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Motion-aware Frame Rate Adjustment Algorithm for Mobile Game

LIANG Yu-Zhi, HUO Yu-Chi, WANG Rui
(State Key Lab of Computer Aided Design and Computer Graphics (Zhejiang University), Hangzhou 310058, China)

Abstract: As mobile devices are widely used, the performance of their graphics processors has increasingly improved. To meet users’
continuous pursuit of excellent experience, the screen resolution and refresh rate of mobile devices are constantly increasing every year. At
the same time, the programmable shading pipeline in mobile games is becoming more complex, which leads to game applications
becoming the main source of power consumption for mobile devices. This work studies the rendering pipeline in mobile games and
proposes a motion-aware rendering frame rate adjustment method to ensure rendering quality in power-saving mode. Unlike previous
prediction models that only consider rendering errors of historical frames, this method builds a nonlinear model between camera pose and
inter-frame rendering error and predicts error based on the new frame’s camera pose, thus achieving more accurate frame rate adjustment
strategies. In addition, the method also includes a lightweight scene recognition module that can adjust the error threshold according to the
specific scene where the player is located, thereby adopting different degrees of frame rate adjustment strategies. Quantitatively compared
with the prediction model that only considers historical frame errors, the proposed model improves the prediction accuracy on game frame
sequences by more than 30%. At the same time, in the qualitative comparison of user experiments, under the same frame-skipping ratio,

the proposed algorithm can achieve higher rendering quality and better user experience. The algorithm integrates historical frame errors and
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camera information to predict more accurate future frame errors. It also combines prediction and scene recognition results to achieve better
dynamic frame rate adjustment performance.

Key words: real-time rendering; power optimization; adaptive frame rate adjustment

IEAER, R B4 1038 I SRR T =, 1B 5 BT AL 28 1k R AN W 3 5t B shilfe sk T &8 78 70 P BB b 3
FEPERE TR T, B 8 37 S AR I AT RN A L S I 5T A% B, SRR R 2 U R s AR R, IR SI BE 2 P
SR, Xt S 80 2 W Ab B 38 I PE B AR 2 T0 IR S T R B AT TR SR, A 4h, Bahilt & bim o Jr e e B
AN, W1 1080p (1920%1080) T4 BUANRAERL &, T Ha X & 1 73 H# 3 T 4L F 2K (2560%1440) £ 2 4K (3840x
2160). [FIF, 4 T $& - F PRI I, #3014 00 B e Rl 37 28 th AN T4 w1, MALATITIY 60 fps B0 T 120 fps,
144 fps, 4 240 fps. = 53 HE 3 A = Rl T 32 A 900 5 AT HE 26 CUIRBUREI-FT, IR E R A &
FRAS BB T R 0 AR IR A 2R FE B IO b T, XSS PR R AR K 2R R T RTATR A 1R 0. 5 S & AR,
R Bl 5 4% i = A ) FRLUE AL IS, JF e R N 1) 52 21 7 FH AR 5 10 BERE PR ), T ViR R R B RS Bl K 4% B AR 1 LR K.

M7 5 B4 N B Ll 2 TR e, BTSN AN [ A P T T A 7 2k DA AR Rk 2 R AT K 2R KT RERE. A T
PRSI NAR LY (V) 55 4 FE, 20715 )2 R 28 R 1 R o PR A B 0 i 2 i TR AL AR BE AN R IR AR AR, 225 il ) AR B AR L 5
Bt 224 U0 W 26 ARAIE B B (R BT T BRAR T 2 A . 4R A s N B K 2, T xR AR 1R RSB 1 B 500t g
FEr= A B, G DE R R, B R B, ROERE R B2, 7RI — ATk, B 70 AT 7 T R A U R T
ANTR] ) 1 T A B SR A R 22 1) 24, DASEIL S IR BURMIRREFEDY) H AR, el RKRIAT TG, 2R AR T B 4 il
FEB1. 38 3 A 57 23 1) AT 938 R, AT LABRAR i 10 1% 25 € R 0 i 78 i 1) _E AT 19 3 I SRR U i s
PLBHAS (TR R O, BA I et 1) S E R R REAE I 2 B ) T R U A T 45 S B 5

AP T — P AR 7k, F T BGE AL sl R MR AR, TEWERRIS AT WA, BT R Rl i R TR G, BRIk
ATV TR sk o 1) G SR AT TR SR, SR 2t 5 3SR 22 T 7 SR ot iR 22 TH0M oR SR i 22 A7 7E — 5 J= PR .
Hwang 25 A\ $2 H i RAVEN HEZL VSR F 7 1 S0, K58 22 (R0 790 1 B 00 AT bR AR, T SR AR 25 /N T BRI, AR AR
LR 24 R AR OLRE 2 65 75y, T DAk 25 ). 30X — SR B AE 22 /T — AR I {87 SRR Bl xR R IR R AT, I e xR
2D SME ek, B 3D Wink, HIp RS HBAR, B iR 22 T 5 ik 5848 2. SR, Mt kB2 AfEL
SER R (MOBA) ELAg 4 2% (A 5l i U8 S8 3, 4 B O MDA 20 L 4R P& .

A SCHIBIEFLET X M BT RAT RS BF & 5 o iR 3 T — e el T Bl A Wi R B, BEREAE T R
PRI (RIS GRUETE G . BRI, FATR T —Fh I8 g A i) 58 22 TR A, 30 io 78 ST A 40 W15 22 RO AZ ML
LA [ AR LR 1t 2 2R, AR AN 25 it (B BRAR ML 22 M HH LB i 22, R AR 1% 2 P W 75 T LABk i v
LAzt R TG R8T S iy i 22 (0 B 7 v, FRAT AR v T T00 vt e 1, DA T S B0 R e P ot 2R ko SR s [+
B, BATHIINEIC R IR R BT R A BT AL BRI 5, FRIRIE AN R 5 15 18 R 8 B2 4% 22 RE, DASEIUA R AR B2 1
i 2 PR SRS . 27 BRI, AR5 VAR 3 ZE DTk .

(1) BB BT 6 55— A FRGS T U xR K Bl 25 ol 48 Y 4 vk

(2) I8 BB AN IR 52 B e 2 )R 22 T A

(3) PRIEIZ ST, GRS IR YE 7 5 3h A5 T HE Byt 13 5.
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L1 SERTRFISEMK

RS A S 2 E ZRAFRRCR, Gl ST YE AR SOERE LK B 5 2 8] 42 R OB IR &5 A
RORHAT % B RTS8, F TP B B R B Wang 25\ VP 2016 4R48 H 1 3 T HH S A0 RE IR AL AE
28, VLN SCH A7 Gk 1 S5t e D 2 4] 2 50 M0 SRITRTHS, FFAE S 2 s b AT A A s L. 28T, T
ZHESE S ZACI (A () PRALEE, I H A 450 5 SR B G, DRIAE AT ™ J e A A7 T A A2 14 s R
. Zhang 55 N "R T —FITELR BEREOR A AELE, 38 I A A S BERE R RS TR, SRl B R 2 ) 2
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B SR, 1% 7V R AT AR T ot 45 5 AL AR AN 3 s 1) SE BRI 2 B, AEAE — € PR YE. Zhang 558 N JE 82 )
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HE AN T A0 B, AR B LRI BT AR AL 7 AEAS [ EHE 7 55 T (0 B R 26 A o B R 40, SRR B
VAR B W ok P R 47 B0 . Jindal 25 N 7 BRIERE B3 8 T IX — AR, RUH R T ISR MR, B R T 5 Rk
MISCEAE B, SRR T B S 2 (B AN [R] X IR 3@ B 35 € (VRS). SR1M, X S8 T VR AR Al AF 15 8 — SRR R, B2
SRR R % 7 5 1] b SCHF R B8N A I3 % G-Sync $iR PIEFE S )b STHF A4S % (3 VRS K.
1.3 BT EagRFEMK

EEXT R T 63X — X RE R FEER T B4, AN C& kAT TR E A R A T4, Anttila 25 A1)
T — M T & RS, ZA LM I R B KR RN, BT S S HIH R LR SOt S, kT
L5 F REIR I FE. SR, XA 5 2 SR8 R340, IR T ZoN AT G E — AL F S Choi 2 A 1Y
PEH I LpGL HE S &1 X 38 3 B Sk 801k i AT Re FEAL AL Al A e ik 38 25 B 42 11 OpenGL 122 i) R 4, $2 408
FH 2 22 il iy 4 SR N B P R A TR FH BGRB8 Giad ik oo A 3 5 v A AR 1 B KA 8 3 Sk 1R 88 25 o) P o
3R, FEARYE PR AE B 5525 5] P O BS 00  (Bccentricity) [ 38 %8 £ AN [7] T FHi 0 RORS B . Kim 25 A U7 H O HE 42
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2 Bl SRR E AR

TE 12 R R 26 AR P, AN T R kB 4, AIE R R SRS E . RIER SN E
DA B IR A 25 N FH .4 ) 17 SR R4 45 TR B 2, 38 d ek L T B2 11, 40 OpenGL (FFTS B )™, 3k
JZ 15t SE I BB O B AR Th B, IR 2 1 GPU iy 4 Rz B APAT SERR I 22 Hil 3R 1. AT B4 T B
I IREN 2, TEIE ML, FoATT e Bhid 2 il iy & LARE AR . el St J5, S4Bt LA A% R
R R AEZE IR B A 1 FTR.
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Bk it 751, B 2 R T —REET AL B 3 BT AT RSN, HR, ke SRR, SRR
FIUERAGI A, ARy 2T E R PAT. BRI NS 3 AN Muil (35 N W) B RERAGALE B, 7 s i
GEN-KW, K>0) MZHRERG SN R, FESE G A RSHRIE R, £2 IR, e 2k
2l I RN REBI, W 24k ST IEH I RE, T B2 058 0 45 SR A7t BT A7 A A b G SR mr LBk, Tl
SEEATA LR, ik GPU Ay &ML, FFHEN T — RIERIGE IR, B 3 4t R AR R G L
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3 BERNRFNIME]IRZE T

AT I T 58— AR il 2. A2 X I, S ol v I A7 T B e, BRI, B oK L2k 45 i
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W, U422 ) SR ) 2 AR 2 R M P AR BURE SSIMPUETE BB IM ZR MM SG O B IR, 5 570 B AR 22 1 Ayl 2 7
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Ferf, AT,y AR 23 9F RS WUAER i+ 1 WU 8] B SR LAL RS ARAC R A AR L. ko, ko, ko, ey FSR AR 2L,
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SEFRIAT I, BOERE L B E S T B, IR X S AN R b DR 157 SR 4 IR A SERRse i,
AR TR BB E N =3 3488, I THAT I S EAE, LA 1T M R DA TR e R . Bk
AR e

Yi= Wg - Xi 5)
Hot, X =< X0, Xi1s Xy oo ou X, 1> A § I S5 RIS, w, =< wo, wi,wa, oo W, w, > RS XTI R
MERS L. WEARE n+ 1 IR, Bn — Ry 125 R B0 A H y, b, HERF R SR
SR HEMAERT o, RRIMKA LT Z5 S, ST 5 S .

TEFIWT A CUEE § AL T3 AL & T AN, FRATTHCE i 2 HT m W (m = 50) & BN EH[RZ AT S IR E
HIjZE v, = uwr:

v, = Z [Err(j,j+ 1) —mean(Err)]* ©)

AR AT E AR, LR RIERMIER 5 A 0178 & FBUR SRR I ZE AR5 05 48 S AME DL BT A
Al AHEE T 3OO, 5 A O T 2] 1% 22 6 I [ B 1075 22 SR 3RATTIE R 0 Do 5 i u s 3R 4T 73 Hr A B, X4
B A A = AR SR A LUK BUE N — A BRE AT IX 2. B 6 o T 5 AP 51l vh 2 il iR 22 1) 75 22 0 A 15 0L,
(a)—(c) RIKAE N R IRHIFFI, (). (e) R EINEHIFF A, WIEDLRAE F S AT PR FAT . W] LA
WS B, 5 N RIS SRR T 22 0 A K EORT LU I S 2 o BUELR X 23 % T = W AR 1000 &%, BA T x =< v, 1>
VER TR BTN, Windoor =< wo, wy > {E AR ZHY.
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ZH w0 wi wy w3 ZH wo wi
A 6.6 —-6.13 18.84 —0.8 A 0.1 1.0

5 ETHUNAYmERIEE
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Tindoor = 1.5% Tothers

®)

Igrass =15x% Tothers

41, FEAEYTI T AL TP R LKA 1) RO, B SO A PIUE SR A B4, 2) BT
BT, B LA AT S5 51 b HI— 0 B A L0 10 s, A T B (R e P R A RS
FRRENS T H I EE S, RO 1A BUR K PTRR AT T FOUR S M0 DAL, 240 AR TR, Ff TR Fi
RIBHC < R, o ook s .y A L2 F-BRMOR A, B HE BB SHON < k0 ke, ko gk
3 R 4 5y BIF0 TIRFTRRAS R HUIH A2 SO,

Algorithm 1. D48 S B (pocket-pla).
iterations = Maz__Iter |/ B RRIFERIRE
[/ WIHE A WEIRAE AR R AR
dataset = {x1, %2, ..., x5}, labels = {y1, 92, ..., Y}
/] BV AR B4, RN
w = rand(n), best_w = rand(n)
best_num = CALC _FALSE(dataset,labels, w)
i=0
while ¢ < iterations do
rand_idx = rand(len(dataset)) // FEALIME—REAS

cur__data = dataset[rand_idx], cur_label = labels[rand_idzx)

cur_y = Dot{cur__data,w)
[/ BETMEREER, BIESH w
if sign(cur_y)! = cur_label then
w = w + cur__data X cur_label
/] VSRS B R AR
cur__false_num = CALCFALSE(dataset, labels, w)
// ERR TSR R 2
if cur__false_num < best_nwm then
best_num = cur__false_num
best_w = w
end if
end if
end while

return best_w

B8 R S SE D RS

HHMI&
S5

ekt ek
{ Lingide ; e Bk
{@w7 f%m?
Ko 4RSS R EBIE Bl 10 Bk
£ 3 BCRSHEISH 4 FEEMCURSHE IS H
EJE'I‘ﬁ’{j(?S k(s)kip k?kip k;kip k;kip Z:EJE'M}H(;S kgoskip kl]lOSkip k;oskip k;OSkip
SHUE 0.948 0.0001036 487.15 0.257 ZHE 0.866 9.354 164.03 0.294
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6.1 RETHETRMMN

SVEAE T LA 5 22 6, 5 S B A A AT W SurfaceFlinger 1 AIZE iS4 GPU SUHE, JEAE Fr 7045 1o 3%
SEE. MR ) 23 SR AR T I 23 3 AR K 1O FFAY, TRt 2 3 R RERESR T, A T B ARG (0 35V 1) A7 T
B, AR AR ZE N IR R EL 1/4 2> FE R IMTSEAE, RIZERE ) A 1) b AR — MR B — Ik, T8 5
K3 1/4. [RIF, AT 7R 18] F 78 25 30BN b2 8], FATRHHL3h Gitter) (977 2065 4 Ui 7 — AR 210 2 x 2 AR 3.
N T BARMET ALY GPU SUFR I TFAY, 3RA1TSE7E GPU Hf 81 8 AN SLFR 28 v X, 45 T R 22 1) 425 L 315k i
SBT3 SR T S0, I S0 AN S 22 1 X )T [ F B 86 4. S ] A9/ S0 B 1 VR B
6.2 RIKLZLEIREIRIP

B F AT S SLBAE L R R IR B2, ATk 22 (¥ OpenGL 1R 3C AR, 1M Sk M AT th 5 BE 47
— R SER LR (render pass). A T AR AT, FAl 175 BAEIBAT AT 5 AT IR IR AIRESIKE. % 5 51
BT TR EARAEAKEL DOPIRAS. $RAT W [R5 22 TF AT, FRATT S8 P R AN ARASKE B (gl Get™” bR BRI X% 4 B IR A H
HARLEAERS R, PAT 58 IR 2215505 1 T X B2 1 gl Set* BRBGHAT IR SR E .

&5 OpenGLIRZ

VIEWPORT SR NGN
CURRENT PROGRAM MHTGEE IR T T
TEXTURE_BINDING 2D TSR E SRR S

VERTEX ARRAY BUFFER TG0 5E T s M 2
DRAW FRAME BUFFER T 46 5E W ZE A7

6.3 EIUREHIERIRE

BT SR TR IR 3N Z BLERA T EE XS B2 R E B, BRI e B i B D15 2R BRI RPIR S S
B BATRH M4 #1 T E MGD (mali graphic debugger) $IVEXFE 2 HTWUTF 51, £F 0K (RIFRETEY M AIRA, 3
VR IRAERE WO BLFEER b, Ti s (L 38 PRA BR B BT TR, 28 1 AN B YU E itz soh B s 2 =1
s, RS — IR 2 2 N EUR IR s T AR B, A — SR T — . TR T R 2SR
B A oy ARG AL %, BRI IRATT 8 7 B 28 1 AN EHs e b 95 52 S3AG U BEE 1) iy 4, 8 I 0k 0 24 o 4 1o B3 5 HE i A
HOEREUE .

7 3 E

7.1 TR

A A I S A5 2 SR O A SR i 22 f 7 2 VAR B, BRATT A TR AR 2L 2% F& T B AR LA S AR Ak, 38 3o 7 — o
(AR Ak T L 20 ) 4 R (45 2, DA ST 00 B A 90 T 1 10 %o b 7 78 A T 00 A 28 ot 7 %L ) TR 42
2. W 0 i 25 I ) SRS AN 25 £E g SR Ui 22 (NS5 FRFRAG LA ), 1T B (o il 28 36 R AT 2L, T 56 4
BATARMWE S, & 58 AT I 52 USSR R AT TR, A1 b 3 050 DK P T 352 22 . 1 i 2 0 2% R 1B — it A5
B, FIH R 5C RIEAT M, AT 2R T BUHR 2. % 6 ML A Febr sk B /R BA 7 R, 55 1
ANFERR AR A S R B, FH R 7 S i3 2 R AR SR AR 22 IR A S . T 3RAT 10 05 28, AR A 2 05 3, o AR AR ML
PLEARA BN SEPE AR ZE AT AR, I RAE UG 1R 2 A R B X FAH B EBHUT ZE 17 %, BATR R LG
FERERZE MIAR S R A 58 2 NRFR AR BTN R 22, FATK L T R — Wi B R T R TR .
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Ro PR EIEE XSt

LAY N FETEAGAL % LB
HHR FRHL 0.894 0.933
TH 5% 22 0.00021 0.00013

— TEEBEHLAN \
, — BRI ,
0 200 400 600 800 1 000

BT 2 T i 22 5 bl

WEE 10 FioR, SVEPAT IS AT REAL T BRI R B B FCIR 2, BAT16E A -5 R e R A L AR AR S 450k Tl 22 ]
. R T HREIR T ICECRAS B AL 4. 24 R A R AL, TE 8 BE AL AT FoR S #E AR IR S 50 th T
T bR S T i N TR I P 158 22 43 A7 A [+, 388 PR R I TR Vi i P AS DR, 81 bk JHC 00 00 A A 1 £ BRAIG. S 4, A 2 =%
FEARAG LA 2, LTI 158 22 52 4 ACDR A5 7D B 1 BE /)N,

72 APER

N T BRSPS R T BT P S5, FAVER T TR 980 O MR BN BLAT, JEAEH BT T (FIPPAE %)
TR AT L Seat, SRBtmias 7 8 A R, HeH BRI 44 L 1] 4 Bl = b T (B R 51, HAx 6 R
REAHE— ARSI AR, HAhm4 2 CRPFRESE) MBLER. Sa s 3 5, AT BLF 3 for%: () A%
JEBRAZHLI 7 5 7 (AU 3 SE iR 2 AN, (2) 5 REIRAGH U BB AR eI BT R, (3) e BT % H%J&
TGN B3 55, AESRIOTF UG, FA TR 77 2R 7 BUE AT B, 45 3 A7 RAEARF B2 Nk L1292 20%.

FEARF— 505200 v, DN B SR AT T VORI IR R, 3 1 WRIBAT JRAGTIF AR AR AR, 56 2 UIZATFF I 7 Bk
FIE IR AR AR, FEARR AR b, AR 7537 55 h i e B 2 AT 8D, LA 75 & A R 3 AM7 5 DL KA B R AR AR 37 35t
RE—He IR EE FUR, MR R ARG U ik, o, 3 5 FRIERE WA PIIRIRR Z MBS R XA, 2 %R
DR B DXl T SV PR R UAS, (R T DA 32 1 o9 R N 2 TevE 3 52 T i RV e e A .

SIS AE TN 8 Fron. AHELT K 2% e 7 s i (AR 22 10 7 38 (B 2 A1), AT (¥ U A B A 0 2% B T A Sk
(RIFRAR AL 28, Bl 8% AR B0 2% S B 8 6 TO0000 HE S A 1 3R 22, AT TH PR P AR . 45 26 T3 OB B AL 1R e B, 55
RS R AN R 37 5t B O L B R DA SO i SR . DKLU, e B 7 SRAE S P RAS T R I A

R T BAMCRES T A R AR TR ZE 5% b *®8 ML RIT
HLTR A RIREH % [RGB KIFIR AHEBIREI BRI H RGN R
T A 2.92x1074 1.68x107* WiE 1 3 3 2
Bk 7 2.54x 1074 1.66x 10~ 32 2 3 3
383 3 3 3
Eim4 2 3 3
SLBIN] 3 2 3
Eime6 2 3 3
k1 1 2 2
£l2 1 1 2
gy 17 20 21

7.3 BEFEWER
PATTAE R 080 & FI M AEFEMI B AR He_EINR T ixk (RIPASTE) 7 60 fps I8 B AU 25, MR 45
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IR 9 PR, JT e B AR AR R R FH 7 AR 1R 90 xR BT BEAE 32 200k B T GPU, BESKILIEIE 70 mAh I ]
REAEFEAC. BLAR, th T8 T 264, CPU 5 GPU Z IA) (i {5 thiak /b, Kk CPU REAE A — & 1 TR

RO WM BRI REAEI 2 45 R (mAD)

iz Rt VANER AV

CPUISH 97.7 93

GPUT)# 252.1 186.8
MIhE 349.8 279.8

ASCHEHY T —FhEE T IE BB A B S WA B SRE. 5 I 2 (05 pE it A 222 ) R 22 O TN AR R LE, A5 VA A
TRAE p QT 25 R8T SRS . 8 A AR R TR ) S i 8] (0 22 R 22 5 SR AR LA 26 2 18] (AR 2 1 5%
AR, 2SI e B HER AR SR i 4 1R 22, AT SE B RER A ) i R R B4, D T A RA REAE AR Ui X P AN ]
(K137 55 & LA B, ARSI T 355 R A e, 38 1ol 0 0 e P T B R 5564597 S5 R 45 2R, DU B SRkt A
BB . SEIG S5 FoRAE, AR TTEAR R T 2 A A TR BA S 4 O AT P AR, SRS T IR A — el N 52
5 TR T R SR R R AR, (BB AT 53 15 14 REAE, S & T AR il ki — M e iz AT i, 2 P
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