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The Problem:  

 

The introduction of 406 MHz distress beacons presents new challenges to search and 

rescue organizations worldwide, including Civil Air Patrol. Prosecuting a 406 distress beacon 

emission is not the same as the customary 121.5 MHz signals to which SAR organizations have 

become accustomed; however, 121.5 will still play an important role in the search. An 

understanding of tactics, techniques, and procedures (TTPs) for prosecuting 406 searches is 

needed. 

 

Aeronautical Emergency Locator Transmitters (ELT), Emergency Position Indicating 

RadioBeacons (EPIRB), and Personal Locator Beacons (PLB) have similar characteristics:  dual 

channel devices simultaneously transmitting on a frequency near 406 MHz, and on 121.5 MHz. 

The purpose of the 406 MHz data burst is to transmit identification codes and GPS location to 

the COSPAS-SARSAT satellite constellation. The 406 MHz burst data stream transmission of up 

to 5 watts gives out a 4 msec signal every 45-50 seconds. The 406 burst is not intended as a 

homing signal, so no audio tone will be detected. Rescuers monitoring these signals over 

adequate receivers may hear a brief buzz if the audio volume is properly set. The 406 

transmission scheme allows transmissions from multiple victims’ distress beacons (as in a 

shipwreck) to be acquired by COSPAS-SARSAT. It is very difficult for an aircrew to triangulate 

from such signals unless the observer plots direction from a given lat-long every 45-50 seconds 

and provides guidance to the pilot. The primary frequency for these transmissions is 406.025 

MHz; however, several other frequencies, notably 406.028, are coming online.  

406 ELTs, EPIRBs and PLBs also transmit on 121.5 MHz, but according to some sources 

(such as Wikipedia), their output on this frequency is about 25 mw (0.025w) -- only one-fortieth 

of a watt. This weak signal can usually only be monitored when close to the target.  

Figure 1 illustrates how these signals from persons, aircraft, and vessels in distress are 

transmitted to the satellites, and then relayed to search and rescue organizations for action. The 

attached comparison of 406 and 121.5 distress beacons (Appendix A) presents the advantages of 

the 406 scheme over the 121.5 system.  
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Figure 1.  COSPAS-SARSAT System Overview. 

 

Since the use of aviation ELTs transmitting on 121.5 MHz became mandatory in 1978, 

Civil Air Patrol has added direction finding (DF) equipment to its aircraft fleet and equipped its 

ground teams with 121.5 DF capability. With the advent of 406 MHz distress beacons, fewer 

options for airborne DF are available. Some manufacturers that CAP has relied on for DF 

equipment no longer make 121.5 DF devices. For instance, no new L-tronics LA-series aircraft 

direction finding equipment is manufactured--only repairs and modifications to existing 

equipment are available.  

 

Methodology 

 

In this project, an overview of how a 406 MHz distress beacon search might be 

prosecuted, we utilized two Civil Air Patrol aircraft that had been temporarily assigned to the 

2009 CAP National Emergency Services Academy (NESA) Mission Aircrew School at 

Columbus, Indiana. Both aircraft were Cessna 172s equipped with Becker SAR-DF 517 

Direction Finders (see Figure 2). A 406 practice distress beacon, transmitting simultaneously on 

406.025 MHz and on 121.5 MHz, was emplaced in an open area of a public airport in southern 

Indiana, French Lick Municipal (FRH). FRH sits on elevated terrain and the beacon had an 

unobstructed view of the horizon from our search altitudes.  
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Our plan was to fly a search pattern based on the findings of one of our researchers 

(Myers) during a successful 406 beacon location mission in September 2008. Our two-person 

crew flew a sortie on two successive evenings into FRH, utilizing two different C172s. During 

each sortie, we approached the target at 4500 ft MSL (about 3800 ft AGL).  

 

Details for operating the Becker SAR DF 517 can be found in several operating and 

instructional manuals, available at the Becker web site (http://www.becker-avionics.com/). It is 

important to understand the capabilities and operating characteristics of the SAR-DF 517, 

especially switching between Emergency and Training operational modes, how to select 

frequencies to be scanned in training and emergency modes, and how the SAR-DF 517 acquires, 

processes and displays 406 signals. 

 

 

Figure 2.  Becker SAR-DF 517 Direction Finder control head. 

 

A mission to prosecute a 406 MHz beacon search will include one or more COSPAS-

SARSAT merges (several possible target locations expressed in lat-long) from AFRCC. Mission 

details may include the 406 distress beacon ID and the GPS location that was transmitted to the 

satellite. 

 

Our preliminary studies indicate the following method could be useful for finding targets 

transmitting 406 MHz distress signals. 

 

Initial settings: 

 Becker – per manual:  406.025 and 121.5 MHz are best used together to prosecute 

actual searches; 

 Aircraft GPS receiver – set to reported lat-long, if available. Otherwise, be prepared 

to track along a parallel of latitude or longitude to reach the location more easily;  

http://www.becker-avionics.com/
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 Aircraft COM receiver – set to 121.5 MHz, squelch off, volume at a comfortable 

level; 

 Aircraft VOR receivers – select suitable cross radials for tracking flight progress. 

 

Once airborne, climb to an initial signal reception altitude well above the surrounding 

terrain. For our experiment, 4500 ft MSL (~4000 ft AGL) was sufficient to receive 406 MHz 

emissions from the target at a range of approximately 25 nm inbound, and search airspeed was 

90 knots. 

 

When a definite 406 MHz distress signal is received, the Observer should record: 

1. Time 

2. Aircraft heading 

3. SAR-DF 517 heading 

4. Aircraft position (latitude-longitude) 

5. Altitude 

6. 406 ID and GPS location, if available, from the SAR-DF 517. 

 

Assuming the nose is at the 0 deg (360 deg) point of the aircraft, the observer will guide 

the pilot to the target by giving heading changes based on the SAR-DF 517’s bearing to target, to 

keep the nose within a 330 deg - 030 deg cone, and headed toward the target. 

 

Since the 406 beacon transmission pattern is a 40 ms (0.4 second) data transmission 

approximately every 50 seconds, which is stored by the SAR-DF 517 for only five to eight 

seconds, the crew may find the task of triangulating and predicting target location based on 406 

signals alone to be problematic. Throughout the mission, they should monitor 121.5 MHz on an 

aviation communications (COM) radio, squelch off, and volume set at a comfortable level that 

will not be changed until the target is visually acquired. If a strong 121.5 signal is received on the 

COM radio, check for 121.5 reception on the SAR-DF 517 between receiving 406 data packets. 

If and when the 121.5 signals are consistent, the observer should switch the SAR-DF 517 to 

121.5 and home in on the target. 

 

Nearing the probable target area bounded by the SARSAT merges, the 60-deg cone of 

ambiguity should narrow. As the aircraft approaches the target, the 406 data packets will begin to 

indicate that the aircraft is passing the target on either the right or the left. The observer should 

record the same six elements as when the target beacon was initially acquired. Soon, the SAR-

DF 517 will indicate that the target has moved toward the tail of the aircraft. After two or three 

data packets are received and recorded (usually within no more than ~110 seconds) the packets 

will be emanating from a position to the rear of the aircraft. During this time, the aircraft will 

cover approximately 3 nm. Once the aircraft is well beyond the probable target area, the pilot 

should execute a 90-270 or teardrop maneuver and proceed back toward the probable target area. 

After 406 acquisition and tracking, change SAR-DF 517 to scan mode, which changes between 

406 and 121.5 (or the respective training frequencies for training exercises.) 

 

At this time, assuming a single target, the scanner could shift to the right rear seat to assist the 

observer in locating and confirming the target sighting while the pilot places the probable target 

on the right side of the aircraft. If the target is not acquired on the second pass over the target 
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area, the pilot may descend to an appropriate search altitude (1000’ day/2000’ night) and the 

crew can utilize 121.5 using the SAR-DF 517 to facilitate close-in tracking. 

 

Coordinating with ground team (GT) assets will be a key factor in ensuring a successful mission. 

Most, if not all, GTs are only able to pick up 121.5 MHz (or 121.775 training frequencies) with 

their DF equipment. The aircrew should be prepared to guide the GT to the target vicinity using 

accepted air-ground coordination techniques, so they can acquire the 121.5 MHz signal 

emanating from the 406 distress beacon. Since the 121.5 signal is a low output, the GT will 

probably have to be within 1 to 1.5 miles of the target under even the best circumstances. 

Reliable radio communications are key to success of the mission. 

 

Need for Future work: 

 

Individual aircraft antenna installations may have a significant effect on 406 MHz distress 

beacon reception and prosecution. 

Proximity of AF JPADS drop-sonde operations to the 406 target may distract CAP SAR efforts. 

Additional work is needed to perfect the search techniques mentioned here. For instance, we 

should experiment to find: 

1. When to reverse course 

2. When and how to circle the probable target area 

3. When to descend into the target area 

a. Continue to circle? 

4. Are additional passes necessary? 

5. When to incorporate 121.5 MHz? 

6. Value of 90-270 vs Teardrop approach 

7. How can a 4-channel scan be utilized in the training mode?  

 


