
TRUE UNMANNED TELEMETRY COLLECTION
USING OC-12 NETWORK DATA FORWARDING

Item Type text; Proceedings

Authors Bullers, Bill

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 16:03:27

Link to Item http://hdl.handle.net/10150/605330

http://hdl.handle.net/10150/605330


TRUE UNMANNED TELEMETRY COLLECTION 
USING OC-12 NETWORK DATA FORWARDING 

 
 

Bill Bullers 
Advanced Systems Development 

Sypris Data Systems 
 
 
 

ABSTRACT 
 

The cost of telemetry collection is significantly reduced by unmanned store and forward systems 
made possible using 622MHz OC-12 networks. Networks are readily available to telemetry system 
architects. The in-band control of remote unmanned collection platforms is handled through a Java 
browser interface. Data from many telemetry channels are collected and temporarily stored on a 
digital disk system designed around the OC-12 network. The I/O, storage, and network components 
are configured, set, and initialized remotely. Recordings are started and stopped on command and 
can be made round-the-clock. Files of stored, time stamped data are delivered at the rate of OC-12 to 
a distribution center. 
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INTRODUCTION 
 
For many years telemetry data produced as part of missile launch activity and similar exercises has 
been collected and stored using magnetic tape recording equipment. Recorders are designed to 
continuously capture the analog and PCM signals generated by various sensors and instruments 
without incurring interruptions, delays and dropouts where data is lost. Tape is a very convenient 
and affordable media to store and distribute data to analysis centers. Tapes are easily duplicated and 
can be readily exchanged between agencies involved in the analysis process.  
 
Tape recording by nature requires on-site operators to load tape, check equipment for proper 
operation, start and stop the recordings. Remote control interfaces common on the recording 
equipment, allows fewer operators to operate several recorders but the activity is typically a manned 
operation to insure that the single opportunity of the Range event is not lost due to equipment 
malfunctions and errors for which tape recorders are notorious.  
 
Recently telemetry recording equipment that uses computer hard drives is being used more and more 
to record telemetry signals. The recording equipment has become very ‘computer centric’ with 
network capabilities and resources. The data rate that can be continuously recorded without 
interruption has increased as computers, busses, memories and disks have gotten faster and faster. 



Computer based recording equipment is considerably more reliable than tape equipment and unlike 
tape recorders requires almost no operator intervention and maintenance.  
 
Computers are designed to attach in networks that can be used to communicate and transfer data 
over long distances. The need to make tapes for exchange and distribution is diminishing and will 
soon be replaced with the desire to transfer data electronically on-demand using high-speed network 
technology. The need for operators at the collection site is also diminishing as systems become more 
network capable. 
 

TELEMETRY DATA COLLECTION  
A CHANGING PARADIGM 

 
Telemetry data collection applications have a wide variety of requirements. Signals may need to be 
recorded from a few sensors or from many sensors. The signal characteristics vary but analog signals 
and PCM digital data streams are the most common in use today. Sensor equipment is also becoming 
more ‘computerized’. Soon data produced by some sensors will be encapsulated into packets and 
frames before reaching the recording equipment. The paradigm of telemetry data recording is rapidly 
changing as compute power and networks are integrated with telemetry applications.  
 
Telemetry recorders that are being used today record several signal channels simultaneously and 
handle multiple signal types and frequencies. Analog signals are sampled and converted to digital 
data and multiplexed with digital data from other channels in the recording equipment. In tape 
recording equipment the data is multiplexed from each channel into a single data stream to be 
written on the tape. In disk based recording equipment some channels may be recorded on one set of 
disks while other channels are simultaneously recorded on other sets of disks. The composite data 
rates recorded by a single set of equipment typically range from a few megabits per second to 
several hundred megabits per second. Computer disk based telemetry recording equipment with 
varying capabilities is now available from a number of manufacturers.  
 
Fibre Channel (FC) has become the protocol standard for high performance data storage systems. FC 
is structured to ensure a very predictable and dependable quality of service (QoS) level. QoS 
requirements of data storage include predictable low delays, zero data loss, and high throughput.  
 
The Sypris Data Systems Silver Phoenix recording system is designed to simultaneously accept 
many continuous, streaming telemetry signals of different types and frequencies and record the 
signals along with a standard IRIG timecode signal – A, B, or G – to computer disks configured in 
RAID sets. The RAID units are 2 gigabit Fibre Channel (FC-2) devices. One or more RAID units 
can be structured into a system and can be interconnected using a FC network switch The number of 
signals to be recorded, frequencies of the signals, and storage capacity can be openly expanded by 
adding more circuit cards and more RAID units. Systems of many hundred megabits per second and 
multiple terabytes of storage are made possible by the system architecture. 
 
A typical telemetry data recording system using RAID devices for storage includes one or more tape 
devices that can be used to make tapes by offloading stored data. Tapes are usually made during 
periods when collection is idle but can be made interactively while recording in systems configured 
with sufficient bandwidth. Tapes support archive, exchange and distribution of data in a manner 



consistent with the familiar paradigm. Systems designed to operate with this paradigm require high-
speed RAID storage at the collection location, tape devices integrated with the system and operators 
on-site to record, change and forward the tapes – see Figure 1. Almost identical systems are required 
at the analysis center to accept and upload the data from tapes so that it can be separated into the 
several signals that were recorded and played back at real-time data rates. 
 

UNMANNED OPERATION  
REAL-TIME DATA DISTRIBUTION 

 
A more cost affective implementation is one where the equipment used to record the sensor signals 
has data storage capacity on-site sufficient for reliable collection but only to the extent needed to 
make transfers over a network immediately as it is collected. Instead of relying on magnetic tapes for 
data distribution and archive, the data is collected and electronically delivered to a remote location 
for storage. The collection equipment implementation can be operated from hundreds to thousands 
of miles away and be completely unmanned. The data is stored in a large capacity archive only at the 
remote analysis center. The hardware requirement is reduced, the maintenance is reduced, and the 
system labor is reduced.  
 
Recording technology and equipment available from Sypris Data Systems and other suppliers is 
designed to operate connected in a real-time network that can make data available at a distant 
location far from the collection site. Archive, analysis and distribution can operate with ‘fresh’ data 
at geographically dispersed centers away from the site where telemetry gathering takes place. 
 
The Silver Phoenix Technology is designed to operate in a configuration where the FC data is 
transferred to a distant location at near real-time data rates. In this configuration the ‘local’ FC 
storage capacity at the collection location is limited to an amount essential to accomplish a reliable 
transfer without lost data or unwanted interruptions to the incoming signals. The local storage 
capacity must be sized sufficiently to accommodate whatever disruptions might be encountered with 
the network. This configuration is ideal for collection applications that are difficult to support with 
operators and available resources. 
 
In-band-signaling control of the system equipment and software adds to the reliability and efficiency 
of a true network-connected system. This means that the Operation, Administration, and 
Maintenance (OA&M) functions important to the equipment and its operation share in the same FC 
network used for data exchanges. The OA&M processes share bandwidth with the data processes 
and extend over the same networks used to exchange data. Long distance system control and 
monitoring can take place from the archive center or from any connected location using an Ethernet 
connection supported through a Java and HTML or XML browser. Long distance operation, 
administration and software maintenance is a non-issue.  
 

DATA NETWORKS 
 
Fibre Channel is structured to provide for the loss-less transfer of data where data frames arrive at 
the destination in the identical order they left the sender. This performance seems like it should be 
expected of any network but is not necessarily the case. Fibre Channel uses a credit buffering 
mechanism to control congestion on the network and manage data flow control. The receiving 



switch controls the data flow by issuing credits back to the sending switch. The sender speeds up or 
slows down the flow of data based on the rate it receives buffer credits from the receiver. The data 
flow-rate is managed by the receiving switch to maintain a steady, high rate data flow. If the receiver 
starts to become congested it stops issuing buffer credits which the sender needs to continue to send 
data.  
 
Switched FC fabrics at Range data collection sites establish a natural configuration for easy 
connection within a ‘long haul’ communications link to provide rapid, secure, data transfer. 
Equipment is available today to make the necessary connections and enable the implementation.  
The three predominantly used metropolitan area network (MAN)/WAN service structures are: 
 

• IP/Ethernet 
• Dense Wave Division Multiplexing (DWDM) 
• SONET (Synchronous Optical NETwork) 

 
SONET is the only service structure of the three that provides long distance networking with a 
reasonable QoS level. SONET is implemented as a private network operated in a direct point-to-
point connection. Several private SONET channels can be multiplexed into a single connection. Four 
OC-3 private networks can multiplex on one OC-12 SONET connection. Sixteen OC-3 connections 
can occur simultaneously on one OC-48 connection. OC-3 operates at approximately 155Mbits/s 
OC-12 runs at 622Mbits/s, and OC-48 is 2.488Gbits/s. (OC stands for Optical Carrier. 3 means that 
three DS-3 transmissions can be multiplexed to a single OC-3 connection. 84 DS-1, T-1 connections 
can be handled by an OC-3).  
 
IP/Ethernet has far-reaching coverage but applies transmission control protocol (TCP) to retransmit 
packets that are regularly dropped during data transfers. IP packets are independently transmitted 
from one IP router to another. Separate packets in the same data transfer may be travel through 
several different paths before arriving at the intended destination. Packets frequently arrive out of 
order and some packets never make it to the destination. This is corrected by mechanisms that are 
included in TCP to reorder packets and request that dropped packets are resent. The performance of 
the IP layer severely degrades the achieved QoS level making IP not well suited for sustained 
uninterrupted real-time data transfers necessary in data storage systems. Even so, IP is quite 
acceptable for use in transactional business processes where data exchanges can be stopped if faulty, 
reloaded, and retransmitted in acceptable near-real-time operations. 
 
DWDM on the other hand achieves a high service quality level but at the expense of restricted 
transmission range – about 70 km – which is the result of a required complete acknowledgment 
between the sender and recipient that every transfer was successful before the next transfer can 
occur. A phenomenon termed ‘Fiber Channel Droop’ occurs as the result of the buffer credit 
mechanism applied by FC to insure zero data loss in the FC network. The buffer credit system 
enforces a strict transfer process where messaging between the sender and recipient confirms 
successful error free data frame transfers. Buffer credits are allocated between sender and receiver in 
2 Kbyte FC frame increments. The sending and receiving equipment is designed with built-in FC 
buffers to implement the buffer credit system. The message passing propagation delay that occurs in 
networks longer than about 70km causes FC frames to be exchanged at a reduced rate and slump 
below the specified FC operating tolerance.  



SONET is the best choice available for a long distance data storage network. SONET OC-3, OC-12, 
and OC-48 distributed across millions of kilometers of FC cable connect every major metropolitan 
area and are used to enable all types of data transfer and communications between locations around 
the world. SONET is a reliable and efficient data transport service that can be used with higher-level 
data framing formats and packet protocols. SONET can be used as the carrier for FC as in FC over 
IP (FCIP) and for ATM, Frame Relay, and a variety of other stacked protocols. FC frames can also 
be directly encapsulated into SONET data frames. 
 
SONET OC-12 operates at 622 Megabits per second and should have sufficient bandwidth to 
accomplish the transfer rate required in most Range telemetry data collection applications. The 
integration of OC-12 with the FC-2 RAID network of Silver Phoenix or any FC network is 
straightforward and readily achievable. There are choices that must be made however that affect the 
selection of the network hardware. Several companies make gateways or routers or switches to 
connect FC to SONET. There are three favored approaches: 
 

• FCIP or FC encapsulated on IP encapsulated on SONET – packet over SONET (PoS) 
• FC over ATM over SONET 
• FC on SONET 

 
FCIP was developed by the IP Storage Working Group of the Internet Engineering Task Force 
(IETF), as a method to encapsulate FC frames into IP packets that can then be formatted through 
TCP/IP and PoS. The implementation of FCIP significantly improves the performance and QoS level 
of IP/Ethernet by managing the TCP/IP layer to achieve reliable data delivery and recovery. The 
added complexity results in five protocol layers between FC and SONET. Each layer is managed 
independently resulting in processing delays and operational overhead – see Figure 2. As a result of 
the complexity the hardware is expensive and requires a significant amount of software for the tight 
integration of FC to SONET. 
 
FC frames can also be broken into ATM packets and carried by SONET. Figure 2 shows this as a 
four-layer stack of protocols. Approximately 15% of the bandwidth of the network is devoted to the 
encapsulation overhead. Equipment for this implementation is also expensive. 
 
FC on SONET is a ‘thin protocol’ as shown in Figure 2 and is less costly to implement but is a more 
custom implementation and not yet a standard. It does have lower added overhead than the other 
implementations but requires an additional out of band control path between the sender and the 
recipient. 
 
Sypris Data Systems has not determined which of these choices will be selected in the Silver 
Phoenix system architecture. To help make the choice a test bed is being setup to evaluate the cost, 
reliability and limitations of each implementation. The end-to-end test bed configuration is shown in 
Figure 3 and takes advantage of the Silver Phoenix capability to simultaneously record and play at 
data rates over 2 Gigabits per second. The test bed uses a powerful high-speed bit error test 
capability and simulates data transfer distances to over 10,000 kilometers. System control will be 
implemented in-band and included in the simulated transfer distance tests. The test bed will be 
operational in Q4 of 2003. Work with equipment providers is currently in process to implement each 
of the described FC over SONET methodologies. 



One of the three methods will prevail as the most desirable for long-haul exchange of high-speed, 
real-time data. It is not a matter of if or even how the implementation can be accomplished. All the 
methods that have been described are presently available. The questions that remain to be answered 
are: 
 

• Which approach can be used to confidently implement an unmanned high-speed data 
collection center? 

• What data storage capacity is required at the collection center to handle network 
anomalies and exceptions with zero data losses during 7 X 24 operations? 

• Which approach produces the most cost affective solution including the cost of the leased 
secure network resources? 

• Which method is best for Sypris Data Systems and our data collection customers? 
 

ON-SITE DATA STORAGE 
Some amount of data storage is required at the site where telemetry is collected even in a 
configuration where collected data is rapidly forwarded from the collection equipment to the remote 
data center. The storage time may amount to a few seconds or to many minutes. An unmanned data 
collection operation should include primarily electronic and software components with zero or very 
few active mechanical mechanisms. RAID disk configurations are designed to allow uninterrupted 
operation without degraded performance even if one of the disks becomes sluggish or fails. 
Nevertheless, high data storage capacity requirements translate to many disk drives elevating the risk 
of an outage and increasing the possibility that data can’t be recorded or recovered without some 
manual intervention. Mechanical failure risk will be avoided if the need for on-site storage is a 
minimum and the data is forwarded over the network as its being recorded. Options for on-site 
storage may be economically and sufficiently satisfied by high capacity DRAM memory with RAID 
backup only used in the event of a network outage or slow down.  
 
The required recording time, the maximum aggregate data rate from all channels and the need for 
longer term backup must all be taken into account when designing a telemetry collection system that 
will operate totally unmanned.  
 

CONCLUSION 
Multiple options have become available and have proven successful to connect FC data storage 
networks to long-distance OC-12 carriers. Each option has positive and negative features but there is 
no question that the capability to collect and forward high-speed real-time data from one geographic 
location to another exists and can be implemented. There is no argument that the cost of data 
collection will be reduced as the switch is made from magnetic tape equipment to digital disk 
equipment. Reduced or zero man hours expended at a collection site is one preferred way to control 
costs and make more dollars available for new equipment and for upgrades needed in other parts of 
system operation.  
 
The prevailing telemetry data collection paradigm will undergo considerable change as system 
designers and users are exposed to methods that make unmanned collection operations feasible. 
They will need to develop high confidence that there is very little risk in the unmanned collection 
scenario. The test bed being developed at Sypris Data Systems will answer many operational 



questions and provide data and information that can be used by telemetry collection system 
designers as they explore ways to reduce the need for manned telemetry collection sites. 
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