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                                                             Introduction:   
Infrared radiation is electromagnetic radiation of a wavelength longer than visible light but shorter than microwave radiation. Infrared radiation has wavelength between 700nm and 1mm. Infrared light is invisible to our eyes because its wavelength is below the visible spectrum. Infrared can be easily generated and doesn’t suffer electromagnetic interference, so it is nicely used in communication and control. Remote control uses 36 kHz frequency to transmit information . 

Infrared light emitted by IR diode is pulsated at 36 thousand times per second, when transmitting  logic level “1” and silence for “0”.In the pattern of bytes being sent the zeroes are sent as no light, LED is off , and ones are sent as rapid pulses. For the transmission of infrared wave a infrared transmitter is used in which a 36 kHz pulsating infrared is generated. The generation of infrared is quite easy, more difficult is to receive and identify this frequency. This is why infrared sensors contains the filters, decoding circuits and output shaper, that delivers a square wave. To improve noise rejection, the pulses are modulated at 36 kHz . The easiest way to receive  the easiest way to receive these  pulses is to use an integrated IR-receiver/demodulator like the siemens SFH 506-36 or TSOP1736.  this is a  3 pin device that receives the infrared burst and gives out the demodulated bit stream at the output pin. 

A commonly used standard protocol for infrared data  communication is the RC5 code, originally generated by Phillips. It  is a 14 bit word bi-phase coded signal, consisting of  2 start bit, 1 control bit, 5 address and 6 command bits . The bits are transmitted in   bi-phase code, also known as Manchester code.

 Remote controls are used in controlling non-infrared computer systems, motors , switches and relays. These increases  the distance of  operation  and  flexibility of systems. The infrared systems are also widely used  in medical science, in military for detecting the concealed weapons and in space based communication. It has a hot future in night vision systems in luxury cars and infrared sensing materials.

                                          What is infrared light?   
Infrared (IR) radiation is electromagnetic radiation of a wavelength longer than visible light, but shorter than microwave radiation. The name means "below red" (from the Latin infra, "below"), red being the color of visible light of longest wavelength. Infrared radiation spans three orders of magnitude and has wavelengths between 700 nm and 1mm. British astronomer Sir William Herschel discovered infrared radiation around 1800. 
We experience infrared light every time we feel the heat of the sun on our skin or the warmth of a camp fire. Technically, what we are experiencing in these instances is thermal infrared light. Scientists call waves of electromagnetic energy that travel through space light. We tend to think of light as only the radiant energy that we see with our eyes. But the light we can detect with our eyes is a very tiny fraction of all the types of light that exist. Infrared light is one type of light that is invisible to us. Gamma rays, X-rays, ultraviolet light, microwaves and radio waves are other types of invisible light. All of these rays and waves are the same type of electromagnetic energy. They are different only because the length of their waves are different. 
When we see something by visible light, our eyes allow us to distinguish the light of different waves as different colors. The waves that are short are blue and the waves that are long appear as red. We can't really see the waves, we only see the colors that our mind creates to help us interpret the world. Every color has a distinct wavelength. For example, violet light can be seen at light wavelengths of around 0.4 micron and yellow light is made up of waves that are 0.6 microns long. Reddish colors begin at wavelengths of about 0.65 microns. Your eyes cannot see light that has a wavelength longer than 0.7 microns. 

Light with wavelengths from 0.7 micron to about 0.1 millimeter is called infrared light. The band of infrared light is a thousand times wider than that of visible light. All of it is invisible to our eyes. Infrared films and normal video cameras are sensitive to what is called very near infrared light (0.7 to 0.9 microns). This is also the type of light that the remote control for your TV uses. (Try shining your remote control at your video camera.) Beyond those waves are the near infrared waves at 2.4 microns that the South Pole Infrared Explorer (SPIREX) telescope observes from the South Pole. SPIREX uses a very special video still-frame camera that can detect and make images of stars that emit this "color" of light. Longer wavelength infrared light is emitted by hot objects in our world. So, although we can't see the thermal infrared light from a hot piece of metal like a soldering iron, we can feel it on our skin when we bring our hand close. Scientists use many types of devices to detect and measure infrared light. Even if we can't see it with our eyes through a telescope our specialized astronomical cameras can. 

We know that infrared radiation is light just like visible light because it has the same properties as visible light. Infrared can be focused and reflected like visible light. Infrared light can also be "aligned" like regular light and therefore polarized. This means we can make infrared telescopes that look and work the way normal visible light telescopes do. 

                                      Different regions in the infrared:
                                          
IR is often subdivided into:

· near infrared NIR, IR-A DIN, 0.7–1.4 µm in wavelength, defined by the water absorption, and commonly used in fiber optic telecomunication because of the low attenuation losses in the SiO2 glass medium. 
· short wavelength IR SWIR, IR-B DIN, 1.4–3 µm Water absorption increases significantly at 1450 nm 

· mid wavelength IR MWIR, IR-C DIN, also intermediate-IR (IIR), 3–8 µm 

· long wavelength IR LWIR, IR-C DIN, 8–15 µm) 

· far infrared FIR, 15–1000 µm 

                             Telecomunication bands in the infrared: 
Optical telecommunication in the near infrared is technically often seperated to different frequency bands because of availability of light sources, transmitting /absorbing materials (fibers) and detectors.
· O-band 1260-1360 nm 

· E-band 1360-1460 nm 

· S-band 1460-1530 nm 

· C-band 1530-1565 nm 

· L-band 1565-1625 nm 

                            Infrared light as transmission medium:
 Infra-Red actually is normal light with a particular colour. We humans can't see this                                                colour because its wave length of 950nm is below the visible spectrum. That's one of the              reasons why IR is chosen for remote control purposes, we want to use it but we're not interested in seeing it. Infrared can be easily generated and doesn't suffer electromagnetic interference, so it is nicely used in communication and control. Remote controls use the 36kHz to transmit information. InfraRed light emitted by IR Diodes is pulsated at 36 thousand times per second, when transmitting logic level "1" and silence for "0".

                                                         Modulation:        
Instead of simply turning on and off in the pattern of the bytes being sent, the zeroes are sent as no light, the LED is off, and ones are sent as rapid pulses. To generate a 36kHz pulsating infrared is quite easy, more difficult is to receive and identify this frequency. This is why infrared sensors contains the filters, decoding circuits and the output shaper, that delivers a square wave, meaning the existence or not of the 36kHz incoming pulsating infrared. To improve noise rejection, the pulses are modulated at 36 kHz. The easiest way to receive these pulses is to use an integrated IR-receiver/demodulator like the Siemens SFH 506- 36 or TSOP1736. This is a 3-pin device that receives the infra-red burst and gives out the demodulated bit stream at the output pin. 
Modulation is the answer to make our signal stand out above the noise. With modulation we  make the IR light  source blink in  a particular  frequency. The IR  receiver will be tuned to  that  frequency,  so it can  ignore  everything else. You  can think  of  this  blinking as attracting the receiver's attention. We humans also notice the blinking of yellow lights at construction sites instantly, even in bright daylight. 
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In the picture above you can see a modulated signal driving the IR LED of the transmitter on the left side. The detected signal is coming out of the receiver at the other side. 

In serial communication we usually speak of 'marks' and 'spaces'. The 'space' is the default signal, which is the off state in the transmitter case. No light is emitted during the 'space' state. During the 'mark' state of the signal the IR light is pulsed on and off at a particular frequency. Frequencies between 30kHz and 60kHz are commonly used in consumer electronics. At the receiver side a 'space' is represented by a high level of the receiver's output. A 'mark' is then automatically represented by a low level. Please note that the 'marks' and 'spaces' are not the 1-s and 0-s we want to transmit. The real relationship between the 'marks' and 'spaces' and the 1-s and 0-s depends on the protocol that's being used. More information about that can be found on the pages that describe the protocols. 

                                           Infrared  transmitter:

The transmitter usually is a battery powered handset.It should consume as little power as  possible, and  the IR signal  should also  be as strong  as  possible  to  achieve  an acceptable control distance. Preferably it should be shock proof as well. 

Many chips are designed to be used as IR transmitters. The older chips were dedicated to only one of the many protocols that were invented. Nowadays very low power microcontrollers are used in IR transmitters for the simple reason that they are more flexible in their use. When no button is pressed they are in a very low power sleep mode, in which hardly any current is consumed. The processor wakes up to transmit the appropriate IR command only when a key is pressed. 
Quartz crystals are seldom used in such handsets. They are very fragile and tend to break easily when the handset is dropped. Ceramic resonators are much more suitable here, because they can withstand larger physical shocks. The fact that they are a little less accurate is not important. The current through the LED (or LEDs) can vary from 100mA to well over 1A! In order to get an acceptable control distance the LED currents have to be as high as possible. A trade-off should be made between LED parameters, battery lifetime and maximum control distance. LED currents can be that high because the pulses driving the LEDs are very short. Average power dissipation of the LED should not exceed the maximum value though. You should also see to it that the maximum peek current for the LED is not exceeded. All these parameters can be found in the LED's data sheet. 

A simple transistor circuit can be used to drive the LED. A transistor with a suitable [image: image8.png]


HFE and

switching speed should be selected for this purpose. The resistor values can simply be calculated using Ohm's law. Remember that the nominal voltage drop over an IR LED is approximately 1.1  The normal driver, described above, has one disadvantage. As the battery voltage drops, the current  through the LED will decrease  as well. This will result  in a shorter control distance that can be covered. 
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An emitter follower circuit can avoid this. The 2 diodes in series will limit the pulses on the base of the transistor to 1.2V. The base-emitter voltage of the transistor subtracts 0.6V from that, resulting in a constant amplitude of 0.6V at the emitter. This constant amplitude across a constant resistor results in current pulses of a constant magnitude. Calculating the current through the LED is simply applying Ohm's law again. 
                                              Infrared  receiver:

The easiest way to receive these pulses is to use an integrated IR-receiver/demodulator like the Siemens SFH 506- 36 or TSOP1736. This is a 3-pin device that receives the infra-red burst and gives out the demodulated bit stream at the output pin. The received 
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IR signal is picked up by the IR detection diode on the left side of the diagram. This signal is amplified and limited by the first 2 stages. The limiter acts as an AGC circuit to get a constant pulse level, regardless of the distance to the handset.

Weak IR signals is amplified by a very high gain amplifier and sent to the Band Pass Filter. The Band Pass Filter is tuned to the modulation frequency of the handset unit. The next stages are a detector, integrator and comparator. The purpose of these three blocks is to detect the presence of the modulation frequency. If this modulation frequency is present the output of the comparator will be pulled low. The output from this detector is fed to decoder which is usually a microcontroller
There are several manufacturers of IR receivers on the market. Siemens, Vishay and Telefunken are the main suppliers here in Europe. Siemens has its SFH506-xx series, where xx denotes the modulation frequency of 30, 33, 36, 38, 40 or 56kHz. Telefunken had its TFMS5xx0 and TK18xx series, where xx again indicates the modulation frequency the device is tuned to. It appears that these parts have now become obsolete. They are replaced by the Vishay TSOP12xx, TSOP48xx and TSOP62xx product series. 
Sharp, Xiamen Hualian and Japanese Electric are 3 Asian IR receiver producing companies. Sharp has devices with very cryptic ID names, like: GP1UD26xK, GP1UD27xK and GP1UD28xK, where x is related to the modulation frequency. Hualian has it's HRMxx00 series, like the HRM3700 and HRM3800. Japanese Electric has a series of devices that don't include the modulation frequency in the part's ID. The PIC-12042LM is tuned to 36.7kHz, and the PIC12043LM is tuned to 37.9kHz. 

                                                 RC5  Protocol:
A common used standard protocol for infrared data communication is the RC5 code, originally developed by Phillips. Each time you press a button at the Philips remote control, it sends a train of 14 bits, 1.728ms per bit, the whole train is repeated every 113ms if you keep the button pressed. The RC5 code is a 14-bit word bi-phase coded signal, consisting of 2 start bits, 1 control bit, 5 address and 6 command bits. The bits are transmitted in bi-phase code, also known as Manchester code.
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Start The first two bits are start bits, for automatic gain control in the infrared receiver.

Toggle The next bit is a control bit or toggle bit, which is inverted every time a button is pressed on the remote control transmitter.

Address Five system bits hold the system address so that only the right system responds to the code. Usually, TV sets have the system address 0, VCRs the address 5 and so on. Every kind of equipment use his own address, so this makes it possible to change the volume of the TV without change the volume of the hifi. 

Command The command sequence is six bits long, allowing up to 64 different commands per address. Each command correspond to one 6 bit value for the pressed key

                                      Remote Control RC5 Codes:

A standard RC5 control code consists of 14 bits (0-13). The first two are start bits, then comes a toggle bit, followed by five address bits and six keycode or command bits. The bits are separated by 1.778ms and the code repeats every 113.778ms. The scheme is as follows:
· Start bits (bits 12 and 13) - both high (1 and 1) 
· Toggle bit (bit 11) - high or low (0  SAT1 address - 8 (bits 6-10) 01000 
· SAT2 address - 10 (bits 6-10) 01010 
· keycode 0 (bits 0-5) - 000000 
· keycode 1 - 000001 
· keycode 2 – 000010

· keycode 4 - 000100 
· keycode 5 - 000101 
· keycode 6 - 000110 
· keycode 7 - 000111 
· keycode 8 - 001000 
· keycode 9 - 001001 
                                                  Bi-Phase  Coding:
The data from the pseudo-random generator or from the data generator has the following form: 
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Zero logic for example is represented by a voltage level equal to zero volt, whereas the one logical is represented by a voltage level equal to plus five volts. Such a signal is called Non Return to Zero (NRZ). One could imagine to directly present this NRZ signal to the modulation input of the transmitter. This would have the advantage to be extremely simple. 

There are however two major disadvantages with this manner of making: 
- First of all the spectrum of the signal is not satisfactory, 
-    in addition one would be unable at the reception end to recover the rate/rhythm of   transmission (the original clock signal). 

Indeed, the spectrum of signal NRZ 2Mbit/s has the following form: 
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It is observed that there is  DC and very low frequency components, related to the contents of the message, and that it is of course necessary to transmit under penalty of making the signal received not exploitable. However the ATV transmitters cannot transmit these components very well. In ATV, the DC component which transmits the luminance information is recovered with the clamp or alignment of the sync signals. However those do not exist in data transmission. 
In addition, we need at the reception end to know with precision the rate/rhythm of transmission and to regenerate the clock signal emission. After a long succession of zeros, or ones, the rate/rhythm ,which can be known only by a sufficient number of transitions, is definitively lost. We thus should carry out a complementary operation called coding. There are several manners of solving the difficulties we have seen above. A rustic manner, but nevertheless very effective is to use biphase coding. The code is extremely simple: One shares the duration of the binary bit in two periods of equal durations. Symbol zero is coded zero-one, the one symbol is coded one-zero. 

                                       Construction of biphase coding: 
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The two quoted disadvantages of NRZ coding disappear: 

- we obtain by construction exactly the same number of zeros and ones. There is not thus more DC component, or rather this one is constant and does not carry any more information. 

- we are ensured to have at least a transition by transmitted binary bit. It is observed that a rectification of the received signal reveals a beautiful energy ray at the double of the rate/rhythm frequency. It is then easy to divide the frequency of this signal by two to retrieve the clock signal. The operations of transformation of NRZ into biphase and vice versa are carried out very simply by combining the signal to be transformed with the clock signal in an exclusive-or gate. 

The spectrum of the 2Mbit/s biphase signal  is perfect for a transmission in an ATV channel: 
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Of course, the simplicity and the effectiveness of the process are paid. In particular the necessary bandwidth is practically doubled compared to that of a NRZ signal. A 2 Mbit/s signal coded into biphase presents the essence of its energy in a band which is spread out of 0.5 MHz with 3 MHz. We have a channel of television able to transmit 6 or 7 MHz, this disadvantage thus does not have for us any importance. Each time you press a button at the Philips remote control, it sends a train of 14 bits, 1.728ms per bit, the whole train is repeated every 113ms if you keep the button pressed. The bits are transmitted in bi-phase code, also known as Manchester code, means that every bit consists of 2 parts which are never the same. If the bit to be transmitted is one(1), its left side is zero while its right side is one. If the bit to be transmitted is zero (0), its left side is one while the right side is zero. 

The protocol uses bi-phase modulation (or so-called Manchester coding) of a 36kHz IR carrier frequency. All bits are of equal length of 1.8ms in this protocol, with half of the bit time filled with a burst of the 36kHz carrier and the other half being idle. A logical zero is represented by a burst in the first half of the bit time. A logical one is represented by a burst in the second half of the bit time. The pulse/pause ratio of the 36kHz carrier frequency is 1/3 or 1/4 which reduces power consumption. 

                         Applications  of  infrared remote  controls:
1. control non-infrared computer systems (serial, RS-232) with a handheld remote   control
2. Simplify the operation of sophisticated equipment for the user 

3. Create customized remote-controllable systems without a costly investment 
4. Increase the distance of operation and flexibility of computerized systems 
5. Control motors using infrared remote control
6. Control switches and relays using infrared remote control
                              Other applications  of  infrared  systems:
1. In  Medical  Science:
(a) Blood flow  vascular scan:
  Thermal medical imaging is a new and exciting infrared application.Promising    research is being done in the fields of vascular, muscle and  cancer detection.  Sierra Pacific Infrared can assist you in your medical  scanning needs.   We offer certified thermographers and professional training to help you achieve your desired results.
(b)Cancer  research:
   Exciting new research is being done.  Breast cancer detection shows great                        promise. Thermal infrared, being non-contact, would be a much more comfortable                  experience than current mammography systems.

2.  Concealed Weapons Detection Systems  using  Infrared systems:
On March 9, 1995, the National Institute of Justice (NIJ) launched an initiative to fund and field test three concealed weapons detection technologies. Each technology employs different physical principles and each has situation specific strengths and weaknesses. NIJ expects one or more of the new weapons detection technologies to be in commercial production within 3 years. The technologies, described below, include Passive Millimeter Wave Imaging, Low Frequency Electromagnetic Radiation, and Magnetic Gradient Measurements. 
In addition, under a memorandum of understanding, NIJ and the U.S. Department of Defense, through the Defense Advanced Research Projects Agency, have embarked on a joint research effort to explore additional weapons detection technologies. To date, the joint effort has initiated research on four weapons detection systems, which include: Low-Level Scattered X Rays and Computer Image Processing, Millimeter Wave (MMW) and Long Wave Infrared Receivers, Integrated Radar and Ultrasound, and Low- Frequency Magnetic Imaging .

Some of these technologies are described below-

(a) Magnetic Gradient Measurements:
The concealed weapons detection initiative being explored by Idaho National Engineering Laboratory (INEL) utilizes a proven, existing technology used in mineral exploration, environmental characterization, military navigation, and submarine detection. 

This technology is based on passive sampling of the Earth's magnetic field. Local aberrations in the magnetic field produced by ferromagnetic objects such as guns and knives can be detected by extremely sensitive magnetometers. This is a new application of an existing technology magnetometer sensors, which are commercially available. INEL s approach is to construct a more reliable scanner that can be used as a stand-alone unit, much like an airport scanner system, or incorporated directly into building doorways or hallways. 

Sensors in the system will simultaneously collect the data, thus providing a top-to- bottom magnetic profile of an individual. Reasonable suspicion will be dictated by the location and magnitude of the recorded magnetic anomalies. An electronic catalog of magnetic signatures will be established through the collection of magnetic profiles of a variety of weapons in differing locations and a number of non-weapon personal artifacts. These signatures will later be used in analysis schemes that will determine the presence, location, and, potentially, type of weapon carried. However, this technology will only detect ferromagnetic materials.
(b) Low Frequency Electromagnetic Radiation :
In development by The Raytheon Company, this concealed weapons technology involves illuminating an individual with a low intensity electromagnetic or Heaviside pulse and then measuring the time decay of the reradiated energy from the metal objects carried by the person. The intensity and the time decay of the secondary radiation can be characterized and the signatures identified as a gun or non-threatening metal object. 

Much of the basic development work has been completed by Raytheon. In the NIJ project, the company will conduct an experiment testing the system's feasibility and provide performance data on probabilities of detection and false alarm rates. The experiment will establish whether sufficient discriminating ability exists to meet police probable cause requirements for a physical search for weapons. When fully developed, the system is expected to have a low probability of false alarms. 

Possible locations to use this technology range from large gathering place such as shopping malls, schools, meeting places, and airports to small stores and banks.

                                                 Conclusion:

This concludes the theory of operation for IR remote control systems intended for use in consumer electronics. Infrared data communication is playing an important role in wireless data communication due to the popularity of laptop computers, PDAs, digital cameras, mobile telephones, pagers, and other devices. The Infrared Data Association (IrDA), an industry-sponsored organization, was established to develop and promote international standards for the hardware and software used in infrared communication links. Infrared imaging can even have applications in space. Astronomers use infrared imaging to detect warm dust around new stars not "hot" enough to give off visible light. This gives them a more complete picture of the whole universe, seeing where no one has seen before! 
Infrared markets have been changing dramatically. Two factors have played a part in this: the resolution of the Cold War, which placed pressure on defence budgets worldwide; and the development of uncooled infrared focal-plane-array technology. The result has been the emergence of "dual-use" infrared systems, meaning components that can be used in both commercial and military applications. The dual-use market incorporates cooled and uncooled infrared imaging systems; uncooled systems are virtually all dual-use. The rapid changes occurring in infrared markets have brought about commercial consolidation.
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