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R 1%

S|muPy B TWEHEMESRSAEER! (interconnected dynamical system models) #1THEINAIHE
, I’-ET—1ETF Python WARELE, JUATFEFEEMAZNIITSHELER. oIS

%,;dfii (dynamical system models) AI#IEEAN—TNR, BRMEESE API X1, REt

AIAERARFSRIATN (symbolic expressions) K8I#, W FEMNAIEBFIR:

from sympy.physics.mechanics import dynamicsymbols #1EZ&/%: Msympy SN G5
from sympy.tensor.array import Array #1F&7%: MsympyhaiikEtensor EAZH Array
from simupy.systems.symbolic import DynamicalSystem

x = x1, x2, x3 = Array(dynamicsymbols('x1:4"'))
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u = dynamicsymbols('u')
sys = DynamicalSystem(Array([-x1+x2-x3, —-x1kx2-x2+u, —-x1+ul), x, u)

FEXEABMEMEIZETIASHE (state equations) , #7572 (output equations) , BAK
HAIEEAFE (jacobians) BYRIIEAKEL (callable functions) , ERIANIER FUAB4REE (code
generator) {FRAIREST sympy.lambdify B9EIZE (wrapper) . {RAJCAERETREAOREA R
28, RBREERFIRNSEN code_generator (RIZAIRERN) MMIIIRIXBIASHFH (1FE
T XEMFHE pythonf)—FhE3EZ R dictionary) code_generator_args . KRR ZRZ
(future systems) RIERINMER] BUBITEURIREE (module variables) RIFEE,

import simupy.systems.symbolic
simupy.systems.symbolic.DEFAULT_CODE_GENERATOR = your_code_generator_functio
n #1¥&5%: 5, XERY 'your_code_generator_function' ZiLfRfEE—1NRE, XG5
ETTE, TEEEESITH, IREBIERIIEERIRET 1T, BAU0ZF/FEIXIHE & E T 7 AIE T
simupy.systems.symbolic.DEFAULT_CODE_GENERATOR_ARGS = {'extra_arg': value}

—LEZERENZE . EBIRER, FIDAEMARBLIAIBIEE, Hla0, LMRIEFIZE (linear feedback
controller) BILARII FRMBEX

from simupy.systems import LTISystem
ctrl = LTISystem([[1.73992128, ©0.99212953, -2.98819041]])

FEFIFPIVERE (gains) KE—TETFEREREMMARRRNTSELE T IR ET 2
(infinite horizon LDR, linear quadratic regulator) ., £ LERIIZHIZZNEM E, FAILBETE
IS RIE—MEIRE (block diagram) :

from simupy.block_diagram import BlockDiagram

BD = BlockDiagram(sys, ctrl)

BD.connect(sys, ctrl) # JFLEIAZTEIEDIRIFELEE ctrl
BD.connect(ctrl, sys) # JEZHBNEEZEZIRLE

EFHEIRS (non-zero dimensional state) RARIVNIAFZEHRIAEX (BMAREHHEENSE
B) , REEEZRS A DAFBEREREI T EF1TIE

sys.initial_condition = [5, -3, 1]
res = BD.simulate(10)

#{E[EIRR (initial-valued problem) BYERIAKAEZSS2 scipy.integrate.ode ., BERINGEREL
SimulationResult B9—SEff (instance) , EXHEM (array attributes) H t, x, y, fl e, 5l



KRBT RDBNEDK (integrator time step) BIAT[E] (time) | JATS (state) . i
(output) . FEH{E (eventvalues) , FE—1H (axis) BERNEISTKIEANRS], X x,y,
e, B THERMIIESHE (individual signal components) fEAZRS|, &YIAIF=IZBET
AGMANERENINF, AERERSUASHMEBHETEF ., BUSRMAMEANEFTEERL
BY dopri5 KfRes, XERIDAE#RR), BILAIETE integrator_class RO EFMER
integrator_options R 25ikIN, REZEH ST scipy.integrate.ode APIINFERGTN A
BA, . RFAEHL (future simulations) FTEHEINMER A BAIRIBRISHIBEMEHEDT (symbolic
code generator options) EH{TIEA,

tesh, AIMEEEE T AR —EATEIENR RN M RELSRNITA:

e process_vector_args #] lambdify_with_vector_args =& simupy.utils.symbolic

ZTMER sympy.lambdify FH{THIBARLAIEEBNZS
e simupy.utils.callable_from_trajectory ={FF scipy.interpolate.splprep #H1T
ZIMAFFRENEZ IR
e simupy.matrices BIEMTETERMERRANCIZMTRL, Kol UEERITEME
pERZZC
e simupy.systems.SystemFromCallable B—1#3BNZE, AILABG— 1 HEEERBE— 1 TIR
SALE (state-less system) , BER—IEHIZE, DALERFAITIEN
MemorylessSystem #1 LTISystem @M TFE, BTFEIRECIZEXNNEINAL
SwitchedSystem FATFBIEARIELE (discontinuities) ZRZE, FELMBIISHATEE L (
event_equation_function ) =& & ( zero-crossings ) MENX.

SimuPy Github TTEI#) examples F 43 hEE S TERA], X0 BRI BABHY
A E AR SE,

TR

SimuPy BTLU@IT pip SeZest:

ip install simupy

SimuPy M GBI E B4E:

e Python >= 3.6
e NumPy >=1.11
e SciPy >=0.18
e SymPy>=1.0

£ Travis ERBAYFTEESR AN P REARY R EFAIAR A . ARINE PR ZEEFI LA E SymPy T
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fE, FRARIUREELRE, SimuPy Github 1B examples F {432 F{EAIZE matplotlib
REITEROTMM ., MIXEBDERIZE pytest, [RARXAH{ER Sphinx == 1.6.3 &£, FXEF
hRZASE CycleUser {£/A Markdown HlIfE,

S5 5amk

1. WMREB|ILMHFIBERAININEE, BIAE DRIIFAY issuel (https://github.com/simupy/
simupy/issues), SIRE LR Bug, BREIBEIFHEAMILRESR, LLAMIRIERLE. PythonhraA, X
REAB R B RIMRA .

2. AEEMUE, FTRR pull request, TIEAAS EHFEXNFIARARIMIL . bug BOIEIHIERR, KR
BARRIER R BIEPEPSRIZHTES.

F_E HFLN
202056 H12H08:33

Rk E

SimuPy BRI R SGERMANB L 2 BREEZRE (direct feedthrough) ; X—RNIFESR TR
1B (algebraic loops) , WMRIRBEERMNEBEE (feedthrough) BIRSGER, FENR
SR ITY RIGsRE LI, XFhY RigsaiTIl, TEMASHE, JUBIERSHESmAIGE,
HFHEZHBMAREAXEESNSECRERRBN:; ERdAHE, TERREHEBS ESERS

i, AEERGHEPERXEESRD . AMRAARIHAZTEE —DIRSRE, RN

z'(t) = f(t, (1), u(t))
y(t) = h(t,x(t))

il
y(t) = h(t, u(t))

MEBEHEW A (valid formulations) . EENFPRI ¢ BHEIEE, e RLURE (system
state) , u BRRLKHA (systeminput) , My E2RFA ML (sytem output) . ATAIAR f XK
SHTE (state equation) F1 h X PHIESFE (output equation)

SimuPy R e ALMETH B K FFE] (sample period) Deltat BIBEEREIRZE (discrete-time

systems) , {4

o[k +1] = f([K], z[k], u(k)])
ylk + 1] = h([k], z[k + 1])
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ylk + 1] = h([K], u(k))

EERXFH [k] RRNR—MESE (signal values) , ZMESELE(E AL, (k + 1)At]
XPNEFEXE (half-openinterval) A, E—TEBBINBERSFERt =LK AL MEH—R, ™
(k) RAMIZERBE At 3T ELRTE RS (continuous-time systems) KIESHITH— M
{R¥FRHE (zero-order hold sample) . XEM AR RAXNHBREFHZE (update rate) ALHIEE
ISEF RS (discrete-time sub-systems) ZAHFRHAZER, XEFRAFTUAEH—TERR
7, WRFRR:

zlk + 1] = f([K], z[k], ulk])
ylk] = h([k], z[k])

AEMeI UER T @R SRTEIELL (hybrid-time simulation) .

FENARBRGEEI LMIFFRZT (linear time-invariant (LTI)) RGN THR, a0,
LTI RGN (dynamics) 345

z' (t) = Az(t) + Bu(t),

y(t) = La(t),

RS RIE (state-feedback)

’U,(t) = —K$(t),
MBA%&%: (autonomous system) HIRVERE—HEAY:

¥ (1) = (A— BEK) (t),
y(t) = T ().
5218, BFEZHR (timing transformations) th2—%XH (consistent) , _LEIRYEZERT (8]
(continuous-time) LTIRZIABE BT EEFEMAZ (discrete-time equivalent) J9:
z[k + 1] = ® x[k] + T ulk],

ylk] = I z[k],

ErfE kAL, TERMEXEBEZHREEAIRSHNT (state trajectory) , EERMIBENS

ES BN (piecewise constant) i\, HEBEMAEFFBEBIZTMIRITEIR (zero-order hold
transformation) B%<Ef

_ ANt
®=e""",

At
I‘:/ eAT drB.
0

LRI R IR IER RS FITRE discrete_lti.py , HAMDREAM T Wit
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[R3HEig
BlockDiagram FHI— 1M ARARHFERE TEHMNEM (attributes)

e dim_state :JRZ (state) HILERE (dimension)

e dim_input : %A (input) BYLEE

e dim_output :#it: (output) RUZE

e output_equation_function : —rR[EAKE, REIRFGHE (system output)

# dim_state =0, Ml output_equation_function 3IZEUHBIRTEFIMNENTRD
(integration) %% (arguments) ,

% dim_state >0, M| state_equation_function IEWHFIATE (time) . JAES (state)
WA (intput) , RERENRSEEL (state derivative) , X PMHENEI, XTE)

T, output_equation_function IZUWHFIRTE (time) FRS (state) fEATRD
(integration) Z#% (arguments) ,

# event_equation_function # update_equation_function #FiR{H7,
event_equation_function EZARNX4L (zero-crossing) HIAREZEM (discontinuities) iRl
IAAMET . A5 ITFEH event_equation_function #[ update_equation_function HIZSEHN
M (argument rules) 5 output_equation_function ] state_equation_function FH—
M., —A%3KEIR, update_equation_function ETFAELEMMALLEIEN (occurance) FREZT
state_equation_function , output_equation_function , fl event_equation_function
ITEMER, & dim_state >0, update_equation_function AZRTEIBEIFELLNFIZENRIE]
RE (state)

BEMAFXIFR—TEZSNBMASE (inputargument)  dt  (FE7E: PTLAIRAR)YRAFRT (8] (8]
fB) . BN dt >0 HMEITHEME (output) AR (state) HIRAFEZE (sample rate) ;
dt =0 ERREBIE—MELER B RS (continuous-time system) , 7ER&HTE (hybrid-time)
EIRE BlockDiagram F, RASHBENDERTRSD (ntegrated piecewise) FKIRSHEE .

RKARAHT SimuPy FIBES RIS ATEE K%L (jacobian functions) f& %5 ODE Kfi#28 (ode
solvers, ODE=ordinary differential equation, B2 5% ) , XFEE BlockDiagram HHIFTHE
AREHRME LD FENHAILEREL (jacobian functions) .
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STXLEREIR (module) AYIRIRILIT :

block_diagram (docstrings)

£ BlockDiagram ZEW—SEI, AFEMNEEXZRZ (interconnected systems)
systems (docstrings) HAFETHENRGURME TETENE,

utils (docstrings)

RMT LT HREN (utility functions) , LEANIRME (BUE) REURKEBER,
systems.symbolic (docstrings) #1 discontinuities (docstrings)
RETHTEXRSGNRFSRAAET,

array (docstrings) #1 matrices (docstrings)

IRMHEBR AN —LeE, BFIRERSEE (symbolic arrays) . HEEUKRMATARMNRS.
utils.symbolic (docstrings)

RMUTINEENTSRE, LLUREESRASTS.

FNE REREIR block_diagram module

[R5k %

1¥3&E: Block DiagramEE#IIZMERIRE, ModuleiiEPythonEHAY
1BIR, FRLAXFAR THRIRERIR T, FEEAHN, AR XFRIIRAEE
DHRAENET, BEEREKRNET,

class simupy.block_diagram. BlockDiagram (*systems)[source]

BTSSR GNE 2 B EERARIREZ AT LA BUER AT

#iatt—"" BlockDiagram, BIIRF —RIIRFHMATIZNTIR, KEDXTE,
add_system (system)[source]

AII— 1T RGEIEIRE (BlockDiagram)

S system (z125 % 2% dynamical system) - EiRIMNEIEIRE FRZE (system)
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computation_step (t, state, output=None, selector=True, do_events=False)[source]

AR, AT TERSGHETRSSE (state derivatives)
connect (from_system_output, to_system_input, outputs=[], inputs=[])[source]

ERRRERNZ RS

SN

E4

* from_system_output (dynamical system) - ELRIMNEIEREFHNARSE, HEhivm G iEE
o IR, — TR T AR BEEE Z A,

* to_system_input (dynamical system) - EZRINEIEIREFHNRSE, FRiESBANBHEER.
IR, EIZEIRHANER (input connections) JE#XE= (over-written) .

* outputs (list-like, optional) — &k L AVIEIFEZ3 =S| (selector index) . WMIRIEHFIBEHE K
EX0, MeEERBRL.

* inputs (list-like, optional) - FEZHARNEIEZZRS| (selector index) ., WREHIEEHEKE
N0, MSERMBBWA.

create_input (to_system_input, channels=[], inputs=[[)[source]
Bl E(EABAEE (input channels) , FEIREIRE—TF RS (subsystem) ,

S

* channels (list-like) - &M AEE (input channels) HIEZEZR RS,

* to_system_input (dynamical system) - ERXRINENRIREFNZRS, HERRNAGHEER. F
B, Fe 2N ZERE (input connections) J5#E7&= (over-written) ,

* inputs (list-like, optional) — ZEIZEHIAIIEIEEEZ R S| (selector index) ., REHIETTEKE
N0, MSERMBBWA.

dim_output

dim_state

dt

event_equation_function_implementation (t, state, output=None)[source]
initial_condition

output_equation_function (t, state, input_=None, update_memoryless_event=False)[source]
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prepare_to_integrate ()[source]

simulate (tspan, integrator_class=, integrator_options={'atol': 1e-12, 'max_step': 0.0, 'name':
'dopri5’, 'nsteps': 500, 'rtol': 1e-06}, event_finder=, event_find_options={'maxiter': 100, 'rtol':
8.881784197001252e-16, 'xtol': 2e-12})[source]

B (simulate) EIRE

SH:
* tspan (list-like or float) —

IEERDNEFKER (integration time-steps) KIS,

WMRET—1HE, MEEERLRANE, WRE TG, MoREESRAENANTER, mihE
RT, #BEEAI TR EES KIS 2R (variable time-step integrator) &SN EFSKIGEEMEER
R,

EHLAMBTE)FIRFEENEEREE T, IBXMTIIRPAIXLR EMESEFERDHILE (trajectori
es) BYATIE],

¢ integrator_class (c/ass, optional) -

/

23 (integrator) B9E, BRINMEREIZE scipy.integrate.ode . !
fi& scipy.integrate.ode APIiZ2HTIISE:

o _ init__ (derivative _callable(time, state))

o set_integrator(sxxkwargs)

o set_initial value(state, time)

o set_solout(successful_step_callable(time, state))
o integrate(time)

o successful()

o y, t MR (properties)

e integrator_options (dict, optional) - {£iBAFR 9
#3 integrator_class.set_integrator FUXEIEASEFE,

e event_finder (callable, optional) — X[B>RIEEEL (interval root-finder function) , ERIA{E
FIHIZ scipy.optimize.brentq , HIUEFHABERIUESE (equivalent positional
arguments) , f, a,fl b, AGIRE x0,HFA a <= x0 <= b M f(x0) AFE,

 event_find_options (dict, optional) — 1£i%%5 event_finder FUXEIASHFH, NI H
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— 1B A 'xtol' iR, REEREZFETEATXIE) x0 +/- xtol/2 , FHKIERER
brentq iefi,

state_equation_function (¢, state, input_=None, output=None)[source]
systems_event_equation_functions (t, state, output)[source]
update_equation_function_implementation (¢, state, input_=None, output=None)[source]

class simupy.block_diagram. SimulationResult (dim_states, dim_outputs, tspan, n_sys,
initial_size=0)[source]

— P ERENZE, ABTIEEMGERMNI (simulation result trajectories) .

hos
H

2 e

X
KB RSHA
KB B
€
KB BHHA

allocate_space (t)[source]
last_result (n=7, copy=False)[source]
max_allocation =128

new_result (t, x, y, e=None)[source]

FRHE RSIEIR systems module

R hE %

class simupy.systems. DynamicalSystem (state_equation_function=None,
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output_equation_function=None, event_equation_function=None,
update_equation_function=None, dim_state=0, dim_input=0, dim_output=0, dt=0,
initial_condition=None)[source]

EzX (Base) : object

— o SRSE (dynamical system) , HARERIZLSE (models systems) F2zl:

“xdot(t) = state_equation_function(t,x,u)"’
‘y(t) = output_equation_function(t,x)"

y(t) = output_equation_function(t,u)

FEMOEX BT UARRTE AT EZRS (discrete-time systems) , XBHE_EEAY xdot(t) #FE
T I x[k+1],

ENRAMTUANRNELE RS (discontinuous systems) #1TiE#E (model) , FELEM
(discontinuities) A FHHHFEREL event_equation_function AIERX 4L (zero-
crossings) , #EUKHIZEL (arguments) FMHiHHTZRE output_equation_function #H[E,
K dim_state ., EEFRXAL, DAEFNSEL (arguments) THRAERTHZREL
update_equation_function ., #15R dim_state >0, update_equation_function HJIR[EIE
MAMENELELRERRTINS (state)

S

* state_equation_function (callable, optional) - ZZIRSHISEL (derivative) SREEFHTE
(update equation) , #1R dim_state NEEH, MAREXTSHT .

* output_equation_function (callable, optional) - R E HE. — TN RALIE— 1 HmES

FZPREN output_equation_function , HRIZRE, MERZEIRSHE (full state output)

* event_equation_function (callable, optional) — X PR E I IRE T AELEMN LKA,

* update_equation_function (callable, optional) — HAELE & A HIBHEX DR EFRAEEAR T .

* dim_state (int, optional) - REVIRSHEE, BIRIRE, FRIAE0 .

* dim_input (int, optional) - RGWANEE, FIRIRE, FIAZ0.

* dim_output (int, optional) - RETEMLARE, FIIRIRE, FIARER dim_state.

* dt (float, optional) - RAFIVEER (samplerate) , F[IEIRE, BIAR0, EERMIEBELENE RS
(continuous time system)

* initial_condition (array_like of numerical values, optional) — ${¢H (Array) ZEERE
(Matrix) , FERZMIIASM (initial condition) . BRARISBERNARSURS—HNEE,

AEFRBEEIRINMZENO,


https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23DynamicalSystem

dt
initial_condition
prepare_to_integrate ()[source]
validate ()[source]
class simupy.systems. LTISystem (*args, initial_condition=None, dt=0)[source]
HEL: simupy.systems.DynamicalSystem
—PNEMERNATZ RS (linear, time-invariant system, 4854 LTI)
BIEXE— LTI RGUER TENBABI:

. RSHERE (state matrix) A, BIAEFE (input matrix) B, & EE (output matrix) C,
/?\r/b’lkll_:\

dx_dt = Ax + Bu
y = Hx

2. JRSHERE (state matrix) A, #IAZEFEF (input matrix) B, BIRS (state) BIARLE, Ri%5T
PIRSEHHE  (full state output)

dx_dt = Ax + Bu
y = Ix

3. WIRSAZHIIEIRFEFF (gain matrix) K:4.
y = KX

%EH%BHEEE SRS—REERAB R, AERRME T —LEHEERIR, kWl A, B, C
*[I , H BFBERSERS, UKk K fEAIBmERE (gain matrix) BY5IE (alias) , data
X Jt: EBEH@EJZ— T4 (tuple) .

A

B


https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23DynamicalSystem.prepare_to_integrate
https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23DynamicalSystem.validate
https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23LTISystem
https://simupy.readthedocs.io/en/latest/api/systems.html%23simupy.systems.DynamicalSystem

data
validate ()[source]

class simupy.systems. SwitchedSystem (state_equations_functions=None,
output_equations_functions=None, event_variable_equation_function=None,
event_bounds=None, state_update_equation_function=None, dim_state=0, dim_input=0,
dim_output=0, initial_condition=None)[source]

E2¥: simupy.systems.DynamicalSystem

IRET—THETARELEZRS (discontinuous systems) BB AIETR, (pattern) , EARESF4
EARENTERHIT—ME, IMERXTIRSH/EMANREE, SHTEHTERE
(event_variable_equation_function ), EERLNETFIALABIRNARENIEREZ N
(Bernstein basis polynomial with roots at the boundaries) SlIZE & HTEX

#1 event_equation_function ., X PEMRBMETEMISE, ARET
event_variable_equation_function {E#L EFAIKSHIEEB HTE,

S

o state_equations_functions (array_like of callables, optional) - ZEURSHISEE EEH S
2, & dim_state NFE, WAFEREXTSEEK., BMHIRE (event-state) RIENA
%5| (array indexes) EELEEMHIBR (event bounds) Z—1, XNESIFEEMBLR
LEe (hEiR, SSMHEE (event variable) EFE—1TFHBA (event bounds) &,
MERRE—TRE) . WRIABET—TEAAKRE (callable) , BEMSEETFMH
T™EA.

e output_equations_functions (array_like of callables, optional) - ZZMEHTE. — 1N &
BINTBE— MBS TERE output_equation_function . MNREHEIRE, HMEATEIR
S, $1¢4ku (event-state) RIENZHZS| (array indexes) FTELESZMHIBDFR (event
bounds) Z—1, XTMRSIEFEMILALE (LFEiIR, HEHZTE (event variable)
TEH:%'—/I\iﬁiL (event bounds) 1B, FUERARE—TRE) . WRREHT—1 01
FARER (callable) , BBEMSES M MMEMA.

e event_variable_equation_function (callable) - =R H S5 EHEFB5R event_bounds
BERX, MAEET LA ZELSEMH (discontuity event)

e event_bounds (array_like Offloats)—1‘E'<}E event_variable_equation_function AY%L
EX AN EEEHIDRSA,

e state_update_ equatlon function (callable, optional) - H—1EHEE, KRKSEMHZR


https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23LTISystem.validate
https://simupy.readthedocs.io/en/latest/_modules/simupy/systems.html%23SwitchedSystem
https://simupy.readthedocs.io/en/latest/api/systems.html%23simupy.systems.DynamicalSystem

BRAR, RAERSEM., IRZERE, MEASSRSHE, MAXMEIEHTE
BREGEZIFTR XA IHED AR TIRES T

e dim_state (int, optional) - % Mkﬁiéﬁg, B[S, ERIARO0,

e dim_input (int, optional) - ZFMNEE, XS, FKIANO,

o dim_output (int, optional) - ZETHILERE, FIESE, FAIANZEN dim_state,

event_bounds

event_equation_function (*args)[source]

output_equation_function (*args)[source]

prepare_to_integrate ()[source]

state_equation_function (*args)[source]

update_equation_function (*args)[source]

validate ()[source]

simupy.systems. SystemFromCallable (incallable, dim_input, dim_output, dt=0)[source]

Construct a memoryless system from a callable.

SH:

* incallable (callable) — FA{E%a 1 HFE K X output_equation_function, (t, u) if dim_input > 0
& (t) if dim_input = 0.

* dim_input (int) - ANEE.

* dim_output (int) 45 H 4 FE.

simupy.systems. full_state_output (*args)[source]

HBEIRSERN— RS A BVt S TZREN output_equation_function , EIRIEMET =
@’Ik/u\iﬂutﬂo

A

FE= TERIERR utils module

[R5k %

simupy.utils. array_callable_from_vector_trajectory (tt, x, unraveled, raveled)[source]
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IR (trajectory) JIREI—DZHINAN T EROEE. B, BUTRIXTIREY T EEAE
72 /A (The unraveled, raveled pair map how the array is filled in.) , BE{RSEE4
riccati_system,

S

*tt (1D array_like) - — 13RI m BY[B]ZR 5| £N4E

* xx (2D array_like) - BIB]JR5|H m x n (EFANES|, F—PNHENRS|IZMTE (time) , 3

“NMEENES|EMEETTE (vector components)

* unraveled (1D array_like) - 5 _E R xx FLECHT n NMEIZEEE (n unique keys) ARAIENA.

* raveled (2D array_like) - fRFFEIIE (unraveled) $#{E (keys) BI7TZ= (elements) ZHRAIENA
(array) . MERFFEIREEFF 2 BIRORREYARIAE H HANARER AR,

R[EE

matrix_callable - F1EERVIR G ENTRIFTEAEREL (callable)

yAEIESich
callable RTifE FH R %X

simupy.utils. callable_from_trajectory (t, curves)[source]

£ scipy.interpolate.make_interp_spline 33— ZAFIAIEZL (curves) I HBIHELIHE
(cubic b-spline interpolating) .

N

S

*t (1D array_like) - — P HIEHEY m B8] 25| £
* curves (2D array like) — BI[B)JZRS|H m x n AEHFANRS|, F—MEENRS|IZRE
(time) , B NHENZES|E2M=c& (vector components)

R[EE:

interpolated_callable - BT 4R ERIARLE (curve) | TREE (trajectories) #HATHR{ERITIIAA
K%L (callable)

IR[O]ZEHY:
callable RJ1EFA K%K

simupy.utils. discrete_callable_from_trajectory (t, curves)[source]

BME—TFAHEARE, ETR—TREDK (time-step) ANREMERN— B EIT AL


https://simupy.readthedocs.io/en/latest/_modules/simupy/utils.html%23callable_from_trajectory
https://simupy.readthedocs.io/en/latest/_modules/simupy/utils.html%23discrete_callable_from_trajectory

(discrete-time curve) #H{TiHE.
ZE:
*t (1D array_like) — — T HVIEEY m BF(8)Z 5| £4H

* curves (2D array_like) - BS[B)ZR5|H m x n GMEHARNZERS|, B—EENRS| 28
(time) , B THENZES|EZM=5% (vector components)

R[EE :

nearest_neighbor_callable - —{"FIEAKE, ATXNGEENEHITEHZ. K (discrete-
time curve/trajectories) #H1T1H{E

A1 ESich
callable B]EFH R £

BLE TS5 ASIER symbolic systems
module

202056 H13H21:00

[RC ik E

class simupy.systems.symbolic. DynamicalSystem (state_equation=None, state=None,
input_=None, output_equation=None, constants_values={}, dt=0, initial_condition=None,
code_generator=None, code_generator_args={})[source]

HZE: simupy.systems.DynamicalSystem

NS REMIESS (dynamicalSystem constructor) , FASRMBESRIAR, (symbolic
expressions) BIZRZ,

S

* state_equation (array_like of sympy Expressions, optional) - JASSE N M EERIAT
(vector valued expression) .

* state (array_like of sympy symbols, optional) - RIEIRZ (state) F% (components) HIFS
(symbols) AMI@E, &RAAFEINEF, LEIRSHTE (state_equation)

* input (array_like of sympy symbols, optional) — RAEE N (input) O SHENEE, %


https://simupy.readthedocs.io/en/latest/_modules/simupy/systems/symbolic.html%23DynamicalSystem
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BRFTSEINF . IASHTE (state_equation) BIBEEIT RLTHIA (systeminput) , MRARLE
BIRE, MHEE7HFE (output_equation) KRBT RZTHA (system input)

* output_equation (array_like of sympy Expressions) — Z&i i MNBAIEERIAR.

* constants_values (dict) - E =& FH (dictionary of constants substitutions)

* dt (float) - RARER, IRENOENELERS.

* initial_condition (array_like of numerical values, optional) — FB{E R WA SR ENASE I
(5, BARTIASHEHEEE, 2ixAFE,

* code_generator (callable, optional) — FBE{CHE A B 2R RUER K .

* code_generator_args (dict, optional) - £IBARIBE RN XTSI TFH,

FOAEAR T, URBEMREHERNZN sympy. lambdify B—T%. {RAILMECLATAIRIBE
2R, RBEBRFVIBMNSE code_generator FMEBLANIDE A ZRAUMIINAIXEINSEA
FYHYZFEE code_generator_args , RKMRLGHRABIFRERERM AT LHEECNAN RIS LR
Ao

copy ()[source]

equilibrium_points (input_=None)source]
input

output_equation

prepare_to_integrate ()[source]

state

state_equation
update_input_jacobian_function ()[source]
update_output_equation_function ()[source]
update_state_equation_function ()[source]
update_state_jacobian_function ()[source]

class simupy.systems.symbolic. MemorylessSystem (input_=None, output_equation=None,
**kwargs)[source]

EHE: simupy.systems.symbolic.DynamicalSystem

TIRERSE,


https://simupy.readthedocs.io/en/latest/_modules/simupy/systems/symbolic.html%23DynamicalSystem.copy
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https://simupy.readthedocs.io/en/latest/_modules/simupy/systems/symbolic.html%23DynamicalSystem.update_output_equation_function
https://simupy.readthedocs.io/en/latest/_modules/simupy/systems/symbolic.html%23DynamicalSystem.update_state_equation_function
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BB, MAUARE—NMES (RENEOKRE) . Fla, BENES (stochastic signal) A]
DURES, SAG{FA prepare_to_integrate SREFEUE (re-seed) #IE.

SR GHIERS

S

e input (array_like of sympy symbols) - RIEPMAK DN SOE, ZRMEINEF . HLolEe
EIRIS AGTHIAN
 output_equation (array_like of sympy Expressions) - 24 MIENBAEERIER.

state

& /\ = discontinuities module

20206 H13H21:28

R iz

class simupy.discontinuities. DiscontinuousSystem (state_equation=None, state=None,
input_=None, output_equation=None, constants_values={}, dt=0, initial_condition=None,
code_generator=None, code_generator_args={})[source]

B simupy.systems.symbolic.DynamicalSystem

— PMEE—LREE S (discontinuity) BOEZERSE)EISZRSE (continuous-time dynamical
system) . BRTaIEHRLE (DynamicalSystem) FEMNWMIEHSEH 2, TFERETENEMS
(attributes)

event_equation_function - &P EIEZ K (integration time-step) ESEEN—1K
B, FREERDNSERP, IRZENRETRS, MEBEVEAFRSAHSEH, EhHdPHIIEZERX
=, Wil RESME, R ESL,

event_equation_function - HRNEELLKEMBARIRE., —HRIEEHRAZ
state_equation_function, output_equation_function , LA

event_equation_function ITEINE, EFTAEEUMNEREE. IREIRT, EAEEHL
MESIZEMRENRTS.

SRGIESR, AERMEERANLLIERS.

S
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* state_equation (array_like of sympy Expressions, optional) - IRSSEH @ EERIAT .

* state (array_like of sympy symbols, optional) - RIDIASH 2 T SERNEIE, REBFTEIGR
F, LECIRZSHTE (state_equation)

* input (array_like of sympy symbols, optional) - RIEFMAR DR SAHMNEE, RRAAEIRN
5. RSAHREABEREBT RSN, MRAGEEIRNS, NEEARESERETRIRHA,

* output_equation (array_like of sympy Expressions) - R4 MIENBAIEERIER.

* constants_values (dict) - E =& FH (dictionary of constants substitutions)

* dt (float) - RLIFAER, WMRIFERNONRTENENEERS.

* initial_condition (array_like of numerical values, optional) — FA{E RS HMA OB A S & 4B
., BIASREHERR, ZEMIANZE.

* code_generator (callable, optional) — FA{E{CIB A R BRI RN

* code_generator_args (dict, optional) — {5iEa IS4 B 28 RY < 8218 S £ BRI BE,

BRIAER T, RIBERBREANIEN sympy. lanbdify BI—PDEEE. (RE] SRR IBAE
2%, REEBRRAVIBMNSE code_generator FMEBLAMIDA BESAOMT NGS5 EA
FHIFEL code_generator_args , AREHRFH R EFEIEIRE AT MEREGARIB A B

(=] =]
o

dt
event_equation_function (*args, **kwargs)[source]
update_equation_function (*args, **kwargs)[source]

class simupy.discontinuities. MemorylessDiscontinuousSystem (input_=None,
output_equation=None, **kwargs)[source]

HEL: simupy.discontinuities.DiscontinuousSystem, simupy.systems.symbolic.Memory

lessSystem

NSRS 2S
ZE:
* input (array_like of sympy symbols) - RIFMIAR DR SHRNEE, 1&EBREINF., Hd]

BEMREI TR ZTHAN .
* output_equation (array_like of sympy Expressions) - M ENEAEERIER.

class simupy.discontinuities. SwitchedOutput (event_variable_equation,
event_bounds_expressions, state_equations=None, output_equations=None,
state_update_equation=None, **kwargs)[source]

HE: simupy.discontinuities.SwitchedSystem , simupy.discontinuities.MemorylessD
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iscontinuousSystem

— M EiCIZElr R ST (memoryless discontinuous system) , F5{E4932 ] H#REY5 T
(switched outputs) .

PR R SHIERE (SwitchedSystem constructor) , FARMAFSRIARBIELIIRES (switched
systems) . ﬁﬁﬁ-ﬁgﬂ’]f‘%ﬂ}?T systems.symbolic.DynamicalSystems #i&22FFAARYZ M,
HEEZINRINTENS

N

8

e event_variable_equation (sympy Expression) — RS 14 H 2R E
(event_equation_function) FIFRIAT.

e event_bounds_expressions (list-like of sympy Expressions or floats) - BF5IRIAE
(ordered list-like values) , EXTEHBR, ENTFEHTERIEAR
(event_variable_equation),

o state_equations (array_like of sympy Expressions, optional) — RARVIRSHIZ, F— 1%
EZRZSIMNEEMIRE (event-state) , FELLEHBFTR (event bounds) HWEHEZ—, X1
R AFENMBALE (iR, SSHEE (event variable) {FHE—71"FMHaR

(event bounds) 18, PM{EAKE—TREIN) . FETHEEZ RS dim_state, WMRR
%, BXTHEMEBTFEHTER.

e output_equations (array_like of sympy Expressions, optional) - ZZMEE Hiz, 55—
HEES|INEBHIRES (event-state) , BELLFEHINFR (event bounds) ’\Jéﬁlﬁy—o X
TRIIEFEMLRLE (iR, SEMHEE (eventvariable) RFE—1THHLR

(event bounds) {8, BUEARE—TREAN) . FEZTHEER RS dim_output, Z05R
—4f, BXTHAEMEEBTRETER.

e state_update_equation (sympy Expression) - RiNASE I HTEER R

(state_update_equation_function) RIRIA;

class simupy.discontinuities. SwitchedSystem (event_variable_equation,
event_bounds_expressions, state_equations=None, output_equations=None,
state_update_equation=None, **kwargs)[source]

HEL: simupy.systems.SwitchedSystem, simupy.discontinuities.DiscontinuousSystem

PR AR5 iE28 (SwitchedSystem constructor) , FARMTEESRIANBIZELIEZRSA (switched
systems) , FIHEENZ ’ﬁﬁﬂ?? systems.symbolic.DynamicalSystems #i&E23FRAARYZM,
E%ggﬁgl\ld\\bu—ltﬁﬂﬁ

N

e
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e event_variable_equation (sympy Expression) — RSB 4 5 T2 R EN
(event_equation_function) RIRIA;

¢ event_bounds_expressions (list-like of sympy Expressions or floats) — BRIIRINE
(ordered list-like values) , EX TEHBLR, ENFEHTERIAR

(event_variable_equation),

o state_equations (array_like of sympy Expressions, optional) - ZERVRSHIZ, F— P
EZRZIIMNESBMIRE (event-state) , EELLEBHIBNR (event bounds) HWEHEZ—, XN
R ABEMDRILE (BHER, HSHETE (event variable) RTFE—TEHAR

(event bounds) 1B, FERARE—TRIEARN) . BENEER RS dim_state, WRA
54, BXTAEMNESEST&EFT™ER.

e output_equations (array_like of sympy Expressions, optional) - R HiE., $£—
HERS|INEBMHIRE (event-state) , FELEE MBS (event bounds) E’\J’ﬁ&ﬁy—o X
TMRSIEFEMLRLE (BMEiR, SSMHEE (event variable) EFE—1THHLR

(event bounds) B, MEARXFE—TRIAN) . EZTHEHER RS dim_output, FNR
RE—4%, BXTAEMEESTEEHTER.

e state_update_equation (sympy Expression) - RiASE I HTEER R
(state_update_equation_function) FIRIAR.

event_bounds_expressions
event_variable_equation
output_equations
prepare_to_integrate ()[source]
state_equations
state_update_equation

validate (from_self=False)[source]

FNE EAER array module

202056 H13H22:20

R pEi%

class simupy.array. SymAxisConcatenatorMixin [source]
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https://simupy.readthedocs.io/en/latest/_modules/simupy/discontinuities.html%23SwitchedSystem.validate
https://simupy.readthedocs.io/en/latest/_modules/simupy/array.html%23SymAxisConcatenatorMixin
file:///Volumes/Daily/GitHub/simupy-doc-cn/%23positionMark-72-1-p3_toc_21
https://simupy.readthedocs.io/en/latest/api/array.html
file:///Volumes/Daily/GitHub/simupy-doc-cn/%23positionMark-73-4-p3_toc_22

E¥E: object
— mix-in 2, ¥t numpy B AxisConcatenator F{$F sympy B9 N %848 (N-D arrays) .
static concatenate (*args, **kwargs)

makemat

= sympy.matrices.immutable.ImmutableDenseMatrix Y%,

class simupy.array. SymCClass [source]

B simupy.array.SymAxisConcatenatorMixin , numpy.lib.index_tricks.CClass

class simupy.array. SymRClass [source]

HIE: simupy.array.SymAxisConcatenatorMixin , numpy.lib.index_tricks.RClass

simupy.array. empty_array ()[source]
ME—1TEE, —REARMSMRFF (place-holder) .

F1= 56f5iE1R matrices module

202056 H13H22:40

R vt

simupy.matrices. block_matrix (blocks)[source]

W& HHIRERMWIE— T ELREN, RERETREIE—TER.

O

R[E: matrix - —iERF, EFFTEMZE LER,

yGi}
%7 blocks (two level deep iterable of sympy Matrix objects) — 8 RIFA T I 2 5EFERIIR
X
IR[EIZER:  sympy Matrix

simupy.matrices. construct_explicit_matrix (name, n, m, symmetric=False, diagonal=0,
dynamic=False, **kwass)[source]

SIE— ST RIER
ZE:
* name (string) - TEELENRE; BTT=E2Z name_ij, MTES|I DA nm SEERBX

simupy.matrices. matrix_subs (*subs)[source]
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MIEFFAERITR, 1EZBE(E1BLE sp.subs , FRLFEE (from_matrix) BN TTEERKE
FREERE (to_matrix) TN EYTE,

RIFBWAARE, FAXTREE=MAE, WTHFR:

1. —DNEIRRHERERSE  (matrix-level subsitution) - from_matrix, to_matrix
2. —Nfrom_matrix, to_matrix) B IR E TTAH- TTH

3. —FH, B{EFR N {from_matrix: to_matrix} - BB

simupy.matrices. system_from_matrix_DE (mat_DE, mat_var, mat_input=None, constants=
{})[source]

FREEAZE—NMISHIEERE (symbolic DynamicalSystem) , Bk {#2
Z riccati_system .

SH:

* mat_DE (sympy Matrix) - FEfFSFERIATN (BFM) he matrix derivative expression (right
hand side)

* mat_var (sympy Matrix) — $8FEIRTS

* mat_input (list-like of input expressions, optional) — FIFRIRAIIEFEM D H IR RN RIAR
* constants (dict, optional) - F 2T i,

IR[E]:
sys - — IS HRS (DynamicalSystem) , ATIARBFEHUEKRIERF D H T2,

IR[E]ZEEY
DynamicalSystem

F£1T—5 (5 LEIEIR symbolic utils
module

202056 H13H22:46

[RC ik E

simupy.utils.symbolic. augment_input (system, input_=[], update_outputs=True)[source]

SN, FATEIRIZFEE RS (control-affine systems)


https://simupy.readthedocs.io/en/latest/_modules/simupy/matrices.html%23system_from_matrix_DE
https://simupy.readthedocs.io/en/latest/api/symbolic_systems.html%23simupy.systems.symbolic.DynamicalSystem
https://simupy.readthedocs.io/en/latest/_modules/simupy/utils/symbolic.html%23augment_input
file:///Volumes/Daily/GitHub/simupy-doc-cn/%23positionMark-76-1-p3_toc_25
https://simupy.readthedocs.io/en/latest/api/symbolic_utils.html
file:///Volumes/Daily/GitHub/simupy-doc-cn/%23positionMark-77-4-p3_toc_26

S

Z' R

e system (DynamicalSystem) - INS IR S

e input (array_like of symbols, optional) - SIZE SN . NBETFT ZTRARD X FE&E.

e update_outputs (boolean) - MIRNE, NRAFRETEIRSH L, BESH@MA RN
EEmH e,

simupy.utils.symbolic. grad (f, basis, for_numerical=True)[source]

TTHEEEERE (vector-valued function) XN E (basis) HIRFSHEE (symbolic gradient) .

SH:

* £ (1D array_like of sympy Expressions) - Bit B SH#EXN M SERE,
* basis (1D array_like of sympy symbols) - B Fit B SHENXNE (basis) .
* for_numerical (bool, optional) — 5175, FBFitEMEEREXIEIN,

U{CIE

grad - FSHEE,
IREIZER: T HEARSH sympy KA,

simupy.utils.symbolic. lambdify_with_vector_args (args, expr, *modules=
({'ImmutableMatrix': *, ‘atan2': }, 'numpy', *{'Mod": *, 'atan2': }))[source]

3¢ sympy B lambdify #4TRI—N12E, Hh process_vector_args AT EIEARREL, U
SHERNBEHE NI (individual components)

W

e

* args (list-like of sympy symbols) - KA IAANBANSE
* expr (sympy expression) - E¥4 B ANEEITTEREL (numeric evaluation) HIFRIATL,
* modules (list) - B2 2& sympy K lambdify IS, BIEEBiE EENIER KT

(modules keyword)

simupy.utils.symbolic. process_vector_args (args)[source]

— T EBER, BTAERESH, EEERARSURKREEERIMND . IRELIFHSH

(essentially unravels the arguments)


https://simupy.readthedocs.io/en/latest/api/symbolic_systems.html%23simupy.systems.symbolic.DynamicalSystem
https://simupy.readthedocs.io/en/latest/_modules/simupy/utils/symbolic.html%23grad
https://simupy.readthedocs.io/en/latest/_modules/simupy/utils/symbolic.html%23lambdify_with_vector_args
https://simupy.readthedocs.io/en/latest/_modules/simupy/utils/symbolic.html%23process_vector_args
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