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Storing powders in silos

* Models first developed for agriculture
* Powders for pharmaceutical manufacturing of tablets & pills

* Model stress to ensure safety of silo
* Janssen equation
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Estimate unknown parameters from data

Source: deepai.org



First measurement setup

* Force balance
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Second measurement setup s
* Force balance 7507
T=aocp+ b a

e Random effect

al ~ N (myg, 8q)
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Why Bayesian?

* Prior information available

* Joint likelihood for combined dataset is easy
* Frequentist estimator is difficult

Likelihood

Posterior

Prior

Source: Michael Clarc,
Bayesian Basics
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amodel function powder _mechanical _model(s_h, T, ¢_v_top, o_v_bottom, z_eq, m, D, g)

° m_ K ~ Uniform(2.0,1.0)
Wh JUIIa? s K ~ Uniform(0.0,0.1)
e ma ~ Uniform(0.0,1.0)
5 a ~ Uniform(@0.0,0.1)
m b ~ Uniform(®.0,500.0)
s b ~ Uniform(0.0,50.0)
5 1 ~ Uniform(0.0,250.0)
5 2 ~ Uniform(0.0,250.0)
p(mi) ~ Uniform(0, 1) K1 = yector{Floatﬁa}(undef, s?ze(c_v_bottom,zjj
. al = Vector{Float64}(undef, size(o_v_bottom,2))
p(my) ~ Uniform(0,1) bi = Vector{Floate4}(undef, size(o v _bottom,2))
p(mp) ~ Uniform(0, 500) for i in 1:size(o_v_bottom,2)
p(sx) ~ Uniform(0,0.1) K1[i] ~ Normal(m_K,s_K)
p(s4) ~ Uniform(0,0.1) al[i] ~ Normal(m_a,s_a)
p(sb) NUnj_form(O’ 50) bl[l] "" NDTT‘”IE-E-L(II'I_b,S_bJ
p(s1) ~ Uniform(0, 250) for ) in disize(oy bottan, 1)
p(s2) ~ Uniform(0, 250) term = (g#p#D/4-b1[1]1)/(K1[i]*a1[i])
p(K ‘”?Ka sx) ~ N(mx, sk) mean = term + (o _v_top[jl-term)*exp(-4*K1[il*al[il®*z_eql[3,11/D)
p(a’|mg, s4) ~ N(mg, s,) o_v_bottom[j,i] ~ Normal(mean,s_1)
i end
(b\ﬂun sp) ~ N (my, sp) .
p(a hn“’ $a) ~ N (M, 84) a2z = Vector{Float64}(undef, size(o_h,2))
(bzhnb,sﬂ ~ N (my, sp) b2 = vector{Float64}(undef, size(o_h,2))
o 90D pi _ 90D _ i AKigi . for 1 in 1:size(ag_h,2)
i1 o1i ~ 4 . 4 . i.j . - r
il Tt G b G O B e
i i g -~ i i i’ for j in 1:size(o_h,1)
p(r7a™, b7, 50) ~ Na%a” +b7,5) <[3,i] ~ Normal(a2[i]*a h[3,i]+b2[i],s 2)
end
end

return nothing
end



Posterior
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