
Ëåêöèÿ 7. Ïîñòðîåíèå áëîêà áûñòðîãî ïîèñêà

Áîëäåíêîâ Å.Í.

Ìîñêîâñêèé Ýíåðãåòè÷åñêèé èíñòèòóò

îêòÿáðü 2011

Áîëäåíêîâ Å.Í. (ÌÝÈ) Ëåêöèÿ 7. Áûñòðûé ïîèñê îêòÿáðü 2011 1 / 26



Ñîäåðæàíèå

1 Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?
Íåîáõîäèìîå ÷èñëî ïàðàëëåëüíûõ êîððåëÿòîðîâ
Îáëàñòè ïðèìåíåíèÿ ïîèñêà ñèãíàëà

2 Ïðåäâàðèòåëüíîå íàêîïëåíèå

3 Âàðèàíòû ðåàëèçàöèè áëîêà ïîèñêà
Ìíîãîîòâîäîâûé êîððåëÿòîð
Ìíîãîêàíàëüíûé êîððåëÿòîð
Àëãîðèòì â âèäå ñîãëàñîâàííîãî ôèëüòðà
Àëãîðèòìû íà îñíîâå ÁÏÔ ïî ÷àñòîòå
Àëãîðèòìû íà îñíîâå ÁÏÔ ïî çàäåðæêå
Êîìáèíèðîâàííûå àëãîðèòìû

Áîëäåíêîâ Å.Í. (ÌÝÈ) Ëåêöèÿ 7. Áûñòðûé ïîèñê îêòÿáðü 2011 2 / 26



Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?

Ïîèñê ïðåäïîëàãàåò íàêîïëåíèå ñèãíàëà â áîëüøîì êîëè÷åñòâå
ÿ÷ååê
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Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?

Êîëè÷åñòâî ÿ÷ååê ïîèñêà ìîæåò áûòü î÷åíü âåëèêî

Ñèãíàë Ñèìâîëîâ
íà ïåðèîä

Nτ Nτ × Nf Íóæíî êîð-
ðåëÿòîðîâ

ÃËÎÍÀÑÑ ÏÒ 511 1022 40880 197
GPS C/A 1023 2046 81840 403
Galileo E1 4092 8184 327360 1697
GPS L1C 10230 20460 81840 4314
GPS L2 CL 767250 1534500 61380000 368 òûñ.

Ïðèìå÷àíèå. Ïðèâåäåíû ïàðàìåòðû, íåîáõîäèìûå äëÿ îáåñïå÷åíèÿ
TTFF=35 ñ ñ âåðîÿòíîñòüþ PD = 0.9.
Äèàïàçîí ïîèñêà ïî ÷àñòîòå 20 êÃö, îáíàðóæåíèå ñèãíàëà
ñòàíäàðòíîãî óðîâíÿ qc/n0 = 42 äÁÃö
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Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?

Êîëè÷åñòâî ïîëíîöåííûõ êîððåëÿòîðîâ â ïðè¼ìíèêå îáû÷íî
íåâåëèêî

Ïðè¼ìíèê ×èñëî êîððåëÿòîðîâ Ãîä âûïóñêà

PLGR 5 1993
DAGR 12+12 2003
SiRFstar II 24 2002
SiRFstar III 24 2005
SiRFstar IV 32 2008
u-blox6 32 2010
NV-08C 32 2011
Javad TRIUMPH 216 2009
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Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?

Åñëè íóæíî èñêàòü ñëàáûå ñèãíàëû, âðåìÿ íàêîïëåíèÿ
ñóùåñòâåííî âîçðàñòàåò
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Çà÷åì íóæåí áëîê áûñòðîãî ïîèñêà?

Âðåìÿ àíàëèçà â êàæäîé èç ÿ÷ååê íåâåëèêî

×óâñòâèòåëüíîñòü, äÁÃö T, ìñ NN T · NN, ìñ
45 1 1 1
35 2 15 30
30 2 67 134
25 2 530 1060
20 2 2135 4270

Íî ýòî âðåìÿ àíàëèçà â êàæäîé ÿ÷åéêå!!!
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Òèïû ñòàðòà ïðè¼ìíèêà

Ïðè õîëîäíîì ñòàðòå âñåãäà èñïîëüçóåòñÿ ïîëíûé ïîèñê ñèãíàëà

Íå èçâåñòåí ïåðå÷åíü äîñòóïíûõ ñèãíàëîâ.

Ïîëíàÿ íåîïðåäåë¼ííîñòü ïî çàäåðæêå (ïåðèîä êîäà).

Ïîëíàÿ íåîïðåäåë¼ííîñòü ïî ÷àñòîòå (ìàêñèìàëüíûé äîïëåð +
ñäâèã ãåíåðàòîðà)

Ïðèìåð

Ïîèñê ñèãíàëà GPS C/A � 2046 ïîçèöèé ïî çàäåðæêå.

Ñäâèã äîïëåðîâñêîé ÷àñòîòû ±6.2 êÃö.
Íåîïðåäåë¼ííîñòü ÷àñòîòû ÎÃ ±3 êÃö.
Ïðè íàêîïëåíèè T = 2 ìñ øàã ïîèñêà ïî ÷àñòîòå 500 Ãö.

Êîëè÷åñòâî ïîçèöèé ïîèñêà ïî ÷àñòîòå 31.

Îáùåå ÷èñëî ïîçèöèé 63426.
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Òèïû ñòàðòà ïðè¼ìíèêà

Ïðè ò¼ïëîì ñòàðòå ïðèáëèçèòåëüíî äîñòóïíî òåêóùåå âðåìÿ,
ïîëîæåíèå è ýôåìåðèäû

Èçâåñòíû äîñòóïíûå ñèãíàëû.

Ïîëíàÿ íåîïðåäåë¼ííîñòü ïî çàäåðæêå (ïåðèîä êîäà).

Ñ íåêîòîðîé òî÷íîñòüþ èçâåñòíà ÷àñòîòà.

Ïðèìåð

Ñëåæåíèå çà ñèãíàëîì ïðåðâàëîñü íà 20 ìèíóò.

Ïîèñê ñèãíàëà GPS C/A � 2046 ïîçèöèé ïî çàäåðæêå.

Ñäâèã äîïëåðîâñêîé ÷àñòîòû -00 çà ñ÷¼ò ïîòðåáèòåëÿ, ±100 Ãö.
Íåîïðåäåë¼ííîñòü ÷àñòîòû ÎÃ � 50 Ãö.

Ïðè íàêîïëåíèè 10 ìñ øàã ïîèñêà ïî ÷àñòîòå 100 Ãö.

Êîëè÷åñòâî ïîçèöèé ïîèñêà ïî ÷àñòîòå � 3.

Îáùåå ÷èñëî ïîçèöèé ïîèñêà 6138.
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Òèïû ñòàðòà ïðè¼ìíèêà

Ïðè ãîðÿ÷åì ñòàðòå âðåìÿ è ïîëîæåíèå èçâåñòíî äîñòàòî÷íî
õîðîøî

Èçâåñòíû äîñòóïíûå ñèãíàëû.

Íåáîëüøîé äèàïàçîí ïîèñêà ïî çàäåðæêå.

Íåáîëüøîé äèàïàçîí ïîèñêà ïî ÷àñòîòå.

Ïðèìåð

Ãîðÿ÷èé ñòàðò 3GPP �ne aiding.

Âðåìÿ ñ òî÷íîñòüþ 10 ìêñ, ïîëîæåíèå ñ òî÷íîñòüþ 200 ì.

Ïîèñê ñèãíàëà GPS C/A � 23 ïîçèöèè ïî çàäåðæêå.

Íåîïðåäåë¼ííîñòü ÷àñòîòû ÎÃ � 50 Ãö.

Ïðè íàêîïëåíèè 10 ìñ øàã ïîèñêà ïî ÷àñòîòå 100 Ãö.

Êîëè÷åñòâî ïîçèöèé ïîèñêà ïî ÷àñòîòå � 3.

Îáùåå ÷èñëî ïîçèöèé ïîèñêà 66.

Áîëäåíêîâ Å.Í. (ÌÝÈ) Ëåêöèÿ 7. Áûñòðûé ïîèñê îêòÿáðü 2011 10 / 26



Â êàêèõ ñèòóàöèÿõ ïðèìåíèì ïîèñê?

Êàê ðåçóëüòàò, â çàâèñèìîñòè îò òèïà ïîëó÷àåòñÿ ðàçíîå âðåìÿ
ñòàðòà

Òèï ñòàðòà Õîëîäíûé Ò¼ïëûé Ãîðÿ÷èé

DAGR 100 22 10
Ãåîñ-1 31 5 4
SiRFstar IV 31 5 3
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Èçáûòî÷íîñòü òåìïà ïîñòóïëåíèÿ äàííûõ

Îñíîâíàÿ ñëîæíîñòü - ïîèñê ïî çàäåðæêå

Äëÿ ñèãíàëà GPS C/A øàã ïîèñêà ïî çàäåðæêå 1/2× 1 ìêñ/1023
(2 ÌÃö).

Òåìï ïîñòóïëåíèÿ âõîäíûõ äàííûõ - äåñÿòêè ÌÃö.
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Ïðåäâàðèòåëüíîå íàêîïëåíèå îòñ÷¼òîâ

Ìîæíî ñíèçèòü òåìï îáðàáàòûâàåìûõ äàííûõ
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Ïðåäâàðèòåëüíîå íàêîïëåíèå

Òåìï ðàáîòû ñõåìû ïîèñêà ïî çàäåðæêå ìîæåò áûòü âûøå, ÷åì
òåìï ïîñòóïëåíèÿ ïîëóñèìâîëîâ

Ïðèìåð

Íà ÏËÈÑ Xilinx Spartan3 ìîæíî ðåàëèçîâàòü ñõåìó ïîèñêà íà ÷àñòîòå
100 ÌÃö. Âûèãðûø â 50 ðàç!
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Ïîèñê ïî ÷àñòîòå

×àñòîòíàÿ õàðàêòåðèñòèêà ïðåäâàðèòåëüíîãî íàêîïèòåëÿ

M [I ] = 2q
c/n0T · sinc

„
∆ωT

2

«
ρ (∆τ) cos (∆ωT + ∆ϕ)

M [Q] = 2q
c/n0T · sinc

„
∆ωT

2

«
ρ (∆τ) sin (∆ωT + ∆ϕ)
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Ïîèñê ïî ÷àñòîòå

Ïîèñê ïî ÷àñòîòå òàêæå ìîæíî ñäåëàòü ïîñëå ïðåäâàðèòåëüíîãî
íàêîïëåíèÿ
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Ìíîãîîòâîäîâûé êîððåëÿòîð

Óâåëè÷åíèå êîëè÷åñòâî áîêîâûõ îòâîäîâ êîððåëÿòîðà ïîçâîëÿåò
ñýêîíîìèòü íà ãåíåðàòîðàõ îïîðíîãî ñèãíàëà

Ïðèìåð

SiRFstar II â êàæäîì êàíàëå êîððåëÿòîðà ïî çàäåðæêå èìåë 32 îòâîäà.

Ïðèìåð

Èìåííî ýòîò ïîäõîä èñïîëüçóåòñÿ â áëîêàõ äîïîèñêà ñèãíàëà.
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Ìíîãîêàíàëüíûé êîððåëÿòîð

Ðàçâÿçûâàíèå ÷àñòîòû íàêîïëåíèÿ îòñ÷¼òîâ è ÷àñòîòû îáðàáîòêè
ïîçâîëÿåò óâåëè÷èòü òåìï îáðàáîòêè
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Àëãîðèòì â âèäå ñîãëàñîâàííîãî ôèëüòðà

Ñòðóêòóðà àëãîðèòìà â âèäå ñîãëàñîâàííîãî ôèëüòðà
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Àëãîðèòì íà îñíîâå ÁÏÔ ïî ÷àñòîòå

Ñòðóêòóðà àëãîðèòìà ïîèñêà ñ ÁÏÔ ïî ÷àñòîòå
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Àëãîðèòì íà îñíîâå ÁÏÔ ïî çàäåðæêå

Òåîðåìà î äèñêðåòíîé ñâ¼ðòêå â ñïåêòðàëüíîé îáëàñòè

zk =
∑N−1

m=0 xm · yk−m
F⇒ Zn = Xn · Yn
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Àëãîðèòì íà îñíîâå ÁÏÔ ïî çàäåðæêå

Êîìïëåêñíîå ñîïðÿæåíèå ñïåêòðà

z−k
F⇒ Z ∗

n

Z ∗
n = real (Zn)− i · imag (Zn)
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Àëãîðèòì íà îñíîâå ÁÏÔ ïî çàäåðæêå

Ñäâèã ïî ÷àñòîòå â ñïåêòðàëüíîé îáëàñòè

zk · exp
{
−i

2π

N
·m
}

F⇒ Zn−m.
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Àëãîðèòì íà îñíîâå ÁÏÔ ïî çàäåðæêå

Ñòðóêòóðà àëãîðèòìà ïîèñêà ñ ÁÏÔ ïî çàäåðæêå
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Êîìáèíèðîâàííûå àëãîðèòìû

Ñòðóêòóðà àëãîðèòìà ñ ñîãëàñîâàííûì ôèëüòðîì ïî çàäåðæêå è
ÁÏÔ ïî ÷àñòîòå
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Ñëåäóþùàÿ ëåêöèÿ

Òåìà ñëåäóþùåé ëåêöèè - ñèñòåìà ñëåæåíèÿ çà ôàçîé ñèãíàëà

Ïîñåòèòå íàø web-ñàéò

http://srns.ru
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