Pi-lomar construction

Motorcontroller wiring

DRAFT



Altitude

— Motor
— CAmEE
Motor

Raspberry Pi

HOW TO CONNECT THE RASPBERRY Pl
Camera TO THE CAMERA AND THE MOTORS
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Raspberry Pi

‘ IDEALLY THE RASPBERRY PI WOULD
DIRECTLY CONTROL THE STEPPER
SAmEIE MOTORS THROUGH THE GPIO PORTS




Altitude
Motor

Raspberry Pi LOW HIGH
CURRENT CURRENT

THERE IS A PROBLEM:

Azimuth
THE STEPPER MOTORS NEED HIGHER

CURRENTS THAN THE GPIO PORTS CAN
DELIVER.

WE WOULD BLOW UP THE RPi.

Camera




Driver Altitude
> (DRV8825) » Motor
> Driver » Azimuth

(DRV8825) Motor

THERE IS A SOLUTION:

Raspberry Pi

\

SAmEIE WE CAN ADD DRV8825 STEPPER
MOTOR DRIVER CHIPS.




Driver Altitude
38 Motor

Raspberry Pi

Azimuth
Motor

\

DRV8825 TAKES LOW POWER SIGNALS FROM
PROCESSORS TO CONTROL HIGHER
CURRENT/VOLTAGE POWER DIRECTLY TO THE

STEPPER MOTORS.

Camera




MULTITASKING
Raspberry Pi OPERATING

Altitude
» Motor
RELIABLE

REALTIME
» Azimuth
Motor

SYSTEM SIGNALS

THERE IS ANOTHER PROBLEM:

THE MOTORS MUST MOVE TO VERY PRECISE
TIMING. THE RPi IS A LINUX MULTITASKING

SAMEIS OPERATING SYSTEM. SOMETIMES IT IS BUSY DOING

OTHER THINGS. THE MOTORS WILL NOT BE
SMOOTH.




| Driver Altitude
j|> (DRV8825) » Motor
jl> Driver » Azimuth
| (DRV8825) Motor

THERE IS A SOLUTION:

Raspberry Pi Microcontroller

INSERT A MICROCONTROLLER WHICH CAN PROVIDE
SAMEIS RELIABLE SIGNALS TO THE MOTORS. EVEN IF THE RPi
IS BUSY!




| Driver Altitude
j1> (DRV8825) » Motor
jl> Driver » Azimuth
| (DRV8825) Motor

REALTIME
CONTROLLER

Raspberry Pi

THE MICROCONTROLLER RUNS CIRCUITPYTHON
WITHOUT AN UNDERLYING OPERATING SYSTEM. IT

ONLY DOES WHAT WE PROGRAM IT TO DO. IT DOES
IT RELIABLY AND ACCURATELY.

Camera




| Driver Altitude
j1> (DRV8825) » Motor
jl> Driver » Azimuth
| (DRV8825) Motor

Raspberry Pi Microcontroller

Camera

LET’S LOOK AT THE ACTUAL DEVICES...
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THE DEVICES LOOK LIKE THIS IN REALITY.

WE HAVE TO CONSTRUCT A CIRCUIT TO LINK THESE
TOGETHER.
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CONNECTING THE CAMERA IS WELL DOCUMENTED
ONLINE.
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WE DON’T NEED TO DO ANYTHING SPECIAL WITH
THE CAMERA. JUST CONNECT IT AS EXPECTED.
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THE REMAINING COMPONENTS WILL NEED A
CIRCUIT BOARD OF SOME SORT.

THIS WILL CONNECT THE VARIOUS I/O PINS IN
ORDER TO CREATE A WORKING MOTOR CONTROL
SYSTEM.
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@613 GNDGD WE WILL CONNECT TO THE RASPBERRY PI
GDG26 G20G® GP'O HEADER

THE RPi REMAINS IN OVERALL CONTROL.



RPI GPIO

TINY 2040

(D3v3 5V(D

3)G2 5vCD

G3 GND(E S T e
GDG4 TXD(& ol
(OGND  RXD(O (1)5v TXD(E) | |
We17 618G )GND  RXDGD

13G27 GND(D 0 (3)3V3 D23

(1G22 G23(8 (A)A3 D3(3)

@p3v3 G240® GOA2 D4(2)

A9G10 GNDQO (BAL D5

QDG G25@D (A0 D610

(611 8D G)GND D7(D

ST = THE PIMORONI TINY 2040 MICROCONTROLLER WILL
= Sonn 2 TALK BETWEEN THE RPi AND THE DRV8825 CHIPS.
THERE IS ONE DRV8825 CHIP FOR EACH MOTOR
THAT WE CONTROL.




DRV8825

(ALTITUDE)
RPI GPIO TINY 2040
(L3v3 5v(D (LEN VMOT(6)
(3)G2 5v(4) (DHOMSs1 GND(5)
(5)G3 GND(E) (3MS2 B2(14)

(4H)MS3 B1(3

(5)RST* A1
(s5v TXD(6) (6)SLP* A2@D

(D)
O @
Z B
o
.
O O
ca®

QVG17 G18(1D G)GND RXDQ> G)STEP  FAULT(1D)

1)G27 GND(® 0 (G)3v3 D2QW C8)DIR GND(D

(15)G22 G238 Ca)A3 D3(®

@n3v3 G24Q8 (GGA2 DA ‘

A9G10 GNDQOD O D5QD) jl>

QDG9 G25QD (7)) A0 D6CO

@G11 G8(2D (8)GND D7(D (1)

= G > EN VMOT(e)

@DID-SD  ID-SC@® o e

(29 G5 GNDGO MSZ BZ
MS3 B1

GLG6 G123 (5)RST* A1

(B3)G13 GNDGD

(6)SLP* A2QD

= Qv THE DRV8825 CHIPS

B9GND G210 (8)DIR GND(9)
COME ON AN EASILY

CONNECTED BOARD. DRV8825

(AZIMUTH)




DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040
L s CLEN VMOT( 8
()G2 5vC) = v e =
()G3 GND(& = g S
@64 XD j1> Mss Bl
| RST* Al

(3)GND RXDQO LY TXD(8) (6)SLP* A2QD
@AG17 G18(1D (DGND  RXD(D GDSTEP  FAULT(D
13G27 GND(D (3)3v3 D2(® Ce)DIR GND(2D
(15)G22 G238 Ca)A3 D3(®
@n3v3 G248 (5OA2 D42 \
A9G10 GNDQO (6)A1 D5QD jl> »
QD G9 G25QD (7)) A0 D6CO
@3G11 G8(@®

(8)GND D7(

COEN VMOT( &

(> GND G7(®
@DID-SD  ID-SC@® = v e =
(29)G5 GNDGO = v i
GDG6 G12GD g@i 21
(33)G13 GNDGD
@ cieio- THE NEMA 17 STEPPER e A2QD AZIMUTH
2 = (3)STEP  FAULTQ®

Soo  cudo- MOTORS HAVE 4 COLORED ~@or  avoed
CABLES TO CONNECT TO DRVEE2S
THE DRV8825 CHIPS. (AZIMUTH)




DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO TINY 2040

L e CLEN VMOT(8)
()G2 5vC) x> e
G)G3 GND(® 2 s
(7)G4 TXD(® | > MS-’; Bl
(3)GND RXDQO (1)5v TXD(8) Ef:* 2;
ADG17 G18(1 (2)GND RXD(3

(Z)STEP  FAULTQOD
13)G27 GND(® 0 (3)3v3 D20 GDIR GND(D
(15)G22 G238 Ca)A3 D3(®
@n3v3 G24Q8 GA2 DA \
A9G10 GNDQO (6)A1 D5QD jl> »
QDG9 G25QD (7)) A0 D6CO
2;; 2&; (8)GND D7( (1)EN VMOT( e
@DID-SD  ID-SC@® o e
(29)G5 GNDGO 2 .=
GDG6 G123 o 9.
(33)G13 GNDG® X 0
o i (6)SLP* A2@D AZIMUTH

(7)STEP  FAULT(10)

o P \WE CAN WORK THROUGH ~Gor anods
THE VARIOUS RVagae
CONNECTIONS IN TURN. (AZIMUTH)




DRV8825

RPI GPIO

(ALTITUDE)
TINY 2040 A D
EN VMOT
zx O Ms1 GND@S
GND(&) 2 s
™D(®) jl> Ko s
RXDQO sV TXD(® | Ef:* 2;
;\TS (2)GND RXD(5) (Z)STEP  FAULTQOD
G)3V3 D2(® G)DIR GND(D
G23(& (2)A3 D33
G248 GA2 D412 |
GNDQO (6)A1 D5QD jl>
G25Q2 (7)A0 D6
23 GND D7(D (1)EN VMOT(®
b < CDOMs1 GND(
GNDGO 2 .=
G12GY o 9.
POWER THE TINY = SN <
G16Ge
- 2040 FROM GPlO (3)STEP  FAULTQOD
G210 . N
DRV8825
PROBLEM: NO (AZIMUTH)

ABILITY TO RESET!

ALTITUDE

AZIMUTH



DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040 A D
L s EN VMOT
< .= (HOMSs1 GND(
X s GOMS2 B2(1®
()G4 TXD(8 jl> g . . 2
RST* Al
(3)GND RXDQO 5V TXD(8) (6)SLP* A2QD
@AG17 G18(1D (DGND  RXD(D GDSTEP  FAULT(D
13G27 GND(D (3)3v3 D2(® Ce)DIR GND(2D
(15)G22 G238 Ca)A3 D3(®
@n3v3 G24Q8 (5OA2 DA \
A9G10 GNDQO (6)A1 D5QD |
(59 st (7)A0 D6
G11 G8
(8)GND D7(
COEN VMOT( &
(> GND G7Q&
@DID-SD  ID-SC@® = v e =
(29)G5 GNDGO = v i
GDG6 G123 - o

POWER THE TINY Gt G

GDGI9  G16GD ONE A2QD AZIMUTH

2040 FROM GPIO.

B9GND G210 C8)DIR GND(D

WE NEED A SWITCH DRVE825

(AZIMUTH)



DRV8825

6600 (ALTITUDE) ALTITUDE
RPI GPIO TINY 2040
L s C1)EN VMOT( 6
o P ' c MSl GND
MS2 B2
G)G3 GND(® b BC548CTA GOMS3 B1(®

(G4 ™@D(®)
(9)GND RXD(0) 10KQ
QVG17 G181

e

| (5)RST* A1
(s5v TXD(6) (6)SLP* A2@D

(2)GND RXD(S) (Z)STEP  FAULTQO)
13G27 GND({®D 3933 02CD
(8)DIR GND(9)

(1G22 G230 l (A3 0303

3v3 Gz4 A2 = |
G10 GND >
(6)A1 D5(D ‘
GDG9 G25@ 47uF = -

R s (Ao D6

G11 G8

@)GND 67D (8)GND D7(D (DEN  VMOT@®
@DID-SD  ID-SC@8) (2Ms1 GND(®

29G5 GNDQGOY (3OMS2 B2(18)
GVG6 G123 (4MS3 B1(3

BY ADDING A Gors w2

GDGI9  G16GD ONE A2QD AZIMUTH

TRANSISTOR A GPIO ~ —@se murgo

B9GND G210 C8)DIR GND(D

PIN CAN TURN THE
TINY 2040 ON/OFF. DRVE825

(AZIMUTH)




DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040 A B

EN VMOT
Z\f gx OMSs1 GND(D
G)G3 GND(6> ng Ei
(7)G4 T™XD(® | > G RST* A1
(3)GND RXDQO LY TXD(8) ‘ (6)SLP* A2QD
@AG17 G18(1D (DGND  RXD(D GDSTEP  FAULT(D
13G27 GND(® (3)3v3 D208 (8)DIR GND(D
(15)G22 G238 Ca)A3 D3(®
@»3v3 G248 (5)A2 D42
(19G10 GNDQO Ce)AL D5 I »
QD G9 G25QD (7)) A0 D6CO
g;; 23 (8)GND D7( CLEN VMOT(8
@)ID-SD  ID-SC@® MZ; Gl\éﬁz)
(29)G5 GNDGO mse, B1(13
GDG6 G12GD

(3)G13 GNDGD Sf:: 22 -
20 ooe—  CONNECT UART = QU < AZIMU
GDGND G210 (GPlO) TXD -> RXD (TINY) (8ODIR GND(D

(GPIO) RXD -> TXD (TINY) DRV8825

(AZIMUTH)




DRV8825

- (ALTITUDE) ALTITUDE
0
. TINY 2040
(LEN VMOT( 8

N - 2HMs1 GND({5)
C
BC548CTA Goms2 B2GD

Bo. SN
% 6 70
S

(6)SLP* A2QD
@3»G11 G

(Z)STEP  FAULTQO)
(25)GND G7

(8)DIR GND(9)
@DID-SD  ID-SC(®

AONIS2 B2(1)
29G5 GNDQGO /
GDG6 612GD ‘ GOMS3 B1(13D

(33)G13 GNDGD z (5)RST* A1(D
0/

T™XD(6)
S RXD(@5)
D24

\/ cg
2‘@ O
S /)7&
Q /"
(04

(LEN VMOT(@6)
C2)MS1 GND(>

GG19  G16GD ONE A2QD AZIMUTH
G71DG26 G20@G8) (Z)STEP  FAULTQO)

G9GND G21(a0) C8)DIR GND(®)

DRV8825
(AZIMUTH)



DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040
(13v3 5v(D) (LEN VMOT(6)
(3)G2 5v(a) (HMS1 GND(5)
(5)G3 GND(e) (3MS2 B2(14)
G4 TXD(® jl> C4OMs3 B1(
| (5)RST* A1
(9)GND RXD(O o XD L =<
QVG17 G181 GYGND RXDCD)
(7)STEP  FAULT(0)
13G27 GND({®D
(15)G22 G23(6) (3p3v3 D2GD (8)DIR GND(9)
(4)A3 D3(3
LP3v3 62408 GOA2 D42 ‘
A9G10 GNDQO A1 D5CD |
Gg GZS (A0 DIED)
G11 G8
@5 GND G7(26) (8)GND D7() (LEN VMOT(®
@DID-SD  ID-SC@®) OMS1 GND(1D
9G5 GNDQGO (3OMS2 B2(12)
BDG6 G12GD (4OMS3 B1(3
(33)G13 GNDGD (5)RST* A1

oo os- CONNECTING THE Garr 9 AZIMUTH
@aw i~ DRV8825 CHIPS

DRV8825
(AZIMUTH)




RPI GPIO

TINY 2040

(8)GND D7C9)

TINY 2040 D2 -> ENABLE
GND - GND

DRV8825

(ALTITUDE)
(LEN VMOT( 8
(DO Ms1 GND(S
GOMS2 B2(14)
() MS3 B1(3®
(5)RST* A1(D
ONLE A2(D
(Z)STEP  FAULTQOD
(8)DIR GND(92)
CLEN VMOT( e
(D Ms1 GND(S
(3MS2 B2(1®
(A MS3 B1(13
(5)RST* A1(D
ONL A2QD
(3)STEP  FAULTQ®
(8)DIR GND(D

DRV8825
(AZIMUTH)

ALTITUDE

AZIMUTH



RPI GPIO

DRV8825
(ALTITUDE)

TINY 2040
(LEN VMOT(8

(DO Ms1 GND(S
GOMS2 B2
() MS3 B1(3®
(5)RST* A1(D

D5V TXD(S (8)SLp* A2GD
(PGND - RXDQS) GOSTEP  FAULT(D
(303v3 D2Q® GDIR  GND(D
(4A3 D30
A2 D402
O D5QD

(Ao D6

(8)GND D7C QEN  VMOTG®
(D Ms1 GND(S
(3MS2 B2(1®
(A MS3 B1(13

STEPPER MODE - ST

T
T
T

NY 2040 D3 -> M1 c S <
NY 2040 D4 -> M2

DRV8825
NY 2040 D5 -> M3 (AZIMUTH)

ALTITUDE

AZIMUTH



RPI GPIO

DRV8825

(ALTITUDE)
TINY 2040
(LEN VMOT( 8
(DO Ms1 GND(>
GOMS2 B2
() MS3 B1(3®
(5RST* AL(D
(1)5V TXD(@6) (6)SLP* A2GD
(2)GND  RXDUS GOSTEP  FAULT(D
(303V3 D2GD G)DR  GND(D
(a)A3 D33
(GOA2 D42
(6)A1 D5D
(A0 D6_
(8)GND D7C CDEN  VMOT@®)
(D Ms1 GND(S
(3MS2 B2(1®
(A MS3 B1(13
(5)RST* A1(D
ONL A2QD
(3)STEP  FAULTQ®
DETECT DRIVER FAULTS DR GNDOD
DRV8825

(AZIMUTH)

ALTITUDE

AZIMUTH



RPI GPIO

TINY 2040

CONTROL MOTOR
DIRECTION

DRV8825
(ALTITUDE)

(LEN VMOT( 8
(DO Ms1 GND(S
GOMS2 B2(14)
() MS3 B1(3®
(5)RST* A1(D
ONLE A2(D
(Z)STEP  FAULTQOD
(8)DIR GND(92)

CLEN VMOT( e
(D Ms1 GND(S
(3MS2 B2(1®
(A MS3 B1(13
(5)RST* A1(D
ONL A2QD
(3)STEP  FAULTQ®
(8)DIR GND(D

DRV8825
(AZIMUTH)

ALTITUDE

AZIMUTH



DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040

L s CLEN VMOT(8)
< .= (HOMSs1 GND(
20 s GOMS2 B2(1®
(2G4 TXD(® - o

GSRST* A1(2
(3)GND RXDQO LY TXD(8) (6)SLP* A2QD
QVG17 G181
v e (2OGND  RXD(SD (DSTEP  FAULTGD

G G G)3v3 D2(®

(8)DIR GND(9)

E O

(> GND G7(® VMOT( 8
@DID-SD  ID-SC@® GND(S
Q9G5 GNDGO B2(1®
BDG6 G122 B1(®
(33)G13 GNDGD A1(D
(B5G19 G16Ge) A2QD AZIMUTH
B71G26 G20(3® FAULTQO
G9GND G210 (8ODIR GND(®)
MOTOR MOVE SIGNAL DRV8825
(AZIMUTH)

(STEP)



DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040 3 B

EN VMOT
(D3v3 5V(D MSs1 GND(S
()G2 5v( B2QD
(5)G3 GND(&D = g B1(13
(7)G4 T™XD(® IF:/_l.STi A1
(3)GND RXDQO D5V T™XD(S (6)SLP* A2QD
ADG17 G181 (2)GND RXD(3)

(Z)STEP  FAULTQOD
13)G27 GND(® G)3Vv3 D2(® G)DIR GND(D
(15)G22 G238 Ca)A3 D3(®
G»3v3 G24@Q8) (GGA2 DA
A9G10 GNDQO (6)A1 D5@D
QLG9 G25Q2 (7)A0 D6
@G11 G8(2® (8)GND D7( CLEN VMOT( S
(2> GND G7Q& (2 (15
@DID-SD  ID-SC@® MSl GN[z)
29DG5 GNDQGO MSZ 21
GDG6 G12GD Msi )
(BG13 GNDG® o -
o O (6)SLP* A2GD AZIMUTH
- g = STEP FAUNL;'
B9 GND G21(0 " ’

MOTOR MOVE SIGNAL DRVES2>
(AZIMUTH)

(STEP)



RPI GPIO

TINY 2040

RESET and SLEEP
(Not used)

DRV8825
(ALTITUDE)

(LEN VMOT( 8
(DO Ms1 GND(S
GOMS2 B2(14)
() MS3 B1(3®
RST* A1Q2
ONLE A2(D
(Z)STEP  FAULTQOD
(8)DIR GND(92)

CLEN VMOT( e
(D Ms1 GND(S
(3MS2 B2(1®
(A MS3 B1(13
(5)RST* A1(D
ONL A2QD
(3)STEP  FAULTQ®
(8)DIR GND(D

DRV8825
(AZIMUTH)

ALTITUDE

AZIMUTH



RPI GPIO

TINY 2040
VsV TXD(8&)
(2DGND RXD(15)
(3)3v3 D20
(a)A3 D33
(GOA2 D42
(6DA1 D5D
(A0 D6
(8)GND D7(

12V POWER TO THE

MOTORS

DRV8825
(ALTITUDE) ALTITUDE

(LEN VMOT( 8
(DO Ms1 GND(S
(3OMS2
CaOMS3
(5)RST*
ONLE
(Z)STEP
(8)DIR

CLEN VMOT( e
(D Ms1 GND(S
(3OMS2
CaOMS3
(5DRST*
ONL
(3)STEP  FAULTQ®
(8)DIR GND(D

AZIMUTH

DRV8825
(AZIMUTH)

GND +12V



DRV8825

(ALTITUDE) ALTITUDE
RPI GPIO
TINY 2040
Lo S EN VMOT(e
G)G2 5v( o
()G3 GND(&) MSZ
@)Ga TXD(8D ';ASSTi
(9)GND RXDQOD OLY T™XD O (6)SLP*
ADG17 G18(1D (2)GND RXD(S (7)STEP
B)G27 GNDQ® G)3V3 D2Q C)DIR
(15)G22 G238 Ca)A3 D3(®
@»3v3 G248 (5)A2 D42
A9G10 GNDQO (6)A1 D5@D
QLG9 G25Q2 (7)A0 D6
@3G11 G8(@» (8)GND D7(
= G D EN VMOT(
@DID-SD  ID-SC@® MSl
(29G5 GNDGO Mz;
(33)G13 GNDGD
- o = SLP AZIMUTH
3DG26 G20G® STEP
B9GND G21(0 o
ADD SMOOTHING PRV882>
(AZIMUTH)

CAPACITORS GND +12V



DRV8825

(ALTITUDE) ALTITUDE
REIGPIO TINY 2040
(L3v3 5v(D) (LEN VMOT(@6)
(362 5VCH OMST  GNDGD

(5)G3 GND(E) (3MS2 le — -
(1G4 XD (4OMS3 B1(3

(SRST* A1
(9)GND RXD(O Dsy 005 "

u 12 (6)SLP* A2(1D
o o1 (2DGND RXD(5) STEP

13G27 GND(®D (7
(3)3Vv3 D2(D

FAULTQ0)

(1G22 G236 Das 03¢ (8)DIR
@»3v3 G248 L 9,
(A9G10 GNDQOD =" P
QDGY G252 ()A0 D6C10)
23G11 G8(2® X

GND D7C(9)
(@5 GND G7(Q8) (LEN VMOT@6)
@DID-SD  ID-SC(® SIS
29G5 GNDQGO (3OMS2
GVG6 G123 MS?;

RST

(33)G13 GNDGD
= Souling: ol AZIMUTH
(3PG26  G20G®) G)STEP  FAULTGD
(B9GND G210 GDIR

CONNECT THE MOTORS DRV&825

(AZIMUTH)
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