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Ke(k) +K,(e(k) = 2e(k—1) +e(k-2)) (8)
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KBHK, K, ,K,, i, (8) XnfEHE N,

u(k)=flu(k-1),K,,K,,K,,e(k),
e(k—1),e(k-2)] (9)
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0P (k) =f(net!”(k)),i=1,2,3  (11)
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@ RHFEL(k) ,y (k) FZIRAK(T) THZA 23R 2 E(k
-7
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B, i E A% R PID #2RIER A 3 N TTRSHK,
K, K, ;

@ WIRARX(8) 115 PID RIS R4 u (k) ;

& RAFAI(13) T EPEREFR IR REL Q (k) 5
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AVR2025 FF &AL, TEGCE il f P9 A 2 22 BA S 45 44
EATAS )Y 55 37 1) A i B 2, 22 T 080 8 0008 e
TR BAA BEPE E BT L1 R/INRIE Bl a] Sl sh 2
AT FI CW % AVR2025 JF & ik 4L T API [1]
JE PR, 4R Bl i P e % B 3 et k] ) R KA
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IR SR SR 1 mW, W, =27 W, =2°,
T =30 BT AR AL 19 4S5 55 (R fE— R AR
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e, RS PR (A ) HEA T I Hh 2 04 R A
RS RO ) o MAC WU [ fY & 2% 1]
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T
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T.(bit/s) K F B B, R(bps) A H o %,
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¥, B35 R PID ¥ i 25 19 280, A DG iR 2 4L

FIREREANFR 2 FR

&2 BPFD-MAC #HZMEVBSE
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3.1 ZhRMEEIRIE
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FD-MAC J5 2 F ;400 ~ 600 s, AT-loop 1 CW-loop [F]
AHVEF, 37 45 TAEFE BPFD-MAC 30T,
B2 A7 AE 3 2R, He Pri 1 S 52

(weak time constraint, WTC) ¥ 5, X 7 &, 48 X}
QoS AN {| < Ly =2 ms, B4 GF AR RIS =1
e QoS FabR/N T S BR LR 37 505 MG 4,0, <
Lyye = 6 ms B G EGRBEREATI , QoS FEARER K
TPRER 5, 2258550 BE WUR AIARXT QoS

FH 7= A WA, Pri 2 F1 Pri 3 43518 BE (best effort) Qﬂwj{jgz 8, 2
WOR, HX PR R i T 2 A ik, T T s, 3
SR W37 5 (strong time constraint, STC) F1 55 2] )
— i 1Pril — W LR
— YR 1 Pri2 — W 2R I
— Fint 1 Pri3 — TR 3B
— YR 2Pril — W 4R
— Y| 2Pri2 — WA SHBE = Pri | kR
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=g h ' i
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1) &l 3a) F1[&l 4a) &y STC Fl WTC 375t F 45 14
1~5(HA 15 A1 S AE B 1Y % i 2B SR AR Ak
150, 0~200 s(802.15.4 MAC) , 4% 2 i3z 1) 48 3R 1%
A W 58X 5115200 ~ 400 s ( FD-MAC) , 4 A R4 56
G HER BT I B 25 5 0 Pri 1 A R4
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600 s( BPFD-MAC ) , AN DX 43 1455 S AT5 9% i 35, it
Uit Pri 14 5% 48 3R A 43 il IR 2 2 ms A3 i )
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2) & 3b) FE 4b) Ky STC Fl WTC 5% 2 2%
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MAC £ J& BPFD-MAC, ¥ 8 1R 4 Hb £ IF ZE 3R L 16

7€ 3 [AI I BPFD-MAC 38 57 46 56 1 3R 25 il

3) & 3c) Ml 4¢) Sy STC Al WTC 375 F 15 15
Hnt L, ERT 400 s(802.15.4 Fl FD-MAC) , i
S A W AR X Z AT B R A5 1 A
751,400~ 600 s ( BPFD-MAC) , STC 5t F , 4 %}
FIER BRI XA s A T RO WTC 5t 2
X, A 4T 802.15.4 MAC il FD-MAC, CSFD-
MAC 7E STC 505, 3805 s 05 2 B[], RE % 2
Fo {7 T 4[] 1) R 3 R0 A ik F T R AR A R 5 )
Z 78 WTC 550, BT 2 i % sl 1] L5 45 fig
FE, IRt 5 A, X A SCRWI R ARTT

— WA 1Pril
— 55 1Pri2
— 4575 1Pri3
— 5 2Pril
— 5 2Pri2
— 455 2Pri3
— K 3Pri
— 5 3Pri2
— 5% 3Pri3
— AR 4Pl
— 45 4Pri2
K 4Pri3
— A S5Pril
— A SPri2
— i SPri3
''''''' 6 ms FEIR

IR /ms

— i LIEIR b

— i AR H o Pri 1 LA

— TR SR — Pri 2 0L R
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COERSRHIINRERE pna
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Bl 5 STC 1 WTC 375 T B9340 i 6E 1 #EFILE

1) 200~400 s( FD-MAC) , J&it STC it & WTC
st (DKl 5a) K 5¢) ), YIWiREFE AL E REFER KT
0~200 s(802.15.4 MAC) , J K it /IMi) 3 4+ 77 11
HEIN TR A RESR ) H O AR A RO EE AR IR B TR
SrAURE R IFREAR T REE A AR,

2) 400~600 s( BPFD-MAC) ,STC ¥5 F ( WA
S5a) ) YIMTREFERFAIC, BE R ACR I M WTC 75
(WL 5¢))  YIMEEFE L T- A A, X2 H F STC &
BN, At & (LR 3¢) ) it i TG A R
Fh SR RERERS £ 5 10 WTC 5 F , A ik i LR
REAEAPREAR 1, HLIX P 5 BUE L FEAHRIN

3) 400~600 s( BPFD-MAC) , STC #l WTC 35

B RBRIAE

R R RE

e

7 GRS A (IR B TG R S A B AL AN
A HL T FE LS s I R R B T FE B R T s R T
REZ HAL TARIRARZS . &l 5 R STC s Al WTC 3
SR, 1~ 5 1724 v B8 & 7 FE AR RE  TH AE
AN — et B S AR T e RS89 (Pri 1) Fldx
AL e (Pri 3) B ML AE FETHFETE I

b) STCIE T K AR

(B HI AR o
ﬁﬁéﬁﬁﬁﬁiﬁlﬁﬁgﬁ U ‘ HI, ‘| ‘
[T
l “\‘H‘H \‘”‘gL I”““‘J”“”q‘ | IlH
HH P |
"H" IHHH‘I‘IIIL]H |
s {.a"’"

g

i
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i /s 400

‘I.m”\”

d)  WTCHR T HERERINFE

REFETHAET O

T, WA R AR H AR R R, STC 5T (WA
5b)), BRERIHFEE KT WTC ¥ (WK 5d) ) , X
S FAE WTC Y F 9 »500% sl (el 8, e T
AN HL T AE

4) (HARTER M M F FD-MAC, 7E STC 3
5t ,BPFD-MAC 5 5 /= A9 BE 2 350% (AR 114 2
REFE) AN 7 A 7] (9 A= A7 B[] 5 76 WTC 5t F,

BPFD-MAC £ 5 4 (1) A= A7 s (] ( FEAIR %) B BE#E ) A
IL-F- ] R RE B RCR
33 BiliEse

£ STC %557, BPFD-MAC 4k A 77 15 [ (3
o RS AE R T AR, UL 5b) ), AR T B A ik
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(LI 3c) ) FITEAR A AEIR (ULIE 3a) ) . SEPR L, =
PLES N SRR BEREAR B 412U 2%, STC Y 5c N7
U PR B SEE XT STC 3 5% TE N Rl SR R BE T, i
TG HERE T, S5 6 i, 3k B (of-
fered traffic) {15 Y %l (logarithm scale ) ¥4 /i1, X %l 7
MK X 7~ & IEEE 802.15.4 MAC, FD-MAC #l
BPFD-MAC, Z fliJ7 [a] 43 51 A 5 it i ( WLIE] 6a) ) FI
YImiREFE( UL 6b) ) .

1) &l 6a) 4, #H%F 802.15.4 Fil FD-MAC , BPFD-
MAC A S H54a X6 E R FIAR X 2 3R AR IE , 5 HLAE W%
[F] 4t e v D0 5 9% RGP S 9 i ik 5 i FD-
MAC FHXFT 802.15.4 MAC, B ARULREAS S FLIE IR Y

—— WAL HIIRERE

o RGELIYWiRLFE ;:
400

FHE /(Framess ')

a) Fhkfk

—— ERERIIWIREFE
o RS HIIWinERE

BPFD-MAg 10° ©
FD-MAC 7;;@&
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1
802.15.4°10 \Yﬁ/

b)  HiskFE

B 6 STC s T, AE MAC UM H A M REXT L

SE

DX 43 AET R 7 e A e ARk (A e
HAvnk g A AL |

2) &l 6b) h, 754 Fh 1 250 B2 T, BPFD-MAC
(24 I BEFE B A T FD-MAC F1 802.15.4, X 5%
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A BP Network Control Approach for QoS-Aware
MAC in Cloud Robotics
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Gao Ang , Hu Yansu®, Li Lixin', Duan Weijun , Zhang Huisheng
1.School of Electronics and Information, Northwestern Polytechnical University, Xi’an 710072, China;
2.School of Electronic & Control Engineering, Chang’an University, Xi'an 710064, China

Abstract; The basic idea of Cloud Robotics is dynamically uploading the compute-intensive applications to the
cloud, which greatly enhances the intelligence of robots for the high processing and parallel ability of cloud. Howev-
er, for the nature of uncertainty of mobility, different kinds of applications on robot may have different Quality of
service (QoS). The paper proposes a BP network for QoS-aware MAC( BPFD-MAC) in Cloud Robotics form a view
control theory, which can support both absolute and relative QoS guarantees while the energy saving. The hard and
soft QoS constraints are de-coupled by normalized into a two-level cascade feedback loop. The former is Active Time
Loop (AT-Loop) to enforce the absolute QoS guarantee for real-time application and the later is Contention Window
Loop (CW-Loop) to enforce the relative QoS guarantee for Best Effort traffics. Finally, the Back-propagating ( BP)
neuron network based PID is used for self-tuning parameters and controller design. The hardware experiments dem-
onstrate the feasibility of BPFD-MAC. Comparing with FD-MAC, BPFD-MAC has new feature of absolute QoS sup-
port and further developed two advantages: In the condition of heavy loads, BPFD have about 18% great throughput
and 14% great power efficient; and in light load, BPFD have lower total energy consumption.

Keywords: cloud robotics; quality of service; MAC; back-propagating neuron network



