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Abstract

Mast eerngafneering Program
School of Electrical and Comg
Cornel |l Uni versity

Design Project Report

ProjecPl CT82l dev&Dopmendt Li brary

Aut h@Ghang Li u, Pei Xu

AbstiTddts projdect gai mndt dev IS a« avaclkerdd r dir g

on PI C32 microcontroller. Thlhradmaind fsumagtei dn |
the SDncardddi ti ogi,veddhi Bl Gy tedcavalimgpegner y &aoces
store image and fil ed.s Inteeal SO cearrMewsnipd re mee

by using tthreeRla@B2radgyel opers can get the inf
the SD chha lkasiid yt.uncti ons in the SD card |
The user can dccesshehé&Df chedswotbd calling a



| ndi vi dual Contri buti c

Chang Liuwu

He researched the way how SD card communicat
SPI communication from PI1C32 to SD card. Th
and created a user test interface using UART

Pei Xu

She set up the oharmndwarDe caamneacntd Pl C32. Tog:
researched the way of i mplementing FAT file
together finishing the code of fat32.c and f



Executive Summary

The current situati orerisn iECH47a6t0 tFleG3e2 idse vae
them to directly accedsec ¢mlrafiaaseit Bsiedloirteyd annd acna

of the use of Pl C32, a SD. bardf oin &y athei devnel

able to read, wriitne tohre uspydsateem idnfroercmatyi.on
According to our research, I nclbwe ifnign d hteh ate
it is feasible and potenti al t Dhiesarii mpr dvhe me mi

witcodbntri bute to the conveni enlTcheu sf mnrtohPid 3 2aidry e

to design and develop a secure digital (SD) ce
The SD card | i droarsyt oafef edrast ag o tpHndaoyeensa t i soonu n d
whiméeodf | ar ge melmeo rmaismp afcienciisomoof ealde alnidb 154 K

from the SD cardbpaoyiades ttile ,f ametsi onal ity to

root directory.

A ubeisntcea fias ebduidnt tbhaes communi cati on from
via UReRald or Wrsietlea cfaunndc toitohner basic functions
the user interface. By typsergs tdhaen commasa tom
select thgeafdi bedanra ttep Arshet Ha 1D card | i brar

separately widar itrhckce ginNdlsosir e®® dc darod desi gn t h

Various tests are designed tcarvdseylsithegrnatr lye 1
By chgckhe data andhiandmnputadrn ocaandubim@bbde tdhe

the correctness of each function our group d
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1.l ntroducti on

SD card is a commondeai lcygel bfeeiamsalsabge st onr.
anldow pristcwi dely used in digital cameras, mot
SD card supports two bus modes: -w$Sbemede and
the use of CLK, DOAVMRAT DATO®r O&ATA, communi cati o
data transform .r a$Rl amo-érid sbthgheedaus e mef CS,
Dataln,, thats@&Odtoexcpangsngodata only has 1 ©b
sl ower than tthheo BDumodet, i drus p mpH eercemleidsd n o

to check thedeGRGQG,abwlihdatl® ipse@jdeatnd write oper

SD dar d

Pin SD SPI

1 8 1 DAT2 X
2 |comata| cs
3 CMD D
4 VDD VDD
5 CLK | SCLK
6 VSS VsS
7 DATO DO
8 DATH X

e —

Figure 1. Pinout description of SI

2.Design Alternatives

2.1 Components




SDHC Card

-~

== I

@

San)isk

8GB SDHC cardSD card socket

UART Cabl e

Figure 2. Components of the desig

2.P2roject budget

To interface the SD card with PIC32 microc
are needed to buildostheoftitrlheiprojadt thast:
x UART cable (5.00%)

x Bread board (10.00%)

x MicrostickI.I®GQPi ¢c32 kit (10
7



x Jumper wires 20 pieces (1.008%)
x Sani 8B SDHC card (7.999%)
x Standard Adfruit SD card socket (8.99%)

Tot al cost i s 42.98%.

3.System Design

TheD card contains two b@amemor sbfemaB8@ndarcd or s

cont o bh@emor Y £otrlree fl ash memory region wher

i s saved. When we format the SD ecgarodn.a Heinlcee
t his is the region wHhHéexeD tchaer df 6dl@h tpsspdtiaem
communi cddad mo rtybvec bhet he ext er nal devices |1 ke

respond to certain set of stanthat tde She mommar
core in for the &XO ecranrad odicdeendtimamel .d erhi wcse, otulre P

communicate with.

SD Card
Data In/Out
PIC32 SPI
Microcontroller SD card controller Flash Memory
Control

Figure&8lck diagram of the system

As the figure Iloirstwad ta&badwd,a ticmtroeadche SD car
prject into three sections. They are SPI s ec

system section.



FAT 32 File System

SD Command

SPI

Figure 3. Three sections of the s

The PI C32 mincereodcso ntta od dremuni cat emswintgh SD
SPI buses. Ttheadndla treevcitea v @B Mi £t an be writte
thr ouggkfhl 1BWUBmM Pl C32.

The i ®tDerccaandt r ol |l er can deeodei t hedcasmmang
Those c¢commalnadds satreen dcar d S®dDn croenanéd ntdh evhrni edi
the SD card, an®Mlembdsyb.Ceme/ write the
AFAT32 file system is mappeds itnhteo usheer ftlc
directly accessWiotrh moAsS $f8yt Etntbee iftiefrmaykl .U s e

t hat tchaen fbied ersenaodt doinrleyc tflryom PI1 C8B2 mi cr o

wi ndodvsotamer operating systems.

3.1 SPI section
The pf orDo wdanrdd HloG3 2t he SPI interfacing mode i
figure
Physdicm Na me Description
Number o
6 (RB2 CSs Chip select (
24 (RB1 MOSI (SD Master out s




27 ( GNI GND Ground
25 ( RBI1 SCK1 Clock
22 (RB1 MI S®D) 1 Master in sl
3 (RA1l U2RX UART recei v
21 (RB] uzTX UARTr ansmit
TabllPi nout for Pl C32
Pin Nomb | Name Description
card
1 CS Chip select (
2 MOSI ( Da't Master out s
3 Vssg Ground
4 Vb Vol tage supiy
5 CLK Cl ock
6 Vs s Ground
7 MI SO( Dat Master in sl
8 Reseryv Reserved for
9 Reseryv Reserved for

Tab2Pi nout for SD card

10



W
—

.| vDD(3.3v

U2RX

> 7 > 7 . <

| scka

.| Reserved .| _MOsI{sDQ1)

e cs

- i ¢ Ty

| o MISO(SDI1)

- PICIZMCU

| _6ND _ | varx

SO Card

| vDD(5Vv) : i )
CLK

| GND
| po

.| Reserved VDD(3.3V) {,,

Figure&€osnhnection for PIC32 and SD c.

After setting up the <circuiini,t itahlel d8ePdh.g cTohrem ufr
code is useldt tios smandat &Py .t o set up the SPI
t hheni tializabonoy alt |l 80 tamdcecleock niteqlerzay. o

clock frequency is speeded up as 20MHz to

vol atil e SpiChannel spShnchaB8RE|I CHANNE
vol atile int spHZ|l &peed =f A6 0SD/ i/ ni2t5i0& |

Spi ChnOpen(spi Chn, SPI _OPEN_ON | SPI
spi ClkDiv | SPI _OPEN_SMP_END) ;
After i nourag¢giceapiiosn,able to transmit and re

registéekPl tBUFPOHC32. Therefore, two functions

11



which a$Rl ctadadn@€mhi_ tr ecei ve

Basfiucncti ons nin SPI sectio
Fucti on name Description
SPI _transmit(uns Transmit the 8 bit

SPI _receive(unsil Get the 8 bits da

TablBas2i.c functions for SPI commun i

32SD command secti on

All the SPuppommaedsin the SPI mode are 6 byt
first and the actual command occupies the fi
4 bytes | ong arguments. The |l ast byte is the

argumenrs. by

When the host sends a command to the SD card
respond to the host, i f the command is not

i mpl ementation of the host command.

The structure of aimdammdradc ebimodk o tah &S DSRla

foll owi.ng figure
Byte 1 Bytes 2—5 Byte &
T|6 |5 0 )| 0 7 0
0|1 Command Command Argument CRC 1

FiguBte ucture of a command bl ock

Bel ow i s a | i st of the basic commands our t e

12



#define GO_I| DLE_STATH #defWRAEE_MULTI PLE_BLO

#define SEND_OP_COND #define ERASE_BLOCK_ST
#defSIENO_| F_COND 8 #define ERASE_BLOCK_EN
#define SEND_CSD #define ERASE_SELECTEH(

#define STOP_TRANSMI § #define SD_SEND_O#1 CON

#define SEND_STATUS #define APP_CMD55
#define SET_BLOCK_LEN |#define READS5®CR
#define READ_SINGLE § |#define CRC_ON_OFF

#define READ_MULTI PLH #defi TE_WRINGLE_BLOCK

SD card def aul t read and write mode is SD mc
write CMDO and CMD1 command to SD controll er
successfully, we can use SPmni chmoodceo,ntwhoildherc al

and write operations. Our team follows |iste

321 SDsend command

. Wefisends9rEhr onows( edycrkumber above 74
deci malefl)eg r ed

. Send the CMDO commantdheohtbbeSD oaddr (sf
command number is always 0O and the seco
SD card is theopreergautlitbmef f0 resrt ,0X400 rd, f
bytes of the conmmandcdiwarhd bayrtee w0 d.he co
the CRC check byte, fixed to 0x95.

M. Checkihnregsponse,ot heémMDw®& can verify whet't
standard of SDHC card.

IV. 1 fOxO00 && c¢omd s==ru8, we send 8 extra clc
the chip select.

322 SD initializati on
13



l Fisend the instruction number CMD1 (0x0
four O0x00 bytes, and finally send the C
. SinSce card has been working in SPlI mode,
CRC, so we write a Ouammabgtworaod. fill th

. When the CMD1l instrucwe ommend &emnltodhk ayhc

until thewv 8D rcaspwponse byte 0x00.

Iv. After receiving the response byte of th
and then send 8 extra clock cycl es.

323 SDReasdngl e bl ock

Il Seddr eadmmand CMD17 (0x11 | O0x40 = 0x51)

. Write four addr ess phairtaneddrress, s 4v ablyuee,s til
i s-b32 addr ess vabliue doaft at,h et hhei gfhiersstt 8f our
3Dbit wvhailtuedalt a.

m. Write CRC check bit OXFF.

IV. Write a number ofs OXFF empty operation

V. Che&IBP card O0x00 response.

V. Write a number ofs OXFF empty operation

VL. SD card sends Ox FE data header.

VIL. The SD cardysendata DI1Dck with the speci

IX. Si ntchee SPdoeaewmodreot require the default CRC
data can be discarded.

X. PuC&highsend 8 empty clock cycl es.

324 SD write single block

. Send SDPowmand CMD24 (0x18 | O0x40 = 0x58)

. Write four addr ess phairtaneddrress, s 4v ablyuee,s til
i's the-bi owasbhdrt®@ sdsat8&, t he f odbritth byte i s

14



addr es sbivta | duaet a8.

C

M. Write CRC check bit OXFF.
IV. Write a number of OxXFF empty operation.
V. Ch&c®DX 00 response.
V. Write a number ofs OXFF empty operation
VIL. Write 512 bytes of data bl ocks.
VII. Write two bytes of OxFF as the CRC bytes
IX. SD car d0 0OsleOnldBs rxe sponse.
X. TheS Ipiuné¢ eid hleowsD card writes 512 bytes
addrgetssi nt.errupted
X. PuC&igh, send 8 empty clock cycl es
Basi c f urDctcioammsaencdni @&n
Fucti on name Description
char SD_init ( SD card initi.i
SD_sendCommand ( |\
Send SD command
cmd, unsigned
SD_readSingl eBl o
Read data from
start Bl ock) |
SD_writeSingl eBlI
Write data to a
start Bl ock) |
TablBas3i.c functions for SD comman

33FAT32 fisecsyoehem

FATi | e issyswiedehyt heedi ndows

operating

SYySst €

empl oyed to stor eWitthhe FAZIgeRd €inm eti i fsuild rl o jbeec t

15



t htatt e cfainl ebse read ont gctrypym PI G3n2 wnincdroowso n t

ad other ®spemating sy

From our research and reading FAhefile s
consecutive 8 bi bhé&ame beortgh el occoantsieocnstrieve Sec
groupeddcCtoddwermegQurattioaam FAMBI2emente system
t hemdrey Core in a particular defined for ma
the beginning of the Memory Core which are

a FAT32 file system is as shown bel ow:

Fi guFART3PH2 f or mat

The very fiMBR GCkhasberi BooheRecord) which fo

of

Unused Sector s. The Unused Sectors are f

the first Sector is the BOOT Sector. The Res

The number rosf dFeATenSdesctwopon t he size of the f

foll owed by few Hidden Sectors. Thhe FHildden

with a specific name can be read from the F
shown bebhowto¥akel ook and it can be found th
Sector read. This Sector read from the Memo

usi ngbDtheadSiangrmma&ndcfkrom t he .SD Command sec

16



YES

NO

C o

Figure 7. LogkAT3W20r kfl ow from

Basic fumATIDnfsi lien system section

Fuction name Description
appendFil e (v Write data to a
memor yStatisti Get the memory us

Create a fiolreaini i

directory i f given
writeFile (unsigf
if the file alrea
dat a

17



del eteFile (unsig Del ete the f

Print filel/ldirektkt

findFiles (unsign
flag = GET_LI ST
char *fil eNali
= DELETE
Reaidl & from SD car
readFile (unsigne

Verify whether a s
char *fil eNali

existing i f f1

Tabl e 4. Basic functions for FAT32

4. Testing and resul ts

To

t he

test the accuracy and reliability of the
debugging stage.

Wi nhex is employed to read the informat.i

computer. ,Fwe wmist@andata tbeaSb®dpeardi ¢ribl

UART of PI C32, the information can be <c¢h
accuracy and debug during the design, our
|l i brary read and write functions by che
Foll awi fg gure when we read the detail ed

the SD card wusing winhex.

18



0000000000 |F& 33 CO 8E DO BC 00 7C 8B F4 50 07 50 1F FB FC

nooooooole BF OO0 0O B9 00 01 F2 AS EA 1D O 00 0O BE EE 07

0000000032 B3 04 80 3C 80 74 OE 80 3C 00 75 1C 83 Cé 10 FE

0000000048 CB 75 EF CD 18 8B 14 8B 4C 02 8B EE 83 Cé 10 FE

noooooooes CB 74 1A 8O0 3C 00 74 F4 BE 8B 06 AC 3C 00 74 OB

0000000080 56 BE 07 00 B4 OE CD 10 GSE EB FO EE FE BF 05 00

0000000096 BB 00 7C B8 01 02 57 CD 13 SF 73 0C 33 CO CD 13

nooonooool12 4F Y5 ED BE A3 0Oe EB D3 BE C2 06 BF FE YD 21 3D

0000000128 55 Ak 75 C7 8B F5 EA 00 7C 00 00 49 6E 76 61 6C

0000000144 69 64 20 70 61 72 74 69 74 69 6F 6E 20 74 61 62

0000000160 &C 65 00 45 72 72 6F 72 20 6C 6F 61 64 69 6E 67

0000000176 20 6F 70 65 72 61 74 69 6E 67 20 73 79 73 74 65

Qoooooo192 eD 00 4D 69 73 73 69 BE B7 20 BF 70 6L 72 61 74

0000000208 69 6E 67 20 73 79 73 74 &5 &D 00 00 00 00 00 0O

0000000224 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

nooooooz40 00 00 OO0 00 OO OO OO0 OO OO OO OO 0O OO OO 0O 0o

0000000256 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0000000272 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

goooooozss 00 00 OO0 OO OO OO OO0 OO OO0 OO OO 0O OO OO 0o oo

0000000304 00 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00

0000000320 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

noooooo033e 00 0O OO0 OO OO OO OO OO OO OO OO OO OO OO 0o oo

0000000352 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

nooooo03ed 00 0O OO 00 OO OO OO0 OO OO OO OO0 0O OO OO0 00 0o

0000000384 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0000000400 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

noonoooo41e 00 0O OO0 00 OO OO OO0 OO OO OO OO OO OO OO OO 0o

0000000432 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 20

0000000448 21 00 OB 0A& OE ?C 00 08 00 00 00 &0 1E 00 00 00

ngoooooo4e4 OO OO OO OO OO OO OO0 OO OO OO OO OO OO OO OO OO0

0000000480 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

0000000496 00 00 00 00 00 00 00 00 00 00 00 00 00 00 55 A&

Figure 8. SD data information read

To evaluate the reliability of the SD car
to testfumpbobiromnitin the | ibrary. The test
the computer to PIC32 wusing UART. Il n our
putty to transmit and receive data from
follows includitmgnr ¢e@ad/Aa wiintgeé ef bh ock and
file in the file system

19



£® COM4 - PuTTY - m] x

Figure 9. Test interface from P

As a resul t, al | the functions ar e runni n
i nformation read from Wimhheuirs tiedenn twirc¢ d le

l' i brary.

The speedSDofreasiSnggteBIDdiovkg IteeBulnocctki ons ar e

measur ed dach ufnn®@tmigme st.ilndeOr i s opened t o me

running time. The functioglaesbtothk headt hbe
of 512ThBeytreessult i s shown as foll ows.
Single
Tot al Read/
Function n Writel/
ti me rat e ( B
ti me

SD_readSingl e

128 1. 2nx5 4 19BB/ g
l ong start.
SD_w$8inegl eBl o¢
138 1. 343 381KR/3¢
l ong start.|
Tabl e 5. SD card speed perfor mar

20



5 Concl usi on

OverSd Iccard i brary is reliable and is accur
During the design praorcieosuss, iosusru etsh ambdi goguegdst. wi
i ssue was that when define the @starlucotc autsei nega (
variable in the struct wiTtohifn xa tden e owbtl ievre
pack (1) i's needed hteo cloenpskeer woultthacompil e

all ocation. The measured speed of write or

400KB per second. This result is decent, S i

empl oyed. Givewuri4d@®0KBp/exdr dad/m SPI mode, a s
mode could be estimated. This is identical
bySPI clock frequencyoobu@d@dMHzzeé yt Pd CBROj ec
functions our beamadeéesiygnengpl eomended. Wi th t1l
transmit speed, the SD card I|ibrary for Pl C3

who heede sphckeso store

21



6.CodAeppendi X

6.sd routines. c

C:/Users/changliu/Desktop/lab3.X/sd_routines.c

ffdefine clearPutty() printf( "\x1lb[2J")
ffdefine homePutty () printf( "\x1b[H")
lidefine PB_CLK sys_clock

f#include "config.h"

ffinclude <stdlib.h>
ffinclude <math.h>
f#include "plib.h"
ffinclude <xc.h>

ffinclude "sd_routines.h"
ffinclude "fat32.h"

oid setupUART(void) {
PPSInput (2, U2RX, RPAl); //Assign U2RX to pin RPAl -- Physical pin 3 on 28 PDIPS
PPSOutput (4, RPB10, U2TX); //Assign U2TX to pin RPB10 -- Physical pin 21 on 28 PDIP

// white on adafruit 954 is RX in - so connect to pin 21
// green on adafruit 954 is TX out - so connect to pin 3

UARTConfigure (UART2, UART_ENABLE_PINS_TX_RX_ONLY);

UARTSetLineControl (UART2, UART_DATA_SIZE_8 BITS | UART_PARITY NONE | UART_STOP_BITS 1);
UARTSetDataRate (UART2, PB_CLK, BAUDRATE);

UARTEnable (UART2, UART_ENABLE_FLAGS (UART_PERIPHERAL | UART RX | UART_TX));

e

/Function to receive a single byte

B TP
pnsigned char receiveByte( void )

{
pnsigned char data;

While (!DataRdyUART2()); // Wait for incomming data
data = ReadUART2();

freturn (data) ;
}

A
/Function to transmit a single byte
e
oid transmitByte( unsigned char data )

{
do{while (!U2STAbits.TRMT); WriteUART2 (data);}while(0);
|

R R R AR R R R AR R R AR AR AR AR A AR AR KA AR AR R R AR AR

/Function to transmit a string in RAM

R e

oid transmitString(unsigned char* string)

while (*string)

1.1 0f8 2017.05.22 09:09:54
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