised-Cosine Pulse Filter Selection 

 

The ahd100 demodulator has three pulse filter configurations that can be used to adjust the 

Excess Bandwidth (EBW) parameter of the pulse shape.   The available receive filters are Root-

Raised-Cosine filters with 10%, 20%, and 40% EBW.  
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8.  –w, Disable Descrambler 

 

The modulator uses a whitening scrambler in order to maintain sufficient entropy in the signal 

that the symbol synchronization system can maintain lock.  Once symbol timing is synchronized, 

the descrambler restores the original payload bit pattern.  For test purposes, the descrambler 

can be disabled using the –w command line option. 

 

9. –o, Specify output socket destination  

 

The output socket destination for demodulated payload and status packets defaults to 

/tmp/rxpkt_data.dat.  Any destination, up to a length of eighty characters, can be specified 

using the –o option.  For example, to send the demodulator output to /var/run/rxpkt_data.dat, 

the following command line could be used: 

 

./ahd100 –o/var/run/rxpkt_data.dat 

 

10.  –x, Disable Acquisition Processing 

 

During initial signal acquisition additional processing is performed to detect the signal and its 

frequency offset and then remove the frequency offset so that phase and symbol timing 

synchronization can be completed.  Since the algorithms used expect a modulated signal, they 

may interfere with acquisition of certain test signals.   For test purposes the acquisition 

processing can be disabled using the –x switch.   It should be noted that the tuned frequency 

must be very close to the actual frequency in order to achieve signal acquisition when the –x 

switch is used. 

 

11. –c, Disable Console Debug/Status Display 

 

When invoked from a console window, the ahd100 generates a real-time console debug/status 

display that provides a signal constellation view as well as continuous updates of several 

operating parameters and signal quality estimates.  A description of the console window and 

reported parameters follows below in the Status and Monitoring Parameters section. 

  

The display can be suppressed using the –c switch for cases where the program is not used with 

a console window.    

 

12. –v, Show Software Version  

 

The current release version of the software is displayed in the real-time console display, but can 

also be displayed using the –v option on the command line. 
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13. –h, Help 

 

The –h command line option displays program usage command line options. 

 

Status and Monitoring Parameters 
 
The real-time console display provides a number of reported parameters, operating status, and signal 

quality estimates as well as a simple constellation display and a window for messages for certain 

exceptions and alerts.  The display is updated four times per second.   Figure 5 shows a screen shot of a 

PuTTY terminal session with the ahd100 locked to a satellite signal for reference.   The constellation 

display is in the lower left quadrant, the message window in the lower right.   In this case the displayed 

messages indicate only successful packet reception. 

 

 
Figure 4. Real-time console status display of the AHD100-SDR.  The upper portion displays real-time 

parameter monitors, the lower left is a batch-sampled constellation display, and the lower-right 
window is an event message window. 

The parameter and signal quality estimate values are displayed in the top half of the real-time console 

display window and are described below. 

Batch – This is an accumulative count of the number of sample batches from the tuner device provided 

by the starsdr tuner interface library to the demodulator. 
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AFEDrops – This is the number of sample batches provided by the starsdr library that were not 

processed due to delays in processing.   Usually dropped batches are due to the inability of the 

operating system on an overloaded CPU to schedule the demodulator in time due to other system 

processes, overhead, or other issues.   It is very rare to see the AFEDrops count go above zero. 

 

Freq – This is the programmed carrier frequency, in MHz. 

 

Offset -  In the top row of the real-time console display this indicates the current offset, in Hz, of the 

received signal from the programmed frequency.   This offset is due to cumulative drift in the local 

oscillators in the transmitter, the transmission channel including Doppler, and the Analog-Front-End 

(AFE) tuner.  If this value exceeds the limits set by the Frequency Uncertainty parameter a message 

indicating such will appear in the message window in the lower-right corner of the real-time console 

display and the signal frequency will be limited by the demodulator. 

 

PhzIntg – This is the integrator value of the carrier recovery loop. 

 

ClkIntg – This is the integrator value of the symbol clock timing recovery loop. 

 

Rs – This indicates the programmed symbol rate. 

RSSI – Received Signal Strength Indicator. This is an estimate, in dBm, of the demodulated signal power 

at the input to the tuner.    This estimate is sensitive to the make of tuner as well as the tuned frequency 

and should not be relied on as an accurate power estimator.  It is, however, generally good for relative 

measurements. 

 

AFE Gain – The USB tuner dongles typically have selectable, stepped gain values that can be controlled 

by the demodulator.   This displays the current gain setting in the AFE tuner dongle.  The internal AGC 

loop in the AHD100-SDR automatically adjusts this value based on signal strength. 

 

AGC mult – The demodulator uses an internal AGC loop in addition to the AFE Gain setting.   This value 

shows the current state of the internal AGC multiplier.    High values indicate high AGC gain. 

 

SNR – This is an estimate of the Signal-to-Noise Ratio of the received, demodulated signal constellation.  

This should be considered a rough estimate only and the estimate has no smoothing filter applied. 

 

DPDrops – Data Processing buffer drops.  The demodulator buffers symbols between the sliced 

constellation and downstream processing, which runs in a separate thread.   This value starts at -1 and 

increments whenever a batch of symbols is dropped by the downstream processing thread.   The 

mechanism for dropped buffers in this case is the same as for dropped batches in the AFEDrops case; 

specifically scheduling conflicts in the operating system.   Anchor Hill has yet to observe a buffer drop 

indicated here, and this parameter display may be deleted in future releases. 
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Pkt Sz – The size, in bytes, of the last payload packet processed before the display updated.   

Demodulator status packets are not included in this display value. 

 

SER – Symbol Error Rate.   The demodulator uses the output of the Forward Error Correction (FEC) to re-

encode and compare with the input symbols to estimate the input Symbol Error Rate.   This value has no 

smoothing filter applied. 

 

CRC Ok – The accumulated number of packets that have passed the Frame Check Sequence, aka Cyclic 

Redundancy Check.   This value can be reset to zero by pressing ‘r’ or ‘R’ on the keyboard while the real-

time display is active. 

 

CRC Errs – The accumulated number of processed packets that have failed the Frame Check Sequence, 

aka Cyclic Redundancy Check.   This value can be reset to zero by pressing ‘r’ or ‘R’ on the keyboard 

when the real-time display is active. 

PER – Packet Error Rate.   This is the ratio of CRC Errs to CRC Ok values.  The PER estimate does not 

consider packets that were dropped for reasons other than FCS/CRC failures, e.g., corrupted frame 

markers, or packets that are too short (less than 60 bytes) or too long (greater than 2090 bytes). 

Invert – This will indicate a 1 when the demodulated signal is inverted and a 0 otherwise.  The 

demodulator automatically compensates for inversion so this indicator is for status information only. 

Clkmn – This is the average decimation rate of the last-stage decimating filter. 

 

Clkvar – This is the variance in the decimation rate of the last-stage decimating filter.   The variance is a 

basic indicator of symbol clock jitter.  As the symbol rate is increased the variance may increase.   As the 

symbol rate is increased to the upper limit the increased jitter may degrade performance.  Jitter may be 

decreased by adjusting the sample rate, selecting a different symbol rate, or adjusting other system 

parameters available to the developer. 

 

Skt – This is the destination socket for the payload and status output packets. 

aFreq – This is the estimate of the frequency offset from the tuned frequency of a candidate signal 

provided by the signal acquisition algorithm.   Once signal lock is achieved (Constellation Lock or better), 

the acquisition algorithms no longer run and this value will remain static unless signal lock is lost and the 

acquisition algorithm resumes.    In antenna pointing mode this value may vary if no signal is present, 

but should provide a relatively stable frequency estimate when a signal is found. 

 

aPkmn – This is a Peak-to-Mean ratio, in dB, provided by the acquisition algorithm that can be thought 

of as an exaggerated SNR estimate.   If aPkmn exceeds approximately 12 dB, it is likely that a signal has 

been found.   Higher values indicate higher SNR (but are not proportional to SNR), and maximizing 
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aPkmn in antenna pointing mode can be used as a means to maximize SNR. 

 

SigDet – This is an indicator that the acquisition algorithm has located a candidate signal.  A 1 will be 

displayed if a signal is detected, and a 0 otherwise. Once Constellation Lock or better is achieved this 

display is no longer updated and is inconsequential. 

 

State – This indicates the signal acquisition state of the demodulator.   The possible indicated states are 

as follows: 

 

1. SEARCH – Searching, no signal detected. 

2. SIG DET – Signal detected, attempting to synchronize. 

3. CONST LK – Constellation lock achieved, attempting to decode FEC. 

4. CODE LK – FEC lock achieved, waiting for frames (packets). 

5. FRAME LK – Frames detected, packets are being processed. 



Ordering and Delivery 
 
The AH100-SDR is supplied as an executable file that can be run under most Linux systems on the 
supported CPUs.   Licensing terms may be per-unit with a minimum number of units if the client has 
means to discern individual platforms, or as an unlimited license allowing unlimited installations on the 
target CPU type.  The unlimited license allows distribution of the software for the duration of license.  A 
port to or installation in a different CPU type or non-Linux operating system requires a new license from 
Anchor Hill.  Each license includes six months of technical support from Anchor Hill. 
 
Custom or branded versions are available.   Customizations may include changes to the real-time 
display, packet format, or signal parameters such as modulation, filtering, coding or scrambling.  C-
language source code is also available.  Contact Anchor Hill Communications for more information. 

 
References 
 

(1) The Next Thing CHIP, https://getchip.com/pages/chip 

 
Important Stuff 
 
Information provided by Anchor Hill Communications is believed to be accurate and reliable when 
provided.  Anchor Hill Communications assumes no obligation to provide any updates, correct any errors 
contained herein or to advise any user of this text of any updates or corrections if such be made.  
Anchor Hill Communications will not assume any liability for the accuracy or correctness of any 
engineering or software support or assistance provided to a user.  Anchor Hill Communications does not 
make any representations or warranties other than those, if any, expressly set forth herein.  Anchor Hill 

https://getchip.com/pages/chip


  

13 www.anchorhill.com Product Description 

AHD100DS  V1.0 Jan., 2017 

 

BPSK Software Demodulator 
AHD100-SDR 

EQ 

 

Communications does not assume any liability arising out of the application or use of any product 
described or shown herein. 
 
Anchor Hill Communications does not represent that products, services, or information described herein 
are free from patent infringement or from any other third-party right. No license is granted by 
implication or otherwise under any patent or patent rights of Anchor Hill Communications.  
 
Copyright © 2016 Anchor Hill Communications LLC.  All Rights Reserved.  All trademarks, registered 
trademarks, or service marks are property of their respective owners.  

 
Contact Information 
 
Please contact Anchor Hill Communications for any updates, additional information, product pricing, 
new products or other related needs.  Anchor Hill Communications also provides research,  
development, system engineering and other services for solution of custom communication application 
requirements. 
 
www.anchorhill.com 
 
Anchor Hill Communications LLC 
Scottsdale, AZ  85255 
 
Phone:  480-515-1142 
Email: info@anchorhill.com 


