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BOSCH GTM Virtual Prototype Integration

Outline

= BOSCHGTM IP

= BOSCH GTM SystemC virtual prototype

= COSIDE integration of BOSCH SystemC virtual prototype

" Programing of the BOSCH GTM within the virtual prototype

= Export to Simulink
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GTM IP - Introduction
Motivation | why GT™ (Gen 1) 2

» GTM - Scalable I/O processor platform for ...
» ... different application domains (designed for: powertrain, traction control, chassis control, xEV, industry, ...)
» ... different classes within one application domain (e.g. 4 cyl. vs 8 cyl. engine)

» Common requirements: A sensors
» Multiple capture/compare of external signals and :' “a'; » Magnetic Hall, ... v
combination with time stamps ! : _,II; » Signal Generation
» Generation of complex output signal waveforms : i3 o e 4
(e.g_ PWM signals) : : l': » Solenoid: Injectors, Valves, ... v
) i I i » Transformers: DC/DC v
» Provide common time base for system ! s 3 > MotorDrve/.. A v
» Minimal CPU interaction / interrupt requests to i o 1 o
reduce CPU load ¥ Syviom i e
1 ,‘lp : Tt
| ! ;
» Application specific requirements: ; _ i » Combustion Engine Control
> P . d | &R KAl : ,.,,::':;:’ Contrélie f‘.ll; » Engine Position v
owertrain needs complex angle clock mechanism ! ;‘i'.l > Injection Control | >
» Transmission control needs BLDC support : |
I
3 Automotive Electronics | AE/EID | 9/6/2017 (Q_:w BOSCH
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GTM IP - Introduction
Legal framework

Requirements
© BOSCH| . 4
c 1
Power Train 3 4
= |
Motor Control :g_ \
:
S . Common
| Fteqmrements
Continental > s
2 '

OEMs/Tierl )

L)
L)
T

IP Design

MCU Design

System Design

Engineering of
Intellectual
Property

No exchange of
application Know-how

and IP Rights between : Inﬁ neon I

% M I
requirements providers : {

RENESAS‘

- .n..-.-.""'
. ' MCU - Device e
i STMmmelectrOHmS """ R *S

¥
1
i

Protection by contract
andfor NDA

Bosch AE distributes right of the requirements provider to S/C suppliers

Automotive Electranics | AE/EID | 882017
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GTM — Much more than a timer
Support supply chain risk mitigation

Advantage:
» Time dependent functionality completely
covered in GTM - TIM, TOM, ARU, MCS

» Not real time part of SW driver in C-Code
Covered by run on main pC Core outside GTM - low
GTM VHDL IP effort compilation for different cores
Result: Same complex driver running
with same real time behavior on
huController from different vendors
Microcontroller » Service layer with Mem-Stack, Com-
Stack and Security covered by SW

Application Layer

Service layer with AUTOSAR Run Time Environment (RTE)
Mem-Stack, Com-

Stack and Security
covered by SW

Complex
ECU Abstraction Layer Device
Drivers

v

MCAL

Reduce effort in embedded control projects to support pController multi-supplier strategy

Internal | PS-EC/EHM | 2022-09-14

289_214 @ BOSCH
y |
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GTM IP - Introduction
Concept & Architecture | ... a scalable I/O processor for automotive and industry pCs

» Programmability by external CPU(s)

» Hardware sub-modules to implement common timer functionality

» Internal core(s) with RISC-like instruction set (MCS) Rt T G e )
(e
» Dedicated sub-modules for special functions of different _ _ : e pomes poan

application domains, e.g.:

- Engine positioning (DPLL)

uC save IF

- Sensor Evaluation (SPE) . ) .
— Support of safety functions (CMP, MON)

» Central routing unit connects sub-modules and I/O ports in

flexible manner

mrm AE) b - ik duster & g commenication
TSN ARU bus — e & e chaster commnica lion

» Optional pC bus master capability to enable workload offloading

from pC cores

5 Autornotive Electronics | AE/EID | 9/6/2017 @ BOSCH
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BOSCH GTM Virtual Prototype Integration
SystemC Model

= BOSCH provides a SystemC model for the GTM IP

= Low Cost virtual GTM prototype

= Platform to provide applications and user examples independent of available/planned Microcontrollers of different
companies

= BOSCH GTM model is integrated in COSIDE

= COSEDA Tools permit the export of the model to:

= Matlab / Simulink
= (Cadence Incisive

= Siemens EDA Questa

cosepAa 7
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BOSCH GTM Virtual Prototype Integration
COSIDE Integration

= BOSCH GTM Model implements maximal = Bl
configuration =2 | =

" Not used parts have no performance
impact

= Ports of channels represented by vectors

= Model can be configured graphically
using the schematic editor

i

i

i
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BOSCH GTM Virtual Prototype Integration
Principle Programing BOSCH GTM Virtual Prototype

* The model provides a TLM interface

= C-functions provided to send commands
via this interface (HAL)

= TLM interface can be also connected
with a micro controller model

= Controller independent and dependent
simulation possible

= Some backdoor functionality for
debugging
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BOSCH GTM Virtual Prototype Integration

Example functional controller program using HAL

void coseda_testl_program()

{

gtm uint32 aei status=0;

gtm _aei wait ns(100);

std::uint32_t data=0;

module report::set _report Level("bus","DBG1");

data=gtm_aei read(CCMO_HW_CONF2,&aei status);
gtm _aei wait ns(100);

gtm aei write(CCMO_HW_CONF2,0x2,&aei_status);
gtm _aei wait ns(200);

GAL_INFO("Loading program to MCS RAM ...");
for (i= ©; i < SIZE_G_COSEDA_TEST2_MCS_MEM/4; i++)

{

}

if (g_coseda_test2_mcs_mem[i] !=0 )

{
}

GTM_CLSIM(MCS_MEM,0Q,i+offset)=mcs_mem[i];

// run MCS channel
GTM_CLSI(MCS,0,CH[O].CTRL) = ox1;

// wait until MCS program started
while (GTM_CLSI(MCS,0,CH[0].PC) == 0x0);

// wait until MCS program finished
while (GTM_CLSI(MCS,0,CH[@].CTRL) & Ox1);
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BOSCH GTM Virtual Prototype Integration
COSIDE Integration

i_conv_de5
<couble, sc_bveB> >

i_sca_vsourcel

init_value = 0.0
ofset = 420
amplituce = 0.0
frecuency = 0.0
phase= 0.0

delzy = sc_core:SC_ZERO_TIME inp
2c_emplinge = 0.0
2c_phase = 0.0
sc_rcise_smplinge= 0.0

i_sca_de_oggle_sw1

i_sca_de_isink2

i_gtm_motor1 ron=0.0

roff = sca_util=SCA_INFINITY

g _imin i_sca_de_fogagle_sw2

v

i_bldc_motor1

program = ‘t=st_program”

| By 4

ron =00
& INFINITY

roff = sca_utl: SCA_INF|

i_dac3

i_sca_de_isink1
o—ggle_sw3 p
p2 ©
pl "
p3 A sclle= 1066
ren= 00
roff = sca_uil:SCAINFINITY

i_conv_ded
<double, sc_bv<B> >

BLDC_MOTOR
|_phese - 02623
ni_prese = 05

iritial_srgle = 0.0

INERTIA_R

i=10

init_rot = 0.0

i_gnd_rl
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BOSCH GTM Virtual Prototype Integration
Principal GTM Model Export

BOSCH
SystemC
GTM

Model

)

Simulation Tool

e.g. Simulink

ECDSEDA Confidential

Techrnologies

12




BOSCH GTM Virtual Prototype Integration
Export GTM Model to Simulink

o —— was  wame | ==z v — — - - T T—— . - - . . B — . . .

[C] cosIDE® Explorer X & D';;-'" Evnlnrar = A Flrac tancram| 1} adc_slavexml 1} dbg_slave.xm| 1} gtm_controll... [€] cos_top_sim... [ aei_address_... # *cos_top_obj... F] *motor_cont... F] *gtm_
ew >
v cos_gtm_ip_41 [trun Open F3 Lamseusme_sst s
> By amiq_rm Open With > Vo i .
> By cos_app e - == -QFL
v &g cos_top [) Generate Documentation Ctrl+Alt+D - e
v 4% Binaries [€] ' > ARM > P -
s P
cos_top_sc ) 5 - e
@ cos_top_sit Copy Ctrl+C  Ca@ Cadence Xcelium (White-Box) > -.-..[-Da 2o :
v B Tracefiles  [§ Paste Ctrl+V  ca Cadence Xcelium (Black-Box) > ) : ]
|5 cos_top_ot ¢4 Move Ca Cadence Xcelium (Verilog) > e D e
> &} adc_slave Rename F2 ca Cadence Virtuoso > =
> §i} cos_tim_targe -
Delete Delete e
v 3 cos_top
[& cos_top_sc «[» Rename/Move Module i ' ~
[ cos_top_sit fF Copy Module Q  SiemensEDA/Mentor Questa > 4+ Import Model Alt+Shift+D —v--
[a cos_top.cp . Siemens EDA Catapult > —
. & Refresh F5 P
[1§ cos top.h 3 % B Synopsis Saber > e
(i3 cos_top.hti ~, e S
.g e b Fe syn  Synopsis Virtualizer/PA > -
_topsci ]
4 Export o
[ cos_topxn \/ Verilator > o
> §i% dac © RunAs > N ]
> §i dbg_slave % Debug As y \/ Xilinx Vivado > :::.:__,_‘:5
> §i¢ gtm_controlle e
Team > .
v &3 gtm_motor ==
[(3 gtm_moto Compare With > -
[} gtm_moto Replace With > = E :-éz:-:
-ﬁ gtm_moto P i - -
& gtm_moto roperties It+Enter =
> §i% gtm_spe_dummy .
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BOSCH GTM Virtual Prototype Integration

Simulink export example — BLDC Motor Control

DC Voltage Source

—= Electrical Reference1

.. l
PS Gain2 Electrical Referenced

Switch3 i_bldc_motor

l
PS Gan1 Electrical Reference3

@
Current Sensor1
Switch2

)
AL Switchd

=

Electrical Reference

model.mex

SimulinkPS
Converter1 Cornverter

@.((k:.

Simulink

HO—-
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BOSCH GTM Virtual Prototype Integration
GTM Simulink Model

= Simulink models for a default GTM configurations will be provided
= Customized configurations can be provided on request

= COSIDE user can configure/change the GTM and export it to Simulink themselves

= COSEDA will provide a download link for a Simulink model with an often used
configuration

= Other configurations can be requested via BOSCH

(i OsSseEDA

Nologies

15



