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The signal-to-noise-ratio (SNR) out-of-tolerance condition at Amchitka was 
analyzed. The issue was raised in a letter sent to National Resource 
Specialist, ANM-104N by Lyle Wink of AVN-240. The letter states that 
AVN-240 is concerned about certifying the approach into Amchitka, because the SNR 
may be below the -6 decibel (dB) limit for Loran C station Port Clarence during 
certain times of the day. AVN-240 has asked AWS-100 for a waiver on the SNR 
issue so that they can authorize the issuance of the special instrument approach 
procedure. In addition, they have requested a new certification tolerance for 
SNR which will be provided to Anchorage FIFO for future periodic inspections. 

The information causing AVN-240 concern was derived from an ACT-140 report 
CT-140-87-15 titled "Loran C Analysis Of Amchitka, Alaska". The report 
presented SNR values based on both predicted signal conditions at Amchitka using 
a Loran C propagation model and limited data measured by Reeves Aleutian Airways 
(RAA) at Amchitka. Reeves Aleutian Airways used an Advanced Navigation 
Incorporated ANI-7000 Loran C receiver to collect the data. The analysis showed 
a one time measurement for SNR of -8 dB using measured field strength and 
measured atmospheric noise. This measurement technique has been labeled SNR 
field strength (SNR(FS)). SNR determined from the phase tracking loops (SNR(PH)) 
was +6 dB. Atmospheric noise during these measurements was 58 dB per microvolt 
per meter (dB/µv/m). The measured field strength was 50 dB/µv/m. RAA also 
supplied atmospheric noise measurements recorded by the same receiver over a 24 
hour period. The noise varied from a low of 49 dB/µv/m to a high of 62 dB/µv/m. 
If SNR(FS) is calculated using the largest noise value measured over the 
24 hour period and the field strength is assumed to be constant, the SNR would be, 
-12 dB as stated in the letter. Similarly it would be expected for SNR(PH) to be 
reduced 4 dB to +2 dB. 

Variation of atmospheric noise and therefore SNR during the day is not unique to 
Amchitka. This condition occurs at all locations. When the SNR is reduced below 
acceptable limits it affects signal availability and not necessarily integrity~ 
If signal availability is close to 100 percent, the pilot will seldom have to 
conduct a missed approach. If the increased noise period is long in duration, 
the pilot will not be able to conduct an approach into the airport and will be 
required to land at an alternate airport. If the increased noise level is 
temporary, like when caused by P-stat, the noise may be reduced by the time the 
pilot tries to conduct a second approach. At some airports the signal 
availability will be so low that it should not be considered for IFR conditions. 
When signal availability is low, it will mean conducting a missed approach and 
flight to an alternate airport most of the time. • 

Before addressing the issue of a waiver or new certification tolerances for SNR, 
the effect of SNR on Loran C receiver performance must be addressed. SNR affects 
a receiver's ability to acquire on the correct cycle, to detec t station out age or 
blink in a certain period of time, and to some extent the magnitude of position 
error. The SNR value required for a Loran C receiver to acquire on the correct 
cycle is higher than to track the signal. Typical limits for tracking are -14 dB 
to -22 dB. As SNR is decreased the amount of time required for a receiver to 
detect station outage or blink increases. Detection time criteria of 10 seconds 
for blink and 15 seconds for loss of signal have been established for 
nonprecision approaches. 

Loran C receivers will be required to meet the detection times and properly 
acquire in the approach mode, at a -6 dB SNR. This value seems to be within the 
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not position dependent and is repeatable from day to day. 

For flight inspection, measurement of SNR must be as independent as possible fro~ 
a particular Loran C receiver but still be a good measurement. SNR(FS) is a 
method to make generic measurements which are definable. Each manufacturer may 
improve the signal quality for its receiver by implementing clipping or limiting 
features, filtering, or other special techniques. These techniques will help the 
receiver operate in lower SNR conditions. The phase tracking loops of a Loran C 
receiver are the part of the total receiver which measures the Loran C 
environment. Signal quality measurements obtained from the phase tracking loops 
are good indicators of how the receiver perceives the signal environment. It 
will also include any improvements in signal quality that have been derived from 
special signal enhancement techniques. Caution should be used when relating 
signal quality obtained from one.Loran C receiver model to another because of the 
differences in special signal enhancement techniques. 

The approaches being considered at Arnchitka are unique in that the receiver 
scheduled to be used by RAA for flight guidance is the same model being used to 
collect the data both by RAA and the FAA. This condition means that SNR(PH ) is 
more meaningful measurement to use in determining signal adequacy. Therefore. 
SNR(PH) values measured at Amchitka have more significance to the quality of the 
Loran C environment than do SNR(FS) measurements for the ANI-7000 receiver. 
Measured SNR(PH) in figure 2 shows that SNR(PH) was O dB or greater for the 
entire day. A limit of O dB for SNR(PH) has been established as acceptable for 
the limited implementation program. The SNR(PH) limit is applied only if SNR(FS 
is below -6 dB. The difference in SNR limits was designed to compensate for the 
signal enhancement techniques in the ANI-7000 rece-iver that are included in the 
SNR(PH) measurements. The approach at Amchitka does in fact meet the criteria 
for SNR(PH) 24 hours a day. 

Caution must be used when evaluating atmospheric noise and field strengths 
measured by different receivers. Different receivers and installations will 
exhibit different receiver gains. Different receiver gains will cause the 
absolute values of measured noise and field strengths to vary if not taken into 
account. For example field strength measured from Loran station Port Clarence b~ 
RAA on April 9, 1987 was 50 dB/µv/m. FAATC measured values June 1987 for 
receiver #1 was 44 dB/µv/m and receiver #2 was 40 dB/µv/m. Similar differences 
were obtained for atmospheric noise. SNR(FS) and SNR(PH) measurements are not 
affected by receiver gain. The calculation of SNR(FS) must use atmospheric nois~ 
and field strength measurements from the same receiver unless all measurements 
have been corrected for receiver gain. 

Lowering of the SNR limits at Amchitka should not be considered. Flight 
checkirig 1Jf the J.pp ,·oach iJv FAATC indicatt-c:3 th.:tt SNR• F'S 1 -.r o=t Lue~, .lln1 v,-' --, lS ',n:l 
S:-JRIPHi values above 0 dB are achievable. S:iR 1 PHJ valuPs :,1bo,·p 0 ,lB ~hr :11l d t-• >: ., 
most of the time. A check of SNR conditions can be ~ade prior to th~ approach. 
SNR information is readily available from the ANI-7000. The pilot would be 
r equired to verif y SNR values for the weakest station was accept abl e prior to 
~aking the approach. This me thod would be si~ilar to the requ i re~ents be1n~ 
established for the genec.:tl public i::1pler.: ent:1ti on u( Lo r~rn 1~. q.,p,oa.ci,,·s. rlw 
requi:cement is for the receiver to raise a flag i f the :3NR ls lw Low -6 JB .Jui · u, ;: 

an approach. A difference in the ~ethods is that in fina l i~plementat1on t he 
receiver will nutomaticallv raise a fl ag while nt ADchitka the process ~1 11 be 
pilot L:tltt:llPd. :iO decre::ts~~ i.n satetv sho11Ld i"':'Sllll' tt"n."'.1 rl:L~ i~t't;'.1H!. 
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current state-of-the-art and is the value currently proposed for the Technical 
• ' I 

Standard Order (TSO) . Low SNR values may also cause the receiver's position to 
contain more position error due to noisier TD measurements or system lags. This 
effect has been observed on one particular receiver when the GDOP was high. 
Protection from poor receiver operation due to low SNR conditions will be 
provided by the airborne Loran C receiver according to the requirements. of the 
TSO. When SNR values are below -6 dB the receiver shall raise a flag and the 
pilot must execute a missed approach. The decision as to when the pilot must 
fly to an alternate airport is not clearly defined. The TSO requirements were 
created to produce a receiver that could support nonprecision approaches ~i thou 
operational integrity checks. 

The A.'H-7000 receiver used by RAA was not required to meet the c_~iteria 
contained in the new TSO. Specia1 operational requirements have been added to 
the aircraft operations specification when conducting Loran ·c approach~s ~ntp 
Amchitka. These additions were necessary to compensate fo r the :i;-eceiver not 
being required to meet the .c.riteria of the .new TSO. .;\n ope rat;ibnaJ iutegdi,ty 
check, using a Z marker located at Amchitka is required as part of the apprnach. 
The Z marker is designed to insure that the receiver is tracking the correat 1, 

cycle and that the area calibration values are correc t". Flight tests bY the FAA 
Technical Center have shown that the ANI-7000 receiver has navigation equipment 
errors exceeding the requirements of Advisory Circular :f AC ) 90-45A when making 
approaches into Amchitka. Similar results were obtained using an AVN flight 
check aircraft. As allowed in AC 90-45A, flight technical error was modified to 
compensate for the larger navigation equipment error. To meet the requirements 
for total system cross track error the flight technical error had to be reduced 
to 0.28 nmi (95%) . In order to meet this operational requirement, the approach 
must be fl own using an autopilot. 

The marginal SNR conditions pointed out by AVN-240 do ;10t necessarily mean the 
approach should not be approved. Results· of flight tests c~nducted by the FAA 
Technical Center ( FAATC ) at Amchitka were rep'orted in ''Lora-n C 1,\J~alysis Of 
AmChitka, Alaska ( F~ight Tes~s ) ," report c:r-=140.:..s, - 21. The re~ort stat~s S,1~~~ FS , 
for the lowest station was -b dB. SNR (PH, tor the lowest stat:i:b;n was rtJ. d.B11 I 
These values were averages for many samples. Atmospheric noise variecl n-ot,1 

1
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dB/ iiv/m to 49 ~B/ l,l':'/m ov:r the test period. The FAATC data and RAA data: pi~b411, 

that for certain times at the day the SNR is marginally acceptable. 

To investigate the duration of acceptab le SNR conditions, me'i,lSured a tmospheric 
noise for a 24 hour period was used to ,calculate SNR . Figu,n:! 1 shows SNR{FS ). 1 

data for Loran station Port Clarence for one 24 hour period. Loran statiori P9rt 
Clarence has the weakest signals at Amchitka. From 10 AM to midnig'ht the SNR is , 
above -6 dB. The data was obtained from RAA and is documented in CT-J40-87 - l . 
The field strength for P'ort Clarence was assL\mec:l. to ti'& 50 dB ',J:,l,,lif. -- · Th' -s ··.- LJ , '' 
was measured on April 9, 1937 but is also the average of ! 1 samP.~le~ hl1;1 1 i :1,.,d .j,,li*1 
three different days and three different times of day . The data .ipp~rs in r~, blr, 
6 of the above report. From midnight to 10 .'\J.'1 the SNR dipped down to - 12 q~. 
Figure 2 shows SNR ( PH) for the same 24 hour period. The da bsi for figure ,, 

·· h1,' • 

2 was obtained- from the same receiver used in figure 1. The· f·iture shows 
S~R(PH) was at O dB or greate r for the entire 24 hou r. period . F~u.r,e~ 
3 sho~s a plot of th:_ atmos~heri~ noise :neasured o.y RAA for on~_ ~Y.t• he m ~etif~L. 
Superimposed on the tigure lS noise measured by RAA on three ditferent nays rnd 
locations. These measurements ag ree within one or: two ctB. b·t the :Ui h,q,ijt: 1ia, t , 

e1collected on the fourth dav . From the dxta it can lJe eo)'.ld'.ilii'i;~(! rni1:a:t ~ h,· r 1·1 • :;;.. ; 



A point which must be, remembered is that the approaches into Amchitka have 
already required changes from the limited implementation requirements and from 
the expected public use operational requirements. These changes were necessary 
to accommodate the special conditions found at Amchitka but also to maintain 
safety. The list includes no local Loran aviation monitor, GD0P greater than 
3000 feet per microsecond, no underlying approach, an autocoupled approach to 
reduce flight technical errors to less than 0.28 nmi (95%) to compensate for 
navigation cross track errors greater than 0.3 nmi (95%), and an operational 
integrity check using a Z marker during the approach. The requirement for pilot 
initiated SNR(PH) verification is one more variation from the limited 
implementation program. 

Based on the above information it' is recommended that the approaches into 
Amchitka be approved provided the pilots are required to check SNR(PH) before 
making the approach. Data has shown that SNR(PH) remained acceptable for a 24 
hour period. Requiring the verification of SNR(PH) before an approach will 
provide an additional safeguard, but is an additional work load item for the 
pilots. AWS and AVN must decide if adding one more item to the existing list of 
variations will have operational significance before issuing final approvals. 



Cl 

10 ... 

,-.. 

0 
H 
l­
a: 
a::: 
I 

w 
(J1 
H 
0 z 
0 
I-
I 

_J 
a: z 
l? 
H 
tn 

0 

-10 

... 

-
F FF 

F 
F F 

F 
F 

F 

F 

F F ,.... 
' 

F F F F 
F F 

F F 

-20 I I I I I I 

4 8 12 16 20 24 
TIME OF DAY CHRS) 

LOCATION: RMCHITKR, ALASKA 51N / l?SE 
DATA FROM REEVES 4/87 USING RNI-7000 

FIELD STRENGTH (dB): 50 

FAA TECHNlCAL CENTER CAHCHS2) 



V 

10 

,-.. 

l'.'O 
""O .._,, 

0 
p 

H 
l­
a: 0 
Cl::'. 
I 

w 
(Jl 
H 
0 
z 
0 
I- -10 
I 

...J 
er: z 
l9 
H 
U1 

pppppppppp pp 

p p 

4 8 12 16 20 24 
TIME OF DRY (HRS) 

LOCATION: RMCHITKA, ALASKA 51N ·/ 179E 
DATA FROM REEVES 4/87 USING ANI-7000 

FIELD STRENGTH (dB): 50 

FAA TECHNlCAL CENTER CAMCHS2) 

F JG. 2.. • 



~~ ""'.l 
100 ... 

90 ... 

~ 

> ' ::J 

i:o ' Q 

80 

70 

... 

-

w 
(fJ 
H 
0 z 

60 

50 

- X 
xx 

X 
X 

X X X X3~?§: X X lw X X X 

u 
H 
Cl::'. 
w 
I 
Q_ 
(fJ 
0 
~ 
I-
a: 

40 

30 

20 

... 

... 

... 

• 10 ... 

I I I I I I 

4 8 12 )6 
TIME OF DAY CHRS) 

LOCATION: AMCHITKR, ALASKA 
DATA FROM REEVES USlNG ANl-7000 rJHEFi!E; 

1 = 4/ l 2/87 Z MARKER 2 = 4/ 15/87' THRS RI-IY 25 

FAA TECHNlCAL CENTER CAMCHNl) 

;:: I fr. 3 . 

20 24 

51N / 179E 
X - 4/9/97 

3 = 4/2 l /87' THRS R~~y ( 





Accessibility Report





		Filename: 

		ct140-88-1.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found problems which may prevent the document from being fully accessible.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 28



		Failed: 1







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Skipped		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Failed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

