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Formal Verification of Key Module in Robot Control System
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Abstract: As robots used in more and more fields, people are more stricted with their safety. As the core of the mobile robot, the relia-
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bility of the control system is very important to the whole system. In this paper, a modular design of robot control system architecture is
modeled by the xMAS and then verified using ACL2, proving the funtionality correctness. As the formalization of xMAS model in acl2 is not
completed, we first improve the formalization process in acl2 and then establish xMAS model of the sensor data acquisition module, abstract
some key properties and then verify them. We combine the theorem prover ACL2 and xMAS model, which is a great way to solve the verifi-

cation problem of robot control system, could also provide an effective reference method for the correctness verification of robot control sys-

tem.
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if reset=0

cycle_high=0;cycle_low=0;duty_reg=0;state=0;

else

if state='Start’
if (rise_end)
cycle_high=1;state=2b01;
else
cycle_high=0;
if state="High’
if (fall_end)
cycle_low=1;state=2b10;
else
cycle_high=cycle_high+1;
if state="Low
if (rise_end)
duty_reg=cycle_high+cycle_low;
cycle_high=cycle_high x 100;
duty_reg=rcycle_high/duty_reg;
cycle_low=1;state=2b00;
else
cycle_low=cycle_low+1;
else
state=2'b00

end
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(defstructure component type ins outs field) ; @)

(defstructure channel init target) ; (2)
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xmas— transfer — calculate (flg channel ntk unvisited ntk-

state)
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((equal flg irdy) o570
(let * ((cpt (get—init— component channel ntk)) T funco que0 switch0 joinl
J e 3 L A P —_
(type (component—type cpt)) 0 1 D:‘Z 3 — .qu3e1

(index—in (if (equal (get—in—channel cpt 0 ntk) channel) 0 1))

(next—unvisited (removel (cons channel flg) unvisited)))

(cond

((equal type 'merge)

(or

(xmas— transfer— calculate irdy (get—in— channel cpt 0 ntk) ntk
next— unvisited ntkstate)

(xmas— transfer— calculate ‘irdy (get—in— channel cpt 1 ntk) ntk
next— unvisited ntkstate)))

((equal type join)

(and

(xmas— transfer— calculate “irdy (get—in— channel cpt 0 ntk) ntk
next— unvisited ntkstate)

(xmas— transfer— calculate ‘irdy (get—in— channel cpt 1 ntk) ntk
next— unvisited ntkstate)))

((equal type fork)

(and

(xmas— transfer— calculate ‘irdy (get—in— channel cpt 0 ntk) ntk
next—unvisited ntkstate)

(xmas— transfer— calculate ‘irdy (get—out— channel cpt index—out
ntk) ntk next—unvisited ntkstate))))))

(defun apply—field—join—and—merge (component param)

(let ((field (component— field component)))

(if (endp field)

nil

(if (xmas—join—equal (car field) param)

(cadr field)

(apply —field—join (cdr field) param)))))

(defun xmas—join—equal (field—item param)

(if (and (equal (nth 0 field—item)

(nth 0 param))

(equal (nth 1 field—item) (nth 1 param)))
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(defconst * funcO % (component function "(0) (1) "((num (sensor
—f{rame num)))))

(defun sensor— frame (num)

(if (is—legal num)

(cons Chigh — pulse — generator num) Chigh — pulse — generator
num))

nil))

(defun high—pulse—generator (num)

Gf (> num 0)

(list 1 Chigh— pulse—generator (— num 1)))))

(defun low— pulse— generator (num)

Gf (> num 0)

(list 0 Chigh— pulse— generator (— num 1)))))

(defconst * que0 * (component ‘queue (1) "(2) "()))

(defconst * switchO ¥ (component 'switch '(3) (4 5) "(‘(frame— da-
ta (switch— transfer {frame—data)))))

(defconst * fork0 ¥ (component fork "(5) (6 7) "("({rame — data
(high—low— pulse— transfer frame—data)))))

(defconst * quel * (component ‘queue "(6) (8) "()))

(defconst * que2 * (component ‘queue "(7) (9) ‘()))

(defconst * join0 * (component ‘join0 (8 9) "(10) "C'(numl num2
(calculate—duty—cycle numl num2)))

(defun calculate—duty—cycle (numl num2)
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(% 100 (/ numl (+ numl num2))))
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(defconst ‘channel0” * srcO % % func0O * )

(defconst ‘channell” * funcO % * que0 % )

(defconst ‘channel2” * que0 * % switchO * )

(defconst ‘channel3” * switchO * % merge0 * )

(defconst ‘channel4d” * switchO *  x fork0 % )

(defconst ‘channel5 * fork0O x * quel % )
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(defthm sensor—duty— cycle— formal — collect

(let ((result (xmas— transfer— calculate ‘data channel ntk unvisited
ntkstate)))

(implies (and (xmasnetworkp ntk)

(member— equal channel (xmasnetwork— channels ntk))

(sensor—invariant src0))

(equal (arm—src— generator type)

(sensor—module—invariant sink0)

(defthm xmas— transfer—implies—available— space

(let (result (xmas— transfer — calculate ‘trdy channel ntk unvisited
ntkstate))

(implies (and (xmasnetworkp ntk)

(member— equal channel (xmasnetwork— channels ntk)))

(xmas— can—receive resource ntkstate))))
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#1 WUEKE

T | RS B UL ] /s
A1 7 4654 0.28
JE k2 5 1357 0.18
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Q.E.D.

Summary

Form: ( DEFTHN SENSOR-DUTY-CYCLE-FORMAL-COLLECT ...)

Rules: ((COMPOUND-RECOGNIZER NATP-COMPOUND-RECOGNIZER)
(:DEFINITION XMASNETWORKP)
(:DEFINITION MEMBER-EQUAL)
(:FAKE-RUNE-FOR-TYPE-SET NIL)
(:REWRITE CAR-CONS)
(:REWRITE CDR-CONS)
(:TYPE-PRESCRIPTION MEMBER-EQUAL))

TINE: 0.28 seconds (prove: 0.28, print: 0.00, other: 0.00)

Prover steps counted: 4654

SENSOR-DUTY-CYCLE~-FORMAL -COLLECT

B 5 J@tE 1 AR e R

Q.E.D.

Summary
Form: (DEFTHM XMAS-TRANSFER-IMPLIES-AVAILABLE-SPACE ...)
Rules: ((:DEFINITION XMASP)
(:DEFINITION XMAS-NETWORKP)
(:EXECUTABLE-COUNTPART CONSP)
(:EXECUTABLE-COUNTPART XMAS-CAN-RECEIVE)
(:REWRITE CDR-CONS)
TINE: 0.18 seconds (prove: 0.18, print: 0.00, other: 0.00)
Prover steps counted: 1357
XMAS-TRANSFER-IMPLIES-AVAILABLE-SPACE
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