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Energy-saving Optimization Mechanism for WiFi Direct Based on Power Control

GUO Zhen-Bei, LI Fu-Liang, LIANG Bo-Cheng, ZHANG Xiao-Rui, SUN Lei

(School of Computer Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: WiFi Direct (WFD) supported by Android has been widely used in device-to-device (D2D) communications. Compared with
Bluetooth, WFD has advantages in data transmission rate and connection distance. At the same time, WFD can quickly create a connection
than WiFi HotSpot. Therefore, it is widely used to form D2D communication networks and support edge computing, traffic offloading,
mobile crowdsourcing, and other studies. However, it brings high energy consumption simultaneously, which is still a major concern for
battery-constrained devices. Existing studies pay more attention to measuring and optimizing the performance of WFD-based networks,
while few studies focus on the energy consumption. In this study, an energy-saving mechanism for the WFD based on power control is
proposed, which makes a supplement to the default energy-saving mechanism of WFD. First of all, this study constructs a WFD-based
communication group and a measurement analysis of the default energy-saving mechanism. Measurement results show that the energy
consumption of the group owner is always higher than that of the group member. Then, the proposed energy-saving mechanism is
described in detail, which can reduce the transmission consumption of devices and balance the energy consumption of the group owner by
switching the role of the devices. At last, the proposed mechanism is evaluated with simulation experiments, and results show that the
proposed mechanism can reduce 11.86% energy consumption with a throughput loss of 2%.
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Fig.7 Uncontrolled switching
K7 Josflm v
34 BEEE
AR SO — AR T 4 b B SR b B L R SE (BEVE 1) S or B Al 3 AR EIA B 1 R EVEI AR AL UG
PRI BT H BT RENLH, 0 5535 1 o,
BiE L PRI BOE TR AL,
% N\ :GONodeSet;GMNodeSet;Runtime.
WIEh 4k TempTime<«RunTime;
delayTime<«-1;
CurrentTime«GetSeconds(-);
nodeArray<—new Node[-].
BEGIN
1. IF CurrentTime—TempTime=600 then
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2 NetConfiguration(GONodeSet, GMNodeset);
3 TempTime<«CurrentTime;
4. else
5. for i=0 to the length of GONodeSet do
6 for j=0 to each group members in GMNode do
7 nodeArray[j]«<-GMNodeSet[i][j];
8 NodeSwitch(GONodeSet[i], GMNodeSet[i][j1);
9 end for
10. SetNewPower(GONodeSet[i], GMNodeSet[i][j]1);
11. reset nodeArray;
12.  end for
13. end if
14. Schedule(delayTime,loopInRuntime,this);
15. return O;
END
TESE 1 b AEH] loopInRuntime fE8 50k 1 MR e MH 3 M54 ——GONodeSet. GMNodeSet i
RunTime:GONodeSet J& 20 =75 i () 5 A ;GMNodeSet & —A> 4404, 58 1 #1041 1715 a1, JS T PR 1) 2 1K 28 4 -
A S R AL B ALK AN R RE 2 4R AR & RunTime AR L& IEAT R ). 4E NS-3 Biul 2% b 1
GetSeconds(-) B4 30 2= $R HR 24 1 (1) 15 18], 371 7 25 CurrentTime HE47 ) Wk 8 40 75 22 2= 18 A8 S T 2R Y B W
RunTime )[R BT 4AE 40 45 TempTime. WSL2 28 1 /RI24T, B4 RunTime IR THI 4 O; W AN @& 58 1 kI8 4 e 25 4k
7k b — I E AT I E) . W B CurrentTime A1 TempTime [ 2 {8 KT 600s(4F 10min ¥ — &), 5t 8 H
NetConfiguration(57% 4), 3£ CurrentTime (¥ W T~ 25 TempTime 45 >4 7 i (7] 25, A T 1 X H B RunTime 1)
WIAG A SR 22 AF /T 600s, I 1 45 A 20 0 21 T RAB AT 1R 4 5315 503 NodeSwitch (53 3) 2 vl s 5 EAT 40
TPl .nodeArray & AN I I AL, FH SR A7 i — AN AL B FTE A R S e R SetNewPower(5.75 2).
Schedule & - MAEERELE 3 AN SHERES L ASEIWN TR RES 2 MSHE 2 AN SHAEAC PR
Hik 1 ARG 3 M58 this RETHIE 1 10 3 N3 %:GONodeSet, GMNodeSet A1 TempTime.GONodeSet A1
GMNodeSet £ # 581,48 5, TempTime <76~ —> loopInRuntime #4F >4 RunTime.
55 2 Pl AR R AR P 2 R D) R U B 2 .
BE 2. ML EE B UCE R AT T A
%1 \:GONode;nodeArray.
W 4h4k tempPower<«0;
finalPower<«-0;
distance<«-0.
BEGIN
for i=0 to the length of nodeArray do
distance<CalculateDistance(GONode,nodeArray[i]);
tempPower<«CalculatePower(distance);
nodeArray[i].SetPower(tempPower);
if tempPower>finalPower then
finalPower<«tempPower;
end if

1
2
3
4.
5.
6
7
8. end for
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9. GONode.SetPower(finalPower);

10. return O;

END

FES Y 2 P il SetNewPower 15557 2 R34, C B P4~ 2 %:GONode il nodeArray.GONode /& — 4
LT 53, nodeArray S22 AL 1A RN AL ARG T SR v S T 0 2 S A1 B PR R, O e AH I R S A
D% i % CalculateDistance JH oK o457 P/ i (€)1 125, 28 5 CalculatePower i CalculateDistance )45 R it 5
FE R 1 e 558 h 238 LUk B30 08 a0 A FH 1) 0 X (7) B SV E TR UG I BT 44k 3 4% & itempPower finalPower Fil distance.
WU nodeArray [IAFANAL 0L 54 T 10 BE 25 45 5k distance. T 7 S AR 10 & 5 Th 2 S H IO R S sh 20k
tempPower, T T X} 3 iR 20 54 4 F SetPower pR#5. LI K5 tempPower 55 finalPower LU 4ni tempPower %K,
MPK: tempPower FAE IR T~ 45 finalPower. >4 BT A7 41 53 1) Th % 1 8 52 B LUJS LI finalPower S 41 D3 H f5 K 1) & St
LR ¥ finalPower I T 45 41 32715 4.

55 3 P B P G D), B 3 .

BiE 3 A R S D) e

41 N\ :GONode;GMNode.

W4 4¥, distance«O;

Switching<«False;
TempGONodeArray<«—new Node[-].

BEGIN
1. distance<CalculateDistance(GONode,GMNode);
2. Switching«-JudgeSwitch(distance);
3. if Switching=True then
4 current GMNode quit the group size;
5. update the GMNodeSet and group size;
6. for any switchable group for current GMNode do
7 TempGONodeArray<«—candidate GO node;
8. end for
9. Choosing the nearest GO from GONodeArray;

10. update the GMNodeSet and group size;

11. end if

12. return O;

END

FES% 3 A8 ] NodeSwitch 1y 579 3 1) e £ 44 b4 11> #:GONode 41 GMNode.GONode & —
21 15 £1,GMNode & —ANE AL 531 AL AT IR B 1 ORI 4 TR R 3 R AL N SR R ) 4 2
U A ST R] 2% T4 DA D) e AR ST JT IR I D AR A 3 AN EEEE B distance WAL A 0, V) bR &
Switching BB HIUH4k A False, 1440 (0 41 3= 404 TempGONodeArray. ¥ 4, i# it P %1 CalculateDistance 1
S R G BE B 8 4 Y distance; 28 5 % distance A\ JudgeSwitch, 1% e %52 FH Sk AT B S R A AT
DI, Fok 8 A 5% 3K (20). B8 2 JudegeSwitch 145 IR 25 V)3 A8 1 Switching, Wik Switching [WEL /2 True, AR
B T A N e el s vl ) /= e N1 M B S S T e 4 R Y U A SR v & D O = RN SN NG M =
1) 02 AN 20 IR 2 /AR AR D — A4 AR B S B T RS A R AT AT W] LY e 1) 21 3 IR 3 N B
TempGONodeArray H,Bf & i% 8 — AN 5l 10 41 32 in N ZE D3 52 i LU B8 B SE 37 424~ GMNodeSet F4EAN4L 1)
W/ BARA AEEE 4 IRHER S A0 S IT T 413 804 T Ik B AR 1) 49 3 350 00 07 T 06 28 AN 0 28 1k e 1) A

SN, A 5% SE BRI S B AR 20 P b AT H AT e, 2 T WY L2 O T g A AR D) 8 A S AR A D 4 1 4% ) 2
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SO SO S 24 i ) AT 2 T B 20 03 A 23 BOIE M 2 OF, sl A 4N DI LRI RO EE 9 20 58 ) LA 0 1 1l i3 O
AL

554 PR A D) B 5 4 R,

ik a4 AED)H.

i N\ :GONodeSet; GMNodeSet.

WI4H 4k TempGONodeSet«GONodeSet.

BEGIN

1. reset GONodeSet;

2. rank the consumption of GMNodeSet;
3. for i=0 to the length of TempGONodeSet do
4 Choosing the node from GMNodeSet[i][];
5. if GMNodeSet[i][-] wants to be GO then
6 update GONodeSet, GMNodeSet and group size;
7 continue;
8 else
9 choosing next node;

10. endif;

11. end for

12. for i=0 to the length of GONodeSet do

13.  for i=0 to each group members in GMNodeSet do

14. NodeSwitch(GONodeSet[i], GMNodeSet[i][j]);

15. end for

16. end for

17. return O;

END

TESE 4 Af R NetConfiguration 1F R 532 4 ¥R 5044 . &A1~ 2 40:GONodeSet #1 GMNodeSet. 5.7%
4 5 10min B — R AR LU B 4k £ T AR A T 28R 2 A T D1 2 0m AN R ek —
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