Instrument Landing System (ILS)
The ILS system provides both course and altitude guidance to a specific runway

Used for precision approaches

Guidance Information 


LOC provides horizontal (Left/Right) guidance along the extended center line of the runway. 
· Transmitted on one of 40 frequencies from 108.1 to 111.95 MHz from an antenna at the far side of the runway. The LOC provides course guidance throughout the decent path to the runway threshold, from a distance of 18NM from the antenna, between an altitude of 1,000ft above the highest terrain along the course line, and 4,500ft above the elevation of the antenna site. The course width is defined as full needle deflection, left or right. Audibly identified by a three letter identifier (I-PWT)
· Coverage; 10° at 18nm and 35° at 10nm


  
· The LOC course width is very narrow usually only 5°, resulting in a very sensitive needle 

Glide Slope 
provides vertical (Up/Down) guidance toward the runway touch down point, usually at a 3° slope. 
· Transmitted on a UHF frequency of 329.15 to 335.00 MHz
· The ground equipment is located approximately 750 to 1250 feet down the runway from the approach end, and between 250 to 650 feet to one side of the centerline. 
· The transmitter can also provide a back course, shown in the opposite direction, but its use should only be used when a approach has been published and ATC has issued a clearance 
· Essentially the same as a localizer, the glide slope angle is normally adjusted to 2.5° to 3.5° above the horizon. It intersects the MM At About 200ft and the OM at about 1,400ft above the runway elevation. 
· Usable range of 10nm 
· At locations where standard minimum obstruction clearance cannot be obtained the glide slope equipment is displaced farther from the approach end of the runway, or the glide path angle may be in creased by up to 4 deg. 
Range Information 

Marker Beacons provide range informational along the approach path. 
· Two VHF beacons, outer and middle, are normally used in the ILS system. A third beacon, the inner, is used where category II operations are certified. (indicates the decision height on a category II approach) 
· The OM is located 4 to 7 miles from the airport to indicate the beginning of the glide path. The MM is located 3,500 feet from the landing thresh hold on the centerline where the glide slope center line is about 200 feet above the touchdown zone elevation. 

· The inner marker is located on the front course between the MM and the landing thresh hold 



DME 
collocated with the glide slope transmitter provide positive distance - to -touchdown information or DME associated with another nearby facility if specified in the approach procedure 
Compass Locator’s provide transition from en-route NAVAIDS to the ILS systems. 
· Compass Locator’s are often located at the OM or MM sites.

· With a Power setting of 25 watts, and a usable range of 15nm

· Frequency of 190 to 535 kHz, some sites may have power outputs of up to 400 watts, typically these sites offer (TWEB)

Visual Information 

Approach Lighting systems assist in the transition between instruments to visual flight 

Simplified Directional Facility, SDF
· The SDF provides a final approach course similar to the ILS localizer. 

· The SDF may not be aligned with the run way, the course may be wider than a standard ILS, resulting in less precision.

· Usable off course indications are limited to 35° to ether side of the course 

· Instrument indications in the area between 35° and 90° from the course centerline are not controlled and should be disregarded   

· The SDF antenna may be off set from the runway centerline, because of this, the angle of convergence between the FAC and the runway bearing should be determined by reference to the instrument approach charts. 

· The angle is usually not more than 3° 

· The course width is fixed at ether 6° or 12° 

Localizer type Directional Aid, LDA


· The LDA is of comparable utility and accuracy to a localizer but is not part of the complete ILS. 
· Course width is between 3° and 6°, providing a more precise approach course then the SDF. 

· Some LDA are equipped with a glide slope. 


· The LDA course is not aligned with the run way, but straight in minimums may be published where the angle between the runway center line and the LDA course does not exceed 30°
· If this angle exceeds 30°, only circling minimums are published. Identified by three letters (I-PWT)
ILS Minimums 
ILS approaches are categorized into three types of approaches, based on the equipment at the airport and experience level of the pilot. 
· Category I, approaches provide for approach height above touch down of not less than 200feet
· Category II, approaches provide for approach height above touch down of not less than 100 feet 

· Category III, approaches provide lower minimums for approach without a decision height minimum
All three categories require special certifications for the pilot, ground equipment and airborne equipment. 
· Category I, DH 200 feet and RVR 2,400 feet (with touchdown zone and centerline lighting RVR is 1,800feet)
· Category II, DH 100 feet and RVR 1,200 feet 

· Category IIIa, no DH or DH below 100 feet and RVR not less then 700 feet 

· Category IIIb, no DH or no DH below 50 feet and RVR 700 feet but not less than 150 feet 
· Category IIIc, no DH and no RVR limitations 

Limitations on use of category II and III - (1-1-9 AIM)
· Category II and III require special certification for the pilots, ground equipment, and airborne equipment 

· Inoperative, Localizer, When the localizer fails, an ILS approach is not authorized 

· Inoperative, Glide Slope, When the glide slope fails, the ILS reverts to a non precision localizer approach 
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Microwave landing systems, MLS 
· The MLS provides precision approach navigation guidance. 
· Transmitted on 5031 to 5091 MHz it provides azimuth (left, right) and elevation (glide slope) information displayed on ether CDIs or with multifunction cockpit displays.
· Range information is also provided. 
· MLS requires separate airborne equipment to receive and process the signal from what is normally installed in general aviation aircraft.
· It has data communications capability, and can provide audible information about the condition of the transmitter system and other pertinent data such as weather, runway status, etc. 
· Audible identifier 4 letters beginning with M, for mourse code


· The MLS system can monitor its self, and transmit ground-to-air data about the systems operational condition. 
· The MLS is made up of an approach azimuth station (antenna) with data transmit ion capability, an elevation station, range station, and sometimes a back azimuth station. 
Approach azimuth station 

· Provides approach guidance along any path within its plus 40° range      

· Curved and segmented approaches are possible 

· Station is normally located 1,000 feet beyond the stop end of the run way, beyond this limitation there is considerable latitude in actual station location.
· Back azimuth may be operating in conjunction with the approach azimuth station. If so lateral       

· Guidance is available for missed approach and departure procedures 

Elevation guidance station
· Approach glide path angles are selectable over a wide range up to at least 15 deg, with coverage 
to a maximum of 30 deg. 
· This provides considerable flexibility for developing multy path approaches. 

Range guidance station 

· The range station transmits both normal and precision DME signals that function in the same way as a normal DME with some technical accuracy differences  

· Accuracy is improved to be consistent with the accuracy provided by the MLS azimuth and elevation station. 
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Departure Procedures (DP) 


To provide obstacle clearance in IMC conditions 


To reduce communications and delays 


Published in text or charted 

Pilots are strongly encouraged to file and fly a DP at night, during marginal meteorological conditions (VMC) and IMC 

Two types of DP’s     
Pilot navigation  




Vector 


ODP   Obstacle departure procedures 
Departure procedures are used to lighten the load of ATC and pilots, cover noise abatement and to create a smooth transition from departure to your en-rout portion of flight.
Reference; NACO, C-1 and D-1 for examples 
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