.

.
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MMWAVE-SDK deep dive

TI's MMWAVE-SDK (MilliMeter Wave Software Development Kit) is a unified software platform for the TI| mmWave
Sensing Portfolio, providing easy setup and fast out-of-the-box access to evaluation and development.

This training provides an overview of the MMWAVE-SDK 3.x architecture and the various building blocks such as
Data Processing Units (DPUs) and Data Processing Chains(DPCs). It also provides a deeper look into the
components with software execution flows accompanied with source code references from the MMWAVE-SDK Out
of Box Demo point cloud processing chain.

We also present some example applications where the Out of box point cloud detection chain is extended to
develop more complex mmWave applications such as Long Range People Detection and Tracking Demo, Traffic
Monitoring Demo and Area Scanner Demo.

What you’ll learn:
« TI MMWAVE-SDK architecture and it's various building blocks such as DPCs and DPUs
« Understand DPM, DPC and DPU execution flows e.g. initialization and runtime operation using source code references
« Developing custom components to extend the out of box processing chain and available examples.
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Agenda

MMWAVE-SDK

— Architecture overview
— Data path design

Data path deep dive
— Initialization
— Configuration
— Execution (Runtime view)

DPUs and DPCs in MMWAVE-SDK 3.x
— DPUs: Range, Static-Clutter removal, Doppler, CFAR-CA and AoA
— DPCs: HWA and DSP based object detection chains

Software development and debugging

— Development resources
— MMWAVE-SDK debugging

Extending SDK architecture for advanced applications
— Considerations for developing custom DPUs and DPCs
— Custom DPUs and DPCs in Industrial Toolbox
— Demo: Long Range People Tracking and, Traffic Monitoring
— Demo: Area Scanner and, Automated Doors and Gates

wip TEXAS INSTRUMENTS
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MMWAVE-SDK - Architecture Overview
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mmWave signal processing

Out-of-Box Demo

4 )
ADC Data
RF Front-End q ADC @ —————————— 7
o / o /
XWR64xXx
4 N N N N ) _
Point C_Ioud
; Pre- | 1stDim FFT 2nd Dim FFT X Detection 31 Dim FFT || onos Yeoe Angel
(Eerﬁ?rg\i?ﬂiégg) (Range) (Velocity) (CFAR) (Angle Arrival)
o AN AN AN AN %
XWR64xx: Radar Accelerator used for this processing
XWR68xx/18xx: Radar Accelerator / C674x DSP used for this processing
1 L
4 A 4 N 4 A XWR68x X
_ o Objects
- Clustering g Tracking . Object Classification ~ [~ >
\ v \ Vs . v
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mmWave SDK contents

* Building blocks

— RTOS, Drivers, and RadarSS firmware

— Scalable data processing blocks and chains to work on HWA or DSP

— Layered / API based Radar analog front end (AFE) programming

— Pre-built software blocks and chains for basic FMCW Radar signal processing

— Catalog of mmWave signal processing algorithms optimized for C674x DSPs including
tracker

— Package for high-security (HS) devices to enable programming encryption keys and
encrypt/authenticate program binaries

 Demonstrations and examples

— TI RTOS based
— Out of box demo with easy configurability via Tl Cloud-based or offline GUI

— Representation of point cloud and benchmarking data from demo via GUI

* Documentation
— Associated tools: Code Composer Studio, TI-RTOS, Uniflash
— Available at http://www.ti.com/tool/MMWAVE-SDK
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http://www.ti.com/tool/CCSTUDIO
http://www.ti.com/tool/TI-RTOS
http://www.ti.com/tool/TI-RTOS
http://www.ti.com/tool/TI-RTOS
http://www.ti.com/tool/UNIFLASH
http://www.ti.com/tool/MMWAVE-SDK
http://www.ti.com/tool/MMWAVE-SDK
http://www.ti.com/tool/MMWAVE-SDK

mmWave SDK architecture

Main highlights:

- Foundational components for SOC
enablement — RTOS, Drivers, h
mmWavelLink, mmWaveLib “ | Vaneae A mmwave APis

- RF Front-end completely abstracted
Processor (DSP and R4) and peripherals

Point Cloud

using mmWaveLink

- mmWave API simplifies device
iIntegration of mmWaveLink

- Data path layer Is an abstraction
over existing driver APIs In the data
flow

- Separation of data processing units
and chain from the application

- Simpler application that does the
iInstantiation of the Datapath layer

7
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MMWAVE-SDK — Datapath Design
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Datapath Layer Design

DPM: Datapath manager

— Foundation layer that enables the "scalability" aspect of the mmWave Application
architecture.

DataPath Manager (DPM)

 DPIF: Standard Interface points in the Detection chain are
defined Datapath Processing Chain (DPC)

— Input ADC data, Radar Cube, Detection Matrix, Point cloud
Removal DPU DPU
« DPUs: Data Translating function(s) from one interface point
to the other are called “Data Processing Units” DataPath EDMA (DPEDMA) DataPath Interface (DPIF)
— Range Processing (ADC data to Radar Cube)

— Doppler Processing (Radar Cube to Detection Matrix)
— CFAR and AoA (Detection Matrix to Point Cloud)

CFAR

DPU AoA DPU

Range ppuU

« DPC: Data Processing Chain

— Chain of “data processing units” is called a data processing Chain.
Ex: Detection DPC (ADC to Point Cloud).

— This conforms to the DPM dictated API definition

9
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Scalable SW Chalin

TI mmWave Sensor Portfolio

IWR1642 IWR6443 IWR6843/ AOP IWR1843/ AOP

Calibration,
Monitoring
Engine

brati Calibration,
ARX a.nlLlh:gl Monitoring
artork ; - Menaine
aTx 60-64GHz |
Synth |

2TX 76-81GHz

Synth 60-64GHz

Synth

| 76-81GHz Synth | 1

5 MHz IIF

Beam Steering
SPI LVDS

"UARTSPI  LvDS

SPI LvDs
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Scalable Software Processing Chain

DPC
DPUs

1D_option:
Direct or EDMA

- 2D option:
1D option: 9%

CFAR_option: 3D option:

' HWA or DSP HWA or D5P HWA or D5SP
HWA or DSP o or
N Hangg Processing - Doppler Processing CFAR Detection
™ using HWA
ADC v «

AoA processing |
N j using HWA L Detect] | J—' using HWA | [cenr |4 J—’ using HWA v | point
Data inc - adarCube Formats N —»{ Oon —»| detect;
ADCBUFf -*| EDMA — Hange‘ Processing |—"‘°_""c ; D—l—b Doppler Processing _|_'° PE “_.'b”‘|_b CFAR Detecion : e e ='—|_’ AoA Processing __h Cloud
using DSP using DSP using DSP using DSP
I |
DPIF
Range DPU Doppler DPU CFAR DPU AocA DPU
Detection Processing Chain
High Speed
— Transfer Out of
the device
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Typical call flow (1/2)

HWA/EDMA Init
DPM Init i :
: DPU#L Init — 5

DPC Init — >

DPU#2 Init '}

DPU#n Init — > i

Config#l and Config#2 are shown as
examples here on how a config can be
split into multiple shorrter structures as

needed by a DPC. It is not mandatory to
split into two. On the contrary, config can
be split into even more smaller structures.

DPM loctl

(Config#1) i DPC loctl (Configitl) — . :
: +— DPU#1 Config ——— :

! __ DPU#2 Config — > } :
: i— EDMA/HWA Config ——p i

& DPM Report Callback — +—— DPU#n Config ——

(NOTIFY_DPC_IOCTL)

DPM loctl

. - :
(Config#2) 5;‘_ DPC loctl (Config#2) —> i . =
: +— DPU#1 Config — >

i DPU#2 Config — > i :
i EDMA/HWA Config —
i DPU#n Config — > | ;

i< DPM Report Callback —i
(NOTIFY_DPC_IOCTL)

11
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Typical call flow (2/2)

DPM Start 5

: DPM Report
< (NOTIFY_DPC
_STARTED)

annyAsEsssEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEESE

DPM Stop —H

: DPM Report
&—— (NOTIFY_DPC
: _STOPPED)

DPC Start >

H/W Frame
Event
H/W Chirp — DPU#1 Process — >
Events : :
i DPU#2 Process — s i
i DPU#n Process — > i

<point cloud results>

DPC Stop =i

Drivers

wip TEXAS INSTRUMENTS
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Data path deep dive
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DPM: Datapath Manager

Modular SW Architecture which provides an abstraction between
the “Datapath Processing Chain” and the customer application.

« Main task context which encapsulates the execution of
DPC and DPUs

« Application code instantiates DPM at start-up and registers
a DPC.
 Provides a well-defined API
 Exposed to the application to interface with the DPM

 Exposed to the “Data processing chain” developers to be
able to write their own code.

« Messaging mechanism
« Send/Receive Configuration
 Extends to Multiple-Thread/Core
« Synchronized execution (No critical section required)
 Response Mechanism with error code passing

 Reporting mechanism which allows applications to be notified
about the status of the DPM/Datapath Processing Chain.

Application Developers

| |

/ Datapath Manager \

o

Data Processing Chain
Developers

14
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DPM Initialization

» Application code creates

and initializes a DPM MSS

Instance using the DPM _init (e ? v—

function oo

——Create —D{M mw Cem D_msslnitTask_:l

 Application also creates a iy |

Drivers

D P M task Init anil Open Demo Misc

Init MMWave_init{MmwDemo_eventCallbackFxn)

MMKMWave_sync

|
OPM_init
{MmwDemo DPC ObjectDetection reportFxn)

/MmwDemo_DPC_ObjectDetection_dpmTask™,

t
red I\ (DPM_execute) jl

(meDemn_mmWaveCtrlTask_){ Create

C CLI_task }(—Create

b
I l.f‘ eturn )

Source: MMWAVE-SDK HTML documentation

CAthmmwave_sdk 03 xx_xx_xx\docs\mmwave sdk_module _documentatio
n.html

15
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1_& main.c (Chtivmmwave_sdk [ ckagesititdemotxwrtdod mmw) - GYIM

[ | [ (]
File Edit Tools Syntax Buffers Window Help
3185 Rk dkokdcek ek ek ek ek ek ok ek ke ek ek ok ko e o o R

3186 * Tnitialization of the DPM Module:
3187 s o oo o o e o o o e e o OB S o o oo OB o e o o o o e e o o o o e oo o o s o o o o o o o R o o o s o kg

/Q\F)F)Ii(:éiti()r] (:()(jea (:reaéiteass Eir](j ir]iti61|izzeass Ei 3188 memset ((void *)&objDetInitParams, 0, sizeof(DPC ObjectDetection InitParams));

. . .. . 3189
DPM Instance US|ng the DPM |n|t funCtlon 3198 /* Note this must be after MmwDemo_dataPathOpen() above which opens the hwa
- 3191 * and edma drivers ¥/
. . 3192 objDetInitParams.hwaHandle = gMmwMCB.dataPathObj.hwaHandle;
Apphca“()n aISO Creates a DPM taSk 3193 for (edmaCCIdx = @; edmaCCIdx < EDMA NUM CC; edmaCCIdx++)
3194 i
__ 3195 objDetInitParams.edmaHandle[edmaCCIdx] = gMmwMCE.dataPathObj.edmaHandle[edmaCCIdx];
1,% main.c (C ckages\tiidemne Smmw) - GVIM
File Edi ind 2196
ile  Ecit ools ers  Window
/* Launch the DPM Task */ 3197 - cewy
Task_Params_init(&taskParams); 3198 /* Memory related config */
taskParams.priority = MMWDEMO_DPC_OBJIDET_DPM_TASK_PRIORITY; 53199 objDetInitParams.L3ramCfg.addr = (void *)&gMmwlL3[0];
taskParams.stackSize = 4%1024; 3200 objDetInitParams.L3ramCfg.size = sizeof(gMmwl3);
gMmwMCB . taskHandles.objDetDpmTask = Task_create(MmwDemo_DPC_ObjectDetection_dpmTask, &taskParams, 3201 objDetInitParams.CorelLocalRamCfg.addr = &gDPC_ObjDetTCM[@];
- - — r
3282 objDetInitParams.CorelocalRamCfg.size = sizeof(gDPC_0ObjDetTCM);
3283
__ 3284 /* Call-back config */
{gh main.c (C\timmwave_s \packages\ti\demo), mw) - GVIM 3285 objDetInitParams.processCallBackCfg.processFrameBeginCallBackFxn =
File Edit Tools Syntax Buffe ow 3206 MmwDemo DPC_ObjectDetection processFrameBeginCallBackFxn;
@b Description 3207 objDetInitParams.processCallBackCfg.processInterFrameBeginCallBackFxn =
@n 3208 MmwDemo DPC_ObjectDetection processInterFrameBeginCallBackFxn;
DPM Execution Task. DPM execute results are processed here: 3289
a) Transmits results through UART port. 3218 memset ((void *)&dpmInitCfg, 8, Sizecftz Cfg));
b) Updates book-keeping code for timing info. 3211
c) MNotifies DPC that results have been exported (using DPC IOCTL command) 3212

Rt b R P TR R

H

/* Setup the configuration: */
3213 dpmInitCfg.socHandle = gMmwMCB.socHandle;

3214 dpmInitCfg.ptrProcChainCfg &gDPC_ObjectDetectionCfg; Pointer to DPC
3215 dpmInitCfg.instanceld = OxFEEDFEED;

3216 dpmInitCfg.domain DPM Domain_ LOCALIZED;

3217 dpmInitCfg.reportFxn MmwDemo DPC_ObjectDetection reportFxn;

int32 t retVal; 3218 dpmInitCfg.arg &objDetInitParams;

DPM Buffer resultBuffer:- 3219 dpmInitCfg.argSize sizeof (DPC_ObjectDetection InitParams);

DPC_ObjectDetection ExecuteResultExportedInfo exportlnfo; 5220
*

DPC_ObjectDetection_ ExecuteResult *result; 5221 /* Initialize the DPM Module: ¥,
3222 gMmwMCB . dataPathObj.objDetDpmHandle = (&dpmInitCfg, &errCode);

while (1) 3223 if (gMmwMCB.dataPathObj.objDetDpmHandle == NULL)

[ 3224 {
/* Execute the DPM module: */ 3225 System_printf ("Error: Unable to initialize the DPM Module [Error: %d]\n", errCode);
retVal = DPM_execute (gMmwMCB.dataPathObj.objDetDpmHandle, &resultBuffer); 3226 MmwDemo_debugAssert (8);
if (retVal < @) { 3227 return;

@retwval

H* ¥ ¥ ¥ ¥ OH H W

Mot Applicable.
*

static void MmwDemo DPC_ObjectDetection_ dpmTask({UArg arg®, UArg argl)
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DPC: Data Processing Chain

« All external DPC APIs starts with DPC_. DPC
— i unique name follows next (follows coding
guidelines).

« DPC_ObjectDetection_Init

DPC_xxx_init
DPC_xxx_execute « External Mandatory APIs follows the prototype

DPC_xxx_ioctl
DPC_xxx_start

DPC_xxx_injectData . U .. :
DPC_xxx_stop DPCs have flexibility in defining their own

DPC xxx deinit content within the individual structure

defined by the “Datapath Manager”

 DPC that is split between MSS and DSS will
expose two set of APIs - one for MSS and one
for DSS. Depending on the functionality split
between the two domains, not all APIs need to
be implemented on the two domains

DPC_xxx_Callbacks

« DPC_xxx_cbChirpAvailable
* DPC_xxx_cbFrameStart

For more detalls, refer to docs
folder in each of the DPCs

17
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DPC Initialization

* Application registers the DPC with P
DPM during DPM creation. orene> " e recute) )

{_M mwDemao_mmWaveCtriTask _}{ Create

* Application calls DPM init which T
calls the DPC's registered init ()
function ~ Gl

»  Application calls DPM_ioctl with ot channel, adeout contiguraions, i — [ RNBVETGBRR]
d Iffe re nt m essag e types Profile, chirp, frame/advance frame cu:n*ig.rminns-l MMWa'u'IE_mnfig |

+  DPM_ioctl invokes the DPC'’s
registered ioctl function with:
* Pre-start common config

message (common to all sub-
fram eS) and Configure ADCBuf for sub-frarme O

* Sub-frame specific Pre-start :::w_m 1
Conflg messages' - Sensor Start I MMWave_start |

« DPC handles the messages in the <—|
loctl function and performs the —
corresponding configuration.

Pre-start common config——————#=

Store pre-start common config
Subframe-0 Pre-start config———

Configure subframe-0 DPUs
Subframe-3 Pre-start config—————»

Configure subframe-3 DPUs

DPC_ObjectDe te.n:tic:.n_exen: ute

Chirp event b{

Source: MMWAVE-SDK HTML documentation
C\tlmmwave _sdk 03 xx_xx_xx\docs\mmwave_ sdk_ module documentatio
n.html

18
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DPC Initialization

* App“Cathn I’egIStel’S the DPC Wlth DPM durlng % objectdetection.c (Chtivmmwave_sdk_03_04_00_03'\packagesiti\datapath\dpc\objectdetection\objdethwa'src) - GVIM
DPM Creatlon File Edit Tools Syntax Buffers Window Help
357 * @br | Globa used to register { WPC 1in DPM
. Application calls DPM init which calls the 358 */

DPC'’s regiStered Init function 359 DPM_ProcChainCfg gDPC ObjectDetectionCfg =
360 {
361 DPC_ObjectDetection_init, /* Initialization Function:
362 DPC_ObjectDe %
363 J§

364 DPC_ObjectDetection ioctl, /* Configuration Fun

365 DPC_ObjectDetection_stop, u
366 DPC_0ObjectDetection deinit, /* Deinitialization Function:
367 NULL, &

368 NULL,

369 DPC_ObjectDetection frameStart

370 };

371

372

. Refer to the call flow below

% main.c (Chtivmmwave_sdk_03_04_00_03\packagesitihdemo'aowrbdodmmw) - GVIM
File Edit Tools Syntax Buffers Window Help
3207 objDetInitParams.processCallBackCfg.processInterFrameBeginCallB

MSS Application DPC DPUs 3208 MmwDemo DPC_ObjectDetection_ processInterFrameBeginCallBackF
3289

3210 memset ((void *)&dpmInitCfg, O, sizeof(DPM InitCfg));

3211

HWA/EDMA Init

- ' -

] [ ] []

] ] - L]

. DPM Init ——>% . . 3212 /* Setup the configuration:

. . DPC Init ——>= . . 39173 _ : -ocHand1: MmeMCE . socHandle -

. a . DPUZ1 Init ——> 3213 dpmInitCfg.socHandle = gMmwMCB.socHandle;

. . . DPU£2 Init > . 3214 dpmInitCfg.ptrProcChainCfg &gDPC_ObjectDetectionCfg;

. . . . 3215 dpmInitCfg.instanceld BEFEEDFEEDH

- = - = 3216 dpmInitCfg.domain DPM Domain LOCALIZED;

- . . DPU#n Init ——> 1§ I I . =" - N _' :

- - - - 3217 dpmInitCfg.reportFxn MmwDemo DPC_ObjectDetection_ reportFxn;

. DPM loctl . E . dpmInitCfg.arg &objDetInitParams;

" (Config#1) . >y . dpmInitCfg.argSize sizeof( );
E E DPC loctl {Config#1) : DPU#1 Config > E )

. . i— DPU#2 Confg —> 1 322 /* Initialize the DPM Module: *; _ .
. . . B EDMAHW 3 gMmwMCB . dataPathObj.objDetDpmHandle = DPM_init (&dpmInitCfg, &errCode);

19

wip TEXAS INSTRUMENTS



DPC Configuration

% rmw_cli.c (Chtivmmwave_sdk_03_04_00_03\packages\tidemo'oonrbded mmw] - GYIMI
File Edit Tools Syntax Buffers Window Help

125 static int32_t (int32_t argc, char* argv[])
126 {
° App'lcathn Ca”S DPM |0Ct| W|th d|ﬁerent 1;; 5]:}I:I:Fecjr|:'1$:l+ru;—:1'.
NT>L_ T et = 0;

message types (i.e. commands)

304 f* 1f MmwD

385 O !

306 CLI getMMWaveExtensionConfig (&gMmwMCB.cfg.ctrl
387 retVal = meDemﬂ_D ();

308 if(retval != @)

{#

File Edit Tools Syntax Buffers Window Help

° Refer to the Ca” ﬂOW beIOW System printf ("Error: mmWave Config failed [Error code: %d Subsystem:

mmlaveErrorCode, subsysErrorCode);

MSS Application DPC DPUs

HWA/EDMA Init

. . -

] [ ] []

[ = - u — —

. DPM Init ——>% : > - - . ' commor config */

. - DPC Init . DPUZ1 Init ——> errCode = DPM_ioctl (dataPathObj->objDetDpmHandle,

M ] ]

. a . DPU#2 Init ——>u . . . : : D
" . - . &dataPathObj->objDetCommonCfeg.presStartCommonCte,
. - . . sizeof (DPC ObjectDetection PreStartCommonCfg)):
- = . DPU#n Init ——> " R - e
[ = u u . .

. DPM loctl . - . if (errCode < @)

. (Config#1) - > - '

" s=  DPC loctl {Config#) u ) _

" . +— DPU# Config —> . System_printf ("Error: Unable to send

n - i— DPU#2 Config —> & goto exit;

: . : :- EDMASHWY 1

20
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DPC Configuration (continued)

% objectdetection.c (C\ti\mmwave_sdk_03_04_00_03\packages\ti\datapath\dpc\objectdetection\objdethwa'\src) - GVIM

File Edit Tools Syntax Buffers Window Help

2358 */
2351 static int32_t DPC_ObjectDetection_ioctl
2352 (
PELE] DPM_DPCHandle handle,
2354 uint32_t cmd,
2355 void* arg,
2356 uint32_t arglLen
2357 )
_ _ _ , 2358 {
. DPM _ioctl internally invokes the DPC’s 2359 ObiDet0b *objDetOby;
: : : ubFrame *subFrmObj;
registered ioctl function and passes the 2361 intsrt . retval - b
message to It 2362
2363 /* Get the DSS MCB: *ﬂ
- DPC handles the message in the ioctl function 2361 objDetby = (ObjDetOby ) handle;
. . . 2365 DebugP_assert(objDetObj != NULL);
and performs the corresponding configuration 2366
2367 ocess the commands. Process non sub-frame
° Refer to the call flow below 2368 * so the sub-frame specific ones can share so
2369 if (cmd == DPC_OBJIDET_IOCTL__ TRIGGER_FRAME)
2370 {
2371 DPC_ObjectDetection_frameStart(handle);
2372 }
2373 else if (cmd ==
2374 {
MSS Application DPC DPUs 2375 DPC_ObjectDetection_PreStartCommonCfg *cfg;

2376 int32_t indx;

]
. s HWA/EDMA Init = 1
= | . = File Edit Tools Syntax Buffers Window Help
- DPM Init ——>% o }
[ ] [ ] . ] [ ]
. . DPC Init ——>> DPU#1 Init —> & }
. = n _ . else if (cmd ==
n . " DPU#2 Init %: (
. . . . DPU_AoAProc_compRxChannelBiasCfg *inpCfg;
- = . DPU#n Init ——> = DPU_AoAProc_ldompRxChannelBiasCfg outCfg;
. = . . int32_t i;
] L] L] ]
. DPM loctl ™ . .
. (Config#1) . DPC loctl (Config#1) _9: . DebugP_assert(arglLen == sizeof(DPU_AoAProc_compRxChannelBiasCfg));
. . =— DPU#1 Config —>> » - HannelBiasCrat
inpC = (DPU_AoAProc_compRxChannelBiasCfg*)arg;
. : "— DPU#2 Config —> * pCfg = (DPU_ _comp g*)arg
]
- . . . EDMAHW for(i = 8: i < obiDetObi->commonCfe.numSubFrames: i++)

21
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DPU: Data Processing Units

mamw DPU XXX init

*DPU_xxx_InitParams_t
serrCode
Handle

s DPU XXX _config

DPU_Handle

*DPU_xxx_Config_t
*H/W Resources (EDMA, HWA, I/O buffer pointers, Scratch buffer pointers)
*Frame/Sub-frame DPU Static Config (Ex: Num ADC Samples, Chirps/Frame, ADCBuf Config, Data Interface Desc)
*Frame/Sub-frame DPU Dynamic Config (Ex: DC Range Calibration)

serrCode

s DPU XXX _process

DPU_Handle

*DPU_xxx_OutParams_t

*DPU_xxx_Stats_t

*DPU optional specific Params (Ex: isLastChirp)
serrCode

DPU_xxx_control

DPU_Handle
cmd

eargs
sargSize
cerrCode

All external DPU APIs start with the prefix DPU_. DPU unique
name follows next..Ex: DPU_RangeProcHWA _init

Standard external APIs:
* Init: one time initialization of DPU
« Config: complete configuration of the DPU: hardware
resources, static and dynamic (if supported by DPU)
« static config: config that is static during ongoing
frames
* dynamic config: config that can be changed from
frame to frame but only when process is not
ongoing - ideally interframe time after DPC has
exported the results for the frame
* Process: the actual processing function of the DPU
« Control: ioctl interface that allows higher layer to switch
dynamic configuration during interframe time
* De-init: de-initialization of DPU

All memory allocations for 1/O buffers and scratch buffers are
outside the DPU since mmWave applications rely on memory
overlay technique for optimization and that is best handled at
application level

All H/W resources must be allocated by application and passed to
the DPU. This helps in keeping DPU platform agnostic as well as

allows application to share the resources across DPU when DPU

processing doesn't overlap in time.

DPUs are OS agnostic and use OSAL APIs for needed OS
services.

sl DPU Xxxx_deinit

+DPU_handle
*errCode

For more details, refer to docs folder in
each of the DPUs

22
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DPU Initialization

% objectdetection.c (CA\ti\mmwave_sdk_03_04_00_03\packages\ti\datapath\dpc\objectdetection\objdethwa\src) - GVIM

File Edit Tools Syntax Buffers Window Help
’ Error - <8

static DPM_DPCHandle

DPM_Handle dpmHandle,
DPM_InitCfg* ptrInitCfg,
int32_t* errCode

* DPC_init calls the various DPU Init functions e
In sequence, to create separate DPU ObjDetob;  *obidetob; = NULL;

SubFrameObj  *subFrmObj;

instances for the number of sub-frames 590 RanePmocHiiA Taithama e rparane

DPU_AoAProcHWA_InitParams aoaInitParams;

CO nfl g u red . DPU_CFARCAProcHWA_InitParams cfarInitParams;

DPU_DopplerProcHWA_InitParams dopplerInitParams;
HWA MemInfo hwaMemInfo;

rangeInitParams.hwaHandle = dpcInitParams->hwaHandle;
. f h I flow bel - -
Re er tO t e Ca OW e OW aoalInitParams.hwaHandle = dpcInitParams->hwaHandle;
cfarInitParams.hwaHandle = dpcInitParams->hwaHandle;
dopplerInitParams.hwaHandle = dpcInitParams->hwaHandle;

for(i = @; i < RL_MAX_SUBFRAMES; i++)
{
MSS Application DPC DPUs subFrmObj = &objDetObj->subFrameObj[i];
. subFrmObj->dpuRangeObj = DPU_RangeProcHWA_init(&rangeInitParams, errCode);
. s HWA/EDMA Init =
[ ] L] - L] ] * | =
" DPM Init ——>* e - . Ef (ferrcode 1= ©)
. - nit > DPU#1 Init —> & goto exit;
L] L] L}
. E . DPU#2 Init —> }
- - . - subFrmObj->dpuStaticClutterObj = DPU_StaticClutterProc_init(errCode);
- = . DPU#n Init ——> 1
- = - = if (*errCode != @)
. DPM loctl . - . {
u (Config#1) . —a . goto exit;
E E DPC loctl {Config#1) : DPU#1 Config > E )
] . L ]
i— DPU#2 Config —>>
E E " 9 E. EDMAMHWI subFrmObj->dpuCFARCAObj = DPU_CFARCAProcHWA_init(&cfarInitParams, errCode);

if Bxamnrada |- ol
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DPU Configuration

% objectdetection.c (Chti\mmwave_sdk_03_04_00_03\packages\ti\datapath\dpc\objectdetection\objdethwa'src) - GVIM
File Edit Tools Syntax Buffers Window Help

/* Related to pre-start configuration */
case DPC_OBJIDET_IOCTL_ STATIC |

{
« DPC performs DPU configuration when handling the DPC_ObjectDetection_PrestartCfg *cfg; _
PRE_START_CFG Command E:EEgsgi;:2:15:9::;z:gg:ﬁngCTL_preStartC'Fg_memUsage memUsage;
 The PRE_START_CFG handler calls wrapper functions MemoryP_Stats statsEnd;
for eaCh DPU, e-g- DPC_ObjDet_rangeconﬁg /* Pre-start common config must L::e r*ecgi\._.-'ed before bre-start C?f‘l‘FiES
- The wrapper allocates the resources required for the DPU Wl S P UL Y st ¢t
and calls the corresponding DPU config function e.g. ZobjDetObj->commonCfg, &cfg->staticCfg, &cfg->dyncfg,

DPU_RangeProcHWA_config. gobjDetObj->edmaHandle[0],
o - &objDetObj->L3RamoOb],

. Refer to the call flow below &objDetObj->CoreLocalRamObj,

&objDet0bj- >hwajemBankAddr[e],

retval = (obj->dpuRangeObj, &obj-»>staticCfg, &obj->dynCfg,
edmaHandle[DPC_OBJDET_DPU_RANGEPROC_EDMA_INST ID],
&radarCube, CoreLocalRamObj, &hwaWindowOffset,

MSS Application DPC DPUs ' I_&g?ngeCOPELocalRamScratchUsage_, &obj->dpuCfg.rangeCfg);
. hwaCfg- >paramSetStartIdx = DPC_OBIDET_DPU_RANGEPROC_PARAMSET START IDX;
. s HWA/EDMA Init =
= = - = retval = (dpuHandle, &rangeCfg);

] : 5- u [ ]

. orint . DPC Init ——>u | . if (retval != @)

. . . DPUZ1 Init ——> 4 {

: : . DPUE2 it —> goto exit;

. . . . }

] [ L] ]

] [ ] . "

" . - DPU#n Init _}: /* store configuration for use in intra-sub-frame pro
" DPM loctl = . " * inter-sub-frame switching, although window will n
- (Config#1) - _9: . * dc range sig should not be reset. */

. == DPC loctl (Config#1) =— DPU#1 Config — rangeCfg.staticCfg.resetDcRangeSigMeanBuffer

. - . *cfgSave = rangeCfg;

- - i— DPU#2 Confg —> 1 g getTe

: . : :- EDMASHW
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DPIF: Datapath Interface

Input ADC data %

File Edit Tools Syntax Buffers Window Help

* Property
 numADCSamples
* RX interleaved/non-interleaved
» Complex/Real

« Buffer Pointer

Radar Cube

* Property
» Layout — RADAR CUBE RANGE DOPPLER RX TX (1)
» Buffer Pointer

s P dpif_pointcloud.h (C:\thmmwave_sdk_03_04_00_03\packages\tidatapath\dpif) - GVIM1

File Edit Tools Syntax Buffers Window Help

° Property 56 FPoint cloud definition in Cartesian coordinate sys
s LayOUt - DET MATRIX RANGE DOPPLER (1) _=‘= typedet struct DPIF_PointCloudCartesian_t
 Buffer Pointer °9 1

Point cloud

* Property
* Format — XYZV, RAEV
* Float

Point Cloud Sidelnfo

* Property
* snr
* noiseVal

wip TEXAS INSTRUMENTS



Datapath Execution — Runtime View

At sensor start: Appllcatlon calls DPM_start
which calls the DPC'’s pre-registered start
function DPC_ObjectDetection_start.

. The mmw demo does this in the sensorStart
CLI command handler function.

At every frame interrupt: The DPC'’s pre-

registered frame start call back function,

DPC_ObjectDetection_frameStart is invoked.
The DPC'’s

frameStart callback is registered with the
DPM during DPC initialization

This invokes the DPC's registered execute
function, e.g. DPC_ObjectDetection_execute

DPC_ObjectDetection_execute performs the
frame processing and populates the output in
DPC_ObjectDetection ExecuteResult
structure and returns.

Application reads the output structure and
sends it over UART. This completes the frame
processing.

Sensor Start

DPM

_start -

I MMWave_start |

‘Done’printed
on CLI

Frame

event =

DPM notifyExecute

DPC_Obje ctDetei:tion_execute

Chirp event

Chirp event

DPU_RangeProcHWA_process

Chirp event

DPU_StaticClutterProc_process

DPU_DopplerProcHWA_process

DPU_CFARCAProcHWA _process

DPU_AocAProcHWA_process

‘compRangeBiasAndRxChanPhase .
printed on CLI F " Range bias and Rx Ch gain/phase _:

Send detected objects etc to UART

Process pending Dynamic Config
Commands for next sub-frame/frame

Configure ADCBuf for next sub-frame

DPM_ioctl (Execute result exported)

Switch sub-frame and issue trigger to Range
DPU

26
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Datapath Execution — Runtime View

° At sensor start: App”cation _Ca”S DPM_Start {# main.c (C\timmwave_sdk_03_04_00_03\packages\tidema\xwrbdiod mmw) - GVIM1
which calls the DPC'’s pre-registered start R L L —
function DPC_ObjectDetection_start. | mm demo helper Function to

. The mmw demo does this in the sensorStart
CLI command handler function.

| il
Pl Bd a2
Pl B3 2
[Wy] ,':-., 1

@ if no error, -1 if error

= =
[ I
[
=

(void)

[
[
Pod
s}

int32 t errCode;
MMWave CalibrationCfg calibrationCfg;

[y
I
[ N
O

&

B b
(W]

—
A b

o ad 1L
W

=
R R
Lid L
(W] ,':1,

MmwDemo dataPathStart();

% main.c (CAtihmmwave_sdk_03_04_00_03\packagesitihdemo'conrbdedmmw] - GVIM

File Edit Toels Syntax Buffers Window Help

1786 void MmwDemo_ dataPathStart (void)

1787 {

1788 int32 t errCode;

1789

1796 DebugP log®("App: Issuing \n");

1791

1792 /* Configure HW LVDS stream for the first sub-frame that will start
1793 * start of frame */

1794 if (gMmwMCB.subFrameCfg[@].lvdsStreamCfg.dataFmt !'= MMW DEMO LVDS STREAM CFG DAT
1795 {

1796 MmwDemo configlVDSHwData(®);

1797 ]

1798

1799 f _

1308 it (( ( gMmwMCB . dataPathObj.objDetDpmHandle)) < @)
1881 i

27
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Datapath Execution — Runtime View

% objectdetection.c (Chtimmwave_sdk_03_04_00_03\packa..titdatapath\dpciobjectdetection.objdethwa'src) - GVIM1

File Edit Tools Syntax Buffers Window Help
417 */
418 static void (DPM_DPCHandle handle)

419 {
420 ObjDetObj *objDetObj = (ObjDetObj *) handle;
421
. , 422 objDetObj->stats.frameStartTimeStamp = Cycleprofiler getTimeStamp();
. At every frame interrupt: The DPC'’s pre- 123 ||

424 DebugP_log2("ObjDet DPC: Frame Start, framelndx #%d, subFrameIndx = % ,

registered frame start call back function, e
DPC_ObjectDetection_frameStart is invoked. 426

A27 [* Check if p ious frame (sub-frame) ocessing has completed */

428 sert(objDetObj->dpmHandle, . »interSubFrameProcToken == 8)
429 objDetObj->interSubFrameProcToken++;

438

431 ; 2 -

432 - == 8)

objDetObj->stats.frameStartIntCounter, objDetObj->subFramelndx);

« This invokes the DPC'’s registered execute 3
fu N Ct| on ’ e. g i D P C_O b] ectDete Ct| 0] n_execute {# objectdetection.c (C:\timmwave_sdk_03_04_00_03\packa...ti\datapath\dpc\objectdetection’objdethwalsrc) - GVIMT

File Edit Tools Syntax Buffers Window Help

DPM_DPCHandle  handle,
DPM_Buffer* ptrResult

ObjDet0bj *objDetObj;
SubFrameObj *subFrm0Obj;
DPU_RangeProcHWA OutParams outRangeProc;
DPU_StaticClutterProc OutParams outStaticClutter;
DPU_DopplerProcHWA QutParams outDopplerProc;
DPU_CFARCAProcHWA OutParams outCfarcaProc;
DPU_AcAProcHWA OutParams outhoaProc;
int32 t retVal;

Result *result;
DPC_ObjectDetection ProcessCallBackCfg *processCallBack;

int32 t i;
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Datapath Execution — Runtime View

% main.c (Chtivmmwave_sdk_03_04_00_03\packagesititdemaoteonrbdodmmmw] - GVIM

File Edit Tools Syntax Buffers Window Help

a) Transmits results through UART port.
b) Updates book-keeping code for timing info.
c) Notifies DPC that results have been d (using DPC IOCTL command)

Mot Applicable.
2742 static void MmwDemo DPC ObjectDetection dpmTask(UArg arg®, UArg argl)
2744 int32 t retVal;
2745 DPM_Buffer resultBuffer;

2746 DPC_ObjectDetection ExecuteResultExportedInfo exportInfo;
2747 DPC_ObjectDetection ExecuteResult *result;

while (1)
{

Execute the DPM module:

retVal = DPM_execute (gMmwMCB.dataPathObj.objDetDpmHandle, &resultBuffer);

MmwDemo transmitProcessedOutput(gMmwMCB.logginglUartHandle, result,

&currSubFrameStats->outputStats);

« DPC_ObjectDetection_execute performs the .

frame processing and populates the output in - [L eI ] s sesston 10 coppietes

DPC_ObjectDetection ExecuteResult a6 oi wait ' ter star
structure and returns.

Application reads the output structure and
sends it over UART. This completes the frame
processing.

29
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Datapath Execution — Runtime View

i#

File Edit Toeols Syntax Buffers Window Help

(UART_Handle uartHandle,

DPC_ObjectDetection ExecuteResult *result,

MmwDemo output message stats *timingInfo)
HIuDﬂmU output_message header header;
MmwDemo GuiMonSel *pGuiMonSel;
meDemG_ﬁubFFamaCfg *subFrameCfg;
32 t 5

E =
R E
= 3
rr
L L

ij;

=

_t numPaddingBytes;
_t packetlLen;
uint8 t padding[MMWDEMO OUTPUT MSG_SEGMENT LEN];
uintle t *detMatrix = (uintl6e t *)result->detMatrix.data;

e
e
= 3
t
L
h_'l

t1[MMWDEMO_OUTPUT_MSG_MAX];

s == 1) || (pGuiMonSel->detectedObjects =

ot

Lre:ult—snumﬂbjﬂut > Ujj

ot

UART _writePolling (uartHandle,
(uint8 t*)&t1[tlvIdx],
sizeof(MmwDemo output message t1));

.

k2
[ R
E‘h IiJ rb.:I [

)
]
o

rtH andle, (uint8 t*)result->objOut,
izeof(DPIF_PointCloudCartesian) * re;ult—?numejDut];

)
]
~

)
]

s
fd

L O i T T Y T Y T Y e T e O i O 0 o O o
LA

%

]
L.
L

Application reads the output structure and
sends it over UART. This completes the frame
processing.

]
o
[

[ T 8

[
W W R W R

Ll
o
[\

P
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DPUs and DPCs In SDK 3.Xx
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RangeProc DPU

* Purpose: (1D FFT+ DC Range Calib)
processing during active frame.

— Takes ADCBUf as input o e e e p B
» interleaved or noninterleaved T & : [ o,
format : i
 Single chirp or multichirp (DSP N\ - & :
mOde Only) ":I DPIF_ADCBufData I'III ra HWA MEM Hw:::m ffl
- Either direct access (HWA mode EEEEN ol o-rea | [ i || na-me OPIF_RadarCube
only) or via EDMA \ o e Jl \
— Produces RadarCube in L3 in user “ “
requested format (fixed set of formats
described in data interface).
— Performs FFT using HWA or DSP
based on configuration.
— Performs DC range calibration either
inline (DSP mode) or at the end of alll
chirps (HWA mode).
rangeProcDEP
e Supported architecture /
— RA4F, C674x OPIF_ADCBufData adcDataln window/ || fioutto - DPIF_RadarCube
— Different files for HWA based and \ -
S/W based implementation
32
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Static Clutter DPU

* Purpose: (Clutter
Removal) processing
during inter frame.

— Takes non-transposed
formatted 1DOUT
Radarcube as input

In L3 (keeping the same | "

— Updates the RadarCube <
format)

&
D'Q‘é
L4
g
&
DARCUBE
ORMAT _1)

— S/W based only

« Supported architecture
— RA4F, C674x

staticClutterProc

Config/fcontral

33
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Doppler DPU

* Purpose: (2D FFT + Energy
Sum) processing during inter

frame.

— Takes non-transposed

formatted 1DOUT

Radarcube

as input

— Produces Detection Matrix
In L3 In fixed format

— Performs F
Sum using

. S/W(DS

T and Energy

H/W(HWA)
P) based <”’:ioii:’:f‘1?“<

Implementation would be

added in the SDK In

future.

« Supported architecture
— RA4F, C674x

Caonfigfcontro

il
@'\f
a?

upt
DPIF_DETMATRIX
(FORMAT_1)
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CFAR-CA DPU

« Purpose: (CFAR-CA +peak
grouping) processing during inter
frame.

— User can choose between various
CFAR-CA implementation: CFAR-CA,
CFAR-CASO, CFAR-CAGO

— Fixed Point implementation

— 2 pass implementation: first pass e memory

(optional) in Doppler direction and Detecton matrs i ML st

then second pass in Range direction S [ o » m—

|  Doppler > 2 P press | ik mas

— Performs CFAR and PeakGrouping e || [ g =L =E

us'ng H /W(HWA) array[rhage][doppler] v “,..rﬁummifn » — » o ‘SERTE:LEETEEE 7

- S/W(DSP) based implementation — g |
would be added in SDK in future v ecton

— Takes Detection Matrix as input e

— Produces bitmask of peaks and SNR
iInformation for AoA.

« Supported architecture
— R4F, C674x
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AoA DPU

Purpose: (Range/Phase/Doppler
compensation + Near field correction +
Max Velocity enhancement + AoA +
FoV filter) processing during inter
frame.

Takes non-transposed formatted 1DOUT
Radarcube, detection matrix and peak
bitmask as input

Produces Point Cloud
Performs any FFT ops using H/W(HWA)

« S/W(DSP) based implementation will
be added in SDK in future

All other processing operations are done
using S/W.

* For R4F based implementation, near
field and max velocity algos will not
be offered

All the processing ops other than AoA
FFT is optional and driven by user input

Supported architecture

R4F, C674x

1D FFT Radar Cube
Matrix

CFAR Detection List

2DFFT

Y

Range bias and
Rx channel
phase
compensation

Y

Doppler
compensation

Y

Azimuth FFT

X/Y/Z detection list

- X/ /z

Estimation

Side Information list
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XWR64xx OOB Demo Chain (DPC)

» Detection Processing Chain (DPC) for xXWR64xx Out of Box demo.
 Demonstrates Radar Signal Processing using Cortex R4F + HWA
* Also runs on xXWR68xx (C674x DSP not used)

RAE

1D_option:

2D_option: CFAR_option: 3D_option:

Direct or EDMA
1D option:
. - HWA or D5SP
HWA or DSP HWA or DSP HWA or DSP
) Range Processing l . Doppler Processing CFAR Detection AoA processing

T3> using HWA ' ’ i ’ : ]
Uusing using HWA . using HWA using HWA
ADC 'EJ « E Detecti | E v | CFAR |+ o L ,. ¥ | Point
Data ini> o —™ —> Cloud
ADCBuf

EDMA |- _v, | RadarCube Formats ‘ Z on. dete_r:ti
I Matrix on List

Range DPU Doppler DPU CFAR DPU AocA DPU
Detection-Processing-Chain

High Speed

——»| Transfer Out of
atapa
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XWR68xx OOB Demo Chain (DPC)

Detection Processing Chain (DPC) for xWR68xx Out of Box demo.
Demonstrates Radar Signal Processing using Cortex R4F + HWA + C674x DSP
DSP provides higher performance and frees up R4F for other processing (e.g. Object Tracking)

RAE

ADC

Data iniy

1D_option:

ADCBuf:

Direct or EDMA 1D ontion: 2D _option: CFAR_option: 3D_option:
. - ' HWA or D5SP
HWA or DSP HWA or DSP HWA or DSP
] Range Processing .
) b X IR X RESE X
v * etect | v v v ¥ | Point |
RadarCulje Formats o 34 on —» detecti e i
_ > EDMA - ] ; ° 7| Doppler Processing | Matrix H”‘L’ CFAR Detecion ’ on List c'—|_) AOA Processing __h Cloud ||
using DSP using DSP using DSP
I
I
Range DPU Doppler DPU CFAR DPU AocA DPU ,
--------------- Detection - Processing - Chabi
High Speed
— Transfer Out of
the device Denotes Unused
Datapath
38
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68xx OOB Demo - Application View

External Processor/Controlling entity

CLI
\ 4

Y

mmWave Sensor Data
(point cloud)

mmWave Device

mmWave
Front End

RadarSS Firmware

mmWave API

Input/output over UART to external

DPM

TLV format
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Software Development and Debugging
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Software Development Resources

« Software Development Resources: The following resources are key to learning about software
development for Tl processors.

BIOS users guide: Installed as part of MMWAVE-SDK, it is available in the Tl install directory e.qg.
C:\ti\bios 6 73 01 Ol\docs\Bios User Guide.pdf.

« This is the one of the best resources for learning about SYSBIOS and software development for Tl
pProcessors.

Linker command files: Understanding these is fundamental to developing applications for TI RTOS
(SYSBIOS). Refer to the following resources:

Tl Linker Command File Primer
 Advanced Linker Techniques for Convenient and Efficient Memory Usage

« Other helpful resources

Getting Started with Code Composer Studio v/
Debugging Common Application Issues with TI-RTOS
TI-RTOS Workshop

Introduction to C6000 Architecture

C6000 Cache - Overview (7 of 15)

Using C6000 EDMAS3 - Part 1 (13 of 15)
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https://www.ti.com/tool/MMWAVE-SDK
https://www.ti.com/tool/MMWAVE-SDK
https://www.ti.com/tool/MMWAVE-SDK
https://www.ti.com/tool/SYSBIOS
http://software-dl.ti.com/ccs/esd/documents/sdto_cgt_Linker-Command-File-Primer.html
http://www.ti.com/lit/an/spraa46a/spraa46a.pdf
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/getting-started-code-composer-studio-v7
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/getting-started-ti-rtos-workshop-agenda
https://training.ti.com/getting-started-ti-rtos-workshop-agenda
https://training.ti.com/getting-started-ti-rtos-workshop-agenda
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/introduction-c6000-architecture-1-15
https://training.ti.com/using-c6000-edma3-part-1-13-15
https://training.ti.com/using-c6000-edma3-part-1-13-15
https://training.ti.com/using-c6000-edma3-part-1-13-15
https://training.ti.com/using-c6000-edma3-part-1-13-15

MMWAVE-SDK Debugging

Pre-requisites: The user should
be familiar with general CCS debugging
techniques e.g. running code in CCS,
putting breakpoints, observing the
values of variables and memories etc.
Following resources can be used to
ramp-up on these topics if needed.

« (Getting Started with Code
Composer Studio v7

 Debugging Common Application
Issues with TI-RTOS

In addition to the above, the user
must be familiar with basic
procedures for running an
MMWAVE application in CCS
debug mode. This is explained In
the mmWave Industrial Toolbox at
the following page:

 Using CCS Debugq for
Development

=2 Using CCS Debug for Devel...

Using CCS Debug for Development

Using CCS Debug for Development

This mode should be used when debugging with CCS is involved and/or developing an mmWave application where the .bin fies keep changing constantly
different image to the device's RAM on every boot.

0. Reqguirements

» PC with:
o Recommended O5: Windows 7 or 10
o Code Composer Studio (version as spedfied in demo User's Guide)
o mmWave SDK installed (version as spedfied in demo User's Guide)
+ The EVM should already be setup for Flashing Mode according to the appropriate hardware setup guides for your EVM:

EVM Guide
IWR68431SK, IWR68430DS, or IWR6843A0PEVM + MMWAVEICBOOST Carrier Board Hardware Setup for Flashing in MMWAVEICBOOST Mode

IWR1443BO0OST, IWR1642B0O0ST, or IWR1843BO0OST Hardware Setup of IWRXXO{BOOST for Hashing Mode

1. Flash the CSS debug firmware using Uniflash

The debug binary is provided in the mmWave SDK. Hash the appropriate binary according to the instructions for using UniFlash
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https://training.ti.com/getting-started-code-composer-studio-v7
https://training.ti.com/getting-started-code-composer-studio-v7
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/debugging-common-application-issues-ti-rtos
https://training.ti.com/debugging-common-application-issues-ti-rtos
http://dev.ti.com/tirex/explore/node?node=AJoMGA2ID9pCPWEKPi16wg__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/node?node=AJoMGA2ID9pCPWEKPi16wg__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/node?node=AJoMGA2ID9pCPWEKPi16wg__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/content/mmwave_industrial_toolbox_4_4_1/labs/common/docs/software_setup/using_ccs_debug.html
http://dev.ti.com/tirex/explore/content/mmwave_industrial_toolbox_4_4_1/labs/common/docs/software_setup/using_ccs_debug.html
http://dev.ti.com/tirex/explore/content/mmwave_industrial_toolbox_4_4_1/labs/common/docs/software_setup/using_ccs_debug.html

MMWAVE-SDK Debugging

 Rebuilding SDK code for debug:

+ Al MMWAVE-SDK code (drivers, OOB demo application and SDK Compile flags for Cortex R4F core
DPU libs) is built with —O3 optimization, which does not allow
single step debugging in the corresponding components. &
*  Inorder to enable step debugging in CCS, the —O3 111 # Compiler flags used for the R4 Builds
Ioptlmllzatlcl))n Optlons needs to be removed (Or Changed toa 112 RAF_CFLAGS = l:Irnu?F.‘.a'l --code_state=16 --float_support=VFPv3D16 --abi=eabi -me
ower leve 113 --define=SUBSYS_MSS --define=$%(PLATFORM_DEFINE)
* Remove the —O3 flag in the SDK common makefile from ~ p oD —dieplay. amron muben 508 wermAnga25 - -dicg urapcoft
R4F_CFLAGS and/or C674_CFI—AGS d|reCt|VeS to —Tlittle_endia;\_——pr-eEr-Dc_with_corn;Ile ——g;n_func_zuh:;ctionz
change build options for ARM and/or DSP code. 1 --emit_warnings_as_errors $(RAF_CFLAGS_ENUM_TYPE)

. Re-build the demo and the desired pre-compiled libs
(e.g. drivers, DPUSs) separately with the non-optimized
configuration to enable debugging.

« A note about DPUs: All DPUs are linked with the application SDK Compile flags for C674x DSP core
as pre-compiled libs, so just re-building the application/demo z
code does not re-build the DPU libs automatically. Any DPUs Cle Bt Tool Symte Buffer Window el
that need to be debugged, should be re-built first with the new 207 C674_INCLUDE = -i$(MMWAVE_SDK_INSTALL_PATH) -i$(C674_CODEGEN_INSTALL_PATH)/include $(

build options and then the applications code re-compiled to S ol Elans o e Bl
||nk Wlth the new DPU Ilb(S) ThlS applleS tO the SDK dI’IVGI’S 210 Co74_CFLAGS =I_I—rn~.,fr5?£lE1 --abi=eabi --gcc -g - -mf3 -mo --define=5UBS5YS_D55
as We” 21 --define=$(PLATFORM DEFINE) --define=_ LITTLE_ENDIAN --display error_nu
--define=DebugP_ ASSERT_ENABLED --diag warning=225 --diag wrap=off
PY Removing Optimization may increase the memory requirements : 3 ——pr‘-epr‘-oc_t.-.rith_c:::mpile $[[6?4_I“CLUDE] -—emit_war‘-ningz_a-;‘-_er‘-r‘-c:r‘--s.

and/or break real-time behavior.
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MMWAVE-SDK Debugging

 Disabling Real time asserts:

« If the DPC cannot complete the frame
(or sub-frame) processing within the
real-time deadline, it raises as assert
causing the application to exit

 When step debugging a distributed
DPC which runs on both R4F and DSP
cores (e.g. in the 68xx point cloud
detection chain), this assert should be
disabled on both cores in DPC code as
shown otherwise application would
crash as shown in this CCS console
log.

 NOTE: Make sure to re-enable the
frame timing assert when running the
DPC in non debug mode.

i#

File Edit Tools Syntax Buffers Window Help
static void DPC_ObjectDetection_frameStart (DPM_DPCHandle handle)
{
ObjDetObj *objDetObj = (ObjDetObj *) handle;

objDetObj->stats.frameStartTimeStamp = Cycleprofiler getTimeStamp();

DebugP_log2("0ObjDet DPC: Frame Start, frameIndx = %d, subFrameIndx = %d\n",

objDetObj->stats.frameStartIntCounter, objDetObj->subFrameIndx);

/* Check if previous frame (sub-frame) processing has completed */
D (objDetObj->dpmHandle, (objDetObj->interSubFrameProcToken == @)
objDetObj->interSubFrameProcToken++;

&) Console &2
mwrbdd 3. cooml: CI0

[CDFtEX_Rﬂ-_B‘] ¢ 3k die 30 3 o o e o i e o e e e e ke e e o S ke o S ke i S ke e ok ke e ok ke e o e o ke ke e ke e e ok e

Debug: Launching the MMW Demo on MSS

s s she o ofe s o sk e oo s o s e o e ohe o o ok e ohe o o e e e o oo e ok sk e e sk e ke e ke sk ke e e ke ke ke
Debug: Launched the Initialization Task

Debug: mmWave Control Initialization was successful
Debug: mmWave Control Synchronization was successful
[CE74X @] Debug: DPM Module Sync is done
[Cortex R4 @] Debug: CLI is operational

Debug: Sending rlRfSetldoBypassConfig with @ @ @
============ Heap Memory 5tats ==s===s=======

Size Used Free DPCUsed
System Heap(TCMB) 32768 25348 6923 2848
L3 786432 131672 655368
lncalﬂam{TCHBj 4896 512 3554
============ Heap Memory 5tats ssssss==s====
Size Used Free DPCUsed
System Heap(L2) 32768 16184 16664 @
L3 J8ed432 5192 778248
localRam(L2) 58176 15816 35168
localRam(L1) 16354 5632 18752

Starting Sensor (issuing MMWave start)
{module#9}: "../objdetrangehwa.c”, line 648: error {id:@x18888, args:[8xlalfc, @xlaldc]}
xdec.runtime.Error.raise: terminating executicon
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Understanding Error Codes: Datapath Errors

When demo runs into error conditions, an
error code is generated and printed out on
CCS console

The error code is a negative integer e.g. shown in the picture.

Can be from various sources such as Drivers, Control modules,
DPC, DPU or demo (i.e. application)

Error code defined as: (Module error code base minus Module
specific error code)

. The module error code base values are defined in
packages\tiicommon\mmwave_error.h.

. The base error codes for DPC and DPU are define in
packages\ti\datapath\dpif\dp_error.h

. Individual DPU specific error codes defined in the DPU header files

Example: Parsing the error -30430 shown here

. The error code is from module with error base "-
30000", which indicates it is DPU error

. Referring to dp_error.h, base "-30400" is from AOA
Proc.

. Then find the error code in aoaprocdsp.h for error(-30)
which is DPU_AOAPROCDSP_ESCRATCHSIZE

NOTE: In SDK demos, these error codes are not sent out on
UART so the demo must be run in CCS debug mode to get
the error code

Refer to SDK module documentation at the following location
(in the SDK install directory) for more details:

. file:///C:/tiimmwave sdk 03 05 00 O4/packages/tiidemo/xwr68xx/mmw/docs
/doxygen/html/index.html#mmwave error

Datapath Errors

Debug: mmWave Control Initialization was successful
Debug: mmWave Control Synchronization was successful
Debug: Sending rlRfSetLdoBypassConfig with 3 1 (
Debug: Init Calibration Status = Oxffe
Az ;,rr.*jzt".'; T 1 MC ) 2 ( T
Al setting virtual I" p rt E (
rpThreshold ma 64
X r: DPM Report re | I ry rqgl 4 argl
nodule#9}: "src/mss/mss ine 1 1 i ( rqg
tdc.runtime.Error.1: S 1g 1

% mmwave_error.h (C:\ti\mmwive_sdk 03_05 M\pac'ages\ti\cnmmonj - GVIM

File Edit Tools

76

77

78

79 #define MMWAV DPC_BASE

80 #define MMWAVE_ERRNO_DEMO_BASE

Syntax  Buffgrs  Window Help

81

82 #ifdef _ cplus S A
o -30000, = DPU Error base
H’Erl'..l

File Edit Tools Syntax Buffers Window Elp

51 #define DP_ERRNO_RANGE_PROC_BASE

52 #define DP_ERRNO_DOPPLER_PROC_BASE

53 #define DP_ER CFARCA_PROC_BASE

54 #define DP_ERRNO_AOA_PROC_BASE
#define DP_ERRNG—ST#

NAVE_ERRNO_DPU_BASE

jPU_BASE
PU_BASE -600)

0 °="AOA Proc Error bese =

File Edit Tools Syntax Buffers Window xelp

* @brief Error Code: One of the provided scratch buffers has in:

129 #define DPU_AOAPROCDSP_ESCRATCHSIZE

(DP_ERRNO_AOA_PROC_BASE-30)

-30 = Insufficient Memory Error
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file:///C:/ti/mmwave_sdk_03_05_00_04/packages/ti/datapath/dpc/dpu/dopplerproc/docs/doxygen/html/dp__error_8h.html
file:///C:/ti/mmwave_sdk_03_05_00_04/packages/ti/demo/xwr68xx/mmw/docs/doxygen/html/index.html#mmwave_error
file:///C:/ti/mmwave_sdk_03_05_00_04/packages/ti/demo/xwr68xx/mmw/docs/doxygen/html/index.html#mmwave_error

Understanding Error Codes: mmWave Errors

Besides Datapath errors, there is another class
of errors known as mmWave module errors.

These represent errors returned by the RF
Front-End e.g. incorrect profile configuration.

Defined as a combination of mmWave error,
Susbsystem error and error level as shown.

«  mmwave errors defined
In packages\ti\control\mmwave\mmwave.h

«  Subsystem errors defined in
packages\ti\control\mmwavelink for
mmwavelink.h

Error level represents WARNING or ERROR.

Example: The error shown in the log here
Indicates

 The error is from module(-3100 i.e. mmwave) with
error -8 (MMWAVE_EPROFILECFG)

The Subsystem (mmwavelink) error is 36 which is
defined as
RL RET _CODE_PF START FREQ INVAL IN in
mmwavelink.h, which indicates invalid start
frequency specified in ProfileCfg API.

mmWave Link errors

&) Console &3
iwredd3. coomb CI0

[CDrtex_R4_El'] **********************************************
Debug: Launching the MMW Demo on MSS
**********************************************

Debug: Launched the Initialization Task

Debug: mmWave Control Initialization was successful

Debug: mmkave Control Synchronization was successful
[Ce74X_@] Debug: DPM Module Sync is done

[Cortex R4 @] Debug: CLI is operational

Debug: Sending rlRfSetldoBypassConfig with @ @ @

Error: mmWave Config failed| [Error code: -3188 Subsystem: 36]

Bits(31::16) Bits({15::2) Bits (1::0)

mmwave emor | Subsystem error | emor level

11 l
W e Vo |
File Edit Toolsg Syntax Buffers Window Hegp

#define MMWAVE ERRNO_EDMA BASE
#tdefine

#define [MMWAVE ERRNO _CSI_ BASE
\ 4 1

Buffers Window Help

File Edit Tools Syntax
148 */

149 #define MMWAVE_EPROFILECFG (MMWAVE_ERRNO_BASE-8)
158

151 /**

152 brief Code: mmWave lihk chirp configuration failed

(MMWAVE_ERRNO_BASE-9)

File Edit Tools Syntax Buffers Window Help
1 /*! Profile config API */

#define RL_RET_CODE_PF_IND_INVAL_IN (35U) /* P
3 #define (36U) /* P

F indx >
F freg

with[76GHz,
> #define RL_RET_CODE_PF_IDLE_TIME_INVAL_IN (37U) /* PF idle time con

#define RL_RET CODE_PF_IDLE_TIME_1INVAL_IN (38U) /* Maximum DFE

st is not

81GHz] in limit */
st » 5.24ms */

spill time (refer
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Extending SDK architecture for advanced
applications
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Developing a Custom Radar Processing Chain

Key considerations for developing a custom mmWave processing chain with
SDK 3.x architecture

« Understand the data processing chain for the target application and model it in terms of DPC and DPUs

* Re-use the SDK Out of Box Detection Processing OR develop a new Detection Chain
— SDK Out of box DPC is a Range-Doppler based processing chain.
— Lower angular resolution as compared to Range-Azimuth (Capon Beamforming) chain
« SDK Detection Chain re-used for Long Range People Detection and Area Scanner Demos
« But a Higher resolution Capon Beamforming Detection Chain was developed for Indoor People Counting Demos
— Range Processing is still re-used irrespective of the rest of the Detection Processing

« Additional processing requirements beyond the OOB point cloud detection
— Can the additional processing be added to an existing DPU or do we need to create a new DPU
« Object Tracking - new DPU
« Static Object Detection - new DPU
« 2D A0A (Angle of Arrival) using DSP — Enhancement to existing AocA DPU

 Enhancements needed at the DPC and Application level e.g.
— Tracking
— Beam-steering
— Static object detection

 Memory and MIPS requirements for the additional processing
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Examples of Custom DPUs and DPCs

< X ® Not secure | dev.ti.com/tirex/explore/node?node=AlpcYROKCNPXZRF8USIYYw _Vly

New DPUs and DPCs developed in mmWave
Industrial Toolbox

TrackerProc DPU and ObjectDetectionAndTracking DPC
— 2D/3D Obiject tracking using SDK 3.3 Out of Box detection chain
— Used in the following demos
» Long Range People detection
» Traffic Monitoring
« Area Scanner
« Automated Doors and Gates

« TrackerProcCapon DPU and Capon3D DPC
— 2D/3D Obiject Tracking using Capon beamforming detection chain

— Used in the following demos
» 3D People Counting Demo — Side Mount
« 3D People Counting Demo — Overhead Mount
« Sense and Direct HVAC Control Demo

« StaticDetProc DPU and StaticObjeDet DPC

— 2DI/3D Obiject tracking using SDK 3.3 Out of Box detection chain with added
Static detection capability
— Used in the following demos
« Area Scanner
* Automated Doors and Gates

« Avallable in Industrial Toolbox 4.x download under
C:\tlmmwave _industrial _toolbox 4 x x\labs\common

i2t Tl Resource Explorer

- [ mmWave Sensors
» 28 Automotive Toolbox - 2.9.1
- B8 Industrial Toolbox - 4.2.1
-mmWave at CES 2020-
Read Me
Release Notes
Documentation and Resources
» I Antenna Database
» [ Certification
» @ Chirp Database
+» Il Experiments
-~ 3 Labs
» @ - Out of Box Demo -
» B Area Scanner for Zone Occupancy Detection
» @ Automated Doors and Gates
» B Gesture Recognition
» @ High Accuracy Level Sensing
» B Long Range People Detection

» Il People Counting

# / Software / mmWave Sensors /

68xx ISK_ODS - Door Activat

User's Guide

Release Notes
§p CCS Project - DSS
§7 CCS Project - MSS

Automated

Over\

This lab demg
algorithms ar
Whereas trad
door only wh
triggers the d
below.

This version d
objects close
EVM and incl
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Area Scanner and Automated Doors

« Custom processing chain developed for Area Scanner and Automated Doors Demos.
« Based on XWR68xx OOB Range-Doppler Detection Chain with addition of 2D AoA using DSP
« Adds Object Tracking and Static Detection Capabilities

68xx ISK_ODS - Area Scanner 68xx ISK_ODS - Door Activation Sensor

68xx Area Scanner Lab User's Guide Automated Doors User's Guide

Overview of 68xx Area Scanner

Overview

Thi jemonstrates the use of TI mmWave sensors for Area Scanner applications. The ra e data fro
2 sensors can enable the detection of objects « p as they enter or exit zon This lab demonstrates the use of TI mmWave sensors in an automated door application. Tracking
_— y ; ) algorithms are used to sense range, speed, and direction of motion to trigger the opening of a door.
Key Features in this lab are the static detection and group tracking algorithms g "
Whereas traditional door sensors operate based only on proximity, this lab uses the sensor to open the
o Typically it can be difficult to distinguish static objects of interest that have been left in an area from the static Floor or

door only when a person is approaching the door, Velocity information obtained by the sensor also

fixtures that are also | pa. Using the static detection algorithm enables the detection of static ob - . 3
At 75, s e b . Jj R gor FAa T ; Ao, triggers the door to open earlier if a person is moving towards the door faster as is shown in the GIF
boxes, carts, or other equipment that have been left behind while ignoring the permanent static object
. - ’ below
the scene

o With gro L0 gauge a moving o bject's trajectory an d speed, enabling the area scanner

This version of the lab incorporates a new static object detection algorithm to detect non-moving

system to y zone is breached and to dynamically adjust the system’s behavio

)r depending or

objects close to the sensor. The 1ab runs on the TI mmWave sensor IWR6843ISK and IWR6843ISK-ODS

EVM and includes 3 MATLAB visualizer

oDject s

The lab runs on the TI mmWave sensor IWR68431SK and IWR6843ISK-ODS EVM and includes a MATLAB visualizer
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http://dev.ti.com/tirex/explore/node?node=AJB5KNPj7oxrAxFIuIkhqA__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/node?node=AIpcYR0KCNPXZRF8U9IYYw__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/node?node=AJB5KNPj7oxrAxFIuIkhqA__VLyFKFf__LATEST
http://dev.ti.com/tirex/explore/node?node=AIpcYR0KCNPXZRF8U9IYYw__VLyFKFf__LATEST

Demo: Long Range Outdoor People
Detection and Tracking
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100m People Detection and Tracking

Overview
* Features
— SDK 3.3 Range Doppler Detection Chain with Object tracking on R4F G e 5. & |
— Tracker DPU developed on top of SDK 3.x T . S . . .

— Runs on IWR6843ISK ES2.0 and IWR1843BOOST

— Supports 2D and 3D tracking

— People tracking tested upto 100m with IWR6843ISK ES2.0 (3TX SIMO)
— Re-used for Traffic Monitoring Demo on IWR1843/6843

— Supports ISK, ODS and AOP antennas (for Indoor applications such as Area
Scanner with Static Detection)

« DSP based AoA DPU modified to add 2D DoA for ODS/AOP
— Built on SDK 3.x OOB Demo

» Advanced features included for free e.g. Run time CFAR tuning, FoV
filtering, ADC data streaming over LVDS.

AAALL . L,
Y Y Y

Sub frame based TX Beam Steering
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3D Long Range Tracker Chain

ADC
Datain
ADCBuf

RAF

R4F DSF
1D_option:
Direct or EDMA 1D ontion: 2D _option: CFAR_option: 3D_option:
- . HWA or D5P
HWA or DSP HWA or DSP

T“

Range Processing

E_” using HWA
RadarCube

(HW& or DSP
Formats

—» detecti

m Point;

—|

A4

3D Tracker DPU

Tracking on R4F

Denotes new or
modified components

Denotes Unused
Datapath

Tracker output

; o —|_, Doppler Processing J—h_h’ Mz:rix H "‘|_) CFAR Detecion J_"’ on List 1 AoA Processing 4|_’° Cloud
using DSP using DSP using DSP
Range DPU Doppler DPU CFAR DPU AoA DPU
Detection Processing Chain s sk grasg L
Point Cloud +
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