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Cascade

Background

As a general trend in industrial robotics, an increasing number of E— ) o [ et
safety functions are being developed or re-engineered to be handled . R |

in software rather than by physical hardware. This trend reinforces the

importance of supplementing traditional, input-based testing with )

formal verification and model-checking methods. To this end, our use- | T |
case focuses on safety assurance of a high voltage controller (HVC) !

used in an industrial painting robot from ABB, by the use of hardware/

software co-verification. Block diagram of one part of the paint robot, containing the HVC.

Properties of Interest

» P1: HV_Actual should converge to the reference value HV_SetPoint
» P2: PWM_Output is set to O whenever the 24V power signal is off

» P3:mSetPoint, an internal representation of the setpoint, is set to 0 when

the 24V power signal is switched off
» P4 : The software is deadlock free

Properties P2-P4 are properties of the software, while P1is a system property.

Ve rificatiOn ApprOaCh (R?:T;:é%laft‘):::;?e) Platform Mapping ] F_v Iatform ______________________________________
Verification of P1 requires: . _  RPAGtaI_in: o3 |
ext_ActualHV: real ext_ActualHV = RPActualHV_in < | €<—(perfect sensor) . RPActualHV : real
> M Od e | S Of th e SOftWa re a N d h a rd Wa re i1 dutyCyclcBWM: duty D:'_} if int_enablePWM = true ERPInputV out - real Iﬁ‘?s_t?!’l_i?r_;)‘?g_'{)‘_gi_":‘&‘[ir_“_‘_"39‘_"’:") i(equal) .
int_enablePWM: boolean B L I — e erverieaton . 77| __| ReActuahV_out: real
» A formal specification for P1 T |
i ref RP1 | | |
. . . ext_errorAck < ext_errorAck = RPerrorAck_in <« B «——(perfect sensor) RPerrorAck
Our co-verification approach is as follows: Rostracton wnere tuman
the softwareé
1. Software is modelled in RoboChart and hardware in Simulink. 5 e R
2. Connection between models is defined via platform mapping. sz o Nl 0 [ 0
T iftiiniiffﬁﬁ%/iﬁ?ﬁ? =SO|2'I4 < Blflpen Py el «——(perfect sensor) RPpow24V : Volt
3. Property P1is stated over inputs/outputs of system in tock-CSP | '
4. Property Plaw of the hardware, needed to establish P1, is verified Co-verification framework, with arrows indicating the direction of the in-

A Simulink. formation flow between inputs and outputs, of the software and hard-

5. Then, using the above construction, P1is checked in FDR

Modelling and Results

£3 state_machine

0O
:v:tss_seqSM_shared ’_ ’ U ~= U/ Z ’ u
gileﬂme: nat = ms(10) R P l tV t ‘ t rue
:\EI;ZT:::]?I:;:O npu _ou Detect Change tlmed ’ dt ‘ y * ’ t
xt_ActualHV: real 'nteg l'atOT ‘ y - P
_ Wait2aVpower S l T. r ’ yo ’ E l t
xt_pow24VStatus: Power /mSetPom‘::itOé(t;cvls%a';b\l;d = false; entry currentState = State:Wait24Vpower a m p e lme | Z- 1 eva Ua lOﬂ
xt_errorAck Init
entry AdjustLimits() Jwait (cycleTime)
xt_setPoint: real [not ({setPoint!=0)\/(pow24VStatus==Power=0n))]/wait (cycleTime) Q—’ sp ‘ y ’ =
int_dutyCyclePWM1: duty
: [disableHv(false); supplyVoltCheck(); ext_setPoint?setPoint <{0} accepted E rror
int_enablePWM: boolean - [ > u - > t
[pow24VStatus==Power-0On/\setPoint==0]/wait (cycleTime) ‘ ‘ " i |
[setPoints=0/\currentStatel=State:ErrorMode/\pow24VStatuss=Power:On) (‘5_ R PActu a | H V ou t { ’
< [setPoint!=0]/disableHV(true); wait (cycleTime)

SDV implementation of the PWM hardware convergence property, P1xw

[since(Cl1)>=cycleTime/\currentState==State:Wait24Vpower] [currentState==State:ErrorMode)
entry currentState = State::ClosedLoop e entry currentState = S{ate::z:::::::
[currentState==State::ClosedLoop]/wait (cycleTime) ? = e aARCH) T
(setPoint==0VHVEnabled==true) /”’“—”“";‘i’;;?;l:mi?:li?}e:‘i: e(s:kti::i:;::o) then i‘&ﬁ?’ diablenviFate) /‘“"“*5"“=5‘°‘°”W"‘2‘Vzg’
[setPoIn,t'::ga\:;z:afl;ﬂ:ﬂalse] T-J
e o Property Elapsed Time Complexity
[currentState==State=ErrorMode]/wait (cycleTime)
checkLimits() P1 PASS 14565 1394s 2850s 126,481,225 517,333,656
DiVEnabled=strun] HVEnabled==false =
eetpomRampingtsetpoint [ ] . P2 PASS 14565 247s 1703s 1,460,749 3,855,659
J/PID_Control()
P3 PASS 1539s 248s 1787s 1,452,829 3,831,246
Main state machine of the high voltage controller, recast P4 PASS 12535 3345 1587s 1,920,070 5,795,521

in RoboChart Verification results using FDR model checker.
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