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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 CAD & CG, 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 paper 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
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dataset = {x1, 72, ..., 21}, labels = {y1,y2, ., Y }
/] BN CIR BIZR SR, 4EREA n.

w = rand(n), best_w = rand(n)

best_num = CALC_FALSE(dataset,labels, w)
i=0

while i < iterations do

rand_idx = rand(len(dataset)) /] BENIHE— REA

cur_data = dataset|rand_idz], cur_label = labels[rand_idx]

cur_y = Dot(cur__data,w)
// BETUNE RIS, BESH v
if sign{cur_y)! = cur_label then
w=w+ cur__data X cur_label
/] RN ST TR AR AL
cur__false_num = CALCFALSE(dataset, labels, w)
/] FERTINEE R A S EL
if cur__false_num < best_num then
best_num = cur__false_num
best_w =w
end if
end if
end while

return best_w
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S 0.948 0.0001036 487.15 0.257 ZHUE 0.866 9.354 164.03 0.294
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6.1 RETHEGRMMN

SRR T LA 5 22 N, T S B AR AT W SurfaceFlinger 1 AIZE s 4y GPU SUHE, JE7E Fr 045 1o 3%
FRSEEL. XTGR9 3 R AR R I 2 AR K 1 1O FRA, RIS AR 2 i IR FEIE T, A T AR 0 387 0 A7 1
BY, TETH S22 22 I FRATT RS2 1/4 40 FER MR AT, RIZERE ) RN r) A8 — MR 3R SR — Ik, AT 5
RE] 1/4. [\, 9 7 ER 1) 78 o5 2N R s ), AR A EL 3 (itter) 1977 304G 4 W08 JT— KA 219 2 x 2 463,
N T RGN GPU SUHLRIITAY, FATIRIEAE GPU Hh G178 5 AN SUHRGE 1 X, 4 VT 22 1) 45 51 3 e bk
SEH B SR N A SUEE, 4 5 ok 1 A S0 2% v DX P T T B 28 0ot 48, TR AT DAk /o 8038 53 1 T
6.2 RIKLGIRTRIP

BT BAT 2L BAE LR K R RSN Z, 4TIk 4 6 [ OpenGL I F 3¢, i Sk AT th & Big 47
— R SEBEL LK (render pass). A T MBI AEAT, BATHR BAEBTHNR HITRESHEFREKE. £ 5 51
% T BEARA AW IIRAS. PAT RN 2 TSR0, FRATT S 1 A A ARSI B gl et bR B R BT AR 24 AR A
RN R P, PAT 5B IR 215 1 F X L I gl Set* B G AT IR SR .

&5 OpenGLIRZ

RE £
VIEWPORT RGN
CURRENT PROGRAM HETYRE M HIRE R 90 S
TEXTURE_BINDING 2D HTGRE SR
VERTEX_ARRAY BUFFER 4058 T s M 2
DRAW_FRAME_ BUFFER 46 5E 2% A7

6.3 EHIRBHIIESRE

BT SRR HE RSN ZE BIRA TN FJE R HE I, BRI e sl FE DS SRR RPIRES S
B BATRH W43 #1 T E MGD (mali graphic debugger) $IVEXFE o HTMUT 51, £FXER (FIFERETE) i RIRA, 3
VR IRAERF WO BLFEER b, Ti s A L35 PR B B BT SE . 28 1 AN B U E iz soh Brd MR 2L =1
e, U T — IR 2R 2 N AR IR s TP AN AR R B, A — NP T — . TR T R 3R
A oy P ARAR AL 2, DR FRATT 8 6 B 28 1 AN Hicd e rb 28 5 S8ARA LI BRI i 2, 7 IR0t 1 42 1o BT 58 B2 Ja A
HERIUE B
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7.1 TR
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I ERARMLAT AL 1 H i 45 SR AR 22, LASBLSE HERA A T P& 11 S6F bb 7 5 A TR0 ASE 284 £ it 5 37 ) o %
72 W0 2 5% I 1 FIOMIASE AN 2 R I SE iR 22 (AN R ARG 22, T 2 € il ekt MEFRAT T IR, F T i 56 4
WA AR AE D, e 58 A MM T 7 S0 WS SR AT TN, DR ULt 5 B0 K 4 T 3% 22 T S U 2 R T — i S
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0.018 -
0.016 +
0.014 +
0.012 +
0.010 +
0.008
0.006
0.004 +
0.002 +

K6 PR EHINEAEN L
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A EARAEHL ZEREHL
HHR R HL 0.894 0.933
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Wl 10 ATz, FIESRAT IS AT BEAL T Bkt A0 SR Bt P AR, FRATTASE FH A5 4 5 RS R B AR B Sk Tl &2 1)
2. R T R T ILECIRAS BB 35 R A d AR BLI, To i B A T AR # A AR S 40 i T
PR T 4 N PR 01 )% 25 0 AR AN [, 388 PR 2R T2 R @ e AS [RIR A, DR L Tl o 1k 2= PR AIG. Sa4h, i =
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7.2 APPSR

N T IRAE SRR T B AT F P SR8, FRAME T BT B 980 (5 i I B A, HTER LT T (RIPRE 8
TEXR 0T P SRS, SEaeiEs T 8 BN 51, HrR S 44 1] 81 Sk ™ i B2 i 2 N 51, 4R 6 423K
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BRI A, M Bl B R PR Ao U i, Horh, 3 3 FoR IR B N IR IR R 2 (A W R X ). 2 43R
T B DX B B TR, (RS T LA 2. 1 3 R A3 0 i 2 1 JB BV IR s U R
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