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ABSTRACT

Designing an efficient telemetry system is one of the most challenging tasks in the aerospace indus-
try due to the limited telemetry bandwidth and the restricted radio frequency spectrum allocation.
In a traditional telemetry system design, a large percentage of the allotted bandwidth is consumed
by the overhead information to follow various standards and protocols which results in inefficiency
of output data. A dynamic simulation model is created by using the Matlab/Simulink to analyze
the telemetry system performance, and it is also used to predict the overall downlink data, includ-
ing sensor instrumentation, flight critical information, video, and the Consultative Committee for
Space Data System (CCSDS) overhead over the mission event timeline.

INTRODUCTION

A typical telemetry system consists of multiple data acquisition avionic boxes for acquiring in-
strumentation data; a telemetry processing box for collecting instrumentation provided by multiple
data acquisition boxes, which repackages the received data to end user’s required data format. It
then sends the reformatted data to the downlink transmitter. Figure 1 illustrates a typical telemetry
system design.
However, a large portion of the allocated downlink telemetry bandwidth is consumed by the
CCSDS overhead [1, 2, 3]. One of the biggest disadvantages for using the CCSDS protocol is
the overhead size in one downlink telemetry stream is between 20% and 60%, depending on the
type of Forward Error Correction (FEC), Channel Access Data Unit (CADU) frame size, and the
telemetry processing efficiency.
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Figure 1: Typical Telemetry System Architecture.

Figure 2: Telemetry Model in Simulink

PREDICTIVE TELEMETRY MODEL

A predictive Matlab/Simulink model for benchmarking the telemetry system performance is de-
veloped, analyzed, and validated in a large space program. The main objective of this model is
to predict the overall data, overhead, and filled packets correlating to a particular space mission
profile. This model consists of several avionics boxes that transmit data to the telemetry process-
ing box with different data rate as inputs. The output of this model is coming from the telemetry
processing box, with the reformatted data with different downlink rates during different phases of
a mission. Figure 2 shows the telemetry model and figure 3 shows the telemetry box model in
Simulink.
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Figure 3: Telemetry Box in Simulink

VARIABLE PROCESSING TIME TO MINIMIZE OVERHEAD

[h] In a conventional telemetry box design, the telemetry box has a fixed processing time τ . Oc-

Figure 4: Variable Output Data Rate Block Diagram.

casionally, the total input data rate received by the telemetry processing box is not large enough
to fill the CADU, an Idle Packet is used which reduces system performance. In the dynamic mod-
eling approach, the box dynamically changes its processing time to τ + α, α is the time that box
waits for more data to arrive until the optimum threshold is reached. This efficient approach can
reduce the overhead and overall data for transmission. Figure 4 is a simplified functional diagram
of the dynamic telemetry processing model with variable output rate. Figure 5 shows the result of
variable output data rate. It is shown that when τ has a smaller value the overall data and overhead
will be larger for the same data rate from the avionics boxes. However, when τ increases, the
overall data and overhead decreases. This implementation could be used in missions where output
rate is significantly smaller, for instance, transmission to satellites with a smaller transmission rate
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(e.g., 256kbits/s). Also, the filled data are reduced when the processing time is increased. In our
previous work [4], we have shown a detailed study on the transition between packets. When the
data rate is very small, at least one packet per processing time needs to be transmitted. However,
since there are not much data to fill the packet, Idle pattern data, also known as filled data will be
added in the packet. As a result, most of the packet is filled with non-essential filled data. To avoid
that, in this work we suggest varying the processing time, so more data could arrive to fill up the
packet. As a result, most of the packets will be filled with actual data for transmission. Figure 6
shows an example of correlation between data,, overhead, and fill data as data rate is increasing.
It can be seen that as data is increasing, filled data decreases until the transition between packets
occur.
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Figure 5: Result for Variable Output Data Rate.
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Figure 6: Correlation between data, overhead, and filled data for different data rates.
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Figure 7: Correlation between number of packets for different data rates.

When the transition happens, that is where the filled data are minimized and most of the packet
is filled with actual data which implies that this is the most optimum transmission. As mentioned
before, our main goal is to maximize the data transmission and minimize the filled data. Figure 7
shows the number of packets transmitted versus data rate. As data rate is increasing, the number of
packets transmitted stays the same regardless of filled data or actual data. When data rate is small
enough that only one packet per processing time is transmitted, the majority of that packet might
be filled with filled data, and by waiting longer, it allows more data to arrive for more optimization
of the data transmission.

STORAGE/ REAL-TIME TRANSMISSION

Figure 8: Avionics Box Real-Time/Storage Transmission

In this section, a new model is designed for storage and real-time transmission. This capability
allows users to transmit important information real-time, and to store some portion of the data
with lesser priorities. During some phase of mission, there is more room to transmit the storage
data. As a result, this model transmits the stored data during those phases. Figure 8 shows the
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real-time/storage model diagram. λ1 is the real-time rate, λ2 is the storage input rate, and µ is the
output rate. In this model, we consider three main cases.

A. Case 1: Real-time on, Storage off

In case 1, real-time transmission is on, and since real-time is a priority, it will be transmitted
with the same rate. Note, µ(τ) can be greater than λ1(τ). For this case, we assumed that they
will have the same rate. Since storage is off, the storage will contain the same data as previously
without any changes. The following equation is used when case one occurs.

λ1(τ) = µ(τ) (1)
storage(n) = storage(n− 1); for n > 1 (2)

where λ1(τ) is the real-time input rate and µ(τ) is the output rate.

B. Case 2: Real-time on, Storage on

In case 2, real-time and storage are both on. Since real-time is a priority, it will be transmitted
in real time. However, since storage is on, storage data will be stored in the buffer to be transmitted
when the input rate real-time is off in case 3. In other words, the amount of storage is increasing
in the buffer. The following equation is used when case two occurs.

λ1(τ) = µ(τ) (3)
storage(n) = λ2(τ).φ+ storage(n− 1) for n > 1 (4)

where φ) is the processing time.

C. Case 3: Real-time off, Storage on

In case 3, input rate real-time is off, and storage transmission is on. As a result, the output
rate will transmit data from storage. It depends on the output rate µ, storage in the buffer could
decrease or increase. If µ > λ2 The storage buffer is decreasing, and if µ < λ2, the storage buffer
is increasing similar to case 2. The following equation is used when case three occurs.

λ1(τ) = 0 (5)
storage(n) = λ2(τ).φ+ storage(n− 1)− µ(τ).φ for n > 1 (6)

RESULTS

Figure 9 and 10 show storage results of a random mission example. It can be seen that in some
duration storage is increasing, and in some phases of mission storage is decreasing. These results
can help the user when designing a mission profile. One of the main objectives of real-time/storage
transmission is to downlink the storage prior to mission completion. This model can help users
study different mission profile and design the most optimum data rates for both real-time and
storage.
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Figure 9: Telemetry Model in Simulink
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Figure 10: Telemetry Box in Simulink
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Figure 11: Telemetry Model Result

Figure 11 shows the result of the entire mission. Note, this mission profile is a random mission
with different input/output rates for demonstration purposes only. The overall data is the overall
data after adding the CCSDS overhead plus the filled data. The overhead is the overall CCSDS
overhead plus the filled data. Note, in designing a good mission profile model, users need to make
sure that the overall data is always below the output rate allowable by the RF transmitter.

CONCLUSIONS

In this work, we modeled a telemetry system in Simulink which can predict the overall data,
CCSDS overhead, and filled data for the entire mission profile. We propose to use dynamic pro-
cessing time to optimize data transmission by minimizing filled data/overhead. In addition, a model
is used for a real-time/storage transmission for the avionics boxes which allows user to transmit
more important data real-time and store the ones with less priority to transmit later during some
phases of the mission. This model predicts when the all of the storage data is transmitted. The
goal is to transmit the storage for each box prior to mission completion. Overall, this model helps
predict and study different mission profiles and to minimize overhead/filled data.
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