
© 2022 JETIR July 2022, Volume 9, Issue 7                                                                          www.jetir.org (ISSN-2349-5162) 

JETIR2207526 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org f190 
 

IMPLEMENTATION OF MULTIPOINT 

TEMPERATURE CONTROLLER IN ACTEL 

FPGA 
G VISMAYA 

Assistant professor, Department of Electronics, College of Applied Science, Ayalur, Palakkad, Kerala, India. 

Abstract: The aim of this paper is to maintain desired orientation and orbital position of the satellite by effectively controlling the 

temperature using FPGA. Thermal control is essential for better performance and success of mission because if component is 

subjected to temperature which is too high or too low, it could be damaged or its performance could be severely affected. A 

satellite moves around the planet in a definite orbit, due to some external factors like temperature, precipitation etc the satellite 

tends to move away from its orbit or change the direction of its motion. If it is so, then its output also varies. Hence it is required 

to maintain the temperature of satellite for its proper functioning. In the proposed system, the temperature is maintained constant 

by using temperature controller implemented in ACTEL FPGA which is a reusable IP Core. The main advantage of using ACTEL 

FPGA is that it can be used in radiation hardened environment.  

Index Terms – IP Core, inertial reference unit, ACTEL FPGA, cluster, ON & OFF counters  

I. INTRODUCTION 

 

Any spacecraft include mainframe systems and payload systems. The complete spacecraft assembly including all hardware 

items is called a system. A subsystem is a functional entity within the spacecraft comprising of two or more packages. A self-

contained combination of parts and or components that are deck mounted either directly or through bracket, capable of 

independently performing a function for the subsystem operation is called as package. AOCS (Attitude & Orbit control 

subsystem) is one of the major subsystems in any spacecraft. Spacecraft attitude means the orientation of the spacecraft w.r.t to a 

reference frame which is normally referred as yaw, roll and pitch. In an earth pointing a spacecraft, yaw is towards earth, roll axis 

is tangential to the orbit and pitch is perpendicular to both yaw and roll. AOCS in spacecraft has dual role of attitude stabilization 

and maneuvering. Attitude stabilization is keeping the orientation fixed w.r.t to a coordinate system. AOCS also contains sensors 

sensing attitude, Controller and actuators which provide the required torque. The basic sensor for attitude control is IRU (inertial 

reference unit) providing absolute attitude sensing stability and vital jitter stability is fully dictated by IRU. The attitude error is 

obtained from the reference and current position provided by attitude sensors. The controller generates appropriate commands by 

processing the error signal. The disturbance is thus cancelled by the actuator which responds to the command and thus maintains 

spacecraft attitude. 

IP CORE (Intellectual Property Core) 

It is a new approach to the design of adaptive hardware using Field Programmable Gate Array (FPGA).An IP in a VLSI is 

defined as a reusable unit of design layout which is generally made with the concept of  giving authorization to more than one 

vendor for using it  as basic building functional blocks in designing a chip. An IP Core is a block of data that is used in making an 

FPGA or Application specified IC for a product. As essential elements of design reuse, IP cores are a part of growing electronic 

design automation industry trend towards repeated use of previously designed components. Ideally an IP core can be inserted/ 

used in any type of vendor technology or any type of method design. In system on chip designs these pre designed IP cores are 

becoming more important because most of the SOC designs have a standard microprocessor and a lot of system functionality that 

are standardized and thus the layout design can be reused many times if designed once. As essential elements of design reuse IP 

cores are a part of growing electronic design industry trend towards repeated use of previously designed components. USART, 

CPUs, Ethernet controllers and PCI interfaces are all examples of IP Cores. IP cores are licensed as hard IP cores, firm IP cores or 

soft IP cores. Hard cores are physical manifestations of IP design. These on other hand offer layout designs in layout format like 

GDS which is mapped to a process technology and can be directly dropped by a consumer to the final layout of the chip. These 

plug  and play applications and are less portable and flexible than other two types of cores. Analog and mixed signal logic designs 
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for PLL, ADC and DAC are generally developed and licensed as hard IP cores. Like the hard cores, firm cores also carry 

placement data but are configurable to various applications. The most flexible of the three soft cores exist as net list or hardware 

description language code. Soft IP cores are defined as those IP blocks basically depicted as RTL models which are synthesizable. 

These are developed and licensed as soft IP cores. The proposed system deals with soft cores. It means that is to design and 

implement evolvable IP cores at the level of HDL. The advantage of this proposed system is that these evolvable IP cores will be 

manipulated in a platform which is platform independent. The advantages of IP Cores include A) eliminate problems related to a 

single source B) small footprint c) lower price D) Flexibility 

Inertial Reference Unit (IRU) 

IRU is a DTG based attitude referencing system for providing attitude area on all the three axes of the spacecraft with full 

redundancy. The output of the package is incremental angle derived from the angular rate sensed by Dynamically Tuned 

Gyroscopes. IRU is being used in INSAT/IRS class of satellites. In INSAT type of space crafts, the IRU outputs are used for 

attitude stabilization during apogee motor firing and on orbit station keeping operations. In IR type spacecraft, IRU will be 

continuously on throughout the mission. Inertial systems are mission critical elements in all the space crafts. It dictates the vital 

performance and also gives life to the spacecraft which includes geosynchronous, remote sensing, inter planetary missions etc. It 

is sensors whose references are completely internal except for the initialization are termed as inertial sensors. IRU is used to sense 

the attitude of the spacecraft. IRU possess certain major advantages over other equivalent systems. It is a self-contained system 

requiring no external reference. There is no field of view limitation for such type and it cannot be jammed. It has very fast update 

rates against 1s for the earth sensor, GPS etc. In addition its performance is not affected by higher space crafts, making it suitable 

for highly angle applications. It has very high resolution (approximately 0.01 arc sec against 10 arc sec for star sensor) thus being 

the only option for application demanding high pointing accuracy. The short term stability is also very good being in the range of 

0.05 degree/hour. IRU is not an absolute and it gives accumulated output. Since the output drifts over time periodic update is 

required. However the drift stability is very good at 0.01 degree/hour. The gyro can be updated using absolute sensors to take care 

of initial offset and drift. Scale factor is 100 ppm, which implies that for a rate of 1 degree/ sec the maximum possible error is 

only 0.3degree/ hour 

II. SYSTEM CONFIGURATION 

IRU is an attitude measuring unit which is a self-contained strap down redundant material. The unit consists of three independent 

channels each of which provides two axes of output information. The major elements of IRU are 

1. Three numbers of two degree of freedom dynamically tuned gyroscopes mounted on a cluster suspended with 4 space 

qualified vibration isolators 

2. 3 independent sets of electronics modules 

3. Housing and optical mirror for alignment 

 

III. SYSTEM DESCRIPTION 

Orientation of satellite is crucial whether it is for telecommunication or earth observation craft or for astronomy missions. The 

AOCS is responsible for controlling the attitude, orbit and hence the orientation of the satellite. The orientation of the satellite 

varies from the desired orbit due to external factors like temperature. The IRU periodically observe any changes in the direction 

of the satellite and corrects it. IRU consists of an internal sensor named DTG. It is an instrument which senses angular motion 

about its input axis without any external references. Whenever there is a change in the orientation of the satellite along its orbit, 

the DTG measures the angular shift which is given by Output= input+ drift. Drift is an offset value that varies with temperature 

and drastically affects the output of IRU with time. Hence the temperature is controlled in order to make the drift a stable value. 

The proposed system consists of single cluster with 3 DTGs, 4 heaters and 4 thermistors. The housing circuit indicates the rate of 

change of ambient temperature. The block diagram indicates the process of temperature controlling associated with single 

module/cluster. 

 

Figure 1: Block Diagram of a Single Module 
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According to the selection inputs, the multiplexer takes the corresponding cluster temperature (ch1read, ch2read, 

ch3read, ch4read) along with housing temperature ( chenvor) and pass it on to Low pass filter. 

 

Figure 2 : Functional Block Diagram 

The LPF is an op amp based device which amplifies the input that is further passed on to the ADC and provides a digital output to 

drive the FPGA. Since other FPGA are vulnerable to radiation, ACTEL FPGA is used which is preferable in radiation 

environment. The cluster temperature should be maintained at a fixed value and this temperature is set as reference temperature. 

The cluster temperature is measured periodically by means of thermistors mounted on cluster. Since any change in environment 

temperature can also affect the temperature inside the cluster, a fraction of ambient temperature is also taken into account. The 

measured temperature of the cluster is compared with the set temperature and the error goes through a feed forward path to the 

PWM driver. The measured temperature (X) is compared with the environment temperature (Y) and this fractional value (X-

Y)/16 are added with the error signal which drives the pulse width modulator. The PWM driver produces PWM pulses whose 

pulse width varies with the input signal. If measured temperature is less than the required value, then the PWM driver turns ON 

the heater. Or else the heater is turned OFF. Thus PWM driver acts as a switch thereby controlling the heater to maintain the 

temperature as desired. 

IV. HARDWARE DESCRIPTION 

Hardware components include cluster and housing thermistors, Biasing circuits, Multiplexer HS1840, Low pass filter op07, 

ADC AD571, FPGA RH1280 and a heater. 

 Cluster 

Cluster consists of 3 DTG, 4 thermistors, 4 heaters. The 3 DTGs along roll, pitch and yaw axes are mounted on the vibration 

isolated cluster in orthogonal configuration. DTG is a freedom sensor which is of two degree that can determine angular rates and 

can achieve better precisions than 0.01 degree/hour, 200 degree/seconds in a full scale range value. It measures the orientation of 

the satellite in every 32ms and produces an output∆𝜃. Thus we can calculate the rate
∆𝜃

∆𝑡
 , this change in orientation is applied to the 

satellite by the means of AOCS. Four heaters are used to provide uniform temperature inside the cluster. A thermistor is a 

temperature sensitive sensor that exhibits a large modification in resistance in proportion to a tiny low modification in 

temperature. Most thermistors have a negative temperature coefficient. The negative temperature coefficient of the thermistor can 

be as huge as several percent per degree Celsius allowing the proposed circuit to detect very minute changes in value of 

temperature. 

 Multiplexer 

The first component in the processing stage is a 16X1 MUX ( HS 1840ARH) .This is a radiation hardened monolithic 16 channel 

mux and they are designed to provide high input impedance to the analog source if device power falls or the analog signal voltage 

exceeds the supply by up to ±35𝑉 regardless of whether the device is powered ON or OFF. This is an excellent method for using 

redundant applications, since the secondary device can be operated in a standby unpowered mode affording no additional power 

drain. For the prevention of any interaction purposes, large impedance values implements between active devices and inactive 

devices. One of 16 channel selections is controlled by a 4 bit binary address plus an enable inhibit output which conveniently 

controls the ON/OFF operation of several multiplexers in a system. All inputs have electrostatic discharge protection. 
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 Low Pass Filter 

The low pass filter op07 has minute input offset voltage. The effect of external nulling is reduced or eliminated by the property of 

less offset voltages. Excellent linearity and gain as curacy can be maintained even at high closed loop gains. The better accuracy 

and excellent stability property of the OP07 even at large gain and also advantage regarding independence from external nulling 

has made the low pass filter op07 a good choice for instrumentation applications. The LPF bandwidth is 5 Hz approximately. 

 ADC AD571 

The AD571 is a 10 bit successive approximation A/D converter consisting of a DAC, voltage reference, clock, comparator, 

successive approximation register and output buffers all fabricated on a single chip. No external components are required to 

perform a full accuracy 10 bit conversion in 40 microseconds . Full scale calibration accuracy of plus or minus 0.3percent is 

achieved without external trims. Operating on supplies of 5V to15V and   -15V , the AD571 will accept analog inputs of 0v to  

10V  unipolar of  plus or minus 5V  bipolar, externally selectable. Upon completion of the conversion, the DATA and READY  

line goes low and the data appears at the output. Pulling the BLANK and CONVERT input high blanks the outputs and readies 

the device for the next conversion. The AD571 accepts either unipolar or bipolar analog inputs by grounding or opening a single 

pin. It executes a true 10 bit conversion with no missing codes in 40   maximum. 

 ACTEL FPGA 

RH1280 are radiation hardened field programmable gate array families with equivalent gate densities of 8000 array gates. 

Because of this total dose capability, RH1280 are intended for use in applications including earth orbiting satellites, deep space 

probes and military electronics. It contains a total of 1232 logic modules. There are 2 types of logic modules in it; combinational 

and sequential. RH1280 contains 608C modules and 624S.  

 PWM Driver 

PWM signals are pulse trains having invariable frequency and magnitude and varying pulse width. There is one pulse of fixed 

magnitude in every pulse width modulation period. However the pulse width changes from one pulse to another with respect to a 

modulating signal. A basic power switch with a normal power source provides full power only in ON condition. Duty cycle is 

represented in percent (100%) for fully ON. PWM works well with digital controls, because they have advantage of their 

ON/OFF condition which can easily set the appropriate duty cycle needed. 

V. SOFTWARE INPUTS 

 

 Cluster temperature, Housing temperature, clock, set temperature 

 

VI. SOFTWARE OUTPUT 

 

 PWM OUTPUT 

The program is written in VHDL language and is written using Libero software development tool 
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VII. FLOW CHART 

 

 
 

Figure 4 : Flow Chart 

 
Figure 5: Biasing Diagram 

A supply voltage of 15v is regulated by the Zener diode 1N759 to yield the required biasing voltage to about 12v in standard 5% 

or 10% tolerance. The maximum   zener current is about 30mA. The zener regulated current is given to each of the thermistors 

which are located inside each of their respective clusters. The output signals from the four clusters and the housing acts as the 

input to the multiplexer 
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VIII. CIRCUIT DIAGRAM DESCRIPTION 

 

Figure 6: Circuit Diagram 

Biasing circuit drives the 16X1 multiplexer HS1480 an analog multiplexer. These analog multiplexers control voltages 

that may change across the range of supply voltage. The switches have less value of ON resistance and OFF leakages. In addition 

it has an enable control which when high will disable all switches to their OFF state. Using the selection inputs and control signals 

it drives the corresponding signal to the input. The output of the mux drives a low pass filter which is an op-amp OP07 which has 

a very low input offset voltage. The use of low offset voltage  eliminate the  need of  external nulling. The OP07 also features low 

input bias current, low bandwidth and high open loop gain. It is a high precision op-amp. The filtered signal is given to a 10 bit 

ADC. It has a typical operating current of 7mA and requires a power supply of 5v. The BLANK and CONVERTline is held high, 

the output lines will be open and the DATA and READY line will be high. About 1.5 microseconds after the BLANK and 

CONVERT line is again brought high, the DR line will go high and the data lines will go open. When the B&C line is again 

brought low, a new conversion will begin. Thus the AD571 generates the required digital data. This data is given at the input to 

the FPGA and further to a PWM driver which drives the heater ON and OFF 

 

Figure 7: Timing and Control Diagram of ADC 
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IX. SIMULATION RESULTS 

 

 Counter Output 

The first step in the simulation process is to implement a counter. The reset signal is represented by “Aclr’’. The counter resets 

after every 11 seconds. When the value of eleven second counter equals 4E20, the counter resets itself. Else the value increments. 

The output of the counter is depicted by “counter output”. 

 

Figure 7: Output of the Counter 

 DFS Output 

 

Figure 8: Output of DFS Module 

Once the value of eleven second counter reaches 4E20 the initial value of dfs1 changes by the equation given by, Dfs1= 

ChannelTemp-settmp+dfs1, where ChannelTemp is the cluster temperature and settmp is the set temperature. If the ChannelTemp 

is greater than the settmp, the heater is turned OFF. Otherwise the heater is turned ON. The output is shown by dfs-output 

 ON Counter Output 

Oncount1 represents the ON counter for heater1 .if the channel temperature is greater than environment temperature then 

oncount1 increments its value given by Oncount1=channelTemp-settmp+dfs1+MXR/16.When channel temperature is less than 

environment temperature then Oncount1=df1+(not MXR+01)/16-( ChannelTemp – settmp)The increment in the value of 

oncount1 is shown in the simulation. Oncount1 starts from 708 and further increases to 034, 160 , 28C, 3B8, 4E4 

 

Figure 9: Output of ON COUNTER 
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 OFF Counter Output 

Offcount1 is the off counter for heater 1. The condition for offcount 1 is checked when oncount 1 becomes zero. The counter for 

heater can also increment its value by satisfying the equation: Offcount1= (not oncount1) and 07FF 

 

Figure 10 : Output of OFF Counter 

 PWM Output 

The final PWM output is depicted in a single module. It interprets the duration for which the heater switches ON and OFF. 

Initially the ON counter duration will be more compared to the OFF counter in order to attain the set temperature inside the 

cluster. As the temperature reaches the set temperature, the heater slowly switches to OFF mode and the duration of OFF counter 

increases as such. The FPGA output drives the transistor (2N4143) in the circuit. The PWM output is taken from the collector 

terminal of the transistor. When the transistor switches ON, the heater is OFF 

 

Figure 11: PWM Output 

The symbols are described as below: 

Ch1read, Ch2read, Ch3read, Ch4read  - Cluster temperatures 

Chenvor      - Housing temperature 

Oncnt1, Oncnt2, Oncnt3, Oncnt4   - On counter for heaters 

Offcnt1, Offcnt2, Offcnt3, Offcnt4   - Off counter for heaters 

Dfs1      - Integral term for heaters 

PWM contents     - PWM output port contents 

Tempid      - Temperature controller for enable/disable flag 

Tms      - 11 second counter 
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X. CONCLUSION 

Logic design was developed using Libero design environment. ACTEL ProAsic 3/E device family is used for testing of the logic. 

Inertial systems are matured in terms of reliability and meeting the current project requirements. The temperature controller was 

implemented in ACTEL FPGA which helped to achieve a stable temperature of about 0.5 degree Celsius. The simulation results 

give a clear view about the working of temperature controller. Considering the future technology enhancement system are to be 

further improved I terms of performance and miniaturization. IRU demands low noise equivalent angle and high drift stability. 

Activities are on to improve the NEA to 0.05 arcsec from the present 0.3 arcsec and the short term stability of drift is targeted to 

0.03 degree/hour from 0.1 degree/hour. Inertial systems and associated mechanisms carry out some of the most critical functions 

of the space craft. Its various advantage have ensured its extensive use and new demands have resulted in their continuous 

evolution. Better systems resulting in better performance were developed over the years drawing heritage from proven systems of 

the past. 
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