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ABSTRACT 

A missile’s telemetry data includes various sensor outputs, guidance commands formed and position information 

and this package is transmitted via Radio Frequency (RF) communication to the ground station. As these data 

are used for optimizing and improving missile design parameters, it is crucial for telemetry tests to collect as 
much data as possible. This principle results in the requirement of developing a telemetry system that can collect 

more data with less cost (bandwidth cost, financial cost etc.). This study investigates the effects of the using data 

compression methods in telemetry systems on RF communication budgeting. For this purpose, the compression 

methods are applied to the telemetry data and the effects of the reduction of data size on the communication 

range and link margin are examined in the simulation environment. Synthetically produced (fabricated) 

telemetry data is compressed with Huffman and Lempel Ziv Welch (LZW) algorithms which are the lossless 

compression methods and, the effects are evaluated by conducting a link budget analysis on the RF 

communication. The results show that the compression of telemetry data can reduce the cost of the 

communication system by increasing the RF communication range or the link margin. 

 

Keywords: RF communication, Telemetry, Lossless data compression, Link budget analysis. 

 

FÜZE TELEMETRE SİSTEMLERİNDE VERİ SIKIŞTIRMANIN ETKİLERİ  

 
ÖZET 
Füze telemetre verileri; füzenin uçuş testleri esnasında Radyo Frekans (RF) bağlantı ile yer istasyonuna 

aktarılan çeşitli sensör, güdüm ve konum verilerini içeren veri katarlarıdır. Bu veriler tasarım çalışmalarının 

denetlenmesi ve iyileştirilmesi amacıyla kullanıldığından, testlerin mümkün olduğunca fazla veri toplanarak 
gerçekleştirilmesi önemlidir. Bu bağlamda telemetre sisteminin, daha çok verinin daha az maliyetle aktarımını 

sağlayacak biçimde geliştirilmesi bir gereksinimdir (band genişliği maliyeti, finansal maliyet vb.). Bu çalışmada 

füze telemetre verilerinin sıkıştırılarak aktarılmasının RF haberleşme bütçesi üzerindeki etkisi incelenmiştir. Bu 

amaçla, telemetre verilerine sıkıştırma yöntemleri uygulanmış, veri boyutundaki azalmanın haberleşme menzili 

ve link marjı üzerindeki etkileri benzetim ortamında incelenmiştir. Sentetik olarak oluşturulan telemetre verileri 

Huffman ve Lempel Ziv Welch (LZW) kayıpsız sıkıştırma yöntemleri ile sıkıştırıldıktan sonra link bütçesi hesabı 

yapılarak RF haberleşme üzerindeki etkileri değerlendirilmiştir. Elde edilen sonuçlar, telemetre verilerinin 

sıkıştırılarak gönderiminin, füze RF iletim menzilini veya link marjını arttırarak haberleşme sistem maliyetini 

azaltabileceğini göstermektedir.  

 

Anahtar Kelimeler: RF haberleşme, Telemetre, Kayıpsız veri sıkıştırma, Link bütçesi analizi. 
 

1. INTRODUCTION  

 

 Telemetry consists of terms, “tele” and “metry”, it 

can be translated as remote measurement. The concept 

of telemetry testing contains the data collection 

process and gives the useful information for missiles, 

aircrafts and all moving vehicles. For missiles, flight 

tests are crucial as they provide the opportunity of 

comparing design phase expectations with real life 

outputs by tracking the missile’s performance. During 

the design phase, it is important to test the missile via 

telemetry tests to see if the design process is
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progressing in the right way to reach the project goals. 

Thus, even before the mandatory qualification tests, 

conducting flight tests for the purpose of determining 

any design flaws in earlier phases will lead to saving 

both time and manpower. Designing and producing a 

missile is generally very expensive, so it is beneficial 

to prevent errors at major milestones by gathering the 

telemetry data. However, in order to achieve this, the 

gathering of telemetry data should provide with the 
correct and accurate data for less cost.   

 

Developing defense technologies results in projects to 

more detailed and complicated missile designs. For 

instance; effective ranges of missiles get higher, the 

increasing number of possible maneuvers of a missile 

is excessively higher than the previous examples, also 

for all kind of different types of targets. For 

development and design phase of a missile, it is 

crucial to gather and evaluate all telemetry data as a 

matter of the utmost importance. Nevertheless, 
existing telemetry technologies may be insufficient for 

handling such big data. Therefore, there is a need for 

transmitting big telemetry data with low cost. 

Compression of the telemetry data before transmission 

can fulfill this requirement. 

 

The academic community performed many researches 

in order to efficiently keep big data without increasing 

the computational cost. There were studies on how to 

compress telemetry data after it is transmitted to the 

ground station so that data can be archived for further 
analyzes. For example; in the research conducted by 

NASA and Stanford University, the telemetry data 

were separated in different types and different types of 

compression algorithms were applied on them thus 

providing an optimized data size for effective storage 

[1]. According to NASA records, another work carried 

out by Paris University, aims to save storage room in a 

satellite’s ground station by reducing data size with 

compression before transmitting it to ground systems 

[2]. 

 

Following a literature search involving the studies 
mentioned above, it can be seen that the usage of data 

compression methods in telemetry systems are mostly 

based on reducing the data size in ground systems. 

Therefore, the benefits of such work cannot be 

observed for the RF communication that is required 

for telemetry applications and the transmitted real-

time data usually in uncompressed format. There is no 

enhancement/improvement in literature for RF data 

transmission with reduced size of data and smaller 

bandwidth. As far as we know, Turkey’s leading 

missile companies such as ROKETSAN and 

TUBITAK-Sage also do not apply this method in their 

current projects. However in this study, compressing 

telemetry data via an onboard processor leads to an 

increased RF signal transmission range and lower 

thermal noise. Therefore this work is made to research 
how this process will benefit the wireless telemetry 

communication between the missile and ground 

station. 

 

The scope of this work is to compress onboard 

telemetry data with different types of lossless 

compression techniques to decrease data size, and to 

propose RF transmission range extension or provide 

an increased link margin when the range is constant. 

This analysis is achieved by performing a link budget 

analysis where only bandwidth is varied and the other 
characteristics (modulation type, receiver-transmitter 

properties, output signal power, antenna types, etc.) 

are kept constant.  

 

2. PROPOSED APPROACH 

 

A missile’s telemetry system, given in Figure 1, 

involves two main parts; a transmitter system to 

transmit data collected on-board to the ground station 

and a receiver system to perceive this data on the 

ground. As seen in Figure 1, the on-board part consist 
of the data sources which are sensors, the processor 

unit that processes the data for sending to RF modem, 

the RF modem for transmission and the transmitter 

antenna. RF receiver, RF modem that separates the 

data from carrier and data evaluating system that is 

worked for the different test aims are the components 

of the ground station. 

 

On-board, there exist data resources (sensors) to check 

whether the missile performs complying with the 

design considerations. The outputs of these sensors are 

gathered in the telemetry processor unit to be ready for 
transmitting by RF modem. Then at the RF modem, 

data are prepared to be transmitted by the antenna. 

The antenna transmits the on-board data to ground 

station via a wireless channel. 

 

On-board telemetry section is responsible from 

collecting the missile’s data using the outputs from 
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Figure 1. The general structure of the missile telemetry system. 
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acceleration, velocity, position, pressure and other 

sensors. Every sensor transmits the data obtained 

through the wired communication channels to the 

telemetry system. Observation of these outputs 

provides valuable inputs to the design process. For 

example, the velocity sensor on-board can show 

whether the missile has the expected velocity 

components at given moment, whether it is moving in 

the right direction, whether there exists a critical 
situation to avoid the movement of the missile. Also, 

outputs of the sensors can be examined during the 

flight and this creates the opportunity of terminating 

the missile by flight termination system in case of 

abnormal conditions embedded in data. 

 

Sensor outputs are generally analog values and they 

are converted to a single binary pulse series to be 

transmitted with radio frequency.  Then these data are 

modulated with a high frequency carrier signal and fed 

to the on-board antenna. Frequency of the carrier is 
determined according to standards and resides on the 

L-band or S-band in most cases.  

 

In this research, telemetry data namely sensor outputs 

is compressed by well-known algorithms before 

transmission to the ground station, and the effects on 

communication range and link margin are investigated 

by link budget analysis. The main diagram of the 

conducted simulation work is summarized in Figure 2. 

Figure 2 can be explained that: Telemetry data are 

obtained by synthetic data generation, instead of real 
physical data due to military obligations. The 

synthetic data are compressed using Huffman 

algorithm (probability based approach) and Lempel 

Ziv Welch algorithm (dictionary based approach) for 

different data rates, then the compression efficiency of 

these methods were studied. Thus, the data rates after 

compression were used in a link budget calculation to 

compare communication range and link margin 

separately. In these calculations, link margin is 

examined for an assumed 50 km range. Besides, range 

is computed for assumed 10 dB link margin. Other RF 

properties affecting link budget such as modulation 

type, transmitter-receiver specifications and types of 

antenna are assumed to be constants for this part of the 

study. 

 

3. COMPRESSION ALGORITHMS 

 

As the computers and related high technology 

products are being used more often nowadays, the 
amount of data to be stored, processed or moved gets 

bigger and bigger. In order to control the huge 

increase in data collection/manipulation data 

compression and intelligent acquisition methods are 

indispensable. Every data file includes some 

redundancy or repeating patterns that can be used for 

compression techniques, hence   enormous data size 

can be diminished [3]. There are two critical reasons 

to use data compression algorithms; to decrease the 

need for data storage space and to decrease the 

bandwidth required for transmission. These benefits 
can decrease the overall cost of data. Any data 

compressed with lossless or lossy compression 

algorithms can be restored by using decoding 

algorithms. If the data has no tolerance for any loss 

(unlike video, picture, sound, etc.) then lossless data 

algorithms are implemented. For the systems observed 

in this study, military sensitivity is an issue to be 

considered; so lossless data compression methods are 

applied: entropy based Huffman algorithm and 

dictionary based Lempel Ziv Welch (LZW) method.  

 

3.1 Huffman Algorithm 

 

Huffman algorithm is an entropy coding algorithm and 

is one of the fundamental approaches to lossless data 

compression techniques [3, 4].Huffman algorithm is 

trying to create the shortest codeword for the character 

with the highest frequency in a file. This approach 

leads the algorithm to generate variable-length codes 

and thus this method decreases the average length of 

symbols necessary to code the entire text. To avoid  
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Figure 2. Summary of the proposed approach. 
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any potential ambiguity that may occur in the 

decoding process, codewords are selected accordingly 

and none of them are the prefixes of other codewords. 

This property causes Huffman coding to be a “prefix 

coding” technique [3, 4]. 

 

While generating Huffman codes for a file, initially a 

binary tree is created and characters in the file are 

located according to their probabilities of encounter. 
Then, binary symbols (0 and 1) are assigned to lowest 

probability characters and the two lowest probability 

characters are combined to create one character with 

probability equal to the sum of their probabilities. This 

method is repeated to represent the branches of a tree 

and in each repetition; the new character is located 

among other characters according to its new 

probability. As an example, it can be assumed that 

there are five different characters in a ten characters 

long text, namely a, b, c, d, e, and the probabilities to 

encounter these characters are respectively 0.4; 0.2; 
0.2; 0.1; 0.1. As the characters ‘d’ and ‘e’ are 

encountered the least in the text, these characters will 

have the longest codewords in a Huffman algorithm 

based coding and they will be represented with the 

lowermost leaves in the Huffman tree. The next step 

will include combining ‘d’ and ‘e’ to be a single node 

and assigning 0 to ‘d’ and 1 to ‘e’. The process is 

repeated until the combined new probability in a 

generated node is equal to 1. At the end of the process, 

binary digits assigned to each branch are written side 

to side from root to branches and thus the final 
codeword representing the character is found. The 

Huffman binary tree associated with this example is 

shown in Figure 3.   
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Figure 3. Huffman tree for the example. 

 

Table 1 shows the codewords generated using 
Huffman algorithm for the example. Average length 

of codewords generated using this method is found by 

multiplying frequency of characters with their 

codeword’s length, then dividing the sum of these 

products to the total number of characters [3]. For the 

example above, this value can be found as 2.2 by 

(4x1+2x2+2x3+1x4+1x4)/10. 

 

Table 1. Codewords generated with Huffman 

algorithm. 

 

Character a b c d e 

Codeword 1 01 000 0010 0011 

 

3.2 Lempel-Ziv Welch (LZW) Algorithm 

 

LZ algorithms are dictionary based coding techniques 

created by the works of Jacob Ziv and Abraham 
Lempel [3, 5, 6]. There are different kinds of LZ 

coding technique, with modifications made according 

to the data to be coded. In LZ techniques, recurring 

strings of data in a file are determined, then 

codewords are generated and a dictionary is formed 

for all different strings. LZ77 and LZ78 are members 

of the LZ family, using the aforementioned technique 

[6]. LZW algorithm is the youngest member of LZ 

family and was built to bring improvements to these 

techniques [7]. Currently, it is widely known that 

LZW is more sophisticated and efficient than both 

other LZ algorithms and the compression rates are 
thus higher. The steps of executing a LZW 

compression can be summarized in this section: 

 

Variables: P: position in window; C: first character 

after a match 

 Initially, all different characters are added to 

the dictionary. At this stage, P is an empty set 

and C shows the next character in the file 

string to be processed. 

 The dictionary is checked to see if it includes 

the string of (P+C). 

 If the dictionary has that entry included, 

P is now equal to (P+C).     

 If the dictionary does not include (P+C), 

output is the codeword assigned to P and 

(P+C) is added to the dictionary. P is 

updated to be equal to the next character 

C. 

 These steps are repeated in cycles until the 

section to be decompressed is totally covered.  

 

To explain further, an example can be useful at this 
point. The initial state of the dictionary for the 

message “BABABABA” is shown on Table 2. 

 

Table 2. Initial dictionary entries for an example 

message “BABABABA”. 

 

Code Entry 

1 B 

2 A 
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When the compression/coding for the message is 

started, the first letter is B and is an entry of the 

dictionary. The letter A follows and at this stage P is 

now B, C is A and (P+C) becomes BA. 

 

Then,  

 “BA” string is added to the dictionary. 

 The code for B is written as an output. 
 

When the message continues to the second B,  

 “AB” string is added to the dictionary. 

 The code for A, 2, is added to the output 

code. 

 

When the second A is encountered (at the BABA 

section of the message), with B and A already in the 

dictionary, P is now equal to BA and its code (3) is 

added to the output string. 

 

Using these steps for the whole message, the output 
code for “BABABABA” is created and the LZW 

dictionary is formed. The code for this message 

becomes “12352” and the complete dictionary is 

prepared as shown on Table 3. 

 

Table 3. Dictionary formed for LZW example. 

 

Code Entry 

1 B 

2 A 

3 BA 

4 AB 

5 BAB 

6 BABA 

  

 

4. LINK BUDGET ANALYSIS FOR RF 

COMMUNICATION 

 
In telemetry tests, missile characteristics (the onboard 

data) is gathered and sent via telemetry transmitter 

equipment wirelessly in radio frequency (RF) to the 

ground station. In order to conduct telemetry tests 

successfully, onboard equipment has to be designed 

properly and link budget analysis must be calculated 

very carefully. As the relationship between data size 

and communication range/link margin is researched 

within the scope of this work, parameters other than 

the data size were kept constant.   

 
Link budget analysis is a design analysis in which all 

parameters between receiver and transmitter that can 

change RF communication characteristics are taken 

into consideration [9-16]. As the telemetry receiver 

detects only signals above a certain threshold the 

power, power level of the received signal has the 

utmost importance.  The most convenient power unit 

used by RF systems is dBW (decibel - Watt) unit. In a 

link budget calculation, all cases to increase signal 

power strength are added as gains and attenuating 

factors are losses. The calculation leads to a prediction 

value higher or lower than the receiver sensitivity. The 

loss and gain parameters of a wireless link are 

explained below.   

 

4.1 Losses 

 

Noise: In telemetry systems, the RF communication 

link creates a path for signals between the missile and 
the ground station. The receiver on the ground then 

needs to separate the incoming signal from the 

additive noise. Noise is shortly defined as the extra 

unwanted signals within the communication link. 

Noise can occur in many different ways, however in 

the link budget analysis noise is considered as random 

white Gaussian noise for convenience. After 

calculating the power of noise formed, this value is 

added as a loss to the link budget. The noise equals to 

the multiplication of communication bandwidth, 

Boltzman’s constant and electronic system 
temperature [9]. 

 

kTBN                 (1) 

 

In (1), N is noise power in Watt; k is the Boltzman’s 

constant (1.38 x 10-23 J/K), T is the system’s 

temperature in Kelvin (accepted as 290K) and B is 

channel bandwidth in Hz. From (1), it can be seen that 

data bandwidth is directly proportional with noise 

power. When data compression is implemented to any 

channel, a decrease in bandwidth, decrease in noise 

power and an increase in the communication link 

range can be observed. 
 

Other than noise power, in RF systems noise factor is 

also an important parameter to be considered. This 

parameter is defined as the ratio of signal to noise 

ratio (SNR) measured at the input and signal to noise 

ratio measured at the output (2).  

 

outputinput SNRSNRF /                               (2) 

 

The noise figure formula is given in the Equation 3. 

 

)log(10 FNF                                                     (3) 

 

Free Space Loss: In RF communication systems, free 

space loss is the loss arising from the distance between 

the transmitter and the receiver [10]. When there is 

Line-Of-Sight (LOS) between systems and there is no 

signal reflection or refraction of signals, free space 

loss can be observed under these ‘ideal’ conditions. 

This loss is encountered as the signal is attenuated as 

it travels in the air. Equation 4 shows the operation 

needed to calculate the amount of signal power 

arriving to the receiver. 
 

)4/( 2RPtS                                                         (4) 
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In (4), S is the amount of power in unit area for the 

distance in case, R; distance between the receiver-

transmitter, Pt; power transmitted from the source. 

 

Equation 5 demonstrates the equation necessary to 

find free space path loss (FSPL). 

 

22 /)4(
Pr

R
Pt

FSPL 
                                                            (5) 

 

Pt is transmitted signal power, Pr is received power 

and λ is wavelength (found by c (speed of light)/f 

(frequency)) in (5). FSPL is then converted to dB units 

by calculating the logarithm of this value on base 10 

and multiplying the result by 20.  

 

Transmission Line Losses: Transmitters and receivers 

need to transmit signals to their antennas and high 

frequency signals used in RF systems require specific 

transmission line designs. Coaxial cabling, micro strip 
structures, waveguides and other structures are options 

to be used for transmission and according to system’s 

specifications, the choice is made. In order to find the 

attenuation it creates on the RF signal, losses due to 

transmission line characters are summed [11]. 

 

RGDC                                                      (6) 

 

In (6), 
C stands for loss due to metal conductivity, 

D is the dielectric loss tangent,  G  is the dielectric 

conductivity loss and 
R is radiation related loss. The 

unit of these loss values is in Nepers/meter and is 

multiplied by 8.69 to reach value in dB unit. For the 

telemetry applications, coaxial cable is generally used 
as a transmission line and its loss is added to the link 

budget calculations after it is calculated for both 

transmitter side and receiver side.   

 

Atmospheric Losses: In RF applications such as in 

telemetry systems, electromagnetic waves are 

transmitted to the air where they travel by creating 

electric and magnetic fields. Thus it is important to 

take the atmosphere’s effect on attenuation into 

account. For most cases, oxygen and water vapour are 

the most important substances in the air that have the 
ability to create signal power loss [12]. 

 

Polarization Loss: The antennas used in RF 

communication have a characteristic property called 

polarization. As known, an antenna transforms electric 

current into electromagnetic wave and this is how the 

information signals are transmitted wirelessly in the 

air. The direction of propagation is towards the 

receiver in every case, but the path that is chosen can 

determine whether the antenna has linear, circular or 

elliptic polarization. The loss arises from the 
polarization difference between transmitter antenna 

and ground station receiver antenna. While performing 

link budget analysis in telemetry applications, a 

polarization loss of 3dB is taken into account [13].   

 

4.2 Gains 

 

Transmitter Output Power: In wireless 

communication applications, the value of RF signal 

power at the output of a transmitter is taken into 

account as a gain while performing the link budget 
analysis. As definition, this positive value is the power 

that is observed on a 50Ω resistor connected to the 

antenna’s connection port in the transmitter system 

output. Transmitter output power varies with the 

specifications of the device used. As defined on the 

telemetry systems’ standard documentation IRIG 

(Inter-Range Instrumentation Group) Standard 106-04, 

telemetry applications tend to use the minimum output 

power required to ensure communication quality. This 

standard also prohibits the usage of transmitter 

equipment with more than 25W of output power.  
Within this study, an S-Band COTS (Commercial Off-

The-Shelf) product’s technical specifications 

document is taken as an example and the transmitter 

output power is accepted to be 10dBW (equal to 

10log10(10W/1W)) [14]. 

 

Antenna Gain: Every antenna, depending on its 

directivity and electrical efficiency, has a gain value 

defining its performance. Directivity is a parameter 

depending on the design of the antenna and is 

arranged to meet system requirements. For telemetry 
tests, wraparound antennas that can provide near-360 

degrees coverage are chosen for a good transmission. 

This results from the missile’s dynamic properties; it 

can move at very high speeds and can rotate. However 

the telemetry application requires LOS (Line Of Sight) 

at every instance of the flight and the ground station 

wants to communicate with the missile by receiving 

all of the data from it. An antenna’s gain is defined as 

shown in (7). 

 

DG R                                                     (7) 

 

In (7); εR is the antenna efficiency, D is the directivity. 

εR parameter’s value varies with the material choice 

(the metal used within), antenna’s type, its aperture 

size and its operating frequency band [15].     

 

5. ANALYSIS and RESULTS 

 

5.1 Telemetry Data 

 
The basis for this work requires generating 

sequentially 1, 5, 10, 15, 20, 32Mbps of synthetic data 

and compressing them lossless with Huffman and 

LZW algorithms. Telemetry data consists of sensor 

outputs, flight parameters and the signals generated by 

guidance computer. Synthetic data is created because 

usage of real telemetry data is not possible due to the 
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military & corporate sensitivity it might contain. A 

telemetry frame is then built. This major frame is 

based on real applications of telemetry data and 

considers sensors’ sampling frequency; so it includes 

five minor frames. Every minor frame collects data 

samples every 2ms. The major frame, which consists 

of five minor frames, is sent to the ground station 

every 10ms. Every single data placed in minor frames 

has a length of 32 bits and is therefore represented in 

the binary system. A demonstration of this structure 

can be seen in Table 4. In Table 4, the major and 

minor frame structures for sending 24 distinct values 

are shown. The major frame size can be found as 3840 

bits (for 24 different measurements; each 

measurement has 5 minor frames and each frame has 

32 bits). This value equals to a 0.38Mb long data train 

in one second. Within this study, it is assumed that 

3840000 bits are being sent to the ground station.  

 

Tablo 4. Synthetically generated telemetry frame structure. 

 

Frame 

Data Content 
1

st
 Minor 

Frame 

2nd 
 Minor 

Frame 

3
rd

 Minor 

Frame 

4
th

 Minor 

Frame 

5
th

 Minor 

Frame 
Bits per frame 

Counter Counter Counter Counter Counter Counter 32 Bits 

Acceleration 
on  X axis 

Acceleration-X Acceleration-X Acceleration-X Acceleration-X Acceleration-X 32 Bits 

Acceleration 
on  Y axis 

Acceleration-Y Acceleration-Y Acceleration-Y Acceleration-Y Acceleration-Y 32 Bits 

Acceleration 

on  Z axis 
Acceleration-Z Acceleration-Z Acceleration-Z Acceleration-Z Acceleration-Z 32 Bits 

Temperature 
Sensor 1 

Temperature 1 Temperature 1 Temperature 1 Temperature 1 Temperature 1 32 Bits 

Temperature 
Sensor 2 Temperature 2 Temperature 2 Temperature 2 Temperature 2 Temperature 2 32 Bits 

Temperature 
Sensor 3 Temperature 3 Temperature 3 Temperature 3 Temperature 3 Temperature 3 32 Bits 

Temperature 
Sensor 4 Temperature 4 Temperature 4 Temperature 4 Temperature 4 Temperature 4 32 Bits 

Pressure 
Sensor 1 

Pressure 1 Pressure 1 Pressure 1 Pressure 1 Pressure 1 32 Bits 

Pressure 
Sensor 2 

Pressure 2 Pressure 2 Pressure 2 Pressure 2 Pressure 2 32 Bits 

Pressure 
Sensor 3 Pressure 3 Pressure 3 Pressure 3 Pressure 3 Pressure 3 32 Bits 

Pressure 
Sensor 4 Pressure 4 Pressure 4 Pressure 4 Pressure 4 Pressure 4 32 Bits 

Voltage 1 Voltage 1 Voltage 1 Voltage 1 Voltage 1 Voltage 1 32 Bits 

Voltage 2 Voltage 2 Voltage 2 Voltage 2 Voltage 2 Voltage 2 32 Bits 

Voltage 3 Voltage 3 Voltage 3 Voltage 3 Voltage 3 Voltage 3 32 Bits 

Voltage 4 Voltage 4 Voltage 4 Voltage 4 Voltage 4 Voltage 4 32 Bits 

Velocity 
Vector 1 

Velocity 1 Velocity 1 Velocity 1 Velocity 1 Velocity 1 32 Bits 

Velocity 
Vector 2 Velocity 2 Velocity 2 Velocity 2 Velocity 2 Velocity 2 32 Bits 

Velocity 
Vector 3 Velocity 3 Velocity 3 Velocity 3 Velocity 3 Velocity 3 32 Bits 

Velocity 
Vector 4 Velocity 4 Velocity 4 Velocity 4 Velocity 4 Velocity 4 32 Bits 

Guidance 
Data 1 

Guidance 1 Guidance 1 Guidance 1 Guidance 1 Guidance 1 32 Bits 

Guidance 
Data 2 Guidance 2 Guidance 2 Guidance 2 Guidance 2 Guidance 2 32 Bits 

Guidance 
Data 3 Guidance 3 Guidance 3 Guidance 3 Guidance 3 Guidance 3 32 Bits 

Guidance 
Data 4 Guidance 4 Guidance 4 Guidance 4 Guidance 4 Guidance 4 32 Bits 
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Telemetry data rates above 10Mbps are not used 

nowadays. However, as this study foresees usage of 

higher rates in the future, the data types’ quantities are 

increased for the analysis part of this study. Thus; for 

1, 5, 10, 15, 20 and 32Mbps data rates; 63, 315, 630, 

945, 1260 and 1890 measurement data are used, 

respectively. This choice relies on the fact that the 

number of sensors necessary in telemetry tests is 

higher for high range and more sophisticated missiles. 
As the vehicle’s design becomes more complex, the 

data needed in tests becomes inevitably more. For 

instance, only 4 temperature sensors can be enough for 

a short-ranged missile; but for an intercontinental 

missile (effective in long range) those sensors would 

not be enough to observe all subsystems’ temperature. 

Even higher data sizes could be required for 

spacecrafts.  

 

During the fabrication of the synthetic data used for 

this study, rates of changes in the data types fabricated 
were adjusted in order to match real-life conditions. 

This approach intends to obtain realistic results from 

simulation and analysis results. As a main frame of 

10ms duration can cover only minor changes, the 

telemetry data is not expected to involve drastic 

changes of value in-between frames. The highermost 

change of sensor values is supposed to occur in 

vectoral acceleration, speed and position sensors. 

Among these sensors, for example, data showing the 

vehicle’s position on x-y-z coordinates is simulated 

for a missile of 3600 km/h maximum speed.   
    

In this case, the change in data is 1km in a second and 

0.0005 meters between two consequent frames of 2ms. 

This case forms the basis of data fabrication and for 

the data to be used in simulations; the main frame 

structure is prepared for 0.001units of change in data 

and in 32-bits of floating point data type.   

 

For efficient compression of data, they need to be in 

certain forms to comply with compression algorithms 

in the best way possible. Huffman and LZW 

algorithms are efficient when the binary outputs from 
sensors and processors are fed to compression units in 

Hexadecimal form. The HEX alphabet contains 16 

different characters; 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, 

D, E, F as its symbols. For the study, the telemetry 

transmitter and receiver are both assumed to be aware 

that HEX alphabet will be used during the 

communication. Thus, it will not be necessary to share 

the alphabet (and increase the data rate) in order to 

achieve decompression on the ground. This way, as 

every HEX digit requires 4 binary bits for 

representation, there are 64 bits of saving in the 
amount of data. 

 

5.2 Performance of Compression Algorithms 

 

As mentioned in the previous section; 1, 5, 10, 15, 20, 

32Mbs of data are fabricated respectively and are 

subjected to Huffman and LZW algorithms. For the 

obtained results, an algorithm’s compression rate is 

calculated as the ratio of decrease in data size after the 

compression. Results of compression ratio for this 

study are given in Figure 4. According to Figure 4, 

while the compression ratios obtained by Huffman 

method are between 6% and 14%, these values change 

between 24% and %37.77 for LZW method. These 

results in Figure 4 show that the LZW algorithm can 
obtain better (higher) values of compression ratio, 

indicating more efficient compression for telemetry 

data compared to Huffman; thus the dictionary-based 

compression approach has more successful 

performance than the probability-based algorithm of 

Huffman.    

 

 
 

Figure 4. Compression ratios for Huffman and LZW 

algorithms. 

  

 

 5.3 Communication Range and Link Margin 

Analysis 

 

At this point, it might be beneficial to explain certain 

RF and link-budget related definitions. Bandwidth of a 

signal is identified by the frequencies within that 
signal and by the transmitter’s properties. A channel’s 

bandwidth, on the other hand, implies the limit signal 

bandwidth required for the channel to transmit the 

signal without communication loss due to attenuation. 

Channel capacity is also defined for a communication 

link (channel) and shows the maximum data rate it can 

support in bits per second (bps). Thermal noise is a 

kind of noise seen in all systems, resulting from the 

change of state of electrons inside the material. As the 

heat of a material increases, electrons begin to get 

‘excited’ and their movement creates a noise in 
electronic systems. This noise can be misinterpreted as 

part of the information signals and can even prevent 

the receiver system from receiving the intended 

information. The power of the signal that contains 

information and is able to reach the receiver can be 

found by (8). In (8), P stands for the average power. 

 

noisesignal PPSNR /                                                                (8) 
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This study aims to decrease the data rate of a 

telemetry transmitter system using data compression 

algorithms. There is an indirect influence to the 

communication range; as the data rate increases noise 

and this can be observed by applying the necessary 

link budget computations. Other parameters of RF 

communication are accepted as constants and 

assumptions are made for these parameters [16]. 

  
On-board systems’ parameters are used in the analysis 

with the following values: 

Transmitter output power: 10dBW 

Cable losses: 0.5dB 

Transmitter side transmission line losses: 0.5dB 

Transmit antenna gain: -5dB (An on-board antenna 

for a missile needs to be effective on all directions, 

so it is generally chosen to be an isotropic antenna. 

These kinds of antenna experience low gain.) 

Using these assumptions, the effective transmission 

power from the antenna is calculated to be:  
10-0.5-0.5+(-5)=4dBW. 

 

For the RF channel that the signal propagates through, 

common sources of loss are explained below: 

Polarization loss: 3dB 

Atmospheric attenuation: 0.5dB 

Distance between missile and telemetry ground 

station: 50km  

Path loss:  

FSPL= 32.48 + 20 log (frequency in MHz) +        

20 log (distance in km) 

Receiver system on the ground station has the 

following communication parameters: 

Receiving antenna gain: 20dB 

Receiver side transmission line loss: 1.2dB 

Receiver temperature: 288.6K 

Figure of merit: 20dB - 1.2dB - 10log (Receiving 

antenna’s transmission line noise temperature) 

Boltzman’s constant: 228.6dBW/kHz                     

Data rate supported: 32Mbps 

Bandwidth: Data rate x 1.16 = 37.2MHz 

Bit to noise ratio: 

92.79 – 10 log (37.2 x 106) = 17.09dB 
Link margin: Bit/noise ratio - 9.5 = 7.59dB 

 

According to the telemetry standards document, if the 

telemetry tests are performed on a plain terrain, a link 

margin of 10dB should be applied to ensure 

communication quality [17]. For rugged terrains, link 

budget necessity is defined to be 15dB. However, this 

study and all analysis involved are based on the plain 

terrain case. Another parameter defined using the 

IRIG document is the SNR ratio corresponding to the 

desired BER (Bit Error Rate) value for a PCM/FM 

(Pulse Code Modulation/Frequency Modulation) 

system. The desired BER value in this case is 10-5.  
 

The link budget calculations are made on the 

telemetry data after its size is decreased using 

compression methods. When the link margin is 

constant at 10dB, the maximum communication range 

that can support communication’s quality were 

calculated and given on Table 5. The communication 

range values calculated for uncompressed (raw 

telemetry data) and compressed data by Huffman and 

LZW (Table 5) are also shown in Figure 5. 

Additionally, Table 5 gives the amount of increase in 
range, comparing compression methods’ efficiency for 

that purpose. Results show that LZW method, which 

also provides higher compression ratios, thus provides 

a higher increase in the communication range. 

 

 
 

Figure 5. Communication ranges for raw and 

compressed telemetry data.

Table 5. Communication ranges and percentages of increase in range for a constant link margin of 10 dB. 

 

 Communication Range (km) Increase in Range (%) 

Data Rate Raw Telemetry Data Huffman LZW Huffman LZW 

1 Mbps 214 221 244 3.27 14.02 

5 Mbps 96 103 116 7.29 20.83 

10 Mbps 67 71 80 5.97 19.40 

15 Mbps 55 57 67 3.64 21.82 

20 Mbps 48 50 56 4.17 16.67 

32 Mbps 38 40 45 5.26 18.42 
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Table 6. Link margins and percentages of increase in link margin for a constant communication range of 50km. 

 

 Link Margin (dB) Increase in Link Margin (%) 

Data Rate Raw Telemetry Data Huffman LZW Huffman LZW 

1 Mbps 22 22.91 23.84 4.14 8.36 

5 Mbps 15.65 16.31 17.33 4.22 10.73 

10 Mbps 12.64 13.05 14.14 3.24 11.87 

15 Mbps 10.88 11.25 12.6 3.40 15.81 

20 Mbps 9.63 10.04 11.09 4.26 15.16 

32 Mbps 7.59 7.95 9.12 4.74 20.16 

 

 

When the communication range is kept constant at 

50km, link margin values are found with the necessary 

link budget calculations for raw and compressed data 

(by Huffman and LZW methods). These results are 

given in Table 6 and Figure 6. The increases in link 
margin values are also shown in Table 6 as %. As seen 

from these results, for data compressed using LZW 

method, link margins are higher than the others 

(uncompressed-raw data and compressed data by 

Huffman). This also is a parameter increasing the 

overall quality of RF communication; thus data size 

reduction using compression methods provides high 

quality telemetry communications for a higher range. 

 

 
 

Figure 6. Link margins for raw and compressed 

telemetry data. 

 

These effects of data compression are the results of 

decreasing the amount of noise present in electronic 

components. Data compression techniques have 

different algorithms and are effective for certain kinds 
of data (i.e. with some specific properties) so their 

effectiveness’ are different.  

 

6. CONCLUSION 

 

In many countries, the government and army units 

define the requirements for missile projects and in 

order to ensure that these criteria are met, telemetry 

tests are performed. However, the amount of data 

transmitted are in most cases very high and 

compression methods are not used in those tests. Thus, 

in long-range missiles and space vehicles, the 
telemetry data size is bigger and it is difficult to 

receive all of this high bandwidth data. This study 

proposes the compression of telemetry data to obtain 

more data in the tests and observes effects of data 

reduction on communication range and link margin 

using link budget calculations. For this purpose, 

synthetic data was fabricated in the commonly-used 

telemetry data format; then this data was compressed 

using lossless compression techniques of Huffman and 

LZW. Link budget analysis made after compression 

showed that for a control group using the same 

equipment and systems, data compression resulted in 
higher communication range and higher link margin; 

indicating a good communication quality between the 

missile and telemetry ground station. It is also 

projected that this decrease in data bandwidth can 

decrease the cost and increases the efficiency for a 

telemetry test. 

 

During the literature search made for this study, it was 

seen that telemetry data compression was mostly 

researched for archiving purposes as the telemetry 

data reaching the ground station needs to be kept for a 
long time. Besides these studies, works of the 

Consultative Committee for Space Data Systems 

(CCDS) which involves foundations such as European 

Space Agency (ESA) and National Aeronautics and 

Space Administration (NASA) were researched. In its 

publications, this board recommends the usage of 

Golomb-Rice algorithm for the lossless compression 

of telemetry data [18]. However this technique does 

not only compress regular telemetry data, but also 

compresses image and video data collected from space 

vehicles. Thus, it is not specialized for telemetry test 

characteristics similar to those performed for missiles. 
Within Turkey, where the space agency was recently 

founded, there are no studies published on 

compression of missile/rocket telemetry data. Within 

the future work planned, it is planned to design the 

hardware components according to this study so the 

real-life costs (financially, size-related, delay-related, 

etc.) can be observed for inserting compression 

algorithms to actual missile subsystems. 



The Effects of Data Compression in Missile Telemetry Systems 

SAGLAM, YILMAZ 

47 

Despite the results that show improvement in overall 

telemetry communication, processors’ delay time 

should be taken into consideration too. The operation 

time to run these algorithms is related to processor 

specifications. For the simulations and analysis within 

this study, a Sony-Vaio brand laptop with 2 cores, 

Intel core i7-2640m, 2.8 GHz processor and 6 GB 

RAM was used and time delays for algorithms were 

measured. For the Huffman algorithm, 1, 5, 10, 15, 20 

and 32Mb data size concluded in consecutively 15, 15, 

18, 18, 20 and 20ms of delay. For LZW algorithm, the 
delay values were 12, 13, 15, 17, 18 and 19ms, 

respectively. The time it takes to run the algorithms 

and process the data also is directly related to the 

codes used to process compression algorithms. For a 

missile, these coding will probably operate on a Field-

Programmable Gate Array (FPGA) and the predictions 

are that operation delay in such real-life conditions 

will be less than 10ms. This value will assure not 

missing any telemetry data frame while performing. 

Besides, process complexity (the amount of 

unnecessary coding or loops) will also be less thus 
resulting in less delay/fast response. 
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