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CT-TDMA: efficient TDMA protocol for underwater sensor networks 

HONG Lu, HONG Feng, LI Zheng-bao, GUO Zhong-wen 
�Department of Computer Science, College of Information Science and Engineering, Ocean University of China, Qingdao 266100, China) 

Abstract: Aimed at underwater acoustic sensor networks (UWSN), a novel sender based conflict model with the schemes 

of allocating continuous time was presented, including local conflict graph (LCG) and a distribute algorithm to generate 

LCG. Moreover, CT-TDMA, an efficient TDMA protocol based on the conflict model was also proposed, which used 

heuristic priority rules to allocate transmitting moments for all nodes. CT-TDMA exploits the diversity of propagation delay of 

different links in UWSN to decrease the idle time between packets at the same receiving node, which helps in improving the 

throughput. And a heuristic schedule algorithm is applied to shorten the process of allocating continuous time for each node. 

Simulation results show that, compared with traditional TDMA protocols such as ST-MAC, network throughput of CT-TDMA 

has increased 20% and end to end delay has decreased 18%; compared to the theoretically optimal scheme with global knowl-

edge, CT-TDMA has achieved 80% network throughput and the end to end delay is only 12% longer. 
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5)    return true 

6)  else 

7)    return false 

8)  } 

9)  LTC(N, P, M){     //º»��µÅ�í 

10)  if( ∃ N−>P || ∃ M−>P) 

11)    return true 

12)  else 

13)    return false 

14)  } 

createLCG() 

15)  new VLCG= V(i);  // Cov(N�RT+RI)12Î

B� 

16)  while (VLCG != null) { 

17)    ∀ j³V(i)  //{|Ï i−j��� 

18)    VLCG=VLCG−{j}  

19)    new V’=V(i)  //À�èÔÕB�g!i

ÕB. jÕBC�R" V(i)��ÕBÑª�� 

20)    while (V’!=null) {   //éêú8ÙJ�

��«5ÕB 

21)     ∀ k³V’ 

22)     V’=V’ −{k} 

23)     If (PTC(i, k, j)=true && LTC(i, k, 

j)=true) {      //��12.��«5ÕB�í 

24)        Wij(k)=Dik−Djk 

25)        SLCG(i)= SLCG(i)Ý{Wij(k)}   //� i

ÕB. jÕB�yµÏ�ÍÐæç� SLCG� 

26)     } //end if 

27)   }  //end while (V’!=null) 

28)  }   //end while(VLCG != null) 

29) return SLCG(i) 

ë V(i)CÕB i �ú8 Cov(I, RT+RI)�12

ÕB��7!SLCG(i)N i ���()*ú8�Ï

�ÍÐ�7!à� 1zl´ÕB����()*�

ªÜ¿v> 

À* 2���NÍ!ÕB iU" createLCG()à

�0!ªÜ� LCG	* 4ús>Ú�<Û��g!



� 2�  !"#CT-TDMA#$%&'()*+, TDMA-. /169/ 

 

ÕB f. i���«5ÕB8 2Ô!Ú�í« 5'

àôÏ i−f8 2 ÔÍÐ!M£"����()*�

ì�N78b�ÍÐ��?Ï>	
 2ÔÕBéR

"�ÔÕBÊÑª��!� LCG *�L 2 ÔÕB

éåÌÔR8�?Ï!u�?Ï�Ô�ÑN��«

5ÕB�Ô�>M£!��ÕB����ð�!LCG

NvÍ��?*> 

 
2 4  >? i7@AHIJK2�LCG� 

2.3.2  CT-TDMA ���� 

�ÔÕBªÜ ,�LCG*0!ÔÚ��LCG

*�µÏúé;�ÓÔ¨©oÌ!��� ,��

�o�>Ñ��.ú8¨©oÌb���êÒo

�!�N ,���o�> 

ÇC!�<ÕB���o��§í!��S

LCG12���o�>CT-TDMA�-.{.í

Ê��kj7�GH!îïÕB���o�5í3

4>Ñ-.{êO�ÕBê.����o�!��

��� EC"ú8Ù��oÌY��yÔê

Ò�oÌB
���¿väN5í�>	
 LCG

*�ú8ð5íÕB�-.{k�!ÓÔÕBíÊ

����o�>-.{�'àG�!��©ñò

CT-TDMA�u":r>�Õ.ef CT-TDMA�

à�Îv!['à-.{���H���" 2.3.3

Õ�T"{|> 

CT-TDMA�Ûüà�Îv·¸À� 7¥> 

1) ÕBªÜ ,� LCG w'à ,�5í-

.{> 

2) �ÔÕBÒú8� LCG 129n ,�5

í-.{!w� ,�()ÂNñunlabeledò>/

0!�ÔÕBÀ�&HGHU" 3)~6)¥> 

3) 	
�<ÕB"S LCG *��ú8ð5í

12�ó8êO�-.{!�ÕBÚ�� LCG �

��ú8¨©oÌY!��êÒ�Ù��o��N

 ,���o�!w�S9n�ú8� LCG12!

w�()ÂNñlabeledò> 

4) 	
�<ÕB�ú8ð5í12�Á"-

.{O� ,�12!�1ô-.{O�ÕB.5

í!1ô©Uk§ÕB���o�j
w�õ ,

�¨©oÌ!°±ß 3)¥> 

5) 	
�<ÕB"S LCG *�iS�ð5í

�ÕBó8k��-.{!�ïÕB"oÌ�±ö

¨©oÌå®�o�íÊ��S��o�!w9n

�ú8�-.{�ð5í()� LCG12> 

6) íÊ5í�ÕB�í��o�wiú8�

-.{12Ì÷�íj
0!U" Judge()x���

C�RÑª��!ø���!�ÂNñlabeledò!

��ÂNñunlabeledò!w°±ß 5)¥> 

7) LCG*��ú8ÕB()6Nñlabeledòo!

à�jp> 

�� 2  Label() 

Initialization: 

1)  Sc(i)=null; ST(i) = unlabeled 

2)  Suc(i)={j|j is i’s LCG neighbor} 

Label() 

3)  while( ∃ j³Suc(i), P(i)<P(j)){    //345

í!ÕB-.{ùêO!1ôw©US�ÕB5í

j
 

4)    receve node j’s selection tj 

5)    Sc(i)=Sc(i)�{j} 

6)    Suc(i)=Suc(i)-{j} 

7)    calculate Fl(i, j, k), Fr(i, j, k) //'à¨©oÌ 

8)  }  // end while 

9) loop: 

10) if( ∃ j³Suc(i), P(i)=P(j)) {  

//-.{k��íÊ5í 

11)   choose ti randomly on available time axle 

12)   send ti and receive other nodes’ transmit-

ting moments 

13)   for each j ( j³Suc(i) && P(i)=P(j)) 

calculate Fl(i, j, k) and Fr(i, j, k) 

14)    if (Judge() = false) 

15)   continue loop 

16)    else { 

17)    ST(i) = labeled 

18)    return ti 
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19)   } 

20) }  //íÊ5íjp 

21) else{    //ÕB ,�-.{êO!³¡5í 

22)   ti =0  //Ö 0³¡úûêÒ�Ù�oÌ 

23)   for each j³Sc(i) { 

24)   if(Fl(i, j, k)<ti<Fr(i, j, k))  //	
�<�

tiF�¨©oÌ!�ü\ ti 

25)       ti = Fr(i, j, k) 

26)   } 

27) } 

28) ST (i) = labeled 

29) return ti 

ÕB�� Label()x���5íýJ!Ñ±Û�

3)~6)¥!Judge()x�S Label()þ�!����y�

íÊ��oÌÀ0C�RÑª��>"íÊ5í

�!ÕBä�12íÊ�í�o�0�/��í«

6 'à¨©oÌ>Judge()x������GHC!

	
ÕB ,íÊ�í�o�Ê�'àô�ñ¨©

oÌòå!��NRÑª��!£�íÊ5íÑ

��!ÕBVS12?õT"íÊ5í> 

í« Sc(i)NÕB i ���5í� LCG 12�

7!Suc(i)NÕB i�ú8ð5í�LCG12��7!

ST(i)NÕB i�5í()(labeledÄ unlabeled)!P(i)

NÕB i�5í-.{>à� 2.à� 3�|�ô

´ Label(). Judge()x��y[~zl> 

" Label()x��#¶íÊ5í�ù'!CMN

"®��	�ÙJÁ"\]ÕB�-.{k�>�

/ÙÀ�ÕB ID 1�¢-.{GH!ÇØ��

-.{ Eé-¢ê	�
��oÌ�8��>í

Ê5íÙÀ�à��u"oÌ>l	!"���

�	��µÅ�
	�·%�·�!�ÕB�-.

{6k�o!345íà��oÌÐ��N O(n)

[íÊ5í�oÌÐ��N O(logn)[17]
>S�!nN

�	��ÕBÔ�> 

�� 3  Judge() 

1) Input: ti, Suc(i), V(i) 

2) Output: true or false 

Judge() 

3)  Boolean B=true 

4)  for each j³Suc(i) { 

5)    if( ∃ k³V(i), Fl(i, j, k)<ti<Fr(i, j, k)) 

6)      B=false 

7)  } 

8)  return B 
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��� 
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4 ÔÕB�|§í ,���o�N 0s%0s%2.2s

. 0.5s>%
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��>CT-TDMAþ� UWSN�L¾A�!��´
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3  �� 

�Õef CT-TDMA�hij
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