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Ñîäåðæàíèå
1 Ïðîáëåìà ïîèñêà ñèãíàëà

Ñòðóêòóðà íàâèãàöèîííîãî ñèãíàëà

Ïðîáëåìà ïîèñêà ñèãíàëà

2 Ñíà÷àëà òåîðèÿ

Ìåòîä ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ

Ôóíêöèÿ ïðàâäîïîäîáèÿ

3 À òåïåðü æèçíü

Øàã ïîèñêà ïî çàäåðæêå

Øàã ïîèñêà ïî ÷àñòîòå

Ñòîèò ëè óìåíüøàòü øàã ïîèñêà?

Íåêîãåðåíòíîå íàêîïëåíèå

4 ×èñëåííûé àíàëèç çàäà÷è

Îáíàðóæåíèå ñèãíàëà â êàæäîé ÿ÷åéêå

Âåðîÿòíîñòü ëîæíîé òðåâîãè â êàæäîé ÿ÷åéêå

Ñêîëüêî ñèãíàëîâ íàäî èñêàòü?

5 Ïðèìåð ðàñ÷¼òà áëîêà ïîèñêà ñèãíàëà

ÒÇ íà ïîèñê

Øàã 1. Îïðåäåëÿåì âðåìÿ ïîèñêà îäíîãî ñèãíàëà

Øàã 2. Îïðåäåëÿåì âåðîÿòíîñòü ëîæíîé òðåâîãè â îòäåëüíîé ÿ÷åéêå

Øàã 3. Îïðåäåëÿåì âðåìÿ íàêîïëåíèÿ

Øàã 4. Îïðåäåëÿåì êîëè÷åñòâî êîððåëÿòîðîâ
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Íàâèãàöèîííûé ñèãíàë èìååò âèä:

s(t) = A · GÄÊ(t − τ)GÍÑ(t − τ)cos(ω0t + ωt + ϕ)

Îáû÷íî íà âõîä ïîñòóïàåò ñìåñü ñèãíàëà è øóìîâ ïðè¼ìíèêà:

y(t) = s(t) + n(t)

n(t) - àääèòèâíûé øóì, ïîëàãàåìûé áåëûì ãàóññîâñêèì ñî
ñïåêòðàëüíîé ïëîòíîñòüþ N0/2.
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Ñòðóêòóðà íàâèãàöèîííîãî ñèãíàëà
Ïðîáëåìà ïîèñêà ñèãíàëà

×òî òàêîå ïîèñê ñèãíàëà?

Ïðè¼ìíèê äîëæåí îáíàðóæèòü ñèãíàë è îöåíèòü åãî ÷àñòîòó è
çàäåðæêó
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×åì îòëè÷àåòñÿ ïîèñê îò îáíàðóæåíèÿ?

Ïîä îáíàðóæåíèåì ïîíèìàåòñÿ îöåíêà ôàêòà íàëè÷èÿ ñèãíàëà
ñ èçâåñòíûìè ïàðàìåòðàìè
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Êàê èñêàòü ñèãíàë?

Èç òåîðèè îïòèìàëüíîãî ïðè¼ìà ñèãíàëà ñëåäóåò, ÷òî íóæíî
èñêàòü ìàêñèìóì ôóíêöèè ïðàâäîïîäîáèÿ

p (Y |f , τ, θ) →
f ,τ,θ

max
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Êàê íàéòè ìàêñèìóì ôóíêöèè ïðàâäîïîäîáèÿ?

Äëÿ ôóíêöèè ñ îäíèì ìàêñèìóìîì ìîæíî áûëî áû ïðèìåíèòü
êàêîé-íèáóäü ãðàäèåíòíûé ìåòîä
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Â ðåàëüíîñòè ðåøèòü çàäà÷ó ìàêñèìèçàöèè ôóíêöèè
ïðàâäîïîäîáèÿ íå ïðîñòî
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Íà ïðàêòèêå îáëàñòü âîçìîæíûõ çíà÷åíèé ÷àñòîò è çàäåðæåê
ðàçáèâàþò íà ìíîæåñòâî ÿ÷ååê
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Ôóíêöèÿ ïðàâäîïîäîáèÿ â îáùåì âèäå

Ïðè ãàóññîâñêèõ øóìàõ íàáëþäåíèÿ ôóíêöèÿ ïðàâäîïîäîáèÿ
èìååò âèä:

p(y |θ) = C · exp
{
− 2

N0

∫ T

0

(y(t)− θ · s(f , τ, t))2 dt

}
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Êàê è â çàäà÷å îáíàðóæåíèÿ, àëãîðèòì ìàêñèìèçàöèè ìîæíî
óïðîñòèòü:

ýêñïîíåíòà - ìîíîòîííàÿ ôóíêöèÿ ⇒ ìîæíî âçÿòü
ëîãàðèôì;

f è τ - íåýíåðãåòè÷åñêèå ïàðàìåòðû ⇒ îäíî èç ñëàãàåìûõ
ìîæíî óáðàòü;

Â ðåçóëüòàòå àëãîðèòì óïðîùàåòñÿ:

∫ T

0

y(t) · s(f , τ, t)dt →
f ,τ

max
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Äëÿ íåèçâåñòíîé ôàçû ñèãíàëà ôóíêöèÿ ïðàâäîïîäîáèÿ
àíàëèòè÷åñêè óñðåäíÿåòñÿ, ÷òî ïðèâîäèò ê ñõåìå êâàäðàòóðíîãî
íàêîïëåíèÿ
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êîððåëÿöèîííîé ôóíêöèè äàëüíîìåðíîãî êîäà

Ðàçìåð ÿ÷åéêè ïîèñêà ïî çàäåðæêå íå ìîæåò áûòü áîëüøå
øèðèíû îñíîâíîãî ïèêà êîððåëÿöèîííîé ôóíêöèè
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Îáû÷íî øàã ïîèñêà áåðóò ðàâíûì ïîëîâèíå äëèòåëüíîñòè
ñèìâîëà äàëüíîìåðíîãî êîäà

Â ýòîì ñëó÷àå êîëè÷åñòâî ÿ÷ååê ïîèñêà ïî çàäåðæêå ðàâíî
óäâîåííîìó ÷èñëó ñèìâîëîâ ÏÑÏ

Â ñèãíàëå GPS C/A äëèíà êîäà 1023 ñèìâîëà, òîãäà êîëè÷åñòâî
ÿ÷ååê ïîèñêà ïî çàäåðæêå äîëæíî áûòü 2046.
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Ñ ÷àñòîòîé ñëîæíåå - íóæíî ñìîòðåòü ýêâèâàëåíò êîððåëÿòîðà

M [I ] = 2qc/n0T · sinc
„

∆ωT

2

«
ρ (∆τ) cos (∆ωT + ∆ϕ)

M [Q] = 2qc/n0T · sinc
„

∆ωT

2

«
ρ (∆τ) sin (∆ωT + ∆ϕ)
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Èç àíàëèçà âûðàæåíèé ñëåäóåò, ÷òî øèðèíà êîððåëÿöèîííîé
ôóíêöèè ïî ÷àñòîòå îáðàòíî ïðîïîðöèîíàëüíà èíòåðâàëó
íàêîïëåíèÿ â êîððåëÿòîðå T
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Øàã ïîèñêà ïî ÷àñòîòå âûáèðàåòñÿ èç äîïóñòèìîñòè ïîòåðü

ìèíèìàëüíûé øàã: ∆f = 1
T
� ïîòåðè îêîëî 0.9 äÁ;

÷àñòî áåðóò øàã: ∆f = 2
3
· 1
T
� ïîòåðè ìåíåå 0.5 äÁ;
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Íå ñòîèò ìåëü÷èòü!!!

×òî, åñëè óìåíüøèòü øàã ïîèñêà äëÿ ñíèæåíèÿ ïîòåðü?

Ïóñòü øàã ïîèñêà ïî çàäåðæêå TPN/2, ïî ÷àñòîòå 2
3
· 1
T
.

Â ðåçóëüòàòå ñðåäíèå ïîòåðè ñîñòàâëÿþò îêîëî 0.7 äÁ.

Ñäåëàåì øàã ïîèñêà â äâà ðàçà ìåíüøå.

Ïî çàäåðæêå TPN/4, ïî ÷àñòîòå 1
3
· 1
T
.

Ñðåäíèå ïîòåðè óìåíüøàòñÿ äî 0.4 äÁ.

ÍÎ!!!

Â ðåçóëüòàòå îáùåå êîëè÷åñòâî ÿ÷ååê âîçðàñò¼ò â 4 ðàçà.
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Íà ïðîøëîé ëåêöèè äëÿ çàäà÷è îáíàðóæåíèÿ áûëà ïðèâåäåíà
ñõåìà íåêîãåðåíòíîãî íàêîïëåíèÿ

Ýôôåêòèâíîñòü íàêîïëåíèÿ:

óäâîåíèå äëèòåëüíîñòè T äà¼ò âûèãðûø 3 äÁ;

óäâîåíèå äëèòåëüíîñòè NN äà¼ò âûèãðûø 2 äÁ.
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Íóæíî ïîìíèòü, ÷òî øàã ïîèñêà ïî ÷àñòîòå çàâèñèò îò T

∆f ≤ 1

T

Îáû÷íî çàäàí äèàïàçîí ïîèñêà ïî ÷àñòîòå ∆Fmax

Ðàñ÷¼ò êîëè÷åñòâà êàíàëîâ ïîèñêà ïî ÷àñòîòå:

Nf =
∆Fmax

∆f
≥ T ·∆Fmax
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Óâåëè÷åíèå â äâà ðàçà T óâåëè÷èò êîëè÷åñòâî êàíàëîâ ïîèñêà
â äâà ðàçà.

Ïðèìåð

Äîïóñòèì, ïðèíèìàåì ñèãíàë GPS C/A, äèàïàçîí ïîèñêà
ïî ÷àñòîòå ∆Fmax = 20 êÃö, T = 1 ìñ, NN = 4. Â ýòîì
ñëó÷àå ïðè 45 äÁÃö, PF = 0.1, PD = 0.9.

Ïðè øàãå ïîèñêà 1
T

= 1 êÃö ïî ÷àñòîòå áóäåò 20 êàíàëîâ
ïîèñêà.

Â ãèïîòåòè÷åñêîì îäíîêàíàëüíîì ïðè¼ìíèêå îáùåå âðåìÿ
íàêîïëåíèÿ áóäåò:

t = 20 · 2046× 4× 1 · 10−3 = 164 ñ.

Áîëäåíêîâ Å.Í. Ëåêöèÿ 6. Ïîèñê ñèãíàëà



Ïðîáëåìà ïîèñêà ñèãíàëà
Ñíà÷àëà òåîðèÿ
À òåïåðü æèçíü

×èñëåííûé àíàëèç çàäà÷è
Ïðèìåð ðàñ÷¼òà áëîêà ïîèñêà ñèãíàëà

Øàã ïîèñêà ïî çàäåðæêå
Øàã ïîèñêà ïî ÷àñòîòå
Ñòîèò ëè óìåíüøàòü øàã ïîèñêà?
Íåêîãåðåíòíîå íàêîïëåíèå

Çà÷åì íóæíî íåêîãåðåíòíîå íàêîïëåíèå?

Äîïóñòèì, íóæíî ïîâûñèòü ÷óâñòâèòåëüíîñòü äî 39 äÁÃö

Ìîæíî óâåëè÷èòü T äî 4 ìñ

Íî ïðè ýòîì êîëè÷åñòâî êàíàëîâ ïî ÷àñòîòå âîçðàñò¼ò äî 80.
Îáùåå âðåìÿ ïîèñêà â îäíîêàíàëüíîì ïðè¼ìíèêå áóäåò ðàâíî:

t = 80 · 2046× 4× 4 · 10−3 = 2620 ñ.

Ìîæíî óâåëè÷èòü NN äî 32 ðàç

Ïðè ýòîì êîëè÷åñòâî êàíàëîâ ïî ÷àñòîòå îñòàíåòñÿ ðàâíûì 20.
Îáùåå âðåìÿ ïîèñêà â îäíîêàíàëüíîì ïðè¼ìíèêå áóäåò ðàâíî:

t = 20 · 2046× 32× 1 · 10−3 = 1309 ñ.
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Ïîèñê, êàê îáíàðóæåíèå â êàæäîé ÿ÷åéêå

Ðåøàþùåå ïðàâèëî

NN∑
i=1

I 2i +Q2
i > R.

Ñóììà êâàäðàòîâ ãàóññîâñêèõ ñëó÷àéíûõ ÷èñåë èìååò
ðàñïðåäåëåíèå χ2

Íåöåíòðàëüíîå p0,χ2(x):

1

2NNσ2NNΓ (NN)
x
NN−1

e

−2
(2σ2) ,

Γ (NN) =
R +∞
0

yNN−1e−ydy = (NN − 1)!.

Öåíòðàëüíîå p1,χ2(x):

1

2σ2

“
x

S2

”NN−1
2 e

−
“
x+S2

”
(2σ2) INN−1

“
S
√
x

σ2

”
,

INN−1(x) � ôóíêöèÿ Áåññåëÿ.
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Êàê è â çàäà÷å îáíàðóæåíèÿ, ìîæíî íàçíà÷èòü ïîðîã

∫ +∞

R

p0,χ2(x) = PF0 ⇒ R

ãäå PF0 � âåðîÿòíîñòü ëîæíîé òðåâîãè â îäíîé ÿ÷åéêå.

Àíàëîãè÷íî ìîæíî âû÷èñëèòü è âåðîÿòíîñòü ïðàâèëüíîãî
îáíàðóæåíèÿ

PD =

∫ +∞

R

p1,χ2(x).
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Âåðîÿòíîñòü ëîæíîé òðåâîãè â êàæäîé ÿ÷åéêå

ß÷ååê ïîèñêà ìíîãî

Ëîæíàÿ òðåâîãà ìîæåò ïðîèçîéòè â êàæäîé èç íèõ.

Ðàñ÷¼ò âåðîÿòíîñòè ëîæíîé òðåâîãè äëÿ îòäåëüíîé ÿ÷åéêè

PF0 = 1− (1− PF )
1

NF ·Nτ ,

ãäå NF è Nτ � êîëè÷åñòâî ÿ÷ååê ïîèñêà ïî ÷àñòîòå è çàäåðæêå.
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Õàðàêòåðèñòèêè çàâèñÿò îò êîëè÷åñòâà ÿ÷ååê ïîèñêà

Îòñþäà ìîðàëü - ÷åì áîëüøå ÿ÷ååê ïîèñêà ïî ÷àñòîòå è
çàäåðæêå, òåì ìåíüøå âåðîÿòíîñòü ëîæíîé òðåâîãè â ÿ÷åéêå

PF0 = 1− (1− PF )
1

NF ·Nτ

Ïîòåðè îò óâåëè÷åíèÿ êîëè÷åñòâà ÿ÷ååê ïîèñêà
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Âðåìÿ õîëîäíîãî ñòàðòà

Ïîòðåáèòåëÿ íå èíòåðåñóþò êîãåðåíòíûå, íåêîãåðåíòíûå
íàêîïëåíèÿ, âåðîÿòíîñòè è ïðî÷èå ìåëî÷è.

Ïîòðåáèòåëÿ èíòåðåñóåò TTFF!!!

TTFF � time to the �rst �x

Îáû÷íî çàäàíî TTFF - âðåìÿ îò âêëþ÷åíèÿ äî âûäà÷è ïåðâîãî
ðåøåíèÿ ïðè ñòàíäàðòíûõ óñëîâèÿõ.
Ñòàíäàðòíûå óñëîâèÿ - îòêðûòîå íåáî, ñèãíàë 42 äÁÃö.

×òî íóæíî äëÿ ðåøåíèÿ?

1 Ñëåäèòü íå ìåíåå, ÷åì çà 4 ñèãíàëàìè.

2 Â òå÷åíèè 30 c ïðèíèìàòü ýôåìåðèäíûå äàííûå.
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Îáû÷íî çàäàíî TTFF - âðåìÿ îò âêëþ÷åíèÿ äî âûäà÷è ïåðâîãî
ðåøåíèÿ ïðè ñòàíäàðòíûõ óñëîâèÿõ.
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×òî íóæíî äëÿ ðåøåíèÿ?

1 Ñëåäèòü íå ìåíåå, ÷åì çà 4 ñèãíàëàìè.

2 Â òå÷åíèè 30 c ïðèíèìàòü ýôåìåðèäíûå äàííûå.
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Çàäàäèì ïàðàìåòðû õîëîäíîãî ñòàðòà

1 Ïîèñê òîëüêî ñèãíàëîâ ÃËÎÍÀÑÑ ÏÒ.

2 Ñòàíäàðòíûé óðîâåíü ñèãíàëà 42 äÁÃö.

3 Íåîïðåäåë¼ííîñòü ïî ÷àñòîòå ± 10 êÃö.

4 TTFF=35 c.

5 Âåðîÿòíîñòü ñòàðòà çà âðåìÿ TTFF: 0.9.
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Êîëè÷åñòâî ïðîöåäóð ïîèñêà

Âåðîÿòíîñòü óñïåõà â õîëîäíîì ñòàðòå PD = 0.9. Åñëè
ïðîöåäóðà àíàëèçà 1 ñèãíàëà èìååò âåðîÿòíîñòü óñïåõà
PD = 0.9, òî äëÿ íàõîæäåíèÿ 4 ñèãíàëîâ å¼ íóæíî ïðîâåñòè 12
ðàç!

Äëèòåëüíîñòü îäíîé ïðîöåäóðû ïîèñêà

Tïîèñêà = 5 ñ /12 = 416 ìñ.
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îòäåëüíîé ÿ÷åéêå

Ñèãíàë ÃËÎÍÀÑÑ ÏÒ, 511 ñèìâîëîâ ÏÑÏ

Êàíàëîâ ïîèñêà ïî çàäåðæêå Nτ = 1022. Âåðîÿòíîñòü ëîæíîé
òðåâîãè íà âñþ ïðîöåäóðó PF = 0.1.

T, ìñ 1 2 5 10

∆f , Ãö 1000 500 200 100
Nf 20 40 100 200
Nτ · Nf 20440 40880 102200 204400
PF0 5 · 10−6 2.5 · 10−6 1 · 10−6 0.5 · 10−5
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Äà, äà � âðåìÿ íàêîïëåíèÿ îïðåäåëÿåòñÿ èç ðàñïðåäåëåíèé χ2

T , ìñ 1 2 5 10

NN 4 2 1 1
PD 0.92 0.91 0.93 0.96

Òðåáîâàëàñü âåðîÿòíîñòü îáíàðóæåíèÿ PD = 0.9. Âàðèàíò
10 ìñ ÿâíî óæå íå ëó÷øèé.
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Âðåìÿ íàêîïëåíèÿ â îäíîêàíàëüíîì êîððåëÿòîðå

T , ìñ 1 2 5 10

NN 5 2 1 1
Nτ · Nf 20440 40880 102200 204400
t1, ìñ 102 82 164 511

Îñòàëîñü ïîñ÷èòàòü êîëè÷åñòâî íåîáõîäèìûõ êîððåëÿòîðîâ

Íà ïîèñê îäíîãî ñèãíàëà åñòü 416 ìñ.

T , ìñ 1 2 5 10

Nêîðð 245 197 394 1228

Â ðåçóëüòàòå íàèëó÷øèì îêàçàëñÿ âàðèàíò T = 2 ìñ!
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T , ìñ 1 2 5 10

Nêîðð 245 197 394 1228

Â ðåçóëüòàòå íàèëó÷øèì îêàçàëñÿ âàðèàíò T = 2 ìñ!
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Ïðîáëåìà ïîèñêà ñèãíàëà
Ñíà÷àëà òåîðèÿ
À òåïåðü æèçíü

×èñëåííûé àíàëèç çàäà÷è
Ïðèìåð ðàñ÷¼òà áëîêà ïîèñêà ñèãíàëà

ÒÇ íà ïîèñê
Øàã 1. Îïðåäåëÿåì âðåìÿ ïîèñêà îäíîãî ñèãíàëà
Øàã 2. Îïðåäåëÿåì âåðîÿòíîñòü ëîæíîé òðåâîãè â îòäåëüíîé ÿ÷åéêå
Øàã 3. Îïðåäåëÿåì âðåìÿ íàêîïëåíèÿ
Øàã 4. Îïðåäåëÿåì êîëè÷åñòâî êîððåëÿòîðîâ

Ïîèñê ñèãíàëîâ ñ äëèííûìè ÏÑÏ

Ïðèìåð âûøå - äëÿ ñèãíàëà ÃËÎÍÀÑÑ

Â ñîâðåìåííûõ ñèãíàëàõ ÏÑÏ äëèííåå
Ñèãíàë Ñèìâîëîâ íà ïåðèîä Íóæíî êîððåëÿòîðîâ

ÃËÎÍÀÑÑ ÏÒ 511 197
GPS C/A 1023 403
Galileo E1 4092 1697
GPS L1C 10230 4314
GPS L2 CL 767250 368 òûñ.

Ãëàâíûé âûâîä èç ëåêöèè!!!

Ïðîåêòèðîâàíèå áëîêà ïîèñêà ñâîäèòñÿ ê òîìó, ÷òîáû
ðåàëèçîâàòü áîëüøå ïàðàëëåëüíûõ êàíàëîâ êîððåëÿòîðà.
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Ñëåäóþùàÿ ëåêöèÿ

Òåìà ñëåäóþùåé ëåêöèè - áëîê áûñòðîãî ïîèñêà

Ïîñåòèòå íàø web-ñàéò

http://srns.ru
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