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Chip: DF Robot Environmental Sensor (SPI or 12C)
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Sensor: Bosch BME280 Combined Humidity
and Pressure Sensor
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Figure 2: Block diagram of BME280
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High Level Methodology
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SPI High Level Design

1. Initialize BME 280 registers
a. Write to OXEO
I. Perform Power-on Reset (PoR) Initialize
b. Write to OXF5 '
I.  Sampling interval set to 500ms in
normal mode
ii'_ Filter Off Read Trimming Fead Pressure
c. Write to OxF2 Parameters 9-0=
I.  Humidity oversampling*1
d. Write to OxF4
I.  Temperature oversampling*1

Registers

.. . Temperature
ii. Pressure oversampling*1 Data<19:0=

iil. Set sensor to normal mode
2. Read the 32 trimming parameters
a. Used in data conversion circuits Read Humidity

Data=15:0=

3. Loop to read raw ADC values



SPI Interface Architecture

nCS SCK MQOSI MISO
e Values used for temperature

conversion are stored in 8-bit
registers

e These are then converted into 32-bit
buses accordingly

SPI Controller
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Conversion Formulas from Datasheet (1/3)

Temperature
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Temperature Conversion Digital
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Conversion Formulas from Datasheet (2/3)
Pressure

/ r o 24674867 renreser . 16
E!E2SC_E32 t BMEABD conperaaf ?__rt Q{EHZhE
BME280 S64 t warl, wvar2, p;
varl = ((BME280 S64 t)t fine) - 128000;
varZ = varl * varl * (BMEZ280 3564 t)dig P6;
rar2 = varZ + ((varl#®(BMEZB0 364 t)dig B5)<<17);
vard = var2 + (((BMEZ80_564_ t)dig P4)<<35);:
varl = ((varl * varl * (BMEZ80 S64 t)dig P3)>>8) + ((varl * (BME280 S64 t)dig P2)<<12);
varl = (((((BMEZ80 S64 t)1)<< <47) +varl))* ( (RBME280 564 t)dig P1)>>33;
if (wvarl == 0)

return 0;

!
p = 1048576-adc P;

p (((p<<31)-var2)*3125) /varl;

varl = (((BME280 S64 t)dig 3“3 * (p>>13) * (p>>13)) >> 25;
var2 = (((BMEZ80 564 t)dig P8) * p) >> 19;

= ((p + varl + var2) >> 8) + (((BME280_S64_t)dig_P7)<<4);
return (BMEZ80 U3Z t)p;

r
r







Conversion Formulas from Datasheet (3/3)
Humidity

H int32(BME280 S32 t

v xl u3dir;
v_x1 u3lr = (t fine - ((BME280 S32 t)76800));

v xl u3d2r = (((((adc H << 14) (((BME280 532 t)dig H4) << 20) (((BME280 S32 t)dig HE5) *
v %1 u3Zr)) + ((BMEZ80 532 t)16384)) >> 15) * ((((({(v x1 u3Zr *
((BME280_ S32 t)dig H6)) >> 10) * (((v_x1 u32r * ((BME280_S32 t)dig H3)) >> 11) +
((BME280_S32 t)32768))) >> 10) + ((BME280_S32_t)2097152)) * ((BME2B0 S32 t)dig H2) +
g8192) >> 14));

v xl u3dZ2r = (v _x1 u3Z2r - (((({(v_x1l u32r >> 15) * (v_x1 u3Zr >> 15)) >> 7) *

"~ ((BME280 832 t)dig H1)) >> 4)); o

v _xl u3lr —_{\, ; u3Z2r < 0 2 0 ¢ v xl1 u3lr);

v w1 u32r - (v %1 u32r > 419430400 2 419430400 : v x1 u3zrj ;

return BMEZ80 U3 37 by (v _x1 u3lr>>12); -




digH_1 adc_H digH_4

Humidity Conversion
Digital Circuit

Due to the number of signed multipliers in
this circuit, the bus width became too large.

To correct this, inputs to the signed
multipliers were restricted to 32 bits, while
outputs are restricted to 64 bits, shown as
double line.

Outputs of the circuit are saturated at the
end, so no loss of data will take place.

digH_5

digH_3

digH_6

t_fine digH_2




LCD Controller
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LCD Message

e 20-bit BCD input (from
sensor)
e 1 16tol Mux

o 4 or 5 channel resolution
e 38-bit output to LCD
e 1 write signal




LCD Message FSM

e 2 Internal Counters (i,ctr)
o |is for cycling through mux
o Citris for giving enough write
time for LCD to display

e 1 Start Signal (BTNU)

o Wait for button press

e 1 Output Signal (pb)

o Enable write




Demo



Challenges

The project as a whole was the most challenging part, it was much more than we
had anticipated before making purchases and delving into the datasheet.

If we had to pick one thing out it would be the conversion circuits, which were
designed based on code that would have been more suited for a microcontroller.



Improvements

We could be able to improve in the conversion of raw data. Since the bit sizes
started becoming too high to handle there was a lot of dropping MSB's. Ideally we
wouldn’t want to do that so our numbers can become more exact.
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