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________ AlwayshaveaplanBee

 Pollination Drone

 Used to pollinate
medium-sized apple orchards

e Fully autonomous with
manual takeover

 Competition: hand pollination,
large tractor pollination,
dropcopter, common
honeybee
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STM32H745ZI

e 32-bit ARM Cortex M4 & M7

e 33V m
e 480 MHz (M7) and 240 MHz (M4
UUUUUUUUUUUUUUUUUUUU
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e flight decisions and battery monitoring
e actuation and sense of appendage
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_ MmIORCOMPONENTS

P7805-2000-s LP3852EMP-3.3/NOPB
e Battery to 5V switching e 5V to 3.3V LDO regulator
regulator e max current: 1.5A

e max current: 2 A
o efficiency: 90%
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e color blob detection
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. MAIORCOMPONENTS

IMX219-77

8 MegaPixel Sensor

Sensor: Sony IMX219

77° FOV

Camera Serial Interface (CSl)

Purpose
e Obtain optical camera data
e Communicates with Jetson Nano
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Pixhawk 4 mini + GPS

e flight controller

e 3.3V;UART

PMO06 v2

e Power Distribution Board
o 7-42V; 120A

SunnySky X2216 KV880

e 20 A max

e 13609 thrust with 10" prop
Turnigy Multistar BLHeli-S

e Electronic Speed Controller (ESC)
e 30A

FrSky x4r-sb

e radio receiver
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BQ29330DBT Turnigy Heavy Duty LiPo
e LiPo battery monitoring IC o 4cell(14.8V)

e CLK provided by STM e 5000 mAh

o |2C e 60 C (continuous 300 A)

e Slave only device
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Stereoscopic
Camera

MIPI CSI-2

SV BEC

Jetson Nano

UART 148V - 16.4V

"
Touch Wi ¢
Sensor 3 Wi

5 Wires

STM32H7 [e—I2 BQ29312A 4 Cell Li-Po [—
—>
PWR_IN
UART
2 Pins /#\ 2 Pins
33v Transmitter Radio —3 Pins——»| Pix Hawk < 10 Pi GPS
6 Pins
v v

—

Power
3 Wires— ESC PWR Distribution PUWR- ESC 3 Wrires»| Motor PWR_IN
| Board 14.8V - 16.4V
~
2 Pins 2 Pins.
Motor 3 Wires—| ESC le—— FPWR | PWR______ 5 ESC 3 wires»  Motor
 C—
5V
PWR_IN
LP3852EMP V.
regulate to 3.3V regulate to 5V
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* No human interfacing
needed on packaging

* Weatherproofing - not
needed
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https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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STM32H7_LAFP144_T2
x438 lppg : - PG6—88
239 lpeyq P67 8L x
x—L—PE2 PGB8 s
*—5—PE3 PGII—55 BUZ29330DBT
x—1PE4 PGloL23 «
x—PES pGi1[d24 5 [ — Y XALERT |29 (15¢7 GWBA|
x—21pEg PGI2|-125 5 [CELL>——2 { CELL+ SDATAF2S — {T9¢2 DA
%PU PGlS% %REG SCLK??—@
[PINT)—=29—PES PG14—41x ¥55_1 NC_3 H44x
9 5 26
PIN2—221{PEg 2| XRST WD
P09 tpeqp PHO-0SC_INF22x ; 8 15RN TOUT 23 %
@%PEM PH1-0SC_OUTH28x %SRP LEDDUT%
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x4 lppqy 10 fycs 6POD F2x
%03 lpgq5 BOQTOL3S ' BOOT0)| M2 ———L v ZvCHG 29
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https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
https://engineering.purdue.edu/477grp4/Files/refs/bg29330_datasheet.pdf
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https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
https://engineering.purdue.edu/477grp4/Files/refs/bq29330_datasheet.pdf
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Decoupling Capacitors

............................................

<
€20
10uF
o™
GND

Placed near YDDSHPS & Grounded to YSSSMPS

.............................................

https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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VDD_IND_OUT needs to be conmécted to YCAP?*2
o

c21
1QufF

YDDSMPS_QUT

R6
0R
R10
ORr

#VDD_SMPS_IND_OUT]

=

YDD_LDD

(VCAP]

Fit C22 and L near YLXSD and then €23 near L1

Default PWR supply config: INTERNAL SMPS only |



https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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Battery In Voltage Regulation

| Battery voltage requlation PR —
L2 o e
22uH é +VIN i o SY3.¥DD o i‘ :
Pt 1 O ,
¥RV | i Tk P7805-2000-5 ¥ sp1 ( =
o ~ +¥D v O
' :Jumper_S_Dpen( Z '
S ——655 ;3 5
—— 10uF  ——— 10uF ® 5N i | =7 iv- o
~ o~ a } ] 5 PwWR Selectloni
—— 22uF ]
S 5
% - {GND] ]

https://engineering.purdue.edu/477grp4/Files/refs/p78 2000 _s_datasheet.pdf
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https://engineering.purdue.edu/477grp4/Files/refs/p78_2000_s_datasheet.pdf

§ DTRICE
@MA NRMGAL

\ .
1
Power Dellvery Capacitors
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L ¢ [DD_MCU
(VBAT)
VDDA

]—m
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L 24 i ¢1 —L—¢31 —L—¢15
—— 1uF 10uF —— 4uF —F— 100nF
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[
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—— 1uf —F— 100nF

https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
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ErPWM — Connections

USART — Connections

© JTAG - Connection

Jba

| J3 J2 Y J8 Conn_01x01_Male
1 i < . . . i .
iConn-Oi)iDS-Male Con n_Oi)iOS,Ma\e Conn-Oi)iUS'Mate Conn_Ol)iOS,Male FINE
E PWM1 : USARTL_RX] : 2 | 1 an
; PWM2 ; USARTL TX] | ; 3 :Pn\m | :-
; - PWH3 ; 3 USARTS_TX] | 3 ; I :Pm ' :
= + PWHG + — RITRST] 5 :sz _ /9
3 - PWiM5 el 5 el Conn_01x01 Male
. . - . ! ! ,
i : : ! Additional PINOUT E m— ()]
PWR - Input & Output. Bat — Monitor Connections | Bat — Monitor Connections V2 | HL S ;
)5 J6 17 MountingHole
Conn,OliOS,Male Conn,OiﬁOS,Male _Conn,Ol)iOS,Male : H2 110
; — 5] ; = CELL— : MountingHole E Conn_01x01_Male
s = s - z —2——(CELL+] s o z
| i | 2 | o | St o | : :
= . . GND " L {GND]
5 Touch_Input > GND USART GNDs

MeountingHole
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we need to see if we want to use the ERR pin

1C1
LP3852EMP-3.3_NOFB

SD GND_(TAB)
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i1 NRST - Switch

¥DD_MCU

...........................................................................................................................................................................................................................

https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
https://engineering.purdue.edu/477grp4/Files/refs/Ip385_datasheet.pdf


https://engineering.purdue.edu/477grp4/Files/refs/stm32h745zg_datasheet.pdf
https://engineering.purdue.edu/477grp4/Files/refs/lp385_datasheet.pdf

Specs:
e 89mm X 89mm

® (0805 SMD capacitors &
resistors

e 10uF electrolytic Power
Capacitor

® 2.54mm Headers

e M3 Mounting Holes

Board is being built and mounted on
Drone.
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Completed:
- Flight achieved!

Needs Development and Testing:
- Basic flight with simple instructions sent from STM
- Flight with hardware mounted (under tight weight

constraint)
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Mavlink heartbeat



 PROTOTYPING PROGRES!

ﬂ.
PRUTULYPING PRUGRESS

. : IProjectss sudo
Completed: ® oo T x".&?"‘“‘" uart_mod. py
- UART communication achieved with simulated flower data freatigr /!
- Dual camera connection Achieved ﬂ;‘g‘:.n«-r requests
ving) flo:n:.::u
- Live blob detection achieved TV 7] o

(o, o, 135, 43, 229)

(s, x 81, 46, 155)

. (S5, 2, 44, 70, 244)

Needs Development and Testing: $2; 3, 20; =, )

- Stereo Depth perception

- Verify operation of camera to nano to stm pipeline
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. PROTOTYPING

'RUTUTYRING

Completed:
- Appendage sensor GPIO initialization and functionality
- 12C Initialization and verification
- Mavlink - dual-core mavlink heartbeat and command protocol
implemented
Needs Development and Testing:
- 12C receive
- Relative position computation
- Flight startup and instruction generation for PixHawk
- Interrupt Service Routines and Verification
- Battery level ISR

- Safe land

PURDUE |I2C addressing and clock
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Jotson Nano

Jetson Nano
Functional
In Progress
No Progress
Stretch Goal
Stereo
Comm | Bloh Detection Depth
Perception
. Image 2 x Image
UART Init Capture Capture
Listen Feature Camera
Server Extraction Calibration
Data
Protocol Export StereoBM
HiL Power Data
Toggle CNN Export
Optimize TensorRT CNN
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STM32H7435
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Functional
In Progress
No Progress
Stretch Goal
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STM32H745
Jetson Comm Pixhawk Battery IC Comm LA Flight Decisions
Appendage
UART Init UART Init 12C Init GPIO Init Feres
MavLink Safety
Protocol AP Protocol ASYNC Loop
DMA / Shutdown
Black Box ASYNC Black Box Black Box Protocol
otk Multi-Core ASYNC
Blocking
H/L Power
Toggle Black Box
Optimize
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October 15,2020 Stage 1: Image Processing Finalization, Communication Protocol Finalization
October 26th, 2020 Stage 2: ISR Finalization, Software Optimization, and Integration
November 9th, 2020 Stage 3: Flightless System Test and Integration
November 23rd, 2020 Stage 4: Flight Test and finalization

December 1st, 2020
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Questions?



