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Abstract : In recent years, software complexity in vehicle Android AVN(Audio, Video, and Navigation) systems has
increased due to rising customer demands. As a result, booting speed has significantly been slower compared to previous
systems. This paper is presenting a case study on the implementation of Suspend to RAM(STR) functionality in vehicle
Android AVN systems, focusing on its application across various layers. STR reduces power consumption, and enables rapid
resumption, thereby enhancing user experience. This study is aimed at exploring the technical principles, implementation
methods, and performance evaluation of STR in a real vehicle environment, examining each layer and key considerations.
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Product | Voltage(V) Capacity (AH)
Bsme 5HR 20HR
GB 40L 12 32 40
GB 40R 12 a2 A0
GB 40AL 12 32 40
GB 50L 12 40 50
GB 60R 12 48 60
GB 60AL 12 48 60
GB BOL 12 64 80
GB BOR 12 64 80
GB 90L 12 72 90
GB 90R 12 72 90
GB 95R 12 72 80
GB 100L 12 20 100
GB 100R 12 80 100
GB 100BR 12 80 100

Fig. 2 Some vehicle battery products

AZAH 02 A7) 7)o @A € STR 7| 5ol A AR
T H A3 A2 FH4L 243 E T8 20|
STRo| 5 2+5}o] Suspend state el 2 Yahd A2 A
T7F H A Aol =i}, o] A E Rock bottom©] 2}
31 311 o] Rock bottom S vt} B G217} Al E 2]
F4L AAAE 7|0l o). Fig 32 At FL 7|2
2 AR AFE FHT 19| H, Rock bottom©| FE&FF
AlZro] Aol mhe} AR A Fe] A FE HA olaT
T Q=5 A28l 819t

Current mA
\
:
3
[ -4
3

/STR time

0 mA
A\
N
:
3

Time T

Fig. 3 Current consumption on a time axis

42 STR O3 /A & A B2 & 20|3

olu] ¢k 27N A%k Fig. 49} 7Fo] STRo| 1] 4 85
AVN F & CPU9] A Y-S VCPUON A Ao 5l ar AF-&2}
o] 2= A9 Ao} F-2 Remote A7} = H-$ VCPU
£ CPUY| A& ¢I718tal CPUE 25 REE 3%
T}, o= 2 o] = 7|8k AVN A 2 B2 Bootloader 7] 3}, #
9 249, Zygote H System server 75 5 H% F8 A
F2E AXNEBE, E= L EZ &8 H7|7HA ¢ 25%9)
AlZbo] 22 T} AVN Al STR 7|5 0] H-&o] =¥
VCPUE STR ©|¥IE & CPU ol Al €3}3 CPUE STR
& TP ) vl WA 2 AL A} AFF 22} Al VCPUE
GPIO(General Purpose Input/Output)E ©]-8-3}4] Suspend
state 3} Bl I A] Wake-up=- A1 7] 32 CPUE 1 52| Resume
from RAM 5-2}.© 2 Working state = 3 ©] g},

STR not applied system
Power OFF
| (VJ\J'ICSL%I}) Power ON ; CPU Cold-Boot
STR applied system
L S5TR Co d.
| {chl'f] GPIO Wake-UP cPU T Resume

Fig. 4 Difference in operation with/without STR
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Fig. 6 Suspend / Resume sequence
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Fig. 7 STR mode power supply hardware block
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FRAM (storage memory) Standby
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Ethernet PHY (Deep) Sleep
RTC Narmal (12C bus inactive, CLK disabled)

Fig. 8 STR mode power save
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d to RAM Feature in Vehicle Android AVN System
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29] 98 AF(Pin_ DCDC)S F A9 4] Ao w2
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=
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battery

P_total

@ PinMCU )
12mW MCUSH
(Wake up circuit)

# Cwrreat consumption: Basad en 12VIST

Fig. 9 STR mode current consumption prediction

6.2 VCPU(MCU) layer 0| A| STR 7182 9|81 AL+
VCPU layerol /] STR 1| %8 AVN2] Power A # 29}
STR 7|%5& 91 ¥+ VCPU 312 AL3te)] th&fjA] A gk}
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Y3} U E 93 A ¥stel wef o2 dA R FEE A,
Z} A= A=Y 28 dEE W88 Vel 74 e
Al o & AR AL v 2

Normal Pre-system off
=5
System off
Network sleep !
| Shutdown |

Fig. 10 VCPU power sequence without STR

1) Normal ©A|: 2t 2] 9 R UIE 9| A7} =5 84
3}E o] AVN Al 2Hlo| 523l A H & o7 gt
2) Network sleep T7]: 2}%2] Ignition 3 Accessory
o] 27 Offg o] F Y3t AR MEHA A S
H A HE 718k - 3tolth

3) Pre-system off THA|: 2] A ¢l B Y EH =7} ¢
A3 F2E ol F Fdste @AZ, CPUZL Al of &}
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X

| MNormal |
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Fig. 11 VCPU power Sequence with STR
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olflth VCPUE 54 2 70] 58 F ¢ A 285& STR
el A BAA7|H, o] 2AEL T3} o)

1) 23 21 A (Accessory) % El| ¥ 7

2FF9] Accessory on 2127} {17} A, VCPUE &
Wake-up E2| 7 2 14 3t}

2) Y| E 9] =1 7 3H(Network activation)

A WS4 MIES A7 43159, VCPUE 9%
A 8 F EE R Al A5 el B 52L 53
Fis=

3) RTC ¢ E] ¢ E (Real-time clock interrupt)

AR el 47| Al bl W} RTCEH-E IE P E7 g
AEA, VCPUE ©] & Wake-up E | A 2 214 %},

o] 2} 22 Wake-up 271 A28l o] 41 E 4] §-34
o} FAlol A& B & 75t 519, A 300 A
o] A &4 AHEA A EE T AT

CAN
VCPU Wakeup Ethernet
(MCU) Interrupt RTC

ACC

Fig. 12 Source lists for VCPU to Wake-up

Fig. 122> AVN A] 2 Elo] STR Aol A VCPUE 7$-
71 91 22 B 5E =243} 7 Aol

6.3 BSP layer Of| A STR 8 E 9|8 Da2{Algt
BSP layer®l| ] STR 7] Enable ", 212 A&}, 1] a1
2] 2= Power manager SW architecture®]] th 8] ] A2 o},

6.3.1 2|52 #'H0j|A STR Feature enable

2552 79 ol A STR 715 & Enable 3}7] ]84 &= o}
&7} 2 CONFIG enable S 3flof 3Hc}.™ Fig. 13914 &
Az 2 3} 2ol o} 37] 2] CONFIGE: Enable 3}31 AVN
AN 2¥e] A2 AN YEE dof ).

1) CONFIG_PM

2) CONFIG_SUSPEND

3) CONFIG_PM_SLEEP

sm-ker power/

obj-${CONFIG_PM) += main.o
obj-$(CONFIG_SUSPEND) += suspend.o
obj-$(CONFIG_SUSPEND] += wakeup_reason.o

power/Makefil

obj-$(CONFIG_PM) += sysfs.0 generic_ops.o common.o qos.o runtime,o wakeirg.o
obj-$(CONFIG_PM_SLEEP) += main.o wakeup.c wakeup_stats.o

Fig. 13 STR core driver file in Linux
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6.3.2 2|52 #'99| Power Manager core
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5283, 54 %—% 5’"°ﬂ A 2 2 3 Low level suspend &
=efol¥ & EFetaL sl
<+ struct dev pm_opsE &3] CallbackA| =

Resume2 =33}
o] EdfolH 5L
£ AlFgg.

4 R

msm-kernelWincludeWlinuxWpm.h

struct dev_pm_ops {

int (*suspend)(struct device *dev);
int (*resume)(struct device *dev);

Y J

Fig. 14 Structdev_pm_ops

Z} Peripheral low level driveri=dev_pm_ops®] 2} 553
£ 0]8-3} 9] Suspend 2 Resume callback-& 2] 52 7129
5E35 &9 F2E& Fig 149 YERIT.

Framework layer]| 4] STR #}4¢] $+5 =W, Framework
2 “sys/power/state” path S &-3l] “mem” "% ©. = BSP layer
o STR W& Z &g} STR HH S ¥ # 2 Power
Manager corei= STR 2.=0] Z19]38}7] ]3] Peripheral low
level driver - dev_pm ops®] A&7 E o]-£3}4 Suspend
o 55 EE Driver® TA4 22 &%)

mem™ Return value

User space

kernel space

| T

Linux Suspend f Resume functions

(Ferpheit ) »(Ferphersiz ), »((Poriphorsl ]
{ T

[ CPU suspend/wakeup ]

Fig. 15 Linux kernel STR software architecture

Fig. 15% 2% 2 72 ulolA] Suspend % Resume
callback ¢ F2h& =A8sA FHHFL AT 7—}
Peripheral low level driver:= Suspend &<~°ll 4] 22274
# A 3}5}7] 914 Driver7} A& 3= /O ping: Low leveli
Ao & oF ghrt.

6.3.3 252 HEo|A 1/O pin H|O] 2=
U5 Peripheral low level driver]Suspend/Resume
callback function®| 4] /O & Ao} sh= T2 & A3t}

qcom/proprietary/devicetree/qcom/mobis-pinctrl.dtsi
mobis_gpic96_pins_active: mohis_gpio96_pins_active {
mux {

pins = "gpia96”;
function = "gpia™;

k

config {

pins = “gpio96”;

output-highi  /f ACTIVE_HIGH
¥ input-disable;

i
mobis_gpio96_pins_sleep: mobis_gpio96_pins_sleep {

mux {
pins = "gpio96;
function = “gpio®;

i

config {
pins = "gpio967;
bias—pull-down; // PULL DOWN
input-enable;

%

k

mobis_gpio_pinctrl: mobis_gpio_pinctrl {
campatible = “maobis, mobis_gpio_pinctr™;
pinctri-names = "default”, “sleep®;
pinctri-0 = {&mobis_i gp|095 pins_active};
pinctrl-1 = {&mobis_gpiod6_pins_sleep);

/mobis_pinctri.c

struct pinctrl
struct pinctrl_state
struct pinctrl_state

wg_pinctrl;
*g_state_active;
#g_state_suspend:

static int mobis_pinctrl_resume(struct device *dev) {
pinctrl_select_statelg_pinctrl, g_state_active);

static int mobis_pinctri_suspend{struct device =dev) {
pinctrl_select_statelg_pinctrl, g_state_suspend);
}

static int mebis_pinctrl_probe{struct platform_device +pdev) {
struct device +dev = &pdev-ydev;

g_pinetrl = devm_pinctrl_get{dov);

g_state_active = pinctrl_lookup_state{g_pinctrl, “default™);

g_state_suspend = pinctrl_lookup_state(g_pinctrl, "sleep™);
}

Fig. 16 Linux kemel driver I/O control when STR

1) Device tree: 2] 572 71 Qo 4] Sh=alo] 74 248
A sl= glo|g &0 t]vleo] A~ Eg]= A] AE]
o] 3=90] & 7 o] ekel7] 93 ALEHL.

2) Pinctrl subsystem: ¥ leoi =2 9e) 8= A B A AEo]
9 VO AE AFEAE # s, Pinctrl I}
pinctrl_state -3 & *}%?T“E?

3) Peripheral low level driver: pinctrl_probe <+ tu}o]
227F 2718 o) &5, A Ao} = A E
473 gk}, B3, Pinctrl suspend <72} Pinctrl_resume
g Alaglo] A JHE AEHAG EAT o
SEH 1 A E A
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Fig. 16914 & 3 212} 20| B Peripheral low level
driveri= Suspend/Resume callback function®l| 4] 4~ =7
HA3IE 98] = 8f oF gt

6.3.4 Resume A|ZF 2| 28} T2 AR

VCPUZ} CPU®I 7] GPIO Wake-up2 53§ gt FCPUE=
HW IE|HEE Mgt 1 olF BE #AY Device
driver resume callback function 5= 8§ 3} #| STR ©] & e 2
HEe e 29S¢ o714 BSP layer] Resume
FINNE HA 3 s e S 22 Aol
[ 3}

1) Interrupt service routine -3+l A= W= 7| A ] 8}
71 S§19|| A Return 3ok g}

2) Z} Device driver resume 3570l A= sleep( ) =+
delay( ) 22 Al A 55 HA 38t AR
of gt

3) Z} Device driver resume 370l 4] AlZHS A AA 7]
printk() 22 271 FH & I A A AHE- S o gk

63.5 372t OJALE 2{0j| 0§t STR & 28 M2

F713 %S o834 B 41, STR 7150l A&
5 7] & AVN Al F2 A o] &3] 2ol 1Y &
H| 7} 5431 H| 2.2, STRo| F2t8hE AlF 9 B3 7]
LFAFA AR A {7 o 2% 54 2 = 3], CPU
oA STR A4 AH RTCH S &-8-38t B713F vjALE:
pgel dial 44 Alzrol s STR AFE|A]
Shutdown 2= 2 &8} 2ol E g3},

6.4 Framework layer 0| STR 82 |t D Al

AAOSE 7|92 2 %} Framework layer 724 A9 3
AL A ALEAE 71F 02 Ao VCPUdl A ]
A YF2E 7] 9 2 AAOS Car power framework 2 7%
A71E FEolth ol& AdWsy] s & HoAM=
AAOS Car power state2} 19174 F o] tha]] A3}, o] &
E )& Vehicle HAL(®] 8} VHAL) interface 22 7] 5-5-¢] o
&l 7] &g

6.4.1 AAOS Car power framework

AAOSE Tt o] A9l S ALY S Ed2 o=
A d3t7] 913+ F 6712 Car power stateS ¥ -84 o]
A A A WA o2 Ao}l 3Tt Z} Power state IL-Fr
9] x4 €l 7 B(Power policy)& 7H4#, 31T Aol = A
€4 0 2 On/Off T20] 7Fs @ sh= o] R AL ESof
THa4E9 71dl 52 Algto] HAIE o] ok Power
state {F2] o] o Fe] A o]/d ® VCPUS} VHAL Q! E

616 ERASAZUE =R A34H A5E, 2026

#Ho| A8 F3) Fig. 173 o] A=, Fol | ko]
A@ 299 Ho| A2 A YA g o7 F=
A 2Ee] Ao A S g T4, oS
A ZAE ] 8L RS ° 7)o jok

Fig. 17 AAOS car power sequence

6.42 AAOS 7|8 Framework 722 42|

kA 713t vle} o], vePUS] A9l 3 ALEHE 7
O 2 Car power state®] H o] 212 t}3-3} o] A
3 5 qlrt.

1) Shutdown prepare 7]

21e] Z9 o] On AH|ol A AVNA|2=Hlo] 5-2t8}=
Normal T 9] A, Ignition 2 Accessory 291 0] B Off%]
ol xF UES A7} Sleep FEHIZ HUsl= AHE
Shutdown prepare 7| 2] H o] Al 3] 0 = A o g 5= glr).

2) Suspend to RAM TH7|

1] U ESA7F ¢33 F55 I, STR BA =9
AYE 918 FH X g A2 gk A7 45
¥]= System Off T Al 3 & Suspend to RAM THA| 2.9
Hol NHe= g 4 9t

3) Wait for VHAL & ON 7]

STR " ejell 4] &} A e ¥ UESa &4
3}, =& RTCalam A E| HE LA 52| A0 52 7
$, Al2=851-& STR el A Nommal 52 JH 2 5713}
Al 51, o] A% 2 Suspend resume®l] 2] g Ho] A|H o2
Aol g 4 itk

6.4.3 7t A2l A

Framework ©] T2 A o 3ol B A 45 & &
w3l7] 98 o3 22 FoAEES Az Ul
3 A&7} das)r)

1) STR E.E9]| A ResumeA] VHAL 541 A< & 48}

STR =0 A] A|2=¥lo] Resume® o}, VHAL 2] F41
o] 7Vs &t gt w2 A ANE A =F A A = ojof et
G T3l A A A Qo] AT A, AF T8 3
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B Qo] E7F AAH | AHA A H Ast R A =F A
2 Atz olojd & gint.

2) Suspend 21§} & A Al=H 22 o] 3]

A|2=¥10] Suspend FE| 2 HH 02 Z194517] 9130
A= Garage mode %71, Auto-suspend 4 3| 5 A| 28 2}
HAA AT ¢ Qe TFF 20 S A FEF 0]
3|7} A = of oF At

7. STR D|H2/22 SW Al Data
H Fo A& STR 7]50] A 85A &2 Fejol A<
F= 5 A7k} STR 2 El ol A 2] Resume AlZHE: Bl il
8l7] 91 %t "’F)—“ié A Qrgte}, 3, STR el A A]2~H
o] &b gk Afel g S4 dio|HE 7 A A ).
HA 43 8255 7,’;1’5{ CPU2] HW spec 3} SW spec- o}
Table 17} 20},

Table 1 AVN system hardware and software specification

Kryo™ Gen 6 CPU built on Arm v8.2 Cortex

CPU technology 8x Kryo Gold Prime (64bit-ARMv8
.A)
CPUPMIC  |PMMS650AU (x4) power management IC

CPU Main memory |[LPDDRS5 (x3) SDRAM 12GByte

CPU Storage  |UFS 3.1 gear 4 256GByte

Kernel Linux kernel 5.15

Android Android 13 software
183 83 9 ¥R 43012
279 8172 Photo. 19 LFER v} o} o] AVN A3

o A7 SAS AT HUEHE A2 F, STRIY R
o] F 12V@25 °C AL 4R AFE FAs=
o2 FYP33 ek 3, AE HF 2 Resume Al {FS5A
Aol A=4e §rsy] A3 T 2794 203]

Photo. 1 AVN system STR current consumption

B SAL AN, E =R E 2 HFRE 7]
Fo2 243

128 Al /HIE

A Z A|7F 7] -2 Accessory on*i-E] E1 B €] Home &}
Ho| FAIH £ €171 AlEE §A3AY. E =FA
H 1 3}7] 9]¢ BRI AIZEE o}l ¢} o] AQtet) 2=
F-E o] 18 A] 7+ Bootloader 2 1] 7F} Kemel boot =
A 7} k= 2 o] = Boot 71 A7}, Z12] 31 Home 3HA

o] FA| H & A7k 22 Ak 7HEsA (2)).
Teold boot= Thootteader + Tkernel + Tandroia + Thome Q)

T3, STR Aol A] 2] ResumeX] 7H2 VCPUZ} CPUS
7M$-7] $18) GPIO Wake-up 3+ 3 7] 2 2] Resume 21 2|
Z+3} Framework2] Resume =1 A] ZF, Z1¥] 31 Home 3}H
o] A& E9l 9] 2aA2ke 2 A (3)).

TSTR_reamle = Tknmel_rea.\me ot Tﬁnmewtrk_reamme + Thome (3)

EZH o] F Ao 2RE STRE JEFOo2H AL
A7} Al ke A3k Aol £ 8 % ATHA @),
Taisr = (Toootioader + Ternel + Tandroid) —

@

(Thmml_mmm + Tﬁnn'ewm‘k_resmie)

7.3 STR 0|3 8/H & SW 2&A|ZH &3

STR WA & A e = HE9 1Y A7t STR 2
Eloll Resume A3 A 53 AR gk o} Fig.
187} 2,

o}2] Fig. 1891 4] £ 4= 915©], STR # & % Resume 4]
e ZEREY Y AR QA UEZHE R
AFEt}, o] Y3 Aol & A2 B I} TE FTFAIT
td 7383 9EL .

Time difference between Cold bootand STRResume

Fig. 18 Cold boot time and STR resume time
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7.4 STR MEfe] ARMH2

STR #1§} gk o] F AR Z - Photo. 191 A] & = 30 5%
o], 12v°“’fl zﬁqzrc&aoﬂxﬂ%zzmﬂ Af7F
2HEE AL AT 5 U

8. @&

B =R AE 2}-8 AVN A|E ] STR 7152 A&
871 1% ZH AT ALE A7 BRI STR 7[5 S A E
A EAFaL AlF H-83817] A% g Al
t}. o] STR 7]°&2 T FAHY AVN A| 2= Flo o]m] A&
g o} A& Aito] WY Fojt. olo uhe} ¥ choFt

VN Z 2 Eo A £ 7]55 9] galo] of v, A-g-2} 7
3 T a7 FFHo AAHAN L T Aoz 7Y
o) 3L AR AL FU Rl 8 g5 EA o 2Y
of thaf B} Fd A STR 7153 A 9 #e] &S 9
8] Al ZF v AR 2pFell dig Shutdown BL= 7 8ol &
g 7 A& AFsta ot o}, Hypervisor 7|8k
o] QNX 08¢} Q== 0= 08 7} FA ol BAlE = Y]
08 7]149ke] 7]k Needsoll &l A = 57140 A& 29
& o golt},
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