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Introduction 

This paper outlines the GPS data acquisition of two PCM encoders.  The design of 
the first PCM Encoder uses an embedded GPS Receiver module, the Thales G12-
HDMA receiver.  The G12 Receiver has been integrated into the electronics of the 
PCM Encoder to provide a seamless tool for the Telemetry Engineer to acquire GPS 
position and time data with the sensor data acquired from the PCM Encoder.   
 
The second telemetry encoder discussed in this paper adds the GPS Interface 
Module for the Time Space Position Unit (TSPI) currently under development at 
Herley Industries.  The TSPI Unit will also be integrated with the PCM Encoder tools 
to create a seamless user interface.  The TSPI unit is available in both the “Low 
Dynamic (JTU-I)” and the “High Dynamic” (JTU-II). 

Herley Industries 

Herley Industries, Inc. headquartered in Lancaster, PA, is one of the largest 
telemetry firms in the world.  The corporation provides sophisticated electronics, 
systems, and services to its customers in the United States Department of Defense, 
National Aeronautical Space Administration, and Aerospace Industry, as well as to 
non-defense international governments, and the international commercial 
marketplace.   

The PCM Encoder, Model 1030 with a Thales G12 Receiver 

The PCM Encoder that hosts the GPS Receiver is Herley’s PCM880 Product.  The 
PCM880 Encoder architecture is a structure assembled from modular units that 
integrate an acquisition function to the system bus.   Figure 1 is a mechanical 
drawing of the PCM Encoder designed for this application. 
 
 



 
 

Figure 1: PCM Encoder with Embedded GPS Receiver 
 
The GPS Receiver used is the Thales Model G12 HDMA Board.  The G12 HDMA 
Board is a 12 Channel GPS Receiver Board designed specifically for rugged 
environmental applications found in missiles, with the additional capability of 
calculating GPS position while traveling at high rates of speed.  The G12 HDMA 
GPS Receiver Board has a history of applications in aeronautical environments, and 
the rugged construction of this board makes it suitable for the environments it would 
be exposed to during the flight mission.   
 
The G12 HDMA GPS Receiver Board connects to a Computer Interface Board that 
provides serial communication electronics between the Encoder and the GPS 
receiver.  A one kilo-byte FIFO buffer is used to interface the two asynchronous rates 
between the GPS receiver and the PCM Encoder. 
 



Analog Signal Conditioning 

The encoder includes sixty channels of customized signal conditioning for this 
application.  The analog signal inputs are designed to interface to differential input 
amplifiers and single pole passive filters.  The outputs of the pre-conditioning circuits 
are connected to a standard analog-to-digital multiplexing circuitry used for analog 
acquisition.  The analog inputs are digitized with a high speed, 12 bit Analog to 
Digital converter and interfaced with the encoder circuitry. 

GPS Receiver, Thales G12 

The GPS receiver selected for this application is the Thales G12 HDMA Board.  This 
board uses twelve discrete parallel channels for Coarse/Acquisition (C/A) code-
phase (psuedo-range) measurements and carrier measurements on the L1 (1575.42 
MHz) band.  The G12 receives satellite signals using an active L-band antenna.   
 
The GPS Receiver is designed with two asynchronous serial output ports.  Each port 
can be individually configured to transmit GPS data.  In this design, Port A is used to 
transmit Real-Time GPS data to the encoder for telemetry through the optical 
isolation circuits.  Port B of the GPS receiver connects connector J12 for the user to 
directly interface with the GPS board from other equipment for test purposes.  This 
allows the telemetry engineer direct access to the GPS receiver to evaluate the data 
using OEM provided software. 

Thales G12 Performance Specifications 

Environmental performance specifications of the receiver are summarized in Table 
1: G12 Performance Specifications. 



 
Table 1: G12 Performance Specifications 

Environmental 
Temperature -30oC to +70 oC 
Acceleration 23 G’s 
Jerk 463 G’s 
Vibration 9.8 Grms from 30 Hz to 1000 Hz 
Altitude 1100 km 
Velocity to Mach 9 

Electrical 
stand-alone 
accuracy 

3.0 meters Circular Error Probable 
(CEP) when Position Dilution of 
Precision (PDOP) is less than 4.   

Velocity 
accuracy 

0.1 meters per second 

Time to First Fix 45 Seconds 
Update Rate 10-20 Hz 

 

 G12 GPS Data Acquisition 

The GPS data acquisition is done using a UART design followed by a FIFO.  The 
GPS Data encoded into the bit stream takes the form detailed in Figure 2. The FIFO 
buffer is over-sampled by the PCM encoder providing an asynchronous data stream 
containing Real Time GPS data followed by bytes of data that represent the FIFO as 
being empty. 
 
 

B9 B8 B7 B6 B5 B4 B3 B2 B1 B0 
FB1 FB2 DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 

 
Figure 2: GPS PCM Word 

 
The bits FB1 and FB2 of each GPS PCM word are Flag Bits that describe the state 
of the GPS data that follows.  The post processing software searches the format 
words assigned for GPS data processing the first two bits of each word.  Each PCM 
word that represents a new GPS data value is streamed from the received PCM 
format to a separate output that provides processing software the ability to determine 
a differential GPS position. 



 
B9 B8 B7 – B0: DATA State 
0 0 N/A Invalid State 
0 0 GPS DATA New Data Word 
1 0 2AA HEX FIFO Empty 
1 1 N/A Invalid State 

 
Table 2: GPS PCM Word Flag & Data Bit Definitions 

 

 
Figure 3: Encoder with TSPI Interface 

 



 

The PCM Encoder, Model 1026 with a TSPI GPS Interface 

The PCM Encoder that interfaces to the TSPI Unit is the PCM880-1026.  The 
PCM880 Encoder architecture is a structure assembled from modular units that 
integrate an acquisition function to the system bus.   A TSPI Unit interface supports a 
high speed digital transfer between the TSPI Unit and the Telemetry Encoder. 
 
The GPS Receiver in the TSPI Unit uses twelve discrete parallel channels for 
Coarse/Acquisition (C/A) code-phase (psuedo-range) measurements and carrier 
measurements on the L1 (1575.42 MHz) band.  The TSPI Unit receives satellite 
signals using an active L-band antenna.  Specifically designed for use in Military 
applications, the TSPI Unit is operational from –40 degrees C to + 85 degrees C.   
 
There are three discrete “Event Mark Input” channels to the TSPI.  The TSPI Unit 
provides time stamps for each of the Event Mark inputs to an accuracy of 1 
microsecond with respect to GPS time.  The time stamps can be inserted into the 
encoder downlink message. 
 

Analog Signal Conditioning 

The encoder includes sixty-four single ended analog channels of signal conditioning 
for this application.  The outputs of the pre-conditioning circuits are connected to a 
standard analog-to-digital multiplexing circuitry used for analog acquisition.  The 
analog inputs are digitized with a high speed, 12 bit Analog to Digital converter and 
interfaced with the encoder circuitry.  In addition to the analog signal conditioning, 
the encoder supports 128 channels of discrete input conditioning with programmable 
thresholds.   

Performance Specifications 

Environmental performance specifications of the receiver are summarized in Table 
3: TSPI Performance Specifications. 
 
 

Table 3: TSPI Performance Specifications 

Environmental 
Temperature -40oC to +85 oC 
Acceleration 50 G’s 
Jerk 500 G’s 
Vibration 20+ Grms from 30 Hz to 1000 Hz 
Altitude 100,000 ft 
Velocity 5000 ft/sec 



Electrical 
stand-alone 
accuracy 

5.0 meters rms 

Velocity 
accuracy 

< 3 ft per second 

Time to First Fix < 45 Seconds 
Update Rate 10-20 Hz 

 

TSPI Unit GPS Data Acquisition 

The GPS data acquisition is accomplished through a high-speed parallel interface.  
The Parallel interface has two modes of operation.  The TSPI Unit initiates data 
transfer after it asserts a “Block Transfer” signal to the PCM Encoder.  The sixteen 
bit data value is captured by the encoder after the encoder asserts a receive signal.  
Data continues to be transferred from the TSPI Unit to the PCM Encoder until the 
GPS Data Block is complete.  There are two methodologies for the GPS Data Flow 
management: Scheme A and Scheme B. 
 
Data Flow Management Scheme A clears the TSPI GPS data at the end of each TM 
Major Frame.  Data is encoded in a First-In/First-Out basis, and the FIFO buffers are 
cleared when no more data from the TSPI Unit is available.  Data synchronization 
occurs by the encoder interface module automatically detecting the frame 
boundaries and aligning the encoding of PCM Major Frame. 
 
Data Flow Management Scheme B repeats the GPS data with a stale indication until 
a new block of GPS data is received.  Similar to Data Flow Management Scheme A, 
GPS data is aligned with the occurrence of Major Frame.  Unlike Scheme A, the data 
is buffered and tagged for staleness. 

TSPI Unit Acquisition, Buffered Design 

The use of a FIFO technique in the G12 encoder encodes the data as an 
asynchronous data stream that is parsed as a separate processing step after the 
data has been encoded.  Referring to Figure 4: GPS Data Format, the GPS data 
block can begin and end anywhere in the example frame where GPS data is 
identified. 
 
The TSPI Interface design uses multiple buffers to synchronize the data with the 
telemetry downlink.  The synchronizing electronics simplifies the ground processing 
and makes displaying real-time GPS data simpler.   
 
In Data Flow Scheme A, Logic circuits detect the presence of GPS data for encoding 
into the PCM frame.  FIFO memory buffers are used to buffer the data until the 
encoding electronics is prepared to encode the data into the output telemetry data 
stream.  There is a minimum of a “Read FIFO” and a “Write FIFO” for the GPS data.  



The assumption is that the GPS Unit can transfer all the data into the FIFO buffers 
for a GPS epoch in either a Minor Frame or a Major Frame period. 
 
In Data Flow Scheme B, the same two FIFO buffers are be used, but the data is re-
read out of the same FIFO until new data is available.  This is typically done by re-
setting the read pointer of the FIFO device to the first location in memory and 
repeating the read for the memory contents.  This technique is useful when the GPS 
data content may exceed the size of the PCM Frame allotted.  Headers in the GPS 
data inform the ground equipment how many bytes of GPS data to process before 
searching for the next header. 
 

Figure 4: GPS Data Format 

sync sync sfid = 0 GPS1 GPS2 GPS3 Anlg GPS4 GPS5 GPS6 Anlg GPS7 GPS8 GPS9 
sync sync sfid = 1 GPS10 GPS11 GPS12 Anlg GPS13 GPS14 GPS15 Anlg GPS16 GPS17 GPS18
sync sync sfid = 2 GPS19 GPS20 GPS21 Anlg GPS22 GPS23 GPS24 Anlg GPS25 GPS26 GPS27
sync sync sfid = 3 GPS GPS GPS Anlg GPS GPS GPS Anlg GPS GPS GPS 

 
The Data Flow management scheme aligns the GPS data to the first word after the 
SFID as shown in Figure 4: GPS Data Format.  A message status header in GPS 
words 1,2, and 3 inform the ground equipment the condition of the message.  This 
header details the number of GPS words to expect and if the data block is a stale. 
 
Similar to the G12 GPS product, the interface is integrated into the electronics of the 
PCM encoder to simplify programming and setup of the GPS interface.   
 

Conclusions 

The ability to embed the GPS Receiver function into the Data Acquisition and 
encoding electronics allows telemetry engineers to maximize real estate in the test 
vehicle for other functions.  With the use of ASICS, DSP processors, and state-of-
the-art surface mount electronics, the ability to combine the GPS Receiver data with 
the Telemetry Encoder is not only practical, it is a natural product evolution.   




