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1. Multiplexer
¡ èÍ¹· Õ è¨Ð¡Å èÒÇ¶ Ö§ Digital

Multiplexer ¨Ð¢Í¡ÅèÒÇ¶Ö§ÇÔ̧ Õ¡ÒÃã¹¡ÒÃ
Multiplex µèÒ§æ ¡èÍ¹ ¤×Í Frequency
Division Multiplexer, Time Division
Multiplexer áÅÐ Statistical Time
Division Multiplexer

1.1 Frequency Division Multiplexing
Frequency Division Multi-

plexer (FDM) ãªéÇÔ̧ Õ¡ÒÃáºè§¤ÇÒÁ¶Õè¢Í§-
ªèÍ§ÊÑ­­Ò³ÍÍ¡à»ç¹¤ÇÒÁ¶ÕèÂèÍÂËÅÒÂæ
ªèÍ§ áÅÐãªéªèÍ§¤ÇÒÁ¶ÕèÂèÍÂáµèÅÐªèÍ§-
ÊÓËÃÑºÊè§¢éÍÁÙÅáµèÅÐ Channel áµèÅÐ
Channel ¨ÐÁÕ¤ÇÒÁ¶Õè¢Í§µÑÇàÍ§àÃÕÂ¡ÇèÒ
Carrier Frequency â´Â·Õ è Carrier
Frequency ̈ Ð¶Ù¡ Modulate ä é́ËÅÒÂÇÔ̧ Õ
«Öè§ÇÔ̧ Õ¡ÒÃ Modulate áÅÐ¤Ø³ÊÁºÑµÔ¢Í§-
¢éÍÁÙÅã¹áµèÅÐ Channel ̈ Ðà»ç¹µÑÇ¡ÓË¹´
Bandwidth ·ÕèµéÍ§ãªéã¹áµèÅÐ Channel

(ÃÙ»·Õè 1)
¡ÒÃáºè§á¶º¤ÇÒÁ¶Õ èÍÍ¡à»ç¹

ªèÍ§¤ÇÒÁ¶ÕèÂèÍÂ ÍÒ¨à¡Ố »Ñ­ËÒ¡ÒÃÃº¡Ç¹-
¡Ñ¹ÃÐËÇèÒ§ªèÍ§¤ÇÒÁ¶Õ è·Õ èÍÂÙ èµÔ´¡Ñ¹ä´é
Ö̈§µéÍ§ÁÕá¶º¤ÇÒÁ¶ÕèÃÐËÇèÒ§á¶º¤ÇÒÁ¶Õè-

ÂèÍÂ àÃÕÂ¡ÇèÒ Guard Band à¾ÃÒÐàÃÒäÁè-
ÊÒÁÒÃ¶ÊÃéÒ§Ç§¨Ã Filter ·ÕèÊÒÁÒÃ¶áÂ¡-
¤ÇÒÁ¶Õè 2 ªèÍ§¤ÇÒÁ¶Õè·ÕèÍÂÙèµỐ ¡Ñ¹ÍÍ¡¨Ò¡-
¡Ñ¹ä é́ÍÂèÒ§ªÑ́ à¨¹ ·ÓãËé»ÃÐÊÔ· Ô̧ÀÒ¾ã¹-
¡ÒÃãªéá¶º¤ÇÒÁ¶Õèà»ç¹ä»ÍÂèÒ§äÁèÁÕ»ÃÐ-
ÊÔ· Ô̧ÀÒ¾

ã¹¡ÒÃÊ×èÍÊÒÃ¼èÒ¹ Optical Fiber
Cable ÁÕ¡ÒÃ Multiplexing áºº FDM
â´Âãªé¤ÇÒÁÂÒÇ¤Å×è¹·Õèáµ¡µèÒ§¡Ñ¹¢Í§-
á¶ºáÊ§ ÊÓËÃÑºáµèÅÐ Channel àÃÕÂ¡ÇèÒ
Wavelength Division Multiplexing
(WDM) áÅÐã¹¡Ã³Õ·Õèà»ç¹¡ÒÃÊ×èÍÊÒÃâ´Â-
¼èÒ¹ Radio Link ¹Í¡¨Ò¡¨Ðáºè§á¶º-
¤ÇÒÁ¶ÕèÍÍ¡à»ç¹¤ÇÒÁ¶ÕèÂèÍÂæ áÅéÇ ÂÑ§ÁÕ-
áºè§¡ÒÃãªé Polarize ÍÍ¡à»ç¹ Vertical

DIGITAL
MULTIPLEXER ¾§ÉìÈÑ¡ Ốì ÊØÊÑÁ¾Ñ¹ ì̧ä¾ºÙÅÂì.

�
ã¹ÃÐººà¤Ã×Í¢èÒÂÊ×èÍÊÒÃ·ÕèÁÕ¡ÒÃ-
Êè§¢éÍÁÙÅ¨Ó¹Ç¹ÁÒ¡¼èÒ¹Ê×èÍ-
ÊÑ­­Ò³µèÒ§æ ·ÕèÁÕÍÂÙèã¹à¤Ã×Í-

¢èÒÂ ̈ ÐÁÕÍØ»¡Ã³ìª¹Ố Ë¹Öè§àÃÕÂ¡-
ÇèÒ Multiplexer ·ÓË¹éÒ·Õèã¹-
¡ÒÃÃÇºÃÇÁÊÑ­­Ò³ËÃ×Í¢éÍÁÙÅ-
¨Ò¡áËÅè§µèÒ§æ ¡èÍ¹·Õè̈ ÐÊè§ä»-
ã¹Ê×èÍÊÑ­­Ò³à ṌÂÇ¡Ñ¹·Ò§ é́Ò¹

Output ËÃ×Í Aggregate
â´Â·ÕèäÁè·ÓãËéà¡Ố ¡ÒÃà»ÅÕèÂ¹-

á»Å§¢éÍÁÙÅ·Õè½Ñè§¼ÙéÃÑº
(Transparent) ·ÓãËé¡ÒÃãªé-

Ê×èÍÊÑ­­Ò³·ÕèÁÕÍÂÙèà»ç¹ä»ÍÂèÒ§ÁÕ-
»ÃÐÊÔ· Ô̧ÀÒ¾....

�

ÃÙ»·Õè 1 : Frequency Division Multiplexing
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Polarize áÅÐ Horizontal Polarize à¾×èÍ-
ãËéÊÒÁÒÃ¶ãªéá¶º¤ÇÒÁ¶Õè«Öè§ÁÕÍÂÙè̈ Ó¡Ñ́ à»ç¹-
ä»ÍÂèÒ§ÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾

1.2 Time Division Multiplexing
¡ÒÃ Multiplexing áºº Time

Division Multiplexing ·Óâ´Â¡ÒÃáºè§-
àÇÅÒã¹¡ÒÃãªéªèÍ§·Ò§¡ÒÃÊ×èÍÊÒÃãËé¡Ñº-
¡ÒÃÊè§¢éÍÁÙÅ¢Í§áµèÅÐ Channel àÃÕÂ¡ÇèÒ
Time Slot â´Â·ÕèáµèÅÐ Channel ¨Ðãªé
Bandwidth ·Ñé§ËÁ´µÒÁÊèÇ¹¢Í§àÇÅÒã¹-
¡ÒÃÃÑºÊè§¢éÍÁÙÅ â´ÂÇÔ¸Õ¡ÒÃ¢Í§ TDM
¨Ð·Ó¡ÒÃ Scan ·Ø¡æ Channel µÒÁÅÓ-
Ñ́º ã¹áµèÅÐÃÍº¢Í§¡ÒÃ Scan áÅÐ·Ø¡æ

Time Slot ã¹Ë¹Öè§ÃÍº¡ÒÃ Scan àÃÕÂ¡-
ÇèÒ Frame (ÃÙ»·Õè 2)

¢³Ð·Õè Time Slot ã´æ äÁèÁÕ-
¢éÍÁÙÅ·Õè¨ÐÊè§ ¨ÐµéÍ§ÁÕ¡ÒÃãÊè Dummy
à¢éÒä»ã¹ Time Slot ¹Ñé¹ äÁèÊÒÁÒÃ¶·Õè̈ Ð-

µÑ́  Time Slot ¹Ñé¹ ÍÍ¡ä»ä é́ à¹×èÍ§¨Ò¡-
Ç Ô¸ Õ¡ÒÃ¢Í§ TDM äÁ èÁ Õ¡ÒÃ¡ÓË¹´
Address ·Õè»ÅÒÂ·Ò§½Ñè§¼ÙéÃÑº áÅÐ¢éÍÁÙÅ-
ÍÂÙèã¹ÅÑ¡É³ÐËÁØ¹àÇÕÂ¹µÅÍ´àÇÅÒ ̈ Ö§µéÍ§-
ÁÕ¡ÒÃãÊè Dummy à¢éÒä» Multiplexer
·Ò§½Ñè§ÃÑº¨Ö§¨ÐÊÒÁÒÃ¶áÂ¡¢éÍÁÙÅä´é¶Ù¡-
µéÍ§ (ÃÙ»·Õè 3)

1.3 Statistical Time Division
Multiplexing

ã¹¡ÒÃ Multiplexing áºº TDM
¹Ñé¹ áµèÅÐ Channel ¨Ðãªé Bandwidth
·Ñé§ËÁ´·ÕèÁÕÍÂèÒ§µèÍà¹×èÍ§µÅÍ´àÇÅÒ áÁéÇèÒ-
ã¹¢³Ð¹Ñé¹¨ÐäÁèÁÕ¢éÍÁÙÅ·Õ è¨ÐÊè§¡çµÒÁ
·ÓãËéªèÇ§àÇÅÒ¹Ñ é¹àÊÕÂä»â´ÂäÁèà¡Ô´-
»ÃÐâÂª¹ì ¨Ö§ÁÕ¡ÒÃ¾Ñ²¹Ò Statistical
Time Division Multiplexing (STDM) ¢Öé¹
ËÃ×ÍàÃÕÂ¡ÇèÒ Statistical Multiplexer (Stat
Mux) (ÃÙ»·Õè 4)

STDM ¨ÐÁÕ¡ÒÃà¾ÔèÁÊèÇ¹·Õèà»ç¹
Address à¢éÒä»¡Ñº¢éÍÁÙÅ¢Í§áµèÅÐ
Channel à¾×èÍÊè§¢éÍÁÙÅ¹Ñé¹·ÕèàÇÅÒã´æ ¡çä é́
·Ò§½Ñè§¼ÙéÃÑº¨ÐÃÙéÇèÒà»ç¹¢éÍÁÙÅ¢Í§ Channel
äË¹ ·ÓãËéäÁè̈ Óà»ç¹µéÍ§Êè§¢éÍÁÙÅà»ç¹ÅÓ Ñ́º-
µèÍà¹×èÍ§àËÁ×Í¹ã¹ TDM áµè̈ ÐÊè§à©¾ÒÐ
Channel ·ÕèÁÕ¢éÍÁÙÅ·Õè̈ ÐÊè§à·èÒ¹Ñé¹ áµè¡ÒÃ-
à¾ÔèÁ Address à¢éÒä»¡Ñº¢éÍÁÙÅ ·ÓãËéµéÍ§-
àÊÕÂ Bandwidth ÊèÇ¹Ë¹Öè§ãËé¡ÑºÊèÇ¹·Õèà»ç¹
Address (ÃÙ»·Õè 5)

¡ÒÃ·Õ è¡ÒÃÊè§¢éÍÁÙÅ¢Í§áµèÅÐ
Channel äÁè¶Ù¡¡ÓË¹´àÇÅÒ·Õèá¹è¹Í¹
·ÓãËéÊÒÁÒÃ¶¡ÓË¹´ÍÑµÃÒ¡ÒÃÊè§¢Í§-
¢éÍÁÙÅã¹áµèÅÐ Channel ä é́µÑé§áµèÍÑµÃÒ-
¡ÒÃÊè§¢éÍÁÙÅà·èÒ¡Ñº 0 ̈ ¹¶Ö§ÍÑµÃÒ¡ÒÃÊè§-
¢éÍÁÙÅ·Ñé§ËÁ´¢Í§ Multiplexer (ËÃ×Íà·èÒ-
¡Ñº Bandwidth ÃÇÁ·Ñé§ËÁ´) ·ÓãËé¼ÅÃÇÁ-
¢Í§Í ÑµÃÒ¡ÒÃÊ è§¢ éÍÁ ÙÅÃÇÁ¢Í§· Ø¡
Channel ÍÒ¨ÁÒ¡¡ÇèÒ Bandwidth
¢Í§Ê×èÍÊÑ­­Ò³·ÕèÁÕÍÂÙèä é́ áÅÐ é́ÇÂàËµØ¹Õé-
·ÓãËé¨Óà»ç¹µéÍ§ÁÕ Buffer ËÃ×ÍÇÔ¸Õ¡ÒÃ
Flow Control ·ÕèàËÁÒÐÊÁãËé¡ÑºáµèÅÐ
Channel à¾×èÍ»éÍ§¡Ñ¹¡ÒÃÊÙ­ËÒÂ¢Í§-
¢éÍÁÙÅ ÍÑ¹à¹×èÍ§ÁÒ¨Ò¡ STDM äÁèÊÒÁÒÃ¶-
Êè§¢éÍÁÙÅÍÍ¡ä é́·Ñ¹

STDM ¨ÐàÃÕÂ¡ÍÕ¡ª×èÍË¹Öè§ÇèÒ
Concentrator à¾ÃÒÐ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ-
Êè§¢éÍÁÙÅÃÇÁ·Ø¡ Channel ÁÒ¡¡ÇèÒ ÍÑµÃÒ-
¡ÒÃÊè§¢éÍÁÙÅ·Õè Aggregate ä é́ áÅÐÃÇÁ-
¶Ö§ÍØ»¡Ã³ì»ÃÐàÀ· Flexible Multiplexer
é́ÇÂ

2. Digital Multiplexer

ÃÙ»·Õè 2 : Time Division Multiplexing

ÃÙ»·Õè 3 : Dummy ã¹ Time Slot ·ÕèäÁèÁÕ¢éÍÁÙÅÊè§¢Í§ TDM

ÃÙ»·Õè 4 : Statistical Time Division Multiplexing ÃÙ»·Õè 5 : STDM Frame Structure
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ã¹à¤Ã×Í¢èÒÂâ·ÃÈÑ¾·ì¹Ñé¹¡ÒÃÊè§-
¢éÍÁÙÅ¼èÒ¹Ê×èÍÊÑ­­Ò³µèÒ§æ àªè¹ Coaxial
Cable, Optical Fiber Cable ËÃ×Í Digital
Microwave Radio ¨Ðãª éÇ Ô¸ Õ¡ÒÃ
Multiplexing áºº TDM à¹×èÍ§¨Ò¡äÁèÂØè§-

ÂÒ¡«Ñº«éÍ¹áÅÐÁÕÃÒ¤Ò¶Ù¡àËÁ×Í¹¡ÒÃãªéÇÔ̧ Õ-
¡ÒÃ¢Í§ FDM

â´ÂÇÔ̧ Õ¡ÒÃá»Å§ÊÑ­­Ò³àÊÕÂ§-
¾Ù́ «Öè§ÍÂÙèã¹ÃÙ»¢Í§ÊÑ­­Ò³ Analog ãËé-
ÍÂÙèã¹ÃÙ»¢Í§¢éÍÁÙÅ Digital ¡èÍ¹·Õè̈ Ð·Ó¡ÒÃ

Multiplexing áºº TDM ¹Ñé¹ ̈ ÐãªéÇÔ̧ Õ¡ÒÃ-
¢Í§ Pulse Code Modulation (PCM)

2.1 Pulse Code Modulation (PCM)
Ç Ô¸ Õ¡ÒÃ¢Í§ Pulse Code

Modulation ÁÕ¢Ñé¹µÍ¹µèÒ§æ ́ Ñ§ÃÙ»·Õè 6 â´Â-
¢Ñé¹µÍ¹ã¹¢ºÇ¹¡ÒÃ PCM ÁṌ Ñ§¹Õé¤×Í

1. Sampling Process
2. Quantizing Process
3. Encoding Process
ÊÑ­­Ò³àÊÕÂ§¾Ù́ «Öè§ÍÂÙèã¹ÃÙ»¢Í§-

ÊÑ­­Ò³ Analogue ̈ Ð¶Ù¡à»ÅÕèÂ¹ãËéÍÂÙèã¹-
ÃÙ»¢Í§¢éÍÁÙÅ Digital â´Â¼èÒ¹¢Ñé¹µÍ¹·Ñé§-
ÊÒÁµÒÁÅÓ Ñ́º ̈ Ò¡¢Ñé¹µÍ¹¡ÒÃ Sampling
à¾×èÍ·Ó¡ÒÃÊØèÁÇÑ́ ¤èÒ¢Í§ÊÑ­­Ò³ ̈ Ð·ÓãËé-
ä´éÊÑ­­Ò³·ÕèàÇÅÒ ³ ¢³Ð¹Ñé¹ÍÍ¡ÁÒ
áÅéÇ Ö̈§·Ó¡ÒÃ Quantizing à¾×èÍ Ù́ÇèÒ Ñ́̈ áºè§-
ÃÐ Ñ́º¢Í§ÊÑ­­Ò³·Õèä é́¹Ñé¹ ÇèÒÁÕ¤èÒÃÐ Ñ́º-
ÊÑ­­Ò³ÍÂÙèã¹ÃÐ Ñ́ºã´ áÅÐã¹¢Ñé¹µÍ¹ÊǾ -
·éÒÂ¨Ð·Ó¡ÒÃá·¹¤èÒÃÐ Ñ́º¢Í§ÊÑ­­Ò³-
«Öè§ÁÕ¡ÒÃáºè§ÃÐ Ñ́ºäÇéáÅéÇ¹Ñé¹ é́ÇÂ¤èÒæ Ë¹Öè§

ÃÙ»·Õè 6 : Pulse Code Modulation Function Blocks

ÃÙ»·Õè 7 Pulse Code Moduration System
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é́ÇÂÇÔ̧ Õ¡ÒÃ Encoding ÊÓËÃÑºÃÒÂÅÐàÍÕÂ´-
¢Í§¢Ñé¹µÍ¹µèÒ§æ ÁṌ Ñ§¹Õé

2.1.1 Sampling
Sampling à»ç¹¢ºÇ¹¡ÒÃÊØèÁ-

µÑÇÍÂèÒ§¢Í§ÊÑ­­Ò³ Analogue ã¹ÍÑµÃÒ-
ÊÁèÓàÊÁÍ (â´ÂÁÕªèÇ§àÇÅÒã¹¡ÒÃÊØèÁà·èÒ¡Ñº
ªèÇ§àÇÅÒ¢Í§ 1 à¿ÃÁ) à¾×èÍ·Õè¨Ðà¡çº-
µÑÇÍÂèÒ§¢¹Ò´ÊÑ­­Ò³·ÕèàÇÅÒ¹Ñé¹æ ·ÓãËé-
ä é́¢ºÇ¹¢Í§ pulse «Öè§ÁÕ¢¹Ò´ Amplitude
à·èÒ¡ÑºËÃ×Íà»ç¹ÊÑ´ÊèÇ¹¡ÑºÊÑ­­Ò³
Analog ·Õè¶Ù¡ Sampling ÁÒ áÅÐ¡ÒÃ·Õè-
ÊÑ­­Ò³ pulse ·Õèä é́ÁÕ¢¹Ò´ Amplitude
à»ÅÕèÂ¹ä»µÒÁàÇÅÒ ̈ Ö§àÃÕÂ¡ÇèÒà»ç¹ Pulse
Amplitude Modulation (PAM) (ÃÙ»·Õè 8)

à¾×èÍãËéÊÑ­­Ò³ PAM ·Õèä´é-

ÊÒÁÒÃ¶à»ÅÕèÂ¹¡ÅÑºà»ç¹ÊÑ­­Ò³ Analog
ä´éàËÁ×Í¹à´ÔÁ ¨ÐµéÍ§ãªéÍÑµÃÒ¡ÒÃÊØèÁ
(Sample Rate) ÁÒ¡¡ÇèÒËÃ×Íà·èÒ¡Ñº 2 à·èÒ-
¢Í§¤ÇÒÁ¶ÕèÊÙ§ÊØ´¢Í§ÊÑ­­Ò³ Analog
(·ÄÉ®Õ¢Í§ Shannon) ´Ñ§¹Ñé¹ã¹ÃÐºº-

â·ÃÈÑ¾·ì«Öè§ÁÕªèÇ§¤ÇÒÁ¶ÕèàÊÕÂ§¢³Ð¡ÒÃ-
Ê¹·¹Òâ´Âà©ÅÕèÂÃÐËÇèÒ§ 300 Hz ¶Ö§
3400 Hz ¨Ö§¨Óà»ç¹µéÍ§ãªé Sampling
Rate ÁÒ¡¡ÇèÒ 6800 Hz áÅÐµÒÁ-
ÁÒµÃ°Ò¹¨Ðãªé Sampling Rate à·èÒ¡Ñº
8000 Hz ́ Ñ§¹Ñé¹áµèÅÐÊÑ­­Ò³ PAM ·Õèä é́
¨ÐÁÕªèÇ§àÇÅÒËèÒ§¡Ñ¹ («Öè§à»ç¹¤ÒºàÇÅÒ¢Í§
1 à¿ÃÁ) à·èÒ¡Ñº

1/8000 Hz = 125Sec

2.1.2 Quantizing
¨Ò¡ÊÑ­­Ò³ PAM ·Õèä é́ã¹¢ºÇ¹-

¡ÒÃ Sampling ̈ ÐÁÕ¡ÒÃ¡ÓË¹´¤èÒãËé¡Ñº-
ÊÑ­­Ò³ PAM µÒÁÃÐ´Ñº Amplitude
¢Í§Ê Ñ­­Ò³ â´Â¡ÒÃáº è§ÃÐ´ Ñº
Amplitude ̈ Ò¡¤èÒµèÓÊǾ ¶Ö§¤èÒÊÙ§ÊǾ  ÍÍ¡-
à»ç¹¤èÒÃÐ Ñ́ºµèÒ§æ àÃÕÂ¡ÇèÒ Quantizing
Level áÅÐàÃÕÂ¡ÇÔ̧ Õ¡ÒÃ¹ÕéÇèÒ Quantizing
(ÃÙ»·Õè 9)

ã¹¡ÒÃáºè§ÃÐ Ñ́º¢Í§ Amplitude
ÍÍ¡à» ç¹ÃÐ´Ñºµ èÒ§æ ¹Ñ é¹ ¶ éÒ¨ÐãË é
Quantizing Level ÊÒÁÒÃ¶á·¹·Ø¡¤èÒ¢Í§-
ÃÐ´Ñº Amplitude ä´é ¨ÐµéÍ§áºè§ãËé
Quantizing Level ÁṎ Ó¹Ç¹à·èÒ¡Ñº Infinity
«Öè§ã¹·Ò§»¯ÔºÑµÔäÁèÊÒÁÒÃ¶·Óàªè¹¹Ñé¹ä´é
¨Ö§ÁÕ¡ÒÃ¡ÓË¹´à»ç¹¨Ó¹Ç¹Ë¹Öè§ â´Â-
ÁÒµÃ°Ò¹¢Í§ ITU áÅÐÁÒµÃ°Ò¹¢Í§·Ò§-
ÍàÁÃÔ¡Ò ¡ÓË¹´äÇéà·èÒ¡Ñº 256 Quantizing
Level

¡ÒÃ·Õè Quantizing Level äÁè-

ÃÙ»·Õè 8 : ¢ºÇ¹¡ÒÃÊØèÁµÑÇÍÂèÒ§¢éÍÁÙÅ (Sampling Process)

ÃÙ»·Õè 9 : ¢ºÇ¹¡ÒÃ Quantizing Process (Quanting Process)

ÃÙ»·Õè 10 : Uniform Quantizing áÅÐ Non-uniform Quanting

Uniform Quantizing Non-Uniform Quantizing
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ÊÒÁÒÃ¶á·¹¤èÒÃÐ Ñ́º¢Í§ PAM ä é́·Ø¡¤èÒ
·ÓãËéÁÕ¤ÇÒÁ¤ÅÒ´à¤Å×èÍ¹à¡Ô´¢Öé¹¨Ò¡¤èÒ-
¤ÇÒÁáµ¡µèÒ§ÃÐËÇèÒ§ÃÐ Ñ́º¢Í§ÊÑ­­Ò³
PAM ¡ÑºÃÐ Ñ́º¢Í§ Quantizing Level ä é́
áÅÐàÃÕÂ¡ÇèÒ Quanting Error ËÃ×Í
Quantizing Noise «Öè§ Quantizing Noise
¹Õ é ÊÒÁÒÃ¶Å§ä´éâ´Â¡ÒÃà¾Ô èÁ¨Ó¹Ç¹
Quantizing Level

â´Â»¡µÔàÊÕÂ§¾Ù́ ã¹¢³ÐÊ¹·¹Ò-
¨ÐÁÕÃÐ Ñ́º Amplitude µèÓ ÁÒ¡¡ÇèÒÃÐ Ñ́º
Amplitude ÊÙ§ (àªè¹ ¢³ÐµÐâ¡¹) Ö̈§ÁÕ-
¡ÒÃ¡ÓË¹´ Quantizing Interval (â´ÂÁÕ
Quantizing Level à·èÒà´ÔÁ) â´ÂãËé
Quantizing Interval ÁÕ¢¹Ò´àÅç¡ÊÓËÃÑº-
ªèÇ§ Amplitude µèÓ áÅÐÁÕ Quantizing
Interval ¡ÇéÒ§¢Öé¹¨Ó¹Ç¹¹éÍÂÊÓËÃÑºªèÇ§
Amplitude ·ÕèÊÙ§¢Öé¹ «Öè§à»ç¹¡ÒÃ·ÓãËé
Quantizing Noise Å´Å§ä é́ã¹¢³Ð·ÕèÁÕ¡ÒÃ-
Ê¹·¹Ò é́ÇÂÃÐ Ñ́ºàÊÕÂ§»¡µÔ áÅÐàÃÕÂ¡ÇÔ̧ Õ-
¡ÒÃ¡ÓË¹´ Quantizing Interval áºº¹Õé-
ÇèÒ Non-uniform Quantizing ÊèÇ¹¡ÒÃ¡Ó-
Ë¹´ Quantizing Interval à·èÒæ ¡Ñ¹ àÃÒ-
àÃÕÂ¡ÇèÒ Uniform Quantizing ́ Ñ§ÃÙ»·Õè 10

ÇÔ¸Õ¡ÒÃ¢Í§ Non-uniform Quantizing
·Óä´é 2 ÇÔ¸Õ´éÇÂ¡Ñ¹ ¤×Í
1. Companding

â ´ Â ¡ Ò Ã ã ª é Ç Ô ¸ Õ ¡ Ò Ã º Õ º
(Compress) ÃÐ´Ñº¢Í§ÊÑ­­Ò³ PAM
¡èÍ¹·Ó¡ÒÃ Encode (´éÇÂ Linear
Encoder) áÅÐ·Ò§½Ñè§ é́Ò¹ÃÑº¨ÐãªéÇÔ̧ Õ¡ÒÃ-
¢ÂÒÂ (Expand) à¾×èÍãËéä é́ÊÑ­­Ò³ PAM

ÁÕÃÐ Ñ́ºÊÑ­­Ò³à·èÒ¡Ñº é́Ò¹Êè§ áÅÐ¡ÒÃãªé-
ÇÔ̧ Õ Compress áÅÐ Expand àªè¹¹Õé àÃÒ-
Ö̈§àÃÕÂ¡ÇèÒ �Companding Technique�
Ñ́§ÃÙ»·Õè 11

2. Non-Linear Encoder
ÇÔ̧ Õ¡ÒÃ¹Õé̈ ÐãªéÇÔ̧ Õ¡ÒÃ Encoding

â´ÂäÁè̈ Óà»ç¹µéÍ§ÁÕ Compander áÂ¡µèÒ§-
ËÒ¡ â´ÂãªéÇÔ̧ Õ¡ÒÃáºº Non-Linear à¾×èÍ-
ãËéä é́¢éÍÁÙÅÍÍ¡ÁÒã¹ÅÑ¡É³Ð·ÕèäÁèà»ç¹àªÔ§-
àÊé¹¡ÑºÊÑ­­Ò³ PAM

¨Ò¡Ç Ô¸ Õ¡ÒÃ Companding
¨ÐàËç¹ÇèÒ Transfer Characteristic ÃÐ-
ËÇ èÒ§ Input áÅÐ Output ¢Í§
Compressor à»ç¹µÑÇ¡ÓË¹´ Signal to
Quantizing Noise Ratio ãËé́ Õ¢Öé¹ÊÓËÃÑº-
ÊÑ­­Ò³·ÕèÁÕ Amplitude µèÓ â´ÂÁÕ¤ÇÒÁ-
Ê ÑÁ¾Ñ¹¸ ì¡ Ñ¹ã¹Ã Ù»¢Í§ logarithmic
µÒÁÁÒµÃ°Ò¹ ITU ¨Ðãªé Compression
Characteristic ã¹áºº¢Í§ A-Law «Öè§ÁÕ-
¤ÇÒÁÊÑÁ¾Ñ¹ ì̧ÃÐËÇèÒ§ Output (Y) áÅÐ
Input (X) Ñ́§¹Õé

2.1.3 Encoding
Encoding à»ç¹¢Ñé¹µÍ¹ã¹¡ÒÃ-

á»Å§ÊÑ­­Ò³ PAM ·Õ èä´ é¨Ò¡¡ÒÃ
Sampling ãËéÍÂÙèã¹ÃÙ»¢Í§¢éÍÁÙÅ Digital
µÒÁ¤èÒÃËÑÊ·Õè¡ÓË¹´ã¹¡ÒÃ Quantizing
«Öè§µÒÁÁÒµÃ°Ò¹·ÑèÇä»¡ÓË¹´à»ç¹ 256
ÃÐ Ñ́º (Quantizing Level) Ö̈§µéÍ§ãªé̈ Ó-

¹Ç¹ Bit ã¹¡ÒÃá·¹¤èÒ·Ñé§ 256 ÃËÑÊ ́ éÇÂ-
¨Ó¹Ç¹ºÔµ·Ñé§ËÁ´à·èÒ¡Ñº 8 ºÔµ â´ÂãËéºÔµ-
áÃ¡ (Most Significant Bit) à»ç¹µÑÇºÍ¡-
ÇèÒ Sample ¹Ñé¹ÁÕ¤èÒÃÐ Ñ́ºáÃ§ Ñ́¹à»ç¹ºÇ¡
(+) ËÃ×ÍÅº (-) àªè¹¶éÒãËé �1� á·¹áÃ§ Ñ́¹-
ºÇ¡ áÅÐ �0� á·¹áÃ§ Ñ́¹Åº ÊèÇ¹ºÔµ·Õè-
àËÅ×Í·Ø¡æ ºÔµ ̈ Ðá·¹¤èÒµÒÁ Quantizing
Level ÊÓËÃÑºáÃ§ Ñ́¹«Öè§ÁÕ¤èÒÁÒ¡¡ÇèÒáÅÐ-
µ èÓ¡Ç èÒÈ Ù¹Â ì (�00000000� ËÃ ×Í
�10000000�) àÃÒàÃÕÂ¡ÇÔ̧ Õ¡ÒÃ¡ÓË¹´¤èÒ-
ÃËÑÊáºº¹ÕéÇèÒ �Symmetrical Binary
Code�

ÇÔ¸Õ¡ÒÃ Encode ÍÕ¡ÇÔ¸ÕË¹Öè§¤×Í
�Ordinary Binary Code� ãªéÇÔ̧ Õá·¹-
¤èÒÊÑ­­Ò³ PAM ·Õèä é́µÒÁ¤èÒ Amplitude
¢Í§ÊÑ­­Ò³¨Ò¡µèÓä»ÊÙ§ é́ÇÂ 0000000
¶Ö§ 1111111 µÒÁÅÓ Ñ́º â´Â¤èÒÃÐ Ñ́ºÈÙ¹Âì-
âÇÅµì̈ Ðà»ç¹ 0111111 ËÃ×Í 1000000

ÇÔ¸Õ¡ÒÃ Symmetrical Binary
Code ¨ÐÁÕ¢éÍ Ṍ¤×Í ¶éÒËÒ¡ÁÕ Error à¡Ố -
¢Öé¹¡ÑººÔµáÃ¡¨ÐÁÕ¼ÅãËé¡ÒÃ¼Ố ¾ÅÒ´·Ò§
Amplitude ¹éÍÂ¡ÇèÒÇÔ̧ Õ¡ÒÃáºº Ordinary
Binary Code à¾ÃÒÐ¡ÒÃ¼Ố ¾ÅÒ´¨Ò¡ Bit
áÃ¡«Öè§à»ç¹ Sign Bit ̈ Ð·ÓãËéà¡Ố ¡ÒÃ¼Ố -
¾ÅÒ´·Ò§ Amplitude à»ç¹ÊÑ´ÊèÇ¹¡Ñº-
¢¹Ò´ÊÑ­­Ò³ áÅÐ¤èÒà©ÅÕèÂ¢Í§ÃÐ´Ñº-
àÊÕÂ§¢³ÐÊ¹·¹Òâ´Â·ÑèÇä»ÁÕÃÐ Ñ́ºµèÓÍÂÙè-
áÅéÇ ¡ÒÃ¼Ố ¾ÅÒ´·Ò§ Amplitude Ö̈§ÁÕ-
á¹Çâ¹éÁµèÓ é́ÇÂ (ÃÙ»·Õè 12)

2.2 PCM Multiplexing and Frame
Structure

¨ Ò ¡ ¡ Ò Ã á » Å § Ê Ñ ­ ­ Ò ³
Analogue à»ç¹ÊÑ­­Ò³ Digital ã¹ÃÙ»¢Í§-
ÊÑ­­Ò³ PCM àÃÒ¨Ð·Ó¡ÒÃ Multiplex
ÊÑ­­Ò³·Õ èä´ é´ éÇÂÇÔ¸ Õ¡ÒÃ¢Í§ Time
Division Multiplexing (TDM)(ÃÙ»·Õè 13)

«Öè§µÒÁÁÒµÃ°Ò¹¢Í§ ITU-T
¡ÓË¹´ãËé·Ó¡ÒÃ Multiplex ÊÑ­­Ò³¨Ó-
¹Ç¹ 32 Channels à¢éÒ é́ÇÂ¡Ñ¹â´Âáºè§-
ÍÍ¡à»ç¹

ÃÙ»·Õè 11 :

y = 1 + 1nAx  ; 1
1 + 1nA ³ ³ 1x

A

y = 1 + 1nAx  ; 1
1 + 1nA ³ ³ 1x

A

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

○

Digital Multiplexer...



36 COMPUTERS & ELECTRONICS WORLD

○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○ ○

30 Channel ÊÓËÃÑº¡ÒÃÊè§-
¢éÍÁÙÅ (Speech Channel)

1 Channel ÊÓËÃÑº Multi-frame
Alignment Signal, Service bits áÅÐ
Signaling

1 Channel ÊÓËÃÑº Frame
Alignment Signal áÅÐ Service bits

Ñ́§¹Ñé¹ã¹ 1 Frame ̈ Ö§»ÃÐ¡Íº-
´éÇÂ¨Ó¹Ç¹ Channel ·Ñ é§ËÁ´ 32
Channels ËÃ×ÍàÃÕÂ¡ÇèÒ 32 Time Slot â´Â-
¤ÒºàÇÅÒ¢Í§·Ñé§ 32 Time Slot à·èÒ¡Ñº
125 mSec ËÃ×Í¡ÅèÒÇä é́ÇèÒ áµèÅÐ Time
Slot ÁÕ¤ÒºàÇÅÒà·èÒ¡Ñº 3.9 mSec áÅÐã¹
1 Time Slot »ÃÐ¡Íº é́ÇÂ¨Ó¹Ç¹ºÔµ·Ñé§-

ËÁ´à·èÒ¡Ñº 8 ºÔµ Ö̈§ä é̈́ Ó¹Ç¹ºÔµã¹ 1
Frame à·èÒ¡Ñº 256 ºÔµ (8x32)

¨ÐàËç¹ä é́ÇèÒã¹àÇÅÒ 125 mSec
ÁṎ Ó¹Ç¹ºÔµ·Ñé§ËÁ´à·èÒ¡Ñº 256 ºÔµ àÃÒ-
Ö̈§¤Ó¹Ç³ËÒÍÑµÃÒºÔµ (Bits per Second;

Bps) à·èÒ¡Ñº

256 bits = 2.048x106 bit/sec = 2.048 Mbit/sec
125 mS

ã¹áµèÅÐ Time Slot ÁÕÍÑµÃÒºÔµ-
à·èÒ¡Ñº 64 Kbps

¡ÒÃáºè§à¿ÃÁÍÍ¡à»ç¹ 32 Time
Slot µÒÁ ITU-T G.704 ÁÕÃÙ»áºº Ñ́§ÃÙ»·Õè
14

2.3 Line Coding
ÊÑ­­Ò³ PCM ·Õèä é̈́ Ð»ÃÐ¡Íº-

é́ÇÂ¡ÅØèÁ¢éÍÁÙÅ¢Í§ �1� áÅÐ �0� «Öè§¨Ð-
¶Ù¡Êè§¼èÒ¹ä»ã¹Ê×èÍÊÑ­­Ò³µèÒ§æ áÅÐà¾×èÍ-
ãËé¢éÍÁÙÅ¹ÕéÊÒÁÒÃ¶Êè§ä»¶Ö§»ÅÒÂ·Ò§ä´é-
ÍÂèÒ§¶Ù¡µéÍ§ ¨Óà»ç¹µéÍ§ÁÕ¡ÒÃà»ÅÕèÂ¹ÃÙ»-
¢Í§ÊÑ­­Ò³ PCM ·Õèä´éãËéÁÕÃÙ»áºº·Õè-
àËÁÒÐÊÁ¡èÍ¹ ̈ Ö§¨ÐÊè§ä»ã¹Ê×èÍÊÑ­­Ò³-
µèÒ§æ ä é́ «Öè§ÃÙ»áººáµèÅÐÃÙ»áººàÃÒàÃÕÂ¡-
ÇèÒ Line Code (ËÃ×Í¡ÒÃà¢éÒÃËÑÊ·Ò§ÊÒÂ-
Êè§) â´ÂÁÕ Code Conversion ·ÓË¹éÒ·Õè-
ã¹¡ÒÃá»Å§ÊÑ­­Ò³ PCM ãËéÍÂÙèã¹ÃÙ»-
áºº·ÕèµéÍ§¡ÒÃ áÅÐÁÕËÅÑ¡¡ÒÃã¹¡ÒÃ¡Ó-
Ë¹´ Line Code Ñ́§¹Õé

1. ÊÑ­­Ò³¹Ñé¹¨ÐµéÍ§äÁèÁÕÊèÇ¹-
»ÃÐ¡Íº¢Í§ÊÑ­­Ò³ä¿µÃ§ (DC) µÅÍ´-
àÇÅÒËÃ×Íà»ç¹ªèÇ§àÇÅÒ¹Ò¹ à¾ÃÒÐ-
ÊÑ­­Ò³ä¿µÃ§äÁèÊÒÁÒÃ¶¼èÒ¹ÍØ»¡Ã³ì-
¾Ç¡ Capacitor ËÃ×Í Transformer «Öè§ÁÕ-
äÇéÍÂÙèã¹Ç§¨ÃÊèÇ¹µèÒ§æ ä é́

2. ¾ÅÑ§§Ò¹·Õè¤ÇÒÁ¶ÕèµèÓ¨ÐµéÍ§ÁÕ-
¤èÒ¹éÍÂ à¹×èÍ§¨Ò¡¨Ð·ÓãËéµéÍ§ãªéÍØ»¡Ã³ì-
· Õ è Á Õ ¢ ¹ Ò´ ãË­ è ã ¹Ê è Ç ¹¢Í § Ç § ¨ Ã
Equalization

3. µéÍ§ÊÒÁÒÃ¶´Ö§ÊÑ­­Ò³

ÃÙ»·Õè 12 : ¢ºÇ¹¡ÒÃ Encoding (Encoding Process)

ÃÙ»·Õè 13 : Time Division Multiplex (byte interleaving)
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Clock ¡ÅÑº¤×¹ä é̈́ Ò¡ÊÑ­­Ò³¹Ñè¹ â´ÂãËé-
ÊÑ­­Ò³¹Ñé¹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§â´Â¼èÒ¹-
ÃÐ Ñ́ºáÃ§ Ñ́¹ÈÙ¹ÂìâÇÅµì

4. ÊÑ­­Ò³ Code ¹Ñé¹ ̈ ÐµéÍ§-
ÁÕà¾ÕÂ§ Code à ṌÂÇ·Õèá·¹ÊÑ­­Ò³¹Ñé¹à¾×èÍ-
äÁèãËéà¡Ô´¤ÇÒÁ¤ÅØÁà¤Ã×Í·Õè¨Ð·ÓãËé¡ÒÃ
Decode á»Å§¤èÒ¼Ố ä é́

5. µéÍ§ãªé Bandwidth ã¹¡ÒÃÊè§-
ÊÑ­­Ò³¹Ñé¹¹éÍÂ·ÕèÊǾ

6. ¨ÐµéÍ§ÁÕ¡ÒÃµÃÇ¨¨ÑºËÃ×Í-
á¡éä¢¢éÍ¼Ô´¾ÅÒ´¨Ò¡¡ÒÃÊè§ä´é (Error
Detection and Correction)

ÊÑ­­Ò³ Pulse ·Õèä é̈́ Ò¡¢Ñé¹µÍ¹-
¡ÒÃ Encode ¨ÐÍÂÙèã¹ÃÙ»¢Í§ Unipolar
¤×Í �0� á·¹¡ÒÃäÁèÁÕ Pulse áÅÐ �1�

á·¹¡ÒÃÁÕ Pulse «Öè§ÊÑ­­Ò³ã¹ÃÙ»¢Í§
Unipolar ̈ ÐÁÕÊèÇ¹»ÃÐ¡Íº¢Í§ÊÑ­­Ò³-
ä¿µÃ§ (DC) ÍÂÙèÁÒ¡ áÅÐá»Ã¼Ñ¹µÒÁ-
¤ÇÒÁË¹Òá¹è¹¢Í§ Pulse ·ÓãËéà¡Ố »Ñ­ËÒ-
¡ÒÃÃº¡Ç¹ÃÐËÇèÒ§ÃÐºº è̈ÒÂä¿àÅÕéÂ§ (DC
Power Feeding) ¢Í§ Repeater ä é́ áÅÐ-
ËÒ¡¾Ô̈ ÒÃ³Òã¹ é́Ò¹¢Í§¡ÒÃ¡ÃÐ¨ÒÂ¾ÅÑ§-
§Ò¹ (Power Spectrum) ¨ÐàËç¹ÇèÒ-
¾ÅÑ§§Ò¹ÊèÇ¹ãË­è¢Í§ Unipolar ÍÂÙè·Õè-
¤ÇÒÁ¶ÕèÈÙ¹Âì (ÊÑ­­Ò³ä¿ DC) áÅÐ-
¡ÃÐ¨ÒÂä»¨¹¶Ö§¤ÇÒÁ¶Õ èÊÍ§à·èÒ¢Í§-
ÊÑ­­Ò³·ÓãËéµéÍ§ãªé Bandwidth ã¹¡ÒÃ-
Êè§ÊÑ­­Ò³ÁÒ¡¡ÇèÒ¤ÇÒÁ¶Õè¢Í§ÊÑ­­Ò³
Pulse ¹Ñé¹ (ÃÙ»·Õè 15)

à¾× èÍËÅÕ¡àÅÕ èÂ§»Ñ­ËÒ´Ñ§¡ÅèÒÇ

Ö̈§ÁÕ¡ÒÃá»Å§ÊÑ­­Ò³ Unipolar ãËéÍÂÙè-
ã¹ÃÙ»¢Í§ Bipolar ¡èÍ¹â´ÂÊÑ­­Ò³áºº
Bipolar «Öè§ÁÕ·Ñé§ Pulse ºÇ¡áÅÐ Pulse
ÅºÊÅÑº¡Ñ¹ä» ·ÓãËéÊÑ­­Ò³ä¿µÃ§ (DC)
·Õèà¡Ố ¢Öé¹º¹ÊÒÂÁÕ¤èÒµèÓ¨¹ÊÒÁÒÃ¶µÑ́ ·Ôé§ä é́
´Ñ§¹Ñé¹¨Ö§äÁèÁÕ»Ñ­ËÒ¡ÒÃÃº¡Ç¹ÃÐËÇèÒ§
DC Power feeding ÊÓËÃÑº Repeater
áÅÐ¨Ò¡ Power Spectrum ¨ÐàËç¹ÇèÒ-
¾ÅÑ§§Ò¹ÊèÇ¹ãË­è¢Í§ Bipolar ÍÂÙè·Õè¤ÇÒÁ-
¶Õèà·èÒ¡Ñº¤ÃÖè§Ë¹Öè§¢Í§ Pulse reparation
frequency ¤ÇÒÁµéÍ§¡ÒÃ Bandwidth
¨Ö§ÁÕà¾ÕÂ§¤ÃÖè§Ë¹Öè§¢Í§ Pulse repeater
frequency

ÇÔ¸Õ¡ÒÃà¢éÒÃËÑÊáºº Unipolar
àªè¹ NRZ (Non-Return to Zero), RZ

ÃÙ»·Õè 14 :
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(Return to Zero) áÅÐ ADI ÊèÇ¹ÇÔ̧ Õ¡ÒÃ-
à¢éÒÃËÑÊáºº Bipolar ÁṌ éÇÂ¡Ñ¹ËÅÒÂÇÔ̧ Õ

àªè¹ AMI, HDB3, CMI ÁÕÃÒÂÅÐàÍÕÂ´µèÍ-
ä»

2.3.1 NRZ Code (100% Unipolar)
NRZ (Non-Return to Zero) à»ç¹-

¡ÒÃà¢éÒÃËÑÊ«Öè§ÁÕ¤ÇÒÁ¡ÇéÒ§¢Í§ Pulse à·èÒ-
¡Ñº¤ÇÒÁ¡ÇéÒ§¢Í§¤ÒºàÇÅÒ¢Í§ÊÑ­­Ò³
Clock Ñ́§ÃÙ»·Õè 17

¨Ò¡ÃÙ»áºº¡ÒÃà¢éÒÃËÑÊáºº
NRZ ¾ºÇèÒÁÕÊèÇ¹»ÃÐ¡Íº¢Í§ÊÑ­­Ò³-
ä¿µÃ§ (DC) ÍÂÙè́ éÇÂ áÅÐ¨Ò¡ Frequency
Spectrum ¾ºÇèÒ·Õè¤ÇÒÁ¶Õèà·èÒ¡Ñº¤ÇÒÁ¶Õè-
¢Í§ÊÑ­­Ò³ Clock äÁèÁÕ¤èÒÊÑ­­Ò³ã´æ
ÍÂÙèàÅÂ áÊ´§ÇèÒàÁ×èÍÊè§ÊÑ­­Ò³¹ÕéÍÍ¡ä»-
·Ò§½Ñè§ÃÑº¨ÐäÁèÊÒÁÒÃ¶ Ö́§ÊÑ­­Ò³ Clock
¡ÅÑºÁÒä´éàÅÂ ´Ñ§¹Ñé¹ÇÔ¸Õ¡ÒÃáºº NRZ
Ö̈§äÁèàËÁÒÐÊÁ·Õè̈ Ðãªéã¹¡ÒÃÊè§¢éÍÁÙÅ¼èÒ¹-

Ê×èÍÊÑ­­Ò³µèÒ§æ

2.3.2 RZ Code (50% Unipolar)
ÇÔ̧ Õ¡ÒÃà¢éÒÃËÑÊáºº RZ (Return

to Zero) ¨Ð¤ÅéÒÂ¡Ñº¡ÒÃà¢éÒÃËÑÊáºº
NRZ áµèÁÕ¤ÇÒÁ¡ÇéÒ§¢Í§ Pulse à¾ÕÂ§¤ÃÖè§-
Ë¹Ö è§ áÅÐÂÑ§¤§ÁÕÊèÇ¹»ÃÐ¡Íº¢Í§-
ÊÑ­­Ò³ä¿µÃ§ (DC) ÍÂÙ è áµè¨Ò¡
Frequency Spectrum ¾ºÇèÒ·Õè¤ÇÒÁ¶Õèà·èÒ-
¡Ñº¤ÇÒÁ¶Õè¢Í§ÊÑ­­Ò³ Clock ̈ ÐÁÕÃÐ Ñ́º-
¢Í§ÊÑ­­Ò³ÍÂÙè¤èÒË¹Öè§ ´Ñ§¹Ñé¹àÃÒ¨Ö§-
ÊÒÁÒÃ¶ Ö́§ÊÑ­­Ò³ Clock ¡ÅÑºÁÒä é̈́ Ò¡-
¡ÒÃà¢éÒÃËÑÊáºº RZ áµè¡ÒÃà¢éÒÃËÑÊáºº
RZ äÁèÊÒÁÒÃ¶µÃÇ¨ Ñ̈º¤ÇÒÁ¼Ố ¾ÅÒ´·Õè-
ÍÒ¨à¡Ố ¢Öé¹ä é́ÃÐËÇèÒ§¡ÒÃÊè§ ̈ Ö§äÁè¹ÓÁÒãªé-
ã¹¡ÒÃÊè§¢éÍÁÙÅ¼èÒ¹Ê×èÍÊÑ­­Ò³µèÒ§æ
àªè¹¡Ñ¹ (ÃÙ»·Õè 18)

2.3.3 ADI Code (100% Unipolar)
ADI (Alternate Digit Inversion)

ÇÔ̧ Õ¡ÒÃ¢Í§ ADI ¨ÐãËéÁÕ¡ÒÃ¡ÅÑº¢ÑéÇ¢Í§-
ÊÑ­­Ò³·Ø¡ 2 ºÔµ Ñ́§ÃÙ»·Õè 19  «Öè§ÇÔ̧ Õ¡ÒÃ-
¢Í§ ADI à»ç¹ÇÔ¸Õ·ÕèÊÒÁÒÃ¶´Ö§ÊÑ­­Ò³
Clock ¡ÅÑºÁÒä é́àªè¹à ṌÂÇ¡Ñ¹

2.3.4 AMI Code (Alternate Mark

ÃÙ»·Õè 15 : Uni-polar Coding

ÃÙ»·Õè 16 : Bi-polar Coding

ÃÙ»·Õè 17 : The NRZ code and its spectrum
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Inversion)
ÇÔ¸Õ¡ÒÃ¢Í§ AMI ¨Ðá·¹ÀÒÇÐ

�1� ́ éÇÂ Pulse ºÇ¡áÅÐ Pulse Åº ÊÅÑº-
¡Ñ¹ä» Ñ́§ÃÙ» ·ÓãËéäÁèÁÕÊèÇ¹»ÃÐ¡Íº¢Í§-
ÊÑ­­Ò³ä¿µÃ§ (DC) »ÃÒ¡¯¢Ö é¹ã¹

Frequency Spectrum áÅÐ¶Ö§áÁéÇèÒäÁèÁÕ-
¤ÇÒÁ¶Õè¢Í§ÊÑ­­Ò³ Clock »ÃÒ¡¯ à»ç¹-
¤ÇÒÁ¶Õè¾×é¹°Ò¹º¹ Frequency Spectrum
¡çµÒÁ áµè¡çÊÒÁÒÃ¶´Ö§ÊÑ­­Ò³ Clock
¡ÅÑº¤×¹·Ò§½Ñè§ÃÑºÁÒä é́ â´Â¡ÒÃ Rectify

ÊÑ­­Ò³ Pulse ÅºãËéà»ç¹ Pulse ºÇ¡
áÅÐ¨Ðä é́ÊÑ­­Ò³ÁÕÃÙ»áººà ṌÂÇ¡Ñº RZ

ÇÔ̧ Õ¡ÒÃ¢Í§ AMI ÊÒÁÒÃ¶á¡éä¢-
¢éÍ¼Ố ¾ÅÒ´ä é́ àªè¹ ËÒ¡à¡Ố ¡ÒÃÃº¡Ç¹-
¢Öé¹¨¹·ÓãËé¢éÍÁÙÅ«Öè§á·¹  �0�¶Ù¡à»ÅÕèÂ¹-
à»ç¹ �1� ·Ò§ é́Ò¹ÃÑº¨Ð·ÃÒºä é́·Ñ¹·ÕÇèÒà¡Ố -
¢éÍ¼Ô´¾ÅÒ´¢Öé¹ à¹×èÍ§¨Ò¡¨ÐäÁèÁÕ Pulse
·ÕèàËÁ×Í¹¡Ñ¹µèÍà¹×èÍ§¡Ñ¹·ÓãËé·Ò§ é́Ò¹ÃÑº-
ÊÒÁÒÃ¶á¡éä¢¢éÍ¼Ố ¾ÅÒ´ä é́ áµèã¹¡Ã³Õ·Õè-
ÁÕ¢éÍÁÙÅ �0� µèÍà¹×èÍ§¡Ñ¹ÂÒÇÁÒ¡æ ¡çÍÒ¨-
ÁÕ»Ñ­ËÒã¹¡ÒÃ Synchronize ÃÐËÇèÒ§¡ÅØèÁ-
¢éÍÁÙÅä é́ (ÃÙ»·Õè 20)

2.3.5 HDB3 (High Density Bipolar
3)

ÇÔ̧ Õ¡ÒÃ HDB3 à»ç¹ÇÔ̧ Õ·Õèãªéà¾×èÍ-
¨Ó¡Ñ́ ¨Ó¹Ç¹ºÔµ·Õèá·¹¤èÒ  �0� ·ÕèµèÍà¹×èÍ§-
à»ç¹á¶ºÂÒÇãËéàËÅ×Íà»ç¹á¶ÇµèÍà¹×èÍ§¡Ñ¹-
äÁèà¡Ô¹ 3 ºÔµ à¾×èÍãËé¡ÒÃ´Ö§ÊÑ­­Ò³
Clock ¡ÅÑº¤×¹ÁÒ·Ò§½Ñè§´éÒ¹ÃÑºà»ç¹ä»-
ÍÂèÒ§ÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾ áÅÐ HDB3 à»ç¹-
ÁÒµÃ°Ò¹µÒÁ ITU-T G.703 ãªé§Ò¹¡Ñº-
ÃÐººÊ×èÍÊÑ­­Ò³ 2, 8 áÅÐ 34 Mbps

ÇÔ̧ Õ¡ÒÃáºº HDB3 ¨ÐäÁè·ÓãËé-
à¡Ô´ÊèÇ¹»ÃÐ¡Íº¢Í§ÊÑ­­Ò³ä¿µÃ§
(DC) ¢Öé¹ã¹ Frequency Spectrum áÅÐ-
ÁÕËÅÑ¡¡ÒÃà¢éÒÃËÑÊáºº HDB3 ́ Ñ§¹Õé (ÃÙ»-
·Õè 21)

1. ¶éÒÁÕºÔµ �0� µèÍà¹×èÍ§¡Ñ¹äÁèà¡Ô¹
3 ºÔµ ̈ Ðà¢éÒÃËÑÊâ´Âá·¹ �1� ́ éÇÂ Pulse
ºÇ¡áÅÐ Pulse ÅºÊÅÑº¡Ñ¹ä»àªè¹à ṌÂÇ¡Ñº-
ÇÔ̧ Õ¡ÒÃ¢Í§ AMI

2. ¶éÒÁÕºÔµ �0� µèÍà¹×èÍ§¡Ñ¹à¡Ô¹
3 ºÔµ ¨Ðá·¹ºÔµ·Õè 4 é́ÇÂ Pulse ¢Í§
�1� «Öè§ÁÕ¢ÑéÇ¢Í§ Pulse àËÁ×Í¹¡Ñº Pules
¡èÍ¹Ë¹éÒ¹Õé áÅÐàÃÕÂ¡ Pules ·ÕèÊÃéÒ§¢Öé¹ãËÁè-
¹ÕéÇèÒ �Violation Pulse�

3. Violation Pulse ·ÕèÍÂÙèµỐ ¡Ñ¹-
¨ÐµéÍ§ÁÕ¢ÑéÇÊÅÑº¡Ñ¹ áµè¶éÒ¢ÑéÇ¢Í§ Violation
Pulse ¶Ù¡ºÑ§¤ÑºãËéÁÕ¢ÑéÇàËÁ×Í¹¡Ñº Violation
Pulse ¡èÍ¹Ë¹éÒ¹Õé ãËé¡ÓË¹´ãËé �0�

ÃÙ»·Õè 18 : The RZ code and its spectrum

ÃÙ»·Õè 19 : Code conversion by ADI

ÃÙ»·Õè  20  : The AMI code and its spectrum
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µÑÇáÃ¡ ã¹á¶Ç¢Í§ �0� ·ÕèµèÍà¹×èÍ§¡Ñ¹ à»ç¹-
àÊÁ×Í¹ �1� à¾×èÍãËé Violation Pulse
· Õ èÊÃ éÒ§¢ Ö é¹ãËÁ èÁ Õ¢ Ñ éÇµÃ§¢ éÒÁ¡ Ñ¹¡ Ñº
Violation Pulse ¡èÍ¹Ë¹éÒ¹Õé

2.3.6 CMI (Code Mark Inversion)
à»ç¹ÇÔ¸Õ¡ÒÃµÒÁÁÒµÃ°Ò¹¢Í§

ÃÙ»·Õè  21  : The HDB3 code and its spectrum

ÃÐ Ñ́º·Õè¡ÒÃ Multiplex ¨Ó¹Ç¹ Channel ÍÑµÃÒ¡ÒÃÊè§¢éÍÁÙÅ Line Code
1 30 2.048 Mbps HDB3
2 120 8.448 Mbps HDB3
3 480 34.368 Mbps HDB3
4 1920 139.264 Mbps CMI
5 7680 565.992 Mbps CMI

ËÁÒÂàËµ Ø 1 Channel = 64 Kbps

ÃÙ»·Õè  22 :  CMI Code

ITU-T G.703 àªè¹à ṌÂÇ¡Ñº HDB3 áµèãªé-
ÊÓËÃÑº¡ÒÃ Multiplex ·Õ è¤ÇÒÁàÃ çÇ
139.264 Mbps â´Â¡ÒÃá·¹ �1� é́ÇÂ
pulse ºÇ¡áÅÐÅºÊÅÑº¡Ñ¹ä» â´Â pulse
¹Ñé¹ÁÕ¤ÇÒÁ¡ÇéÒ§¢Í§ pulse à·èÒ¡Ñº¤Òº-
àÇÅÒ¢Í§ÊÑ­­Ò³ Clock áÅÐá·¹ �0�
´éÇÂ pulse ·ÕèÁÕ¤ÇÒÁ¡ÇéÒ§¢Í§ pulse

àËÁ×Í¹¡ÑºÊÑ­­Ò³ Clock (Duration
50%) Ñ́§ÃÙ»·Õè 22

3. Digital Multiplexing Hierarchy
µÒÁÁÒµÃ°Ò¹ ITU-T ä é́¡ÓË¹´-

ÅÓ Ñ́º¢Ñé¹ã¹¡ÒÃ Multiplexing ËÃ×ÍàÃÕÂ¡-
ÇèÒ Digital Multiplexing Hierarchy äÇé-
µÒÁÅÓ Ñ́ºµÒÁ¨Ó¹Ç¹ Channel ·ÕèµéÍ§¡ÒÃ
Multiplexing â´ÂÃÐºº PCM «Ö è§
Multiplex ÊÑ­­Ò³·Ñé§ 30 Channel à¢éÒ-
é́ÇÂ¡Ñ¹ ¶×Íà»ç¹ÃÐ Ñ́º¡ÒÃ Multiplex áÃ¡-

ÊǾ  (2.048 Mbps) áÅÐ¡ÒÃ Multiplex
ã¹ÃÐ´Ñº·Õ è 2 ¨Ð·Ó¡ÒÃ Multiplex
ÊÑ­­Ò³ã¹ÃÐ Ñ́º·ÕèË¹Öè§¨Ó¹Ç¹ 4 Ç§¨Ã
à¢éÒ é́ÇÂ¡Ñ¹ ·ÓãËé̈ Ó¹Ç¹ªèÍ§ÊÑ­­Ò³à¾ÔèÁ-
¢Öé¹à»ç¹ 4 à·èÒËÃ×Íà·èÒ¡Ñº 120 Channels
áÅÐã¹ÃÐ Ñ́º¡ÒÃ Multiplex ·ÕèÊÙ§¢Öé¹¡ç̈ Ð-
ÁÕÃÙ»áººà ṌÂÇ¡Ñ¹¹Õé â´Â Ù́ä é̈́ Ò¡µÒÃÒ§·Õè
1

µÒÃÒ§·Õè 1
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MULTIPLEXING HIERACHY

The 8 Mbps frame structure (positive stuffing/justification)

ASYNCHRONOUS MULTIPLEXING HIERACHY
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