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IEEE 802.15.4 differentiated service strategy 

based on reinforcement-learning 

QIAN Liang, QIAN Zhi-hong, LI Tian-ping, QUAN Wei  

(College of Communication Engineering, Jilin University, Changchun 130012, China) 

Abstract: To provide better support in differentiated service for IEEE 802.15.4, a novel differentiated service mechanism 

was proposed based on BCS(back off counter scheme) and reinforcement learning. In terms of end-device, BCS backoff 

strategy was added to original priority-based differentiated strategy to solve the service differentiation problem under higher 

traffic condition. While for the coordinator, a reinforcement learning based duty-cycle adjustment algorithm was proposed to 

iself-learningjan optimal duty-cycle according to different application requirements and environmental changes. 

Simulation shows that the proposed algorithm can meet the performance requirements of high-priority service under different 

environments and adjust the duty-cycle when traffic is changed, which showed a strong environmental adaptability. 
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b b

T rT

SF

SD T SD T

= =
− −

�  (9) 

T

b

u��j×�B�¥°�r u��Ö×

���:HIÑq2H�T

s

u��Å��Õ2

HIÑq�B�H 

 

s CCA DATA IFS ACK

T T T T T= + + +  (10) 

¶ �T

CCA

u��� CCA�W�"�f�T

DATA

u��Å��HIÑq�B"�f�T

IFS

�

T

ACK

ÑKu�×f¶��ÅQ�×�B"�

f=�Î��0Ö×���È3��HIÑq

2Hõ©3ùw SF

u

��©3ùwÖ×Cv��

1¥°= 

36QkèA 

îÙ�c�p"��� Qk�" Q(a) u��

Õ2�p-sQ?2 Q(a) k=%�È ÝN*�

��?2ÞÀu�Ôª SO k�<5A�¢t]H

k�¿Ü.b÷"Hqº��ÞÀEFG� Ο(1)=

¶ Õ2 SOk-sQ�?2 Qk�ÝN*�²�

?2�p a5��2 SO k6Ó�����\��

ýIÈ3\Ä`¸(5)3ùwxQ r�÷"�Ù¸(11)

su�p Q(a)k��èA 

 

1 1

( ) ( ) [ ( )]

t t t t

Q a Q a r Q aα− −= + −  (11) 

¶ �α�QR01�ýIQRÝt]G�ùìn

�rsiTs α��èA�b`��Æ¬`�= 

4) QRëì 

Ôª IEEE 802.15.44M �Ù?4&¯Ýt�

¿Ü�"Ò°h ε-greedy QRëì�í_R¦ 2

@/=�ÑKu�� 

 

1

2

( ) random( ),       

( ) arg max ( ) ,  1  

a a

a Q a

π ε
π

π ε
=



=
 = −


 (12) 

¶ �SO

min

<α<BO�ε u�çè01¿��ε »¥

u��QR��çè�1»¥=π

1

u��»/=�

ÝN*�Õ2Ö×\�Ób�1 ε²�u/=/õ

���p�P5��� SO k�P6 �»²�?

2 SO kp�¹?2Ö×��BC&3ù�I¨©

π

2

u�ãä/=��ÝN*�Õ2Ö×\�Ób�

1 1−ε²�u/=�/õÞÀu ²�sQ QkÒ

¥ SO kp�¹?2Ö×��BC&3ù�

I=�Ã ε¯°5?4Ðk� 0.1��6= 


P�+.9:ÝN*M��é�QRùì

 32��= 

1) Qk{|���ï�-sÕ2�p�?2

^{|��_�ÝN*��ÂÃs�p�P5�

SOk�P6 Õ2�p��?2 Qk{|��

ÝN*ýI�P �p2H&F�Çdú�

cBC&�/È3xQÌÍp�u�p{

| Qk¥°= 

2) /=²�����j�Å��ï�ÕÇ�Å

�j0�ÝN*n��xQ/=²��9:¹?

2Ö×�� SO k�µÓÝN*�Å�j×��

j× R¦- SO k� BO k�LM�æ���:

�j×ÓýI SOk� BOk3ùwxQ CAP�

CFP�/�Ç��HI�����«¬w.= 

3) 3ùÌÍ` QkèA��ï�Ö×����

ÝN*È3öûÃüHIÑq���ø2LM

�æöûÃü��B"1®�/�Ö×��3ù

w��#��B"1`Ö×Cv��1���I¸

(5)3ùw�0�p5SO k6ÌÍ¥°�÷"¸

(11)s�0�p5SOk6 Qk��èA¨èAz

$Ó�ÝN*��¹?2�t��= 

4  ����� 

�-·�é�QRùì��i�÷" NS2V

W¸�s%�+wùì��-VW�VWí_·

�-é�QRrs�cQ"^�5��cöû

Ãü�Ls��^�6' À:?2PG SO

k�õ©a�öûÃü�L��®j�öûÃü

�L��n5HDB, high-priority delay bound6��

/5·�-�4M��Ùw�`���é�QR

�.GQi�·��+wé�QRùì' ýI

�04M��Ù®`�L_�²AQRÀ:?

2A SOk= 

4.1  ��������	 

ZigBee 4M>?@b IEEE 802.15.4 p�±
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{��ÝÞ4M�Q"%/=�u4M �

�ÌÍ�HI��.p�Q"�LÂ��¿©�

dú-«¹VWO =4M��j!'!Ü

4M�4M "�ÝN*�æ�#Ä�4Mòú

6 2LM�æ�5_�A�ÝN*�æ��$

%��/c�Û�öûÃü��ûÃü�LHI

��LM�æº�- BCSùì�ÝN*Mº�-

é�QRùì= 

VW�&� NS2�yz{#MAC {#'Ô{

ÑK�" WirelessPhy/802_15_4#Mac/802_15_4#

zbrÝÞ��L·�� cbr=u 2�ýI�+Q"O

 �dú�}4MVW�H= 

� 2  �������	
���� 

�	 
 

����/(packet·s

−1

) 0.2 

	�����/byte 70 

���	 7 

BO(SO

max

) 7 

����/s 8 000 

initialEnergy 1 000 

rxPower 35.28�10

−3

 

txPower 31.32�10

−3

 

idlePower 712�10

−6

 

���/mW 

sleepPower 144�10

−9

 

Learning-Rate 0.1 

 !�" 

Exploring-Rate 0.1 

 

4.2  ��
��� 

� 9� HDB=100 ms��SOk`�®=  

 

# 9  HDB=100 ms� SO
$! 

.béw��-[\ 100 ms��n^���

SO=7(²�ÇHBI)¥&H�å� SO=7��

^ãä�p_=�-[\ 100 ms��n^��Ü

���_!�æ«¬�f@Ù°�/5�H@

Ù&�P*xQHIÑq+��©,$��Z:

¹?2Ö×��#'(J=�-�� SO=7 ��0

�p�>Òû�^_s SO=6 ���#ÑqX

Y1`'ÙÁ�®��s&�VW\Ä«� 10

��= 

 

(a) HDB=100 ms�%& SO
'() SO
*+�,- 

 

(b) HDB=100 ms�%& SO
'() SO
.�,- 

 

(c) HDB=100 ms�%& SO
'() SO
��/01,- 

# 10  HDB=100 ms�%& SO
'() SO
23,- 
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rsVW\Ä�õ'Ù*Gé�´µ SO=6�

4MZ['Ù¯&�¼> SO=6�öûÃü�L

�A��� 500 ms���ëë[\�-öûÃü

�L��^��¿©Î-u�psQÌÍ¯

F¨õÑqXY1*G	é�SO=7 � SO=6 �

ÑqXY1�Ã�.=¿Ü�õ[\öûÃü�L

i'®j�é�é�QR� SO=7p�̂ ãä�p_

>Pz= 

� 11 ��öûÃü�L��n5HDB6Z

ª 1 000 ms��SOk`�®=õ� .bé

w�é�QRÒL�t^ãä_�p� SO=6= 

õ� 12 .béw�� SO=7��öûÃü�L

��� 1 000 ms³¹/5ÑqXY1� SO=6

��Ã�.�ýIÌÍ3ù/¸.y�Ü�ÌÍ

át¿À�ªÖ×Cv��1¥°�ÒL�

Æ�4M]}Z['Ù�=©«� 125a6V

W\Ä���� SO=6 ��4M]}Z['Ù_

öª SO=7 �w.�¿©�é�QR�è0Ï

ª²� SO=6 p�^ãä�p_=©sQ SO=5

��^ãä_�pí_%¿�ª�� SO=5��

öûÃü�A��¥ª 1 000 ms5«� 12(b)

��6�¿©�'[\öûÃü�L��®j^

�=
���Ü®¹�²� SO=6 p�^ãä

�p_ >Pz= 

 

# 11  SO$!BC 

� 13 ��öûÃü�L��n5HDB6

� 3 500 ms��SOk`�®=õ� .b

éw�ÒL^ãä_�p� SO=4=k9<ô

>��²� SO=4 0�SO=3 >^ãä_�p�

���?`�í_%¿>ï�{|�Ó�'1

2 000 s #�Ç^çè_ SO=4 �p�/s¶ Q

k��-èA�¿©ÒLát SO=4#>̂ ãä_

�p= 

 

(a) HDB=1 000 ms�%& SO
'() SO
*+�,- 

 

(b) HDB=1 000 ms�%& SO
'() SO
.�,- 

 

(c) HDB=1 000 ms�%& SO
'() SO
��/01,- 

# 12  HDB=1 000 ms�%& SO
'() SO
23,- 

 

# 13  SO$!BC 
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õ� 145b6öûÃü�L��®	é�

��HIÑq��Aë�ªöûÃü�L�

�n�Ü�ÌÍ¥°áti¿ÀQ�ªöûÃü

�L��B"1`Ö×Cv��1=	¹ SO=3#4

2 5����A� 3 500 ms³¹�©õÑqXY1

	é�SO=3 ��n¿�ÑqXY13�©(^4

5_�© SO=4� SO=5��ÔªÑqXY1�Ã�

.�¿©át67ÌÍ¥°¿Àö÷�Ö×Cv

��1�î=Ôª SO=4 �Ö×Cv��1è��

4M�Z['Ùè&�¿b SO=4�^ãä_�p= 

 

(a) HDB=3 500 ms�%& SO
'() SO
*+�,- 

 

(b) HDB=3 500 ms�%& SO
'() SO
.�,- 

 

(c) HDB=3 500 ms�%& SO
'() SO
��/01,- 

# 14  HDB=3 500 ms�%& SO
'() SO
23,- 

� 15çw� 4 000 s��� 62LM�æ á

² 32�æ�Ùfµ�¥5`� 5 packet/s6�SO

`�®�xsQ� 16 �öûÃü�L��û

Ãü�L��®= 

 

# 15  D$!� SO
$! 

õ� .béw��� 4 000 s�Ù`���Agent

�s SO=6 �2�p��^çè_Ó��u�p

ÌÍèS�c�èAu�p Qk/�¶p�A

^ãä_�p=©�Î��^çè_�ÒL�^ã

ä_�p8t� SO=7=õ� 16��`�®.

béw���Ù`¥Ó�	¹>öûÃü�L9>

�ûÃü�L�¶��:;����í_>Ôª

CAP��HÙÁ��<òcdef�¥=�

-$��@ef���_�¥ SOk��� CAP

��HÙ=ÝN* Agent�QRÎ] ���

è¥ SOk'[\xQ_��/ÒL�^ãä_

�p8t� SO=7=¼k9<ô>�� SO=7��

	¹>öûÃüHIÑq��9>�ûÃüH

IÑq��-HIëë°ª 3 500 ms�Ü��²

� SO=6 p�^ãä_�p%¿í_�ªÜ�4

M��Ù¯¥�� SO=7 ®¹öûÃü�L

ÑqXY1xs¯ö= 

 

# 16  $!�E)FG��HI)FG��.� 
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��%�+w BCS`é�QRëì'ýI

�cQ"O ¹öûÃü�Li'^�À:?

2¯ûBC&�/5'Ò¥]GT�U4M�

Ù=c��+wùì'�4M�Ù`��º�N

]BC&dú�Wæ}�-é�QR�QR¢

i����ÃSQ"=k= 

5  ��� 
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ÐÑKL»�ßb�\�%��ÛªûÃüÐÑ

/=Û��ÑKõLMde�ÝN*w��@A

iT+w-?@Ûª BCS OP/=�é�QR

ÐÑKL»��/Ûª NS2�&��-VWº·`

\ÄÑD=VW\Äu��+wùì'ýI�c

Q"^�ÀwÒABC&��[\öûÃü�Li

'^�c�Ò¥]G�U4M'Ù¨c�Ôª�

+wé�QRùì^�QR_¢i�ÝN*M'

º�B�4M��Ù`�/À:ÒûBC&dú�
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