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ABSTRACT 
 

High speed real-time data transportation is most important for telemetry systems, especially for 
large-scale distributed systems. This paper introduces a STDM (Sync Time Division 
Multiplexing) network structure for data transportation between devices in telemetry systems. 
The data in these systems is transported through virtual channels between devices. In addition, a 
proper frame format is designed based on PCM format to meet the needs of synchronization and 
real-time transportation in large-scale distributed telemetry systems. 
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INTRODUCTION 
 
The most crucial aspect of an ideal large-scale distributed telemetry system is that any function 
module in different devices of the system is able to act in synchronization just like in a single 
device. For this purpose, an adequate communication mechanism must be introduced, in which 
the acquired measurements can be transported, synchronized through assigned time slots, while 
asynchronous data streams can be transported through channels formed by one or more time slots. 
This will keep the synchronization and original time sequence between measurements, which are 
the key factors for data transportation of telemetry systems. In addition, the transparent 
transportation of asynchronous data streams will also be an important factor for constructing 
telemetry communication networks. 
 
PCM format, compliant with Chapter 4 in IRIG-106 [1], has been widely used in data 
transportation in traditional telemetry systems. It is only a quasi STDM structure, and mainly 
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designed for single data acquisition devices. Bus-based architecture with PCM format 
transportation agreement is the common solution for transportation inside the traditional 
distributed telemetry systems, but it is hard to meet the needs of high-speed communication 
inside the large-scale distributed telemetry systems. It is necessary to find a new solution for this 
problem. An immediate thought is an approach based on Ethernet to construct a high-speed 
synchronized communication network in the telemetry systems. However, it is not a good choice 
due to some innate fatal defects when applying to synchronized communication in telemetry 
systems: 
 
a) Packing and unpacking the Ethernet packages will cause a lot of system delays. In addition, 

the length of delay cannot be determined. 
b) The time sequence of data will be disordered after switch of packages in Ethernet. This will 

cause further delay because of the need to reorder the data based on the time tag in the data. 
c) In most cases, the frame will be discarded when an error occurred during transportation, and 

the error will be magnified in the onboard environment.  
 
Based on the above points, modifications to Ethernet method have to be made to achieve the 
synchronization of communication and to keep the original time sequence of the data, as well as 
the transparent transportation of asynchronous data streams. These modifications involving 
tremendous difficult work must be made not only in the application layer, but also in the physical 
layer of Ethernet. Furthermore, the network with such modifications would need a long period to 
mature. 
 
In fact, there is a better way of communication in large-scale distributed systems. Similar to the 
evolvement from PDH (Plesiochronous Digital Hierarchy) to SONET/SDH (Synchronous 
Optical Network / Synchronous Digital Hierarchy) in communication industry [2], [3], [4], [5], it 
is possible to construct a STDM network structure for data transportation and management in 
telemetry systems based on SPCM (synchronized PCM format) with optical-transfer 
synchronous digital hierarchy.  
 
 

STDM RECONSTRUCTION BASED ON SPCM 
 
As PCM Standard, mainly for radio transmission in telemetry systems, is designed for 
point-to-point communications, convention for timing service is not considered. It had been 
working fine till the large-scale distributing structure was introduced in telemetry systems. In a 
system based on standard PCM, both the source and the receiving end have to be working in 
their own clocks, which have no relationship in their frequencies and phases. Therefore, a 
large-scale distributed system with pure PCM is basically asynchronous, and it does not have the 
ability to exchange data among its nodes as well.  
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In a large-scale distributed data acquisition system, the data needs to be transmitted to the 
receiving end through multiple nodes. The nodes in the network may need to receive and send 
multiple data streams at the same time. Regarding the PCM time division protocol, there is no 
association between the time slots of each PCM stream in the system. Figure 1 presented an 
example to illustrate the time slots of different PCM streams in the time domain.  
 

 

Figure 1. Relationship of Time Slots of Multiple PCM Streams  
 
Based on PCM Standard, to reconstruct a STDM communication network for large-scale 
distributed systems, there are at least four parts to be done: 
 
a) A unique system clock and its management for the whole system; 
b) Channel management, used to replace the time slot management in PCM system; 
c) Transportation management; 
d) Additional channel exchange abilities. 
 
Firstly, it is necessary to ensure that every node in the system can get time from the system clock. 
That can be done by locking its working clock into the network circuitry clock through the clock 
recovery technique and PLL (phase lock loop) technique. The working clock at each node should 
be synchronized to the system clock according to the clock management protocol. In addition, 
conventions for circuitry time recovering and tracking must be made to ensure that the location 
of every bit of transported data in the time zone is known and determined while each node is 
sending or receiving.  
 

Secondly, original PCM divides and assigns bandwidth based on time slots as basic units of a 
transporting frame. This method was very efficient and convenient in data transportation in 
earlier years, as the transmission bandwidth is the most valuable resource and the size of the data 
transported in a single time interval is relatively small then. However, with the rapid advance of 
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electronics and communications, the transmission bandwidth can achieve far more than that in 
the years when the PCM Standard was established. In contrast, the standardization of 
manageable granularity in data transportation is becoming more important. Virtual channels 
composed of such manageable granularity could be used in data transportation to increase system 
reliability. The normalization of the transmission unit is also very important to reduce the system 
complexity in a data transportation network. Therefore, the frame rate, frame length, word length, 
and other parameters should be normalized for a time division multiplexing protocol in a 
large-scale distributed system. For example, we can define several types of frame formats for 
fixed frame rate, frame length, and word length. All of the transported and switched data is based 
on these formats. This can greatly reduce the complexity of the system.  
 
Thirdly, the data transmission channel will go through a number of different nodes in a 
large-scale distributed data acquisition system. It is difficult to debug or troubleshoot if the 
warning or statistics information of system performance is insufficient or missing. Therefore, it 
is very useful to add a management channel to transport necessary performance monitoring and 
alarming information, such as channel and circuit transmission performance statistics, 
communication error information, etc. The completeness of this information determines the 
maintainability of the system. 
 
Finally, PCM is a point to point communication protocol and it does not have the ability to 
exchange data between devices. The data exchange capabilities will be the most basic function 
for a large-scale distributed system. There are two possible options, one is packet switching, and 
another is the channel switching. For STDM networks, a more appropriate way is to use the 
channel switching. Channel switching is relatively more flexible, with lower latency, but with 
smaller delay. The channel switching data transportation does not produce conflict and timing 
sequence confusion. 
 
There will be little conflict in data transmission processes after the STDM network 
reconstructions mentioned above, and each data transmission channel will be totally independent 
of others. This will contribute a lot to the reliability of the data transmission in the system. In 
such a STDM network, each data acquisition device will be assigned exclusively one or more 
channels to convey its data output. The asynchronous data source, such as bus data, will be the 
same as well. If the granularity is 2Mb, for example, a 4Mb MIL-1553 bus data source will be 
assigned two channels to transport 100% of its data. 
 
 

A STDM NETWORK FOR DATA ACQUISITION 
 
After a thorough research of SDH transportation protocol of ITU-T G serial [3], [4], [5], it is 
found that a large-scale STDM network could be constructed based on ITU-T G serial SDH 
protocols, which completely covered the performance requirements of transportation bandwidth, 
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transmission delay, error monitor and control, and clock sync for telemetry systems. Several key 
factors should be taken into account when implementing such a protocol for the STDM network:  
 

a) The classification of data in telemetry systems and assignment of data into virtual channels’ 
net load; 

b) A special channel for timing only, and a absolute system time sync protocol; 
c) Several channel multiplexing suitable for telemetry systems to reduce the complexity of 

channel multiplexing; 
d) Elimination of useless overheads in SDH for telemetry systems; 
e) Modeling of system data crossing in transportation network for telemetry systems to 

optimize the abilities of system data crossing; 
f) A proper network management channel and conventions for telemetry systems, which 

differs greatly with that for communication systems. 
 
Based on SDH and researches of above 6 considerations, we constructed a 2.5G STDM network 
prototype (see figure 2). In this prototype, we use 4 video acquisition devices to provide stable 
large data stream at 500Mb/s, an Ethernet interface device to provide a data stream at 100Mb/s, 
and a high speed recorder for the transmission target. The Ethernet interface device is also served 
as data exchange between STDM and Ethernet. In addition, a timing mechanism similar to 1588 
timing protocol [6] has been applied as well. 
 
This prototype now illustrated only the high-speed data sync-transportation between devices and 
synchronization of data acquisition (through sync shutter signal in this prototype). In fact, SDH 
network is now supporting much more complicated data transportations in communication 
industrials.  We believe that STDM will best serve telemetry systems as well. Currently our 
another prototype is under testing that involves much more measurands from different data 
acquisition devices and will provide an environment much more close to a real distributed data 
acquisition system. 
 

 

   

 

 

 

 
Figure 2 A STDM Data Acquisition Network Prototype 
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We have made a lot of experiments on this prototype, which showed that a STDM network 
might have following aspects: 
 
a) Full synchronization 
 
With the circuit clock recovery technique in the prototype, every node’s working at the same 
system clock resource recovered from network’s circuit. As the bit rate of the network is 2.5Gb/s 
(one of the most common communication chips), the accuracy of the system clock is 1/2.5 ns. 
Experiments showed that every node could sample synchronized with an error less than 10ns. 
 
b) Real-time transportation 
 
Based on STDM network and SPCM format, transported data are inserted into net load by a 
method called ADM (add-drop multiplexer) and are arranged by their grades. This ensured that 
data are transported in real time independently. 
 
c) Transmission delay with certainty and consistency 
 
As all the transmission process is accomplished by hardware and hardware’s each operation will 
be accomplished in a certain number of system clock ticks, the transmission delay in STDM 
network could be determined. 
 
Delay compensation was also introduced in our prototype, so the system clock synchronization 
and sampling synchronization will not be affected by the transmission delay. Then the time 
sequence of the transported data will not be disordered. 
 
d) Multiple topology structure support 
 
TM (termination multiplexer), ADM and DXE (digital cross-connect equipment) could be used 
to achieve a various network topologies’ support. In fact, we have used one chip in our prototype, 
in which all TM, ADM and DXE were integrated. It is very easy to let the chip work in the 
designated mode by a simple configuration. 
 
e) Static routing 
 
In a specific test task, in contrast to the data transportation in communication industrial, the data 
transportation in distributed acquisition system is simpler, with unitary functions and fixed 
destinations. Therefore static routing could be used in STDM network for telemetry systems. We 
have applied static routing in our prototype, and found that the hardware for the prototype is 
greatly simplified. 
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f) Transportation management 
 
As information of system performance and error were introduced into the STDM network, it is 
very convenient to manage the data transportation in distributed system.  
 
Comparisons below might be taken into account when constructing data transportation network 
for a telemetry system: 
 

PCM STDM Ethernet 

Networking Supporting No Yes Yes 

Network Management None TMN+SNMP SNMP 

Transmission Delay Short, Determined Short, Determined Long, Undetermined 

Clock Synchronization None Strict Synchronized None 

System Scale Small Great Large 

Time Sequence Retain Yes Yes No 

Data Collision None None Yes 

Bandwidth Assignment Exclusive Exclusive Shared 

Bit Rate (at most) 30Mbps 10Gbps 10Gbps 

Access Flexibility No Configuration Needed Direct Access 

     
 
Where TMN stands for Telecommunication Management Network, and SNMP stands for Simple 
Network Management Protocol. 
 
It is obvious that STDM network is a better solution for inside data transportation in a large-scale 
distributed system.  
 
 

CONCLUSION 
 
Above all, an STDM network could best meet the performance requirements of data 
transportation inside a large-scale distributed telemetry system. In addition, the complexity and 
cost for designing and constructing the system is lower, and the constructed system would have 
much forward and backward compatibility.  
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Using fiber as the media for an STDM network, we constructed a data acquisition prototype, and 
easily reached a bit rate at 2.5Gbps for communication in the prototype, with sync accuracy 
complying with ITU-T G.813 [3]. Furthermore, the most important thing is that the time 
sequence is retained after data transmission.  
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