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Module - 08
Digital Controller Implementation using Fixed-Point Arithmetic and Verilog HDL
Lecture - 77
Verilog HDL-based Digital PI Control Implementation of Mixed-Signal CMC

So, this is a continuation of the previous lecture, and here we are going to just see the Digital
PI Control Implementation and Verilog HDL-based Implementation. We have already learned

digital PID controllers. So, PI control will be much simpler.
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* Verilog HDL Programming of Digital PI Controller
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So, in this lecture, we are first going to talk about the mixed signal current mode control and
digital PI controller. So, this architecture has been, we have discussed multiple times; and
then, we have also discussed, in the previous two lectures regarding, what are we going to do.

Which part is digital? And which part is analog?

So, this red curve, which is indicating, these are all digital data.
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And what we are going to do? We are in FPGA, and we have to implement, in the Verilog
module, we want to create this mixed signal current mode control block, which we have also

discussed.
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module Mixed_Signal_CMC(clk.clk_ade.clk_dac.comp, \
pwm_higma,dac_dala.Q_load,Q_L_R_Lran);
[/ input-output port declaration

input clk,comp,Q_L_R_tran:

output clk_ade,clk_dac,pwm_high,pwm_low:

output Q_load:

input signed [9:0] ade_data;

output [11:0] dac_data;

Then, we have also discussed the main module, which consists of this interface, input and

output scalar as well as vector input and vector output, and scalar output also.
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{/ declaration of wire and register variables
reg signed [9:0] N_out:

wire signed [9:0] N_e

wire signed [19:0] N_con_temp:

wire signed [18:0] N_con;

wire {_pwm,[_rst,Q_sat,Q_tran_load_ref:
parameter K_p=10'sh0100_110000; //Q1.6 signed (ormat
parameter K_i=10'sh0_001111010; //Q1.9 signed forma
parameter K_d=10'sh0111_I11111; Q1.6 sigued format

And we have also discussed, that what is the parameter that we are taking. The PID controller
is not needed. So, you can remove this; we are just using the PI controller; because, it is the

crrent mode control.
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/l Reference voltage commands : Vrel and delta_Vrel

parameter N_ref_nom=10'sb0_010001010; /Q1.9 signed format
parameter delta_N_ref=10'sh0_000001110;

wire signed [9:0] N_ref;

reg signed [0:0|N_ref_temp;

/I Output voltage from ADC and generale error voltage
always(@(posedge [_pwm) begin

N_out<=adec_data;

end

assign N_e=N_ref-N_out;
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Mixed_Signal_CMC Module (contd...)

clock_generator ul (.[_clk(elk),.[_ade_clock(clk__adc)..[_dac_clock(clk_dac), .f_sw({_pwm)):

digital_PI_controller u2(.L_pwm({_pwm)..N_er(N_¢)..N_con(N_con),
Kop(K_p), K_i(K_i)):

current_reference u3(.N_con(N_con),.I_ref(dac_data).._pwm({_pwm)):
PWM_deadtime_circuit ud(.clk(clk),.f_pwm({_pwm),.comp_out(comp).
Q_H(pwm_high),.Q_L(pwm_low)):

We have discussed that we are capturing the output voltage and we are instantiation clock
generator digital PI controller current reference PWM. So, we have explained this, we have
explained this in the previous lecture, we have explained this earlier, in the context of digital

voltage mode controller.

Now, we just want to highlight, the digital PI controller, which is in the generic form of a PID

controller is also discussed.
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So, PI controller, if you look at, it can be you know we want to update the PI controller with
respect to a clock, which can be a switching frequency clock or any other clock. Here, we are
not talking about even based PI controller, but we can also implement even based PI

controller, which we did in the MATLAB simulation.

So, here we need a proportional gain and the integral gain; and this is all in the discrete
domain; it is all in the discrete or I would say digital domain; I would say present digital
domain; that means, there will be a number, digital domain and this will be simply number

and this we need to know, the Q format, which we have also discussed ok.

So, if we see; that means, this will be overall integral control, this block plus you; this is a
proportional control, this is an integral control. The integral control has two parts the history
term, plus the instantaneous gain factor ok. So that means, we will talk about Q format; and
the error signal, that we will be talking about, is Q 1 dot 9 and which we call an N e; because
it is a digital number ok, and K p, if you go back to the previous thing, that K p you are
taking 4 dot 6 formats, K i 1 dot 9; that means, we are talking about K p, Q4 dot 6 and K i, Q
1 dot 9.

So, when you multiply K p into V N e, then as we have discussed, it will be 5 dot 15, but we
can resize it to Q 4 dot 15 by dropping 1 MSB; this is the sign bit. Then, we also know, K p;
so, this I think better. So, write N e, So, N e into P I, K i. So, this will be, in which format Q 2
dot 18 and which can be scaled to 2 dot 1 dot 18 by dropping 1 MSB.
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module digital PLuoulrollcr(prm.Nfcr.Nfcun.,K%p.Kfi); 1 ¢
input signed [9:0] N_er.K_p.K_i; \

input {_pwm; G -
output signed [18:0] N_con; B B N.

Q\Q,\‘; Q’L‘\%
wire signed [19:0] N “prop témp.N_int_templ; el
wire signed [18:0] N_prop,N_int_tenip2,N_int_inst;

reg signed [18:0] N_int,N_int_temp3,N_int_tempd; l

parameter u_int_max=19'sh0_111111111111111110;



So, this is what, the module name, digital PI controller; here, we need a switching frequency
clock, because we need to compute the integral with respect to the clock synchronism, the
error signal it is taking, then controller output; then K p, K i; and input as asign Ner, K p, K

1 though they are all 10-bit sign, they have a different format.

So, what is N e r? This is Q 1 dot 9; what is K p? This is Q 4 dot 6, and this is Q 1 dot 9, and
then, input this is a scalar signal output; what is the N con format? That we are going to
discuss. So, first, the proportional temporary is 9; so that means, it is, we are talking about 5

dot 15, 20 bit. Integral; so, this is the proportional case, integral, it is 2 dot 18.

Why it is coming? Because, what is N? I mean, we will discuss this; and then, after resizing,
this will be Q 4 dot 15 and we will discuss this, Q 1 dot 18. And, we are setting an upper
limit; because, integral saturation is one of the major problems, and we want to make sure
that the integral, if it goes below 0 and odd 1, then will become negative; that means, integral;
suppose, the maximum value, if you further increase, there can be wrapping error, and it can

go all the way down; because, it is a 2’s complement number. So, you have to be very careful.

So, we are setting, a limit of the integral; that means, if the integral value, output goes some

higher, it will simply hold there, ok.
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assign N_prop_temp = K_p*N_er; 4~ b

assign N_int_templ = K_i*N_er; sht 15

assign N_prop = {N_prop_temp[18:0]}:  //in Q4.15
assign N_int_temp2 = {Nfintﬁter;lpl||8:0|}; /in QL.18

\M“) Q) & N i
alw*s@(posedg& f_pwm) begin
Nfintﬁtempélszint;.emp2+w \LT"\WB

N_int_temp3=N_int_temp4:
end; g 0240

So now, this K p you see, this is Q, 4 dot 6, this is Q 1 dot 9. So, naturally, this will be Q 5

dot 15 and after resizing, this is coming to be; so, after resizing, so, here we are dropping 1



MSB, it is Q 4 dot 15. Integral, this will be Q, 2 dot 18, after resizing, it is coming Q 1 dot
18.

Now, inside the integral, you have that one history term. So, here this is the history term; it is
like u, n minus 1; this corresponds. And, this corresponds to like this corresponds to what?
So, this particular term is coming from here; which is a resizing of K i. So, it is linked with K
i into V error n, right; and this is nothing but your u I n, but we need certain resizing; and

here, it is like, u, n minus 1 is equal to u I n. So, the typical standard.
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always(@(posedge {_pwm) begin
if (N_int_inst>u_int_max)
]\_iE:u_int,_Lnﬂx; e [.’(‘3

else[/)/
h_iqt<:N_illt_inst; “YU‘)
end A/

assign N_con=N_prop+N_int;
‘\

endmodule

But, this is just a representation; we need resizing, and then, this is the resizing is happening.
So, the instantaneous value, since we have, n this one, was Q 1 dot 18; but, the proportional
that we got, for the proportional term; that means, n proportional, we got Q 4 dot 15. So, we

need to take this into this format. So, we need to match this format.

So, we need to convert this Q 4 dot 15, to match this. So, for 4, the, this bit, we can simply
discard 3 bits; and this is what we are discarding; 3 LSB, we are discarding. And, for another
3 MSB, we can do a sign extension and this is what we are doing. So, we are manually

extending 3 times, but it can be done in 3, 3, 3 times that N initial temp 4.

But somehow, this was not working. So, we just make it, 3 times repeatedly. So, this is your
instantaneous value, and this now becomes Q 4 dot 15 ok; but, this is not the end of the story;

because, we still have to consider, the saturation limit; that is why it is going inside and it is



checking, whether this instantaneous value is greater than max; then it will be set to max, or it

will pass the current value.

So, now this one is integral. So, this corresponds to u I n, and this corresponds to u P n. So,
this is your u I n and this is your now, u of n that is your contour output; which we typically
consider. So, this is the one, which is this one; and this is the one which is, this one and this
integral term, this is the one which is or maybe we will use a different color, we will use, this

term is here ok.
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* Verilog HDL Programming of Mixed-Signal Peak CMC

* Verilog HDL Programming of Digital PI Controller

So, in summary, we have discussed the Verilog HDL program, we have mixed signal, and
peak current mode control. We have discussed, Verilog HDL programming of digital PI
controller. So, in the next lecture, we want to show some experimental results, of this mixed

signal current mode control. That is it for today.

Thank you very much.



