
 



 

 



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 



 

 

𝑆𝑜𝐶% = 
𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 [𝐴ℎ] 

𝑛𝑜𝑚𝑖𝑛𝑎𝑙 𝑐ℎ𝑎𝑟𝑔𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 [𝐴ℎ]
∙ 100



 

 



 

 

 

 



 

• 

• 

• 

file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Bibliografia%20-%20Documenti,%20datasheet%20e%20link/Battery%20Diagnostics%20and%20Monitoring.pdf


 

• 

 



 

file:///Z:/Batman/Tesi/Documenti/Automotive%20Battery%20SoH%20Monitoring_a%20Parity%20Relation%20Based%20Approach.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/SOH%20estimation%20of%20lead%20acid%20battery%20by%20artificial%20deterioration.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/SOH%20estimation%20of%20lead%20acid%20battery%20by%20artificial%20deterioration.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/Dynamic%20model%20of%20a%20lead%20acid%20battery%20for%20use%20in%20a%20domestic%20fuel%20cell%20system.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/Dynamic%20model%20of%20a%20lead%20acid%20battery%20for%20use%20in%20a%20domestic%20fuel%20cell%20system.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/Dynamic%20model%20of%20a%20lead%20acid%20battery%20for%20use%20in%20a%20domestic%20fuel%20cell%20system.pdf


 

 

• 

file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/Estimation%20of%20Battery%20Internal%20Parameters.pdf
file://///detstorage.polito.it/neurolab/Share/Batman/Tesi/Documenti/Estimation%20of%20Battery%20Internal%20Parameters.pdf
https://www.bosch-mobility-solutions.com/en/products-and-services/passenger-cars-and-light-commercial-vehicles/interior-and-body-systems/body-electronics/electronic-battery-sensor/


 

• 

https://www.cadex.com/en/products/spectro-ca-12-battery-rapid-tester


 

• 

 

http://emotion.midacbatteries.com/#Kit


 

 

 



 

 

• 

• 

• 

 



 

 



 

 

• 

• 

• 

• 

• 

 

 

• 
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{
𝐼𝐵𝐴𝑇𝑇,𝑝𝑒𝑎𝑘 = 2 ∙

𝑉𝐶𝑇𝑅𝐿,𝑝𝑒𝑎𝑘

𝑅𝑆
= 4 ∙ 𝑉𝐶𝑇𝑅𝐿,𝑝𝑒𝑎𝑘

𝑓𝐼𝐵𝐴𝑇𝑇 = 𝑓𝑉𝐶𝑇𝑅𝐿

 



 



 

𝐼𝐷 = 
𝑉𝐶𝑇𝑅𝐿
𝑅𝑆



 

𝑇𝑐ℎ,𝑝𝑘 = 𝑃𝑚𝑎𝑥 ∙ (𝐷 ∙ 𝑅𝑗𝑎 + 𝐷 ∙ 𝑍𝑡ℎ,𝑚𝑎𝑥) + 𝑇𝐴

𝑅𝑗𝑎 = 𝑅𝑗𝑐 + 
𝑅𝑐𝑎 ∙ (𝑅𝑐𝑠 + 𝑅𝑡𝑝 + 𝑅ℎ𝑓)

𝑅𝑐𝑎 + 𝑅𝑐𝑠 + 𝑅𝑡𝑝 + 𝑅ℎ𝑓

𝑅ℎ𝑓 =  𝐾 ∙ 𝑅ℎ = 0.3 ∙ 2.7 °𝐶 𝑊⁄ = 0.81 °𝐶 𝑊⁄



 

β

β

 

β β β



 

β β β

β

β

(
1

𝛽1
)
𝐷𝐶

= 
∆𝑉𝑂𝐴
∆𝑉𝐹𝐵

= 
𝑉𝐺𝑆,𝑚𝑎𝑥 + 𝑉𝐶𝑇𝑅𝐿,𝑚𝑎𝑥 − 𝑉𝐺𝑆,𝑡ℎ

𝑉𝐶𝑇𝑅𝐿,𝑚𝑎𝑥

β  

β β

{
 
 

 
 1

𝛽1
 =  

1 + 𝑔𝑚 ∙ 𝑅𝑆
𝑔𝑚 ∙ 𝑅𝑆

∙
1 + 𝑠 ∙

𝐶𝐺𝑆 ∙ (𝑅𝑂 + 𝑅𝐼𝑆𝑂 + 𝑅𝑆)
1 + 𝑔𝑚 ∙ 𝑅𝑆

1 + 𝑠 ∙
𝐶𝐺𝑆
𝑔𝑚

𝑓𝑍,1 𝛽1⁄ = 
1 + 𝑔𝑚 ∙ 𝑅𝑆

2𝜋 ∙ 𝐶𝐺𝑆 ∙ (𝑅𝑂 + 𝑅𝐼𝑆𝑂 + 𝑅𝑆)



 

β

β

β β

{
  
 

  
 

1

𝛽2
 =  

𝑅𝐼𝑆𝑂 + 𝑅𝑂
𝑅𝐼𝑆𝑂

∙

1 + 𝑠 ∙ 𝐶𝐹 ∙
(𝑅𝑂 + 𝑅𝐼𝑆𝑂 + 𝑅𝑆) ∙

𝑅𝑂
𝑅𝐼𝑆𝑂
⁄ + 𝑅𝐹

1 +
𝑅𝑂

𝑅𝐼𝑆𝑂
⁄

𝑠 ∙ 𝑅𝐹 ∙ 𝐶𝐹

𝑓𝑃,1 𝛽2⁄ = 
1

2𝜋 ∙ 𝑅𝐹 ∙ 𝐶𝐹

β β

• 

• β

• β



 

• 

• 

• φ ≥ φ

• β

• ≅ 

• ≥ πτ

τ

πτ

• β β

• 

• 

• 

• 

• 

• β

• β β



 

• β

 

 



 

 

𝑉𝐴𝐼 = 𝑉𝐵𝑎𝑡𝑡 ∙
𝑅𝐵

𝑅𝐴 + 𝑅𝐵 



 

• 

• 

• ≥

• 

𝑅𝐹𝐿𝑇 ≤
1

𝑓𝑆 ∙ 𝐶𝐹𝐿𝑇 ∙ 𝑙𝑛 (2𝑁𝑏𝑖𝑡+1)



 

 

𝛿𝐼𝐵𝐴𝑇𝑇 = √(|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑉𝐶𝑇𝑅𝐿

| ∙ 𝛿𝑉𝐶𝑇𝑅𝐿)
2

+ (|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑅𝑆

| ∙ 𝛿𝑅𝑆)
2

=

= √(
2

𝑅𝑆
∙ 𝛿𝑉𝐶𝑇𝑅𝐿)

2

+ (
2 ∙ 𝑉𝐶𝑇𝑅𝐿
𝑅𝑆

∙
𝛿𝑅𝑆
𝑅𝑆
)
2

δ



 

𝛿𝑉𝐶𝑇𝑅𝐿 = 𝑉𝐶𝑇𝑅𝐿 ∙ 𝜀𝐺𝐴𝐼𝑁 + 𝑉𝐹𝑆𝑅 ∙ 𝜀𝑂𝐹𝐹𝑆𝐸𝑇

{
𝜀𝐺𝐴𝐼𝑁 = 𝜀𝐺,𝑟𝑒𝑠 + 𝑇𝐶,𝑔𝑎𝑖𝑛 ∙ ∆𝑇𝑙𝑎𝑠𝑡 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑐𝑎𝑙 + 𝑇𝐶,𝑟𝑒𝑓 ∙ ∆𝑇𝑙𝑎𝑠𝑡 𝑒𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑐𝑎𝑙

𝜀𝑂𝐹𝐹𝑆𝐸𝑇 = 𝜀𝑂𝐹𝐹𝑆𝐸𝑇,𝑟𝑒𝑠 + 𝑇𝐶,𝑜𝑓𝑓𝑠𝑒𝑡 ∙ ∆𝑇𝑙𝑎𝑠𝑡 𝑖𝑛𝑡𝑒𝑟𝑛𝑎𝑙 𝑐𝑎𝑙 + 𝜀𝐼𝑁𝐿



 

ε

 

  

 

ε

ε



 

𝑉𝐵𝐴𝑇𝑇,𝐶𝐶 = 𝑉𝐴𝐼 ∙
𝑅𝐴 + 𝑅𝐵
𝑅𝐵

+ 2𝐼𝐵𝐴𝑇𝑇 ∙ 𝑅𝑊

 𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶 =

= √(|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑉𝐴𝐼

| ∙ 𝛿𝑉𝐴𝐼)
2

+ (|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑅𝐴

| ∙ 𝛿𝑅𝐴)

2

+ (|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑅𝐵

| ∙ 𝛿𝑅𝐵)
2

+ 𝑉𝑂𝐹𝐹
2 + (|

𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝐼𝐵𝐴𝑇𝑇

| ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)
2

= √(
𝑅𝐴 + 𝑅𝐵
𝑅𝐵

∙ 𝛿𝑉𝐴𝐼)
2

+ (
𝑉𝐴𝐼
𝑅𝐵
)

2

∙ (𝛿𝑅𝐴
2 + (

𝑅𝐴 ∙ 𝛿𝑅𝐵
𝑅𝐵

)
2

) + 𝑉𝑂𝐹𝐹
2 + (2 ∙ 𝑅𝑊 ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)

2 

δ

𝛿𝑉𝐴𝐼 = 𝑉𝐴𝐼 ∙ 𝜀𝐺𝐴𝐼𝑁 + 𝑉𝐹𝑆𝑅 ∙ 𝜀𝑂𝐹𝐹𝑆𝐸𝑇 + 𝑢𝑁

ε ε

𝑢𝑁 =
3𝜎𝑁

√𝑛



 



 

ε

 

  

 

ε

ε

σ

 

 



 

𝑅𝐼𝑁𝑇 =
𝑉𝐵𝐴𝑇𝑇,𝑂𝐶 − 𝑉𝐵𝐴𝑇𝑇,𝐶𝐶

𝐼𝐵𝐴𝑇𝑇,𝑝𝑒𝑎𝑘

𝛿𝑅𝐼𝑁𝑇 =

= √(|
𝜕𝑅𝐼𝑁𝑇

𝜕𝑉𝐵𝐴𝑇𝑇,𝑂𝐶
| ∙ 𝛿𝑉𝐵𝐴𝑇𝑇,𝑂𝐶)

2

+ (|
𝜕𝑅𝐼𝑁𝑇

𝜕𝑉𝐵𝐴𝑇𝑇,𝐶𝐶
| ∙ 𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶)

2

+ (|
𝜕𝑅𝐼𝑁𝑇
𝜕𝐼𝐵𝐴𝑇𝑇

| ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)
2

= √(
𝛿𝑉𝐵𝐴𝑇𝑇,𝑂𝐶
𝐼𝐵𝐴𝑇𝑇

)
2

+ (
𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶
𝐼𝐵𝐴𝑇𝑇

)
2

+ (
𝑉𝐵𝐴𝑇𝑇,𝑂𝐶 − 𝑉𝐵𝐴𝑇𝑇,𝐶𝐶

𝐼𝐵𝐴𝑇𝑇
∙
𝛿𝐼𝐵𝐴𝑇𝑇
𝐼𝐵𝐴𝑇𝑇

)
2

 



 



 

 

𝑆𝑜𝐶%(𝑡) =  
𝐶𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔(𝑡)

𝐶𝑛𝑜𝑚𝑖𝑛𝑎𝑙
∙ 100 =  

𝐶𝑛𝑜𝑚𝑖𝑛𝑎𝑙 − (𝑁𝑝𝑒𝑟𝑖𝑜𝑑(𝑡) ∙  𝐶𝑝𝑒𝑟𝑖𝑜𝑑)

𝐶𝑛𝑜𝑚𝑖𝑛𝑎𝑙
∙ 100

𝐶𝑝𝑒𝑟𝑖𝑜𝑑 = ∫𝐼(𝑡) 𝑑𝑡 = 

𝑇

0

 ∫ 4𝐴 𝑑𝑡 = 

5𝑠

0

20𝐴𝑠 = 0.0056 𝐴ℎ

 



 

 



 



 



 

 

 

 



 

 

 

 

 



 

 



 



 

 



 

 

{
𝐼𝐵𝐴𝑇𝑇,𝑝𝑒𝑎𝑘 = 8 ∙

𝑅𝐶
𝑅𝐶 + 𝑅𝐷

∙
𝑉𝐶𝑇𝑅𝐿,𝑝𝑒𝑎𝑘

𝑅𝑆
≅ 12.33 ∙ 𝑉𝐶𝑇𝑅𝐿,𝑝𝑒𝑎𝑘

𝑓𝐼𝐵𝐴𝑇𝑇 = 𝑓𝑉𝐶𝑇𝑅𝐿



 



 

 



 

• 

• 

• ≥

• 

𝑉𝐵𝐴𝑇𝑇 = 𝑉𝐴𝐼 ∙
𝑅𝐴 + 𝑅𝐵
𝑅𝐵

+ 2𝐼𝐵𝐴𝑇𝑇𝑅𝑊

 

𝑉𝐼,𝐶𝐻1 = 
𝑉𝑅𝑆1,𝐶𝐻1 + 𝑉𝑅𝑆2,𝐶𝐻1 + 𝑉𝑅𝑆3,𝐶𝐻1 + 𝑉𝑅𝑆4,𝐶𝐻1

4
∙ (1 +

𝑅𝐺2
𝑅𝐺1

)



 

𝐼𝐵𝐴𝑇𝑇 =
𝑉𝐼,𝐶𝐻1 + 𝑉𝐼,𝐶𝐻2

𝑅𝑆

 



 

𝑇 =  
𝑉𝑂𝑈𝑇 − 𝑉0

𝑇𝐶

• 

• 

• 

𝑉′0 = (𝑇𝑡ℎ𝑒𝑟𝑚𝑖𝑠𝑡𝑜𝑟 − 𝑇𝑡−ℎ) ∙ 𝑇𝐶 + 𝑉0

 



 

𝑅𝐸 =
𝑉𝑂𝐻 − 𝑉𝐷 − 𝑉𝐵𝐸,𝑠𝑎𝑡

𝐼𝐸



 

 

𝛿𝐼𝐵𝐴𝑇𝑇 =

= √(|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑅𝐶

| ∙ 𝛿𝑅𝐶)
2

+ (|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑅𝐷

| ∙ 𝛿𝑅𝐷)
2

+ (|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑅𝑆

| ∙ 𝛿𝑅𝑆)

2

+ (|
𝜕𝐼𝐵𝐴𝑇𝑇
𝜕𝑉𝐶𝑇𝑅𝐿

| ∙ 𝛿𝑉𝐶𝑇𝑅𝐿)
2

= √(
8 ∙ 𝑉𝐶𝑇𝑅𝐿
𝑅𝑠

∙
𝑅𝐶

𝑅𝐶 + 𝑅𝐷
)
2

∙ ((
𝑅𝐷
𝑅𝐶

∙
𝛿𝑅𝐶
𝑅𝐶

)
2

+ (
𝛿𝑅𝐷

𝑅𝐶 + 𝑅𝐷
)
2

+ (
𝛿𝑅𝑆
𝑅𝑆
)
2

+ (
𝛿𝑉𝐶𝑇𝑅𝐿
𝑉𝐶𝑇𝑅𝐿

)
2

) 

δ

𝛿𝑉𝐶𝑇𝑅𝐿 = √𝐺𝐴𝐼𝑁2 + 𝑂𝐹𝐹𝑆𝐸𝑇2 + 𝐷𝑁𝐿2 + 𝐼𝑁𝐿2



 

δ

δ



 



 

𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶 =

= √(|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑉𝐴𝐼

| ∙ 𝛿𝑉𝐴𝐼)
2

+ (|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑅𝐴

| ∙ 𝛿𝑅𝐴)

2

+ (|
𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝑅𝐵

| ∙ 𝛿𝑅𝐵)
2

+ 𝑉𝑂𝐹𝐹
2 + (|

𝜕𝑉𝐵𝐴𝑇𝑇
𝜕𝐼𝐵𝐴𝑇𝑇

| ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)
2

= √(
𝑅𝐴 + 𝑅𝐵
𝑅𝐵

∙ 𝛿𝑉𝐴𝐼)
2

+ (
𝑉𝐴𝐼
𝑅𝐵
)

2

∙ (𝛿𝑅𝐴
2 + (

𝑅𝐴 ∙ 𝛿𝑅𝐵
𝑅𝐵

)
2

) + 𝑉𝑂𝐹𝐹
2 + (2 ∙ 𝑅𝑊 ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)

2 

δ

δ



 

𝑅𝐼𝑁𝑇 =
𝑉𝐵𝐴𝑇𝑇,𝑂𝐶 − 𝑉𝐵𝐴𝑇𝑇,𝐶𝐶

𝐼𝐵𝐴𝑇𝑇,𝑝𝑒𝑎𝑘

𝛿𝑅𝐼𝑁𝑇 =

= √(|
𝜕𝑅𝐼𝑁𝑇

𝜕𝑉𝐵𝐴𝑇𝑇,𝑂𝐶
| ∙ 𝛿𝑉𝐵𝐴𝑇𝑇,𝑂𝐶)

2

+ (|
𝜕𝑅𝐼𝑁𝑇

𝜕𝑉𝐵𝐴𝑇𝑇,𝐶𝐶
| ∙ 𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶)

2

+ (|
𝜕𝑅𝐼𝑁𝑇
𝜕𝐼𝐵𝐴𝑇𝑇

| ∙ 𝛿𝐼𝐵𝐴𝑇𝑇)
2

= √(
𝛿𝑉𝐵𝐴𝑇𝑇,𝑂𝐶
𝐼𝐵𝐴𝑇𝑇

)
2

+ (
𝛿𝑉𝐵𝐴𝑇𝑇,𝐶𝐶
𝐼𝐵𝐴𝑇𝑇

)
2

+ (
𝑉𝐵𝐴𝑇𝑇,𝑂𝐶 − 𝑉𝐵𝐴𝑇𝑇,𝐶𝐶

𝐼𝐵𝐴𝑇𝑇
∙
𝛿𝐼𝐵𝐴𝑇𝑇
𝐼𝐵𝐴𝑇𝑇

)
2
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1. % Title: Connect to STM32F303K8 for communicating with an instrument. 
2. % Author: di Simone Giuseppe 
3. % Company: Politecnico di Torino 
4. % Based on: Automatic VISA by MATLAB Team 
5. % Description: Connect to STM32F303K8 and acquire current and voltage 

every 

6. %              n-seconds (defined by the user) saving them in a .mat file 
7.   
8. clear variables; 
9. close all; 
10. clc; 
11.   
12. COMM_PERIOD = 0.05; 
13. SLOW_COMM_PERIOD = 1; 
14.   
15. % Find a serial port object. 
16. stm32 = instrfind('Type', 'serial', 'Port', 'COM12', 'Tag', ''); 
17.   
18. % Create the serial port object if it does not exist 
19. % otherwise use the object that was found. 
20. if isempty(stm32) 
21.     stm32 = serial('COM12', 'BaudRate', 921600); 
22. else 
23.     fclose(stm32); 
24.     stm32 = stm32(1); 
25. end 
26.   
27. % Connect to instrument object, stm32. 
28. stm32Attempts = 0; 
29. stm32MaxAttempts = 5; 
30.   
31. for stm32Attempts = 1 : stm32MaxAttempts 
32.     try 
33.         fopen(stm32); 
34.         break; 
35.     catch 
36.         if(stm32Attempts == 5) 
37.             err = msgbox('Exceeded attempts to connect to 

STM32F303K8','Error','error'); 

38.             return 
39.         end 
40.         uiwait(msgbox('STM32F303K8 not recognized by this PC. Try 

again','Warning','warn','modal')); 

41.     end 
42. end 
43.   
44. flushinput(stm32); 
45.   
46. % Communicating with instrument object, stm32. 
47. endStringRx = 1; 
48. exitCmd = 0; 
49. overheatStringRx = 0; 
50. noCurrentStringRx = 0; 
51. vbattLowStringRx = 0; 
52. stopStringRx = 0; 
53. sendStopString = 0; 
54. wait4reset = 3; 
55. WorkingOnString = ['Discharge', '    Relax']; 



 

56.   
57. %while(~exitCmd && ~overheatStringRx && ~stopStringRx) 
58. while(~exitCmd) 
59.      
60.     flushinput(stm32); 
61.      
62.     ackChar = '1'; 
63.      
64.     stringInit = ''; 
65.     stringStart = ''; 
66.     stringFirst = ''; 
67.     stringEnd = ''; 
68.   
69.     %% Instrument Configuration and Control 
70.     if(endStringRx == 1) 
71.          
72.         listBattery = {'BOSCH S3000 - 40Ah','ENERGECO CLAUSUM-S562.059.057 

- 62Ah','FIAMM L044P - 44Ah',... 

73.                 'FIAMM L150P - 50Ah'}; 
74.         listCapacity = {40, 62, 44, 50}; 
75.         listTimeConst = {1055000, 2043000, 1236000, 1504000}; 
76.         indexBattery = listdlg('PromptString','Select a Brand/Model of 

battery:',... 

77.                             'SelectionMode','single',... 
78.                             'ListString',listBattery); 
79.         if isempty(indexBattery) 
80.             return 
81.         end 
82.   
83.         listCondition = {'New','Used','New+'}; 
84.         indexCondition = listdlg('PromptString','Select the condition of 

battery:',... 

85.                                  'SelectionMode','single',... 
86.                                  'ListString',listCondition); 
87.         if isempty(indexCondition) 
88.             return 
89.         end 
90.          
91.         TimeConst = listTimeConst{1,indexBattery}; 
92.     else 
93.         pause(wait4reset); 
94.     end 
95.      
96.     endStringRx = 0; 
97.     overheatStringRx = 0; 
98.     noCurrentStringRx = 0; 
99.     vbattLowStringRx = 0; 
100.     commErrorStringRx = 0; 
101.     stopStringRx = 0; 
102.     sendStopString = 0; 
103.     ackChar = '1'; 
104.     Invalid_Data_Counter = 0; 
105.     Start = 0; 
106.   
107.     %pause(2); 
108.     fprintf(stm32, 'S'); %Acknowledge for NUCLEO 
109.   
110.     while(isempty(stringInit)) 
111.         stringInit = fscanf(stm32); 
112.     end 
113.      
114.     if strncmp(stringInit, 'Init', 4) %If I receive "Init error", end 

the execution 

115.         commErrorStringRx = 1; 
116.         fprintf(1,'%s',stringInit); %"Init error" from NUCLEO 



 

117.     end 
118.      
119.     answer = questdlg('What to do next?', ... 
120.  'Select Operation', ... 

121.  'Start Test','Monitor','Exit','Exit'); 

122.     % Handle response 
123.     switch answer 
124.         case 'Start Test' 
125.             charAction = 'T'; 
126.         case 'Monitor' 
127.             charAction = 'M'; 
128.         case 'Exit' 
129.             charAction = 'E'; 
130.     end     
131.     if isempty(charAction) 
132.         return 
133.     end 
134.          
135.     pause(wait4reset); %wait for NUCLEO initialization 
136.      
137.     %% Pattern selection 
138.     % Test mode 
139.     if(charAction == 'T') 
140.   
141.         % Dialog box 
142.         counter = 0; 
143.         stopButton = 0; 
144.         stopCounter = 0; 
145.         Time = []; 
146.          
147.         measurementString = ['Test Start:';'           ';... 
148.                              'Test Time: ';'           ';... 
149.                              'SoC level: ';'           ';... 
150.                              'Working on:';'           ';... 
151.                              'Vbattery:  ';'           ';... 
152.                              'Ibattery:  ';'           ';... 
153.                              'Ich1:      ';'           ';... 
154.                              'Ich2:      ';'           ';... 
155.                              'Temp1:     ';'           ';... 
156.                              'Temp2:     ']; 
157.                           
158.         measurementUnitsString = ['  ';'  ';... 
159.                                   ' s';'  ';... 
160.                                   ' %';'  ';... 
161.                                   '  ';'  ';... 
162.                                   ' V';'  ';... 
163.                                   ' A';'  ';... 
164.                                   ' A';'  ';... 
165.                                   ' A';'  ';... 
166.                                   '°C';'  ';... 
167.                                   '°C']; 
168.                                
169.         c = dialog('Position',[736 305 250 320],'Name','Real-Time 

acquisition');  

170.         movegui(c,'center'); 
171.   
172.         %txt = uicontrol('Parent',c,... 
173.         %                'Style','text',... 
174.         %                'Position',[20 40 210 40],... 
175.         %                'String','Click the Stop button to end the 

acquisition'); 

176.   
177.         %btn = uicontrol('Parent',c,... 
178.         %                'Position',[85 15 70 25],... 
179.         %                'String','Close',... 



 

180.         %                'Callback','stopButton=1;delete(c);'); 
181.                      
182.         measurementstxt = uicontrol('Parent',c,... 
183.                                 'Style','text',... 
184.                                 'HorizontalAlignment', 'left',... 
185.                                 'Position',[28 20 60 280],... 
186.                                 'String', {measurementString}); 
187.                              
188.         measurementunitstxt = uicontrol('Parent',c,... 
189.                                 'Style','text',... 
190.                                 'HorizontalAlignment', 'right',... 
191.                                 'Position',[202 20 20 280],...  
192.                                 'String', {measurementUnitsString}); 
193.                      
194.         numElements = max(size(measurementString)); 
195.          
196.         Test_Time = []; 
197.         Vbatt = []; 
198.         Ibatt = []; 
199.         Ich1 = []; 
200.         Ich2 = []; 
201.         Temp1 = []; 
202.         Temp2 = []; 
203.    

204.         updateIndex = 1; 
205.         NFile = 0; 
206.   Soc_Level = 100; 

207.         start_test = 1; 
208.         sel_pattern = 0; 
209.                
210.         fprintf(stm32, 'R'); %send NUCLEO reset command 
211.         stringInit = ''; 
212.         while(isempty(stringInit)) 
213.             stringInit = fscanf(stm32); 
214.         end 
215.         fprintf(1,'%s',stringInit);%"Reset received\n" 
216.          
217.       while(~(NFile >= 5 && sel_pattern == 2) && ~overheatStringRx && 

~stopStringRx && ~noCurrentStringRx && ~vbattLowStringRx && 

~commErrorStringRx) 

218.          
219.         updateIndex = 1; 
220.              
221.         if(sel_pattern == 1) 
222.             sel_pattern = 2; 
223.         else 
224.             sel_pattern = 1; 
225.             NFile = NFile + 1; 
226.             Test_Time = []; 
227.             Vbatt = []; 
228.             Ibatt = []; 
229.             Ich1 = []; 
230.             Ich2 = []; 
231.             Temp1 = []; 
232.             Temp2 = []; 
233.    Soc_Level = 100 - ((NFile-1)*5); 

234.         end 
235.          
236.         pause(wait4reset); %wait for NUCLEO initialization 
237.         fprintf(stm32, 'S'); %Acknowledge for NUCLEO 
238.         stringInit = ''; 
239.         while(isempty(stringInit)) 
240.             stringInit = fscanf(stm32); 
241.         end 



 

242.         fprintf(1,'%s',stringInit); %"Select what to do next:" from 
NUCLEO    

243.          
244.         stringStart = ''; 
245.         fprintf(stm32,'%d\n', sel_pattern); %Send pattern 1 character to 

NUCLEO 

246.         while(isempty(stringStart)) 
247.             stringStart = fscanf(stm32); 
248.         end  
249.         fprintf(1,'%s',stringStart); %"Start pattern dicharge\n" 
250.          
251.         if(sel_pattern == 1) 
252.             fprintf(stm32,'%d\n', indexBattery); %Send time constant 
253.          
254.             stringStart = ''; 
255.             while(isempty(stringStart)) 
256.                 stringStart = fscanf(stm32); 
257.             end 
258.             if strncmp(stringStart, 'Index', 5) %If I receive "End", 

update the counter endStringRx 

259.                 commErrorStringRx = 1; 
260.                 fprintf(1,'%s', stringStart); 
261.             end 
262.         end 
263.          
264.         % Pattern 'sel_pattern' 
265.         while(~endStringRx && ~overheatStringRx && ~stopStringRx && 

~noCurrentStringRx && ~vbattLowStringRx && ~commErrorStringRx) 

266.             stringEnd = ''; 
267.             while(isempty(stringEnd)) 
268.                 stringEnd = fscanf(stm32); 
269.             end 
270.             %fprintf(1,'%s', stringEnd);   
271.              
272.             if ~ishandle(c) 
273.                 sendStopString = 1; %If user close dialog box 
274.             end 
275.              
276.             if strncmp(stringEnd, 'End', 3) %If I receive "End", update 

the counter endStringRx 

277.                 endStringRx = 1; 
278.                 fprintf(1,'%s', stringEnd); 
279.                 fprintf(stm32, '1'); % Acknowledge 
280.             elseif strncmp(stringEnd, 'Overheating', 11) 
281.                 overheatStringRx = 1; 
282.                 err = msgbox(stringEnd,'Error','error'); 
283.                 waitfor(err); 
284.                 fprintf(stm32, '1'); % Acknowledge 
285.             elseif strncmp(stringEnd, 'No current', 10) 
286.                 noCurrentStringRx = 1; 
287.                 err = msgbox(stringEnd,'Error','error'); 
288.                 waitfor(err); 
289.                 fprintf(stm32, '1'); % Acknowledge 
290.             elseif strncmp(stringEnd, 'Vbatt too', 9) 
291.                 vbattLowStringRx = 1; 
292.                 err = msgbox(stringEnd,'Error','error'); 
293.                 waitfor(err); 
294.                 fprintf(stm32, '1'); % Acknowledge 
295.             else 
296.                 dataString = strsplit(stringEnd, ', '); 
297.                  
298.                 if(start_test == 1) 
299.                     start_test = 0; 
300.                     Start = now; 
301.                 end                 



 

302.                  
303.                 if(max(size(dataString)) >= 5) 
304.                     Test_Time_Temp = diff([Start, now])*(24*60*60); 
305.                     Vbatt_Temp = 

(str2double(dataString{1,4})*(3.340/4095))/0.235849 - 0.016; 

306.                     Ich1_Temp = 
(str2double(dataString{1,5})*(3.340/4095))/0.1;           %All 4 MOS 

active Ich1 = (Vres_ch1/(4*0.1))*4 

307.                     Ich2_Temp = 
(str2double(dataString{1,3})*(3.340/4095))/0.1;           %All 4 MOS 

active Ich2 = (Vres_ch2/(4*0.1))*4 

308.                     Temp1_Temp = 
(str2double(dataString{1,1})*(3.340/4095)-0.376)*51.28; 

309.                     Temp2_Temp = 
(str2double(dataString{1,2})*(3.340/4095)-0.384)*51.28; 

310.                     Ibatt_Temp = Ich1_Temp + Ich2_Temp; 
311.   
312.                     Test_Time = [Test_Time; Test_Time_Temp]; 
313.                     Vbatt = [Vbatt; Vbatt_Temp]; 
314.                     Ibatt = [Ibatt; Ibatt_Temp]; 
315.                     Ich1 = [Ich1; Ich1_Temp]; 
316.                     Ich2 = [Ich2; Ich2_Temp]; 
317.                     Temp1 = [Temp1; Temp1_Temp]; 
318.                     Temp2 = [Temp2; Temp2_Temp]; 
319.                 else 
320.                     Invalid_Data_Counter = Invalid_Data_Counter + 1; 
321.                 end 
322.                  
323.                 if(updateIndex == (SLOW_COMM_PERIOD/COMM_PERIOD)) 
324.                     updateIndex = 1; 
325.                      
326.                     if (exist('measurestxt', 'var') == 1) 
327.                         delete(measurestxt); 
328.                     end 
329.                      
330.                     if(sendStopString == 1) 
331.                         ackChar = '0'; 
332.                         %stopStringRx = 1; 
333.                     else 
334.                         ackChar = '1'; 
335.                         %stopStringRx = 0; 
336.                         measurestxt = uicontrol('Parent',c,... 
337.                                                 'Style','text',... 
338.                                                 'HorizontalAlignment', 

'right',... 

339.                                                 'Position',[85 20 120 
280],...  

340.                                                 'String', 
{datestr(Start);' ';... 

341.                                                            
num2str(Test_Time_Temp,'   %3.3f');' ';... 

342.                                                            
num2str(Soc_Level,'    %d');' ';... 

343.                                                            
WorkingOnString((9*(sel_pattern-1)+1):(9*(sel_pattern-1)+9));' ';... 

344.                                                            
num2str(Vbatt_Temp,'   %3.3f');' ';... 

345.                                                            
num2str(Ibatt_Temp,'   %3.3f');' ';... 

346.                                                            
num2str(Ich1_Temp,'   %3.3f');' ';... 

347.                                                            
num2str(Ich2_Temp,'   %3.3f');' ';... 

348.                                                            
num2str(Temp1_Temp,'     %3.1f');' ';... 



 

349.                                                            
num2str(Temp2_Temp,'     %3.1f')}); 

350.                     end 
351.                     %fprintf(stm32, ackChar); % Acknowledge 
352.                 else 
353.                     updateIndex = updateIndex+1; 
354.                 end 
355.                 pause(COMM_PERIOD/10000000); 
356.             end 
357.         end 
358.   
359.         endStringRx = 0; 
360.   
361.         % Saving the acquired data in the corresponding file 
362.         if(NFile > 0 && (sel_pattern == 2 || (sel_pattern == 1 && 

(overheatStringRx || stopStringRx || noCurrentStringRx || 

vbattLowStringRx)))) 

363.             if(NFile == 1) 
364.                 selectedBattery = listBattery{1,indexBattery}; 
365.                 subFolders = strsplit(selectedBattery,' '); 
366.                 Brand = subFolders{1,1}; 
367.                 Model = subFolders{1,2}; 
368.                 Capacity = listCapacity{1,indexBattery}; 
369.                 batteryPath = [Brand,'\',Model]; 
370.                 DateDirCreation = datestr(Start,'yyyy.mm.dd HH.MM.ss '); 
371.                 finalFolder = [DateDirCreation,'- Deep (Var Discharge - 

Const Discharge - Wait, Step = 5%)']; 

372.                 Condition = listCondition{1,indexCondition}; 
373.                 ExtendedPath = [pwd, '\', batteryPath,'\',finalFolder]; 
374.                 mkdir(ExtendedPath); 
375.             end 
376.              
377.             FileName = ['Deep-',subFolders{1,1},'-',subFolders{1,2},'-

',Condition,'_', sprintf('%02d', NFile),'.mat']; 

378.             ExtendedFileName = [ExtendedPath,'\',FileName]; 
379.             StartTest = Start;  
380.             Time = []; 
381.             Time = Test_Time; 
382.             SamplePeriod = Time(2)-Time(1); 
383.              
384.             if exist(ExtendedFileName, 'file') 
385.                 delete(ExtendedFileName); 
386.             end 
387.              
388.    % Cancel wrong sample in Temp2 occurring after 

reset 

389.    k = 0; 

390.    for k=1:(size(Temp2)-1) 

391.     if Temp2(k) < 0 

392.      Temp2(k) = Temp2(k+1); 

393.     end 

394.    end 

395.     

396.             save(ExtendedFileName, 
'Time','Vbatt','Ibatt','Ich1','Ich2','Temp1',... 

397.                                    
'Temp2','StartTest','Brand','Model',... 

398.                                    
'Condition','DateDirCreation','FileName','SamplePeriod'); 

399.                                 
400.         end 
401.          
402.         if(stopStringRx) 
403.             while ~strncmp(fscanf(stm32), 'Stop', 4) 
404.             end 



 

405.         elseif ((ishandle(c) && NFile == 5 && sel_pattern == 2) || 
(overheatStringRx || noCurrentStringRx || vbattLowStringRx || 

commErrorStringRx)) 

406.             delete(c); 
407.         end 
408.         flushinput(stm32); 
409.       end 
410.          
411.     % Monitor mode 
412.     elseif(charAction == double('M')) 
413.   
414.         % Dialog box 
415.         counter = 0; 
416.         stopButton = 0; 
417.         stopCounter = 0; 
418.         %Time = []; 
419.   
420.         measurementString = ['Local Time:';'           ';... 
421.                              'Test Time: ';'           ';... 
422.                              'Vbattery:  ';'           ';... 
423.                              'Ibattery:  ';'           ';... 
424.                              'Ich1:      ';'           ';... 
425.                              'Ich2:      ';'           ';... 
426.                              'Temp1:     ';'           ';... 
427.                              'Temp2:     ']; 
428.                           
429.         measurementUnitsString = ['  ';'  ';... 
430.                                   ' s';'  ';... 
431.                                   ' V';'  ';... 
432.                                   ' A';'  ';... 
433.                                   ' A';'  ';... 
434.                                   ' A';'  ';... 
435.                                   '°C';'  ';... 
436.                                   '°C']; 
437.                           
438.         d = dialog('Position',[736 305 250 320],'Name','Real-Time 

monitoring'); 

439.         movegui(d,'center'); 
440.   
441.         txt = uicontrol('Parent',d,... 
442.                         'Style','text',... 
443.                         'Position',[20 40 210 40],... 
444.                         'String','Click the Stop button to end the 

monitor'); 

445.   
446.         btn = uicontrol('Parent',d,... 
447.                         'Position',[85 15 70 25],... 
448.                         'String','Stop',... 
449.                         'Callback','stopButton=1;delete(gcf);'); 
450.                      
451.         measurementstxt = uicontrol('Parent',d,... 
452.                                 'Style','text',... 
453.                                 'HorizontalAlignment', 'left',... 
454.                                 'Position',[28 80 60 220],... 
455.                                 'String', {measurementString}); 
456.                              
457.         measurementunitstxt = uicontrol('Parent',d,... 
458.                                 'Style','text',... 
459.                                 'HorizontalAlignment', 'right',... 
460.                                 'Position',[202 80 20 220],... 
461.                                 'String', {measurementUnitsString}); 
462.   
463.         numElements = max(size(measurementString)); 
464.          
465.         Test_Time = []; 



 

466.         Vbatt = []; 
467.         Ibatt = []; 
468.         Ich1 = []; 
469.         Ich2 = []; 
470.         Temp1 = []; 
471.         Temp2 = []; 
472.    

473.         updateIndex = 1; 
474.         start_test = 1; 
475.                  
476.         fprintf(stm32, 'M'); 
477.         stringStart = ''; 
478.         while(isempty(stringStart)) 
479.            stringStart = fscanf(stm32); 
480.         end 
481.         fprintf(1,'%s',stringStart); %"Monitor mode\n" from NUCLEO 
482.          
483.         while(~stopStringRx) % Button pressed on the dialogbox 

(ButtonPressedFunction) 

484.             stringEnd = ''; 
485.             while(isempty(stringEnd)) 
486.                 stringEnd = fscanf(stm32); 
487.             end 
488.             %fprintf(1,'%s', stringEnd); 
489.     

490.             if ~ishandle(d) 
491.                 sendStopString = 1; 
492.             end 
493.              
494.             dataString = strsplit(stringEnd, ', '); 
495.    if(start_test == 1) 

496.     start_test = 0; 

497.     Start = now; 

498.             end 
499.     

500.             if(max(size(dataString)) >= 5) 
501.                 Test_Time_Temp = diff([Start, now])*(24*60*60);  
502.                 Vbatt_Temp = 

(str2double(dataString{1,4})*(3.340/4095))/0.235849 - 0.016; 

503.                 Ich1_Temp = 
(str2double(dataString{1,5})*(3.340/4095))/0.1;           %All 4 MOS 

active Ich1 = (Vres_ch1/(4*0.1))*4 

504.                 Ich2_Temp = 
(str2double(dataString{1,3})*(3.340/4095))/0.1;           %All 4 MOS 

active Ich2 = (Vres_ch2/(4*0.1))*4 

505.                 Temp1_Temp = (str2double(dataString{1,1})*(3.340/4095)-
0.376)*51.28; 

506.                 Temp2_Temp = (str2double(dataString{1,2})*(3.340/4095)-
0.384)*51.28; 

507.                 Ibatt_Temp = Ich1_Temp + Ich2_Temp; 
508.   
509.                 Test_Time = [Test_Time; Test_Time_Temp]; 
510.                 Vbatt = [Vbatt; Vbatt_Temp]; 
511.                 Ibatt = [Ibatt; Ibatt_Temp]; 
512.                 Ich1 = [Ich1; Ich1_Temp]; 
513.                 Ich2 = [Ich2; Ich2_Temp]; 
514.                 Temp1 = [Temp1; Temp1_Temp]; 
515.                 Temp2 = [Temp2; Temp2_Temp]; 
516.             else 
517.                 Invalid_Data_Counter = Invalid_Data_Counter + 1; 
518.             end 
519.   
520.             if(updateIndex == SLOW_COMM_PERIOD/COMM_PERIOD) 
521.   
522.                 if (exist('measurestxt', 'var') == 1) 



 

523.                     delete(measurestxt); 
524.                 end 
525.   
526.                 if(sendStopString == 1) 
527.                     ackChar = '0'; 
528.                     stopStringRx = 1; 
529.                 else 
530.                     ackChar = '1'; 
531.                     stopStringRx = 0; 
532.                     updateIndex = 1; 
533.                     measurestxt = uicontrol('Parent',d,... 
534.                                             'Style','text',... 
535.                                             'HorizontalAlignment', 

'right',... 

536.                                             'Position',[85 80 120 
220],... 

537.                                             'String', {datestr(Start);' 
';... 

538.                                                        
num2str(Test_Time_Temp,'   %3.3f');' ';... 

539.                                                        
num2str(Vbatt_Temp,'   %3.3f');' ';... 

540.                                                        
num2str(Ibatt_Temp,'   %3.3f');' ';... 

541.                                                        
num2str(Ich1_Temp,'   %3.3f');' ';... 

542.                                                        
num2str(Ich2_Temp,'   %3.3f');' ';... 

543.                                                        
num2str(Temp1_Temp,'     %3.1f');' ';... 

544.                                                        
num2str(Temp2_Temp,'     %3.1f')}); 

545.                 end 
546.                 fprintf(stm32, ackChar); % Acknowledge 
547.             else 
548.                 updateIndex = updateIndex+1; 
549.             end 
550.             pause(COMM_PERIOD/10000000); 
551.         end 
552.          
553.         if(stopStringRx) 
554.             while ~strncmp(fscanf(stm32), 'Stop', 4) 
555.             end 
556. %             stringEnd = fscanf(stm32); 
557. %             fprintf(1,'%s', stringEnd); 
558. %             stringEnd = fscanf(stm32); 
559. %             fprintf(1,'%s', stringEnd); 
560. %             stringEnd = strcat(stringEnd); 
561. %             fprintf(1,'%s', stringEnd); 
562.         end 
563.              
564.     % End execution (no error) 
565.     elseif(charAction == double('E')) 
566.         fprintf(stm32, 'E'); 
567.         stringEnd = ''; 
568.         while(isempty(stringEnd)) 
569.            stringEnd = fscanf(stm32); 
570.         end 
571.         fprintf(1,'%s',stringEnd); 
572.         exitCmd = 1; 
573.     else 
574.         fprintf(stm32, 'E'); 
575.         stringEnd = ''; 
576.         while(isempty(stringEnd)) 
577.             stringEnd = fscanf(stm32); 



 

578.         end 
579.         fprintf(1,'%s\n',stringEnd); 
580.         exitCmd = 1; 
581.     end 
582.      
583.     flushinput(stm32); 
584. end 
585.   
586. % Disconnect from instrument object, stm32. 
587. fclose(stm32); 
588.   
589. % Clean up all objects. 
590. delete(stm32); 
591.   
592. %% Plot useful graphs 
593.   
594. figure 
595. p1 = subplot(4,1,1); 
596. plot(Test_Time, Vbatt) 
597. ylabel(p1, 'Vbatt [V]'); 
598.   
599. p2 = subplot(4,1,2); 
600. plot(Test_Time, Ibatt) 
601. ylabel(p2, 'Ibatt [A]'); 
602.   
603. p3 = subplot(4,1,3); 
604. ax3 = plotyy(Test_Time, Ich1, Test_Time, Ich2, 'plot'); 
605. ylabel(ax3(1), 'Ich1 [A]'); 
606. ylabel(ax3(2), 'Ich2 [A]'); 
607.   
608. p4 = subplot(4,1,4); 
609. ax4 = plotyy(Test_Time, Temp1, Test_Time, Temp2, 'plot'); 
610. ylabel(ax4(1), 'Tch1 [°C]'); 
611. ylabel(ax4(2), 'Tch2 [°C]'); 
612. xlabel(p4, 'Time [s]'); 
613.   
614. % figure 
615. % p1 = subplot(4,1,1); 
616. % plot(Time, Vbatt) 
617. % ylabel(p1, 'Vbatt [V]'); 
618. %  
619. % p2 = subplot(4,1,2); 
620. % plot(Time, Ibatt) 
621. % ylabel(p2, 'Ibatt [A]'); 
622. %  
623. % p3 = subplot(4,1,3); 
624. % ax3 = plotyy(Time, Ich1, Time, Ich2, 'plot'); 
625. % ylabel(ax3(1), 'Ich1 [A]'); 
626. % ylabel(ax3(2), 'Ich2 [A]'); 
627. %  
628. % p4 = subplot(4,1,4); 
629. % ax4 = plotyy(Time, Temp1, Time, Temp2, 'plot'); 
630. % ylabel(ax4(1), 'Tch1 [°C]'); 
631. % ylabel(ax4(2), 'Tch2 [°C]'); 
632. % xlabel(p4, 'Time [s]'); 

 



 

 

 

1. #include "patterns.h" 
2.   
3. // Global variables 
4. ADC_HandleTypeDef hadc1; 
5. ADC_HandleTypeDef hadc2; 
6. DAC_HandleTypeDef hdac1; 
7. DAC_HandleTypeDef hdac2; 
8.   
9. Serial gui(D1, D0, BAUDRATE); 
10.   
11. // ADC Clock Configuration 
12. void SystemClock_Config(void) 
13. { 
14.   RCC_PeriphCLKInitTypeDef PeriphClkInit = {0}; 
15.    
16.   PeriphClkInit.PeriphClockSelection = RCC_PERIPHCLK_ADC12; 
17.   PeriphClkInit.Adc12ClockSelection = RCC_ADC12PLLCLK_DIV16; // 64MHz/16 = 

4MHz 

18.   while(HAL_RCCEx_PeriphCLKConfig(&PeriphClkInit) != HAL_OK); 
19. } 
20.   
21. // ADC1 Initialization Function 
22. static void MX_ADC1_Init(void) 
23. {  
24.     ADC_MultiModeTypeDef multimode = {0}; 
25.     ADC_InjectionConfTypeDef sConfigInjected = {0}; 
26.   
27.     // Common configuration 
28.     hadc1.Instance = ADC1; 
29.     hadc1.Init.ClockPrescaler = ADC_CLOCK_ASYNC_DIV1; 
30.     hadc1.Init.Resolution = ADC_RESOLUTION_12B; 
31.     hadc1.Init.ScanConvMode = ADC_SCAN_ENABLE; 
32.     hadc1.Init.ContinuousConvMode = DISABLE; 
33.     hadc1.Init.DiscontinuousConvMode = DISABLE; 
34.     hadc1.Init.DataAlign = ADC_DATAALIGN_RIGHT; 
35.     hadc1.Init.NbrOfConversion = 1; 
36.     hadc1.Init.DMAContinuousRequests = DISABLE; 
37.     hadc1.Init.EOCSelection = ADC_EOC_SEQ_CONV; 
38.     hadc1.Init.LowPowerAutoWait = DISABLE; 
39.     hadc1.Init.Overrun = ADC_OVR_DATA_OVERWRITTEN; 
40.     while(HAL_ADC_Init(&hadc1) != HAL_OK); 
41.   
42.     // Configure the ADC multi-mode 
43.     multimode.Mode = ADC_DUALMODE_INJECSIMULT; 
44.     multimode.TwoSamplingDelay = ADC_TWOSAMPLINGDELAY_10CYCLES; 
45.     while(HAL_ADCEx_MultiModeConfigChannel(&hadc1, &multimode) != HAL_OK); 
46.    
47.     // Configure Injected Channel 4 = PA3 (Vtemp1) 
48.     sConfigInjected.InjectedChannel = ADC_CHANNEL_4; 
49.     sConfigInjected.InjectedRank = ADC_INJECTED_RANK_1; 
50.     sConfigInjected.InjectedSingleDiff = ADC_SINGLE_ENDED; 
51.     sConfigInjected.InjectedNbrOfConversion = 3; 
52.     sConfigInjected.InjectedSamplingTime = ADC_SAMPLETIME_601CYCLES_5; 
53.     sConfigInjected.ExternalTrigInjecConvEdge = 

ADC_EXTERNALTRIGINJECCONV_EDGE_NONE; 

54.     sConfigInjected.ExternalTrigInjecConv = ADC_INJECTED_SOFTWARE_START; 
55.     sConfigInjected.AutoInjectedConv = DISABLE; 
56.     sConfigInjected.InjectedDiscontinuousConvMode = DISABLE; 
57.     sConfigInjected.QueueInjectedContext = DISABLE; 



 

58.     sConfigInjected.InjectedOffset = 0; 
59.     sConfigInjected.InjectedOffsetNumber = ADC_OFFSET_NONE;  
60.     while(HAL_ADCEx_InjectedConfigChannel(&hadc1, &sConfigInjected) != 

HAL_OK); 

61.   
62.     // Configure Channel 2 = PA1 (Vre2) 
63.     sConfigInjected.InjectedChannel = ADC_CHANNEL_2; 
64.     sConfigInjected.InjectedRank = ADC_INJECTED_RANK_2; 
65.     sConfigInjected.InjectedSamplingTime = ADC_SAMPLETIME_601CYCLES_5; 
66.     while(HAL_ADCEx_InjectedConfigChannel(&hadc1, &sConfigInjected) != 

HAL_OK); 

67.   
68.     // Configure Channel 1 = PA0 (Vres1) 
69.     sConfigInjected.InjectedChannel = ADC_CHANNEL_1; 
70.     sConfigInjected.InjectedRank = ADC_INJECTED_RANK_3; 
71.     sConfigInjected.InjectedSamplingTime = ADC_SAMPLETIME_601CYCLES_5; 
72.     while(HAL_ADCEx_InjectedConfigChannel(&hadc1, &sConfigInjected) != 

HAL_OK); 

73. } 
74.   
75. //ADC2 Initialization Function 
76. static void MX_ADC2_Init(void) 
77. { 
78.     ADC_InjectionConfTypeDef sConfigInjected = {0}; 
79.   
80.     // Common configuration 
81.     hadc2.Instance = ADC2; 
82.     hadc2.Init.ClockPrescaler = ADC_CLOCK_ASYNC_DIV1; 
83.     hadc2.Init.Resolution = ADC_RESOLUTION_12B; 
84.     hadc2.Init.ScanConvMode = ADC_SCAN_ENABLE; 
85.     hadc2.Init.ContinuousConvMode = DISABLE; 
86.     hadc2.Init.DiscontinuousConvMode = DISABLE; 
87.     hadc2.Init.DataAlign = ADC_DATAALIGN_RIGHT; 
88.     hadc2.Init.NbrOfConversion = 1; 
89.     hadc2.Init.DMAContinuousRequests = DISABLE; 
90.     hadc2.Init.EOCSelection = ADC_EOC_SEQ_CONV; 
91.     hadc2.Init.LowPowerAutoWait = DISABLE; 
92.     hadc2.Init.Overrun = ADC_OVR_DATA_OVERWRITTEN; 
93.     while(HAL_ADC_Init(&hadc2) != HAL_OK); 
94.   
95.     // Configure Channel 4 = PA7 (Vbatt) 
96.     sConfigInjected.InjectedChannel = ADC_CHANNEL_4; 
97.     sConfigInjected.InjectedRank = ADC_INJECTED_RANK_1; 
98.     sConfigInjected.InjectedSingleDiff = ADC_SINGLE_ENDED; 
99.     sConfigInjected.InjectedNbrOfConversion = 2; 
100.     sConfigInjected.InjectedSamplingTime = ADC_SAMPLETIME_19CYCLES_5; 
101.     sConfigInjected.AutoInjectedConv = DISABLE; 
102.     sConfigInjected.InjectedDiscontinuousConvMode = DISABLE; 
103.     sConfigInjected.QueueInjectedContext = DISABLE; 
104.     sConfigInjected.InjectedOffset = 0; 
105.     sConfigInjected.InjectedOffsetNumber = ADC_OFFSET_NONE; 
106.     while(HAL_ADCEx_InjectedConfigChannel(&hadc2, &sConfigInjected) != 

HAL_OK);  

107.      
108.     // Configure Channel 1 = PA4 (Vtemp2) 
109.     sConfigInjected.InjectedChannel = ADC_CHANNEL_1; 
110.     sConfigInjected.InjectedRank = ADC_INJECTED_RANK_2; 
111.     sConfigInjected.InjectedSamplingTime = ADC_SAMPLETIME_601CYCLES_5; 
112.     while(HAL_ADCEx_InjectedConfigChannel(&hadc2, &sConfigInjected) != 

HAL_OK); 

113. } 
114.   
115. // DAC1 Initialization Function 
116. static void MX_DAC1_Init(void) 
117. { 



 

118.   DAC_ChannelConfTypeDef sConfig = {0}; 
119.    
120.   // DAC Initialization  
121.   hdac1.Instance = DAC1; 
122.   while(HAL_DAC_Init(&hdac1) != HAL_OK); 
123.   
124.   // DAC channel OUT2 configuration 
125.   sConfig.DAC_Trigger = DAC_TRIGGER_SOFTWARE; 
126.   sConfig.DAC_OutputSwitch = DAC_OUTPUTSWITCH_ENABLE; 
127.   while(HAL_DAC_ConfigChannel(&hdac1, &sConfig, DAC_CHANNEL_2) != 

HAL_OK); 

128. } 
129.   
130. // DAC2 Initialization Function 
131. static void MX_DAC2_Init(void) 
132. { 
133.   DAC_ChannelConfTypeDef sConfig = {0}; 
134.    
135.   // DAC Initialization 
136.   hdac2.Instance = DAC2; 
137.   while(HAL_DAC_Init(&hdac2) != HAL_OK); 
138.   
139.   // DAC channel OUT1 config 
140.   sConfig.DAC_Trigger = DAC_TRIGGER_SOFTWARE; 
141.   sConfig.DAC_OutputSwitch = DAC_OUTPUTSWITCH_ENABLE; 
142.   while(HAL_DAC_ConfigChannel(&hdac2, &sConfig, DAC_CHANNEL_1) != 

HAL_OK); 

143. } 
144.   
145. // GPIO Initialization 
146. static void MX_GPIO_Init(void) 
147. { 
148.   GPIO_InitTypeDef GPIO_InitStruct = {0}; 
149.   
150.   // Configure GPIO pins : PA8 PA11 
151.   GPIO_InitStruct.Pin = GPIO_PIN_8|GPIO_PIN_11; 
152.   GPIO_InitStruct.Mode = GPIO_MODE_ANALOG; 
153.   GPIO_InitStruct.Pull = GPIO_NOPULL; 
154.   HAL_GPIO_Init(GPIOA, &GPIO_InitStruct); 
155. } 
156.   
157. // Main 
158. int main() 
159. { 
160.     char buffer = '0'; 
161.     char pattern = '0'; 
162.     unsigned int time_index = '0'; 
163.     unsigned int time_const = 0;    
164.      
165.     // Pheripheral Initialization 
166.     SystemClock_Config(); 
167.     MX_GPIO_Init();     
168.     MX_ADC1_Init(); // Initialize ADC1 
169.     while(HAL_ADCEx_Calibration_Start(&hadc1, ADC_SINGLE_ENDED) != 

HAL_OK); // Calibrate AD converter 1     

170.     MX_ADC2_Init(); // Initialize ADC2 
171.     while(HAL_ADCEx_Calibration_Start(&hadc2, ADC_SINGLE_ENDED) != 

HAL_OK); // Calibrate AD converter 2     

172.     MX_DAC1_Init(); // Initialize DAC1 
173.     MX_DAC2_Init(); // Initialize DAC2 
174.   
175.     buffer = gui.getc(); 
176.     gui.getc(); 
177.          
178.     if(buffer != 'S'){ 



 

179.         gui.printf("Init error\n"); 
180.         wait(1); 
181.         HAL_DeInit(); 
182.         HAL_NVIC_SystemReset(); 
183.         NVIC_SystemReset();    
184.     } 
185.          
186.     gui.printf("Select what to do next\n"); 
187.          
188.     buffer = gui.getc(); 
189.     gui.getc(); 
190.     pattern = buffer; 
191.          
192.     switch (pattern){  
193.         case '1':  
194.             gui.printf("Start pattern dicharge\n"); 
195.             buffer = gui.getc(); 
196.             gui.getc(); 
197.             time_index = buffer - '0'; 
198.             if(time_index > 0) { 
199.                 gui.printf("OK\n"); 
200.                 time_const = time_const_list[time_index]; 
201.                 pattern1(time_const); 
202.             } 
203.             else { 
204.                 gui.printf("Index not valid\n"); 
205.             } 
206.             wait(1); 
207.             HAL_DeInit(); 
208.             HAL_NVIC_SystemReset(); 
209.             NVIC_SystemReset();              
210.         break; 
211.          
212.         case '2': 
213.             gui.printf("Start 1 hour relax\n"); 
214.             pattern2(); 
215.             wait(1); 
216.             HAL_DeInit(); 
217.             HAL_NVIC_SystemReset(); 
218.             NVIC_SystemReset();    
219.         break;   
220.          
221.         case 'M': // Monitor - Debug mode 
222.             gui.printf("Monitor mode\n"); 
223.             monitor_mode(); 
224.             while(1); 
225.         break;   
226.          
227.         case 'E': 
228.             gui.printf("Goodbye!\n"); 
229.             wait(1); 
230.             HAL_DeInit(); 
231.             HAL_NVIC_SystemReset(); 
232.             NVIC_SystemReset();    
233.         break;     
234.          
235.         case 'R': 
236.             gui.printf("Reset received\n"); 
237.             wait(1); 
238.             HAL_DeInit(); 
239.             HAL_NVIC_SystemReset(); 
240.             NVIC_SystemReset();    
241.         break;           
242.          
243.         default: 



 

244.             gui.printf("The selected action is not valid\n"); 
245.             wait(1); 
246.             HAL_DeInit(); 
247.             HAL_NVIC_SystemReset(); 
248.             NVIC_SystemReset();    
249.         break; 
250.     }                  
251. } 

 



 

 

1. #ifndef PATTERNS_H 
2.   
3.     #define PATTERNS_H 
4.     #define USE_TIMEOUT 0 
5.      
6.     #include "mbed.h" 
7.      
8. // Constant variables 
9.   
10.  /* // DEBUG CONSTANTS 
11.     const unsigned int time_const_list[] = {0, 1000, 2000, 2500, 3000}; // 

N.A., 40, 62, 44, 50 Ah 

12.     const unsigned int STARTTIME   =      1000; 
13.     const unsigned int RELAXTIME   =       100; 
14.     const unsigned int RELAXTIME2  =      2000; 
15.     const unsigned int WAITTIME    =     10000; 
16.     const int POWERTIME1           =        50; 
17.     const int POWERTIME2           =       100; 
18.     const int LOWBATT_HEXVOLT      =         0; 
19. */ 
20.   
21.     const unsigned int time_const_list[] = {0, 1055000, 2043000, 1236000, 

1504000}; // N.A., 40, 62, 44, 50 Ah 

22.     const unsigned int STARTTIME   =     15000; //   15 s 
23.     const unsigned int RELAXTIME   =     30000; //   30 s 
24.     const unsigned int RELAXTIME2  =    600000; //   10 min 
25.     const unsigned int WAITTIME    =   3000000; //   50 min 
26.     const int POWERTIME1           =        50; //   0.05 s 
27.     const int POWERTIME2           =      5000; //    5 s 
28.     const int LOWBATT_HEXVOLT      =      3122; // (10.8V * 0.235849 * 

4095)/3.3V = 3122 

29.   
30.     const int POWEROFF             =         0; //    0 mV ->    0 A 
31.     const int POWER_LOW            =       810; //  810 mV ->   10 A 
32.     const int POWER_MED            =      2430; // 2430 mV ->   30 A 
33.     const int POWER_HIGH           =      3240; // 3240 mV ->   40 A 
34.     const int POWER_CONST          =       340; //  324 mV ->    4 A 
35.      
36.     const int OVERHEAT_TEMP        =        55; // °C 
37.     const int OVERHEAT_HEXTEMP     =     29243; // 0xFFFF = 3.3V; 2.85V = 

125°C , 0.2V = -10°C , 75°C = 1.85V = 0x8F84 = 36988, 50°C = 27307, 55°C = 

29243 

38.     const float MIN_FLOATVCTRL     =       0.1; // 0.1f = 10% * Vref = 10% 
* 3.3V = 0.33V < 0.408V = minimum control voltage (for 5A) 

39.     const int MIN_HEXVRES          =      3000; // 150mV < 0.25V = minimum 
voltage drop on power resistor (for 5A) 

40.     const int MAX_HEXVRES          =     40314; // 2030 mV > 2V = maximum 
voltage drop on power resistor (for 40A) 

41.      
42.     const float COMM_PERIOD        =     0.050; // 50ms = 2500us is the 

fastest time between two consecutive transmissions (found by tests) 

43.     const float SLOW_COMM_PERIOD   =         1; // Time to check if the 
user sent a stop execution 

44.     const int BAUDRATE             =    921600; // Max admitted baud rate 
via UART 

45.   
46.   
47.     // Function prototypes 
48.     void monitor_mode(void); 
49.     void pattern1(unsigned int); 
50.     void pattern2(void);    
51.     void force_dac(int); 



 

52.     void send_data(void); 
53.     void receive_ack(void); 
54.     void check_if_hextemp_is_safe(void); 
55.     void check_if_hexvbatt_is_low(void); 
56.     void check_if_hexvolt_is_zero(void); 
57.   
58. #endif 

 



 

 

1. #include "patterns.h" 
2.      
3. ADC_HandleTypeDef hadc1_prime; 
4. ADC_HandleTypeDef hadc2_prime; 
5.   
6. AnalogIn Vbatt(A6); 
7. AnalogIn Vtemp1(A2);  
8. AnalogIn Vtemp2(A3);  
9. AnalogIn Vres1(A0);  
10. AnalogIn Vres2(A1);  
11. AnalogOut Vctrl1(A4); 
12. AnalogOut Vctrl2(A5); 
13.      
14. DigitalOut Vbjt1(D3);  
15. DigitalOut Vbjt2(D4);  
16. DigitalOut Vbjt3(D5);  
17.      
18. Serial pc(D1, D0, BAUDRATE); 
19.      
20. Timer timer; 
21.   
22. LowPowerTicker send_ticker;     
23. LowPowerTicker safe_temp_ticker; 
24. LowPowerTicker zero_volt_ticker; 
25. LowPowerTicker receive_ticker; 
26. LowPowerTicker low_volt_ticker; 
27.      
28. char bufferprime = '1'; 
29. unsigned short Vbatt_16; 
30. unsigned short Temp1_16; 
31. unsigned short Temp2_16; 
32. unsigned short Vres1_16; 
33. unsigned short Vres2_16; 
34.    
35. void monitor_mode(void) 
36. {    
37.     hadc1_prime.Instance = ADC1; 
38.     hadc2_prime.Instance = ADC2; 
39.      
40.     send_ticker.attach(&send_data, COMM_PERIOD); 
41.     receive_ticker.attach(&receive_ack, SLOW_COMM_PERIOD); 
42.     return; 
43. } 
44.    
45. void pattern1(unsigned int time_const) 
46. { 
47.     hadc1_prime.Instance = ADC1; 
48.     hadc2_prime.Instance = ADC2;  
49.      
50.     int power_low = POWER_LOW; 
51.     int power_medium = POWER_MED; 
52.     int power_high = POWER_HIGH;  
53.      
54.     send_ticker.attach(&send_data, COMM_PERIOD); 
55.     //receive_ticker.attach(&receive_ack, SLOW_COMM_PERIOD);     
56.      
57.     safe_temp_ticker.attach(check_if_hextemp_is_safe, SLOW_COMM_PERIOD); 
58.     //zero_volt_ticker.attach(check_if_hexvolt_is_zero, SLOW_COMM_PERIOD); 
59.     low_volt_ticker.attach(check_if_hexvbatt_is_low, SLOW_COMM_PERIOD); 
60.   
61.     timer.start();   
62.      



 

63.     force_dac(POWEROFF); 
64.     while(timer.read_ms() < STARTTIME); 
65.   
66. // 0 
67.     timer.reset(); 
68.     force_dac(power_low); 
69.     while(timer.read_ms() < POWERTIME1); 
70.     timer.reset(); 
71.     force_dac(POWEROFF); 
72.     while(timer.read_ms() < RELAXTIME); 
73. // 1 
74.     timer.reset(); 
75.     force_dac(power_low); 
76.     while(timer.read_ms() < POWERTIME2); 
77.     timer.reset(); 
78.     force_dac(POWEROFF); 
79.     while(timer.read_ms() < RELAXTIME); 
80. // 2 
81.     timer.reset(); 
82.     force_dac(power_medium); 
83.     while(timer.read_ms() < POWERTIME1); 
84.     timer.reset(); 
85.     force_dac(POWEROFF); 
86.     while(timer.read_ms() < RELAXTIME); 
87. // 3 
88.     timer.reset(); 
89.     force_dac(power_high); 
90.     while(timer.read_ms() < POWERTIME1); 
91.     timer.reset(); 
92.     force_dac(POWEROFF); 
93.     while(timer.read_ms() < RELAXTIME); 
94. // 4 
95.     timer.reset(); 
96.     force_dac(power_medium); 
97.     while(timer.read_ms() < POWERTIME1); 
98.     timer.reset(); 
99.     force_dac(power_low); 
100.     while(timer.read_ms() < POWERTIME2); 
101.     timer.reset(); 
102.     force_dac(power_medium); 
103.     while(timer.read_ms() < POWERTIME1); 
104.     timer.reset(); 
105.     force_dac(POWEROFF); 
106.     while(timer.read_ms() < RELAXTIME); 
107. // 5 
108.     timer.reset(); 
109.     force_dac(power_low); 
110.     while(timer.read_ms() < POWERTIME2); 
111.     timer.reset(); 
112.     force_dac(power_medium); 
113.     while(timer.read_ms() < POWERTIME1); 
114.     timer.reset(); 
115.     force_dac(POWEROFF); 
116.     while(timer.read_ms() < RELAXTIME); 
117. // 6 
118.     timer.reset(); 
119.     force_dac(power_medium); 
120.     while(timer.read_ms() < POWERTIME1); 
121.     timer.reset(); 
122.     force_dac(power_low); 
123.     while(timer.read_ms() < POWERTIME2); 
124.     timer.reset(); 
125.     force_dac(POWEROFF); 
126.     while(timer.read_ms() < RELAXTIME); 
127. // 7 



 

128.     timer.reset(); 
129.     force_dac(power_low); 
130.     while(timer.read_ms() < POWERTIME2); 
131.     timer.reset(); 
132.     force_dac(power_high); 
133.     while(timer.read_ms() < POWERTIME1); 
134.     timer.reset(); 
135.     force_dac(POWEROFF); 
136.     while(timer.read_ms() < RELAXTIME); 
137. // 8 
138.     timer.reset(); 
139.     force_dac(power_high); 
140.     while(timer.read_ms() < POWERTIME1); 
141.     timer.reset(); 
142.     force_dac(power_low); 
143.     while(timer.read_ms() < POWERTIME2); 
144.     timer.reset(); 
145.     force_dac(POWEROFF); 
146.     while(timer.read_ms() < RELAXTIME); 
147. // 9 
148.     timer.reset(); 
149.     force_dac(power_low); 
150.     while(timer.read_ms() < POWERTIME2); 
151.     timer.reset(); 
152.     force_dac(power_medium); 
153.     while(timer.read_ms() < POWERTIME1); 
154.     timer.reset(); 
155.     force_dac(power_high); 
156.     while(timer.read_ms() < POWERTIME1); 
157.     timer.reset(); 
158.     force_dac(POWEROFF); 
159.     while(timer.read_ms() < RELAXTIME); 
160. // 10 
161.     timer.reset(); 
162.     force_dac(power_high); 
163.     while(timer.read_ms() < POWERTIME1); 
164.     timer.reset(); 
165.     force_dac(power_medium); 
166.     while(timer.read_ms() < POWERTIME1); 
167.     timer.reset(); 
168.     force_dac(power_low); 
169.     while(timer.read_ms() < POWERTIME2); 
170.     timer.reset(); 
171.     force_dac(POWEROFF); 
172.     while(timer.read_ms() < RELAXTIME); 
173. // 11 
174.     timer.reset(); 
175.     force_dac(power_low); 
176.     while(timer.read_ms() < POWERTIME2); 
177.     timer.reset(); 
178.     force_dac(power_medium); 
179.     while(timer.read_ms() < POWERTIME1); 
180.     timer.reset(); 
181.     force_dac(power_high); 
182.     while(timer.read_ms() < POWERTIME1); 
183.     timer.reset(); 
184.     force_dac(power_medium); 
185.     while(timer.read_ms() < POWERTIME1); 
186.     timer.reset(); 
187.     force_dac(power_low); 
188.     while(timer.read_ms() < POWERTIME2); 
189.     timer.reset(); 
190.     force_dac(POWEROFF); 
191.     while(timer.read_ms() < RELAXTIME); 
192. // 12 



 

193.     timer.reset(); 
194.     force_dac(power_low); 
195.     while(timer.read_ms() < POWERTIME1); 
196.     timer.reset(); 
197.     force_dac(power_medium); 
198.     while(timer.read_ms() < POWERTIME2); 
199.     timer.reset(); 
200.     force_dac(power_high); 
201.     while(timer.read_ms() < POWERTIME1); 
202.     timer.reset(); 
203.     force_dac(power_medium); 
204.     while(timer.read_ms() < POWERTIME2); 
205.     timer.reset(); 
206.     force_dac(power_low); 
207.     while(timer.read_ms() < POWERTIME1); 
208.     timer.reset(); 
209.     force_dac(POWEROFF); 
210.     while(timer.read_ms() < RELAXTIME); 
211. // 13 
212.     timer.reset(); 
213.     force_dac(power_medium); 
214.     while(timer.read_ms() < POWERTIME2); 
215.     timer.reset(); 
216.     force_dac(power_high); 
217.     while(timer.read_ms() < POWERTIME1); 
218.     timer.reset(); 
219.     force_dac(power_medium); 
220.     while(timer.read_ms() < POWERTIME2); 
221.     timer.reset(); 
222.     force_dac(POWEROFF); 
223.     while(timer.read_ms() < RELAXTIME); 
224. // 14 
225.     timer.reset(); 
226.     force_dac(power_low); 
227.     while(timer.read_ms() < POWERTIME1); 
228.     timer.reset(); 
229.     force_dac(power_medium); 
230.     while(timer.read_ms() < POWERTIME2); 
231.     timer.reset(); 
232.     force_dac(power_high); 
233.     while(timer.read_ms() < POWERTIME1); 
234.     timer.reset(); 
235.     force_dac(POWEROFF); 
236.     while(timer.read_ms() < RELAXTIME); 
237. // 15 
238.     timer.reset(); 
239.     force_dac(power_high); 
240.     while(timer.read_ms() < POWERTIME1); 
241.     timer.reset(); 
242.     force_dac(power_medium); 
243.     while(timer.read_ms() < POWERTIME2); 
244.     timer.reset(); 
245.     force_dac(power_low); 
246.     while(timer.read_ms() < POWERTIME1); 
247.     timer.reset(); 
248.     force_dac(POWEROFF); 
249.     while(timer.read_ms() < RELAXTIME); 
250. // 16 
251.     timer.reset(); 
252.     force_dac(power_low); 
253.     while(timer.read_ms() < POWERTIME1); 
254.     timer.reset(); 
255.     force_dac(power_high); 
256.     while(timer.read_ms() < POWERTIME2); 
257.     timer.reset(); 



 

258.     force_dac(POWEROFF); 
259.     while(timer.read_ms() < RELAXTIME); 
260. // 17 
261.     timer.reset(); 
262.     force_dac(power_high); 
263.     while(timer.read_ms() < POWERTIME2); 
264.     timer.reset(); 
265.     force_dac(power_low); 
266.     while(timer.read_ms() < POWERTIME1); 
267.     timer.reset(); 
268.     force_dac(POWEROFF); 
269.     while(timer.read_ms() < RELAXTIME); 
270. // 18 
271.     timer.reset(); 
272.     force_dac(power_low); 
273.     while(timer.read_ms() < POWERTIME1); 
274.     timer.reset(); 
275.     force_dac(power_medium); 
276.     while(timer.read_ms() < POWERTIME2); 
277.     timer.reset(); 
278.     force_dac(POWEROFF); 
279.     while(timer.read_ms() < RELAXTIME); 
280. // 19 
281.     timer.reset(); 
282.     force_dac(power_medium); 
283.     while(timer.read_ms() < POWERTIME2); 
284.     timer.reset(); 
285.     force_dac(power_low); 
286.     while(timer.read_ms() < POWERTIME1); 
287.     timer.reset(); 
288.     force_dac(POWEROFF); 
289.     while(timer.read_ms() < RELAXTIME); 
290. // 20 
291.     timer.reset(); 
292.     force_dac(power_high); 
293.     while(timer.read_ms() < POWERTIME1); 
294.     timer.reset(); 
295.     force_dac(power_medium); 
296.     while(timer.read_ms() < POWERTIME2); 
297.     timer.reset(); 
298.     force_dac(power_high); 
299.     while(timer.read_ms() < POWERTIME1); 
300.     timer.reset(); 
301.     force_dac(POWEROFF); 
302.     while(timer.read_ms() < RELAXTIME); 
303. // 21 
304.     timer.reset(); 
305.     force_dac(power_high); 
306.     while(timer.read_ms() < POWERTIME2); 
307.     timer.reset(); 
308.     force_dac(POWEROFF); 
309.     while(timer.read_ms() < RELAXTIME); 
310. // 22 
311.     timer.reset(); 
312.     force_dac(power_medium); 
313.     while(timer.read_ms() < POWERTIME2); 
314.     timer.reset(); 
315.     force_dac(POWEROFF); 
316.     while(timer.read_ms() < RELAXTIME); 
317. // 23 
318.     timer.reset(); 
319.     force_dac(power_low); 
320.     while(timer.read_ms() < POWERTIME2); 
321.     timer.reset(); 
322.     force_dac(POWEROFF); 



 

323.     while(timer.read_ms() < RELAXTIME); 
324. // 24 
325.     timer.reset(); 
326.     force_dac(power_low); 
327.     while(timer.read_ms() < POWERTIME1); 
328.     timer.reset(); 
329.     force_dac(POWEROFF); 
330.     while(timer.read_ms() < RELAXTIME); 
331. // 25 
332.   
333. // Start constant discharge  
334.     timer.reset(); 
335.     force_dac(POWER_CONST); 
336.     while(timer.read_ms() < time_const); 
337.     timer.reset(); 
338.     force_dac(POWEROFF); 
339.     while(timer.read_ms() < RELAXTIME2); 
340.   
341.     send_ticker.detach(); 
342.     //receive_ticker.detach(); 
343.     fflush(pc); 
344.     timer.stop(); 
345.   
346.     pc.printf("End\n"); 
347.   
348.     char ack = pc.getc(); 
349.     pc.getc(); 
350.     if(ack == '1'){ 
351.         return; 
352.     } 
353. } 
354.      
355. void pattern2(void){  
356.      
357.     hadc1_prime.Instance = ADC1; 
358.     hadc2_prime.Instance = ADC2; 
359.      
360.     send_ticker.attach(&send_data, COMM_PERIOD); 
361.     //receive_ticker.attach(&receive_ack, SLOW_COMM_PERIOD); 
362.      
363.     safe_temp_ticker.attach(check_if_hextemp_is_safe, SLOW_COMM_PERIOD); 
364.     //zero_volt_ticker.attach(check_if_hexvolt_is_zero, 

SLOW_COMM_PERIOD); 

365.     low_volt_ticker.attach(check_if_hexvbatt_is_low, SLOW_COMM_PERIOD); 
366.   
367.     timer.start(); 
368.   
369.     force_dac(POWEROFF); 
370.     while(timer.read_ms() < STARTTIME); 
371.      
372. // Wait     
373.     timer.reset(); 
374.     force_dac(POWEROFF); 
375.     while(timer.read_ms() < WAITTIME); 
376.      
377.     send_ticker.detach(); 
378.     //receive_ticker.detach(); 
379.     fflush(pc); 
380.     timer.stop();       
381.   
382.     pc.printf("End\n"); 
383.   
384.     char ack = pc.getc(); 
385.     pc.getc(); 
386.     if(ack == '1'){ 



 

387.         return; 
388.     }           
389. } 
390.      
391. void force_dac(int millivolt) 
392. { 
393.     int dac_out = (millivolt << 4) + (millivolt << 2) - (millivolt >> 

3); 

394.          
395.     Vctrl1.write_u16(dac_out); 
396.     Vctrl2.write_u16(dac_out); 
397. }   
398.        
399. void send_data(void) 
400. { 
401.     HAL_ADCEx_InjectedStart(&hadc2_prime); // Slave first 
402.     HAL_ADCEx_InjectedStart(&hadc1_prime); 
403.      
404.     // Wait for the conversions to finish 
405.     while(HAL_ADCEx_InjectedPollForConversion(&hadc2_prime, 0.5) != 

HAL_OK); // Timeout in ms 

406.     while(HAL_ADCEx_InjectedPollForConversion(&hadc1_prime, 0.5) != 
HAL_OK); // Timeout in ms 

407.     
408.     Temp1_16 = HAL_ADCEx_InjectedGetValue(&hadc1_prime, 

ADC_INJECTED_RANK_1); 

409.     Vres2_16 = HAL_ADCEx_InjectedGetValue(&hadc1_prime, 
ADC_INJECTED_RANK_2);    

410.     Vres1_16 = HAL_ADCEx_InjectedGetValue(&hadc1_prime, 
ADC_INJECTED_RANK_3); 

411.      
412.     Vbatt_16 = HAL_ADCEx_InjectedGetValue(&hadc2_prime, 

ADC_INJECTED_RANK_1); 

413.     Temp2_16 = HAL_ADCEx_InjectedGetValue(&hadc2_prime, 
ADC_INJECTED_RANK_2); 

414.      
415.     //HAL_ADCEx_InjectedStop(&hadc1_prime); //Master first 
416.     //HAL_ADCEx_InjectedStop(&hadc2_prime);  
417.         
418.     pc.printf("%d, %d, %d, %d, %d\n", 
419.         Temp1_16, 
420.         Temp2_16, 
421.         Vres2_16, 
422.         Vbatt_16, 
423.         Vres1_16); 
424.     return; 
425. } 
426.   
427. void receive_ack(void)  
428. { 
429.     bufferprime = pc.getc(); 
430.     pc.getc(); 
431.     if(bufferprime != '1'){ 
432.         send_ticker.detach(); 
433.         receive_ticker.detach(); 
434.         fflush(pc); 
435.         pc.printf("Stop\n"); 
436.         Vctrl1.write_u16(POWEROFF); 
437.         Vctrl2.write_u16(POWEROFF); 
438.         wait(1); 
439.         NVIC_SystemReset(); 
440.     } 
441.     return; 
442. }   
443.      



 

444. void check_if_hextemp_is_safe(void) 
445. {     
446.     if(Temp1_16 > OVERHEAT_HEXTEMP){ 
447.         send_ticker.detach(); 
448.         fflush(pc); 
449.         pc.printf("Overheating on Branch 1\n"); 
450.         Vbjt1 = 1; 
451.         Vctrl1.write_u16(POWEROFF); 
452.         Vctrl2.write_u16(POWEROFF); 
453.          
454.         char ack = pc.getc(); 
455.         pc.getc(); 
456.         if(ack == '1'){ 
457.             wait(1); 
458.             NVIC_SystemReset(); 
459.         } 
460.     } 
461.      
462.     if(Temp2_16 > OVERHEAT_HEXTEMP){ 
463.         send_ticker.detach(); 
464.         fflush(pc); 
465.         pc.printf("Overheating on Branch 2\n"); 
466.         Vbjt2 = 1; 
467.         Vctrl1.write_u16(POWEROFF); 
468.         Vctrl2.write_u16(POWEROFF); 
469.          
470.         char ack = pc.getc(); 
471.         pc.getc(); 
472.         if(ack == '1'){ 
473.             wait(1); 
474.             NVIC_SystemReset(); 
475.         } 
476.     } 
477. } 
478.   
479. void check_if_hexvbatt_is_low(void) 
480. {     
481.     if(Vbatt_16 < LOWBATT_HEXVOLT){ 
482.         send_ticker.detach(); 
483.         fflush(pc); 
484.         pc.printf("Vbatt too low\n"); 
485.         Vbjt1 = 1; 
486.         Vbjt2 = 1; 
487.         Vbjt3 = 1; 
488.         Vctrl1.write_u16(POWEROFF); 
489.         Vctrl2.write_u16(POWEROFF); 
490.          
491.         char ack = pc.getc(); 
492.         pc.getc(); 
493.         if(ack == '1'){ 
494.             wait(1); 
495.             NVIC_SystemReset(); 
496.         } 
497.     } 
498. } 
499.   
500. void check_if_hexvolt_is_zero(void) 
501. { 
502.     if(Vctrl1.read() > MIN_FLOATVCTRL && Vres1_16 < MIN_HEXVRES && 

Vctrl2.read() > MIN_FLOATVCTRL && Vres2_16 < MIN_HEXVRES){ 

503.         send_ticker.detach(); 
504.         fflush(pc); 
505.         pc.printf("No current was draining. Check the fuse if 

persists\n"); 

506.         Vbjt1 = 1; 



 

507.         Vbjt2 = 1; 
508.         Vbjt3 = 1; 
509.         Vctrl1.write_u16(POWEROFF); 
510.         Vctrl2.write_u16(POWEROFF); 
511.          
512.         char ack = pc.getc(); 
513.         pc.getc(); 
514.         if(ack == '1'){ 
515.             wait(1); 
516.             NVIC_SystemReset(); 
517.         } 
518.     } 
519.      
520.     if(Vctrl1.read() > MIN_FLOATVCTRL && Vres1_16 < MIN_HEXVRES){ 
521.         send_ticker.detach(); 
522.         fflush(pc); 
523.         pc.printf("No current was draining. Check the Branch 1 if 

persists\n"); 

524.         Vbjt1 = 1; 
525.         Vbjt3 = 1; 
526.         Vctrl1.write_u16(POWEROFF); 
527.         Vctrl2.write_u16(POWEROFF); 
528.          
529.         char ack = pc.getc(); 
530.         pc.getc(); 
531.         if(ack == '1'){ 
532.             wait(1); 
533.             NVIC_SystemReset(); 
534.         } 
535.     } 
536.          
537.     if(Vctrl2.read() > MIN_FLOATVCTRL && Vres2_16 < MIN_HEXVRES){ 
538.         send_ticker.detach(); 
539.         fflush(pc); 
540.         pc.printf("No current was draining. Check the Branch 2 if 

persists\n"); 

541.         Vbjt2 = 1; 
542.         Vbjt3 = 1; 
543.         Vctrl1.write_u16(POWEROFF); 
544.         Vctrl2.write_u16(POWEROFF); 
545.          
546.         char ack = pc.getc(); 
547.         pc.getc(); 
548.         if(ack == '1'){ 
549.             wait(1); 
550.             NVIC_SystemReset(); 
551.         } 
552.     } 
553. } 
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