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SDR-ÒÅÕÍÎËÎÃ²¯ ÏÐÈÕÎÂÀÍÈÕ
Ë²Í²É ÐÀÄ²ÎÇÂ’ßÇÊÓ

Ðîçãëÿíóòî ìîæëèâîñò³ Software Defined Radio (SDR)-òåõíîëîã³é ó êîðåëÿö³éí³é
îáðîáö³ ë³í³éíî-÷àñòîòíî ìîäóëüîâàíèõ (Ë×Ì) ñèãíàë³â. Îá´ðóíòîâàíî ñòðóêòóðó
êîðåëÿö³éíîãî ïðèéìà÷à ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³ ç âèêîðèñòàííÿì ñó÷àñíèõ
SDR-òåõíîëîã³é. Ïðîàíàë³çîâàíî âïëèâ êâàíòóâàííÿ ñèãíàëó çà àìïë³òóäîþ íà ïðîöåñ
éîãî âèÿâëåííÿ, îñê³ëüêè ïðè íåäîñòàòí³é ðîçðÿäíîñò³ ÀÖÏ ñèãíàë ãóáèòèìåòüñÿ ó
øóìàõ êâàíòóâàííÿ. Ðåçóëüòàòè ñèíòåçó äëÿ íàî÷íîñò³ ïðî³ëþñòðîâàí³ ìîäåëþâàííÿì
ó ïðîãðàìíîìó ñåðåäîâèù³ Mathcad ³ Excel.

Êëþ÷îâ³ ñëîâà: ãóñòèíà ïîòîêó ïîòóæíîñò³ øóìó, îïòèìàëüíèé ïðèéîì
ñèãíàë³â, ïðèéìà÷ ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³, êîðåëÿö³éíå îáðîáëåííÿ, öèôðîâå
îáðîáëåííÿ ñèãíàë³â.

Ðàññìîòðåíû âîçìîæíîñòè Software Defined Radio (SDR)-òåõíîëîãèé â êîððåëÿ-
öèîííîé îáðàáîòêå ëèíåéíî-÷àñòîòíî ìîäóëèðîâàííûõ (Ë×Ì) ñèãíàëîâ. Îáîñíîâàíî
ñòðóêòóðó êîððåëÿöèîííîãî ïðèåìíèêà ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ ñ èñïîëüçîâàíèåì
ñîâðåìåííûõ SDR-òåõíîëîãèé. Ïðîàíàëèçèðîâàíî âëèÿíèå êâàíòîâàíèÿ ñèãíàëà ïî
àìïëèòóäå íà ïðîöåññ åãî îáíàðóæåíèÿ, ïîñêîëüêó ïðè íåäîñòàòî÷íîé ðàçðÿäíîñòè
ÀÖÏ ñèãíàë ïðîñòî òåðÿåòñÿ â øóìàõ êâàíòîâàíèÿ. Ðåçóëüòàòû ñèíòåçà äëÿ íàãëÿä-
íîñòè ïðîèëëþñòðèðîâàíû ìîäåëèðîâàíèåì â ïðîãðàììíîé ñðåäå Mathcad è Excel.

Êëþ÷åâûå ñëîâà: ïëîòíîñòü ïîòîêà ìîùíîñòè øóìà, îïòèìàëüíûé ïðèåì
ñèãíàëîâ, ïðèåìíèê ìàêñèìàëüíîãî ïðàâäîïîäîáèÿ, êîððåëÿöèîííàÿ îáðàáîòêà, öèô-
ðîâàÿ îáðàáîòêà ñèãíàëîâ.

Ïîñòàíîâêà çàäà÷³
Ðîçãëÿíåìî ë³í³þ ðàä³îçâ’ÿçêó äëÿ ïðèõîâàíî¿ ïåðåäà÷³ ³íôîðìàö³¿ ì³æ ñïå-

ö³àëüíèìè êîðåñïîíäåíòàìè àáî íàâìèñíî ñòâîðåíèõ êàíàë³â âèòîêó ³íôîðìàö³¿, äæåðåëî
ÿêèõ íåîáõ³äíî ïðèõîâàòè â³ä çàñîá³â âèÿâëåííÿ. Íåõàé äëÿ öüîãî âèêîðèñòîâóþòüñÿ
ñêëàäí³ ñèãíàëè ç áàçîþ:

1c TfB ,    (1),
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äå cf , T – åôåêòèâíèé ñïåêòð ³ òðèâàë³ñòü ñèãíàëó äëÿ ïåðåäà÷³ á³òó ³íôîðìàö³¿.
Ïðèïóñòèìî, ùî á³òîâèé ïîò³ê : 0  – ïåðåäàºòüñÿ “0” òà 1 –
ïåðåäàºòüñÿ “1”, ôîðìóº äâà òèïè ë³í³éíî-÷àñòîòíî ìîäóëüîâàíèõ (Ë×Ì) ñèãíàë³â
– C(t):

tt 11 cos , Tt

0

– äëÿ ïåðåäà÷³ “1”, (2)

tt 00 cos , Tt

0

– äëÿ ïåðåäà÷³ “0”,      (3),

äå
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ttt
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T
ttt (4)

maxmin , – ì³í³ìàëüíî òà ìàêñèìàëüíî öèêë³÷í³ ÷àñòîòè ñèãíàëó.
Íåõàé ë³í³ÿ ðàä³îçâ’ÿçêó ñêëàäàºòüñÿ ³ç (ðèñ. 1) ïåðåäàâà÷à Ë×Ì ñèãíàë³â

(2) àáî (3), øèðîêîñìóãîâîãî ðàä³îêàíàëó òà êîðåëÿö³éíîãî ïðèéìà÷à ìàêñèìàëüíî¿
ïðàâäîïîä³áíîñò³, íà âèõîä³ ÿêîãî îòðèìóºòüñÿ îö³íêà á³òîâîãî ïîâ³äîìëåííÿ 
[1]. Âî÷åâèäü, öèêë³÷íîþ ÷àñòîòîþ-íîñ³ºì ñèãíàë³â, ùî ïåðåäàþòüñÿ, º ñåðåäíÿ
÷àñòîòà:

2
minmax

0 .

. 1.  ’  
T 

tx   
 

 

T 

t
  

  
 

Âèá³ð Ë×Ì ñèãíàë³â çóìîâëåíèé [2–4]:

– ìîæëèâ³ñòþ äîñÿãíåííÿ âåëèêèõ äåâ³àö³é cf  ³, ÿê íàñë³äîê, âåëèêèõ çíà-

÷åíü áàçè B òà òåõí³÷íèõ øâèäêîñòåé ïåðåäà÷³ ³íôîðìàö³¿ V = 1/T, îñê³ëüêè âæå
íà ïî÷àòêó 80-õ ðîê³â ìèíóëîãî ñòîë³òòÿ øâèäêîñò³ ïåðåáóäîâè ÷àñòîòè-íîñ³ÿ
ñÿãàëè 50 ÃÃö/ìêñ;

– ïîð³âíÿíî ïðîñòîþ êîðåêö³ºþ âèêðèâëåíü, ùî âíîñÿòüñÿ åëåìåíòàìè òðàêòó
³ ñåðåäîâèùåì ïîøèðåííÿ ðàä³îõâèëü.

Õî÷à âèêîðèñòàííÿ Ë×Ì ñèãíàë³â ó ñèñòåìàõ çâ’ÿçêó ïðèçâîäèòü äî ñêëàäíî¿
çàâàäîâî¿ ñèòóàö³¿ ³ íå äîçâîëÿº ðîçãëÿäàòè ¿õ ìàñîâîãî çàñòîñóâàííÿ, îñê³ëüêè
äîñë³äæóâàí³ êàíàëè çâ’ÿçêó ìàþòü øâèäøå åêñêëþçèâíèé õàðàêòåð. Êð³ì òîãî,
íà àíàë³ç âèêîðèñòàííÿ SDR-òåõíîëîã³é òàêà âàäà Ë×Ì ñèãíàë³â íå âïëèâàòèìå.
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Â³çüìåìî çà îñíîâó ãîëîâí³ ïîêàçíèêè SDR-òåõíîëîã³é, çóìîâëåí³ õàðàêòåðè-
ñòèêàìè àíàëîãîâî-öèôðîâèõ ïåðåòâîðþâà÷³â (ÀÖÏ): ïåð³îäîì äèñêðåòèçàö³¿ ñè-
ãíàëó Ò

ä
 òà ðîçðÿäí³ñòþ Ì. Íàÿâí³ íèí³ ÀÖÏ äîçâîëÿþòü ñÿãíóòè ,

òà 16 32M .
Ìåòà ðîáîòè: îá´ðóíòóâàòè ñòðóêòóðó êîðåëÿö³éíîãî ïðèéìà÷à ìàêñèìàëüíî¿

ïðàâäîïîä³áíîñò³ Ë×Ì ñèãíàë³â òà äîñë³äèòè âïëèâ êâàíòóâàííÿ ñèãíàëó çà
àìïë³òóäîþ íà ¿õ âèÿâëåííÿ.

Ñòðóêòóðà ïðèéìà÷à ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³
Îñê³ëüêè ÷àñ íàäõîäæåííÿ ñèãíàëó íåâ³äîìèé ³ âèçíà÷àºòüñÿ ç òî÷í³ñòþ äî

Ò
ä
, îáðîáêà ìàº çä³éñíþâàòèñÿ ïàðàëåëüíî ó N = T/T

ä 
–1-êàíàëàõ. Ðîçãëÿíåìî,

íàïðèêëàä, êîðåëÿö³éíå íàêîïè÷åííÿ ñèãíàëó C
1
(t) ïî-ð³çíîìó çñóíóòîãî ó ÷àñ³

íà k-ïîçèö³é (ðèñ. 2) ó ïðèéìà÷³ ìàêñèìàëüíî¿ ïðàâäîïîä³áíîñò³ (ðèñ. 3), ñòðóêòóðó
ÿêîãî îá´ðóíòîâàíî â ðîáîòàõ [5, 6] äëÿ áåçïåðåðâíîãî ÷àñó.

Ðèñ. 2. Ðîçòàøóâàííÿ ÷àñîâèõ ³íòåðâàë³â áàãàòîêàíàëüíî¿ îáðîáêè, çñóíóòèõ
íà k-ïîçèö³é â³äíîñíî åòàëîííîãî ñèãíàëó (2)

Ñèãíàë ïðèéìà÷à â³ä àíòåííî¿ ñèñòåìè ç³ ñìóãîþ ïåðåïóñêàííÿ  ïîäàºòüñÿ
íà ÀÖÏ, à éîãî â³äë³êè x

n 
= x(T

ä
n) – íà êàíàëè êîðåëÿö³éíîãî îáðîáëåííÿ,

ñòðóêòóðà ÿêèõ ïðî³ëþñòðîâàíà ðèñ. 4. Îáðîáëåííÿ ïåðåäáà÷àº ïåðåìíîæåííÿ ç
äèñêðåòíèìè â³äë³êàìè ñèãíàë³â (2) ³ (3) òà îðòîãîíàëüíèìè äî íèõ â³äë³êàìè:

, ,

äå – çàäàíî (4).

2/Nk  

12/Nk  

0k  

22/Nk  

12/Nk  
T

t1

T

t  

С
П

Е
Ц

IА
Л

Ь
Н

I 
 З

А
С

О
Б

И
 Т

А
 М

Е
Т

О
Д

И
К

И

Yevhraphov Dmytro, 2019

9 –101/6 10  1,67 10T

1 1cosnC T n 1 1sinnS T n

1 t



ISSN 2411-3816 (Ðrint) ÑÓ×ÀÑÍÀ ÑÏÅÖ²ÀËÜÍÀ ÒÅÕÍ²ÊÀ
MODERN SPECIAL TECHNICS

Н а у к о в о � п р а к т и ч н и й  ж у р н а л 75

DOI (Issue): https: //doi.org/ Issue 4(59) 2019

Issue 4(59) 2019

Yevhraphov Dmytro, 2019

http://suchasnaspetstehnika.com/
DOI (Article): https: //doi.org

k1

k0

21
N 1

21
N

 1
21
N

 

1
20
N

1
20
N

 
20
N

 

0

1

h  
 

 

   

   

nx

 
  
 

T

tx

-
 

 

k-   
 

 

k-   
 

 

Ó êîðåëÿö³éíèõ êàíàëàõ îáðîáëåííÿ ñèãíàëó C
0
(t) ô³ãóðóþòü â³äïîâ³äí³

â³äë³êè C
0n
 òà S

0n
. Äîáóòêè ñèãíàë³â ó êâàäðàòóðàõ ïîäàþòüñÿ íà ñóìàòîðè, äëÿ

ÿêèõ N = int(T/T
ä
) + 1, int(õ) – ö³ëà ÷àñòèíà â³ä x, ³ äàë³ – íà ôîðìóâà÷³ ñèãíàë³â

A
p
, p = 0;1, ÿê³ äëÿ k-ãî êàíàëó îáðîáëåííÿ ðîçðàõîâóþòüñÿ â³äïîâ³äíî äî âèðàçó:

2 2

1 1

N N

p n k pn n k pn
n n

A k x C x S , (5),

äå  2 2
N Nk .

Áàãàòîêàíàëüí³ñòü ïðèéìà÷à, ïîäàíîãî íà ðèñ. 3, ïîâ’ÿçàíà ç ïðîñòèìè ä³ÿìè
ìíîæåííÿ òà ñóìóâàííÿ çñóíóòèõ ó ÷àñ³ íà k – ïîçèö³é ³íòåðâàë³â îáðîáëåííÿ.
Òîìó ïðîáëåì òåõí³÷íî¿ ðåàë³çàö³¿ ïðèéìà÷à, ÿê ïðàâèëî, íå âèíèêàòèìå. Âñ³
âîíè ïîâ’ÿçàí³ ëèøå ç ïðîäóêòèâí³ñòþ ì³êðîïðîöåñîðíèõ ñèñòåì ó ñêëàä³ ïðèñòðî¿â
îáðîáëåííÿ ³íôîðìàö³¿.
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Ìîäåëþâàííÿ ðåçóëüòàòó îáðîáëåííÿ Ë×Ì ñèãíàë³â êîðåëÿö³éíèì ïðèéìà÷åì
ïîäàíî íà ðèñ. 5 ç âèêîðèñòàííÿì ïðîãðàìíîãî ïðîäóêòó Mathcad òà Excel. Âèãëÿä
ñèãíàëó A1(k) â ðàç³ ïðèéîìó ïîâ³äîìëåííÿ “1” ïîäàíî íà ðèñ. 5à, äëÿ B = 1000
òà âèïàäêó, êîëè åòàëîíí³ ñèãíàëè çá³ãàþòüñÿ ç k = 0 – ³íòåðâàëîì îáðîáëåííÿ.

Äëÿ ïîð³âíÿííÿ íà ðèñ. 5á ïîäàíî âèãëÿä ñèãíàëó ç âèõîäó çâè÷àéíîãî ïðè-
éìà÷à ó ñìóç³ ÷àñòîò Ë×Ì ñèãíàëó, ïðèéíÿòîãî ò³ºþ æ ñàìîþ àíòåííîþ ñèñòåìîþ
òà ç òàêèì æå çíà÷åííÿì ãóñòèíè ïîòóæíîñò³ øóìó àíòåííèõ ï³äñèëþâà÷³â – N

0
.

ßê áà÷èìî, ñèãíàë ãóáèòüñÿ ó øóìàõ ³ éîãî íåìîæëèâî âèÿâèòè. Öå íàî÷íî ³ëþ-
ñòðóº ïðèõîâàí³ñòü êàíàëó çâ’ÿçêó òà óñêëàäíåííÿ éîãî âèÿâëåííÿ çâè÷àéíèìè
øèðîêîñìóãîâèìè ïðèéìà÷àìè.

Ð³øåííÿ ïðî ïðèñâîºííÿ  çíà÷åííÿ “0” àáî “1” ïðèéìàºòüñÿ ó ïðèñòðî¿
ïðèéíÿòòÿ ð³øåííÿ, ïîäàíîãî íà ðèñ. 6 ó âèãëÿä³ àíàëîãîâèõ òà öèôðîâèõ åëåìåíò³â:
êîìïàðàòîð³â ³ åëåìåíò³â “òà”, â³äïîâ³äíî äî àëãîðèòìó ñï³ëüíîãî âèÿâëåííÿ-
îö³íþâàííÿ [6].

Ïîð³âíÿííÿ ñèãíàë³â A
0
 òà A

1
 ç ïîðîãîì âèÿâëåííÿ h çä³éñíþþòüñÿ ó

êîìïàðàòîðàõ DA1 òà DA2 â³äïîâ³äíî, à ì³æ ñîáîþ – ó êîìïàðàòîð³ DA3. Ð³øåííÿ
0  ïðèéìàºòüñÿ, êîëè:

hAA 010    0 ,

ð³øåííÿ 1 , êîëè:

hAA 110    0 ,

à ð³øåííÿ ïðî â³äñóòí³ñòü êîðèñíèõ ñèãíàë³â ïðèéìàºòüñÿ, êîëè:

hAhA 10    .

Ðèñ. 4. k-é êàíàë êîðåëÿö³éíîãî îáðîáëåííÿ
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kA1
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 2/N  k  )  

Ðèñ. 5. Ñèãíàëè íà âèõîä³ ïðèéìà÷³â:  à) êîðåëÿö³éíîãî ïðèéìà÷à SDR-òåõíîëîã³é;
 á) çâè÷àéíîãî ïðèéìà÷à ç öèôðîâèì îáðîáëåííÿì ñèãíàë³â

Êâàíòóâàííÿ ñèãíàë³â çà àìïë³òóäîþ
Âðàõóºìî ïðîöåñè êâàíòóâàííÿ ñèãíàëó x(t) â ÀÖÏ ðîçðÿäí³ñòþ M. Çàçâè÷àé

äèíàì³÷íèé ä³àïàçîí ÀÖÏ – U  îáèðàºòüñÿ çà óìîâè 6 Äá/ðîçðÿä. Ïðîòå, êîëè
îáðîáëÿòèìóòüñÿ ñèãíàëè ç âåëèêèìè áàçàìè (1), ¿õ öèôðîâ³ â³äë³êè ãóáèòèìóòüñÿ
ó âëàñíèõ øóìàõ ïðèéìà÷à ç äèñïåðñ³ºþ afN 0

2 . Ðîçðÿäíîñò³ ÀÖÏ ìàº
âèñòà÷àòè äëÿ “âèòÿãóâàííÿ” ñèãíàë³â ³ç âëàñíèõ øóì³â ïðèéìà÷à.

Ñï³ââ³äíîøåííÿ ïîòóæíîñò³ ñèãíàëó äî ïîòóæíîñò³ øóìó íà âõîä³
êîðåëÿö³éíîãî ïðèéìà÷à (ðèñ. 3) äîð³âíþâàòèìå:

12

22
2 A

B
qq ,

äå q2 – ñï³ââ³äíîøåííÿ ïîòóæíîñò³ ñèãíàëó äî ïîòóæíîñò³ øóìó íà âèõîä³
êîðåëÿö³éíîãî ïðèéìà÷à, A – àìïë³òóäà ñèãíàëó íà âõîä³ ïðèéìà÷à. Òîìó ðîçð³çíèòè
ìàêñèìàëüí³ çì³íè êîðèñíîãî ñèãíàëó ç ðîçìàõîì ïîäâ³éíî¿ àìïë³òóäè ìîæíà
ëèøå, ÿêùî:
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M
UA

B
q

2
22

,       (6)

äå – øàã êâàíòóâàííÿ.

Ðèñ. 6. Ïðèñòð³é ïðèéíÿòòÿ ð³øåííÿ

Ó ðàç³, êîëè íåð³âí³ñòü (6) íå âèêîíóâàòèìåòüñÿ, ÀÖÏ ïðîñòî íå ðåàãóâàòèìå
íà êîðèñíèé ñèãíàë, ùî ãóáèòüñÿ ó øóìàõ êâàíòóâàííÿ. ßêùî îáðàòè

U 26  (äëÿ ÿêîãî ç éìîâ³ðí³ñòþ p = 0,997 ñèãíàëè ðàçîì ³ç øóìàìè
ïðèéìà÷à ïåðåòâîðþþòüñÿ ó öèôðîâ³ â³äë³êè), ðîçðÿäí³ñòü ÀÖÏ, íåîáõ³äíà äëÿ
çàáåçïå÷åííÿ çàäàíî¿ áàçè ³ ïîêàçíèêà âèÿâëåííÿ ñèãíàë³â, ñòàíîâèòü:

.       (7)

Çàçâè÷àé äëÿ âïåâíåíîãî âèÿâëåííÿ ñèãíàë³â íà ôîí³ âíóòð³øí³õ øóì³â
ïðèéìà÷à 1032q . Íà ðèñ. 7 ïîäàí³ çàëåæíîñò³ ì³í³ìàëüíîãî çíà÷åííÿ M –
M

min
 â³ä B, ðîçðàõîâàí³ â³äïîâ³äíî äî (7) äëÿ q2 = 3;5;10. ßê áà÷èìî, äëÿ B = 1000

ñó÷àñí³ SDR-òåõíîëîã³¿ ç ÷îòèðèêðàòíèì ïåðåâèùåííÿì çàäîâîëüíÿþòü âèìîãè
ùîäî ì³í³ìàëüíî¿ ðîçðÿäíîñò³, ïðè ÿê³é ñèãíàë íå ãóáèòüñÿ ó øóìàõ êâàíòóâàííÿ
ÀÖÏ.

Ó ïîäàëüøîìó çà íàïðÿìîì çàïðîïîíîâàíîãî äîñë³äæåííÿ íåîáõ³äíî ðîçâ’ÿçàòè
çàäà÷ó àíàë³çó êàíàë³â çâ’ÿçêó, ñòðóêòóðà ÿêèõ ïîäàíà ó ö³é ðîáîò³. Çàäà÷à óñêëàäíåíà
ïîøóêîì ðîçïîä³ëåíü àáñîëþòíèõ ìàêñèìóì³â âèïàäêîâèõ äèôåðåíö³éîâàíèõ ó
ñåðåäíüîêâàäðàòè÷íîìó ïðîöåñ³. Ðåçóëüòàòè àíàë³çó, ÿê³ ï³äòâåðäæóþòüñÿ
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ìîäåëþâàííÿì ïðîöåñ³â âèÿâëåííÿ òà ðîçð³çíåííÿ ñèãíàë³â, äîâîäèòü óñï³øí³ñòü
òåîð³¿ äâîêîìïîíåíòíèõ ìàðê³âñüêèõ ïðîöåñ³â äëÿ àíàë³çó ðàä³îòåõí³÷íèõ ñèñòåì [7,
8].

Ðèñ. 7. Çàëåæí³ñòü ì³í³ìàëüíî¿ ðîçðÿäíîñò³ ÀÖÏ â³ä áàçè ñèãíàë³â

minM

2 

B

4 

6 

1000 10 

32q

52q  

102q

1 100 

Âèñíîâîê:
Òàêèì ÷èíîì, ðîçðÿäíîñò³ ÀÖÏ ó ñêëàä³ SDR-òåõíîëîã³é âèñòà÷àº äëÿ ïî-

áóäîâè êîðåëÿö³éíèõ ïðèéìà÷³â îáðîáëåííÿ Ë×Ì ñèãíàë³â ³ç áàçàìè, ÿê³ ñÿãàþòü
äåñÿòê³â òèñÿ÷.
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SDR-THECHNOLOGIES OF ÑOVERT RADIO LINES

The possibilities of Software Defined Radio (SDR) – technologies in the correlation
processing of linear-frequency modulated (LFM) signals are examined. The structure
of the correlation receiver of maximum likelihood is justified using modern SDR
technologies. Since the signal arrival time is unknown after analog-to-digital conversion
(ADC), the signals are fed to the correlation processing channels and to the maximum
selection device, the signals from which are sent to the decision-making device. The
decision maker evaluates the message that is transmitted if the signals exceed a certain
detection threshold. The influence of the amplitude quantization of the signal on the
detection process is analyzed, since with insufficient ADC bit depth, the signal is
simply lost in the quantization noise. It is shown that the existing ADC bits allow
processing signals with large bases, which makes it possible to use SDR technologies
to create correlation receivers of chirp signals. The synthesis results are illustrated by
simulations in the software environment Mathcad and Excel. For comparison, the
simulation results are presented at the output of a conventional digital receiver, with
a bandwidth that is equal to the band of the chirp signal. It is shown that to solve the
analysis problem in the future, it is necessary to use the apparatus of two-component
Markov processes, which allows one to find the distribution of the absolute maxima
of random processes and sequences obtained by their discretization.

Keywords: noise power flux density, optimal signal reception, maximum likelihood
receiver, correlation processing, digital signal processing.
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