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Abstract

Endurance prediction for smartphone batteries involves the coupling among load dynamics, battery
state, and ambient thermal effects. In existing studies, these three factors are mostly treated separately,
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resulting in insufficient prediction accuracy under complex usage scenarios. In this paper, a load-
electrochemical-thermal coupling model is established. Starting from a linear discharge description,
the model progressively incorporates hardware power consumption decomposition, voltage feed-
back, temperature feedback, variation of battery parameters with operating conditions, and ther-
mal coupling effects, forming a system of continuous differential-algebraic equations. Simulations
of battery endurance are conducted under five typical scenarios, namely standby, light use, video
playback, 3D gaming, and navigation. Monte Carlo tests are further performed under three atypical
operating conditions, i.e., extreme low temperature, frequent load fluctuations, and parameter un-
certainty. The results show that processor load and screen brightness are the dominant factors af-
fecting endurance, causing endurance differences of approximately 86% and 48%, respectively,
within their respective variation ranges. In the low state of charge region, the actual discharge rate
is significantly faster than the linear estimation due to the voltage feedback effect. Under the three
atypical conditions, the prediction deviations remain within acceptable ranges, with no significant
degradation in accuracy. The proposed modeling framework is applicable to endurance prediction
for other portable devices and can serve as a reference for power management of smartphones.
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Table 2. Hardware activity intensity parameters for each scenario
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Table 3. Simulation scenario design
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Figure 1. TTE prediction under different initial SOC levels and usage scenarios
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Figure 2. Heatmap of deviations relative to the linear TTE model
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Figure 3. Relative impact of various factors on battery endurance
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BUORRFEDTIRAN K . SO E el , TTE SME ) SRAAEIE T, R H IR S Al SR A IS .

SR R bRUEZE )y 0.163 h, 2853 2% 3.9%, & =475t b BB /N o BRI TG B
FrifEZE 9 0.358 h, 285 240 10.1%, SHAEM Y, Ui WG BAELLMT4E A, (5 I A BT 539 0 50 i) AN
E V. =R N TTE TME 2 R BON S, A ML B AN B H I Ea s . SR RE,
ZRARMALAT T TTE T AR RFESE b, A RIR EE S 5ME, S5 ax H 25 5 1 2
/N, RERTE R LI 2 AMTTRE 4G H AR e 1 TR 437 o

4.5. FFELEEE

e — 0 B A AR SRR AR A R B S AR, AT R LA 8 2 8 B Thevenin 55 23 Hi B 455 1Y
(Constant-parameter Equivalent Circuit Model, C-ECM){E A5t Ll #E . C-ECM K A 5 A SRR A [H] 1) LI
b, RS HI ISR SR RS S IR, AREREE . 2B ER SN, B
AL AT 5 H R S L o AT IR = AN SR SO T LG, o B R UE T 3k LR
BEUEETH, PP TTE MIXHWZE . SOC ¥75 1R i% 25 (RMSE) A SOC [X(SOC < 30%)# K
iz, e tha R ik 4 fos.

Table 4. Quantitative comparison of two models under different operating conditions
4. MMEBIERE TR THE S XL

AT C-ECM 1k SOC

T TTE Mi%HE2% SOC RMSE o ; PR
2 TTE (h) TTE (h) X = gt G
o _ . . —V. 0 . () . (] . .
25 f’fﬁﬁg 1.0) 19.18 19.07 0.55% 1.91% 2.29% 0.14/0.11
o ; _ . . +4. 0 . 0 . 0 . .
o5 Cst; gﬁk_ ) 539 5.62 4.28% 1.37% 4.46% 0.04/0.03
A R
. _ . . +13.96% .ol .0c% . .
5 iliﬁﬁ? 09) 13.39 15.26 13.98% 5.81% 13.08% 0.09/0.09
S — — +5.90% 3.03% 6.61% 1.20/1

A HEN AR O CASCERAYC-ECM” , SFIME SIS HITHEEL

MF 4 nTUUEH, T 0 R PR LT —8, TTE W Z{A-0.55%, BB C-ECM 1£5 % 5 it
ETRMA L. TOURES 2% fiJE, C-ECM HRZEZRHI K. 3D R LA T TTE ZEN 4.28%, T EJH
DR s 2 R FLUR SO RN 3458, 1 C-ECM AR [E X — R IRIRZ W E &35 TR 2L F] 13.98%,
J5 R 2 kP o) 25 B () SR ik RGN P BELIRT Y K 5 2 A RS =38 B i, C-ECM [ S BB iR B A& A0 84k,
FEMG G 00N 22 B R4 K. =AM i% SOC i KR ZEHI K T %4k SOC RMSE, i Zikiss Ni&
13.08%, ZIX AR 7 SR PV fs oy 58 . THRITEE T, ARSCBR 35257y C-ECM (1) 1.20 fi5, {HH
HBEWADY, 75 7] 20

LA KE, C-ECM MR M R4ME R S50, HEPGE, Sie THuEM %, EiRE. Zihok
AR S % RS R R, A SHE L BB I =, IR INZ 20%, (HEEHE &
Mediiy il B AL Hth R = RS R A 0L, HAER AT AR R ok, BT S DR LI 43 B A3 2SR 1 8
Yisto AR AT B NHT, WAEBAUEH R —E iS5 E —H T, sz B 2 2
WU BE AR F R RS PR AR B TIOI 2E , T AR LXK S

it
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5. &

AL T RET LR 0 - AL - PR, TR R AR RS A SR AR TR R Bh TSR
R, RO L IR R, BN IR R TR R RIS EE TR
AR R LSRG RN, W NS EOTT R . P RIERFIL. BT MR, 3D Tk
AT LA B 3755 T 0 R ST TRV EEAT T 07 BT, I BRI S BB S HOA 2 =
FARIAY THLREAT 75 RIB IR SRR, AbPR SR BN B Rt R R SN BB AR, A% H K
5T AL T Bl Y I8 I A2 53 0 il 2009 86% 11 48% . IR FELR Bl T R e S AR, SEE B R R 25 AR
TEMEAGH . ZRARMIY THLT, TTE FUU A5 PR FFEe b, BURAE S I T 002 S RESs th AR 8 I TN 45 2R
PEAUHEZ RT3 S HARAE I B ru T B ST, S5 45 A S e b o mT ik — 2D S i TS 2

EL£mAB
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M F

Table Al. Thermal model parameters

3= AL AERBH

inc P A
Ci Kb B S 6.0 JIK
Cy EMIEAES 21.0 JK
Rie M - FEGH 5.0 KIW
Ree Hi - PR AP 7.58 KIW
Rip S - B REE 3.0 KW
Table A2. Maximum power consumption of hardware components
= A2. EHHAH R AT
s EP g
Pery CPU if#IhFE 25W
Peru GPU 3 1) #E 20W
P SRR RS TE 215 W
Posier 4G W 53 BORTEE DIHE 18W
Pers GPS i e 05W
Table A3. RC parameter lookup table after mapping
< A3. BT/ RC BHEN &
AE(C) SoC R, (mQ) R (mQ) C, (F) R, (mQ) C, (A
10 1.00 118.9 1185 35.8 98.8 972.9
10 0.90 124.0 118.2 35.9 98.8 972.8
10 0.80 114.1 110.0 38.6 104.9 955.5
10 0.70 113.1 102.0 419 117.8 891.7
10 0.60 112.8 91.8 47.2 149.8 730.0
10 0.50 115.9 85.7 57.5 175.1 651.6
10 0.40 111.0 93.0 62.5 167.6 698.9
10 0.30 1111 109.0 61.5 159.9 699.4
10 0.20 112.9 133.7 57.9 250.1 374.0
10 0.10 115.9 150.9 53.3 336.2 259.8
10 0.00 111.4 150.9 53.3 336.2 259.8
25 1.00 97.3 86.0 53.3 204 3951.1
25 0.90 94.2 68.8 66.6 73.9 1087.7
25 0.80 93.2 70.8 64.4 52.1 1223.7
25 0.70 91.9 47.9 94.2 91.4 610.8
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25 0.60 923 46.5 91.0 80.6 713.8
25 0.50 91.3 57.3 68.6 80.9 737.5
25 0.40 91.9 39.5 103.2 115.1 410.9
25 0.30 915 55.7 76.3 61.1 544.1
25 0.20 93.2 66.1 63.4 52.5 777.8
25 0.10 101.0 86.1 47.4 269.2 198.9
25 0.00 98.2 161.1 25.3 133.7 400.5
40 1.00 85.8 57.6 83.2 11.4 7263.8
40 0.90 83.4 56.0 85.7 42.3 1945.6
40 0.80 82.0 59.8 81.4 27.3 2418.9
40 0.70 81.2 45.9 106.6 55.7 965.5
40 0.60 81.6 48.1 90.8 385 1217.2
40 0.50 82.0 47.0 75.7 59.0 692.5
40 0.40 81.0 41.7 75.9 52.3 574.0
40 0.30 81.7 45.4 65.4 34.0 662.4
40 0.20 82.8 31.9 110.6 44.3 552.5
40 0.10 87.0 81.9 54.2 48.9 615.8
40 0.00 89.8 80.9 54.9 333.9 90.3
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